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Physical and Chemical Properties of Lemongrass and Malang Apple Powder Drinks

Abstract

The human body's immunity can be increased through food and drink. Beverage products generally have a short shelf life, so
they need to be made into powder drinks. Currently popular drinks come from spices containing antioxidants that can boost the
body's immunity. To maintain the antioxidant compounds that exist during drying, it is necessary to have a coating material. This
study aims to investigate the effect of coating type and drying temperature on the quality of lemongrass and Malang apple powder
drinks. The study used a Completely Randomized Design (CRD) with two factors and two replications. The first factor was the
coating type with 3 levels (maltodextrin, dextrin, gum arabic) and the second factor was the drying temperature with 3 levels (40°C,
45°C, 50°C). Data were analyzed using ANAVA test and Duncan's further test if the treatment was significantly different. The results
showed that the type of coating significantly affected the parameters of stability, dissolution time, ash content, vitamin C, and
antioxidants. Drying time significantly affected the parameters of stability, dissolution time, water content, ash content, vitamin C
and antioxidants. There was an interaction between the coating type and drying time which affected the bulk density, stability,
dissolution time, ash content, vitamin C, and antioxidants. The best result based on the high content of antioxidants was obtained on
the dextrin coating type with a drying temperature of 45°C. Product characteristics included a solubility of 0.96 seconds, a bulk
density of 0.58 g/ml, a stability of 89.19%, a water content of 2.38%, an ash content of 1.21%, a vitamin C content of 70.22%, an
antioxidant inhibition percentage of 50.97%, an ICso content of 1.29, and a water activity of 0.50.
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Introduction

The ongoing COVID-19 pandemic has forced people to maintain their health through increasing their
body's immunity. Body immunity can be improved through foods and drinks. Beverage products generally
have a short shelf life, so they need to be made into powder drinks. Powder drinks are a processed food product
in powder form, easily dissolved in water, practical in serving and have a relatively long shelf life. In addition,
powder drinks are easy to carry and ship (Tangkeallo et al., 2014). It causes powder drinks to be liked by the
public. One of the ingredients that can increase the body's immunity is spices. Spices are known to contain
antioxidant compounds. Antioxidant compounds are able to capture free radicals so that they can improve the
body's immunity (Cakmakci et al., 2015). One of the spices that contain antioxidants and is popular today is
lemongrass or often called "serai". Lemongrass contains compounds including geraniol, citronellol, lemonen,
kadinen, eugenol, dipentene, citral (Wibisono, 2011). These compounds act as anticancer and antioxidants,
stabilize blood pressure, treat constipation, help the digestive system, tighten the body after childbirth
(Poeloengan, 2009), and reduce pain (Royhanaty et al., 2018). Apart from lemongrass, a food ingredient that
can improve the body's immunity and has a good taste is Malang apples. Malang apples are a famous fruit
typical of Malang city. Malang apples that are small in size have low economic value because they are less
attractive to consumers (Pramanta et al., 2017). Meanwhile, according to Rusita et al. (2019), Malang apples
contain lots of vitamins such as vitamins A, B, C, minerals, fiber, and flavonoid compounds, one of which is
quercetin. Vitamin C and quercetin act as antioxidants, antivirals and anti-inflammatories that protect the
body's reproductive system. Flavonoids as antioxidants have the ability to act as anti-free radicals and change
or reduce free radicals (Suparni ef al., 2012).

There are limitations in using lemongrass and Malang apples for drinks. Those materials are difficult to
carry and do not last long. To overcome this, powder drinks made from a mixture of lemongrass and Malang
apples are made. In the making of lemongrass and Malang apple powder drinks as functional drinks, there is a
critical point during the drying process (Naibaho et al., 2015). It is because the active ingredients contained in
lemongrass and Malang apples are volatile. Drying at high temperatures and for a long time can reduce the
antioxidant activity of the dried material (Yamin et al., 2017). To maintain the amount of antioxidants present,
it is necessary to find the right drying temperature. In addition to maintaining the existing volatile compounds,
it is necessary to have a coating material. The commonly used coating material is gum arabic because this



material has the ability to form good emulsions and films. Gum arabic as a coating material is able to maintain
the stability of volatile compounds and trap the highest volatile components compared to modified starch
(Santoso et al., 2013). According to Harahap et al. (2021), maltodextrin can disperse quickly, has a high
solubility, forms low hygroscopic properties, has low browning properties, is able to inhibit crystallization and
has strong binding power. Meanwhile, dextrin has a high solubility, but it has a relatively low ability to bind
water and a relatively low viscosity (Asia et al., 2012). Based on the description above, this study aimed at
investigating the effect of coating type and drying temperature on the quality of lemongrass and Malang apple
powder drinks. The quality of the powder drinks was determined based on physical tests in the form of bulk
density, dissolution time, and stability test. These tests were required to determine packaging and consumer
acceptance. In addition, chemical tests were carried out in the form of water content, ash content, antioxidant
activity, water activity, and vitamin C. These tests would indirectly determine the shelf life and ability of the
product to increase body immunity. This research has yielded products that can increase body immunity, are
easy to carry, and have a relatively long shelf life.

Material and Method
Material

The materials used in the study were lemongrass, Malang apples, Maltodextrin, Dextrin, Gum Arabic,
water, and ant sugar. The materials for chemical analysis were distilled water, starch indicator, 0.1 N NaOH,
50 mg/L DPPH, methanol p.a, and ascorbic acid. The tools used in the study were a “Mitzui” blender, cutting
boards, measuring cups, knives, “WTC Binder 78532” blower ovens, baking sheets, spoons and “Matrix
ESJ210-4B” scales, volumetric flasks, erlenmeyer, burettes, measuring cups, measuring pipettes, suction ball,
funnel pipette, beaker glass, filter paper, burette, stative, Siever 60 mesh, and spectrophotometer "UV2100
Spectrophotometer".

The Process of Making Lemongrass and Malang Apple Powder Drinks

The process of making powder drinks was a modification of the research of Susanti et al. (2014). The
process of making powder drinks consisted of two stages, namely the making of fruit pulp and the drying
process.

Making Fruit Pulp

The making of fruit pulp began with sorting and washing the lemongrass and Malang apples, followed
by cutting the lemongrass and Malang apples and then crushing them with a blender for 5 minutes at speed
number 2. After that, the pulp was added with water in a ratio of 1:1. Furthermore, the coating materials
(maltodextrin, dextrin, and gum arabic) were added separately as much as 5% w/w fruit pulp separately. The
pulp was stirred until homogeneous.

Drying

The already homogeneous fruit pulp, each was placed on a 60x40x2 cm baking sheet as much as 250 ml
and dried with a blower oven at a predetermined temperature (40°C, 45°C, and 50°C) separately for 18 hours.
The dried sheets of lemongrass and Malang apples were then crushed separately with a blender for 3 minutes
at speed number 2. Then, ant sugar was added as much as 10% w/w of the dry powder. After that, the powder

was sieved using a 60-mesh sieve. Lemongrass powder drinks were packaged in aluminum foil zip lock with
asize of 7x 13 cm.

Analysis Procedure of Bulk Density (Budijanto et al., 2011)



The powder sample was put into a 10 mL measuring cup whose weight was known. The measuring cup
containing the powder sample was tapped 30 times until there were no more cavities when the powder sample
was adjusted to 10 mL. The measuring cup containing the powder sample was then weighed. The bulk density
(g/mL) can be calculated by dividing the weight of the powder sample by its volume (10 mL).

Analysis Procedure of Dissolution Time Testing (Pentury et al., 2013)

A total of 5 g of the test sample was weighed then dissolved in 50 mL of warm water and stirred 20
times until homogeneous. How long it took the sample to dissolve in water was recorded.

Analysis Procedure of Stability Testing (Nisa et al., 2017)

A total of 5 g of powder was weighed and brewed in 50 mL of water then put into a 10 mL measuring
cup and kept for 24 hours. Aftewards, the suspension or solution was measured for the volume of the precipitate
and the height of the solution volume as the percentage of stability of the drink obtained.

Analysis Procedure of Water Content by Oven Drying Method (AOAC, 2006)

An empty cup was dried in the oven for 15 minutes and cooled in a desiccator (10 minutes for an
aluminum cup and 20 minutes for a porcelain cup). The dry cup was weighed. The sample was weighed as
much as 2-3 g then it was put in a dry cup. After that, it was put in the oven at 105°C for 6 hours. Next, the cup
containing the sample was cooled in a desiccator, then weighed. Drying was repeated until a constant weight
was obtained. Water content was calculated based on the loss of weight, namely the difference between the
initial weight of the sample before drying and the final weight after drying.

Analysis Procedure of Ash Content by Muffle Furnace Method (AOAC, 2006)

A porcelain cup was dried in the oven for 15 minutes and then cooled in a desiccator and weighed. The
sample was weighed as much as 3 g in a cup that had been dried and then it was burned in a smoke chamber
until it no longer emitted smoke. Next, ashing was carried out using an electric furnace at a temperature of 400-
600°C for 4-6 hours until white ash was formed and had a constant weight. The ash formed in the cup was
cooled in a desiccator and then weighed.

Analysis Procedure of Antioxidant Content Testing (Amanah et al., 2015)

A total of 1 mL of DPPH solution (10 mg/L) was added to 50 pL of sample solution and then added
methanol p.a up to 5 mL, then incubated for 30 minutes at 37°C. The absorbance was measured at a wavelength
of 513 nm. The antioxidant activity of the sample was determined by the magnitude of the DPPH radical uptake
inhibition by calculating the percentage of DPPH uptake inhibition.

Analysis Procedure of ICsg Antioxidant Activity Testing (Tristantini et al., 2016)

Antioxidant activity was analyzed based on its ability to capture free radicals (radical scavenging
activity) of DPPH. Analysis of antioxidant activity in this study used the DPPH (2,2-diphenyl-Ipicrylhydrazyl)
method. The DPPH method aimed to determine the concentration used to inhibit free radicals in a sample. A
sample macerated with methanol was prepared. A mother liquor for each sample of 100 ppm was made by
dissolving 0.01 ml of sample in 100 ml of methanol PA. Furthermore, dilution was carried out using methanol
PA solvent by varying the concentration of 5 ppm, 6 ppm, 7 ppm, 8 ppm and 9 ppm for each sample. The next
step was to prepare a 50 ppm DPPH stock solution. The DPPH stock solution was prepared by dissolving 5



mg of solid DPPH in 100 ml of methanol PA. Then a comparison solution was prepared, namely a control
solution containing 2 ml of methanol PA and 1 ml of 50 ppm DPPH solution. For the test sample, 2 ml of
sample solution and 2 ml of DPPH solution were prepared. Then, the solution was kept for 30 minutes. All
samples, extract samples that had been kept, were tested for measuring the absorbance values using a Uv-vis
spectrophotometer at a wavelength of 517 nm.

Analysis Procedure of Water Activity Testing (Susanto, 2009)

The measurement of water activity was conducted using an aw-meter tool. The tool was calibrated by
adding BaCl,.2H>O. It was then closed and kept for 3 minutes until the number on the scale became 0.9. The
aw-meter was opened and the sample was inserted. The tool was then closed and waited until the aw scale was
read. The temperature scale and the correction factor were observed. When the temperature scale was above
20°C, then the aw scale reading was added as much as the excess of the temperature multiplied by a correction
factor of 0.002°, as well as for temperatures below 20°C.

Analysis Procedure of Vitamin C Testing (AOAC, 1995)

Vitamin C analysis was performed by iodimetric method. The crushed sample was weighed as much as
5 g. It was put into a 100 ml measuring flask. Distilled water was then added up to the line mark. The sample
was shaken until homogeneous. The solution was filtered and the filtrate was pipetted as much as 25 mL and
put into an erlenmeyer. Then a few drops of starch indicator were added, then titrated rapidly using 0.01 N
iodine solution until a blue color appeared.

Statistical Analysis

The data obtained were analyzed using analysis of variance (ANOVA). When the data showed that there
was a significant effect, then the Duncan Multipe Range Test was carried out. The testing was done using SPSS
16.0 Statistics Software. The significant level was set at o = 0.05.

Results and Discussion
Bulk Density of Lemongrass and Malang Apple Powder Drinks

The bulk density value indicates void space, namely the number of empty cavities between the material
particles. The greater the bulk density of an object, the less void space it has (Hui ez al., 2007). The bulk density
obtained in the study was 0.52 g/mL to 0.67 g/mL (Table 1). The higher the drying temperature causes the bulk
density value to decrease. It is because the higher the drying temperature causes more water in the material to
be evaporated so that the resulting water content is lower, causing the weight of the powder to become lighter.
It is in line with Andriyani et al. (2015) who state that as the drying temperature increases, the bulk density
decreases. The bulk density is influenced by the type of material, water content, shape and size of the material.
The smaller the bulk density, the more porous the product is (Widowati et al., 2010).

Of the three types of coating used, gum arabic has the lowest bulk density compared to other coatings. It
is because gum arabic contains a complex mixture of hydrophilic carbohydrates and hydrophobic protein
components so that the solution can dissolve very well in water (up to 50%) (Daugan et al., 2013). Meanwhile
dextrin has the characteristic of quickly dispersing, has high solubility, is able to form films, has hygroscopic
properties, is able to form body, has characteristic of low browning, is able to inhibit crystallization, and has
strong binding power (Purbasari, 2019). The dextrin film layer has a higher proportion of solids than gum
arabic, because the DE value of dextrin is lower than gum arabic, therefore the drying process using dextrin is
faster and the particle size is smaller than gum arabic (Sutardi et al., 2010). Maltodextrin is a coating material



that has a high level of solubility, this is due to the nature of maltodextrin which is soluble in water and has a
fast dispersion process. Maltodextrin is hygroscopic (has the ability to absorb water) so that the water in the
material is more retained and difficult to evaporate (Yuliwaty et al., 2015).

According to Setiawati et al. (2014), the amount of bulk density of a material affects the space needed
for that material. The greater the bulk density (particles), the smaller the space needed, and vice versa. The
smaller the size of the molecule, the more easily the product will be compressed; with smaller gaps between
molecules, the greater the bulk density (Stranzinger et al., 2017). The treatment using gum arabic with a drying
temperature of 50°C resulted in the lowest bulk density value of 0.52. According to Palijama et al. (2020),
foodstuffs that have a high bulk density indicate that the product is more compact (non-voluminous), meaning
that in the same certain volume, the product is available in more weight. According to Widowati et al. (2010),
a material is considered ‘bulk’ if the bulk density is small, meaning that light weight requires a large space; the
smaller the bulk density, the more porous the product is. Sadeghi et al. (2010) state that the higher sphericity
of the corn kernels results in a more regular arrangement of the kernels so that the cavities between the kernels
were smaller, resulting in a higher bulk density.

Dissolution Time

Dissolution time in water is a time that shows all beverage powder dissolves in water perfectly. The
testing of dissolution time is carried out to determine the speed of solubility of the drinks when it will be
consumed. The higher the solubility value of the powder product, the better the product is; it is because the
perfect solubility will produce products that do not float on the surface of the water (Phoungchandang et al.,
2009). The dissolution time of lemongrass and Malang apple powder was 0.96 to 1.29 seconds (Table 2). The
results show that, the higher the drying temperature, the faster the dissolution time (Table 2). It is because the
powder produced is drier. The higher the drying temperature, the more water evaporated on the powder drinks
so that the water content is lower. The lower the water content, the more hygroscopic so that the dissolution
time is faster (Paramita et al., 2015 and Sakdiyah et al., 2019).

The type of coating also affects the dissolution time. Of the three types of coatings used, dextrin has a
faster dissolution time compared to other types of coating (Table 2). It is because when powder drinks are
dissolved in water, especially warm water, the hydroxyl groups contained in the coating material will interact
with the water so that the solubility of the powder can increase (Yuliwaty et al., 2015). Dextrin has a dextrose
equivalent (DE) value of 3—5 and has the ability to form layers (Tyanjani et al., 2015). With the addition of
dextrin, the solubility of powder drinks increases. It is because dextrin is easily soluble in water. It is in
accordance with Nurhidayah et al. (2014), who state that dextrin is easily soluble in water, disperse more
quickly, is not viscous and is more stable than starch.

According to Wulansari et al. (2012), Dextrose Equivalent (DE) of maltodextrin is 3-20. The higher the
DE value, the higher the monosaccharide content, causing the binding power to be greater. Thus, the use of
maltodextrin causes a higher water content compared to dextrin. Maltodextrin is a filler that has a high level
of solubility; it is due to the characteristic of maltodextrin that is soluble in water (Hofman et al., 2021). Gum
arabic has a longer dissolution time than maltodextrin and dextrin. However, according to Herawati (2018),
gum arabic has the advantage of having high solubility in water, making it better as a coating material in
making powder drinks. The DE value of gum arabic is 6 (Soottitantawat et al., 2006). According to Hofman et
al. (2016) the factor that affects the level of solubility in water is the DE value; the higher the DE value, the
better the solubility level.

Stability



Beverage products will be stable if the particles acting as the dispersed phase can be retained without
changing for a long time or without experiencing grouping with each other (Anjani et al., 2011). The stability
testing is expressed in (%) which shows the percentage of stability of the powder drinks made. The stability of
lemongrass and Malang apple powder drinks obtained an average of 63.89% to 93.33% (Table 3). The results
show that the higher the drying temperature, the higher the resulting stability. The higher the drying
temperature, the lower the powder water content. It causes the product to absorb water more easily so that the
product becomes more stable when rehydrated. It is in line with Kryzhska et al. (2020) who state that high
water content in powder products would seriously disrupt product stability and would cause the product to
agglomerate when stored. The high water content in a product can cause damage due to the activity of
microorganisms.

The type of coating also affects the stability value. Of the three types of coating used, dextrin has the
most stable results compared to other types of coating. Dextrins can wrap or encapsulate the active ingredient
particles from oxidation reactions during storage thereby increasing product stability (Septevani et al., 2013).
Dextrin has a stronger ability to bind water because it is a group of polysaccharides that has a simpler chemical
structure consisting of 1,6 a-glycosidic and 1,4 a-glycosidic bonds (Xu et al., 2012). The addition of
maltodextrin can increase the stability of the drink which can reduce the precipitate formed (Paramita et al.,
2015). Maltodextrin has a high solubility so that the product does not precipitate too much (Pramitasari et al.,
2011). Gum arabic has a more complex molecular structure than dextrin and contains starch in it, so gum
arabic is more hygroscopic (Sutardi et al., 2010). Gum arabic has a more complex chemical structure,
consisting of D-galactose, L-arabinose, D-glucuronic acid, and L-rhamnose (Alftren et al., 2012). According
to Anggraini et al. (2016), the presence of sediment in beverage products can be caused by the presence of
pectin. Table 3 shows that the dextrin treatment with a drying temperature of 50°C is the coating material with
the highest stability value of 93.33%.

Water Content

The average water content of lemongrass and Malang apple powder drinks ranged from 2.06% to 2.57%
(Table 4). In the manufacturing process, powder drinks are made by drying separately at 40°C, 45°C and 50°C
for 18 hours. The results show that the higher the drying temperature, the lower the water content of the powder.
Drying causes the water content in the lemongrass and Malang apple powder to evaporate. The higher the
temperature produces powder with lower water content. According to Wiyono (2011), the drying temperature
factor is important to note because it can remove the water content quickly when the material is dried at high
temperatures. The increase of the heating temperature tends to reduce the water content. The decrease in the
amount of water is due to the higher heating temperature. Thus, there are more water molecules that evaporate
from the dried raw materials so that the water content obtained is lower.

The type of coating has a relatively similar effect on the value of the water content. Of the three types of
coating used, dextrin produced the highest average powder water content of 2.35%, followed by maltodextrin
(2.34%) and gum arabic (2.30%). According to Wulansari et al. (2012), dextrin is hygroscopic, that is, it easily
absorbs water; but when it is dried, the absorbed water is released. The water content absorbed by the presence
of coating material will evaporate more easily than the water content in the material tissue so that the
evaporation process of water in powder drinks becomes easier (Paramita et al., 2015). Maltodextrin has a low
molecular weight and a simple structure, so that water is easily evaporated during the drying process
(Pramitasari et al., 2011). Meanwhile, gum arabic is hygroscopic so that the water in the material is more
retained and difficult to evaporate. Gum arabic has a high molecular weight and a complex molecular structure
and contains a large amount of starch (Sutardi et al., 2010). Based on the water content testing carried out, the
lowest water content was 2.06%, namely at 50°C dextrin and it was in accordance with SNI number 01-4320-
1996 in which the water content of powder drinks was a maximum of 3% (BSN, 1996). It shows that powder



drink products meet the requirements of SNI number 01-4320-1996 and have a small possibility of being
contaminated with microorganisms.

Ash Content

According to Leggli et al. (2011), ash content testing is carried out to determine the amount of minerals
in a food. Ash is composed of various types of minerals with varying composition depending on the type and
source in food (Andarwulan et al., 2011). Based on Table 5, the mean value of the ash content of the results of
the study was 1.06% to 1.46%. It shows that the higher the drying temperature, the higher the ash content. The
increase in ash content is thought to be related to the higher drying temperature. It causes more water in the
material to evaporate, so that the water content is lower. It causes the percentage of mineral content in the
material to increase. The results of the study are in line with Shadri et al. (2018).

Dextrin coating is a polysaccharide group which has a simpler chemical structure than gum arabic.
Dextrin consists of 1,6 a-glycosidic and 1,4 a-glycosidic bonds (Xu et al., 2012). Meanwhile gum arabic has a
more complex chemical structure, consisting of D-galactose, L-arabinose, D-glucuronic acid, and L-rhamnose
(Alftren et al., 2012). According to Sediaoetama (2010), ash content describes the amount of minerals that are
not burnt into substances that can evaporate. Ash content is the residue left when a sample of a food ingredient
is completely burned. The highest ash content is obtained in the dextrin coating with a drying temperature of
45°C. In general, the ash content of the product was still within the limits of SNI 01-4320-1996 regarding the
quality requirements for powder drinks, namely a maximum of 1.5% (BSN, 1996). Malang apple has a fairly
high nutritional content, especially vitamins and minerals such as calcium, phosphorus, iron, potassium,
carbohydrates, fat, protein, niacin, riboflavin, vitamins A, B1, B2, and vitamin C (Wahyuningtyas et al., 2017).
Lemongrass contains several minerals such as vitamin A, vitamin C, potassium, calcium, iron, magnesium,
and selenium (Shadri et al., 2018).

Vitamin C

The results of the vitamin C test are presented in Table 6, showing an average value of vitamin C between
53.15 mg/100g to 72.69 mg/100g. The vitamin C content tend to decrease with increasing drying temperature.
A decrease in vitamin C can occur due to the unstable nature of vitamin C and is easily degraded, especially
by heat (Parfiyanti et al., 2016). It shows that the drying process at high temperature can reduce the vitamin C
content found in powder drinks. Vitamin C is classified as a natural antioxidant. Vitamin C contains ascorbic
acid which is easily oxidized to dehydroascorbic acid which plays a role in inhibiting excessive oxidation
reactions (Susanti et al., 2014).

The type of coating also affects the vitamin C content. Of the three types of coatings used, dextrin
produces the highest content of vitamin C compared to other types of coating. It is because dextrin can protect
the volatile components of materials such as vitamin C from damage due to heat. Thus, the more dextrin is
added, the more vitamin C content in the product is maintained. Dextrin has the characteristic of protecting
vitamin C and compounds that are sensitive to heat or oxidation because the molecules of dextrin are stable to
heat and oxidation, so that the vitamin C content can be maintained. In addition, according to Aretzy et al.
(2018), maltodextrin can protect volatile compounds and protect compounds that are sensitive to oxidation.
According to Alfonsius (2015), the addition of gum arabic in the processing process can protect important
compounds such as vitamins due to extreme temperatures, since gum arabic has the ability to form a body as
a coating and has a strong bond to the compounds coated. The highest content of vitamin C was produced in
powder drinks dried at 40°C with dextrin coating (72.68 mg/100 g) and the lowest was produced at 50°C with
gum arabic coating (53.15 mg/100 g). The vitamin C content of mix fruit powder drinks (red guava, papaya,
apple, and tomato) coated with maltodextrin and tween 80 dried at 50°C produces the vitamin C content



between 425 mg/100g — 550 mg/100g, which is higher than lemongrass and Malang apple powder drinks
(Minah, et al, 2021).

Water Activity

Table 7 shows the mean value of water activity (aw) of lemongrass and Malang apple powder drinks,
namely 0.44 to 0.50. The aw value of lemongrass and Malang apple powder drinks is lower than the aw value
for the bacterial growth requirement, namely 0.90. The aw value for yeast growth is 0.80-0.90, and the aw
value for mold growth is 0.60-0.70. The aw value is relatively decreased with increasing drying temperature.
In the drying process, the free water in the material will evaporate. The higher temperature causes more water
to evaporate. The lower the water content, the lower the water activity (Martins et al., 2019). According to Adri
et al. (2013), the composition of water in foodstuffs such as free water and bound water can affect the rate or
duration of food drying. The relatively small aw value does not allow the growth of bacteria, molds and yeasts
in the product. Lemongrass extract shows great potential as an antibacterial agent that can suppress the activity
of Bacillus cereus, Salmonella yphimurium and Staphylococcus aureus; this indicates the possibility of using
medicinal plants as natural antibacterial agents (Ibrahim et al., 2013). According to Parfiyanti et al. (2016), the
purpose of drying is to reduce water content so that it is not easy for mold and bacteria to grow, eliminate the
activity of enzymes that can decompose the active substance content and facilitate further processing so that it
can be more compact, durable and easy to store.

The use of various coatings in this study relatively produces the same aw value. The use of maltodextrin
and gum arabic as coating materials in the process of drying milk into milk powder by spray drying can protect
protein, calcium, lactose powder (Martins et al., 2019). The lowest water activity value of lemongrass and
Malang apple powder drinks was obtained for products with gum arabic coating at drying temperature of 45°C
(0.44).

The Percent Inhibition of Antioxidant Content

Percent inhibition shows the radical scavenging activity possessed by antioxidant compounds. One of
the plants that has potential as an antioxidant is lemongrass (Wibisono, 2011) and apple (Yudhianto et al.,
2013). Based on the antioxidant test in Table 8, the average inhibition value was 37.45% to 60.13%. Based on
Table 8 it is also known that drying temperature affects antioxidant content. The higher the drying temperature,
the lower the antioxidant activity value. The decrease in the value of antioxidant activity in the lemongrass and
Malang apple powder drinks is thought to be related to the damage to the antioxidant compounds due to high
temperatures. According to Patras et al. (2010), antioxidant compounds are easily degraded when exposed to
heat. Heat accelerates the oxidation reaction of these compounds. The degradation process occurs due to an
increase in the rate of oxidation reactions by heat. Antioxidant compounds that have been oxidized will be
damaged. It is confirmed by Husna et al. (2013) that antioxidant bioactive components have heat-resistant
characteristics, so if the sample is extracted in hot conditions it will reduce the value of its antioxidant activity.
The results of the research by Widiastuti et al. (2019) show that the more addition of lemongrass in lemongrass
syrup with stevia sweetener, the higher the antioxidant content. The highest antioxidant content is 50.55%. The
high antioxidant content in lemongrass is due to the large amount of phenolic compounds it contains. The high
content of phenolic compounds also results in antidiabetic and antihypertensive activity. The antioxidant
activity of essential oil in lemongrass stems is very high with an effective inhibition of 89% and 89.63%,
whereas in lemongrass leaves it is slightly lower with antioxidant and antidiabetic activities ranging from
78.89% and 79.26% respectively (Mirghani, et al., 2012).

The use of dextrin coating with a drying temperature of 40°C produced the highest inhibition value
compared to maltodextrin and gum arabic (Table 8). Goncalves et al. (2015) explains that dextrin is composed
of glucose units that can bind water so that dissolved oxygen can be reduced. As a result, the oxidation process
can be prevented. Dextrin has the characteristic of protecting volatile compounds and compounds that are



sensitive to heat or oxidation. Gum arabic can improve and maintain the stability of the compounds being
coated. Gum arabic is also a type of coating that is resistant to heat (Daugan et al., 2013). Meanwhile,
maltodextrin can protect volatile compounds and protect compounds that are sensitive to oxidation (Aretzy et
al., 2018). The maltodextrin coating has high oxidation resistance and can reduce the viscosity of the emulsion;
combined with other coatings that have better emulsifying properties, it causes the antioxidant compounds in
the microencapsulants to be well covered and protected (Purnomo et al., 2014). According to Godwin et al.
(2014), lemongrass contains natural antioxidants and anti-inflammatories which can prevent free radicals in
the human body. Antioxidants in lemongrass are able to inhibit the release of arachidonic acid by the
mechanism of inhibiting kinase protein that can affect the activity of phospholipase enzymes. Thus, the
inhibition of arachidonic acid synthesis will reduce the production of prostaglandins. The antioxidants found
in lemongrass are citronellal and geraniol compounds. According to Baskara (2010), apples contain
antioxidants which are very good for skin health. The very high antioxidant content is also the reason for the
high consumption of apples by the public as an effort to prevent diseases and other dysfunctions of body health.

Antioxidant Content with Inhibition Concentration Value of 50% (ICs)

The ICso value is the concentration of the antioxidant source to neutralize 50% of the radical compounds.
The lower the ICso value, the better the antioxidant activity of the sample. ICso antioxidant content are
determined from the 3 best samples based on the highest inhibition percentage, namely on lemongrass and
Malang apple powders which are coated with dextrin with drying temperatures of 40°C, 45°C and 50°C.
According to Phongpaichit et al. (2007), ICso value < 10 ppm indicates a very strong activity. ICso 10-50 ppm
indicates a strong activity, ICso > 50-100 ppm indicates moderate activity, and ICso > 100-250 ppm indicates a
weak activity. The results showed that the ICso value in the lemongrass and Malang apple powder drinks was
0.9 ppm to 1.47 ppm (Table 9), which indicated a very strong activity. The results of research by Andriyani et
al., (2015) show that the ICso value of temulawak and red ginger powder functional drinks made using the
spray drying method has the highest or strongest average value of 0.62 ppm at 4% maltodextrin concentration
and the lowest or weakest value of 1.00 ppm at 0% maltodextrin concentration.

Conclusion

The results showed that the type of coating significantly affected the parameters of stability, dissolution
time, ash content, vitamin C, and antioxidants. Meanwhile, the drying time significantly affected the
parameters of stability, dissolution time, water content, ash content, vitamin C, and antioxidants. There was an
interaction between the type of coating and the drying time that affected the bulk density, stability, dissolution
time, ash content, vitamin C, and antioxidants. The best quality was determined based on the antioxidant
content and high stability. The fast dissolution time was found in lemongrass and Malang apple powder that
was dried at 45°C with dextrin coating. The best lemongrass and Malang apple powder drinks had the following
characteristics: a solubility of 0.96 seconds, a bulk density of 0.58 gr/ml, a stability of 89.19%, a water content
of 2.38%, an ash content of 1.21%, a vitamin C content of 70.22%, a percent antioxidant inhibition of 50.97%,
an ICso content of 1.29 ppm, and a water activity 0.50.

Table 1. The mean value of bulk density for lemongrass and Malang apple powder drinks

Drying Coating Type Mean +
Temperature Maltodekstrin Dekstrin Gum Arabic SD
40°C 0.582 0.63b<d 0.64bcd 0.62 £0.03
45°C 0.67% 0.582be 0.64bcd 0.63 = 0.05

50°C 0.582b¢ 0.67¢4 0.522 0.59 + 0.08




Mean + SD 0.61 +0.05 0.63 +0.05 0.60 £ 0.60

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

Table 2. The mean value of dissolution time for lemongrass and Malang apple powder drinks (second)

; Coating Type Mean
Drying mg lyp +SD
Temperature
Maltodekstrin Dekstrin Gum Arabic
40°C 1.06% 1.11% 1.294 1.15+ 0.12¢
45°C 1.043be 0.96* 1.05%¢ 1.02+ 0.05°
50°C 1.07b¢ 1.01¢d 1.17¢ 1.08+ 0.08%
Mean + SD 1.05+£0.01* 1.03 £ 0.08* 1.17+£0.12°

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

Table 3. The mean value of stability for lemongrass and Malang apple powder drinks (%)

Drying Coating Type Mean + SD
Temperature Maltodekstrin Dekstrin Gum Arabic
72.17 £
° ab e a
40°C 65.30 87.32 63.89 13 14¢
. 77.30 +
o d 5 C
45°C 73.01 89.19 69.69 1043
50°C 78.74¢ 93.33f 80.19¢ 84.09 + 8.032
Mean + SD 72.35+6.74* 89.95+£3.07° 71.26 + 8.26°

Table 4. The mean value of water content for lemongrass and Malang apple powder drinks (%)

Drying Coating Type
Temperature Maltodekstrin Dekstrin Gum Arabic Mean + SD
40°C 2.57 2.51 2.54 2.54 +0.03¢
45°C 2.39 2.38 2.31 2.36 £ 0.04°
50°C 2.07 2.16 2.06 2.10 £0.052
Mean + SD 234+ 0.25 235+ 0.18 230+ 0.24

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

Table 5. The mean value of ash content for lemongrass and Malang apple powder drinks (%)

Drying Coating Type Mean + SD
Temperature Maltodekstrin Dekstrin Gum Arabic
40°C .17 1.46¢ 1.06* 1.23+0.212
45°C 1.265 1.218b¢ 1.24b¢d 1.23 £0.02?
50°C 1.265 1.37¢de 1.38% 1.33+0.07°
Mean + SD 1.23 +0.05* 1.34£0.13° 1.23+0.16

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

Table 6. The mean value of vitamin C content for lemongrass and Malang apple powder drinks (%)

Drying Coating Type Mean + SD
Temperature Maltodekstrin Dekstrin Gum Arabic
40°C 68.11¢ 72.69¢ 61.95¢ 67.58 £5.39¢
45°C 63.36° 70.224¢ 58.26° 63.95+6.01°
50°C 54.91° 63.36° 53.15% 57.14 £5.46*
Mean + SD 62.13 +6.69° 68.76 +4.83° 57.79 £4.42¢

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)



Table 7. The mean value of water activity for lemongrass and Malang apple powder drinks

Drying Coating Type Mean +
Temperature Maltodekstrin Dekstrin Gum Arabic SD
40°C 0.48 0.48 0.51 0.49 +£0.02
45°C 0.51 0.50 0.44 0.49 £0.04
50°C 0.49 0.46 0.46 0.47 £0.02
Mean + SD 0.49 £ 0.02 0.48 +£0.02 0.47 +£0.03

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

Table 8. The mean value of antioxidant content for lemongrass and Malang apple powder drinks (%)

. Coating Type Mean + SD
Drying
Temperature Maltodekstrin Dekstrin Gum Arabic
40°C 56.96f 60.13h 53.668 56.92 +3.24¢
45°C 45.73¢ 50.97¢ 48.17¢ 48.29 +2.62%
50°C 37.45* 43.98° 37.53° 39.65 +3.75°
Mean & 46.71+9.79° 51.69 = 8.10° 46.45 £8.20°
stdev

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

Table 9. The mean value of ICso antioxidant content for lemongrass and Malang apple powder drinks (%) on the best product

. Coating Type
Drying _
Temperature Dekstrin
40°C 0.9 + 0.01
45°C 1279 + 0.08

50°C 1.47 +0.01
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thsical and Chemical Characteristics of Lemongrass and Malang Apple Powder
Drinks

q\bstract

The human body's immunity can be increased through food and drink. Beverage products generally have a short shelf lifgmso
they need to be made into powder drinks. Currently popular drinks come from sgiges containing antioxidants that can boost®e
body's immunity. To maintain the antioxidant compounds that exist during drying{®t is necessary to have a coating material. This
study aimsgminvestigate the effect of coating type and drying temperature on the quality of lemongrass and Malang apple powder
drinks. TheSstu sed a Completely Randomized Design (CRD) with two factors and two replications. The first factor was the
coating type witf® levels (maltodextrin, dextrin, gum arabic) and the second factor was the drying temperature with 3 Is (40°C,
45°C, 50°C). Data were analyzed using ANAVA test and Duncan's further test if the treatment was significantly different®’he results
showed that the type of coating significantly affected the parameters of stability, dissolution time, ash content, vitamin C, and
antioxidants. Drying time significantly affected the parameters of stability, dissolution time, water content, ash content, vitamin C
and antioxidants. There was an interaction between the coating type and drying time which affected the bulk density, stability,
disgalution time, ash content, vitamin C, and antioxidants. The best result based on the high content of antioxidants was obtained on
thé®extrin coating type with a drying temgserature of 45°C. Product characteristics included a solubility of 0.96 se s, a bulk
density of 0.58 g/ml, a stability of 89.19% & water content of 2.38%, an ash content of 1.21%, a vitamin C content oi®P0.22%, an
antioxidant inhibition percentage of 50.97%, an 1Csq content of 1.29, and a water activity of 0.50.

Keywords: apples, dextrin, powder drinks, drying, lemongrass.

Introduction

The ongoing COVID-19 pandemic has forced people to maintain their health through increasing their
QOdy's immunity. Body immunity can be improved through foods and drinks. Beyarage products generally
have a short shelf life, so they need to be made into powder drinks. Powder drinks are®a processed food product
in powder form, easily dissolved in water, practical in serving and have a relatively long shelf life. In addition,
powder drinks are easy to carry and ship (Tangkeallo et al., 2014). It causes powder drinks to be liked by the
public. One of the ingredients that can increaseghe body's immunity is spices. Spices are known to contain
antioxidant compounds. Antioxidant compounds*dre able to capture free radicals so that they can improve the
body's immunity (Cakmakci et al., 2015). One of the spices that contain antioxidants and is popular today is
lemongrass or often called "serai". Lemongrass contains compounds including geraniol, citronellol, lemonen,
kadinen, eugenol, dipentene, citral (Wibisono, 2011). These compounds act as anticancer and antioxidants,
stabilize blood pressure, treat constipation, help the digestive system, tighten the body after childbirth
(Poeloengan, 2009), and reduce pain (Royhanaty et al., 2018). Apart from lemongrass, a food ingredient that
can improve the body's immunity and has a good taste is Malang apples. Malang apples are a famous fruit
typical of Malang city. Malang apples that are small in size have low economic value because they are less
attractive to consumersﬁjramanta et al., 2017). Meanwhile, according to Rusita et al. (2019), Malang apples
contain lots of vitamins*Such as vitamins A, B, C, minerals, fiber, and flavonoid compounds, one of which is
quercetin. Vitamin C and quercetin act as antioxidants, antivirals and anti-inflammatories that protect the
body's reproductive system. Flavonoids as antioxidants have the ability to act as anti-free radicals and change
or reduce free radicals (Suparni et al., 2012).

There are limitations in using lemongrass and Malang apples for drinks. Those materials are difficult to
carry and do not last long. To overcome this, powder drinks made from a mixture of lemongrass and Malang
apples are made. In the making of lemongrass and Malang apple powder drinks as functional drinks, there is a
critical point during the drying process (Naibaho et al., 2015). It is because the active ingredients contained in
lemongrass and Malang apples are volatile. Drying at high temperatures and for a long time can reduce the
antioxidant activity of the dried material (Yamin et al., 2017). To maintain the amount of antioxidants present,



it is necessary to find the right drying temperature. In addition to maintainin&]e existing volatile compounds,
it is necessary to have a coating material. The commonly used coating material is gum arabic because this
material has the ability to form good emulsions and films. Gum arabic as a coating material is able to maintain
the stability of volatile compounds and trap the highest volatile components compared to modified starch
(Santoso et al.,2£013). According to Harahap et al. (2021), maltodextrin can disperse quickly, has a high
solubility, formS¥ow hygroscopic properties, has low browning properties, is able to inhibit crystallization and
has strong binding power. Meanwhile, dextrin has a high solubility, but it has a relativelyalow ability to bind
water and a relatively low viscosity (Asia et al., 2012). Based on the description above,“tis study aimed at
investigating the effect of coating type and drying temperature on the quality of lemongrass and Malang apple
powder drinks. The quality of the powder drinks was determined based on physical tests in the form of bulk
density, dissolution time, and stability test. These tests were requigad to determine packaging and consumer
acceptance. In addition, chemical tests were carried out in the form*0f water content, ash content, antioxidant
activity, water activity, and vitamin C. These tests would indirectly determine the shelf life and ability of the
product to increase body immunity. This research has yielded products that can increase body immunity, are
easy to carry, and have a relatively long shelf life.

Material and Method
Material

The materials used in the study were lemongrass, Malang apples, Maltodextrin, Dextrin, Gum Arabic,
water, and ant sugar. The materials for chemical analysis were distilled water, starch indicator, 0.1 N NaOH,
50 mg/L DPPH, methanol p.a, and ascorbic acid. The tools used in the study were a “Mitzui” blender, cutting
boards, measuring cups, knives, “WTC Binder 78532 blower ovens, baking sheets, spoons and ‘“Matrix
ESJ210-4B” scales, volumetric flasks, erlenmeyer, burettes, measuring cups, measuring pipettes, suction ball,
funnel pipette, beaker glass, filter paper, burette, stative, Siever 60 mesh, and spectrophotometer "UV2100
Spectrophotometer™.

The Process of Making Lemongrass and Malang Apple Powder Drinks

The process of making powder drinks was a modification ome research of Susanti et al. (2014). The
process of making powder drinks consisted of two stages, namely the making of fruit pulp and the drying
process.

Making Fruit Pulp

The making of fruit pulp began with sorting and washing the lemongrass and Malang apples, followed
by cutting the lemongrass and Malang apples and then crushing them with a blender for 5 minutes at speed
number 2. After that, the pulp was added with water in a ratio of 1:1. Furthermore, the coating materials
(maltodextrin, dextrin, and gum arabic) were added separately as much as 5% w/w fruit pulp separately. The
pulp was stirred until homogeneous.

Drying

The already homogeneous fruit pulp, eacyas placed on a 60x40x2 cm baking sheet as much as 250 mi
and dried with a blower oven at a predetermined*temperature (40°C, 45°C, and 50°C) separately for 18 hours.
The dried sheets of lemongrass and Malang apples were then crushed separately with a blender for 3 minutes

qf speed number 2. Then, ant sugar was added as much as 10% w/w of the dry powder. After that, the powder

as sieved using a 60-mesh sieve. Lemongrass powder drinks were packaged in aluminum foil zip lock with
asize of 7 x 13 cm.



Analysis Procedure of Bulk Density (Budijanto et al., 2011)

The powdegample was put into a 10 mL mgasuring cup whose weight was known. The measuring cup
containing the powder sample was tapped 30 timegntil there were no more cavities when the powder sample
was adjusted to 10 mL. The measuring cup containing the powder sample was then weighed. The bulk density
(g/mL) can be calculated by dividing the weight of the powder sample by its volume (10 mL).

Analysis Procedure of Dissolution Time Testing (Pentury et al., 2013)

A total og g of the test sample was weighed then dissolved in 50 mL of warm water and stirred 20
times until homogeneous. How long it took the sample to dissolve in water was recorded.

Analysis Procedure of Stability Testing (Nisa et al., 2017)

Q total of 5 g of powder was weighed and brewed in 50 mL of water then put into a 10 mL measuring
cup and kept for 24 hours. Aftewards, the suspension or solution was measured for the volume of the precipitate
and the height of the solution volume as the percentage of stability of the drink obtained.

Analysis Procedure of Water Content by Oven Drying Method (AOAC, 2006)

Qn empty cup was dried in the oven for 15 minutes and cooﬁ in a desiccator (10 minutes for an
aluminum cup and 20 minutes for a porcelain cup). The dry cugswas*Weighed. The sample was weighed as
much as 2.9 then it was put in a dry cup. After that, it was put iffthe oven at 105°C for 6 hours. Next, the cup
containing*the sample was cooled in a desiccator, then weighed. Drying was repeated until a constant weight
was obtained. Water content was calculated based on the loss of weight, namely*the difference between the
initial weight of the sample before drying and the final weight after drying.

Analysis Procedure of Ash Content by Muffle Furnace Method (AOAC, 2006)

A porcelain cup Wagried in the oven for 15 minutes and then cooled in a desiccator and weighed. The
sample was weighed as much as 3 g in a cupsthat had been dried and then it was burned in a smoke chamber
until it no longer emitted smoke. Next, ashing/]as carried out using an electric furnace at a tempeﬁ]ure of 400-
600°C for 4-6 hours until white ash was formed and had a constant weight. The ash formed i
cooled in a desiccator and then weighed.

e cup was

Analysis Procedure of Antioxidant Content Testing (Amanah et al., 2015)

A total of 1 mL PPH solution (10 mg/Lﬁras added to 50 pL of sample solution and then added
methanol gsa up to 5 mLnen incubated for 30 minutes at 37°C. The absorbance was measured at a wavelength
of 513 nm™ he antioxidant activity of the sample was determined by the magnitude of the DPPH radical uptake
inhibition by calculating the percentage of DPPH uptake inhibition.

Analysis Procedure of 1Cso Antioxidant Activity Testing (Tristantini et al., 2016)

Q\ntioxidant activity was analyzed based on its ability to capture free radicals (radical scavenging
activity) of DPPH. Analysis of antioxidant activity in this study used the DPPH (2,2-diphenyl-Ipicrylhydrazyl)
method. The DPPH method aimed to determineghe concentration used to inhibit free radicals in a sample. A
sample macerated with methanol was prepared.*A mother liquor for each sample of 100 ppm was made by
dissolving 0.01 ml of sample in 100 ml of methanol PA. Furthermore, dilution was carried out using methanol
PA solvent by varying the concentration of 5 ppm, 6 ppm, 7 ppm, 8 ppm and 9 ppm for each sample. The next



step was to prepare a 50 ppm DPPH stock solutiothe DPPH stock solution was prepared by dissolving 5
mg of solid DPPH in 100 ml of methanol PA. Then a comparison solution was prepared, namely a control
solution containing 2 ml of methanol PA and 1 ml of 50 ppm DPPH solution. For the test sample, 2 f
sample solution and 2 ml of DPPH solution were prepared. Then, the solution was kept for 30 minutes:*All
samples, extract samples that had been kept, were tested for measuring the absorbance values using a Uv-vis
spectrophotometer at a wavelength of 517 nm.

Analysis Procedure of Water Activity Testing (Susanto, 2009)

The measurement of water activity was cgaducted using an aw-meter tool. The tool was calibrated by
ding BaCl2.2H20. It was then closed and keptor 3 minutes until the number on the scale became 0.9. The
-maater was opened and the sample was inserted. The tool was then closed and waited until the aw scale was

read.*1 he temperature scale and the correction factor were observed. When the temperature scale was above
20°C, then the aw scale reading was added as much as the excess of the temperature multiplied by a correction
factor of 0.002°, as well as for temperatures below 20°C.

Analysis Procedure of Vitamin C Testing (AOAC, 1995)

Vitamin C analysis was performed by iodimetric method. The crushe@ample was weighed as much as
5 g. It was put into a 100 ml measuring flask. Distilled water was then added up to the line mark. The sample
was shaken until homogeneous. The solution was filtered and the filtrate was pipetted as much as 25 mL and
put into an erlenmeyer. Then a few drops of starch indicator were added, then titrated rapidly using 0.01 N
iodine solution until a blue color appeared.

Statistical Analysis

Qhe data obtained wegaanalyzed using analysis of variance (ANOVA). When the data sho that there
was a significant effect, ther™nhe Duncan Multipe Range Test was carried out. The testing was done®sing SPSS
16.0 Statistics Software. The significant level was set at a = 0.05.

Results and Discussion
Bulk Density of Lemongrass and Malang Apple Powder Drinks

Qhe bulk density value indicates void space, namely the number of empty cavities between the material
particles. The greater the bulk density of an object, the less waid space it has (Hui et al., 2007). The bulk density
obtained in the study was 0.52 g/mL to 0.67 g/mL (Table 1)*he higher the drying temaerature causes the bulk
density value to decrease. It is because the higher the drying temperature causes more<vater in the material to
be evaporated so that the resulting water content is lower, causing the weight of the powder to become lighter.
It is in line with Andriyanjgat al. (2015) who state that as the drying temperature increases, the bulk density
decreases. The bulk density<s influenced by the type of material, water content, shape and size of the material.
The smaller the bulk density, the more porous the product is (Widowati et al., 2010).

Of the three types of coating used, gum arabic has the lowest bulk density compared to other coatings. It
is because gum arabic contains a complex mixture of hydrophilic carbohydrates and hydrophobic protein
components so that the solution can dissolve very well in water (up to 50%) (Daugan et al., 2013). Meanwhile
dextrin has the characteristic of quickly dispersing, high solubility, is able to form films, has hygroscopic
properties, is able to form body, has characteristic ofOw browning, is able to inhibit crystallization, and has
strong binding power (Purbasari, 2019). The dextrin film layer has a higher proportion of solids than gum
arabic, because the DE value of dextrin is lower than gum arabic, therefore the drying process using dextrin is



faster and the particle size is smaller than gum arabic (Sutardi et al., 2010). Maltodextrin is a coating material
that has a high level of solubility, this is due to the nature of maltodextrin which is soluﬁin water and has a
fast dispersion process. Maltodextrin is hygroscopic (has the ability to absorb water) so"that the water in the
material is more retained and difficult to evaporate (Yuliwaty et al., 2015).

According to Setiawati et al. (2014), the amount of bulk density of a material affects the space needed
for that material. The greater the bulk density (particles), the smaller the space needed, and vice versa. The
smaller the size of the molecule, the more easily the product will be compressed; with smallergaps between
molecules, the greater the bulk density (Stranzinger et al., 2017). The treatment using gum arabiC%ith a drying
temperature of 50°C resulted in the lowest bulk density value of 0.52. According to Palijama et al. (2020),
foodstuffs that have a high bulk density indicate that the product is more compact (non-voluminous), meaning

t in the same certain volume, the product is available in more weight. According to Widowati et al. (2010),

aterial is considered ‘bulk’ if the bulk density is smallsmeaning that light weight requires a large space; the
smaller the bulk density, the more porous the product is:*5adeghi et al. (2010) state that the higher sphericity
of the corn kernels results in a more regular arrangement of the kernels so that the cavities between the kernels
were smaller, resulting in a higher bulk density.

Dissolution Time

Dissolution time in water is a time that shows all beverage powder dissolves in water perfectly. The
testing of gissolution time is carried out to determine the speed of solubility of the drinks when it will be
consumed.*The higher the solubility value of the powder product, the better the product is; it is because the
perfect solubility will produce products that do not float on the surface of the water (Phoungchandang I,
2009). The dissolution time of lemongrass and Malang apple powder was 0.96 to 1.29 seconds (Table 2)™* he
results show that, the hi the drying temperature, the faster the dissolution time (Table 2). It is because the

owder produced is drier’®1he higher the drying temperature, the more water evaporated on the powder drinks
0 that the water content is lower. The lower the water content, the more hygroscopic so that the dissolution
time is faster (Paramita et al., 2015 and Sakdiyah et al., 2019).

The type of coating also affects the dissolution time. Of the three types of coatings used, dextrin has a
faster dissolution time compared to other types of coating (Table 2). It is because when powdgg drinks are
dissolved in water, especially warm water, the hydroxyl groups contained in the coating materiaWwill interact
with the water so that the solubility of the powder can increase (Yuliwaty et al., 2015). Dextrin has a dextrose
equivalent (DE) value of 3-5 and has the ability to form layers (Tyanjani et al., 2015). With the addition of
dextrin, the solubility of powder drinks increases. It is because dextrin is easily soluble in water. It is in
accordance with Nurhidayah et al. (2014), who state that dextrin is easily soluble in water, disperse more
quickly, is not viscous and is more stable than starch.

According to Wulansari et al. (2012), Dextrose Equivalent (DE) of maltodextrin is 3-20@he higher the
DE value, the higher the monosaccharide content, causing the binding power to be greater. Thus, the use of
maltodextrin causes a higher water content compared to dextrin. Maltodextrin is a filler that has a high level
of solubility; it is due to the characteristic of maltodextrin that is soluble in water (Hofman et al., 2021). Gum
arabic has a longer dissolution time than maltodextrin and dextrin. However, according to Herawati (2018),
gum arabic has the advantage of having high solubility in water, making it better as a coating material in
making pgivder drinks. The DE value of gum arabic is 6 (Soottitantawat et al., 2QR6). According to Hofman et
al. (2016)%the factor that affects the level of solubility in water is the DE value,*the higher the DE value, the
better the solubility level.



Stability

Beverage products will be stable if the particles acting as the dispersed phase can be retained without
changing for a long time or without experiencing grouping with each other (Anjani et al., 2011). The stability
testing is expressed in (%) which shows the percentage of stability of the powder drinks made. Thgaestability of
lemongrass and Malang apple powder drinks obtained an average of 63.89% to 93.3384 (Table 3)™he results
show that the higher the drying temperature, the higher the resulting stability.*rhe higher the drying
temperature, the lower the powder water content. It causes the product to absorb water more easily so that the
product becomes more stable when rehydrated. It is in line with Kryzhska et al. (2020) who state that high
water content in powder products would seriously disrupt product stability and would cause the product to
agglomerate when stored. The high water content in a product can cause damage due to the activity of
microorganisms.

The type of coating also affects the stability value. Of the three types of coating used, dextrin has the
most stable results compared to other types of coating. Dextrins can wrap or encapsulate the active ingredient
particles from oxidation reactions during storage thereby increasing product stability (Septgvani et al., 2013).
Dextrin has a stronger ability to bind water because it is a group of polysaccharides that ha%mpler chemical
structure consisting of 1,6 a-glycosidic and 1,4 a-glycosidic bonds (Xu et al., 2012).*The addition of
maltodextrin can increase the stability of the drink which can reduce the precipitate formed (Paramita et al.,
2015). Maltodextrin has a high solubility so that the product does not precipitate too much (Pramitasari et al.,
2011). Gum arabic has a more complex molecular structure thaﬁextrin and contains starch in it, so gum
arabic is more hygroscopic (Sutardi et al., 2010). Gum arabic*fias a more complex chemical structure,
consisting of D-galactose, L-arabinose, D-glucuronic acid, and L-rhamnose (Alftren et al., 2012). According
to Anggraini et al. (2016), the presence of sediment in beverage products can be caused by the presence of
pectin. Table 3 shows that the dextrin treatment with a drying temperature of 50°C is the coating material with
the highest stability value of 93.33%.

QIater Content

The average water content of lemongrass and Malang apple powder drinks rangagl from 2.06% to 2.57%
(Table 4). Iggthe manufacturing process, powder drinks are made by drying separately®dt 40°C, 45°C and 50°C
for 18 hours™ he results show that the higher the drying temperature, the lower the water content of the powder.
Drying causes the water content in the lemongrass and Malang apple powder to evaporate. The higher the
temperature produces powder with lower water content. According to Wiyono (2011), the drying temperature
factor is important to note because it can remove the water content quickly when the material is dried at high
temperatures. The increase of the heating temperature tends to reduce the water content. The decrease in the
amount of water is due to the higher heating temperature. Thus, there are more water molecules that evaporate
from the dried raw materials so that the water cﬁint obtained is lower.

The type of coating has a relatively similaf*€ffect on the value of the water content. Of the three types of
coating used, dextrin produced the highest average powder water content of 2.35%, followed by maltodextrin
(2.34%) and gum arabic (2.30%). According to Wulansari et al. (2012), dextrin is hygroscopic, that is, it easily
absorbs water; but when it is dried, the absorbed water is released. The water content absorbed by the presence
of coating material will evaporate more easily than the water content in the material tissue ﬁthat the
evaporation process of water in powder drinks becomes easier (Paramita et al., 2015). Maltodextrir™ias a low
molecular weight and a simple structure, so that water is easily gyaporated during the drying process
(Pramitasari et al., 2011). Meanydile, gum arabic is hygroscopic so*that the water in the material is more
retained and difficult to evaporate™Gum arabic has a high molecular weight and a complex molecular structure
and contains a large amount of starch (Sutardi et al., 2010). Based on the water content testing carried out, the
lowest water content was 2.06%, namely at 50°C dextrin and it was in accordance with SNI number 01-4320-
1996 in which the water content of powder drinks was a maximum of 3% (BSN, 1996). It shows that powder



drink products meet the requirements of SNI number 01-4320-1996 and have a small possibility of being
contaminated with microorganisms.

Ash Content

According to Leggli et al. (2011), ash content testing is carried out to determine the amount of minerals
in a food. Ash is composed of various tyges of minerals with varying composition depending on the type and
source in food (Andarwulan et al., 201 ased on Table 5, the mean value of the ash content of the results of
the study was 1.06% to 1.46%. It shows®that the higher the drying temperature, the higher the asrmntent. The
increase in ash content is thought to be related to the higher drying temperature. It causes more<tvater in the
material to evaporatg, so that the water content is lower. It causes the percentage of mineral content in the
material to increase™ he results of the study are in line with Shadri et al. (2018).

Dextrin coating is a polysaccharide group which has a simpler chemical structure than gum asabic.
Dextrin consists of 1,6 a-glycosidic and 1,4 a-glycosidic bonds (Xu et al., 2012). Meanwhile gum arabic¥ias a
more complex chemical structure, consisting of D-gala(ése, L-arabinose, D-glucuronic acid, and L-rhamnose
(Alftren et al., 2012). According to Sediaoetama (2010);%&sh cagtent describes the amount of minerals that are
not burnt into substances that can evaporate. Ash content is th%due left when a sample of a food ingredient
is completely burned. The highest ash content is obtained in the*@iextrin coating with a drying temperature of
45°C. In general, the ash content of the product was still within the limits of SNI 01-4320-1996 regarding the
quality requirements for powder drinks, namely a maximum of 1.5% (BSN, 1996). Malang apple has a fairly
high nutritional content, especially vitamins and minerals such as calcium, phosphorus, iron, potassium,
carbohydrates, fat, protein, niacin, riboflavin, vitamins A, B1, B2, and vitamin C (Wahyuningtyas et al., 2017).
Lemongrass contains several minerals such as vitamin A, vitamin C, potassium, calcium, iron, magnesium,
and selenium (Shadri et al., 2018).

Vitamin C

Qhe results of the vitamin C test are presented in Table 6, showing an average value of vitamin C between
53.15 mg/100g to 72.69 mg/100g. The vitamin C content tend to decrease with increasing drying temperature.
A decrease in vitamin C can occur due fathe unstable nature of vitamin C and is easily degraded, especially
by heat (Parfiyanti et al., 2016). It shows%nhat the drying process at high tempera@e can reduce the vitamin C
content found in powder drinks. Vitamin C is classified as a natural antioxidant™itamin C contains ascorbic
acid which is easily oxidized to dehydroascorbic acid which plays a role in inhibiting excessive oxidation
reactions (Susanti et al., 2014).

The type of coating also affects the vitamin C content. Of the three types of coatings used, dextrin
produces the highest content of vitamin C compared to other types of coating. It is because dextrin can protect
the volatile components of materials such as vitamin C from damage due to heat. Thus, the more dextrin is
added, t ore vitamin C content in the product is maintained. Dextrin has the characteristic of protecting
vitamin C*nd compounds that are sensitive to heat or oxidation because the molecules of dextrin are stable to
heat and oxidation, so that the \@amin C content can be maintained. In addition, according to Aretzy et al.
(2018), maltodextrin can protectolatile compounds and protect compounds that are sensitive to oxidation.
According to Alfonsius (2015), the addition of gum arabic in the process'ﬁ process can protect important
compounds such as vitamins due to extreme temperatures, since gum arabic*fias the ability to form a body as
a coating and has a strong bond to the compounds coated. The highest content of vitamin C was produced in
powder drinks dried at 40°C with dextrin ¢gating (72.68 mg/100 g) and the lowest was produced at 50°C with
gum arabic coating (53.15 mg/100 g). The"Vitamin C content of mix fruit powder drinks (red guava, papaya,
apple, and tomato) coated with maltodextrin and tween 80 dried at 50°C produces the vitamin C content



between 425 mg/100g — 550 mg/100g, which is higher than lemongrass and Malang apple powder drinks
(Minah, et al, 2021).

Water Activity

Table 7 shows the mean value of water activity (aw) of lemongrass and Malang apple powder drinks,
namely 0.44 to 0.50. The aw value of lemongrass and Malang apple powder drinks is lower than the aw value
for the bacterial growth requirement, namely 0.90. The aw value for yeast growth is 0.80-0.90, and the aw

alue for mold growth is 0.60-0.70. The aw value is relatively decreased with increasing drying temperature.
% the drying process, the free water in the material will evaporate. The higher temperature causes more water
evaporategLhe lower the water content, the lower the water activity (Martins et al., 2019). According to Adri
et al. (2013),"the composition of water in foodstuffs such as free water and bound water can affect the rate or
duration of food drying. The relatively small aw value does not allow the growth of bacteria, molds and yeasts
in the product. Lemongrass extract shows great potential as an antibacterial agent that can suppress the activity
of Bacillus cereus, Salmonella yphimurium and Staphylococcus aureus; this indicates the possibility of using
medicinal plants as natural antibacterial agents (Ibrahim et al., 2013). According to Parfiyanti et al. (2016), the
purpose of drying is to reduce water content so that it is not easy for mold and bacteria to grow, eliminate the
activity of enzymes that can decompose the active substance content and facilitate further processing so that it
can be more compact, durable and easy to store.

The use of various coatings in this study relatively produces the same aw value. The use of maltodextrin
and gum arabic as coating materials in the process of drying milk into milk powder by spray drying can protect
protein, calcium, lactose powder (Martins et al., 2019). The lowest water activity value of lemongrass and
Malang apple powder drinks was obtained for products with gum arabic coating at drying temperature of 45°C
(0.44).

The Percent Inhibition of Antioxidant Content

Percent inhibition shows the radical scavenging activity possessed by antioxidant compounds. One of
the plants that has potential as an antioxidant is lemongrass (Wibisono, 2011) and apple (Yudhianto et al.,
2013). Based on the antioxidant test in Table 8, the average inhibition val as 37.45% to 60.13%. Based on
Table 8 it is also known that drying temperature affects antioxidant content™ he higher the drying temperature,
the lower the antioxidant activity value. The decrease in the value of antioxidant activity in the lemongrass and
Malang apple powder drinks is thought to be related to the damage to the antioxidant compounds due to high
temperatures. According to Patras et al. (2010), antioxidant compounds are easily degraded when exposed to
heat. Heat accelerates the oxidation reaction of these compounds. The degradation process occurs due to an
increase in the rate of oxidation reactions by heat. Antioxidant compounds that have been oxidized will be
damaged. It is confirmed by Husna et al. (2013) that antioxidant bioactive components have heat-resistant

aracteristics, so if the sample is extracted in hot conditions it will reduce the value of its antioxidant activity.

he results of the research by Widiastuti et al. (2019) show that the more addition of lemongrass in lemongrass
syrup with stevia sweetener, the higher the antioxidant content. The highest antioxidant content is 50.55%. The
high antioxidant content in lemongrass is due to the large amount of phenolic compounds it contains. The high
content of phenolic compounds also results in antidiabetic and antihypertensive activity. The antioxidant
activity of essential oil in lemongrass stems is very high with an effective inhibition of 89% and 89.63%,
whereas in lemongrass leaves it is slightly lower with antioxidant and antidiabetic activities ranging from
78.89% and 79.2686 respectively (Mirghani, et al., 2012).

The use of*Uextrin coating with a drying temperature of 40°C produced the highest inhitgon value
compared to maltodextrin and gum arabic (Table 8). Goncalves et al. (2015) explains that dextrin iS€omposed
of glucose units that can bind water so that dissolved oxygen cagabe reduced. As a result, the oxidation process
can be prevented. Dextrin has the characteristic of protectinﬁolaﬁle compounds and compounds that are



sensitive to heat or oxidation. Gum arabic can improve and maintain the stability of the compounds being
coated. Gum arabic is ﬁo a type of coating that is resistant to heat (Daugan et al., 2013). Meanwhile,
maltodextrin can protect*olatile compounds and protect compounds that are sensitive to oxidation (Aretzy et
al., 2018). The maltodextrin coating has high oxidation resistance and can reduce the viscosity of the emulsion;
combined with other coatings that have better emulsifying properties, it causes the antioxidant compounds in
the migggencapsulants to be well covered and protected (Purnomo et al., 2014). According to Godwin et al.
(2014),;Semongrass contains natural antioxidants and anti-inflammatories which can prevent free radicals in
the human body. Antioxidants in lemongrass are able to inhibit the release of arachidonic acid by the
mechanism of inhibiting kinase protein that can affect the activity of phospholipase enzymes. Thus, the
inhibition of arachidonic acid synthesis will reduce the production of prostaglandins. The antioxidants found
in lemongrass are citronellal and geraniol compounds. According to Baskara (2010), apples contain
antioxidants which are very good for skin health. The very high antioxidant content is also the reason for the
high consumption of apples by the public as an effort to prevent diseases and other dysfunctions of body health.

Antioxidant Content with Inhibition Concentration Value of 50% (1Cso)

The ICso value is the concentration of the antioxidant source to neutralize 50% of the radical compounds.
he lower the ICso value, the better the antioxidant activity of the sample. 1Cso antioxidant content are
determined from the 3 best samples based on the highast inhibition percentage, namely on lemongrass and
Malang apple powders which are coated wagh dextrin®Wwith drying temperatures of 40°C, 45°C and 50°C.
According to Phongpaichit et al. (2007), ICs¢*Value < 10 ppm indicates a very strong activity. 1Cso 10-50 ppm
indicates a strong activity, 1Cso > 50-100 ppm indicates moderate activity, and 1Cso > 100-250 ppm indicates a
weak activity. The results showed that the 1Cso value in the lemongragaand Malang apple powder drinks was
0.9 ppm to 1.47 ppm (Table 9), which indicated a very strong activity™f he results of research by Andriyani et
al., (2015) show that the 1Cso value of temulawak and red ginger powder functional drinks made using the
spray drying method has the highest or strongest average value of 0.62 ppm at 4% maltodextrin concentration
and the lowest or weakest value of 1.00 ppm at 0% maltodextrin concentration.

Conclusion

Qhe results showed that the type of coating significantly affected the parameters of stability, dissolution
time, ash content, vitamin C, and antioxidants. Meanwhile, the drying time significantly affected the
parameters of stability, dissolution time, water content, ash content, vitamin C, and antioxidants. There was an
interaction between the type of coating and the drying time that affected the bulk density, stability, dissolution
time, ash content, vitamin C, and antioxidants. The best quality was determined based on the antioxidant
content and high stability. The fast dissolution time was found in lemongrass and Malang apple powder that
was dried at 45°C with dextrin coating. The best lemongrass and Malang apple powder drinks had the following
characteristics: a solubility of 0.96 seconds, a bulk density of 0.58 gr/ml, a stability of 89.19%;} % water content
of 2.38%, an ash content of 1.21%, a vitamin C content of 70.22%, a percent antioxidant inhibition of 50.97%,
an 1Cso content of 1.29 ppm, and a water activity 0.50.

Table 1. The mean value of bulk density for lemongrass and Malang apple powder drinks

Drying Coating Type Mean +
Temperature Maltodekstrin Dekstrin Gum Arabic SD
40°C 0.582 0.630« 0.64b¢d 0.62 +0.03
45°C 0.672 0.58abc 0.64bcd 0.63 + 0.05

50°C 0.582¢ 0.67¢ 0.522 0.59 + 0.08




Mean + SD 0.61 +0.05 0.63 £ 0.05 0.60 = 0.60

Note: the mean valu®llowed by different letters indicates a significant difference (P < 0.05)

Table 2. The mean value of dissolution time for lemongrass and Malang apple powder drinks (second)

Drying Coating Type Mean
+SD
Temperature
Maltodekstrin Dekstrin Gum Arabic
40°C 1.06™ 1.11% 1.29° 1.15+0.12¢
45°C 1.04abe 0.962 1.0520c 1.02+ 0.05b
50°C 1.07bc 1.01¢d 1.17¢ 1.08+ 0.082
Mean = SD 05+ 0.018 1.03 +0.082 1.17 £0.12°

Note: the mean valu®#llowed by different letters indicates a significant difference (P < 0.05)

Table 3. The mean value of stability for lemongrass and Malang apple powder drinks (%)

Drying Coating Type Mean + SD
Temperature Maltodekstrin Dekstrin Gum Arabic
72.17
° b
40°C 65.30 87.32¢ 63.892 13.14°
77.30 +
° d e C
45°C 73.01 89.19 69.69 10.43°
50°C 78.744 93.33f 80.19¢ 84.09 £ 8.03%
Mean + SD 72.35+6.742 89.95 £+ 3.072 71.26 + 8.26°

Table 4. The mean value of water content for lemongrass and Malang apple powder drinks (%)

Drying Coating Type
Temperature Maltodekstrin Dekstrin Gum Arabic Mean + SD
40°C 2.57 2.51 2.54 2.54 £0.03°
45°C 2.39 2.38 231 2.36 +0.04°
50°C 2.07 2.16 2.06 2.10 £ 0.052
Mean = SD 2. 0.25 2.35+ 0.18 2.30+£0.24

Note: the mean valu®llowed by different letters indicates a significant difference (P < 0.05)

Table 5. The mean value of ash content for lemongrass and Malang apple powder drinks (%)

Drying Coating Type Mean + SD
Temperature Maltodekstrin Dekstrin Gum Arabic
40°C 1.17%® 1.46° 1.06% 1.23 +0.218
45°C 1.26°d 1.213c 1.24bcd 1.23 +0.022
50°C 1.26° 1.37%% 1.38% 1.33+0.07°
Mean = SD 1.23 £ 0.052 1.34+0.13° 1.23+0.16%

Note: the mean valu®llowed by different letters indicates a significant difference (P < 0.05)

Table 6. The mean value of vitamin C content for lemongrass and Malang apple powder drinks (%)

Drying Coating Type Mean + SD
Temperature Maltodekstrin Dekstrin Gum Arabic
40°C 68.11¢ 72.69¢ 61.95¢ 67.58 +5.39¢
45°C 63.36° 70.22% 58.26° 63.95 + 6.01°
50°C 54,912 63.36° 53.152 57.14 +5.462
Mean + SD 6 +6.692 68.76 + 4.83° 57.79 £ 4.42°

Note: the mean val llowed by different letters indicates a significant difference (P < 0.05)



Table 7. The mean value of water activity for lemongrass and Malang apple powder drinks

Coating Type
Drying 9P Mean *
Temperature Maltodekstrin Dekstrin Gum Arabic SD
40°C 0.48 0.48 0.51 0.49 £0.02
45°C 0.51 0.50 0.44 0.49 +0.04
50°C 0.49 0.46 0.46 0.47 +0.02
Mean + SD +0.02 0.48 £0.02 0.47 £0.03
Note: the mean val llowed by different letters indicates a significant difference (P < 0.05)

Table 8. The mean value of antioxidant content for lemongrass and Malang apple powder drinks (%)

) Coating Type Mean + SD
Drying
Temperature Maltodekstrin Dekstrin Gum Arabic
40°C 56.96 60.13" 53.669 56.92 + 3.24°¢
45°C 45.73¢ 50.97¢ 48.17¢ 48.29 + 2.620
50°C 37.452 43.98° 37.53¢2 39.65 + 3.75?2
Mean & 46.71 £9.79 51.60 + 8.10° 46.45 +8.20°
stdev

Note: the mean valuallowed by different letters indicates a significant difference (P < 0.05)

Table 9. The mean value of 1Cso antioxidant content for lemongrass and Malang apple powder drinks (%) on the best product

Coating Type

Drying -
Temperature Dekstrin
40°C 0.9 + 0.01
45°C 1.279 + 0.08

50°C 147 +0.01
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Abstract

The immunity of the human body can be enhanced by food and beverages. Beverage products generally
have a short shelf life, so they need to be made into powder drinks. Currently popular drinks come from
spices containing antioxidants that can boost the body's immunity. To maintain the antioxidant
compounds that exist during drying, it is necessary to have a coating material. This study aims to
investigate the effect of coating type and drying temperature on the quality of lemongrass and Malang
apple powder drinks. The study used a Completely Randomized Design (CRD) with two factors and two
replications. The first factor was the coating type with 3 levels (maltodextrin, dextrin, gum arabic) and the
second factor was the drying temperature with 3 levels (40°C, 45°C, 50°C). Data were analyzed using
ANAVA test and Duncan's further test if the treatment was significantly different. The results showed that
the type of coating significantly affected the parameters of stability, dissolution time, ash content, vitamin
C, and antioxidants. Drying time significantly affected the parameters of stability, dissolution time, water
content, ash content, vitamin C and antioxidants. There was an interaction between the coating type and
drying time which affected the bulk density, stability, dissolution time, ash content, vitamin C, and
antioxidants. The best result based on the high content of antioxidants was obtained on the dextrin
coating type with a drying temperature of 45°C. Product characteristics included a solubility of 0.96
seconds, a bulk density of 0.58 g/mL, a stability of 89.19%, a water content of 2.38%, an ash content of
1.21%, a vitamin C content of 70.22%, an antioxidant inhibition percentage of 50.97%, an ICso content of
1.29, and a water activity of 0.50.

Keywords: Apples, Dextrin, Powder Drinks, Drying, Lemongrass

1. Introduction
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A brief literature review and previous relevant work with references. The ongoing COVID-19 pandemic
has forced people to maintain their health through increasing their body's immunity. Body immunity can
be improved through foods and drinks. Beverage products generally have a short shelf life, so they need
to be made into powder drinks. Powder drinks are a processed food product in powder form, easily
dissolved in water, practical in serving and have a relatively long shelf life. In addition, powder drinks are
easy to carry and ship (Tangkeallo et al., 2014). It causes powder drinks to be liked by the public. One of
the ingredients that can increase the body's immunity is spices. Spices are known to contain antioxidant
compounds. Antioxidants are able to capture free radicals to enhance the immunity of the body.
(Cakmakci et al., 2015). One of the spices that contain antioxidants and is popular today is lemongrass or
often called "serai". Lemongrass contains compounds including geraniol, citronellol, lemonen, kadinen,
eugenol, dipentene, citral (Wibisono, 2011). These compounds act as anticancer and antioxidants, stabilize
blood pressure, treat constipation, help the digestive system, tighten the body after childbirth
(Poeloengan, 2009), and reduce pain (Royhanaty et al., 2018). Apart from lemongrass, a food ingredient
that can improve the body's immunity and has a good taste is Malang apples. Malang apples are a famous
fruit typical of Malang city. Malang apples that are small in size have low economic value because they
are less attractive to consumers (Pramanta et al., 2017). Meanwhile, according to Rusita et al. (2019),
Malang apples contain lots of vitamins such as vitamins A, B, C, minerals, fiber, and flavonoid compounds,
one of which is quercetin. Vitamin C and quercetin act as antioxidants, antivirals and anti-inflammatories
that protect the body's reproductive system. Flavonoids as antioxidants have the ability to act as anti-free
radicals and change or reduce free radicals (Suparni et al., 2012).

There are limitations in using lemongrass and Malang apples for drinks. Those materials are difficult
to carry and do not last long. To overcome this, powder drinks made from a mixture of lemongrass and
Malang apples are made. In the making of lemongrass and Malang apple powder drinks as functional
drinks, there is a critical point during the drying process (Naibaho et al., 2015). It is because the active
ingredients contained in lemongrass and Malang apples are volatile. Drying at high temperatures and for
a long time can reduce the antioxidant activity of the dried material (Yamin et al., 2017). To maintain the
amount of antioxidants, present, it is necessary to find the right drying temperature. In addition to
maintaining the existing volatile compounds, it is necessary to have a coating material. The commonly
used coating material is gum arabic because this material has the ability to form good emulsions and films.
Gum arabic as a coating material is able to maintain the stability of volatile compounds and trap the
highest volatile components compared to modified starch (Santoso et al., 2013). According to Harahap et
al. (2021), maltodextrin can disperse quickly, has a high solubility, forms low hygroscopic properties, has
low browning properties, is able to inhibit crystallization and has strong binding power. Meanwhile,
dextrin has a high solubility, but it has a relatively low ability to bind water and a relatively low viscosity
(Asia et al., 2012). Based on the description above, this study aimed at investigating the effect of coating
type and drying temperature on the quality of lemongrass and Malang apple powder drinks. The quality
of the powder drinks was determined based on physical tests in the form of bulk density, dissolution time,
and stability test. These tests were required to determine packaging and consumer acceptance. In
addition, chemical tests were carried out in the form of water content, ash content, antioxidant activity,
water activity, and vitamin C. These tests would indirectly determine the shelf life and ability of the
product to increase body immunity. This research has yielded products that can increase body immunity,
are easy to carry, and have a relatively long shelf life.
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2. Materials and methods

2.1 Material

The materials used in the study were lemongrass, Malang apples, Maltodextrin, Dextrin, Gum Arabic,
water, and ant sugar. The materials for chemical analysis were distilled water, starch indicator, 0.1 N
NaOH, 50 mg/L DPPH, methanol p.a, and ascorbic acid. The tools used in the study were a “Mitzui”
blender, cutting boards, measuring cups, knives, “WTC Binder 78532” blower ovens, baking sheets,
spoons and “Matrix ESJ210-4B” scales, volumetric flasks, erlenmeyer, burettes, measuring cups,
measuring pipettes, suction ball, funnel pipette, beaker glass, filter paper, burette, stative, Siever 60 mesh,
and spectrophotometer "UV2100 Spectrophotometer".

2.2 The process of making lemongrass and malang apple powder drinks

The process of making powder drinks was a modification of the research of Susanti et al. (2014). The
process of making powder drinks consisted of two stages, that is, the making of fruit pulp and the drying
process.

2.3 Making fruit pulp

The making of fruit pulp began with sorting and washing the lemongrass and Malang apples, followed
by cutting the lemongrass and Malang apples and then crushing them with a blender for 5 mins at speed
number 2. After that, the pulp was added with water in a ratio of 1:1. Furthermore, the coating materials
(maltodextrin, dextrin, and gum Arabic) were added separately as much as 5% w/w fruit pulp separately.
The pulp was stirred until homogeneous.

2.4 Drying

The already homogeneous fruit pulp, each was placed on a 60x40x2 cm baking sheet as much as 250
mL and dried with a blower oven at a predetermined temperature (40°C, 45°C, and 50°C) separately for
18 hrs . The dried sheets of lemongrass and Malang apples were then crushed separately with a blender
for 3 mins at speed number 2. Then, ant sugar was added as much as 10% w/w of the dry powder. After
that, the powder was sieved using a 60-mesh sieve. Lemongrass powder drinks were packaged in
aluminum foil zip lock with a size of 7 X 13 cm.

2.5 Analysis procedure of bulk density

The powder sample was put into a 10 mL measuring cup whose weight was known. The measuring
cup containing the powder sample was tapped 30 times until there were no more cavities when the
powder sample was adjusted to 10 mL. The measuring cup containing the powder sample was then
weighed. The bulk density (g/mL) can be calculated by dividing the weight of the powder sample by its
volume (10 mL).

2.6 Analysis procedure of dissolution time testing
A total of 5 g of the test sample was weighed then dissolved in 50 mL of warm water and stirred 20
times until homogeneous. How long it took the sample to dissolve in water was recorded.

2.7 Analysis procedure of stability testing

A total of 5 g of powder was weighed and brewed in 50 mL of water then put into a 10 mL measuring
cup and kept for 24 hrs. Afterwards, the suspension or solution was measured for the volume of the
precipitate and the height of the solution volume as the percentage of stability of the drink obtained.
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2.8 Analysis procedure of water content by oven drying method

An empty cup was dried in the oven for 15 mins and cooled in a desiccator (10 mins for an aluminum
cup and 20 mins for a porcelain cup). The dry cup was weighed. The sample was weighed as much as 2-3
g then it was put in a dry cup. After that, it was put in the oven at 105°C for 6 hrs . Next, the cup containing
the sample was cooled in a desiccator, then weighed. Drying was repeated until a constant weight was
obtained. Water content was calculated based on the loss of weight, namely the difference between the
initial weight of the sample before drying and the final weight after drying.

2.9 Analysis procedure of ash content by muffle furnace method

A porcelain cup was dried in the oven for 15 mins and then cooled in a desiccator and weighed. The
sample was weighed as much as 3 g in a cup that had been dried and then it was burned in a smoke
chamber until it no longer emitted smoke. Next, ashing was carried out using an electric furnace at a
temperature of 400-600°C for 4-6 hrs until white ash was formed and had a constant weight. The ash
formed in the cup was cooled in a desiccator and then weighed.

2.10 Analysis procedure of antioxidant content testing

A total of 1 mL of DPPH solution (10 mg/L) was added to 50 pL of sample solution and then added
methanol pro analyzed up to 5 mL, then incubated for 30 mins at 37°C. The absorbance was measured at
a wavelength of 513 nm. The antioxidant activity of the sample was determined by the magnitude of the
DPPH radical uptake inhibition by calculating the percentage of DPPH uptake inhibition.

2.10 Analysis procedure of ICso antioxidant activity testing

Antioxidant activity was analyzed based on its ability to capture free radicals (radical scavenging
activity) of DPPH. Analysis of antioxidant activity in this study used the DPPH (2,2-diphenyl-Ipicrylhydrazyl)
method. The DPPH method aimed to determine the concentration used to inhibit free radicals in a sample.
A sample macerated with methanol was prepared. A mother liquor for each sample of 100 ppm was made
by dissolving 0.01 mL of sample in 100 mL of methanol PA. Furthermore, dilution was carried out using
methanol PA solvent by varying the concentration of 5 ppm, 6 ppm, 7 ppm, 8 ppm and 9 ppm for each
sample. The next step was to prepare a 50 ppm DPPH stock solution. The DPPH stock solution was
prepared by dissolving 5 mg of solid DPPH in 100 mL of methanol PA. Then a comparison solution was
prepared, namely a control solution containing 2 mL of methanol PA and 1 mL of 50 ppm DPPH solution.
For the test sample, 2 mL of sample solution and 2 mL of DPPH solution were prepared. Then, the solution
was kept for 30 mins . All samples, extract samples that had been kept, were tested for measuring the
absorbance values using a UV-visible spectrophotometer at a wavelength of 517 nm.

2.12 Analysis procedure of water activity testing

The measurement of water activity was conducted using an aw-meter tool. The tool was calibrated
by adding BaCl2.2H20. It was then closed and kept for 3 mins until the number on the scale became 0.9.
The aw-meter was opened and the sample was inserted. The tool was then closed and waited until the
aw scale was read. The temperature scale and the correction factor were observed. When the
temperature scale was above 20°C, then the aw scale reading was added as much as the excess of the
temperature multiplied by a correction factor of 0.002°, as well as for temperatures below 20°C.
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2.13 Analysis procedure of vitamin C testing

Vitamin C analysis was performed by iodometric method. The crushed sample was weighed as much
as 5 g. It was put into a 100 mL measuring flask. Distilled water was then added up to the line mark. The
sample was shaken until homogeneous. The solution was filtered and the filtrate was pipetted as much
as 25 mL and put into an erlenmeyer. Then a few drops of starch indicator were added, then titrated
rapidly using 0.01 N iodine solution until a blue color appeared.

2.14 Statistical analysis

The data obtained were analyzed using analysis of variance (ANOVA). When the data showed that
there was a significant effect, then the Duncan Multiple Range Test was carried out. The testing was done
using IBM SPSS Statistics 29 software. The significant level was set at o = 0.05.

3. Results and discussion
3.1 Bulk density of lemongrass and malang apple powder drinks

The bulk density value indicates void space, namely the number of empty cavities between the
material particles. The greater the bulk density of an object, the less void space it has (Hui et al., 2007).
The bulk density obtained in the study was 0.52 g/mL to 0.67 g/mL (Table 1). The higher the drying
temperature causes the bulk density value to decrease. It is because the higher the drying temperature
causes more water in the material to be evaporated so that the resulting water content is lower, causing
the weight of the powder to become lighter. It is in line with Andriyani et al. (2015) who state that as the
drying temperature increases, the bulk density decreases. The bulk density is influenced by the type of
material, water content, shape and size of the material. The smaller the bulk density, the more porous
the product is (Widowati et al., 2010).

Of the three types of coating used, gum arabic has the lowest bulk density compared to other
coatings. It is because gum arabic contains a complex mixture of hydrophilic carbohydrates and
hydrophobic protein components so that the solution can dissolve very well in water (up to 50%) (Daugan
et al., 2013). Meanwhile dextrin has the characteristic of quickly dispersing, has high solubility, is able to
form films, has hygroscopic properties, is able to form body, has characteristic of low browning, is able to
inhibit crystallization, and has strong binding power (Purbasari, 2019). The dextrin film layer has a higher
proportion of solids than gum arabic, because the DE value of dextrin is lower than gum arabic, therefore
the drying process using dextrin is faster and the particle size is smaller than gum arabic (Sutardi et al.,
2010). Maltodextrin is a coating material that has a high level of solubility, this is due to the nature of
maltodextrin which is soluble in water and has a fast dispersion process. Maltodextrin is hygroscopic (has
the ability to absorb water) so that the water in the material is more retained and difficult to evaporate
(Yuliwaty et al., 2015).

According to Setiawati et al. (2014), the amount of bulk density of a material affects the space
needed for that material. The greater the bulk density (particles), the smaller the space needed, and vice
versa. The smaller the size of the molecule, the more easily the product will be compressed; with smaller
gaps between molecules, the greater the bulk density (Stranzinger et al., 2017). The treatment using gum
arabic with a drying temperature of 50°C resulted in the lowest bulk density value of 0.52. According to
Palijama et al. (2020), foodstuffs that have a high bulk density indicate that the product is more compact
(non-voluminous), meaning that in the same certain volume, the product is available in more weight.
According to Widowati et al. (2010), a material is considered ‘bulk’ if the bulk density is small, meaning
that light weight requires a large space; the smaller the bulk density, the more porous the product is.
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Sadeghi et al. (2010) state that the higher sphericity of the corn kernels results in a more regular
arrangement of the kernels so that the cavities between the kernels were smaller, resulting in a higher
bulk density.

3.2 Dissolution Time

Dissolution time in water is a time that shows all beverage powder dissolves in water perfectly. The
testing of dissolution time is carried out to determine the speed of solubility of the drinks when it will be
consumed. The higher the solubility value of the powder product, the better the product is; it is because
the perfect solubility will produce products that do not float on the surface of the water (Phoungchandang
et al., 2009). The dissolution time of lemongrass and Malang apple powder was 0.96 to 1.29 seconds
(Table 2). The results show that, the higher the drying temperature, the faster the dissolution time (Table
2). It is because the powder produced is drier. The higher the drying temperature, the more water
evaporated on the powder drinks so that the water content is lower. The lower the water content, the
more hygroscopic so that the dissolution time is faster (Paramita et al., 2015 and Sakdiyah et al., 2019).

The type of coating also affects the dissolution time. Of the three types of coatings used, dextrin
has a faster dissolution time compared to other types of coating (Table 2). It is because when powder
drinks are dissolved in water, especially warm water, the hydroxyl groups contained in the coating
material will interact with the water so that the solubility of the powder can increase (Yuliwaty et al.,
2015). Dextrin has a dextrose equivalent (DE) value of 3-5 and has the ability to form layers (Tyanjani et
al., 2015). With the addition of dextrin, the solubility of powder drinks increases. It is because dextrin is
easily soluble in water. It is in accordance with Nurhidayah et al. (2014), who state that dextrin is easily
soluble in water, disperse more quickly, is not viscous and is more stable than starch.

According to Wulansari et al. (2012), Dextrose Equivalent (DE) of maltodextrin is 3-20. The higher
the DE value, the higher the monosaccharide content, causing the binding power to be greater. Thus, the
use of maltodextrin causes a higher water content compared to dextrin. Maltodextrin is a filler that has a
high level of solubility; it is due to the characteristic of maltodextrin that is soluble in water (Hofman et
al., 2021). Gum arabic has a longer dissolution time than maltodextrin and dextrin. However, according
to Herawati (2018), gum arabic has the advantage of having high solubility in water, making it better as a
coating material in making powder drinks. The DE value of gum arabic is 6 (Soottitantawat et al., 2006).
According to Hofman et al. (2016) the factor that affects the level of solubility in water is the DE value;
the higher the DE value, the better the solubility level.

3.3 Stability

Beverage products will be stable if the particles acting as the dispersed phase can be retained
without changing for a long time or without experiencing grouping with each other (Anjani et al., 2011).
The stability testing is expressed in (%) which shows the percentage of stability of the powder drinks made.
The stability of lemongrass and Malang apple powder drinks obtained an average of 63.89% to 93.33%
(Table 3). The results show that the higher the drying temperature, the higher the resulting stability. The
higher the drying temperature, the lower the powder water content. It causes the product to absorb water
more easily so that the product becomes more stable when rehydrated. It is in line with Kryzhska et al.
(2020) who state that high water content in powder products would seriously disrupt product stability
and would cause the product to agglomerate when stored. The high-water content in a product can cause
damage due to the activity of microorganisms.
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The type of coating also affects the stability value. Of the three types of coating used, dextrin has
the most stable results compared to other types of coating. Dextrin’s can wrap or encapsulate the active
ingredient particles from oxidation reactions during storage thereby increasing product stability
(Septevani et al., 2013). Dextrin has a stronger ability to bind water because it is a group of
polysaccharides that has a simpler chemical structure consisting of 1,6 a-glycosidic and 1,4 a-glycosidic
bonds (Xu et al., 2012). The addition of maltodextrin can increase the stability of the drink which can
reduce the precipitate formed (Paramita et al., 2015). Maltodextrin has a high solubility so that the
product does not precipitate too much (Pramitasari et al., 2011). Gum arabic has a more complex
molecular structure than dextrin and contains starch in it, so gum arabic is more hygroscopic (Sutardi et
al., 2010). Gum arabic has a more complex chemical structure, consisting of D-galactose, L-arabinose, D-
glucuronic acid, and L-rhamnose (Alftren et al., 2012). According to Anggraini et al. (2016), the presence
of sediment in beverage products can be caused by the presence of pectin. Table 3 shows that the dextrin
treatment with a drying temperature of 50°C is the coating material with the highest stability value of
93.33%.

3.4 Water content

The average water content of lemongrass and Malang apple powder drinks ranged from 2.06% to
2.57% (Table 4). In the manufacturing process, powder drinks are made by drying separately at 40°C, 45°C
and 50°C for 18 hrs.. The results show that the higher the drying temperature, the lower the water content
of the powder. Drying causes the water content in the lemongrass and Malang apple powder to evaporate.
The higher the temperature produces powder with lower water content. According to Wiyono (2011), the
drying temperature factor is important to note because it can remove the water content quickly when the
material is dried at high temperatures. The increase of the heating temperature tends to reduce the water
content. The decrease in the amount of water is due to the higher heating temperature. Thus, there are
more water molecules that evaporate from the dried raw materials so that the water content obtained is
lower.

The type of coating has a relatively similar effect on the value of the water content. Of the three
types of coating used, dextrin produced the highest average powder water content of 2.35%, followed by
maltodextrin (2.34%) and gum arabic (2.30%). According to Wulansari et al. (2012), dextrin is hygroscopic,
that is, it easily absorbs water; but when it is dried, the absorbed water is released. The water content
absorbed by the presence of coating material will evaporate more easily than the water content in the
material tissue so that the evaporation process of water in powder drinks becomes easier (Paramita et
al., 2015). Maltodextrin has a low molecular weight and a simple structure, so that water is easily
evaporated during the drying process (Pramitasari et al., 2011). Meanwhile, gum arabic is hygroscopic so
that the water in the material is more retained and difficult to evaporate. Gum arabic has a high molecular
weight and a complex molecular structure and contains a large amount of starch (Sutardi et al., 2010).
Based on the water content testing carried out, the lowest water content was 2.06%, namely at 50°C
dextrin and it was in accordance with SNI number 01-4320-1996 in which the water content of powder
drinks was a maximum of 3% (BSN, 1996). It shows that powder drink products meet the requirements of
SNI number 01-4320-1996 and have a small possibility of being contaminated with microorganisms.

3.5 Ash content
According to Leggli et al. (2011), ash content testing is carried out to determine the amount of
minerals in a food. Ash is composed of various types of minerals with varying composition depending on
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the type and source in food (Andarwulan et al., 2011). Based on Table 5, the mean value of the ash content
of the results of the study was 1.06% to 1.46%. It shows that the higher the drying temperature, the higher
the ash content. The increase in ash content is thought to be related to the higher drying temperature. It
causes more water in the material to evaporate, so that the water content is lower. It causes the
percentage of mineral content in the material to increase. The results of the study are in line with Shadri
et al. (2018).

Dextrin coating is a polysaccharide group which has a simpler chemical structure than gum arabic.
Dextrin consists of 1,6 a-glycosidic and 1,4 a-glycosidic bonds (Xu et al., 2012). Meanwhile gum arabic has
a more complex chemical structure, consisting of D-galactose, L-arabinose, D-glucuronic acid, and L-
rhamnose (Alftren et al., 2012). According to Sediaoetama (2010), ash content describes the amount of
minerals that are not burnt into substances that can evaporate. Ash content is the residue left when a
sample of a food ingredient is completely burned. The highest ash content is obtained in the dextrin
coating with a drying temperature of 45°C. In general, the ash content of the product was still within the
limits of SNI 01-4320-1996 regarding the quality requirements for powder drinks, namely a maximum of
1.5% (BSN, 1996). Malang apple has a fairly high nutritional content, especially vitamins and minerals such
as calcium, phosphorus, iron, potassium, carbohydrates, fat, protein, niacin, riboflavin, vitamins A, B1, B2,
and vitamin C (Wahyuningtyas et al., 2017). Lemongrass contains several minerals such as vitamin A,
vitamin C, potassium, calcium, iron, magnesium, and selenium (Shadri et al., 2018).

3.6 Vitamin C

The results of the vitamin C test are presented in Table 6, showing an average value of vitamin C
between 53.15 mg/100g to 72.69 mg/100g. The vitamin C content tend to decrease with increasing drying
temperature. A decrease in vitamin C can occur due to the unstable nature of vitamin C and is easily
degraded, especially by heat (Parfiyanti et al., 2016). It shows that the drying process at high temperature
can reduce the vitamin C content found in powder drinks. Vitamin C is classified as a natural antioxidant.
Vitamin C contains ascorbic acid which is easily oxidized to dehydroascorbic acid which plays a role in
inhibiting excessive oxidation reactions (Susanti et al., 2014).

The type of coating also affects the vitamin C content. Of the three types of coatings used, dextrin
produces the highest content of vitamin C compared to other types of coating. It is because dextrin can
protect the volatile components of materials such as vitamin C from damage due to heat. Thus, the more
dextrin is added, the more vitamin C content in the product is maintained. Dextrin has the characteristic
of protecting vitamin C and compounds that are sensitive to heat or oxidation because the molecules of
dextrin are stable to heat and oxidation, so that the vitamin C content can be maintained. In addition,
according to Aretzy et al. (2018), maltodextrin can protect volatile compounds and protect compounds
that are sensitive to oxidation. According to Alfonsius (2015), the addition of gum arabic in the processing
process can protect important compounds such as vitamins due to extreme temperatures, since gum
arabic has the ability to form a body as a coating and has a strong bond to the compounds coated. The
highest content of vitamin C was produced in powder drinks dried at 40°C with dextrin coating (72.68
mg/100 g) and the lowest was produced at 50°C with gum arabic coating (53.15 mg/100 g). The vitamin C
content of mix fruit powder drinks (red guava, papaya, apple, and tomato) coated with maltodextrin and
tween 80 dried at 50°C produces the vitamin C content between 425 mg/100g — 550 mg/100g, which is
higher than lemongrass and Malang apple powder drinks (Minah, et al., 2021).

3.7 Water activity
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Table 7 shows the mean value of water activity (aw) of lemongrass and Malang apple powder drinks,
namely 0.44 to 0.50. The aw value of lemongrass and Malang apple powder drinks is lower than the aw
value for the bacterial growth requirement, namely 0.90. The aw value for yeast growth is 0.80-0.90, and
the aw value for mold growth is 0.60-0.70. The aw value is relatively decreased with increasing drying
temperature. In the drying process, the free water in the material will evaporate. The higher temperature
causes more water to evaporate. The lower the water content, the lower the water activity (Martins et
al., 2019). According to Adri et al. (2013), the composition of water in foodstuffs such as free water and
bound water can affect the rate or duration of food drying. The relatively small aw value does not allow
the growth of bacteria, molds and yeasts in the product. Lemongrass extract shows great potential as an
antibacterial agent that can suppress the activity of Bacillus cereus, Salmonella yphimurium and
Staphylococcus aureus; this indicates the possibility of using medicinal plants as natural antibacterial
agents (Ibrahim et al., 2013). According to Parfiyanti et al. (2016), the purpose of drying is to reduce water
content so that it is not easy for mold and bacteria to grow, eliminate the activity of enzymes that can
decompose the active substance content and facilitate further processing so that it can be more compact,
durable and easy to store.

The use of various coatings in this study relatively produces the same aw value. The use of
maltodextrin and gum arabic as coating materials in the process of drying milk into milk powder by spray
drying can protect protein, calcium, lactose powder (Martins et al., 2019). The lowest water activity value
of lemongrass and Malang apple powder drinks was obtained for products with gum arabic coating at
drying temperature of 45°C (0.44).

3.8 The percent inhibition of antioxidant content

Percent inhibition shows the radical scavenging activity possessed by antioxidant compounds. One
of the plants that has potential as an antioxidant is lemongrass (Wibisono, 2011) and apple (Yudhianto et
al., 2013). Based on the antioxidant test in Table 8, the average inhibition value was 37.45% to 60.13%.
Based on Table 8 it is also known that drying temperature affects antioxidant content. The higher the
drying temperature, the lower the antioxidant activity value. The decrease in the value of antioxidant
activity in the lemongrass and Malang apple powder drinks is thought to be related to the damage to the
antioxidant compounds due to high temperatures. According to Patras et al. (2010), antioxidant
compounds are easily degraded when exposed to heat. Heat accelerates the oxidation reaction of these
compounds. The degradation process occurs due to an increase in the rate of oxidation reactions by heat.
Antioxidant compounds that have been oxidized will be damaged. It is confirmed by Husna et al. (2013)
that antioxidant bioactive components have heat-resistant characteristics, so if the sample is extracted in
hot conditions it will reduce the value of its antioxidant activity. The results of the research by Widiastuti
et al. (2019) show that the more addition of lemongrass in lemongrass syrup with stevia sweetener, the
higher the antioxidant content. The highest antioxidant content is 50.55%. The high antioxidant content
in lemongrass is due to the large number of phenolic compounds it contains. The high content of phenolic
compounds also results in antidiabetic and antihypertensive activity. The antioxidant activity of essential
oil in lemongrass stems is very high with an effective inhibition of 89% and 89.63%, whereas in lemongrass
leaves it is slightly lower with antioxidant and antidiabetic activities ranging from 78.89% and 79.26%
respectively (Mirghani, et al., 2012).

The use of dextrin coating with a drying temperature of 40°C produced the highest inhibition value
compared to maltodextrin and gum arabic (Table 8). Goncalves et al. (2015) explains that dextrin is
composed of glucose units that can bind water so that dissolved oxygen can be reduced. As a result, the
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oxidation process can be prevented. Dextrin has the characteristic of protecting volatile compounds and
compounds that are sensitive to heat or oxidation. Gum arabic can improve and maintain the stability of
the compounds being coated. Gum arabic is also a type of coating that is resistant to heat (Daugan et al.,
2013). Meanwhile, maltodextrin can protect volatile compounds and protect compounds that are
sensitive to oxidation (Aretzy et al., 2018). The maltodextrin coating has high oxidation resistance and can
reduce the viscosity of the emulsion; combined with other coatings that have better emulsifying
properties, it causes the antioxidant compounds in the microencapsulants to be well covered and
protected (Purnomo et al., 2014). According to Godwin et al. (2014), lemongrass contains natural
antioxidants and anti-inflammatories which can prevent free radicals in the human body. Antioxidants in
lemongrass are able to inhibit the release of arachidonic acid by the mechanism of inhibiting kinase
protein that can affect the activity of phospholipase enzymes. Thus, the inhibition of arachidonic acid
synthesis will reduce the production of prostaglandins. The antioxidants found in lemongrass are
citronellal and geraniol compounds. According to Baskara (2010), apples contain antioxidants which are
very good for skin health. The very high antioxidant content is also the reason for the high consumption
of apples by the public as an effort to prevent diseases and other dysfunctions of body health.

3.9 Antioxidant content with inhibition concentration value of 50% (ICso)

The ICso value is the concentration of the antioxidant source to neutralize 50% of the radical
compounds. The lower the ICso value, the better the antioxidant activity of the sample. ICso antioxidant
content are determined from the 3 best samples based on the highest inhibition percentage, namely on
lemongrass and Malang apple powders which are coated with dextrin with drying temperatures of 40°C,
45°C and 50°C. According to Phongpaichit et al. (2007), ICsovalue < 10 ppm indicates a very strong activity.
I1Cs0 10-50 ppm indicates a strong activity, 1Cso > 50-100 ppm indicates moderate activity, and ICso > 100-
250 ppm indicates a weak activity. The results showed that the I1Cso value in the lemongrass and Malang
apple powder drinks was 0.9 ppm to 1.47 ppm (Table 9), which indicated a very strong activity. The results
of research by Andriyani et al., (2015) show that the 1Cso value of temulawak and red ginger powder
functional drinks made using the spray drying method has the highest or strongest average value of 0.62
ppm at 4% maltodextrin concentration and the lowest or weakest value of 1.00 ppm at 0% maltodextrin
concentration.

4. Conclusion

The results showed that the type of coating significantly affected the parameters of stability,
dissolution time, ash content, vitamin C, and antioxidants. Meanwhile, the drying time significantly
affected the parameters of stability, dissolution time, water content, ash content, vitamin C, and
antioxidants. There was an interaction between the type of coating and the drying time that affected the
bulk density, stability, dissolution time, ash content, vitamin C, and antioxidants. The best quality was
determined based on the antioxidant content and high stability. The fast dissolution time was found in
lemongrass and Malang apple powder that was dried at 45°C with dextrin coating. The best lemongrass
and Malang apple powder drinks had the following characteristics: a solubility of 0.96 seconds, a bulk
density of 0.58 gr/mL, a stability of 89.19%, a water content of 2.38%, an ash content of 1.21%, a vitamin
C content of 70.22%, a percent antioxidant inhibition of 50.97%, an I1Cso content of 1.29 ppm, and a water
activity 0.50.
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683  Table 1. The mean value of bulk density for lemongrass and Malang apple powder drinks

Drying Coating Type
Temperature Maltodekstrin Dekstrin Gum Arabic  Mean £SD
40°C 0.58° 0.63 0.64°< 0.62 +0.03
45°C 0.67%® 0.582¢ 0.64°< 0.63 +0.05
50°C 0.582b¢ 0.67¢« 0.52° 0.59+0.08
Mean + SD 0.61 +0.05 0.63+0.05 0.60 +0.60

684  Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

685
686 Table 2. The mean value of dissolution time for lemongrass and Malang apple powder drinks (second)
M
Drying Coating Type +2T3n
T t —
emperature Maltodekstrin Dekstrin Gum Arabic
40°C 1.06 1.11%° 1.29¢ 1.15+0.12¢
45°C 1.04%¢ 0.96° 1.052%% 1.02+ 0.05°
50°C 1.07 1.01¢ 1.17¢ 1.08+ 0.082

Mean £ SD 1.05 +0.01° 1.03+0.08° 1.17+0.12°
687 Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

688

689  Table 3. The mean value of stability for lemongrass and Malang apple powder drinks (%)

Drying Coating Type Mean + SD
Temperature  Maltodekstrin Dekstrin Gum Arabic
7217
° ab e a =
40°C 65.30 87.32 63.89 13.14¢
77.30
° d e c
45°C 73.01 89.19 69.69 10.43b
50°C 78.74° 93.33f 80.19° 84.09 + 8.032
71.26 +
Mean £ SD 72.35+6.74° 89.95+3.07° 826

690



691  Table 4. The mean value of water content for lemongrass and Malang apple powder drinks (%)

Drying Coating Type Mean + SD
Temperature Maltodekstrin Dekstrin Gum Arabic
40°C 2.57 2.51 2.54 2.54 £ 0.03¢
45°C 2.39 2.38 2.31 2.36 £ 0.04°
50°C 2.07 2.16 2.06 2.10 + 0.05?
Mean £ SD 2.34+£0.25 2.35+0.18 2.30+£0.24
692 Note: the mean value followed by different letters indicates a significant difference (P < 0.05)
693
694  Table 5. The mean value of ash content for lemongrass and Malang apple powder drinks (%)
Drying Coating Type Mean + SD
Temperature Maltodekstrin Dekstrin Gum Arabic
40°C 1.17%® 1.46¢ 1.06° 1.23+0.21°
45°C 1.26°< 1.21°%k¢ 1.24°< 1.23 +0.02°
50°C 1.26° 1.37¢% 1.38°% 1.33+0.07°
Mean £ SD 1.23+0.05° 1.34+0.13° 1.23 +0.16°
695 Note: the mean value followed by different letters indicates a significant difference (P < 0.05)
696  Table 6. The mean value of vitamin C content for lemongrass and Malang apple powder drinks (%)
Drying Coating Type Mean +6%Y
Temperature Maltodekstrin Dekstrin Gum Arabic oo
40°C 68.11¢ 72.69¢ 61.95°¢ 67.58 +5.39°
45°C 63.36° 70.22¢% 58.26" 63.95 + 669%°
50°C 54.91° 63.36¢ 53.15° 57.14 +5.46°
Mean+SD  62.13+6.69° 68.76+4.83° 57.79+4.42° v
701 Note: the mean value followed by different letters indicates a significant difference (P < 0.05)
702
703  Table 7. The mean value of water activity for lemongrass and Malang apple powder drinks
Drying Coating Type Mean +
Temperature  Maltodekstrin Dekstrin Gum Arabic SD
40°C 0.48 0.48 0.51 0.49 £0.02
45°C 0.51 0.50 0.44 0.49 +0.04
50°C 0.49 0.46 0.46 0.47 £0.02
Mean £ SD 0.49 £0.02 0.48 £ 0.02 0.47 £0.03
704 Note: the mean value followed by different letters indicates a significant difference (P < 0.05)
705
706 Table 8. The mean value of antioxidant content for lemongrass and Malang apple powder drinks (%)
Drying Coating Type Mean = SD
Temperature  Maltodekstrin Dekstrin Gum Arabic




710
711
712
713

714
715

716

40°C 56.96 60.13" 53.668 56.92 + 3.2407

45°C 45.73° 50.97¢ 48.17° 48.29 + 2.628g
50°C 37.45° 43.98" 37.53° 39.65 + 3.75°
/U39

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

Table 9. The mean value of ICso antioxidant content for lemongrass and Malang apple powder drinks (%)
on the best product

Drying Coating Type
Temperature Dekstrin
40°C 0.9+0.01
45°C 1.279 £ 0.08
50°C 1.47 +0.01
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Physico-chemical properties of lemongrass and Malang apple powder drinks

Abstract

The immunity of the human body can be enhanced by food and beverages. Beverage products generally
have a short shelf life, so they need to be made into powder drinks. Currently popular drinks come from
spices containing antioxidants that can boost the body's immunity. To maintain the antioxidant
compounds that exist during drying, it is necessary to have a coating material. This study aims to
investigate the effect of coating type and drying temperature on the quality of lemongrass and Malang
apple powder drinks. The study used a Completely Randomized Design (CRD) with two factors and two
replications. The first factor was the coating type with 3 levels (maltodextrin, dextrin, gum arabic) and the
second factor was the drying temperature with 3 levels (40°C, 45°C, 50°C). Data were analyzed using
ANAVA test and Duncan's further test if the treatment was significantly different. The results showed that
the type of coating significantly affected the parameters of stability, dissolution time, ash content, vitamin
C, and antioxidants. Drying time significantly affected the parameters of stability, dissolution time, water
content, ash content, vitamin C and antioxidants. There was an interaction between the coating type and
drying time which affected the bulk density, stability, dissolution time, ash content, vitamin C, and
antioxidants. The best result based on the high content of antioxidants was obtained on the dextrin
coating type with a drying temperature of 45°C. Product characteristics included a solubility of 0.96
seconds, a bulk density of 0.58 g/mL, a stability of 89.19%, a water content of 2.38%, an ash content of
1.21%, a vitamin C content of 70.22%, an antioxidant inhibition percentage of 50.97%, an ICso content of
1.29, and a water activity of 0.50.

Keywords: Apples, Dextrin, Powder Drinks, Drying, Lemongrass

1. Introduction

A brief literature review and previous relevant work with references. The ongoing COVID-19 pandemic
has forced people to maintain their health through increasing their body's immunity. Body immunity can
be improved through foods and drinks. Beverage products generally have a short shelf life, so they need
to be made into powder drinks. Powder drinks are a processed food product in powder form, easily
dissolved in water, practical in serving and have a relatively long shelf life. In addition, powder drinks are
easy to carry and ship (Tangkeallo et al., 2014). It causes powder drinks to be liked by the public. One of
the ingredients that can increase the body's immunity is spices. Spices are known to contain antioxidant
compounds. Antioxidants are able to capture free radicals to enhance the immunity of the body.
(Cakmakci et al., 2015). One of the spices that contain antioxidants and is popular today is lemongrass or
often called "serai". Lemongrass contains compounds including geraniol, citronellol, lemonen, kadinen,
eugenol, dipentene, citral (Wibisono, 2011). These compounds act as anticancer and antioxidants, stabilize
blood pressure, treat constipation, help the digestive system, tighten the body after childbirth
(Poeloengan, 2009), and reduce pain (Royhanaty et al., 2018). Apart from lemongrass, a food ingredient
that can improve the body's immunity and has a good taste is Malang apples. Malang apples are a famous
fruit typical of Malang city. Malang apples that are small in size have low economic value because they
are less attractive to consumers (Pramanta et al., 2017). Meanwhile, according to Rusita et al. (2019),
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Malang apples contain lots of vitamins such as vitamins A, B, C, minerals, fiber, and flavonoid compounds,
one of which is quercetin. Vitamin C and quercetin act as antioxidants, antivirals and anti-inflammatories
that protect the body's reproductive system. Flavonoids as antioxidants have the ability to act as anti-free
radicals and change or reduce free radicals (Suparni et al., 2012).

There are limitations in using lemongrass and Malang apples for drinks. Those materials are difficult
to carry and do not last long. To overcome this, powder drinks made from a mixture of lemongrass and
Malang apples are made. In the making of lemongrass and Malang apple powder drinks as functional
drinks, there is a critical point during the drying process (Naibaho et al., 2015). It is because the active
ingredients contained in lemongrass and Malang apples are volatile. Drying at high temperatures and for
a long time can reduce the antioxidant activity of the dried material (Yamin et al., 2017). To maintain the
amount of antioxidants, present, it is necessary to find the right drying temperature. In addition to
maintaining the existing volatile compounds, it is necessary to have a coating material. The commonly
used coating material is gum arabic because this material has the ability to form good emulsions and films.
Gum arabic as a coating material is able to maintain the stability of volatile compounds and trap the
highest volatile components compared to\modified starch kSantoso etal., 2013). According to Harahap et

al. (2021), maltodextrin can disperse quickly, has a high solubility, forms low hygroscopic properties, has
low browning properties, is able to inhibit crystallization and has strong binding power. Meanwhile,
dextrin has a high solubility, but it has a relatively low ability to bind water and a relatively low viscosity
(Asia et al., 2012). Based on the description above, this study aimed at investigating the effect of coating
type and drying temperature on the quality of lemongrass and Malang apple powder drinks. The quality
of the powder drinks was determined based on physical tests in the form of bulk density, dissolution time,
and stability test. These tests were required to determine packaging and consumer acceptance. In
addition, chemical tests were carried out in the form of water content, ash content, antioxidant activity,
water activity, and vitamin C. These tests would indirectly determine the shelf life and ability of the
product to increase body immunity. This research has yielded products that can increase body immunity,
are easy to carry, and have a relatively long shelf life.

2. Materials and \mkthods

2.1 Material

The materials used in the study were lemongrass, Malang apples, Maltodextrin, Dextrin, Gum Arabic,
water, and ant sugar. The materials for chemical analysis were distilled water, starch indicator, 0.1 N
NaOH, 50 mg/L DPPH, methanol p.a, and ascorbic acid. The tools used in the study were a “Mitzui”
blender, cutting boards, measuring cups, knives, “WTC Binder 78532” blower ovens, baking sheets,
spoons and “Matrix ESJ210-4B” scales, volumetric flasks, erlenmeyer, burettes, jmeasuring cupsL
measuring pipettes, suction ball, funnel pipette, beaker glass, filter paper, buretteL stative, Siever 60 mesh,

and spectrophotometer "UV2100 Spectrophotometer".

2.2 The process of making lemongrass and malang apple powder drinks
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The process of making powder drinks was \a modification of the research of Susanti et al. (2014)\. The
process of making powder drinks consisted of two stages, that is, the making of fruit pulp and the drying
process.

2.3 Making fruit pulp
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The making of fruit pulp began with sorting and washing the lemongrass and Malang apples, followed
by cutting the \Iemongrass\ and \Malang apples bnd then crushing them with a blender for 5 mins at speed

[C ted [A6]: Without filtering process?

number 2. After that, the pulp was added with water in a ratio of 1:1. Furthermore, the coating materials
(maltodextrin, dextrin, and gum Arabic) were added kepaFa%el-y\ as much as 5% w/w \oﬂ fruit pulp
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separately. The pulp was stirred until homogeneous.

2.4 Drying
The )aJ-Fead-y{ homogeneous fruit pulp, each was placed on a 60x40x2 cm baking sheet as much as 250

mL and dried with a blower oven at a predetermined temperature (40°C, 45°C, and 50°C) separately for
18 \hrs\. The dried sheets of lemongrass and Malang apples were then crushed separately with a blender

for 3 mins at speed number 2. Then, ant sugar was added as much as 10% w/w of the dry powder. After
that, the powder was sieved using a 60-mesh sieve. Lemongrass powder drinks were packaged in
aluminum foil zip lock with a size of 7 X 13 cm.

2.5 lAna/ysis procedure of bulk density\

The powder sample was put into a 10 mL measuring cup whose weight was known. The measuring
cup containing the powder sample was tapped 30 times until there were no more cavities when the
powder sample was adjusted to 10 mL. The measuring cup containing the powder sample was then
weighed. The bulk density (g/mL) can be calculated by dividing the weight of the powder sample by its
volume (10 mL).

2.6 lAnalysis procedure of dissolution time testing\

Atotal of 5 g \of the test\ sample was weighed then dissolved in 50 mL of warm water and stirred 20

times until homogeneous. How long it took the sample to dissolve in water was recorded.

2.7 lAnalysis procedure of stability testing\

A total of 5 g of powder was weighed and brewed in 50 mL of water then put into a 10 mL measuring
cup and kept for 24 hrs. Afterwards, the suspension or solution was measured for the volume of the
precipitate and the height of the solution volume as the percentage of stability of the drink obtained.

2.8 lAnaIysis procedure of water content by oven drying method\

An empty cup was dried in the oven for 15 mins and cooled in a desiccator (10 mins for an aluminum
cup and 20 mins for a porcelain cup). The dry cup was weighed. The sample was weighed as much as 2-3
g then it was put in a dry cup. After that, it was put in the oven at 105°C for B\hrs\. Next, the cup containing

the sample was cooled in a desiccator, then weighed. Drying was repeated until a constant weight was
obtained. Water content was calculated based on the loss of weight, namely the difference between the
initial weight of the sample before drying and the final weight after drying.

2.9 lAnalysis procedure of ash content by muffle furnace method \

A porcelain cup was dried in the oven for 15 mins and then cooled in a desiccator and weighed. The
sample was weighed as much as 3 g in a cup that had been dried and then it was burned in a \smoke
chamber\ until it no longer emitted smoke. Next, ashing was carried out using an electric furnace at a

temperature of 400-600°C for 4-6 hrs\ until white ash was formed and had a constant weight. The ash

formed in the cup was cooled in a desiccator and then weighed.
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2.10 Analysis procedure of kx-naemelem—eemeﬂt—teseng\

(\....)\A total of 1 mL of DPPH solution (10 mg/L) was added to 50 uL of sample solution and then added
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methanol pro analyzed up to 5 mL, then incubated for 30 mins at 37°C. The absorbance was measured at
a wavelength of 513 nm. The antioxidant activity of the sample was determined by the magnitude of the
DPPH radical uptake inhibition by calculating the percentage of DPPH uptake inhibition.

P.lO Mnalysis procedure of ICso antioxidant activity test—mg\

Antioxidant activity was analyzed based on its ability to capture free radicals (radical scavenging
activity) of DPPH. Analysis of antioxidant activity in this study used the DPPH (2,2-diphenyl-Ipicrylhydrazyl)
method. The DPPH method aimed to determine the concentration used to inhibit free radicals in a sample.
A sample macerated with methanol was prepared. A mother liquor for each sample of 100 ppm was made
by dissolving 0.01 mL of sample in 100 mL of methanol PA. Furthermore, dilution was carried out using
methanol PA solvent by varying the concentration of 5 ppm, 6 ppm, 7 ppm, 8 ppm and 9 ppm for each
sample. The next step was to prepare a 50 ppm DPPH stock solution. The DPPH stock solution was
prepared by dissolving 5 mg of solid DPPH in 100 mL of methanol PA. Then a comparison solution was
prepared, namely a control solution containing 2 mL of methanol PA and 1 mL of 50 ppm DPPH solution.
For the test sample, 2 mL of sample solution and 2 mL of DPPH solution were prepared. Then, the solution
was kept for 30 mins . All samples, extract samples that had been kept, were tested for measuring the
absorbance values using a UV-visible spectrophotometer at a wavelength of 517 nm.

2.12 Analysis procedure of water activity testing
The measurement of water activity was conducted using an aw-meter tool. The tool was calibrated
by adding \BaCIZ.ZHZO\. It was then closed and kept for 3 mins until the number on the scale became 0.9.

The aw-meter was opened and the sample was inserted. The tool was then closed and waited until the
aw scale was read. The temperature scale and the correction factor were observed. When the
temperature scale was above 20°C, then the aw scale reading was added as much as the excess of the
temperature multiplied by a correction factor of 0.002°, as well as for temperatures below 20°C.

2.13 Analysis procedure of vitamin C testing

Vitamin C analysis was performed by iodometric method. The crushed sample was weighed as much
as 5 g. It was put into a 100 mL measuring flask. Distilled water was then added up to the line mark. The
sample was shaken until homogeneous. The solution was filtered and the filtrate was pipetted as much
as 25 mL and put into an erlenmeyer. Then a few drops of starch indicator were added, then titrated
rapidly using 0.01 N iodine solution until a blue color appeared.

2.14 Statistical analysis

The data obtained were analyzed using analysis of variance (ANOVA). When the data showed that
there was a significant effect, then the Duncan Multiple Range Test was carried out. The testing was done
using IBM SPSS Statistics 29 software. The significant level was set at o = 0.05.

3. Results and discussion

3.1 Bulk density of lemongrass and \malang\ apple powder drinks

Commented [A22]: Antioxidant activity was analyzed based
on its ability to capture free radicals (radical scavenging
activity) of DPPH. Analysis of antioxidant activity in this study
used the DPPH (2,2-diphenyl-Ipicrylhydrazyl) method. The
DPPH method aimed to determine the concentration used to
inhibit free radicals in a sample. A sample macerated with
methanol was prepared. A mother liquor for each sample of
100 ppm was made by dissolving 0.01 mL of sample in 100
mL of methanol PA

[Commented [A23]: Wrong order
(Commented [A24]:

NN

(Commented [A25]: Revised )

[Commented [A26]: Capital letter
(Commented [A27]: Malang

NN




170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213

The bulk density value indicates void space, namely the number of empty cavities between the
material particles. The greater the bulk density of an object, the less void space it has (Hui et al., 2007).
The bulk density obtained in the study was 0.52 g/mL to 0.67 g/mL (Table 1). The higher the drying
temperature causes the bulk density value to decrease. It is because the higher the drying temperature
causes more water in the material to be evaporated so that the resulting water content is lower, causing
the weight of the powder to become lighter. It is in line with Andriyani et al. (2015) who state that as the
drying temperature increases, the bulk density decreases. The bulk density is influenced by the type of
material, water content, shape and size of the material. The smaller the bulk density, the more porous
the product is (Widowati et al., 2010).

Of the three types of coating used, gum arabic has the lowest bulk density compared to other
coatings. It is because gum arabic contains a complex mixture of hydrophilic carbohydrates and
hydrophobic protein components so that the solution can dissolve very well in water (up to 50%) (Daugan
et al., 2013). Meanwhile dextrin has the characteristic of quickly dispersing, has high solubility, is able to
form films, has hygroscopic properties, is able to form body, has characteristic of low browning, is able to
inhibit crystallization, and has strong binding power (Purbasari, 2019). The dextrin film layer has a higher
proportion of solids than gum arabic, because the DE value of dextrin is lower than gum arabic, therefore
the drying process using dextrin is faster and the particle size is smaller than gum arabic (Sutardi et al.,
2010). Maltodextrin is a coating material that has a high level of solubility, this is due to the nature of
maltodextrin which is soluble in water and has a fast dispersion process. Maltodextrin is hygroscopic (has
the ability to absorb water) so that the water in the material is more retained and difficult to evaporate
(Yuliwaty et al., 2015).

According to Setiawati et al. (2014), the amount of bulk density of a material affects the space
needed for that material. The greater the bulk density (particles), the smaller the space needed, and vice
versa. The smaller the size of the molecule, the more easily the product will be compressed; with smaller
gaps between molecules, the greater the bulk density (Stranzinger et al., 2017). The treatment using gum
arabic with a drying temperature of 50°C resulted in the lowest bulk density value of 0.52. According to
Palijama et al. (2020), foodstuffs that have a high bulk density indicate that the product is more compact
(non-voluminous), meaning that in the same certain volume, the product is available in more weight.
According to Widowati et al. (2010), a material is considered ‘bulk’ if the bulk density is small, meaning
that light weight requires a large space; the smaller the bulk density, the more porous the product is.
Sadeghi et al. (2010) state that the higher sphericity of the corn kernels results in a more regular
arrangement of the kernels so that the cavities between the kernels were smaller, resulting in a higher
bulk density.

3.2 Dissolution Time

Dissolution time in water is a time that shows all beverage powder dissolves in water perfectly. The
testing of dissolution time is carried out to determine the speed of solubility of the drinks when it will be
consumed. The higher the solubility value of the powder product, the better the product is; it is because
the perfect solubility will produce products that do not float on the surface of the water (Phoungchandang
et al., 2009). The dissolution time of lemongrass and Malang apple powder was 0.96 to 1.29 seconds
(Table 2). The results show that, the higher the drying temperature, the faster the dissolution time (Table
2). It is because the powder produced is drier. The higher the drying temperature, the more water
evaporated on the powder drinks so that the water content is lower. The lower the water content, the
more hygroscopic so that the dissolution time is faster (Paramita et al., 2015 and Sakdiyah et al., 2019).
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The type of coating also affects the dissolution time. Of the three types of coatings used, dextrin
has a faster dissolution time compared to other types of coating (Table 2). It is because when powder
drinks are dissolved in water, especially warm water, the hydroxyl groups contained in the coating
material will interact with the water so that the solubility of the powder can increase (Yuliwaty et al.,
2015). Dextrin has a dextrose equivalent (DE) value of 3-5 and has the ability to form layers (Tyanjani et
al., 2015). With the addition of dextrin, the solubility of powder drinks increases. It is because dextrin is
easily soluble in water. It is in accordance with Nurhidayah et al. (2014), who state that dextrin is easily
soluble in water, disperse more quickly, is not viscous and is more stable than starch.

According to Wulansari et al. (2012), Dextrose Equivalent (DE) of maltodextrin is 3-20. The higher
the DE value, the higher the monosaccharide content, causing the binding power to be greater. Thus, the
use of maltodextrin causes a higher water content compared to dextrin. Maltodextrin is a filler that has a
high level of solubility; it is due to the characteristic of maltodextrin that is soluble in water (Hofman et
al., 2021). Gum arabic has a longer dissolution time than maltodextrin and dextrin. However, according
to Herawati (2018), gum arabic has the advantage of having high solubility in water, making it better as a
coating material in making powder drinks. The DE value of gum arabic is 6 (Soottitantawat et al., 2006).
According to \Hofman et al. (2016) the factor that affects the level of solubility in water is the DE value;
the higher the DE value, the better the solubility Ievel\.

3.3 Stability
Beverage products will be stable if the particles acting as the dispersed phase can be retained
without changing for a long time or without experiencing grouping with each other (Anjani et al., 2011).
The stability testing is expressed in %wheh%hew&\the percentage of stability of the powder drinks made.

The stability of lemongrass and Malang apple powder drinks obtained an average of 63.89% to 93.33%
(Table 3). The results show that the higher the drying temperature, the higher the resulting stability. The
higher the drying temperature, the lower the powder water content. It causes the product to absorb water
more easily so that the product becomes more stable when rehydrated. It is in line with Kryzhska et al.
(2020) who state that high water content in powder products would seriously disrupt product stability
and would cause the product to agglomerate when stored. The high-water content in a product can cause
damage due to the activity of microorganisms.

The type of coating also affects the stability value. Of the three types of coating used, dextrin has
the most stable results compared to other types of coating. Dextrin’s can wrap or encapsulate the active
ingredient particles from oxidation reactions during storage thereby increasing product stability
(Septevani et al., 2013). \Dextrin has a stronger ability to bind water because it is a group of
polysaccharides that has a simpler chemical structure consisting of 1,6 a-glycosidic and 1,4 a-glycosidic
bonds\ (Xu et al., 2012). The addition of maltodextrin can increase the stability of the drink which can

reduce the precipitate formed (Paramita et al., 2015). Maltodextrin has a high solubility so that the
product does not precipitate too much (Pramitasari et al., 2011). Gum arabic has a more complex
molecular structure than dextrin and contains starch in it, so gum arabic is more hygroscopic (Sutardi et
al., 2010). Gum arabic has a more complex chemical structure, consisting of D-galactose, L-arabinose, D-
glucuronic acid, and L-rhamnose (Alftren et al., 2012). According to Anggraini et al. (2016), the presence
of sediment in beverage products can be caused by the presence of pectin. Table 3 shows that the dextrin
treatment with a drying temperature of 50°C is the coating material with the highest stability value of
93.33%.
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3.4 Water content
The average water content of lemongrass and Malang apple powder drinks ranged from 2.06% to
2.57% (Table 4). In the manufacturing process, powder drinks are made by drying separately at 40°C, 45°C
and 50°C for 18\hrs\. The results show that the higher the drying temperature, the lower the water content

of the powder. Drying causes the water content in the lemongrass and Malang apple powder to evaporate.
The higher the temperature produces powder with lower water content. According to Wiyono (2011), the
drying temperature factor is important to note because it can remove the water content quickly when the
material is dried at high temperatures. The increase of the heating temperature tends to reduce the water
content. \The decrease in the amount of water is due to the higher heating temperature.\Thus, there are
more water molecules that evaporate from the dried raw materials so that the water content obtained is
lower.

The type of coating has a relatively similar effect on the value of the water content. Of the three
types of coating used, dextrin produced the highest average powder water content of 2.35%, followed by
maltodextrin (2.34%) and gum arabic (2.30%). According to Wulansari et al. (2012), dextrin is hygroscopic,
that is, it easily absorbs water; but when it is dried, the absorbed water is released. The water content
absorbed by the presence of coating material will evaporate more easily than the water content in the
material tissue so that the evaporation process of water in powder drinks becomes easier (Paramita et
al., 2015). Maltodextrin has a low molecular weight and a simple structure, so that water is easily
evaporated during the drying process (Pramitasari et al., 2011). \Meanwhile, gum arabic is hygroscopic so
that the water in the material is more retained and difficult to evaporate\. Gum arabic has a high molecular

weight and a complex molecular structure and contains a large amount of starch (Sutardi et al., 2010).
Based on the water content testing carried out, the lowest water content was 2.06%, namely at 50°C
dextrin and it was in accordance with SNI number 01-4320-1996 in which the water content of powder
drinks was a maximum of 3% (BSN, 1996). It shows that powder drink products meet the requirements of
SNI number 01-4320-1996 and have a small possibility of being contaminated with microorganisms.

3.5 Ash content

According to Leggli et al. (2011), ash content testing is carried out to determine the amount of
minerals in a food. Ash is composed of various types of minerals with varying composition depending on
the type and source in food (Andarwulan et al., 2011). Based on Table 5, the mean value of the ash content
of the results of the study was 1.06% to 1.46%. It shows that the higher the drying temperature, the higher
the ash content. The increase in ash content is thought to be related to the higher drying temperature. It
causes more water in the material to evaporate, so that the water content is lower. It causes the
percentage of mineral content in the material to increase. The results of the study are in line with Shadri
et al. (2018).

\Dextrin coating is a polysaccharide group which has a simpler chemical structure than gum arabic.\
Dextrin consists of 1,6 a-glycosidic and 1,4 a-glycosidic bonds (Xu et al., 2012). \Meanwhile gum arabic has
a more complex chemical structure, consisting of D-galactose, L-arabinose, D-glucuronic acid, and L-
rhamnose (Alftren et al., 2012). According to Sediaoetama (2010), ash content describes the amount of
minerals that are not burnt into substances that can evaporate. Ash content is the residue left when a

sample of a food ingredient is completely burned. The highest ash content is obtained in the dextrin
coating with a drying temperature of 45°C. In general, the ash content of the product was still within the
limits of SNI 01-4320-1996 regarding the quality requirements for powder drinks, namely a maximum of
1.5% (BSN, 1996). Malang apple has a fairly high nutritional content, especially vitamins and minerals such
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as calcium, phosphorus, iron, potassium, carbohydrates, fat, protein, niacin, riboflavin, vitamins A, B1, B2,
and vitamin C (Wahyuningtyas et al., 2017). Lemongrass contains several minerals such as vitamin A,
vitamin C, potassium, calcium, iron, magnesium, and selenium (Shadri et al., 2018).

3.6 Vitamin C

The results of the vitamin C test are presented in Table 6, showing an average value of vitamin C
between 53.15 mg/100g to 72.69 mg/100g. The vitamin C content tend to decrease with increasing drying
temperature. A decrease in vitamin C can occur due to the unstable nature of vitamin C and is easily
degraded, especially by heat (Parfiyanti et al., 2016). It shows that the drying process at high temperature
can reduce the vitamin C content found in powder drinks. Vitamin C is classified as a natural antioxidant.
Vitamin C contains ascorbic acid which is easily oxidized to dehydroascorbic acid which plays a role in
inhibiting excessive oxidation reactions (Susanti et al., 2014).

The type of coating also affects the vitamin C content. Of the three types of coatings used, dextrin
produces the highest content of vitamin C compared to other types of coating. It is because dextrin can
protect the volatile components of materials such as vitamin C from damage due to heat. Thus, the more
dextrin is added, the more vitamin C content in the product is maintained. Dextrin has the characteristic
of protecting vitamin C and compounds that are sensitive to heat or oxidation because the molecules of
dextrin are stable to heat and oxidation, so that the vitamin C content can be maintained\. In addition,
according to Aretzy et al. (2018), maltodextrin can protect volatile compounds and protect compounds
that are sensitive to oxidation. According to Alfonsius (2015), khe addition of gum arabic in the processing
process can protect important compounds such as vitamins due to extreme temperatures, since gum
arabic has the ability to form a body as a coating and has a strong bond to the compounds coated. frhe
highest content of vitamin C was produced in powder drinks dried at 40°C with dextrin coating (72.68
mg/100 g) and the lowest was produced at 50°C with gum arabic coating (53.15 mg/100 g). The vitamin C
content of mix fruit powder drinks (red guava, papaya, apple, and tomato) coated with maltodextrin and
tween 80 dried at 50°C produces the vitamin C content between 425 mg/100g — 550 mg/100g, which is
higher than lemongrass and Malang apple powder drinks (Minah, et al., 2021).

3.7 Water activity

Table 7 shows the mean value of water activity (aw) of lemongrass and Malang apple powder drinks,
namely 0.44 to 0.50. The aw value of lemongrass and Malang apple powder drinks is lower than the aw
value for the bacterial growth requirement, namely 0.90. The aw value for yeast growth is 0.80-0.90, and
the aw value for mold growth is 0.60-0.70. The aw value is relatively decreased with increasing drying
temperature. In the drying process, the free water in the material will evaporate. The higher temperature
causes more water to evaporate. The lower the water content, the lower the water activity (Martins et
al., 2019). According to Adri et al. (2013), \the composition of water in foodstuffs such as free water and
bound water can affect the rate or duration of food dryingL The relatively small aw value does not allow

the growth of bacteria, molds and yeasts in the product. Lemongrass extract shows great potential as an
antibacterial agent that can suppress the activity of Bacillus cereus, Salmonella \yphimurium\ and

(c

ommented [A36]: repetition

E

ommented [A37]: But why the vitamin C of gum arabic
as lower than dekxtrin. Please give the reason

)

'ommented [A38]: Can be added explanation why aw of all

C
[coating type was not significant

)

(c

ted [A39]: typo

Staphylococcus aureus; this indicates the possibility of using medicinal plants as natural antibacterial
agents (lbrahim et al., 2013). According to Parfiyanti et al. (2016), the purpose of drying is to reduce water
content so that it is not easy for mold and bacteria to grow, eliminate the activity of enzymes that can
decompose the active substance content and facilitate further processing so that it can be more compact,
durable and easy to store.
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The use of various coatings in this study relatively produces the same aw value. The use of
maltodextrin and gum arabic as coating materials in the process of drying milk into milk powder by spray
drying can protect protein, calcium, lactose powder (Martins et al., 2019). The lowest water activity value
of lemongrass and Malang apple powder drinks was obtained for products with gum arabic coating at
drying temperature of 45°C (0.44).

3.8 The percent of \inhibition of antioxidant contenﬂ

Percent inhibition shows the radical scavenging activity possessed by antioxidant compounds. One
of the plants that has potential as an antioxidant is lemongrass (Wibisono, 2011) and apple (Yudhianto et
al., 2013). Based on fthe antioxidant\ test in Table 8, the average inhibition value was 37.45% to 60.13%.

Based on Table 8 it is also known that drying temperature affects \antioxidant content\. The higher the
drying temperature, the lower the antioxidant activity value. The decrease in the value of antioxidant
activity in the lemongrass and Malang apple powder drinks is thought to be related to the damage to the
antioxidant compounds due to high temperatures. According to Patras et al. (2010), antioxidant
compounds are easily degraded when exposed to heat. Heat accelerates the oxidation reaction of these
compounds. The degradation process occurs due to an increase in the rate of oxidation reactions by heat.
Antioxidant compounds that have been oxidized will be damaged. It is confirmed by Husna et al. (2013)
that antioxidant bioactive components have heat-resistant characteristics, so if the sample is extracted in
hot conditions it will reduce the value of its antioxidant activity. The results of the research by Widiastuti
et al. (2019) show that the more addition of lemongrass in lemongrass syrup with stevia sweetener, the
higher the antioxidant content. The highest antioxidant content is 50.55%. The high antioxidant content
in lemongrass is due to the large number of phenolic compounds it contains. The high content of phenolic
compounds also results in antidiabetic and antihypertensive activity. The antioxidant activity of essential
oil in lemongrass stems is very high with an effective inhibition of 89% and 89.63%, whereas in lemongrass
leaves it is slightly lower with antioxidant and antidiabetic activities ranging from 78.89% and 79.26%
respectively (Mirghani, et al., 2012).

The use of dextrin coating with a drying temperature of 40°C produced the highest inhibition value
compared to maltodextrin and gum arabic (Table 8). Goncalves et al. (2015) explains that dextrin is
composed of glucose units that can bind water so that dissolved oxygen can be reduced. As a result, the
oxidation process can be prevented. Dextrin has the characteristic of protecting volatile compounds and
compounds that are sensitive to heat or oxidation. Gum arabic can improve and maintain the stability of
the compounds being coated. Gum arabic is also a type of coating that is resistant to heat (Daugan et al.,
2013). Meanwhile, maltodextrin can protect volatile compounds and protect compounds that are
sensitive to oxidation (Aretzy et al., 2018). The maltodextrin coating has high oxidation resistance and can
reduce the viscosity of the emulsion; combined with other coatings that have better emulsifying
properties, it causes the antioxidant compounds in the microencapsulants to be well covered and
protected (Purnomo et al., 2014). According to Godwin et al. (2014), lemongrass contains natural
antioxidants and anti-inflammatories which can prevent free radicals in the human body. Antioxidants in
lemongrass are able to inhibit the release of arachidonic acid by the mechanism of inhibiting kinase
protein that can affect the activity of phospholipase enzymes. Thus, the inhibition of arachidonic acid
synthesis will reduce the production of prostaglandins. The antioxidants found in lemongrass are
citronellal and geraniol compounds. According to Baskara (2010), apples contain antioxidants which are
very good for skin health. The very high antioxidant content is also the reason for the high consumption
of apples by the public as an effort to prevent diseases and other dysfunctions of body health.
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3.9 Antioxidant content with inhibition concentration value of 50% (ICso)

The ICs value is the concentration of the antioxidant source to neutralize 50% of the radical
compounds. The lower the ICsovalue, the better the antioxidant activity of the sample. ICso antioxidant
content are determined from the 3 best samples based on the highest inhibition percentage, namely on
lemongrass and Malang apple powders which are coated with dextrin with drying temperatures of 40°C,
45°C and 50°C. According to Phongpaichit et al. (2007), ICso value < 10 ppm indicates a very strong activity.
1Cs0 10-50 ppm indicates a strong activity, 1Cso > 50-100 ppm indicates moderate activity, and 1Cso > 100-
250 ppm indicates a weak activity. The results showed that the ICs value in the lemongrass and Malang
apple powder drinks was\0.9 ppm to 1.47 ppm \(Table 9), which indicated a very strong activity. The results

of research by Andriyani et al., (2015) show that the ICso value of temulawak and red ginger powder
functional drinks made using the spray drying method has the highest or strongest average value of 0.62
ppm at 4% maltodextrin concentration and the lowest or weakest value of 1.00 ppm at 0% maltodextrin
concentration.

4. Conclusion

The results showed that the type of coating significantly affected the parameters of stability,
dissolution time, ash content, vitamin C, and antioxidants. Meanwhile, the drying time significantly
affected the parameters of stability, dissolution time, water content, ash content, vitamin C, and
antioxidants. There was an interaction between the type of coating and the drying time that affected the
bulk density, stability, dissolution time, ash content, vitamin C, and antioxidants. The best quality was
determined based on the antioxidant content and high stability. The fast dissolution time was found in
lemongrass and Malang apple powder that was dried at 45°C with dextrin coating. The best lemongrass
and Malang apple powder drinks had the following characteristics: a solubility of 0.96 seconds, a bulk
density of 0.58 gr/mL, a stability of 89.19%, a water content of 2.38%, an ash content of 1.21%, a vitamin
C content of 70.22%, a percent antioxidant inhibition of 50.97%, an ICso content of 1.29 \pme and a water
activity 0.50.
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Table 1. The mean value of bulk density for lemongrass and Malang apple powder drinks

Drying Coating Type
Temperature  Maltodekstrin Dekstrin Gum Arabic  Mean = SD
40°C 0.58° 0.63° 0.64° 0.62 +0.03
45°C 0.67% 0.58%¢ 0.64°d 0.63 £ 0.05
50°C 0.58%¢ 0.67¢ 0.52° 0.59 + 0.08
Mean + SD 0.61 £ 0.05 0.63+0.05 0.60+0.60

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

Table 2. The mean value of dissolution time for lemongrass and Malang apple powder drinks (second)

Coating Type Mean

CCommented [A49]:




Drying +5D

Temperature pjaltodekstrin =~ Dekstrin Gum Arabic
40°C 1.06" 1.11%® 1.29¢ 1.15+0.12¢
45°C 1.04%¢ 0.96° 1.05%¢ 1.02+ 0.05°
50°C 1.07% 1.01¢ 1.17° 1.08 0.08?

Mean + SD 1.05+0.01* 1.03+0.08% 1.17+0.12°
676  Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

677

678  Table 3. The mean value of stability for lemongrass and Malang apple powder drinks (%)

Drying Coating Type Mean + SD
Temperature  Maltodekstrin Dekstrin Gum Arabic
7217 £
° ab e a .
40°C 65.30 87.32 63.89 13.14¢
77.30
° d e C
45°C 73.01 89.19 69.69 10.43°
50°C 78.74° 93.33f 80.19° 84.09 + 8.03°
71.26 +

Mean + SD 72.35+6.74° 89.95+3.07° 3.26°

679

680  Table 4. The mean value of water content for lemongrass and Malang apple powder drinks (%)

Drying Coating Type Mean + SD
Temperature Maltodekstrin Dekstrin Gum Arabic

40°C 2.57 2.51 2.54 2.54 +0.03¢

45°C 2.39 2.38 2.31 2.36 +0.04°

50°C 2.07 2.16 2.06 2.10 £ 0.05°

Mean + SD 2.34+0.25 2.35+0.18 2.30+0.24
681 Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

682

683  Table 5. The mean value of ash content for lemongrass and Malang apple powder drinks (%)

Drying Coating Type Mean + SD
Temperature Maltodekstrin Dekstrin Gum Arabic
40°C 1.17%® 1.46° 1.06° 1.23+0.21°
45°C 1.26° 1.21%¢ 1.24b< 1.23+0.02°
50°C 1.26° 1.37¢¢e 1.38% 1.33£0.07°
Mean + SD 1.23+0.05° 1.34%0.13° 1.23+0.16°

684  Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

685  Table 6. The mean value of vitamin C content for lemongrass and Malang apple powder drinks (%)

Drying Coating Type Mean + SD
Temperature Maltodekstrin Dekstrin Gum Arabic
40°C 68.11¢ 72.69° 61.95° 67.58 £5.39°
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705

45°C 63.36° 70.22% 58.26" 63.95 + 6686
50°C 54.91° 63.36° 53.15° 57.14 £5.46°
Mean+SD  62.13+6.69° 68.76+4.83° 57.79 +4.42° o%7

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

Table 7. The mean value of water activity for lemongrass and Malang apple powder drinks

Coating Type

Drying Mean +
Temperature  Maltodekstrin Dekstrin Gum Arabic SD
40°C 0.48 0.48 0.51 0.49 +0.02
45°C 0.51 0.50 0.44 0.49 +0.04
50°C 0.49 0.46 0.46 0.47 +0.02
Mean = SD 0.49 +£0.02 0.48 £0.02 0.47 £0.03

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

Table 8. The mean value ofbntioxidant content )for lemongrass and Malang apple powder drinks (%)

Drying Coating Type Mean * SPq-
Temperature  Maltodekstrin Dekstrin Gum Arabic
40°C 56.96' 60.13" 53.66¢ 56.92 + 3.0%°°
45°C 45.73¢ 50.97¢ 48.17¢ 48.29 +2.6299
50°C 37.45° 43.98° 37.53°

39.65 +3.752

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

Table 9. The mean value of Icso\antioxidant content ffor lemongrass and Malang apple powder drinks (’%D

on the best product

Drying Coating Type
Temperature Dekstrin
40°C 0.9+0.01
45°C 1.279 + 0.08
50°C 1.47 +0.01

Commented [A50]: Replace with “radical scavenging
activity”

CCommented [A51]: Add mean and SD for coating type

Commented [A52]: Change with “radical scavenging
activity”

) [Commented [A53]: ppm or %?
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Title
It should reflect the article

My suggest tittle:
The effect of coating and drying temperature on
the physicochemical properties of the mixture
lemongrass and apple powder drink

Thank you for your suggestion.

We have changed the title to be: “The effect of
coating and drying temperature on the
physicochemical properties of the mixture
lemongrass and apple powder drink”. Please
see line 1-2, page 1.

Abstract
Background, Aim, Methodology and Conclusion

No
See the comments in manuscript.

1. What beverage products have short shelf life?

Thank you for your suggestion.

1. We have improved the sentence to be: The
fresh beverage products generally have a
short shelf life product, so they need to be
made into powder drinks. Please see line 5-6,
page 1.

Keywords
Min. 3 and Max. 6

Introduction
Concise with sufficient background

See the comments in manuscript!

1. What beverage products have short shel
f life?

2. Berikan alasan lain yang lebih masuk a
kal untuk diganti dengan minuman pow
der, saat ini banyak berkembang minu
man ready to drink yang lebih efisien d
alam penggunaannya

3. Apakah campuran dua macam bahan in
1 pernah diteliti sebelumnya? Apa alasa
n memilih dua macam bahan ini untuk
digabungkan?

4. Apakah ada hasil pengukuran terhadap
daya terima konsumen?

5. Untuk melihat hasil peningkatan imunit

Thank you for your suggestion

1. We have revised the sentence to be: The
fresh beverage products generally have a
short shelf life, so they need to be made into
powder drinks. Please see line 28-29, page 1.

2. We have completed the sentence to be:
However, although containing beneficial
antioxidants, lemongrass and Malang
apples are rarely used as ingredients to
make powdered beverages. Due to its
practicality, ready-to-serve drinks in
powder form. Please see line 46-47, page 2.

3. The use of the 2 ingredients as a drink has
not been done. We have explained the
reasons for choosing the 2 ingredients and
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as tubuh, indikator apa yang diuji?

their combination in making drinks in the
introduction. Please see line 34-45, page 1-2.

4. In this article we have not included the
consumer acceptance, for this reason, we
have improved the sentence to be: These
tests were required to determine
packaging. Please see line 67, page 2.

5. Indicators can increase body immunity by
testing antioxidant activity and vitamin C
levels.

Research design/Methodology
Clearly described and reproducible

Write down the source of the literature for t
he measurement methods used! See the
comments in manuscript!

1. Deskripsi bahan-bahan ini harus jelas (

bagian yang digunakan)

2. Jelaskan perbandingan bahan yang digu
nakan

3. Apakah diukur kadar air akhir? Suhu ya
ng berbeda dengan waktu pengeringan
yang sama akan menghasilkan kadar air
yang berbeda. Pengeringan 18 jam belu
m tentu kan menghasilkan bubuk yang
baik untuk dihancurkan dengan blender

4. What is this? Is mean 'gula semut'? Tha
t is brown sugar, isn't it?

5. Untuk setiap prosedur analisis harus dis
ebutkan sumber pustaka untuk metode
yang digunakan

6. Berapa lama proses pengulangannya un
tuk mendapatkan bobot konstan

7. Sumber pustaka untuk metode yang dig
unakan. Apakah yang diukur ini adalah
aktivitas antioksidan atau kandungan se
nyawa antioksidan??

8. Perbaiki cara penulisan rumus kimia

9. Bagaimana caranya memperoleh kandu
ngan Vit C nya? Ada rumus yang digun
akan

Thank you for your suggestion.

1. We have revised the sentence to be: lemongr
ass stems and seedless Malang apples. Please
see line 75, page 2.

2. We have written the comparison of
materials, the sentence to be: by cutting the
lemongrass and Malang apples (1:1 w/w).
Please see line 89, page 3.

3. We have dried the materials at the same tim
e (18 hours), but at different temperatures (4
0°C, 45°C, and 50°C) because we have stud
ied the effect of temperature on the quality o
f the final product. Please see line 96, page 3.

4. We have revised to be: brown sugar. Please s
ee line 98, page 3.

5. We have added the reference, the sentence t
o be: 2.5 Analysis procedure of bulk density (S
andhu et al., 2007); 2.6 Analysis procedure of
dissolution time testing (Pentury et al., 2013);
2.7 Analysis procedure of stability testing (Pe
ntury et al., 2013); 2.8 Analysis procedure of
water content by oven drying method (AOAC,
2006); 2.9 Analysis procedure of ash content
by muffle furnace method (AOAC, 2006); 2.13
Analysis procedure of vitamin C testing (AOA
C, 2006). Please see line 102, 109, 113, 118, 1
26, 133, 144, 158, 166, page 3-4.

6. Repetition is carried out until a constant weig
ht is obtained.

7. We have revised the procedure to be: 2.10 A
nalysis procedure of radical scavenging activi
ty. Please see line 133, page 4.

8. We have revised the chemical formula writin
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g to be: adding BaCl,.2H,0. Please see line 1
60, page 4.

9. We have added the formula for obtaining vita

min c. Please see line 173, page 5.

Data Analysis
Results well presented and discussed

Discussion for the results of the analysis that
occurs the effect of interaction of drying
temperature and the type of coating must be
distinguished. See the comments on
manuscript!

1. Bila dilihat dari data analisis, terjadi pengaruh
interaksi antara suhu pengeringan dan jenis
coating yang digunakan, sebaiknya dijelasnkan
di awal kalimat, dan apa makna dari interaksi
tersebut!

2. Hasil analisis yang memiliki pengaruh interaksi
dan tidak, tidak tercermin di dalam
pembahasan.

3. Vitamin C mudah rusak dengan suhu tinggi,
tetapi malah semakin tinggi kandungannya,
sebaiknya dihubungkan dengan coating yang
digunakan, karena berdasarkan hasil
analisisnya, ada pengaruh interaksi antara
suhu dan type coating

4. Judulnya tidak sesuai dengan metode
pengukuran yang disampaikan di dalam
metodologi

5. Bagaimana [pengaruh coating terhadap
penurunan aktivitas antioksidan akibat
penggunaan suhu yang lebih tinggi

6. Angka2 hasil analisis sebaiknya dilengkapi
standar deviasi untuk meyakinkan bahwa nilai
yang ditunjukkan adalah hasil rata-rata sampel

Thank you for your suggestion.

. We have completed the statement, the

sentence to be: The findings revealed that
the drying temperature and coating type had
an effect on the bulk density value of the
powdered drink. Furthermore, the bulk
density value is affected by a relationship
between the drying temperature and coating
type. Please see line 189-192 page 5.

2. We have revised the sentence to be: The

results reveal that the drying temperature
has an effect on the water content of
lemongrass and Malang apple powdered
drinks. Meanwhile, the type of coating had
no effect on the water content. Similarly,
there was no interaction between the drying
temperature and coating type affecting the
moisture content of the powdered drinks.
The higher the drying temperature, the lower
the water content of the powder. Please see
line 283-287 page 7.

. We have completed the statement, the

sentence to be: The results demonstrated
that the drying temperature and type of
coating affected the vitamin C content. There
was an interaction between the drying
temperature and the type of coating in
determining the vitamin C content of
powdered drinks. The vitamin C content
tends to decrease along with the increase in
the drying temperature. Please see line 332-
335 page 8.

. We have revised the title and methodology.

The sentence to be: 3.8 Radical scavenging
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Physico-chemical properties of \Iemongrass and Malang apple bowder drinks

Abstract

The immunity of the human body can be enhanced by food and beverages. Beverage products generally
have a \short shelf Iife[produk, so they need to be made into powder drinks. Currently popular drinks come

from spices containing antioxidants that can boost the body's immunity. To maintain the antioxidant
compounds that exist during drying, it is necessary to have a coating material. This study aims to
investigate the effect of coating type and drying temperature on the quality of lemongrass and Malang
apple powder drinks. The study used a Completely Randomized Design (CRD) with two factors and two
replications. The first factor was 3 levels coating type (maltodextrin, dextrin, gum arabic) and the second

factor was 3 levels drying temperature (40°C, 45°C, 50°C). Data were analyzed using ANAVA test and

Duncan's further test if the treatment was significantly different. The results showed that the type of
coating significantly affected the parameters of stability, dissolution time, ash content, vitamin C, and
antioxidants. Drying time significantly affected the parameters of stability, dissolution time, water
content, ash content, vitamin C and antioxidants. There was an interaction between the coating type and
drying time which affected the bulk density, stability, dissolution time, ash content, vitamin C, and
antioxidants. The best result based on the high content of antioxidants was obtained on the dextrin
coating type with a drying temperature of 45°C. Product characteristics included a solubility of 0.96
seconds, a bulk density of 0.58 g/mL, a stability of 89.19%, a water content of 2.38%, an ash content of
1.21%, a vitamin C content of 70.22%, an antioxidant inhibition percentage of 50.97%, an ICso content of
1.29, and a water activity of 0.50.

Keywords: Apples, Dextrin, Powder Drinks, Drying, Lemongrass

1. Introduction

The ongoing COVID-19 pandemic has forced people to maintain their health through increasing their

body's immunity. Body immunity can be improved through foods and drinks. \Beverage products generally
have a short shelf life, Eo they need to be made into powder drinks. Powder drinks are a processed food

product in powder form, easily dissolved in water, practical in serving and have a relatively long shelf life.
In addition, powder drinks are easy to carry and ship (Tangkeallo et al., 2014). It causes powder drinks to
be liked by the public. One of the ingredients that can increase the body's immunity is spices. Spices are
known to contain antioxidant compounds. Antioxidants are able to capture free radicals to enhance the
immunity of the body. (Cakmakci et al., 2015). One of the spices that contain antioxidants and is popular
today is lemongrass or often called "serai". Lemongrass contains compounds including geraniol,
citronellol, lemonen, kadinen, eugenol, dipentene, citral (Wibisono, 2011). These compounds act as
anticancer and antioxidants, stabilize blood pressure, treat constipation, help the digestive system,
tighten the body after childbirth (Poeloengan, 2009), and reduce pain (Royhanaty et al., 2018). Apart from
lemongrass, a food ingredient that can improve the body's immunity and has a good taste is Malang
apples. Malang apples are a famous fruit typical of Malang city. Malang apples that are small in size have
low economic value because they are less attractive to consumers (Pramanta et al., 2017). Meanwhile,
according to Rusita et al. (2019), Malang apples contain lots of vitamins such as vitamins A, B, C, minerals,
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fiber, and flavonoid compounds, one of which is quercetin. Vitamin C and quercetin act as antioxidants,
antivirals and anti-inflammatories that protect the body's reproductive system. Flavonoids as antioxidants
have the ability to act as anti-free radicals and change or reduce free radicals (Suparni et al., 2012).

There are limitations in using lemongrass and Malang apples for drinks. rThose materials are difficult
to carry and do not last Iong.\To overcome this, powder drinks made from a mixture of lemongrass and

Malang apples are made. In the making of lemongrass and Malang apple powder drinks as functional
drinks, there is a critical point during the drying process (Naibaho et al., 2015). It is because the active
ingredients contained in lemongrass and Malang apples are volatile. Drying at high temperatures and for
a long time can reduce the antioxidant activity of the dried material (Yamin et al., 2017). To maintain the
amount of antioxidants, present, it is necessary to find the right drying temperature. In addition to
maintaining the existing volatile compounds, it is necessary to have a coating material. The commonly
used coating material is gum arabic because this material has the ability to form good emulsions and films.
Gum arabic as a coating material is able to maintain the stability of volatile compounds and trap the
highest volatile components compared to modified starch (Santoso et al., 2013). According to Harahap et
al. (2021), maltodextrin can disperse quickly, has a high solubility, forms low hygroscopic properties, has
low browning properties, is able to inhibit crystallization and has strong binding power. Meanwhile,
dextrin has a high solubility, but it has a relatively low ability to bind water and a relatively low viscosity
(Asia et al., 2012). Based on the description above, this study aimed at investigating the effect of coating
type and drying temperature on the quality of \Iemongrass and Malang apple powder drinks\. The quality
of the powder drinks was determined based on physical tests in the form of bulk density, dissolution time,

and stability test. These tests were required to determine packaging and \consumer acceptanceL In

addition, chemical tests were carried out in the form of water content, ash content, antioxidant activity,
water activity, and vitamin C. These tests would indirectly determine the shelf life and ability of the
product to increase body immunity. This research has yielded products that can \increase body immunityL
are easy to carry, and have a relatively long shelf life.

2. Materials and methods
2.1 Material
The materials used in the study were \Iemongrass, Malang applesL Maltodextrin, Dextrin, Gum Arabic,

water, and ant sugar. The materials for chemical analysis were distilled water, starch indicator, 0.1 N
NaOH, 50 mg/L DPPH, methanol p.a, and ascorbic acid. The tools used in the study were a “Mitzui”
blender, cutting boards, measuring cups, knives, “WTC Binder 78532” blower ovens, baking sheets,
spoons and “Matrix ESJ210-4B” scales, volumetric flasks, erlenmeyer, burettes, measuring cups,
measuring pipettes, suction ball, funnel pipette, beaker glass, filter paper, burette, stative, Siever 60 mesh,
and spectrophotometer "UV2100 Spectrophotometer".

2.2 The process of making lemongrass and malang apple powder drinks

The process of making powder drinks was a modification of the research of Susanti et al. (2014). The
process of making powder drinks consisted of two stages, that is, the making of fruit pulp and the drying
process.

2.3 Making fruit pulp

The making of fruit pulp began with sorting and washing the lemongrass and Malang apples, followed
by cutting hhe lemongrass and Malang apples bnd then crushing them with a blender for 5 minutes at
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speed number 2. After that, the pulp was added with water in a ratio of 1:1. Furthermore, the coating
materials (maltodextrin, dextrin, and gum Arabic) were added separately as much as 5% w/w fruit pulp
separately. The pulp was stirred until homogeneous.

2.4 Drying

The already homogeneous fruit pulp, each was placed on a 60x40x2 cm baking sheet as much as 250
mL and dried with a blower oven at a predetermined temperature (40°C, 45°C, and 50°C) separately for
\18hours .f‘l’he dried sheets of lemongrass and Malang apples were then crushed separately with a blender

for 3 minutes at speed number 2. Then, [ant sugar Mas added as much as 10% w/w of the dry powder.

After that, the powder was sieved using a 60-mesh sieve. Lemongrass powder drinks were packaged in
aluminum foil zip lock with a size of 7 X 13 cm.

2.5 Analysis procedure of bulk density

The powder sample was put into a 10 mL measuring cup whose weight was known. The measuring
cup containing the powder sample was tapped 30 times until there were no more cavities when the
powder sample was adjusted to 10 mL. The measuring cup containing the powder sample was then
weighed. The bulk density (g/mL) can be calculated by dividing the weight of the powder sample by its
volume (10 mL).

2.6 Analysis procedure of dissolution time testing
A total of 5 g of the test sample was weighed then dissolved in 50 mL of warm water and stirred 20

times until homogeneous. How long it took the sample to dissolve in water was recorded.

2.7 lAnaIysis procedure of stability testing\

A total of 5 g of powder was weighed and brewed in 50 mL of water then put into a 10 mL measuring
cup and kept for 24 hrs. Afterwards, the suspension or solution was measured for the volume of the
precipitate and the height of the solution volume as the percentage of stability of the drink obtained.

2.8 Analysis procedure of water content by oven drying method

An empty cup was dried in the oven for 15 mins and cooled in a desiccator (10 mins for an aluminum
cup and 20 mins for a porcelain cup). The dry cup was weighed. The sample was weighed as much as 2-3
g then it was put in a dry cup. After that, it was put in the oven at 105°C for 6 hrs . Next, the cup containing
the sample was cooled in a desiccator, then weighed. Drying was \repeated until }a constant weight was

obtained. Water content was calculated based on the loss of weight, namely the difference between the
initial weight of the sample before drying and the final weight after drying.

2.9 Analysis procedure of ash content by muffle furnace method

A porcelain cup was dried in the oven for 15 mins and then cooled in a desiccator and weighed. The
sample was weighed as much as 3 g in a cup that had been dried and then it was burned in a smoke
chamber until it no longer emitted smoke. Next, ashing was carried out using an electric furnace at a
temperature of 400-600°C for 4-6 hrs until white ash was formed and had a constant weight. The ash
formed in the cup was cooled in a desiccator and then weighed.

2.10 LAnaIysis procedure of antioxidant content testing\
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A total of 1 mL of DPPH solution (10 mg/L) was added to 50 pL of sample solution and then added
methanol pro analyzed up to 5 mL, then incubated for 30 mins at 37°C. The absorbance was measured at
a wavelength of 513 nm. The antioxidant activity of the sample was determined by the magnitude of the
DPPH radical uptake inhibition by calculating the percentage of DPPH uptake inhibition.

2.10 lAnalysis procedure of ICso antioxidant activity testing\

Antioxidant activity was analyzed based on its ability to capture free radicals (radical scavenging
activity) of DPPH. Analysis of antioxidant activity in this study used the DPPH (2,2-diphenyl-Ipicrylhydrazyl)
method. The DPPH method aimed to determine the concentration used to inhibit free radicals in a sample.
A sample macerated with methanol was prepared. A mother liquor for each sample of 100 ppm was made
by dissolving 0.01 mL of sample in 100 mL of methanol PA. Furthermore, dilution was carried out using
methanol PA solvent by varying the concentration of 5 ppm, 6 ppm, 7 ppm, 8 ppm and 9 ppm for each
sample. The next step was to prepare a 50 ppm DPPH stock solution. The DPPH stock solution was
prepared by dissolving 5 mg of solid DPPH in 100 mL of methanol PA. Then a comparison solution was
prepared, namely a control solution containing 2 mL of methanol PA and 1 mL of 50 ppm DPPH solution.
For the test sample, 2 mL of sample solution and 2 mL of DPPH solution were prepared. Then, the solution
was kept for 30 mins . All samples, extract samples that had been kept, were tested for measuring the
absorbance values using a UV-visible spectrophotometer at a wavelength of 517 nm.

2.12 Analysis procedure of water activity testing
The measurement of water activity was conducted using an aw-meter tool. The tool was calibrated
by adding \BaCIZ.ZHZO\. It was then closed and kept for 3 mins until the number on the scale became 0.9.

The aw-meter was opened and the sample was inserted. The tool was then closed and waited until the
aw scale was read. The temperature scale and the correction factor were observed. When the
temperature scale was above 20°C, then the aw scale reading was added as much as the excess of the
temperature multiplied by a correction factor of 0.002°, as well as for temperatures below 20°C.

2.13 %nalysis procedure of vitamin C testing\

Vitamin C analysis was performed by iodometric method. The crushed sample was weighed as much
as 5 g. It was put into a 100 mL measuring flask. Distilled water was then added up to the line mark. The
sample was shaken until homogeneous. The solution was filtered and the filtrate was pipetted as much
as 25 mL and put into an erlenmeyer. Then a few drops of starch indicator were added, then titrated
rapidly using 0.01 N iodine solution until a blue color appeared.

2.14 Statistical analysis

The data obtained were analyzed using analysis of variance (ANOVA). When the data showed that
there was a significant effect, then the Duncan Multiple Range Test was carried out. The testing was done
using IBM SPSS Statistics 29 software. The significant level was set at o = 0.05.

3. Results and discussion
3.1 Bulk density of lemongrass and malang apple powder drinks
The bulk density value indicates void space, namely the number of empty cavities between the
material particles. The greater the bulk density of an object, the less void space it has (Hui et al., 2007).
The bulk density obtained in the study was \0.52 g/mL to 0.67 g/mL \(Table 1). The higher the drying
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temperature causes the bulk density value to decrease. It is because the higher the drying temperature
causes more water in the material to be evaporated so that the resulting water content is lower, causing
the weight of the powder to become lighter. It is in line with Andriyani et al. (2015) who state that as the
drying temperature increases, the bulk density decreases. The bulk density is influenced by the type of
material, water content, shape and size of the material. The smaller the bulk density, the more porous
the product is (Widowati et al., 2010).

Of the three types of coating used, gum arabic has the lowest bulk density compared to other
coatings. It is because gum arabic contains a complex mixture of hydrophilic carbohydrates and
hydrophobic protein components so that the solution can dissolve very well in water (up to 50%) (Daugan
et al., 2013). Meanwhile dextrin has the characteristic of quickly dispersing, has high solubility, is able to
form films, has hygroscopic properties, is able to form body, has characteristic of low browning, is able to
inhibit crystallization, and has strong binding power (Purbasari, 2019). The dextrin film layer has a higher
proportion of solids than gum arabic, because the DE value of dextrin is lower than gum arabic, therefore
the drying process using dextrin is faster and the particle size is smaller than gum arabic (Sutardi et al.,
2010). Maltodextrin is a coating material that has a high level of solubility, this is due to the nature of
maltodextrin which is soluble in water and has a fast dispersion process. Maltodextrin is hygroscopic (has
the ability to absorb water) so that the water in the material is more retained and difficult to evaporate
(Yuliwaty et al., 2015).

According to Setiawati et al. (2014), the amount of bulk density of a material affects the space
needed for that material. The greater the bulk density (particles), the smaller the space needed, and vice
versa. The smaller the size of the molecule, the more easily the product will be compressed; with smaller
gaps between molecules, the greater the bulk density (Stranzinger et al., 2017). The treatment using gum
arabic with a drying temperature of 50°C resulted in the lowest bulk density value of 0.52. According to
Palijama et al. (2020), foodstuffs that have a high bulk density indicate that the product is more compact
(non-voluminous), meaning that in the same certain volume, the product is available in more weight.
According to Widowati et al. (2010), a material is considered ‘bulk’ if the bulk density is small, meaning
that light weight requires a large space; the smaller the bulk density, the more porous the product is.
Sadeghi et al. (2010) state that the higher sphericity of the corn kernels results in a more regular
arrangement of the kernels so that the cavities between the kernels were smaller, resulting in a higher
bulk density.

3.2 Dissolution Time

Dissolution time in water is a time that shows all beverage powder dissolves in water perfectly. The
testing of dissolution time is carried out to determine the speed of solubility of the drinks when it will be
consumed. The higher the solubility value of the powder product, the better the product is; it is because
the perfect solubility will produce products that do not float on the surface of the water (Phoungchandang
et al., 2009). The dissolution time of lemongrass and Malang apple powder was 0.96 to 1.29 seconds
(Table 2). The results show that, the higher the drying temperature, the faster the dissolution time (Table
2). It is because the powder produced is drier. The higher the drying temperature, the more water
evaporated on the powder drinks so that the water content is lower. The lower the water content, the
more hygroscopic so that the dissolution time is faster (Paramita et al., 2015 and Sakdiyah et al., 2019).

The type of coating also affects the dissolution time. Of the three types of coatings used, dextrin
has a faster dissolution time compared to other types of coating (Table 2). It is because when powder
drinks are dissolved in water, especially warm water, the hydroxyl groups contained in the coating
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material will interact with the water so that the solubility of the powder can increase (Yuliwaty et al.,
2015). Dextrin has a dextrose equivalent (DE) value of 3-5 and has the ability to form layers (Tyanjani et
al., 2015). With the addition of dextrin, the solubility of powder drinks increases. It is because dextrin is
easily soluble in water. It is in accordance with Nurhidayah et al. (2014), who state that dextrin is easily
soluble in water, disperse more quickly, is not viscous and is more stable than starch.

According to Wulansari et al. (2012), Dextrose Equivalent (DE) of maltodextrin is 3-20. The higher
the DE value, the higher the monosaccharide content, causing the binding power to be greater. Thus, the
use of maltodextrin causes a higher water content compared to dextrin. Maltodextrin is a filler that has a
high level of solubility; it is due to the characteristic of maltodextrin that is soluble in water (Hofman et
al., 2021). Gum arabic has a longer dissolution time than maltodextrin and dextrin. However, according
to Herawati (2018), gum arabic has the advantage of having high solubility in water, making it better as a
coating material in making powder drinks. The DE value of gum arabic is 6 (Soottitantawat et al., 2006).
According to Hofman et al. (2016) the factor that affects the level of solubility in water is the DE value;
the higher the DE value, the better the solubility level.

3.3 Stability

Beverage products will be stable if the particles acting as the dispersed phase can be retained
without changing for a long time or without experiencing grouping with each other (Anjani et al., 2011).
The stability testing is expressed in (%) which shows the percentage of stability of the powder drinks made.
The stability of lemongrass and Malang apple powder drinks obtained an average of 63.89% to 93.33%
(Table 3). The results show that the higher the drying temperature, the higher the resulting stability. The
higher the drying temperature, the lower the powder water content. It causes the product to absorb water
more easily so that the product becomes more stable when rehydrated. It is in line with Kryzhska et al.
(2020) who state that high water content in powder products would seriously disrupt product stability
and would cause the product to agglomerate when stored. The high-water content in a product can cause
damage due to the activity of microorganisms.

The type of coating also affects the stability value. Of the three types of coating used, dextrin has
the most stable results compared to other types of coating. Dextrin’s can wrap or encapsulate the active
ingredient particles from oxidation reactions during storage thereby increasing product stability
(Septevani et al., 2013). Dextrin has a stronger ability to bind water because it is a group of
polysaccharides that has a simpler chemical structure consisting of 1,6 a-glycosidic and 1,4 a-glycosidic
bonds (Xu et al., 2012). The addition of maltodextrin can increase the stability of the drink which can
reduce the precipitate formed (Paramita et al., 2015). Maltodextrin has a high solubility so that the
product does not precipitate too much (Pramitasari et al., 2011). Gum arabic has a more complex
molecular structure than dextrin and contains starch in it, so gum arabic is more hygroscopic (Sutardi et
al., 2010). Gum arabic has a more complex chemical structure, consisting of D-galactose, L-arabinose, D-
glucuronic acid, and L-rhamnose (Alftren et al., 2012). According to Anggraini et al. (2016), the presence
of sediment in beverage products can be caused by the presence of pectin. Table 3 shows that the dextrin
treatment with a drying temperature of 50°C is the coating material with the highest stability value of
93.33%.

3.4|Water content]

The average water content of lemongrass and Malang apple powder drinks ranged from 2.06% to
2.57% (Table 4). In the manufacturing process, powder drinks are made by drying separately at 40°C, 45°C
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and 50°Cfor 18 hrs . The results show that the higher the drying temperature, the lower the water content
of the powder. Drying causes the water content in the lemongrass and Malang apple powder to evaporate.
The higher the temperature produces powder with lower water content. According to Wiyono (2011), the
drying temperature factor is important to note because it can remove the water content quickly when the
material is dried at high temperatures. The increase of the heating temperature tends to reduce the water
content. The decrease in the amount of water is due to the higher heating temperature. Thus, there are
more water molecules that evaporate from the dried raw materials so that the water content obtained is
lower.

The type of coating has a relatively similar effect on the value of the water content. Of the three
types of coating used, dextrin produced the highest average powder water content of 2.35%, followed by
maltodextrin (2.34%) and gum arabic (2.30%). According to Wulansari et al. (2012), dextrin is hygroscopic,
that is, it easily absorbs water; but when it is dried, the absorbed water is released. The water content
absorbed by the presence of coating material will evaporate more easily than the water content in the
material tissue so that the evaporation process of water in powder drinks becomes easier (Paramita et
al., 2015). Maltodextrin has a low molecular weight and a simple structure, so that water is easily
evaporated during the drying process (Pramitasari et al., 2011). Meanwhile, gum arabic is hygroscopic so
that the water in the material is more retained and difficult to evaporate. Gum arabic has a high molecular
weight and a complex molecular structure and contains a large amount of starch (Sutardi et al., 2010).
Based on the water content testing carried out, the lowest water content was 2.06%, namely at 50°C
dextrin and it was in accordance with SNI number 01-4320-1996 in which the water content of powder
drinks was a maximum of 3% (BSN, 1996). It shows that powder drink products meet the requirements of
SNI number 01-4320-1996 and have a small possibility of being contaminated with microorganisms.

3.5 Ash content

According to Leggli et al. (2011), ash content testing is carried out to determine the amount of
minerals in a food. Ash is composed of various types of minerals with varying composition depending on
the type and source in food (Andarwulan et al., 2011). Based on Table 5, the mean value of the ash content
of the results of the study was 1.06% to 1.46%. It shows that the higher the drying temperature, the higher
the ash content. The increase in ash content is thought to be related to the higher drying temperature. It
causes more water in the material to evaporate, so that the water content is lower. It causes the
percentage of mineral content in the material to increase. The results of the study are in line with Shadri
et al. (2018).

Dextrin coating is a polysaccharide group which has a simpler chemical structure than gum arabic.
Dextrin consists of 1,6 a-glycosidic and 1,4 a-glycosidic bonds (Xu et al., 2012). Meanwhile gum arabic has
a more complex chemical structure, consisting of D-galactose, L-arabinose, D-glucuronic acid, and L-
rhamnose (Alftren et al., 2012). According to Sediaoetama (2010), ash content describes the amount of
minerals that are not burnt into substances that can evaporate. Ash content is the residue left when a
sample of a food ingredient is completely burned. The highest ash content is obtained in the dextrin
coating with a drying temperature of 45°C. In general, the ash content of the product was still within the
limits of SNI 01-4320-1996 regarding the quality requirements for powder drinks, namely a maximum of
1.5% (BSN, 1996). Malang apple has a fairly high nutritional content, especially vitamins and minerals such
as calcium, phosphorus, iron, potassium, carbohydrates, fat, protein, niacin, riboflavin, vitamins A, B1, B2,
and vitamin C (Wahyuningtyas et al., 2017). Lemongrass contains several minerals such as vitamin A,
vitamin C, potassium, calcium, iron, magnesium, and selenium (Shadri et al., 2018).
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3.6 Vitamin C
The results of the vitamin C test are presented in Table 6, showing an average value of vitamin C
between 53.15 mg/100g to 72.69 mg/100g. rThe vitamin C content tend to decrease with increasing drying
temperature. A decrease in vitamin C can occur due to the unstable nature of vitamin C and is easily

degraded, especially by heat (Parfiyanti et al., 2016). It shows that the drying process at high temperature
can reduce the vitamin C content found in powder drinks. Vitamin C is classified as a natural antioxidant.
Vitamin C contains ascorbic acid which is easily oxidized to dehydroascorbic acid which plays a role in
inhibiting excessive oxidation reactions (Susanti et al., 2014).

The type of coating also affects the vitamin C content. Of the three types of coatings used, dextrin
produces the highest content of vitamin C compared to other types of coating. It is because dextrin can
protect the volatile components of materials such as vitamin C from damage due to heat. Thus, the more
dextrin is added, the more vitamin C content in the product is maintained. Dextrin has the characteristic
of protecting vitamin C and compounds that are sensitive to heat or oxidation because the molecules of
dextrin are stable to heat and oxidation, so that the vitamin C content can be maintained. In addition,
according to Aretzy et al. (2018), maltodextrin can protect volatile compounds and protect compounds
that are sensitive to oxidation. According to Alfonsius (2015), the addition of gum arabic in the processing
process can protect important compounds such as vitamins due to extreme temperatures, since gum
arabic has the ability to form a body as a coating and has a strong bond to the compounds coated. The
highest content of vitamin C was produced in powder drinks dried at 40°C with dextrin coating (72.68
mg/100 g) and the lowest was produced at 50°C with gum arabic coating (53.15 mg/100 g). The vitamin C
content of mix fruit powder drinks (red guava, papaya, apple, and tomato) coated with maltodextrin and
tween 80 dried at 50°C produces the vitamin C content between 425 mg/100g — 550 mg/100g, which is
higher than lemongrass and Malang apple powder drinks (Minah, et al., 2021).

3.7 Water activity

Table 7 shows the mean value of water activity (aw) of lemongrass and Malang apple powder drinks,
namely 0.44 to 0.50. The aw value of lemongrass and Malang apple powder drinks is lower than the aw
value for the bacterial growth requirement, namely 0.90. The aw value for yeast growth is 0.80-0.90, and
the aw value for mold growth is 0.60-0.70. The aw value is relatively decreased with increasing drying
temperature. In the drying process, the free water in the material will evaporate. The higher temperature
causes more water to evaporate. The lower the water content, the lower the water activity (Martins et
al., 2019). According to Adri et al. (2013), the composition of water in foodstuffs such as free water and
bound water can affect the rate or duration of food drying. The relatively small aw value does not allow
the growth of bacteria, molds and yeasts in the product. Lemongrass extract shows great potential as an
antibacterial agent that can suppress the activity of Bacillus cereus, Salmonella yphimurium and
Staphylococcus aureus; this indicates the possibility of using medicinal plants as natural antibacterial
agents (lbrahim et al., 2013). According to Parfiyanti et al. (2016), the purpose of drying is to reduce water
content so that it is not easy for mold and bacteria to grow, eliminate the activity of enzymes that can
decompose the active substance content and facilitate further processing so that it can be more compact,
durable and easy to store.

The use of various coatings in this study relatively produces the same aw value. The use of
maltodextrin and gum arabic as coating materials in the process of drying milk into milk powder by spray
drying can protect protein, calcium, lactose powder (Martins et al., 2019). The lowest water activity value
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of lemongrass and Malang apple powder drinks was obtained for products with gum arabic coating at
drying temperature of 45°C (0.44).

3.8 \The percent inhibition of antioxidant content\

Percent inhibition shows the radical scavenging activity possessed by antioxidant compounds. One
of the plants that has potential as an antioxidant is lemongrass (Wibisono, 2011) and apple (Yudhianto et
al., 2013). Based on the antioxidant test in Table 8, the average inhibition value was 37.45% to 60.13%.
Based on Table 8 it is also known that drying temperature affects antioxidant content. The higher the
drying temperature, the lower the antioxidant activity value. hhe decrease in the value of antioxidant
activity in the lemongrass and Malang apple powder drinks is thought to be related to the damage to the
antioxidant compounds due to high temperatures.\ According to Patras et al. (2010), antioxidant

compounds are easily degraded when exposed to heat. Heat accelerates the oxidation reaction of these
compounds. The degradation process occurs due to an increase in the rate of oxidation reactions by heat.
Antioxidant compounds that have been oxidized will be damaged. It is confirmed by Husna et al. (2013)
that antioxidant bioactive components have heat-resistant characteristics, so if the sample is extracted in
hot conditions it will reduce the value of its antioxidant activity. The results of the research by Widiastuti
et al. (2019) show that the more addition of lemongrass in lemongrass syrup with stevia sweetener, the
higher the antioxidant content. The highest antioxidant content is 50.55%. The high antioxidant content
in lemongrass is due to the large number of phenolic compounds it contains. The high content of phenolic
compounds also results in antidiabetic and antihypertensive activity. The antioxidant activity of essential
oil in lemongrass stems is very high with an effective inhibition of 89% and 89.63%, whereas in lemongrass
leaves it is slightly lower with antioxidant and antidiabetic activities ranging from 78.89% and 79.26%
respectively (Mirghani, et al., 2012).

The use of dextrin coating with a drying temperature of 40°C produced the highest inhibition value
compared to maltodextrin and gum arabic (Table 8). Goncalves et al. (2015) explains that dextrin is
composed of glucose units that can bind water so that dissolved oxygen can be reduced. As a result, the
oxidation process can be prevented. Dextrin has the characteristic of protecting volatile compounds and
compounds that are sensitive to heat or oxidation. Gum arabic can improve and maintain the stability of
the compounds being coated. Gum arabic is also a type of coating that is resistant to heat (Daugan et al.,
2013). Meanwhile, maltodextrin can protect volatile compounds and protect compounds that are
sensitive to oxidation (Aretzy et al., 2018). The maltodextrin coating has high oxidation resistance and can
reduce the viscosity of the emulsion; combined with other coatings that have better emulsifying
properties, it causes the antioxidant compounds in the microencapsulants to be well covered and
protected (Purnomo et al., 2014). According to Godwin et al. (2014), lemongrass contains natural
antioxidants and anti-inflammatories which can prevent free radicals in the human body. Antioxidants in
lemongrass are able to inhibit the release of arachidonic acid by the mechanism of inhibiting kinase
protein that can affect the activity of phospholipase enzymes. Thus, the inhibition of arachidonic acid
synthesis will reduce the production of prostaglandins. The antioxidants found in lemongrass are
citronellal and geraniol compounds. According to Baskara (2010), apples contain antioxidants which are
very good for skin health. The very high antioxidant content is also the reason for the high consumption
of apples by the public as an effort to prevent diseases and other dysfunctions of body health.

3.9 Antioxidant content with inhibition concentration value of 50% (ICso)
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The ICso value is the concentration of the antioxidant source to neutralize 50% of the radical
compounds. The lower the ICsovalue, the better the antioxidant activity of the sample. ICso antioxidant
content are determined from the 3 best samples based on the highest inhibition percentage, namely on
lemongrass and Malang apple powders which are coated with dextrin with drying temperatures of 40°C,
45°C and 50°C. According to Phongpaichit et al. (2007), ICsovalue < 10 ppm indicates a very strong activity.
1Cs0 10-50 ppm indicates a strong activity, ICso > 50-100 ppm indicates moderate activity, and I1Cso > 100-
250 ppm indicates a weak activity. The results showed that the ICso value in the lemongrass and Malang
apple powder drinks was 0.9 ppm to 1.47 ppm (Table 9), which indicated a very strong activity. The results
of research by Andriyani et al., (2015) show that the ICso value of temulawak and red ginger powder
functional drinks made using the spray drying method has the highest or strongest average value of 0.62
ppm at 4% maltodextrin concentration and the lowest or weakest value of 1.00 ppm at 0% maltodextrin
concentration.

4. Conclusion

The results showed that the type of coating significantly affected the parameters of stability,
dissolution time, ash content, vitamin C, and antioxidants. Meanwhile, the drying time significantly
affected the parameters of stability, dissolution time, water content, ash content, vitamin C, and
antioxidants. There was an interaction between the type of coating and the drying time that affected the
bulk density, stability, dissolution time, ash content, vitamin C, and antioxidants. The best quality was
determined based on the antioxidant content and high stability. The fast dissolution time was found in
lemongrass and Malang apple powder that was dried at 45°C with dextrin coating. The best lemongrass
and Malang apple powder drinks had the following characteristics: a solubility of 0.96 seconds, a bulk
density of 0.58 gr/mL, a stability of 89.19%, a water content of 2.38%, an ash content of 1.21%, a vitamin
C content of 70.22%, a percent antioxidant inhibition of 50.97%, an ICso content of 1.29 ppm, and a water
activity 0.50.
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Table 1. \The mean value of bulk density }for lemongrass and Malang apple powder drinks

Drying Coating Type
Temperature  Maltodekstrin Dekstrin Gum Arabic  Mean = SD
40°C 0.58° 0.63° 0.64° 0.62 +0.03
45°C 0.67% 0.58%¢ 0.64°d 0.63 £ 0.05
50°C 0.58%¢ 0.67¢ 0.52° 0.59 + 0.08
Mean + SD 0.61 £ 0.05 0.63+0.05 0.60+0.60

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

Table 2. rThe mean value of dissolution }time for lemongrass and Malang apple powder drinks (second)

Coating Type Mean

Commented [A23]: Diperiksa kembali hasil analisis Duncan,
nilai 0,67 memiliki huruf yang berbeda, untuk analisis yang
interaksinya positif, semua angka dibandingkan.

Angka2 hasil analisis sebaiknya dilengkapi standar deviasi
untuk meyakinkan bahwa nilai yang ditunjukkan adalah hasil
rata-rata sampel

(Commented [A24]: sda




Drying +5D

Temperature pjaltodekstrin =~ Dekstrin Gum Arabic
40°C 1.06" 1.11%® 1.29¢ 1.15+0.12¢
45°C 1.04%¢ 0.96° 1.05%¢ 1.02+ 0.05°
50°C 1.07% 1.01¢ 1.17° 1.08 0.08?

Mean + SD 1.05+0.01* 1.03+0.08% 1.17+0.12°
680  Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

681

682  Table 3. The mean value of stability for lemongrass and Malang apple powder drinks (%)

Drying Coating Type Mean + SD
Temperature  Maltodekstrin Dekstrin Gum Arabic
7217 £
° ab e a .
40°C 65.30 87.32 63.89 13.14¢
77.30
° d e C
45°C 73.01 89.19 69.69 10.43°
50°C 78.74° 93.33f 80.19° 84.09 + 8.03°
71.26 +

Mean + SD 72.35+6.74° 89.95+3.07° 3.26°

683

684  Table 4. The mean value of water content for lemongrass and Malang apple powder drinks (%)

Drying Coating Type Mean + SD
Temperature Maltodekstrin Dekstrin Gum Arabic

40°C 2.57 2.51 2.54 2.54 +0.03¢

45°C 2.39 2.38 2.31 2.36 +0.04°

50°C 2.07 2.16 2.06 2.10 £ 0.05°

Mean + SD 2.34+0.25 2.35+0.18 2.30+0.24
685 Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

686

687  Table 5. The mean value of ash content for lemongrass and Malang apple powder drinks (%)

Drying Coating Type Mean + SD
Temperature Maltodekstrin Dekstrin Gum Arabic
40°C 1.17%® 1.46° 1.06° 1.23+0.21°
45°C 1.26° 1.21%¢ 1.24b< 1.23+0.02°
50°C 1.26° 1.37¢¢e 1.38% 1.33£0.07°
Mean + SD 1.23+0.05° 1.34%0.13° 1.23+0.16°

688  Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

689  Table 6. The mean value of vitamin C content for lemongrass and Malang apple powder drinks (%)

Drying Coating Type Mean + SD
Temperature Maltodekstrin Dekstrin Gum Arabic
40°C 68.11¢ 72.69° 61.95° 67.58 £5.39°
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45°C 63.36° 70.22% 58.26" 63.95 + 6680
50°C 54.91° 63.36° 53.15° 57.14 £5.46°
Mean+SD  62.13+6.69° 68.76+4.83° 57.79 +4.42° o7%

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

Table 7. The mean value of water activity for lemongrass and Malang apple powder drinks

Drying Coating Type Mean +
Temperature  Maltodekstrin Dekstrin Gum Arabic SD
40°C 0.48 0.48 0.51 0.49 £0.02
45°C 0.51 0.50 0.44 0.49 £0.04
50°C 0.49 0.46 0.46 0.47 +0.02
Mean = SD 0.49 +£0.02 0.48 £0.02 0.47 £0.03

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

Table 8. The mean value of antioxidant content for lemongrass and Malang apple powder drinks (%)

Drying Coating Type Mean * SD,,
Temperature  Maltodekstrin Dekstrin Gum Arabic
40°C 56.96' 60.13" 53.66¢ 56.92 + 3.24%%
45°C 45.73¢ 50.97¢ 48.17¢ 48.29 +2.6203
50°C 37.45° 43.98° 37.53? 39.65 * 3.7]554

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

Table 9. The mean value of ICsp antioxidant content for lemongrass and Malang apple powder drinks (%)
on the best product

Drying Coating Type
Temperature Dekstrin
40°C 0.9+0.01
45°C 1.279 + 0.08
50°C 1.47 +0.01
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The effect of coating and drying temperature on the physicochemical properties of the mixture

lemongrass and apple powder drinkl

Abstract

The immunity of the human body can be enhanced by food and beverages. The fresh peverage products

generally have a short shelf life_ product, so they need to be made into powder drinks. Currently popular

drinks come from spices containing antioxidants that can boost the body's immunity. To maintain the
antioxidant compounds that exist during drying, it is necessary to have a coating material. This study aims
to investigate the effect of coating type and drying temperature on the quality of lemongrass and Malang
apple powder drinks. The study used a Completely Randomized Design (CRD) with two factors and two
replications. The first factor was the coating type with 3 levels (maltodextrin, dextrin, gum arabic) and the

second factor was the drying temperature with 3 levels (40°C, 45°C, 50°C). Data were analyzed using

ANAVA test and Duncan's further test if the treatment was significantly different. The results showed that
the type of coating significantly affected the parameters of stability, dissolution time, ash content, vitamin
C, and antioxidants. Drying time significantly affected the parameters of stability, dissolution time, water
content, ash content, vitamin C and antioxidants. There was an interaction between the coating type and
drying time which affected the bulk density, stability, dissolution time, ash content, vitamin C, and
antioxidants. The best result based on the high content of antioxidants was obtained on the dextrin
coating type with a drying temperature of 45°C. Product characteristics included a solubility of 0.96
seconds, a bulk density of 0.58 g/mL, a stability of 89.19%, a water content of 2.38%, an ash content of
1.21%, a vitamin C content of 70.22%, an antioxidant inhibition percentage of 50.97%, an ICs content of
1.29, and a water activity of 0.50.

Keywords: Apples, Dextrin, Powder Drinks, Drying, Lemongrass

1. Introduction

The ongoing COVID-19 pandemic has forced people to maintain their health through increasing their

body's immunity. Body immunity can be improved through on an adequate diet and nutrion from foods
and drinks_(Iddir et al., 2020), The fresh beverage products generally have a short shelf life, so they need

to be made into powder drinks. Powder drinks are a processed food product in powder form, easily

dissolved in water, practical in serving and have a relatively long shelf life. In addition, powder drinks are
easy to carry and ship (Tangkeallo et al., 2014). It causes powder drinks to be liked by the public. One of
the ingredients that can increase the body's immunity is spices. Spices are known to contain antioxidant
compounds. Antioxidants are able to capture free radicals to enhance the immunity of the body,
(Cakmakci et al., 2015). One of the spices that contain antioxidants and is popular today is lemongrass or
often called "serai". Lemongrass contains compounds including geraniol, citronellol, lemonen, kadinen,
eugenol, dipentene, citral (Wibisono, 2011). These compounds act as anticancer and antioxidants, stabilize
blood pressure, treat constipation, help the digestive system, tighten the body after childbirth
(Poeloengan, 2009), and reduce pain (Royhanaty et al., 2018). Apart from lemongrass, a food ingredient
that can improve the body's immunity and has a good taste is Malang apples. Malang apples are a famous
fruit typical of Malang city. Malang apples that are small in size have low economic value because they
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are less attractive to consumers (Pramanta et al., 2017). Meanwhile, according to Rusita et al. (2019),
Malang apples contain lots of vitamins such as vitamins A, B, C, minerals, fiber, and flavonoid compounds,
one of which is quercetin. Vitamin C and quercetin act as antioxidants, antivirals and anti-inflammatories
that protect the body's reproductive system. Flavonoids as antioxidants have the ability to act as anti-free
radicals and change or reduce free radicals (Suparni et al., 2012),,

However, although containing beneficial antioxidants, lemongrass and Malang apples are rarely used«

as ingredients to make powdered beverages. Due to its practicality, ready-to-serve drinks in powder form,
(Sari et al., 2021), ho overcome this, powder drinks made from a mixture of lemongrass and Malang

apples are made. In the making of lemongrass and Malang apple powder drinks as functional drinks, there

is a critical point during the drying process (Naibaho et al., 2015). It is because the active ingredients
contained in lemongrass and Malang apples are volatile. Drying at high temperatures and for a long time
can reduce the antioxidant activity of the dried material (Yamin et al., 2017). To maintain the amount of

antioxidants, present, it is necessary to find the right drying temperature. In addition to maintaining the
existing volatile compounds, it is necessary to have a coating material. The commonly used coating
material is gum arabic because this material has the ability to form good emulsions and films. Gum arabic
as a coating material is able to maintain the stability of volatile compounds and trap the highest volatile
components compared to modified starch (Santoso et al., 2013). Gum arabic can preserve the flavor of
dried materials by coating the flavor particles, protecting them from oxidation, absorption, and

evaporation of water from the air_(Herawati, 2018). According to Harahap et al. (2021), maltodextrin can .

disperse quickly, has a high solubility, forms low hygroscopic properties, has low browning properties, is
able to inhibit crystallization and has strong binding power. Meanwhile, dextrin has a high solubility, but
it has a relatively low ability to bind water and a relatively low viscosity (Asiah et al., 2012).

Based on the description above, this study aimed at investigating the effect of coating type and drying
temperature on the quality of lemongrass and Malang apple powder drinks. The quality of the powder
drinks was determined based on physical tests in the form of bulk density, dissolution time, and stability
test. These tests were required to determine packaging._]hn addition, chemical tests were carried out in

the form of water content, ash content, antioxidant activity, water activity, and vitamin C. These tests
would indirectly determine the shelf life and ability of the product to increase body immunity. This
research has yielded products that have the potential to increase body immunity are easy to carry, and
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have a relatively long shelf life.

2. Materials and Methods

2.1 Material

The materials used in the study were lemongrass stems and seedless Malang apples, maltodextrin, i

dextrin, gum Arabic powder, water, and brown sugar, The materials for chemical analysis were distilled

water, starch indicator, 0.1 N NaOH, 50 mg/L DPPH, methanol p.a, and ascorbic acid. The tools used in the

study were a Mitzuj blender, cutting boards, measuring cups, knives, WTC Binder 78532 blower ovens, ; 4
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baking sheets, spoons and Matrix ESJ210-4B scales, volumetric flasks, Erlenmeyer, burettes, measuring .- -
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The process of making powder drinks was a modification of the research of Susanti and Putri (2014).
The process of making powder drinks consisted of two stages, that is, the making of fruit pulp and the
drying process.

2.3 Making fruit pulp

The making of fruit pulp began with sorting and washing the lemongrass and Malang apples, followed
by cutting the lemongrass and Malang apples (1:1 w/w) and then crushing them with a blender for 5
minutes at speed number 2. After that, the pulp was added with water in a ratio of 1:1 w/w. Furthermore,
the coating materials (maltodextrin, dextrin, and gum Arabic) were added as much as 5% w/w fruit pulp

separately. The pulp was stirred until homogeneous.

2.4 Drying
The, homogeneous fruit pulp, each was placed on a 60x40x2 cm baking sheet as much as 250 mL and

dried with a blower oven at a predetermined temperature (40°C, 45°C, and 50°C) separately for 18 hours,

The dried sheets of lemongrass and Malang apples were then crushed separately with a blender for 3
minutes at speed number 2. Then, brown sugar was added as much as 10% w/w of the dry powder. After

that, the powder was sieved using a 60-mesh sieve. Lemongrass powder drinks were packaged in
aluminum foil zip lock with a size of 7 X 13 cm.

2.5 Analysis procedure of bulk density (Sandhu et al., 2007),

The powder sample was put into a 10 mL measuring cup whose weight was known. The measuring

cup containing the powder sample was tapped 30 times until there were no more cavities when the
powder sample was adjusted to 10 mL. The measuring cup containing the powder sample was then
weighed. The bulk density (g/mL) can be calculated by dividing the weight of the powder sample by its
volume (10 mL).

2.6 Analysis procedure of dissolution time testing (Pentury et al., 2013),
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homogeneous. How long it took the sample to dissolve in water was recorded.

2.7 Analysis procedure of stability testing (Pentury et al., 2013),

A total of 5 g of powder was weighed and brewed in 50 mL of water then put into a 10 mL measuring
cup and kept for 24 hrs. Afterwards, the suspension or solution was measured for the volume of the
precipitate and the height of the solution volume as the percentage of stability of the drink obtained.

2.8 Analysis procedure of water content by oven drying method (AOAC, 2006),

An empty cup was dried in the oven for 15 minutes and cooled in a desiccator (10 mins for an
aluminum cup and 20 minutes for a porcelain cup). The dry cup was weighed. The sample was weighed
as much as 2-3 g then it was put in a dry cup. After that, it was put in the oven at 105°C for 6 hours,. Next,
the cup containing the sample was cooled in a desiccator, then weighed. Drying was repeated until a
constant weight was obtained. Water content was calculated based on the loss of weight, namely the
difference between the initial weight of the sample before drying and the final weight after drying.

2.9 Analysis procedure of ash content by muffle furnace method (AOAC, 2006),
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A porcelain cup was dried in the oven for 15 minutes and then cooled in a desiccator and weighed.
The sample was weighed as much as 3 g in a cup that had been dried and then it was burned in a crucibles
until it no longer emitted smoke. Next, ashing was carried out using an electric furnace at a temperature
of 400-600°C for 4-6 hours until white ash was formed and had a constant weight. The ash formed in the

cup was cooled in a desiccator and then weighed.

2.10 Analysis procedure of radical scavenging activity (Tristantini et al., 2016),

Antioxidant activity was analyzed based on its ability to capture free radicals (radical scavenging ‘

activity) of DPPH. Analysis of antioxidant activity in this study used the DPPH (2,2-diphenyl-Ipicrylhydrazyl)
method. The DPPH method aimed to determine the concentration used to inhibit free radicals in a sample.
A sample macerated with methanol was prepared. A mother liguor for each sample of 100 ppm was made
by dissolving 0.01 mL of sample in 100 mL of methanol PA. A total of 1 mL of DPPH solution (10 mg/L) was
added to 50 pL of sample solution and then added methanol pro analyzed up to 5 mL, then incubated for
30 minutes at 37°C. The absorbance was measured at a wavelength of 513 nm. The antioxidant activity
of the sample was determined by the magnitude of the DPPH radical uptake inhibition by calculating the
percentage of DPPH uptake inhibition.

2.11 Analysis procedure of ICsp antioxidant activity (Tristantini et al., 2016),

Antioxidant activity was analyzed based on its ability to capture free radicals (radical scavenging
activity) of DPPH. Analysis of antioxidant activity in this study used the DPPH (2,2-diphenyl-Ipicrylhydrazyl)
method. The DPPH method aimed to determine the concentration used to inhibit free radicals in a sample.
A sample macerated with methanol was prepared. A mother liquor for each sample of 100 ppm was made
by dissolving 0.01 mL of sample in 100 mL of methanol PA. Furthermore, dilution was carried out using
methanol PA solvent by varying the concentration of 5 ppm, 6 ppm, 7 ppm, 8 ppm and 9 ppm for each
sample. The next step was to prepare a 50 ppm DPPH stock solution. The DPPH stock solution was
prepared by dissolving 5 mg of solid DPPH in 100 mL of methanol PA. Then a comparison solution was
prepared, namely a control solution containing 2 mL of methanol PA and 1 mL of 50 ppm DPPH solution.
For the test sample, 2 mL of sample solution and 2 mL of DPPH solution were prepared. Then, the solution
was kept for 30 minutes . All samples, extract samples that had been kept, were tested for measuring the
absorbance values using a UV-visible spectrophotometer at a wavelength of 517 nm.

2.12 Analysis procedure of water activity testing (Susanto, 2009),

The measurement of water activity was conducted using an aw-meter tool. The tool was calibrated
by adding BaCl,.2H,0. It was then closed and kept for 3 mins until the number on the scale became 0.9.

The aw-meter was opened and the sample was inserted. The tool was then closed and waited until the
aw scale was read. The temperature scale and the correction factor were observed. When the
temperature scale was above 20°C, then the aw scale reading was added as much as the excess of the
temperature multiplied by a correction factor of 0.002°, as well as for temperatures below 20°C.

2.13 Analysis procedure of vitamin C testing (AOAC, 2006),

Vitamin C analysis was performed by iodometric method. The crushed sample was weighed as much
as 5 g. It was put into a 100 mL measuring flask. Distilled water was then added up to the line mark. The
sample was shaken until homogeneous. The solution was filtered and the filtrate was pipetted as much
as 25 mL and put into an erlenmeyer. Then a few drops of starch indicator were added, then titrated
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rapidly using 0.01 N iodine solution until a blue color appeared._Vitamin C content is obtained from the
following formula:

i i 12 x 0. fp 2
Vitamin C (mg/100 g) = Y12 0.88 xfp x 100

W ig)
Vi = lodine volume (mL)
0.88  =0.88 mg ascorbic acid equivalent to 1 ml I 0.01 N solution
Fp = dilution factor
W = sample mass (gram)

2.14 Statistical analysis

The data obtained were analyzed using analysis of variance (ANOVA). When the data showed that
there was a significant effect, then the Duncan Multiple Range Test was carried out. The testing was done
using IBM SPSS Statistics 29 software. The significant level was set at o = 0.05.

3. Results and Djscussion
3.1 Bulk density of lemongrass and Malang apple powder drinks
The bulk density value indicates void space, namely the number of empty cavities between the<«
material particles. The greater the bulk density of an object, the less void space it has (Hui et al., 2007).
The bulk density obtained in the study was 0.52 g/mL to 0.67 g/mL (Table 1). The findings revealed that
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and coating type. The higher the drying temperature causes the bulk density value to decrease. It is
because the higher the drying temperature causes more water in the material to be evaporated so that
the resulting water content is lower, causing the weight of the powder to become lighter. It is in line with
Andriyani et al. (2015) who state that as the drying temperature increases, the bulk density decreases.
The bulk density is influenced by the type of material, water content, shape and size of the material. The
smaller the bulk density, the more porous the product is (Widowati et al., 2010).,
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Of the three types of coating used, gum arabic has the lowest bulk density compared to other
coatings. It is because gum arabic contains a complex mixture of hydrophilic carbohydrates and
hydrophobic protein components so that the solution can dissolve very well in water (up to 50%) (Daugan
and Abdullah, 2013). Meanwhile dextrin has the characteristic of quickly dispersing, has high solubility, is
able to form films, has hygroscopic properties, is able to form body, has characteristic of low browning, is
able to inhibit crystallization, and has strong binding power (Purbasari, 2019). The dextrin film layer has a
higher proportion of solids than gum arabic, because the DE value of dextrin is lower than gum arabic,
therefore the drying process using dextrin is faster and the particle size is smaller than gum arabic (Sutardi
et al., 2010). Maltodextrin is a coating material that has a high level of solubility, this is due to the nature
of maltodextrin which is soluble in water and has a fast dispersion process. Maltodextrin is hygroscopic
(has the ability to absorb water) so that the water in the material is more retained and difficult to
evaporate (Yuliwaty and Susanto, 2015).

According to Setiawati et al. (2014), the amount of bulk density of a material affects the space
needed for that material. The greater the bulk density (particles), the smaller the space needed, and vice
versa. The smaller the size of the molecule, the more easily the product will be compressed; with smaller
gaps between molecules, the greater the bulk density (Stranzinger et al., 2017). The treatment using gum
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arabic with a drying temperature of 50°C resulted in the lowest bulk density value of 0.52. According to
Palijama et al. (2020), foodstuffs that have a high bulk density indicate that the product is more compact
(non-voluminous), meaning that in the same certain volume, the product is available in more weight.
According to Widowati et al. (2010), a material is considered ‘bulk’ if the bulk density is small, meaning
that light weight requires a large space; the smaller the bulk density, the more porous the product is.
Sadeghi et al. (2010) state that the higher sphericity of the corn kernels results in a more regular
arrangement of the kernels so that the cavities between the kernels were smaller, resulting in a higher
bulk density. Dari uraian di atas tergambar bahwa suhu pengeringan dan jenis pelapis sama-sama
memengaruhi nilai_densitas kamba. Hal ini menunjukkan ada interaksi di antara keduanya dalam
memengaruhi nilai denistas kamba,

3.2 Dissolution Time

Dissolution time in water is a time that shows all beverage powder dissolves in water perfectly. The
testing of dissolution time is carried out to determine the speed of solubility of the drinks when it will be
consumed. The higher the solubility value of the powder product, the better the product is; it is because
the perfect solubility will produce products that do not float on the surface of the water (Phoungchandang
et al., 2009). The dissolution time of lemongrass and Malang apple powder was 0.96 to 1.29 seconds
(Table 2). The results show that, the higher the drying temperature, the faster the dissolution time (Table
2). It is because the powder produced is drier. The higher the drying temperature, the more water
evaporated on the powder drinks so that the water content is lower. The lower the water content, the
more hygroscopic so that the dissolution time is faster (Paramita et al., 2015 and Sakdiyah and Rekna
2019).

The type of coating also affects the dissolution time. Of the three types of coatings used, dextrin
has a faster dissolution time compared to other types of coating (Table 2). It is because when powder
drinks are dissolved in water, especially warm water, the hydroxyl groups contained in the coating
material will interact with the water so that the solubility of the powder can increase (Yuliwaty and
Susanto, 2015). Dextrin has a dextrose equivalent (DE) value of 3-5 and has the ability to form layers

(Tyanjani and Yunianta, 2015). With the addition of dextrin, the solubility of powder drinks increases. It is

because dextrin is easily soluble in water. It is in accordance with Nurhidayah et al. (2014), who state that
dextrin is easily soluble in water, disperse more quickly, is not viscous and is more stable than starch.
According to Wulansari et al. (2012), Dextrose Equivalent (DE) of maltodextrin is 3-20. The higher
the DE value, the higher the monosaccharide content, causing the binding power to be greater. Thus, the
use of maltodextrin causes a higher water content compared to dextrin. Maltodextrin is a filler that has a
high level of solubility; it is due to the characteristic of maltodextrin that is soluble in water (Hofman et
al., 2016). Gum arabic has a longer dissolution time than maltodextrin and dextrin. However, according

to Herawati (2018), gum arabic has the advantage of having high solubility in water, making it better as a
coating material in making powder drinks. The DE value of gum arabic is 6 (Soottitantawat et al., 2006).
According to Hofman et al. (2016) the factor that affects the level of solubility in water is the DE value;
the higher the DE value, the better the solubility level.

3.3 Stability
Beverage products will be stable if the particles acting as the dispersed phase can be retained
without changing for a long time or without experiencing grouping with each other (Anjani et al., 2011).
The stability testing is expressed in the percentage of stability of the powder drinks made. The stability of
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lemongrass and Malang apple powder drinks obtained an average of 63.89% to 93.33% (Table 3). The
results show that the higher the drying temperature, the higher the resulting stability. The higher the
drying temperature, the lower the powder water content. It causes the product to absorb water more
easily so that the product becomes more stable when rehydrated. It is in line with Kryzhska et al. (2020)
who state that high water content in powder products would seriously disrupt product stability and would
cause the product to agglomerate when stored. The high-water content in a product can cause damage
due to the activity of microorganisms.

The type of coating also affects the stability value. Of the three types of coating used, dextrin has
the most stable results compared to other types of coating. Dextrin’s can wrap or encapsulate the active
ingredient particles from oxidation reactions during storage thereby increasing product stability
(Septevani et al., 2013). Dextrin has a stronger ability to bind water because it is a group of
polysaccharides that has a simpler chemical structure consisting of 1,6 a-glycosidic and 1,4 a-glycosidic
bonds (Xu et al., 2012). The addition of maltodextrin can increase the stability of the drink which can
reduce the precipitate formed (Paramita et al., 2015). Maltodextrin has a high solubility so that the
product does not precipitate too much (Pramitasari et al., 2011). Gum arabic has a more complex
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molecular structure than dextrin and contains starch in it, so gum arabic is more hygroscopic (Sutardi et
al., 2010). Gum arabic has a more complex chemical structure, consisting of D-galactose, L-arabinose, D-
glucuronic acid, and L-rhamnose (Alftren et al., 2012). According to Anggraini et al. (2016), the presence
of sediment in beverage products can be caused by the presence of pectin. Table 3 shows that the dextrin
treatment with a drying temperature of 50°C is the coating material with the highest stability value of
93.33%.

3.4 Water content
The average water content of lemongrass and Malang apple powder drinks ranged from 2.06% to-<
2.57% (Table 4). In the manufacturing process, powder drinks are made by drying separately at 40°C, 45°C

and 50°C for 18 hours, The results reveal that the drying temperature has an effect on the water content

of lemongrass and Malang apple powdered drinks. Meanwhile, the type of coating had no effect on the
water content. Similarly, there was no interaction between the drying temperature and coating type
affecting the moisture content of the powdered drinks. The higher the drying temperature, the lower the
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water content of the powder. Drying causes the water content in the lemongrass and Malang apple

powder to evaporate. The higher the temperature produces powder with lower water content. According
to Wiyono (2011), the drying temperature factor is important to note because it can remove the water
content quickly when the material is dried at high temperatures. The increase of the heating temperature

tends to reduce the water content, Thus, there are more water molecules that evaporate from the dried

raw materials so that the water content obtained is lower,

The type of coating has a relatively similar effect on the value of the water content. Of the three
types of coating used, dextrin produced the highest average powder water content of 2.35%, followed by
maltodextrin (2.34%) and gum arabic (2.30%). According to Wulansari et al. (2012), dextrin is hygroscopic,
that is, it easily absorbs water; but when it is dried, the absorbed water is released. The water content
absorbed by the presence of coating material will evaporate more easily than the water content in the
material tissue so that the evaporation process of water in powder drinks becomes easier (Paramita et
al., 2015). Maltodextrin has a low molecular weight and a simple structure, so that water is easily
evaporated during the drying process (Pramitasari et al., 2011). Meanwhile, gum arabic is hygroscopic so
that the water in the material is more retained and difficult to evaporate. Gum arabic has a high molecular
weight and a complex molecular structure and contains a large amount of starch (Sutardi et al., 2010).
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Based on the water content testing carried out, the lowest water content was 2.06%, namely at 50°C
dextrin and it was in accordance with SNI number 01-4320-1996 in which the water content of powder
drinks was a maximum of 3% (BSN, 1996). It shows that powder drink products meet the requirements of
SNI number 01-4320-1996 and have a small possibility of being contaminated with microorganisms.

3.5 Ash content

According to Leggli et al. (2011), ash content testing is carried out to determine the amount of
minerals in a food. Ash is composed of various types of minerals with varying composition depending on
the type and source in food (Andarwulan et al., 2011). Based on Table 5, the mean value of the ash content
of the results of the study was 1.06% to 1.46%. It shows that the higher the drying temperature, the higher
the ash content. The increase in ash content is thought to be related to the higher drying temperature. It
causes more water in the material to evaporate, so that the water content is lower. It causes the
percentage of mineral content in the material to increase. The results of the study are in line with Shadri
etal. (2018),

Dextrin is a polysaccharide group that has a simpler chemical structure than gum arabic, Dextrin
consists of 1,6 a-glycosidic and 1,4 a-glycosidic bonds (Xu et al., 2012). Meanwhile gum arabic has a more
complex chemical structure, consisting of D-galactose, L-arabinose, D-glucuronic acid, and L-rhamnose
(Alftren et al., 2012). According to Sediaoetama (2010), ash content describes the amount of minerals that
are not burnt into substances that can evaporate. Ash content is the residue left when a sample of a food
ingredient is completely burned. The highest ash content is obtained in the dextrin coating with a drying
temperature of 45°C. In general, the ash content of the product was still within the limits of SNI 01-4320-
1996 regarding the quality requirements for powder drinks, namely a maximum of 1.5% (BSN, 1996).
Malang apple has a fairly high nutritional content, especially vitamins and minerals such as calcium,
phosphorus, iron, potassium, carbohydrates, fat, protein, niacin, riboflavin, vitamins A, B1, B2, and vitamin
C (Wahyuningtyas et al., 2017). Lemongrass contains several minerals such as vitamin A, vitamin C,
potassium, calcium, iron, magnesium, and selenium (Shadri et al., 2018).

3.6 Vitamin C
The results of the vitamin C test are presented in Table 6, showing an average value of vitamin C+

between 72.69 mg/100g to 53.15 mg/100g. The results demonstrated that the drying temperature and

type of coating affected the vitamin C content. There was an interaction between the drying temperature

and the type of coating in determining the vitamin C content of powdered drinks. The vitamin C content
tends to decrease along with the increase in the drying temperature. A decrease in vitamin C can occur

R (Deleted: 53.15

due to the unstable nature of vitamin C and is easily degraded, especially by heat (Parfiyanti et al., 2016).
It shows that the drying process at high temperature can reduce the vitamin C content found in powder
drinks. Vitamin C is classified as a natural antioxidant. Vitamin C contains ascorbic acid which is easily
oxidized to dehydroascorbic acid which plays a role in inhibiting excessive oxidation reactions (Susanti and
Putri, 2014),
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The type of coating also affects the vitamin C content. Of the three types of coatings used, dextrin
produces the highest content of vitamin C compared to other types of coating. It is because dextrin can
protect the volatile components of materials such as vitamin C from damage due to heat. Thus, the more
dextrin is added, the more vitamin C content in the product is maintained. Dextrin has the characteristic
of protecting vitamin C and compounds that are sensitive to heat or oxidation because the molecules of

dextrin are stable to heat and oxidation, In addition, according to Aretzy et al. (2018), maltodextrin can -~ "
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tomato slices and grapefruit slices to preserve the dried products’ quality. The highest content of vitamin
C was produced in powder drinks dried at 40°C with dextrin coating (72.68 mg/100 g) and the lowest was
produced at 50°C with gum arabic coating (53.15 mg/100 g). The vitamin C content of mix fruit powder
drinks (red guava, papaya, apple, and tomato) coated with maltodextrin and tween 80 dried at 50°C
produces the vitamin C content between 425 mg/100g — 550 mg/100g, which is higher than lemongrass
and Malang apple powder drinks (Minah, et al., 2021).

3.7 Water activity

Table 7 shows the mean value of water activity (aw) of lemongrass and Malang apple powder drinks,
namely 0.44 to 0.50. The aw value of lemongrass and Malang apple powder drinks is lower than the aw
value for the bacterial growth requirement, namely 0.90. The aw value for yeast growth is 0.80-0.90, and
the aw value for mold growth is 0.60-0.70. The aw value is relatively decreased with increasing drying
temperature. In the drying process, the free water in the material will evaporate. The higher temperature
causes more water to evaporate. The lower the water content, the lower the water activity (Martins et
al., 2019)., According to Adri and Hersoelistyorini_(2013), the composition of water in foodstuffs such as ;
free water and bound water can affect the rate or duration of food drying. The relatively small aw value k
does not allow the growth of bacteria, molds and yeasts in the product. Lemongrass extract shows great
potential as an antibacterial agent that can suppress the activity of Bacillus cereus, Salmonella
typhimurium and Staphylococcus aureus; this indicates the possibility of using medicinal plants as natural
antibacterial agents (Ibrahim and Salem, 2013). According to Parfiyanti et al. (2016), the purpose of drying
is to reduce water content so that it is not easy for mold and bacteria to grow, eliminate the activity of
enzymes that can decompose the active substance content and facilitate further processing so that it can
be more compact, durable and easy to store.

The use of various coatings in this study relatively produces the same aw value. The use of
maltodextrin and gum arabic as coating materials in the process of drying milk into milk powder by spray
drying can protect protein, calcium, lactose powder (Martins et al., 2019). The lowest water activity value
of lemongrass and Malang apple powder drinks was obtained for products with gum arabic coating at
drying temperature of 45°C (0.44).

3.8 Radical scavenging activity,
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since gum arabic has the ability to form a body as a coating
and has a strong bond to the compounds coated.
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The percent of radical scavenging activity shows the radical scavenging activity possessed by{k

antioxidant compounds. One of the plants that has potential as an antioxidant is lemongrass (Wibisono,
2011) and apple (Yudhianto et al., 2013). Based on the percent of radical scavenging activity test in Table

8, the average jnhibition value was 37.45% to 60.13%. Dextrin protects volatile chemicals and molecules k

vulnerable to heat or oxidation. Gum arabic can help increase the stability of the coating component. Gum
arabic is another sort of heat-resistant coating {Daugan and, Abdullah, 2013). Based on Table 8 it is also
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known that drying temperature affects the percent of radical scavenging activity, The higher the drying -

temperature, the lower the antioxidant activity value. The decrease in the value of antioxidant activity in
the lemongrass and Malang apple powder drinks is thought to be related to the damage to the antioxidant
compounds due to high temperatures. According to Patras et al. (2010), antioxidant compounds are easily
degraded when exposed to heat. Heat accelerates the oxidation reaction of these compounds. The
degradation process occurs due to an increase in the rate of oxidation reactions by heat. Antioxidant
compounds that have been oxidized will be damaged. It is confirmed by Husna et al. (2013) that
antioxidant bioactive components have heat-resistant characteristics, so if the sample is extracted in hot
condition, it will reduce the value of its antioxidant activity. The results of the research by Widiastuti et al.
(2019) show that the more addition of lemongrass in lemongrass syrup with stevia sweetener, the higher
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the antioxidant content. The highest antioxidant content is 50.55%. The high antioxidant content in
lemongrass is due to the large number of phenolic compounds it contains. The high content of phenolic
compounds also results in antidiabetic and antihypertensive activity. The antioxidant activity of essential
oil in lemongrass stems is very high with an effective inhibition of 89% and 89.63%, whereas in lemongrass
leaves it is slightly lower with antioxidant and antidiabetic activities ranging from 78.89% and 79.26%
respectively (Mirghani, et al., 2012),,
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The use of dextrin coating with a drying temperature of 40°C produced the highest inhibition value
compared to maltodextrin and gum arabic (Table 8). Goncalves et al. (2015) explains that dextrin is
composed of glucose units that can bind water so that dissolved oxygen can be reduced. As a result, the
oxidation process can be prevented. Dextrin has the characteristic of protecting volatile compounds and
compounds that are sensitive to heat or oxidation. Gum arabic can improve and maintain the stability of
the compounds being coated. Gum arabic is also a type of coating that is resistant to heat (Daugan and
Abdullah, 2013). Meanwhile, maltodextrin can protect volatile compounds and protect compounds that
are sensitive to oxidation (Aretzy et al., 2018). The maltodextrin coating has high oxidation resistance and
can reduce the viscosity of the emulsion; combined with other coatings that have better emulsifying
properties, it causes the antioxidant compounds in the microencapsulants to be well covered and
protected (Purnomo et al., 2014). According to Godwin et al. (2014), lemongrass contains natural
antioxidants and anti-inflammatories which can prevent free radicals in the human body. Antioxidants in
lemongrass are able to inhibit the release of arachidonic acid by the mechanism of inhibiting kinase
protein that can affect the activity of phospholipase enzymes. Thus, the inhibition of arachidonic acid
synthesis will reduce the production of prostaglandins. The antioxidants found in lemongrass are
citronellal and geraniol compounds. According to Baskara (2010), apples contain antioxidants which are
very good for skin health. The very high antioxidant content is also the reason for the high consumption
of apples by the public as an effort to prevent diseases and other dysfunctions of body health.

3.9 Antioxidant content with inhibition concentration value of 50% (ICso)

The ICso value is the concentration of the antioxidant source to neutralize 50% of the radical
compounds. The lower the ICsovalue, the better the antioxidant activity of the sample. ICso antioxidant
content are determined from the 3 best samples based on the highest inhibition percentage, namely on
lemongrass and Malang apple powders which are coated with dextrin with drying temperatures of 40°C,
45°C and 50°C. According to Phongpaichit et al. (2007), ICso value < 10 ppm indicates a very strong activity.
1Cs0 10-50 ppm indicates a strong activity, 1Cso > 50-100 ppm indicates moderate activity, and 1Cso > 100-
250 ppm indicates a weak activity. The results showed that the ICso value in the lemongrass and Malang
apple powder drinks was 0.9,to 1.47 %, (Table 9), which indicated a very strong activity. The results of

research by Andriyani et al., (2015) show that the ICso value of Curcuma zanthorrihiza L, and red ginger

powder functional drinks made using the spray drying method has the highest or strongest average value

of 0.62 ppm at 4% maltodextrin concentration and the lowest or weakest value of 1.00 ppm at 0%
maltodextrin concentration.

4. Conclusion

The results showed that the type of coating significantly affected the parameters of stability,
dissolution time, ash content, vitamin C, and antioxidants. Meanwhile, the drying time significantly
affected the parameters of stability, dissolution time, water content, ash content, vitamin C, and
antioxidants. There was an interaction between the type of coating and the drying time that affected the
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586 bulk density, stability, dissolution time, ash content, vitamin C, and antioxidants. The best quality was
587  determined based on the antioxidant content and high stability. The fast dissolution time was found in
588  lemongrass and Malang apple powder that was dried at 45°C with dextrin coating. The best lemongrass
589  and Malang apple powder drinks had the following characteristics: a solubility of 0.96 seconds, a bulk
590  density of 0.58 gr/mL, a stability of 89.19%, a water content of 2.38%, an ash content of 1.21%, a vitamin

591 C content of 70.22%, a percent antioxidant inhibition of 50.97%, an ICso content of 1.29 %, and a water . '(Deleted: ppm

592 activity 0.50.
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Table 1. The mean value of bulk density for lemongrass and Malang apple powder drinks

Drying Coating Type
Temperature Maltodekstrin Dekstrin Gum Arabic  Mean + SD
40°C 0.58+004* 0.63+003* 0.64+001° 0.6220.03
45°C 0.67£0,03® 0.58+0,05% 0.64+0,03*¢ 0.63+0.05
50°C 0.58 +0,06%¢  0.67 + 0,02 0.52.+£0,00° 0.59+0.08
Mean £ SD 0.61+0.05 0.63 +£0.05 0.60 £ 0.60

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)
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Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

Table 5. The mean value of ash content for lemongrass and Malang apple powder drinks (%)

Drying Coating Type Mean + SD
Temperature Maltodekstrin Dekstrin Gum Arabic
40°C 1.17£0.13%°  1.46+0.11° 1.06 + 0.07° 1.23 £0.21°
45°C 1.26 £0.01°¢ 1.21+0.03*  1.24+0.03°¢  1.23+0.02°
50°C 1.26 +0.02°¢ 1.37 +0.01° 1.38 + 0.09% 1.33+0.07°
Mean + SD 1.23+0.05° 1.34+0.13° 1.23+0.16°

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

Table 6. The mean value of vitamin C content for lemongrass and Malang apple powder drinks (%)

Drying Coating Type Mean =3/
Temperature Maltodekstrin Dekstrin Gum Arabic a0
40°C 68.11+1.749 72.69+2.74° 61.95+0.50° 67.58£5.39°
45°C 63.36 £ 1.49° 70.22+1.24% 58.26+1.24° 63.95+ 0%
50°C 5491+ 0.50° 63.36+1.49° 53.15+0.50° 57.14 +5.46°

Mean+SD  62.13+6.69° 68.76+4.83° 57.79 +4.42° IV

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

Table 7. The mean value of water activity for lemongrass and Malang apple powder drinks

Drying Coating Type Mean +
Temperature  Maltodekstrin Dekstrin Gum Arabic SD
40°C 0.48 + 0.00 0.48 +£0.02 0.51+0.00 0.49 £0.02
45°C 0.51+0.03 0.50+0.01 0.44+0.02 0.49 £0.04
50°C 0.49 +0.04 0.46 + 0.05 0.46 +0.01 0.47 £0.02
Mean + SD 0.49 +0.02 0.48 £ 0.02 0.47 £ 0.03

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)
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Table 8. The mean value of radical scavenging activity, content for lemongrass and Malang apple powder CDeleted: antioxidant
drinks (%) CFormatted: Font: Not Italic
Drying Coating Type Mean + Sfhq
Temperature  Maltodekstrin Dekstrin Gum Arabic
40°C 56.96+1.13" 60.13+0.05" 53.66+0.14¢  56.92 3.8
45°C 4573+0.67° 50.97+0.11° 48.17+0.18%  48.29+2.641
50°C 37.45+1.07° 43.98+0.71° 37.53+0.21° 39.65 + 3.70’§2

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)



996  Table 9. The mean value of ICsp antioxidant content for lemongrass and Malang apple powder drinks (%)
997 on the best product

Drying Coating Type
Temperature Dekstrin
40°C 0.9+0.01
45°C 1.279+0.08
50°C 1.47 +0.01
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Abstract

Fresh beverages from fruits and herbal plants that contain antioxidants are able to enhance the immunity
of the human body. However, such fresh beverage products generally have a short shelf life. As an
alternative, the products must be converted into powder drinks. Coating materials are thus needed to
avoid the loss of antioxidant compounds during the drying process. This study aimed to scrutinize the
effects of coating type and drying temperature on the quality of lemongrass and Malang apple powder
drinks. The study employed a completely randomized design (CRD) with two factors and two replications.
The first factor was the coating type with 3 levels (maltodextrin, dextrin, gum arabic) and the second
factor was the drying temperature with 3 levels (40°C, 45°C, 50°C). The data were analyzed using ANAVA
test and Duncan's further test if the treatment was significantly different. The results showed that the
type of coating significantly affected the parameters of stability, dissolution time, ash content, vitamin C,
and antioxidants. Meanwhile, the drying time significantly affected the parameters of stability, dissolution
time, water content, ash content, vitamin C, and antioxidants. There was an interaction between the
coating type and drying time that affected the bulk density, stability, dissolution time, ash content, vitamin
C, and antioxidants. The best result based on the high content of antioxidants was obtained on the dextrin
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coating type with the drying temperature of 45°C. Product characteristics included a solubility of 0.96
seconds, a bulk density of 0.58 g/mL, a stability of 89.19%, a water content of 2.38%, an ash content of
1.21%, a vitamin C content of 70.22%, an antioxidant inhibition percentage of 50.97%, an ICso content of
1.29, and a water activity of 0.50.

Keywords: Apples, Dextrin, Powder Drinks, Drying, Lemongrass

1. Introduction

The COVID-19 pandemic has forced people to maintain their health through increasing their body's
immunity. Body immunity can be enhanced through an adequate diet and nutrion from drinks (lddir et
al., 2020). Powder drinks are a processed food product in the form of a powder. Having a relatively long
shelf life, the product is easy to serve and can be rapidly dissolved in water. In addition, powder drinks are
easy to carry and ship (Tangkeallo et al., 2014), making the product to be liked by the public. One of the
ingredients that can boost the body's immunity is herbal plants. The plants are known to contain
antioxidant compounds. Antioxidants are able to capture free radicals to enhance the immunity of the
body (Cakmakeci et al., 2015). One of the popular herbal plants that contain antioxidants is lemongrass.
Lemongrass contains compounds including geraniol, citronellol, lemonen, kadinen, eugenol, dipentene,
citral (Wibisong, 2011). Acting as anticancer and antioxidants, these compounds can stabilize blood
pressure, treat constipation, help the digestive system, tighten the body after childbirth (Poeloengan,
2009), and reduce pain (Royhanaty et al., 2018). In addition to lemongrass, Malang apples, a famous fruit
typical of the city of Malang, also belong to the food ingredient that can enhance the body's immunity.
Being small in size, Malang apples have low economic value because they are less attractive to consumers
(Pramanta et al., 2017). Meanwhile, according to Rusita et al. (2019), Malang apples contain lots of
vitamins such as vitamins A, B, C, minerals, and fiber. The apples also contain flavonoid compounds,
including quercetin. Vitamin C and quercetin act as antioxidants, antivirals, and anti-inflammatories that
protect the body's reproductive system. Flavonoids as antioxidants have the ability to act as anti-free
radicals and reduce free radicals (Suparni dan Wulandari, 2012).

However, although containing beneficial antioxidants, lemongrass and Malang apples are rarely used
as ingredients to make powdered beverages. Due to its practicality, ready-to-serve drinks in a powder
form (Sari et al., 2021) with both ingredients are necessary to be made. In order to function as nutritional
drinks, the making of powder drinks from lemongrass and Malang apples should pay special attention to
the drying process (Naibaho et al., 2015). It is because the active ingredients contained in lemongrass and
Malang apples are volatile. Drying at high temperatures in a long time can reduce the antioxidant activity
of the dried material (Yamin et al., 2017). To maintain the amount of antioxidants present, it is necessary
to find the right drying temperature. In addition, coating materials are needed to maintain the existing
volatile compounds. The commonly used coating material is gum arabic because this material has the
ability to form good emulsions and films. Compared to modified starch, gum arabic as a coating material
is able at maintaining the stability of volatile compounds and trapping the highest volatile components
(Santoso et al., 2013). Gum arabic can preserve the flavor of dried materials by coating the flavor particles,
protecting them from oxidation, absorption, and evaporation of water from the air (Herawati, 2018).
According to Harahap et al. (2021), maltodextrin has a high solubility, a strong binding power, and low
browning properties. In addition, being able to disperse quickly, maltodextrin can inhibit crystallization
and form low hygroscopic properties. Meanwhile, dextrin has a high solubility, but it has a relatively low
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ability to bind water and a relatively low viscosity (Asiah et al., 2012). Based on the description above, this
study aimed at investigating the effects of coating type and drying temperature on the quality of
lemongrass and Malang apple powder drinks. The quality of the powder drinks was determined based on
physical tests in the form of bulk density, dissolution time, and stability test. These tests were required to
determine packaging. In addition, chemical tests were carried out in the form of water content, ash
content, antioxidant activity, water activity, and vitamin C. These tests would indirectly determine the
shelf life of the product and its ability to enhance the body immunity. This research has yielded a product
with the following characteristics: easy to carry, having a potential to boost the body immunity, and having
a relatively long shelf life.

2. Materials and methods

2.1 Material

The materials used in the study were lemongrass stems and seedless Malang apples, maltodextrin,
dextrin, gum arabic powder, water, and brown sugar. The materials for chemical analysis were distilled
water, starch indicator, 0.1 N NaOH, 50 mg/L DPPH, methanol p.a, and ascorbic acid. The tools used in the
study were a Mitzui blender, cutting boards, measuring cups, knives, WTC Binder 78532 blower ovens,
baking sheets, spoons, Matrix ESJ210-4B scales, volumetric flasks, erlenmeyer, burettes, measuring
pipettes, a suction ball, a funnel pipette, a beaker glass, a filter paper, a burette, a stative, a Siever 60
mesh, and a UV2100 spectrophotometer.

2.2 The process of making lemongrass and malang apple powder drinks

The process of making powder drinks was a modification of the research of Susanti and Putri (2014).
The process of making powder drinks consisted of two stages including the making of fruit pulp and the
drying process.

2.2.1 Making fruit pulp

The making of fruit pulp began with the sorting of the lemongrass and Malang apples. The ingredients
sorted were washed and cut (1:1 w/w), and then crushed with a blender for 5 mins at speed number 2.
Afterwards, the pulp was added with water in a ratio of 1:1 w/w. The coating materials (maltodextrin,
dextrin, and gum Arabic) were then added as much as 5% w/w of the fruit pulp separately. The pulp was
stirred until homogeneous.

2.2.2 Drying

Each homogeneous fruit pulp was placed on a 60 x 40 x 2 cm baking sheet as much as 250 mL. It was
then dried with a blower oven at a predetermined temperature (40°C, 45°C, and 50°C) separately for 18
hrs. Afterwards, the dried sheets of lemongrass and Malang apples were then crushed separately with a
blender for 3 mins at speed number 2. Then, brown sugar was added at 10% w/w of the dry powder. After
that, the powder was sieved using a 60-mesh sieve. Lemongrass powder drinks were packaged in
aluminum foil zip lock with a size of 7 x 13 cm.

2.3. Analysis procedure of bulk density
The powder sample was put into a 10 mL measuring cup whose weight was known. The measuring
cup containing the powder sample was tapped 30 times until there were no more cavities when the
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powder sample was adjusted to 10 mL. The measuring cup containing the powder sample was then
weighed. The bulk density (g/mL) can be calculated by dividing the weight of the powder sample by its
volume (10 mL).

2.4 Analysis procedure of dissolution time testing
A total of 5 g sample was weighed. The sample was then dissolved in 50 mL of warm water and stirred
20 times until homogeneous. The dissolving time of the sample was recorded.

2.5 Analysis procedure of stability testing

A total of 5 g of powder was weighed and brewed in 50 mL of water. It was then put into a 10 mL
measuring cup and kept for 24 h. Afterwards, the solution was measured for the volume of the precipitate
and the height of the solution volume as the percentage of stability of the drink obtained.

2.6 Analysis procedure of water content by oven drying method

An empty cup was dried in the oven for 15 mins. The cup was then cooled in a desiccator (10 mins for
an aluminum cup and 20 mins for a porcelain cup). The dry cup was weighed. The sample was weighed as
much as 2-3 g and then put in the dry cup. After that, the cup containing the sample was put in the oven
at 105°C for 6 h. Next, it was cooled in a desiccator, and then weighed. The drying process was repeated
until a constant weight was obtained. The water content was calculated based on the loss of weight, by
calculating the difference between the initial weight of the sample before the drying and the final weight
after the drying.

2.7 Analysis procedure of ash content by muffle furnace method
A porcelain cup was dried in the oven for 15 mins. The cup was cooled in a desiccator, and then
weighed. The sample was weighed as much as 3 g in a cup that had been dried. Afterwards, it was burned
in a crucible until it no longer emitted smoke. Next, the ashing process was carried out using an electric
furnace at a temperature of 400-600°C for 4-6 h until the white ash was formed and had a constant weight.
The ash formed in the cup was cooled in a desiccator, and then weighed.

2.8 Analysis procedure of radical scavenging activity

Antioxidant activity was analyzed based on its ability to capture free radicals (radical scavenging
activity) of DPPH. The analysis of antioxidant activity in this study used the DPPH (2,2-diphenyl-
Ipicrylhydrazyl) method. The DPPH method aimed to determine the concentration used to inhibit free
radicals in a sample. A sample macerated with methanol was prepared. A mother liquor for each sample
of 100 ppm was made by dissolving 0.01 mL of sample in 100 mL of methanol PA. A total of 1 mL of DPPH
solution (10 mg/L) was added to 50 pL of sample solution. Afterwards, methanol pro analyzed was added
up to 5 mL, then incubated for 30 mins at 37°C. The absorbance was measured at a wavelength of 513
nm. The antioxidant activity of the sample was determined by the magnitude of the DPPH radical uptake
inhibition through calculating the percentage of DPPH uptake inhibition.

2.9 Analysis procedure of ICso antioxidant activity

Antioxidant activity was analyzed based on its ability to capture free radicals (radical scavenging
activity) of DPPH. The analysis of antioxidant activity in this study used the DPPH (2,2-diphenyl-
Ipicrylhydrazyl) method. The DPPH method aimed to determine the concentration used to inhibit free
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radicals in a sample. A sample macerated with methanol was prepared. A mother liquor for each sample
of 100 ppm was made by dissolving 0.01 mL of the sample in 100 mL of methanol PA. Furthermore, dilution
was carried out using the methanol PA solvent by varying the concentration of 5 ppm, 6 ppm, 7 ppm, 8
ppm and 9 ppm for each sample. The next step was to prepare a 50 ppm DPPH stock solution. The DPPH
stock solution was prepared by dissolving 5 mg of solid DPPH in 100 mL of methanol PA. Then a
comparison solution was prepared, namely a control solution containing 2 mL of methanol PA and 1 mL
of 50 ppm DPPH solution. For the test sample, 2 mL of the sample solution and 2 mL of the DPPH solution
were prepared. Then, the solution was kept for 30 mins. All samples, the extract samples that had been
kept, were tested for measuring the absorbance values using a UV-visible spectrophotometer at a
wavelength of 517 nm.

2.10 Analysis procedure of water activity testing

The measurement of water activity was conducted using an aw-meter tool. The tool was calibrated
by adding BaCl,.2H,0. It was then closed and kept for 3 mins until the number on the scale became 0.9.
The aw-meter was then opened and the sample was inserted. Afterwards, the tool was closed and waited
until the aw scale was read. The temperature scale and the correction factor were observed. When the
temperature scale was above 20°C, the aw scale reading was added as much as the excess of the
temperature multiplied by a correction factor of 0.002°, as well as for temperatures below 20°C.

2.11 Analysis procedure of vitamin C testing

The analysis of vitamin C was performed by iodometric method. The crushed sample was weighed as
much as 5 g. The sample was put into a 100 mL measuring flask. Distilled water was then added up to the
line mark. The sample was then shaken until homogeneous. Afterwards, the solution was filtered and the
filtrate was pipetted as much as 25 mL, and put into an Erlenmeyer flask. A few drops of starch indicator
were added, then titrated rapidly using 0.01 N iodine solution until a blue color appeared. The vitamin C
content was obtained from the following formula:

V12X 0.88X Fp X 100

Vitamin C (mg/100 g) =

w(g)
Vi, = iodine volume (mL)
0.88 =0.88 mg ascorbic acid equivalent to 1 ml I, 0.01 N solution
Fp = dilution factor
w = sample mass (gram)

2.12 Statistical analysis

The data obtained were analyzed using the analysis of variance (ANOVA). When the data showed
that there was a significant effect, the Duncan Multiple Range Test was carried out. The testing was done
using the IBM SPSS Statistics 29 software. The significant level was set at a = 0.05.

3. Results and discussion
3.1 Bulk density of lemongrass and Malang apple powder drinks
The bulk density value indicates void space, namely the number of empty cavities between the
material particles. The greater the bulk density of an object, the less void space it has (Hui et al., 2008).
The bulk density obtained in the study was 0.52 g/mL to 0.67 g/mL (Table 1). The findings revealed that
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the drying temperature and coating type had an effect on the density value of the Kamba powder drink.
Furthermore, the density value of Kamba is affected by a relationship between the drying temperature
and coating type. The higher the drying temperature causes the bulk density value to decrease. It is
because the higher the drying temperature causes more water in the material to be evaporated.
Therefore, the resulting water content is lower, causing the weight of the powder to become lighter.
According to Andriyani et al. (2015), as the drying temperature rises, the bulk density falls. The bulk
density is influenced by the type of material, the water content, and the shape and size of the material.
The smaller the bulk density, the more porous the product is (Widowati et al., 2010).

Of the three types of coating used, gum arabic has the lowest bulk density compared to other
coatings. It is because gum arabic contains a complex mixture of hydrophilic carbohydrates and
hydrophobic protein components so that the solution can dissolve very well in water (up to 50%) (Daugan
and Abdullah, 2013). Meanwhile, according to Purbasari (2019), dextrin is able to form films, form body,
inhibit crystallization, and quickly disperse. Dextrin also has high solubility, hygroscopic properties, low
browning properties, strong binding power. The dextrin film layer has a higher proportion of solids than
gum arabic since the DE value of dextrin is lower than gum arabic. Therefore, the drying process using
dextrin is faster and the particle size is smaller than gum arabic (Sutardi et al., 2010). Maltodextrin is a
coating material that has a high level of solubility. It is due to the nature of maltodextrin which is soluble
in water and has a fast dispersion process. Maltodextrin is hygroscopic (has the ability to absorb water)
so that the water in the material is more retained and difficult to evaporate (Yuliwaty and Susanto, 2015).

According to Setiawati et al. (2014), the amount of bulk density of a material affects the space
needed for that material. The greater the bulk density, the smaller the space needed, and vice versa. The
smaller the size of the molecule, the more easily the product will be compressed. The smaller gaps
between molecules, the greater the bulk density (Stranzinger et al., 2017). The treatment using gum arabic
with a drying temperature of 50°C resulted in the lowest bulk density value of 0.52. According to Palijama
et al. (2020), foodstuffs that have a high bulk density indicate that the product is more compact (non-
voluminous). It means that in the same certain volume, the product is available in more weight. According
to Widowati et al. (2010), a material is considered ‘bulk’ if the bulk density is small. It means that light
weight requires a large space. The smaller the bulk density, the more porous the product is. Sadeghi et al.
(2010) state that the higher sphericity of the corn kernels results in a more regular arrangement of the
kernels. Therefore, the cavities between the kernels were smaller, resulting in a higher bulk density.
According to the preceding description, the drying temperature and the type of coating both affect the
density value of Kamba. It demonstrates that the two interact in altering the value of Kamba density.

3.2 Dissolution time

Dissolution time is a time for all beverage powder to dissolve in water perfectly. The testing of
dissolution time was carried out to determine the speed of solubility of the drinks. The higher the solubility
value of the powder product, the better the product is. It is because the perfect solubility will produce
products that do not float on the surface of the water (Phoungchandang et al., 2009). The dissolution time
of lemongrass and Malang apple powder was 0.96 to 1.29 s (Table 2). The results showed that the higher
the drying temperature, the faster the dissolution time (Table 2). It is because the powder produced is
drier. The higher the drying temperature, the more water evaporated on the powder drinks so that the
water content is lower. The lower the water content, the more hygroscopic, the dissolution time is faster
(Paramita et al., 2015 and Sakdiyah and Rekna, 2019).
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The type of coating also affects the dissolution time. Of the three types of coatings used, dextrin
has the fastest dissolution time (Table 2). When powder drinks are dissolved in water, especially warm
water, the hydroxyl groups in the coating substance will interact with the water, increasing the powder's
solubility (Yuliwaty and Susanto, 2015). Dextrin has a dextrose equivalent (DE) value of 3-5 and has the
ability to form layers (Tyanjani and Yunianta, 2015). With the addition of dextrin, the solubility of powder
drinks increases. It is because dextrin is easily soluble in water. It is in accordance with Nurhidayah et al.
(2014), who state that dextrin is easily soluble in water, disperse more quickly. Dextrin is not viscous and
more stable than starch.

According to Wulansari et al. (2012), Dextrose Equivalent (DE) of maltodextrin is 3-20. The higher
the DE value, the higher the monosaccharide content. It causes the binding power to be greater. Thus,
compared to dextrin, the use of maltodextrin allows the water content to be higher. Maltodextrin is a
filler that has a high level of solubility. It is due to the characteristic of maltodextrin that is soluble in water
(Hofman et al., 2016). Gum arabic has a longer dissolution time than maltodextrin and dextrin. However,
according to Herawati (2018), gum arabic has a high solubility in water, making it better to be used as the
coating material in making powder drinks. The DE value of gum arabic is 6 (Soottitantawat et al., 2006).
According to Hofman et al. (2016), the factor that affects the level of solubility in water is the DE value.
The higher the DE value, the better the solubility level.

3.3 Stability

Beverage products will be stable if the particles acting as the dispersed phase can be retained
without changing for a long time, or without experiencing grouping with each other (Anjani et al., 2011).
The stability testing is expressed in the percentage of stability of the powder drinks made. The stability of
lemongrass and Malang apple powder drinks obtained an average of 63.89% to 93.33% (Table 3). The
results show that the higher the drying temperature, the higher the resulting stability. The higher the
drying temperature, the lower the powder water content. It causes the product to absorb water more
easily so that the product becomes more stable when rehydrated. It is in line with Kryzhska et al. (2020)
who state that the high water content in powder products would seriously disrupt the product stability.
It would also cause the product to agglomerate when stored. The high-water content in a product can
cause damage due to the activity of microorganisms.

The type of coating also affects the stability value. Of the three types of coating used, dextrin has
the most stable results compared to the other types of coating. Dextrin can wrap the active ingredient
particles from oxidation reactions during storage, thereby increasing the product stability (Septevani et
al., 2013). Belong to a group of polysaccharides, dextrin has a stronger ability to bind water because it
has a simpler chemical structure consisting of 1,6 a-glycosidic and 1,4 a-glycosidic bonds (Xu et al., 2012).
The addition of maltodextrin can increase the stability of the drink, reducing the precipitate formed
(Paramita et al., 2015). Maltodextrin has a high solubility so that the product does not precipitate too
much (Pramitasari et al., 2011). Gum arabic has a more complex molecular structure than dextrin and
contains starch in it, so that gum arabic is more hygroscopic (Sutardi et al., 2010). Gum arabic has a more
complex chemical structure, consisting of D-galactose, L-arabinose, D-glucuronic acid, and L-rhamnose
(Alftren et al., 2012). According to Anggraini et al. (2016), the presence of sediment in beverage products
can be caused by the presence of pectin. Table 3 showed that the dextrin treatment with a drying
temperature of 50°C is the coating material with the highest stability value of 93.33%.

3.4 Water content
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The average water content of lemongrass and Malang apple powder drinks ranged from 2.06% to
2.57% (Table 4). In the manufacturing process, powder drinks are made by drying separately at 40°C, 45°C
and 50°C for 18 h. The results reveal that the drying temperature has an effect on the water content of
lemongrass and Malang apple powder drinks. Meanwhile, the type of coating had no effect on the water
content. Similarly, there was no interaction between the drying temperature and coating type affecting
the moisture content of the powder drinks. The higher the drying temperature, the lower the water
content of the powder. Drying causes the water content in the lemongrass and Malang apple powder to
evaporate. The higher temperature allows the powder to have the lower water content. According to
Wiyono (2011), the drying temperature factor is important. The water content can be removed quickly
when the material is dried in the high temperature (Wiyono, 2011). The increase of the heating
temperature tends to reduce the water content. There are more water molecules that evaporate from
the dried raw materials. Thus, the water content obtained is lower.

The type of coating has a relatively similar effect on the value of the water content. Of the three
types of coating used, dextrin produced the highest average powder water content of 2.35%, followed by
maltodextrin (2.34%) and gum arabic (2.30%). According to Wulansari et al. (2012), dextrin is hygroscopic
as it easily absorbs water. But when it is dried, the absorbed water is released (Wulansari et al., 2012).
The water content absorbed by the coating material will evaporate more easily than the water content in
the material tissue, so that the evaporation process of water in powder drinks becomes easier (Paramita
et al., 2015). Maltodextrin has a low molecular weight and a simple structure, so that water is easily
evaporated during the drying process (Pramitasari et al., 2011). Meanwhile, gum arabic is hygroscopic.
The water in the material coated with gum arabic is difficult to evaporate. Containing a large amount of
starch, gum arabic has a high molecular weight and a complex molecular structure (Sutardi et al., 2010).
Based on the water content testing carried out, the lowest water content was 2.06%, namely at 50°C
dextrin. It was in accordance with the SNI number 01-4320-1996 in which the water content of powder
drinks was a maximum of 3% (BSN, 1996). The powder drink products meet the requirements of SNI
number 01-4320-1996 . The products have a small possibility of being contaminated with microorganisms.

3.5 Ash content

According to Leggli et al. (2011), ash content testing is carried out to determine the amount of
minerals in a food. Ash is composed of various types of minerals with varying composition depending on
the type and source in food (Andarwulan et al., 2011). Based on Table 5, the mean value of the ash content
was 1.06% to 1.46%. It shows that the higher the drying temperature, the higher the ash content. The
increase in ash content is related to the higher drying temperature. It causes more water in the material
to evaporate. Thus, that the water content is lower. It causes the percentage of mineral content in the
material to increase. The results of the study are in line with Shadri et al. (2018).

Dextrin is a polysaccharide group that has a simpler chemical structure than gum arabic. Dextrin
consists of 1,6 a-glycosidic and 1,4 a-glycosidic bonds (Xu et al., 2012). Meanwhile, gum arabic has a more
complex chemical structure, consisting of D-galactose, L-arabinose, D-glucuronic acid, and L-rhamnose
(Alftren et al., 2012). According to Sediaoetama (2010), ash content describes the amount of minerals that
are not burnt into substances that can evaporate. Ash content is the residue left when a sample of a food
ingredient is completely burned. The highest ash content is obtained in the dextrin coating with a drying
temperature of 45°C. In general, the ash content of the product was still within the limits of SNI 01-4320-
1996 regarding the quality requirements for powder drinks, namely a maximum of 1.5% (BSN, 1996).
Malang apples have a fairly high nutritional content, especially vitamins and minerals such as calcium,
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phosphorus, iron, potassium, carbohydrates, fat, protein, niacin, riboflavin, vitamins A, B1, B2, and vitamin
C (Wahyuningtyas et al., 2017). Lemongrass contains several minerals such as vitamin A, vitamin C,
potassium, calcium, iron, magnesium, and selenium (Shadri et al., 2018).

3.6 Vitamin C

The results of the vitamin C test are presented in Table 6. It shows an average value of the vitamin
C between 72.69 mg/100 g to 53.15 mg/100 g. The results demonstrated that the drying temperature and
type of coating affected the vitamin C content. There was an interaction between the drying temperature
and type of coating in determining the vitamin C content of powder drinks. The vitamin C content tends
to decrease along with the increase of the drying temperature. A decrease in vitamin C can occur due to
the unstable nature of vitamin C that can be easily degraded, especially by heat (Parfiyanti et al., 2016). It
shows that the drying process at high temperature can reduce the vitamin C content in powder drinks.
Vitamin Cis classified as a natural antioxidant. Vitamin C contains ascorbic acid which is easily oxidized to
dehydroascorbic acid that plays a role in inhibiting excessive oxidation reactions (Susanti and Putri, 2014).

The type of coating also affects the vitamin C content. Of the three types of coatings used, dextrin
produces the highest content of vitamin C compared to other types of coating. Dextrin can protect the
volatile components of materials such as vitamin C from damage due to heat. Thus, the addition of more
dextrin helps maintain the more vitamin C content in the product. Dextrin can protect vitamin C and
compounds sensitive to heat or oxidation. It is because the molecules of dextrin are stable to heat and
oxidation. In addition, according to Aretzy et al. (2018), maltodextrin can protect volatile compounds and
protect compounds sensitive to oxidation. According to Morodi et al. (2022), GA alone or combined with
other biopolymers has been successfully applied on tomato slices and grapefruit slices to preserve the
dried products’ quality. The highest content of vitamin C was produced in powder drinks dried at 40°C
with the dextrin coating (72.68 mg/100 g) and the lowest was produced at 50°C with the gum arabic
coating (53.15 mg/100 g). The vitamin C content of mix fruit powder drinks (red guava, papaya, apple, and
tomato) coated with maltodextrin and tween 80 dried at 50°C produces the vitamin C content between
425 mg/100 g - 550 mg/100 g, higher than lemongrass and Malang apple powder drinks (Minah, et al.,
2021).

3.7 Water activity

Table 7 shows the mean value of water activity (aw) of lemongrass and Malang apple powder drinks,
namely 0.44 to 0.50. The Aw value of lemongrass and Malang apple powder drinks is lower than the Aw
value for the bacterial growth requirement at 0.90. The Aw value for yeast growth is 0.80-0.90, and the
Aw value for mold growth is 0.60-0.70. The Aw value is relatively decreased along with the increase of
drying temperature. In the drying process, the free water in the material will evaporate. The higher
temperature causes more water to evaporate. The lower the water content, the lower the water activity
(Martins et al., 2019). According to Adri and Hersoelistyorini (2013), the composition of water in
foodstuffs, such as free water and bound water, can affect the duration of food drying. The relatively small
aw value does not allow the growth of bacteria, molds, and yeasts in the product. The lemongrass extract
has a great potential as an antibacterial agent that can suppress the activity of Bacillus cereus, Salmonella
typhimurium and Staphylococcus aureus, indicating the possibility of using medicinal plants as natural
antibacterial agents (Ibrahim and Salem, 2013). According to Parfiyanti et al. (2016), the purpose of drying
is to reduce water content that it is not easy for mold and bacteria to grow. The drying process also
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eliminates the activity of enzymes that can decompose the active substance content. It also facilitates
further processing so that the product can be more compact, durable, and easy to store.

The use of various coatings in this study relatively produces the same aw value. The use of
maltodextrin and gum arabic as coating materials in the process of drying milk into milk powder by spray
drying can protect protein, calcium, lactose powder (Martins et al., 2019). The lowest water activity value
of lemongrass and Malang apple powder drinks was obtained for products with gum arabic coating at the
drying temperature of 45°C (0.44).

3.8 The percent of radical scavenging activity

The percent of radical scavenging activity shows the radical scavenging activity possessed by
antioxidant compounds. The plants that have potential as antioxidants are lemongrass (Wibisono, 2011)
and apples (Yudhianto et al., 2013). Based on the percent of radical scavenging activity test in Table 8, the
average inhibition value was 37.45% to 60.13%. Dextrin protects volatile chemicals and molecules
vulnerable to heat or oxidation. Gum arabic can help increase the stability of the coating component. Gum
arabic is another sort of heat-resistant coating (Daugan and Abdullah, 2013). Based on Table 8, the drying
temperature affects the percent of radical scavenging activity. The higher the drying temperature, the
lower the antioxidant activity value. The decrease in the value of antioxidant activity in the lemongrass
and Malang apple powder drinks is related to the damage to the antioxidant compounds due to high
temperatures. According to Patras et al. (2010), antioxidant compounds are easily degraded when
exposed to heat. Heat accelerates the oxidation reaction of these compounds. The degradation process
occurs due to an increase in the rate of oxidation reactions by heat. Antioxidant compounds that have
been oxidized will be damaged. It is confirmed by Husna et al. (2013) that antioxidant bioactive
components have heat-resistant characteristics. If the sample is extracted in hot condition, it will reduce
the value of its antioxidant activity. The results of the research by Widiastuti et al. (2019) show that the
more addition of lemongrass in lemongrass syrup with stevia sweetener, the higher the antioxidant
content. The highest antioxidant content is 50.55%. The high antioxidant content in lemongrass is due to
its large number of phenolic compounds. The high content of phenolic compounds also results in the
antidiabetic and antihypertensive activity. The antioxidant activity of essential oil in lemongrass stems is
very high, with an effective inhibition of 89% and 89.63%. In lemongrass leaves, it is slightly lower with
the antioxidant and antidiabetic activitiy ranging from 78.89% and 79.26% respectively (Mirghani, et al.,
2012).

The use of dextrin coating with a drying temperature of 40°C produced the highest inhibition value
compared to maltodextrin and gum arabic (Table 8). Goncalves et al. (2015) explains that dextrin is
composed of glucose units that can bind water so that dissolved oxygen can be reduced. As a result, the
oxidation process can be prevented. Dextrin protects volatile compounds and compounds sensitive to
heat or oxidation. Gum arabic can maintain the stability of the compounds being coated. Gum arabic is
also resistant to heat (Daugan and Abdullah, 2013). Meanwhile, maltodextrin can protect volatile
compounds and compounds sensitive to oxidation (Aretzy et al., 2018). The maltodextrin coating has high
oxidation resistance. It can reduce the viscosity of the emulsion. Combined with other coatings that have
better emulsifying properties, it causes the antioxidant compounds in the microencapsulants to be well
protected (Purnomo et al., 2014). According to Godwin et al. (2014), lemongrass contains natural
antioxidants and anti-inflammatories that can prevent free radicals in the human body. Antioxidants in
lemongrass are able to inhibit the release of arachidonic acid. It is through the mechanism of inhibiting
kinase protein that can affect the activity of phospholipase enzymes. Thus, the inhibition of arachidonic
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acid synthesis will reduce the production of prostaglandins. The antioxidants found in lemongrass are
citronellal and geraniol compounds. According to Baskara (2010), apples contain antioxidants that are
very good for skin health. The very high antioxidant content is also the reason for the high consumption
of apples by the public. It is an effort to prevent diseases and other dysfunctions of body health.

3.9 Antioxidant content with inhibition concentration value of 50% (ICso)

The ICso value is the concentration of the antioxidant source to neutralize 50% of the radical
compounds. The lower the ICso value, the better the antioxidant activity of the sample. I1Cso antioxidant
content is determined from the 3 best samples based on the highest inhibition percentage, namely on
lemongrass and Malang apple powders coated with dextrin with the drying temperatures of 40°C, 45°C
and 50°C. According to Phongpaichit et al. (2007), ICso value < 10 ppm indicates a very strong activity. 1Cso
10-50 ppm indicates a strong activity, ICso > 50-100 ppm indicates moderate activity, and ICsp > 100-250
ppm indicates a weak activity. The results showed that the ICso value in the lemongrass and Malang apple
powder drinks was 0.9 to 1.47 % (Table 9), which indicated a very strong activity. The results of research
by Andriyani et al. (2015) show that the 1Cso value of Curcuma zanthorrihiza L. and red ginger powder
functional drinks made using the spray drying method has the highest average value of 0.62 ppm at 4%
maltodextrin concentration, and the lowest or weakest value of 1.00 ppm at 0% maltodextrin
concentration.

4. Conclusion

The results showed that the type of coating significantly affected the parameters of stability,
dissolution time, ash content, vitamin C, and antioxidants. Meanwhile, the drying time significantly
affected the parameters of stability, dissolution time, water content, ash content, vitamin C, and
antioxidants. There was an interaction between the type of coating and the drying time that affected the
bulk density, stability, dissolution time, ash content, vitamin C, and antioxidants. The best quality was
determined based on the antioxidant content and high stability. The fast dissolution time was found in
the lemongrass and Malang apple powder dried at 45°C with the dextrin coating. The best lemongrass and
Malang apple powder drinks had the following characteristics: a solubility of 0.96 seconds, a bulk density
of 0.58 gr/mL, a stability of 89.19%, a water content of 2.38%, an ash content of 1.21%, a vitamin C content
of 70.22%, a percent antioxidant inhibition of 50.97%, an ICso content of 1.29 %, and a water activity 0.50.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgments

We wish to express our deep thanks to all the members of Food Technology Study Program for
their helps to this research.

References



464
465
466

467
468
469

470
471
472

473
474
475

476
477
478

479
480
481

482
483
484
485

486
487
488
489

490
491
492
493

494
495

496
497
498
499

Adri, D. and Hersoelistyorini, W. (2013). Aktivitas dan sifat organoleptik teh daun sirsak (Annona muricata
Linn.) berdasarkan variasi lama pengeringan. Jurnal Pangan dan Gizi, 4(7), 1-12.
https://jurnal.unimus.ac.id/index.php/JPDG/article/view/1058/1107 [In Bahasa Indonesial.

Alftren, J., Pefarrieta, J.M., Bergenstahl, B. and Nilssona, L. (2012). Comparison of molecular and
emulsifying properties of gum Arabic and mesquite gum using asymmetrical fractionation. Food
Hydrocolloids, 26(1), 54-62. https://doi.org/10.1016/j.foodhyd.2011.04.008

Andarwulan, N., Kusnandar, F. and Herawati, D. (2011). Analisis Pangan, Dian Rakyat, Jakarta. Retrieved
on November 15, 2021 from https://opac.perpusnas.go.id/DetailOpac.aspx?id=106274 [In Bahasa
Indonesial.

Andriyani, R., Budiati, T.A. and Pudjiraharti, S. (2015). Effect of extraction method on total flavonoid, total
phenolic content, antioxidant and anti-bacterial activity of Zingiberis Officinale rhizome. Procedia
Chemistry, 16,149-154. https://doi.org/10.1016/j.proche.2015.12.023

Anggraini, D.N., Radiati, L.E. and Purwadi. (2016). Penambahan CMC pada minuman madu sari apel
ditinjau dari rasa, aroma, warna, ph, viskositas, dan kekeruhan. Jurnal lImu dan Teknologi Hasil
Ternak, 11(1), 59-68. https://doi.org/10.21776/ub.jitek.2016.011.01.7 [In Bahasa Indonesial.

Anjani, M.R., Kusumowati, I.T.D., Indrayudha, P. and Sukmawati, A. (2011). Formulasi suspensi
siprofloksasin dengan suspending agent pulvis gummi arabici dan daya antibakterinya. Jurnal
Pharmacon, 12(2), 26-32. https://doi.org/10.23917/pharmacon.v12i1.45 [In Bahasa Indonesial.

Aretzy, A., Ansarullah, and Wahab, D. (2018). Pengembangan minuman instan dari limbah biji buah
alpukat (persea americana mill) dengan pengaruh penambahan maltodekstrin. Jurnal Sains dan
Teknologi Pangan, 3(1), 1027- 1035. http://ojs.uho.ac.id/index.php/jstp/article/view/3975 [In
Bahasa Indonesial.

Asiah, N., Sembodo, R. and Prasetyaningrum, A. (2012). Aplikasi metode foam mat drying pada proses
pengeringan  spirulina.  Jurnal Teknologi Kimia  dan Industri 1(1), 461-467.
https://media.neliti.com/media/publications/141636-ID-aplikasi-metode-foam-mat-drying-
pada-pro.pdf [In Bahasa Indonesia].

Baskara, M. (2010). Pohon Apel itu masih (bisa) berbuah lebat. Majalah limiah Populer Bakosurtanal
Ekspedisi Geografi Indonesia. Website: Retrieved on November 15, 2021 from
https://fdokumen.com/document/pohon-apel-itu-masih-bisa-berbuah-ilmiah-populer-
bakosurtanal-ekspedisi-geografi.html?page=1

BSN [Badan Standarisasi Nasional]. (1996). SNI 01-4320-1996 tentang minuman serbuk. Badan
Standarisasi Nasional. Jakarta.

Cakmakci, S., Topdas, E.F., Kalin, P., Han, H., Sekerci, P., Kose, L.P. and Gulcin, I. (2015). Antioxidant
capacity and functionality of oleaster (Elaeagnus angustifolia L.) flour and crust in a new kind of
fruity ice cream. International Journal of Food Science and Technology, 50(2), 472-481.
https://doi.org/10.1111/ijfs.12637




500
501

502
503
504
505
506
507

508
509
510

511
512
513
514

515
516
517

518
519
520

521
522
523

524
525
526

527
528
529

530
531
532
533
534
535
536

Daugan, E. and Abdullah, A. (2013). Utilization of gum arabic for industries and human health. American
Journal of Applied Sciences, 10(10),1270-1279. https://doi.org/10.3844/ajassp.2013.1270.1279

Godwin, A., Daniel, G.A., Shadrack, D., Elom, S.A., Nana-Afua, K.A-B., Godsway, B., Joseph, K.G., Sackitey,
N.O., Isaak, K.B., and Wisdom, A. (2014). Determination of elemental, phenolic, antioxidant and
flavonoid properties of Lemon grass (Cymbopogon citratus Stapf). International Food Research
Journal, 21(5), 1971-1979
http://www.ifri.upm.edu.my/21%20(05)%202014/36%201FRJ%2021%20(05)%202014%20Godwi

n%20253.pdf

Goncalves, C., Moreira, S.M., Carvalho, V., Silva, D.M. and Gama, M. (2015). Dextrin. Encyclopedia of
Biomedical Polymers and Polymeric Biomaterials. Taylor and Francis, 2534-2649.
http://repositorium.sdum.uminho.pt/bitstream/1822/56897/1/document 33786 1.pdf

Harahap, M.L. and Suryani, E. (2021). Pelatihan pembuatan serbuk instan manis daun pepaya sebagai
upaya memperlancar air susu ibu di desa purba tua kecamatan padangsidimpuan tenggara tahun
2021. Jurnal Pengabdian Masyarakat Aufa (JPMA), 3(2),114-120.
https://jurnal.unar.ac.id/index.php/jamunar/article/view/458 [In Bahasa Indonesia].

Herawati, H. (2018). Potensi hidrokoloid sebagai bahan tambahan pada produk pangan dan non pangan
bermutu. Jurnal Litbang Pertanian, 37(1),17-25. https://doi.org/10.21082/jp3.v37n1.2018.p17-25
[In Bahasa Indonesia].

Hofman, D.L., Van Buul, V.J. and Brouns, F.J.P.H. (2016). Nutrition, Health, and Regulatory Aspects of
Digestible Maltodextrins.  Food  Science and  Nutrition, 56(12), 2091-2100.
https://doi.org/10.1080/10408398.2014.940415

Hui, Y.H., Clary, C., Farid, M.M., Fasina, 0.0., Noomhorn, A. and Welti-Chanes, J. (2008). Food Drying
Science and Technology: Microbiology, Chemistry, Application, Lancaster, Destech Publications,
Inc. https://searchworks.stanford.edu/view/12366162

Husna, N.E., Novita, M. and Rohaya, S. (2013). Kandungan antosianin dan aktivitas antioksidan ubi jalar
ungu segar dan produk olahannya. AGRITECH, 33(3),296-302.
https://jurnal.ugm.ac.id/agritech/article/view/9551/7126 [In Bahasa Indonesia].

Ibrahim, H.M. and Salem, F.M.A. (2013). Effect of adding lemongrass and lime peel extracts on chicken
patties  quality. Journal of Applied Sciences  Research, 9(8), 5035-5047.
http://www.aensiweb.com/old/jasr/jasr/2013/5035-5047.pdf

Iddir, M., Brito, A., Dingeo, G., del Campo, S.S.F., Samouda, H., la Frano, M.R. and Bohn, T. (2020).
Strengthening the Immune System and Reducing Inflammation and Oxidative Stress through Diet
and Nutrition: Considerations during the COVID-19 Crisis. Nutrients, 12(1562), 1-39.
https://doi.org/10.3390/nu12061562

Kryzhska, T., Danylenko, S. and Huang, X. (2020). The characteristics of the properties of artichoke powder
and its use in food. Food Resources, 15(14), 131-138.
https://doi.org/10.31073/foodresources2020-15-14




537
538
539
540

541
542
543
544

545
546
547

548
549
550

551
552
553

554
555
556
557
558

559
560
561
562
563
564

565
566
567

568
569
570
571

572
573

Leggli, C.V.S., Bohrer, D., Nascimento, P.C. and Carvalho, L.M. (2011). Determination of sodium,
potassium, calcium, magnesium, zinc and iron in emulsified chocolate samples by flame atomic
absorption spectrometry. Food Chemistry, 124(3), 1189-1193.
https://doi.org/10.1016/j.foodchem.2010.07.043

Martins, E., Cnossen, D.C., Silva C.R.J., Cezarino, J.C., Nero.L.A., Perrone, |.T. and Carvalho, A.F. (2019).
Determination of ideal water activity and powder temperature after spray drying to reduce
Lactococcus lactis cell viability loss. Journal of Dairy Scince, 102(7), 6013-6022.
https://doi.org/10.3168/ids.2019-16297

Minah, F.N., Aulia, Y.R. and Rahmadani, F. (2021). Pembuatan Minuman Serbuk Mix Fruit Kaya Vitamin C
Dan Antioksidan Untuk Meningkatkan Imunitas Tubuh. ATMOSPHERE, 2(1), 14-22.
https://doi.org/10.36040/atmosphere.v2i1.3538

Mirghani, M.E.S., Liyana, Y. and Parveen, J. (2012). Bioactivity analysis of lemongrass (Cymbopogon
citratus) essential oil. International Food Research Journal, 19(2), 569-575.
http://ifri.upm.edu.my/19%20(02)%202012/(29)IFRJ-2012%20Mirghani.pdf

Morodi, V., Kaseke, T. and Fawole, O.A. (2022). Impact of gum arabic coating pretreatment on quality
attributes of oven-dried red raspberry (Rubus idaeus L.) fruit. Processes, 10(8), 1-21.
https://doi.org/10.3390/pr10081629

-, L.T., Suhaidi, I. and Ginting, S. (2015). Pengaruh suhu pengeringan dan konsentrasi dekstrin
terhadap mutu minuman instan bit merah. Jurnal Rekayasa Pangan dan Pertanian, 3(2), 178-184.
https://download.garuda.kemdikbud.go.id/article.php?article=1434461&val=4140&title=The%2
OEffect%200f%20Drying%20Temperature%20and%20Concentration%200f%20Dextrin%200n%2
0The%20Quality%200f%20Red%20Beet%20Instant%20Drink [In Bahasa Indonesia].

_, M., Ginting, S. and Lubis, Z. (2014). Pengaruh konsentrasi susu sapi segar dan konsentrasi
dekstrin terhadap mutu minuman cokelat instan. Jurnal Rekayasa Pangan dan Pertanian, 2(3), 54-
61.
https://download.garuda.kemdikbud.go.id/article.php?article=14343458&val=4140&title=The%2
OEffect%200f%20Fresh%20Cow%20Milk%20and%20Dextrin%20Concentration%200n%20Quality
%200f%20Instant%20Chocolate%20Drink [In Bahasa Indonesia].

Palijama, S., Breemer, R. and Topurmera, M. (2020). Karakteristik kimia dan fisik bubur instan berbahan
dasar tepung jagung pulut dan tepung kacang merah. Agritekno: Jurnal Teknologi Pertanian, 9(1),
20-27. https://ojs3.unpatti.ac.id/index.php/agritekno/article/view/1586 [In Bahasa Indonesial.

Paramita, I.A.M.l, Mulyani, S. and Hartiati, A. (2015). Pengaruh konsentrasi maltodekstrin dan suhu
pengeringan terhadap karakteristik bubuk minuman sinom. Jurnal Rekayasa dan Manajemen
Agroindustri, 3(2), 58-68. https://ojs.unud.ac.id/index.php/jtip/article/view/18690 [In Bahasa
Indonesial.

Parfiyanti, E.A., Budihastuti, R. and Hatuti, E.D. (2016). Pengaruh suhu pengeringan yang berbeda
terhadap kualitas cabai rawit (Capsicum frutescens L.). Jurnal Biologi, 5(1), 82-92.



574
575

576
577
578

579
580
581
582

583
584
585

586
587
588

589
590
591
592
593
594

595
596
597
598

599
600
601

602
603
604
605
606
607
608

609
610
611

https://ejournal3.undip.ac.id/index.php/biologi/article/view/19484/18478 [In Bahasa
Indonesial.

Patras, A., Brunton, N.P., O’Donnell, C. and Tiwari, B.K. (2010). Effect of thermal procesing on anthocyanin
stability in foods: mechanisms and kinetics of degradation. Trends In Foods Science and
Technology, 21(1), 3-11. https://doi.org/10.1016/].tifs.2009.07.004

Phongpaichit, S., Nikom, J., Runfjindamai, N., Sakayaroj, J., Hutadilok-Towatana, N., Rukachaisirikul, V. and
Kirtikara, K. (2007). Biological activities of extracts from endophytic fungi isolated from Garcinia
plants. FEMS Immunology and Medical Microbiology, 51(3), 517-525.
https://doi.org/10.1111/j.1574-695X.2007.00331.x

Phoungchandang, S., Sertwasana, A., Sanchai, P. and Pasuwan, P. (2009). Development of a small-scale
processing system for concentrated ginger powders. World Applied Sciences Journal, 6(4), 88-493.
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.388.6513&rep=rep1&type=pdf.

Poeloengan, M. (2009). Pengaruh Minyak Atsiri Serai (Andropogon citratus DC.) terhadap Bakteri yang
Diisolasi dari sapi mastitis subklinis. Berita Biologi, 9(6), 715-719.
https://media.neliti.com/media/publications/69057-ID-none.pdf [In Bahasa Indonesia].

Pramanta, F.D., Susilo, L.W. and Fahmi, M.R. (2017). Sistem cerdas penyortiran apel berdasarkan warna
dan ukuran berbasis mikrokontroler arduino, presented at Seminar Nasional Terapan Riset
Inovatif, Malang 2017. Malang, Indonesia: Politeknik Negeri Malang, Politeknik Negeri Semarang,
Politeknik Negeri Bali, dan Politeknik Manufaktur Bangka Belitung.
http://proceeding.sentrinov.org/index.php/sentrinov/article/view/261/239 [In Bahasa
Indonesial.

Pramitasari, D., Anandhito, R.B.K. and Fauza, G. (2011). Penambahan ekstrak jahe dalam pembuatan susu
kedelai bubuk instan dengan metode spray drying: komposisi kimia, sifat sensoris, dan aktivitas
antioksidan.  Biofarmasi  Journal of Natural Product Biochemistry, 9(1),17-25.
https://doi.org/10.13057/biofar/f090104 [In Bahasa Indonesia].

Purbasari, D. (2019). Aplikasi metode foam-mat drying dalam pembuatan bubuk susu kedelai instan.
Jurnal Agroteknologi, 13(1): 52-61. https://doi.org/10.19184/j-agt.v13i01.9253 [In Bahasa
Indonesial].

Purnomo, W., Khasanah, L.U. and Anandito R.B.K. (2014). Pengaruh ratio kombinasi maltodekstrin,
karagenan dan whey terhadap karekteristik mikroenkapsulan pewarna alami daun jati (Tectona
grandis L.F). Jurnal Aplikasi Teknologi Pangan, 3(3), 121-129.
http://journal.ift.or.id/files/33121129%20Pengaruh%20Ratio%20Kombinasi%20Maltodekstrin,%
20Karagenan%20dan%20Whey%20Terhadap%20Karakteristik%20Mikroenkapsulan%20Pewarna
%20Alami%20Daun%20Jati%20(Tectona%20Grandis%20L.%20F.)%20LowRes.pdf [In  Bahasa
Indonesial.

Royhanaty, I., Mayangsari, D. and Novitia, M. (2018). Manfaat minuman serai (Cymbopogo Citrus) dalam
menurunkan intensitas dismenore. Jurnal SMART Kebidanan. STIKES Karya Huda Semarang, 5(1),
125-130. http://dx.doi.org/10.34310/sjkb.v5i1.153 [In Bahasa Indonesia].




612
613
614

615
616
617

618
619
620

621
622
623

624
625
626
627
628
629

630
631
632

633
634
635

636
637
638

639
640
641

642
643
644
645

646
647
648

Rusita, Y.D., Purwasih, R. and Rakhmayanti, R.D. (2019). Perbandingan aktivitas antioksidan ektrak apel
hijau (Malus domestica). Jurnal Kementerian Kesehatan Politeknik Kesehatan Surakarta Jurusan
Anafarma, 4(1), 54-57. https://doi.org/10.37341/jkkt.v4i1.100 [In Bahasa Indonesia].

Sadeghi, M, Araghi, H.A. and Hemmat, A. (2010). Physico-mechanical properties of rough rice (Oryza
sativa L.) grain as affected by variety and moisture content. Agriculture Engineering International:
CIGR Journal, 12(3), 129136. https://cigriournal.org/index.php/Ejounral/article/view/1702/1381

Sakdiyah, K. and Rekna, W. (2019). Pengaruh persentase maltodekstrin dan lama pengeringan terhadap
kandungan vitamin ¢ minuman serbuk instan terong cepoka (Solanum torvum). Jurnal Teknologi
Pangan, 10(1),23-34. https://doi.org/10.35891/tp.v10i1.1465 [In Bahasa Indonesial.

Santoso, B., Herpandi, H., Pitayati, P.A. and Pambayun, R. (2013). Pemanfaatan karaginan dan gum arabic
sebagai edible film berbasis hidrokoloid. AGRITECH, 33(2), 140-145.
https://doi.org/10.22146/agritech.9802 [In Bahasa Indonesial.

Sari, Y.M., Sari, A.P. and Haya, M. (2021). Daya terima dan karakteristik minuman serbuk ‘terai’ berbahan
dasar temulawak (Curcuma xanthorriza Roxb) dan serai (Cymbopogon Citratus). Jurnal Vokasi
Keperawatan, 4, 319-332. https://doi.org/10.33369/jvk.v4i2.16166

Sediaoetama, A.D. (2010). Iimu Gizi untuk Mahasiswa dan Profesi di Indonesia. Jakarta, Indonesia: Dian
Rakyat. https://inlislite.blitarkota.go.id/opac/detail-opac?id=2474 [In Bahasa Indonesia].

Septevani, A.A., Sondari, D. and Ghozali, M. (2013). Pengaruh teknik pengeringan semprot (spray drying)
dalam mikroenkapsulasi asiaticoside dan ekstrak jahe. Jurnal Sains Materi Indonesia, 14(4), 248—
252. http://jurnal.batan.go.id/index.php/jsmi/article/view/4381/3838 [In Bahasa Indonesia].

Setiawati, N.P., Santoso, J. and Purwaningsih, S. (2014). Karakteristik beras tiruan dengan penambahan
rumput laut Eucheuma cottonii sebagai sumber serat pangan. Jurnal lImu dan Teknologi Kelautan
Tropis, 6(1),197-208. https://doi.org/10.28930/jitkt.v6i1.8641 [In Bahasa Indonesial.

Shadri, S., Moulana, R. and Safriani, N. (2018). Kajian pembuatan bubuk serai dapur (Cymbopogon citratus)
dengan kombinasi suhu dan lama pengeringan. Jurnal limiah Mahasiswa Pertanian, 1(3), 371-380.
https://doi.org/10.17969/jimfp.v3i1.6435 [In Bahasa Indonesial.

Soottitantawat, A., Yoshii, H., Furuta, T., Ohkawara, M. and Lingko, P. (2006). Microencapsulation by spray
drying: influence of emulsion size on the retention of volatile compounds. Journal of Food Science,
68(7), 2256-2262. https://doi.org/1111/j.1365-2621.2003.tb05756

Stranzinger S., Faulhammer E., Calzolari V., Biserni S., Dreu R., Sibanc R., Paudel A. and Khinast J.G. (2017).
The effect of material attributes and process parameters on the powder bed uniformity during a
low-dose dosator capsule filling process. International Journal of Pharmaceutics, 516(1-2), 9-20.
https://doi.org/10.1016/j.ijpharm.2016.11.010

Suparni, W.A. dan Wulandari, A. (2012). Herbal Nusantara 1001 Ramuan Tradisional Asli Indonesia.
Yogyakarta, Indonesia: Rapha Publishing.
https://onesearch.id/Record/I0S6.INLISO00000000022844/Details [In Bahasa Indonesia].




649
650
651
652

653
654
655

656
657
658

659
660
661

662
663
664
665

666
667

668
669
670
671
672

673
674
675
676
677

678
679
680
681

682
683
684
685

Susanti, Y.l. and Putri, W.D.R. (2014). Pembuatan minuman serbuk markisa merah (Passiflora edulis f.
edulis Sims) kajian konsentrasi tween 80 dan suhu pengeringan. Jurnal Pangan dan Agroindustri
Universitas Brawijaya Malang, 2(3), 170-179.
https://jpa.ub.ac.id/index.php/jpa/article/view/65/82 [In Bahasa Indonesial.

Sutardi, Hadiwiyoto, S. and Murti, C.R.N. (2010). Pengaruh dekstrin dan gum arab terhadap sifat kimia dan
fisik bubuk sari jagung manis (Zeamays saccharata). Jurnal Teknologi dan Industri Pangan, 21(2),
102-107. https://journal.ipb.ac.id/index.php/jtip/article/view/3405 [In Bahasa Indonesia].

Tangkeallo, C. and Widyaningsih, T.D. (2014). Aktivitas antioksidan serbuk minuman instan berbasis miana
kajian jenis bahan baku dan penambahan serbuk jahe. Jurnal Pangan dan Agroindustri, 2(4), 278-
284. https://jpa.ub.ac.id/index.php/jpa/article/view/100/118 [In Bahasa Indonesial.

Tyanjani, E.F. and Yunianta, Y. (2015). Pembuatan dekstrin dari pati sagu (Metroxylon sagus Rottb) dengan
enzim B-amilase terhadap sifat fisiko kimia. Jurnal Pangan dan Agroindustri, 3(3),1119-1127.
https://jpa.ub.ac.id/index.php/jpa/article/view/234 [In Bahasa Indonesial.

Wahyuningtyas, C.T., Susanto, W.H.S. and Purwantiningrum, I. (2017). Pengaruh varietas apel (Malus
sylvestris Mill) di kota batu dan konsentrasi gula terhadap karakteristik lempok apel. Jurnal
Pangan dan Agroindustri, 5(2), 1-11. https://jpa.ub.ac.id/index.php/jpa/article/view/525 [In
Bahasa Indonesial.

Wibisono, W.G. (2011). Tanaman Obat Keluarga Berkasiat. Ungaran Semarang, Indonesia: Vivo Publisher
Ungaran. https://opac.perpusnas.go.id/DetailOpac.aspx?id=1237941 [In Bahasa Indonesial.

Widiastuti, A., Anindya, R.N. and Harismah, K. (2019). Minuman fungsional dari serai (Cymbopogon
citratus) dan pemanis stevia. Prosiding The 8" University Research Colloquium 2018: Bidang MIPA
dan Kesehatan Universitas Muhammadiyah Purwokerto, Purwokerto, Indonesia, November 21.
Page 628-634. https://repository.urecol.org/index.php/proceeding/article/view/409/399 [In
Bahasa Indonesial.

Widowati, S., Nurjanah, R. and Amrinola, A. (2010). Proses pembuatan dan karakterisasi nasi sorgum
instan. Prosiding Pekan Serelia Nasional. Balai Penelitian Tanaman Serealia, Maros, Indonesia, July
26-30. Page 35-48.
https://scholar.google.co.id/citations?view op=view citation&hl=en&user=JoAj7KkAAAAJ&citat
ion for view=JoAj7KkAAAAJ:UeHWp8XOCEIC [In Bahasa Indonesia].

Wiyono, R. (2011). Studi pembuatan serbuk effervescent temulawak (Curcuma xanthorrhiza Roxb) kajian
suhu pengering, konsentrasi dekstrin, konsentrasi asam sitrat dan na-bikarbonat. Teknologi
Pangan. https://jurnal.yudharta.ac.id/v2/index.php/Teknologi-Pangan/article/view/477/374 [In
Bahasa Indonesial.

Woulansari, A., Prasetyo, D.B., Lejaringtyas, M., Hidayat, A. and Anggarini, S. (2012). Aplikasi dan analisis
kelayakan pewarna bubuk merah alami berantioksidan dari ekstrak biji buah pinang (Areca
catechu) sebagai bahan pengganti pewarna sintetik pada produk pangan. Jurnal Industria, 1(1), 1-
9. DOI: https://industria.ub.ac.id/index.php/industri/article/view/95/287 [In Bahasa Indonesial.




686
687
688

689
690
691
692
693

694
695
696
697
698

699
700
701
702

703

Xu, J., Zhao, W., Ning, Y., Jin, Z., Xu, B. and Xu, X. (2012). Comparative study of spring dextrin impact on
amylose retrogradation. Journal of Agricultural and Food Chemistry, 60(19), 4970-4976.
https://doi.org/10.1021/jf2052477

Yamin, M., Furtuna, D. and Hamzah, F. (2017). Lama pengeringan terhadap aktivitas antioksidan dan mutu
teh herbal ketepeng cina (Cassia alata L). Jurnal Teknologi Hasil Pertanian Jurusan Teknologi
Pertanian Universitas Riau, 4(2), 1-15. https://www.neliti.com/publications/201304/lama-
pengeringan-terhadap-aktivitas-antioksidan-dan-mutu-teh-herbal-daun-ketepen [In  Bahasa
Indonesial.

Yudhianto 1.Y., Rejeki, E.S. and Ekowati, D. (2013). Optimasi formula gel ekstrak buah apel hijau (Pyrus
malus L.) sebagai antioksidan dengan kombinasi basisi metil selulosa dan gliserin secara simplex

lattice Design. Jurnal Biomedika, 6(2), 7-13.
http://ejurnal.setiabudi.ac.id/ojs/index.php/biomedika/article/view/248/219 [In Bahasa
Indonesial.

Yuliwaty, S.T. and Susanto, W.H. (2015). Pengaruh lama pengeringan dan konsentrasi maltodekstrin
terhadap karakteristik fisik kimia dan organoleptik minuman instan daun mengkudu (Morinda
citrifolia). Jurnal Pangan dan Agroindustri, 3(1), 41-52.
https://jpa.ub.ac.id/index.php/jpa/article/view/108/124 [In Bahasa Indonesia].




704

705
706
707
708
709

710
711
712
713

714

715
716
717
718
719
720

Table 1. The mean value of bulk density for lemongrass and Malang apple powder drinks.

Drying Coating type
temperature  Maltodekstrin Dekstrin Gum Arabic  MeanzSD
40°C 0.58+0.04° 0.63+0.03° 0.64+0.01° 0.62+0.03
45°C 0.67£0.03*®  0.58+0.05%° 0.64+0.03°“ 0.63+0.05
50°C 0.58+0.06° 0.67+0.02°¢  0.52+0.00° 0.59+0.08
MeantSD 0.61+0.05 0.63+0.05 0.60£0.60

Note: the mean value followed by different letters indicates a significant difference (P<0.05)

Table 2. The mean value of dissolution time for lemongrass and Malang apple powder drinks (second).

Drying Coating type Mean
temperature 5D
Maltodekstrin Dekstrin Gum Arabic
40°C 1.06+0.04>  1.11+0.01*®  1.29+0.07¢ 1.15+0.12¢
45°C 1.04+0.00®¢  0.96+0.07° 1.05+0.03%*°  1.02%0.05°
50°C 1.07+0.00°  1.01+0.02¢  1.17+0.03¢ 1.08+0.08?
MeanzSD 1.05+0.01° 1.03+0.08°  1.17+0.12°

Note: the mean value followed by different letters indicates a significant difference (P<0.05)

Table 3. The mean value of stability for lemongrass and Malang apple powder drinks (%).

Drying Coating type MeanSD
temperature  Maltodekstrin Dekstrin Gum Arabic
40°C 65.30+0.65  87.32+0.45° 63.89+2.66° 72.17+13.14°
45°C 73.0120.57¢  89.19+0.43°  69.69+0.59° 77.30+10.43°
50°C 78.74+1.00  93.33+0.40"° 80.19 +0.00°  84.09+8.03°
MeanzSD 72.35+6.74° 89.95+3.07°  71.26+8.26°
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Table 4. The mean value of water content for lemongrass and Malang apple powder drinks (%).

Drying Coating type MeanSD
temperature  Maltodekstrin Dekstrin Gum Arabic
40°C 2.57+0.06 2.51+0.04 2.54+0.02 2.54+0.03¢
45°C 2.39+0.06 2.38+0.12 2.31+0.03 2.36+0.04°
50°C 2.07+0.02 2.16+0.02 2.06+0.02 2.10+0.05?
MeantSD 2.34+0.25 2.35+0.18 2.30+0.24

Note: the mean value followed by different letters indicates a significant difference (P<0.05)

Table 5. The mean value of ash content for lemongrass and Malang apple powder drinks (%).

Drying Coating type MeantSD
temperature Maltodekstrin Dekstrin Gum Arabic
40°C 1.17+0.13% 1.460.11°¢ 1.06+0.07° 1.234£0.21°
45°C 1.26+0.01°¢  1.21+0.03*°  1.2440.03°¢  1.23+0.02°
50°C 1.26+0.02°¢¢  1.3740.01°°  1.38+0.09%¢  1.33%0.07°
Mean+SD 1.23+0.05° 1.34+0.13° 1.23+0.16°

Note: the mean value followed by different letters indicates a significant difference (P<0.05)

Table 6. The mean value of vitamin C content for lemongrass and Malang apple powder drinks (%).

Drying Coating type Mean+$132
temperature  Maltodekstrin Dekstrin Gum Arabic an
40°C 68.11+1.74%  72.69+2.74°  61.95+0.50° 67.58 +5.39°
45°C 63.36£1.49°  70.22+1.24%  58.26+1.24° 63.95+6.034
50°C 54.91+0.50° 63.36+1.49°¢ 53.15+0.50? 57.14i5.§§;

Mean+SD 62.13+6.69° 68.76+4.83° 57.79+4.42°

Note: the mean value followed by different letters indicates a significant difference (P<0.05)
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Table 7. The mean value of water activity for lemongrass and Malang apple powder drinks.

Drying Coating type Mean+
temperature  Maltodekstrin Dekstrin Gum Arabic SD
40°C 0.48+0.00 0.48+0.02 0.51+0.00 0.49+0.02
45°C 0.51+0.03 0.50+0.01 0.44+0.02 0.49+0.04
50°C 0.49+0.04 0.46+0.05 0.4610.01 0.47+0.02
MeanSD 0.49+0.02 0.48+0.02 0.47+0.03

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

Table 8. The mean value of radical scavenging activity content for lemongrass and Malang apple powder
drinks (%).

Drying Coating type MeanSD,c ¢
temperature  Maltodekstrin Dekstrin Gum Arabic
40°C 56.96+1.13  60.13+0.05" 53.66+0.14¢  56.92+3.24°%
45°C 45.73+0.67°  50.97+0.11° 48.17+0.18¢ 48.29+2.6753
50°C 37.45+1.07°  43.98+0.71° 37.53+0.21° 39.6543.75; ,

Note: the mean value followed by different letters indicates a significant difference (P<0.05)

Table 9. The mean value of ICsg antioxidant content for lemongrass and Malang apple powder drinks (%)
on the best product.

Drying Coating type
temperature Dekstrin
40°C 0.9+0.01
45°C 1.279+0.08
50°C 1.47+0.01
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Abstract

Fresh beverages from fruits and herbal plants that contain antioxidants are able to enhance the immunity of
the human body. However, such fresh beverage products generally have a short shelf life. As an alternative,
the products must be converted into powdered drinks. Coating materials are thus needed to avoid the loss
of antioxidant compounds during the drying process. This study aimed to scrutinize the effects of coating
type and drying temperature on the quality of lemongrass and Malang apple powdered drinks. The study

employed a completely randomized design (CRD) with two factors and two replications. The first factor was
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the coating type with 3 levels (maltodextrin, dextrin, gum arabic) and the second factor was the drying
temperature with 3 levels (40°C, 45°C, 50°C). The data were analyzed using Analysis of variance one-way
(%NAVA) }test and Duncan's further test if the treatment was significantly different. The results showed that
the type of coating significantly affected the parameters of stability, dissolution time, ash content, vitamin
C, and antioxidants. Meanwhile, the drying time significantly affected the parameters of stability, dissolution
time, water content, ash content, vitamin C, and antioxidants. There was an interaction between the coating
type and drying time that affected the bulk density, stability, dissolution time, ash content, vitamin C, and
antioxidants. The best result based on the high content of antioxidants was obtained on the dextrin coating
type with a drying temperature of 45°C. Product characteristics included a solubility of 0.96 seconds, a bulk
density of 0.58 g/mL, a stability of 89.19%, a water content of 2.38%, an ash content of 1.21%, a vitamin C
content of 70.22%, an antioxidant inhibition percentage of 50.97%, an ICs, content of 1.29, and a water

activity of 0.50.

Keywords: Apples, Dextrin, Powdered drinks, Drying, Lemongrass

1. Introduction

The COVID-19 pandemic has forced people to maintain their health by increasing their body's immunity.
Body immunity can be enhanced through an adequate diet and nutrition from drinks (Iddir et al., 2020).
Powdered drinks are processed food products in the form of a powder. Having a relatively long shelf life, the
product is easy to serve and can be rapidly dissolved in water. In addition, powdered drinks are easy to carry
and ship (Tangkeallo et al., 2014), making the product to be liked by the public. One of the ingredients that
can boost the body's immunity is herbal plants. The plants are known to contain antioxidant compounds.
Antioxidants are able to capture free radicals to enhance the immunity of the body (Cakmakci et al., 2015).
One of the popular herbal plants that contains antioxidants is lemongrass. Lemongrass contains
compounds including geraniol, citronellol, lemonen, kadinen, eugenol, dipentene, citral (Wibisono, 2011).
Acting as an anticancer and antioxidant, these compounds can stabilize blood pressure, treat constipation,
help the digestive system, tighten the body after childbirth (Poeloengan, 2009), and reduce pain (Royhanaty
et al., 2018). In addition to lemongrass, Malang apples, a famous fruit typical of the city of Malang, also
belong to the food ingredient that can enhance the body's immunity. Being small in size, Malang apples
have low economic value because they are less attractive to consumers (Pramanta et al., 2017).

Meanwhile, according to Rusita et al. (2019), Malang apples contain lots of vitamins such as vitamins A, B,
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and C, minerals, and fiber. The apples also contain flavonoid compounds, including quercetin. Vitamin C
and quercetin act as antioxidants, antivirals, and anti-inflammatories that protect the body's reproductive
system. Flavonoids as antioxidants have the ability to act as anti-free radicals and reduce free radicals
(Suparni dan Wulandari, 2012).

However, although containing beneficial antioxidants, lemongrass and Malang apples are rarely used
as ingredients to make powdered beverages. Due to its practicality, ready-to-serve drinks in powder form
(Sari et al., 2021) with both ingredients are necessary to be made. In order to function as a nutritional drink,
the making of powdered drinks from lemongrass and Malang apples should pay special attention to the
drying process (Naibaho et al., 2015). It is because the active ingredients contained in lemongrass and
Malang apples are volatile. Drying at high temperatures for a long time can reduce the antioxidant activity of
the dried material (Yamin et al., 2017). To maintain the amount of antioxidants present, it is necessary to
find the right drying temperature. In addition, coating materials are needed to maintain the existing volatile
compounds. The commonly used coating material is gum Arabic because this material has the ability to
form good emulsions and films. Compared to modified starch, gum arabic as a coating material is able to
maintain the stability of volatile compounds and trap the highest volatile components (Santoso et al., 2013).
Gum arabic can preserve the flavor of dried materials by coating the flavor particles, protecting them from
oxidation, absorption, and evaporation of water from the air (Herawati, 2018). According to Harahap et al.
(2021), maltodextrin has a high solubility, a strong binding power, and low browning properties. In addition,
being able to disperse quickly, maltodextrin can inhibit crystallization and form low hygroscopic properties.
Meanwhile, dextrin has a high solubility, but it has a relatively low ability to bind water and a relatively low

viscosity (Asiah et al., 2012).

Based on the description above, this study aimed to investigate the effects of coating type and drying
temperature on the quality of lemongrass and Malang apple powdered drinks. The quality of the powdered
drinks was determined based on physical tests in the form of bulk density, dissolution time, and stability
tests. These tests were required to determine packaging. In addition, chemical tests were carried out in the
form of water content, ash content, antioxidant activity, water activity, and vitamin C. These tests would
indirectly determine the shelf life of the product and its ability to enhance the body's immunity. This research
has yielded a product with the following characteristics: easy to carry, having the potential to boost the

body's immunity, and having a relatively long shelf life.

2. Materials and methods



2.1 Materials and equipment

The materials used in the study were lemongrass stems and seedless Malang apples, maltodextrin,
dextrin, gum Arabic powder, water, and brown sugar. The materials for chemical analysis were distilled
water, starch indicator, 0.1 N NaOH, 50 mg/L DPPH, methanol p.a, and ascorbic acid. The tools used in the
study were a Mitzui blender, cutting boards, measuring cups, knives, WTC Binder 78532 blower ovens,
baking sheets, spoons, Matrix ESJ210-4B scales, volumetric flasks, Erlenmeyer, burettes, measuring
pipettes, a suction ball, a funnel pipette, a beaker glass, a filter paper, a burette, a stative, a Siever 60 mesh,

and a UV2100 spectrophotometer.

2.2 The process of making lemongrass and malang apple powdered drinks
The process of making powdered drinks was a modification of the research of Susanti and Putri (2014).
The process of making powdered drinks consisted of two stages including the making of fruit pulp and the

drying process.

2.2.1 Making fruit pulp

The making of fruit pulp began with the sorting of the lemongrass and Malang apples. The ingredients
sorted were washed and cut (1:1 w/w), and then crushed with a blender for 5 mins at speed number 2. The
pulp was added with water in a ratio of 1:1 w/w. The coating materials (maltodextrin, dextrin, and gum
Arabic) were then added as much as 5% w/w of the fruit pulp separately. The pulp was stirred until

homogeneous.

2.2.2 Drying

Each homogeneous fruit pulp was placed on a 60 x 40 x 2 cm baking sheet as much as 250 mL. It was
then dried with a blower oven at a predetermined temperature (40°C, 45°C, and 50 ° C) separately for 18
h. Afterwards, the dried sheets of lemongrass and Malang apples were then crushed separately with a
blender for 3 mins at speed number 2. Then, brown sugar was added at 10% w/w of the dry powder. After
that, the powder was sieved using a 60-mesh sieve. Lemongrass powdered drinks were packaged in

aluminum foil zip lock with a size of 7 x 13 cm.

2.3. Analysis procedure of bulk density
The powder sample was put into a 10 mL measuring cup whose weight was known. The measuring cup

containing the powder sample was tapped 30 times until there were no more cavities when the powder



sample was adjusted to 10 mL. The measuring cup containing the powder sample was then weighed. The

bulk density (g/mL) can be calculated by dividing the weight of the powder sample by its volume (10 mL).

2.4 Analysis procedure of dissolution time testing
Atotal of 5 g sample was weighed. The sample was then dissolved in 50 mL of warm water and stirred

20 times until homogeneous. The dissolving time of the sample was recorded.

2.5 Analysis procedure of stability testing
A total of 5 g of powder was weighed and brewed in 50 mL of water. It was then put into a 10 mL
measuring cup and kept for 24 h. Afterwards, the solution was measured for the volume of the precipitate

and the height of the solution volume as the percentage of stability of the drink obtained.

2.6 Analysis procedure of water content by oven drying method

An empty cup was dried in the oven for 15 mins. The cup was then cooled in a desiccator (10 mins for
an aluminum cup and 20 mins for a porcelain cup). The dry cup was weighed. The sample was weighed as
much as 2-3 g and then put in the dry cup. After that, the cup containing the sample was put in the oven at
105°C for 6 h. Next, it was cooled in a desiccator and then weighed. The drying process was repeated until
a constant weight was obtained. The water content was calculated based on the loss of weight, by
calculating the difference between the initial weight of the sample before the drying and the final weight

after the drying.

2.7 Analysis procedure of ash content by muffle furnace method
Aporcelain cup was dried in the oven for 15 mins. The cup was cooled in a desiccator and then weighed.
The sample was weighed as much as 3 gin a cup that had been dried. Afterwards, it was burned in a crucible
until it no longer emitted smoke. Next, the ashing process was carried out using an electric furnace at a
temperature of 400-600°C for 4-6 hrs until the white ash was formed and had a constant weight. The ash

formed in the cup was cooled in a desiccator and then weighed.

2.8 Analysis procedure of radical scavenging activity
Antioxidant activity was analyzed based on its ability to capture free radicals (radical scavenging
activity) of DPPH. The analysis of antioxidant activity in this study used the DPPH (2,2-diphenyl-

lpicrylhydrazyl) method. The DPPH method aimed to determine the concentration used to inhibit free



radicals in a sample. A sample macerated with methanol was prepared. A mother liquor for each sample of
100 ppm was made by dissolving 0.01 mL of the sample in 100 mL of methanol PA. A total of 1 mL of DPPH
solution (10 mg/L) was added to 50 pL of sample solution. Afterwards, methanol pro analyzed was added
up to 5 mL, then incubated for 30 mins at 37°C. The absorbance was measured at a wavelength of 513 nm.
The antioxidant activity of the sample was determined by the magnitude of the DPPH radical uptake

inhibition by calculating the percentage of DPPH uptake inhibition.

2.9 Analysis procedure of ICs, antioxidant activity

Antioxidant activity was analyzed based on its ability to capture free radicals (radical scavenging
activity) of DPPH. The analysis of antioxidant activity in this study used the DPPH (2,2-diphenyl-
Ipicrylhydrazyl) method. The DPPH method aimed to determine the concentration used to inhibit free
radicals in a sample. A sample macerated with methanol was prepared. A mother liquor for each sample of
100 ppm was made by dissolving 0.01 mL of the sample in 100 mL of methanol PA. Furthermore, dilution
was carried out using the methanol PA solvent by varying the concentration of 5 ppm, 6 ppm, 7 ppm, 8 ppm
and 9 ppm for each sample. The next step was to prepare a 50 ppm DPPH stock solution. The DPPH stock
solution was prepared by dissolving 5 mg of solid DPPH in 100 mL of methanol PA. Then a comparison
solution was prepared, namely a control solution containing 2 mL of methanol PA and 1 mL of 50 ppm DPPH
solution. For the test sample, 2 mL of the sample solution and 2 mL of the DPPH solution were prepared.
Then, the solution was kept for 30 mins. All samples, the extract samples that had been kept, were tested

for measuring the absorbance values using a UV-visible spectrophotometer at a wavelength of 517 nm.

2.10 Analysis procedure of water activity testing

The measurement of water activity was conducted using an aw-meter tool. The tool was calibrated by
adding BaCl,.2H,0. It was then closed and kept for 3 mins until the number on the scale became 0.9. The
aw-meter was then opened and the sample was inserted. Afterwards, the tool was closed and waited until
the aw scale was read. The temperature scale and the correction factor were observed. When the
temperature scale was above 20°C, the aw scale reading was added as much as the excess of the

temperature multiplied by a correction factor of 0.002°, as well as for temperatures below 20°C.

2.11 Analysis procedure of vitamin C testing
The analysis of vitamin C was performed by the iodometric method. The crushed sample was weighed

as much as 5 g. The sample was put into a 100 mL measuring flask. Distilled water was then added up to



the line mark. The sample was then shaken until homogeneous. Afterwards, the solution was filtered and
the filtrate was pipetted as much as 25 mL, and put into an Erlenmeyer flask. A few drops of the starch
indicator were added, then titrated rapidly using 0.01 N iodine solution until a blue color appeared. The

vitamin C content was obtained from the following formula:

V12 x0.88 X Fp X 100
w(g)

Where V |, = iodine volume (mL), 0.88 = 0.88 mg ascorbic acid equivalent to 1 ml |, 0.01 N solution, Fp =

Vitamin C (mg/100 g) =

dilution factor and W = sample mass (g).
2.12 Statistical analysis
The data obtained were analyzed using the analysis of variance (ANOVA). When the data showed that
there was a significant effect, the Duncan Multiple Range Test was carried out. The testing was done using

the IBM SPSS Statistics 29 software. The significant level was set at a = 0.05.

3. Results and discussion
3.1 Bulk density of lemongrass and Malang apple powdered drinks

The bulk density value indicates void space, namely the number of empty cavities between the
material particles. The greater the bulk density of an object, the less void space it has (Hui et al., 2008). The
bulk density obtained in the study was 0.52 g/mLto 0.67 g¢/mL (Table 1). The findings revealed that the drying
temperature and coating type had an effect on the density value of the Kamba powdered drink. Furthermore,
the density value of Kamba is affected by a relationship between the drying temperature and coating type.
The higher the drying temperature causes the bulk density value to decrease. This is because the higher the
drying temperature causes more water in the material to be evaporated. Therefore, the resulting water
content is lower, causing the weight of the powder to become lighter. According to Andriyani et al. (2015),
as the drying temperature rises, the bulk density falls. The bulk density is influenced by the type of material,
the water content, and the shape and size of the material. The smaller the bulk density, the more porous the
product is (Widowati et al., 2010).

Of the three types of coating used, gum Arabic has the lowest bulk density compared to other
coatings. It is because gum arabic contains a complex mixture of hydrophilic carbohydrates and
hydrophobic protein components so that the solution can dissolve very well in water (up to 50%) (Daugan
and Abdullah, 2013). Meanwhile, according to Purbasari (2019), dextrin is able to form films, form the body,
inhibit crystallization, and quickly disperse. Dextrin also has high solubility, hygroscopic properties, low

browning properties, and strong binding power. The dextrin film layer has a higher proportion of solids than



gum arabic since the DE value of dextrinis lower than gum arabic. Therefore, the drying process using dextrin
is faster and the particle size is smaller than gum arabic (Sutardi et al., 2010). Maltodextrin is a coating
material that has a high level of solubility. It is due to the nature of maltodextrin which is soluble in water
and has a fast dispersion process. Maltodextrin is hygroscopic (has the ability to absorb water) so the water
in the material is more retained and difficult to evaporate (Yuliwaty and Susanto, 2015).

According to Setiawati et al. (2014), the amount of bulk density of a material affects the space needed
for that material. The greater the bulk density, the smaller the space needed, and vice versa. The smaller the
size of the molecule, the more easily the product will be compressed. The smaller the gaps between
molecules, the greater the bulk density (Stranzinger et al., 2017). The treatment using gum Arabic with a
drying temperature of 50°C resulted in the lowest bulk density value of 0.52. According to Palijama et al.
(2020), foodstuffs that have a high bulk density indicate that the product is more compact (non-
voluminous). It means that in the same certain volume, the product is available in more weight. According
to Widowati et al. (2010), a material is considered ‘bulk’ if the bulk density is small. It means that lightweight
requires a large space. The smaller the bulk density, the more porous the product is. Sadeghi et al. (2010)
state that the higher sphericity of the corn kernels results in a more regular arrangement of the kernels.
Therefore, the cavities between the kernels were smaller, resulting in a higher bulk density. According to the
preceding description, the drying temperature and the type of coating both affect the density value of
Kamba. It demonstrates that the two interact in altering the value of Kamba density.

3.2 Dissolution time

Dissolution time is a time for all beverage powder to dissolve in water perfectly. The testing of
dissolution time was carried out to determine the speed of solubility of the drinks. The higher the solubility
value of the powder product, the better the product is. It is because the perfect solubility will produce
products that do not float on the surface of the water (Phoungchandang et al., 2009). The dissolution time
of lemongrass and Malang apple powder was 0.96 to 1.29 s (Table 2). The results showed that the higher
the drying temperature, the faster the dissolution time (Table 2). It is because the powder produced is drier.
The higher the drying temperature, the more water evaporates on the powdered drinks so that the water
contentis lower. The lower the water content, the more hygroscopic, the dissolution time is faster (Paramita
etal., 2015 and Sakdiyah and Rekna, 2019).

The type of coating also affects the dissolution time. Of the three types of coatings used, dextrin has
the fastest dissolution time (Table 2). When powdered drinks are dissolved in water, especially warm water,
the hydroxyl groups in the coating substance will interact with the water, increasing the powder's solubility

(Yuliwaty and Susanto, 2015). Dextrin has a dextrose equivalent (DE) value of 3-5 and has the ability to form



layers (Tyanjani and Yunianta, 2015). With the addition of dextrin, the solubility of powdered drinks
increases. This is because dextrin is easily soluble in water. This is in accordance with Nurhidayah et al.
(2014), who state that dextrin is easily soluble in water, and disperses more quickly. Dextrin is not viscous
and more stable than starch.

According to Wulansari et al. (2012), the dextrose equivalent (DE) of maltodextrin is 3-20. The higher
the DE value, the higher the monosaccharide content. It causes the binding power to be greater. Thus,
compared to dextrin, the use of maltodextrin allows the water content to be higher. Maltodextrin is a filler
that has a high level of solubility. This is due to the characteristic of maltodextrin which is soluble in water
(Hofman et al., 2016). Gum Arabic has a longer dissolution time than maltodextrin and dextrin. However,
according to Herawati (2018), gum Arabic has a high solubility in water, making it better to use as the coating
material in making powdered drinks. The DE value of gum Arabic is 6 (Soottitantawat et al., 2006). According
to Hofman et al. (2016), the factor that affects the level of solubility in water is the DE value. The higher the

DE value, the better the solubility level.

3.3 Stability

Beverage products will be stable if the particles acting as the dispersed phase can be retained
without changing for a long time, or without experiencing grouping with each other (Anjani et al., 2011). The
stability testing is expressed in the percentage of stability of the powdered drinks made. The stability of
lemongrass and Malang apple powdered drinks obtained an average of 63.89% to 93.33% (Table 3). The
results show that the higher the drying temperature, the higher the resulting stability. The higher the drying
temperature, the lower the powder water content. It causes the product to absorb water more easily so that
the product becomes more stable when rehydrated. This is in line with Kryzhska et al. (2020) who state that
the high water content in powder products would seriously disrupt the product stability. It would also cause
the product to agglomerate when stored. The high water content in a product can cause damage due to the
activity of microorganisms.

The type of coating also affects the stability value. Of the three types of coating used, dextrin has the
most stable results compared to the other types of coating. Dextrin can wrap the active ingredient particles
from oxidation reactions during storage, thereby increasing product stability (Septevani et al., 2013).
Belong to a group of polysaccharides, dextrin has a stronger ability to bind water because it has a simpler
chemical structure consisting of 1,6 a-glycosidic and 1,4 a-glycosidic bonds (Xu et al., 2012). The addition
of maltodextrin can increase the stability of the drink, reducing the precipitate formed (Paramita et al.,

2015). Maltodextrin has a high solubility so that the product does not precipitate too much (Pramitasari et



al., 2011). Gum arabic has a more complex molecular structure than dextrin and contains starch so it is
more hygroscopic (Sutardi et al., 2010). Gum arabic has a more complex chemical structure, consisting of
D-galactose, L-arabinose, D-glucuronic acid, and L-rhamnose (Alftren et al., 2012). According to Anggraini
et al. (2016), the presence of sediment in beverage products can be caused by the presence of pectin.
Table 3 shows that the dextrin treatment with a drying temperature of 50 °C is the coating material with

the highest stability value of 93.33%.

3.4 Water content

The average water content of lemongrass and Malang apple powdered drinks ranged from 2.06% to
2.57% (Table 4). In the manufacturing process, powdered drinks are made by drying separately at 40°C,
45°C and 50° C for 18 h. The results reveal that the drying temperature has an effect on the water content
of lemongrass and Malang apple powdered drinks. Meanwhile, the type of coating had no effect on the water
content. Similarly, there was no interaction between the drying temperature and coating type affecting the
moisture content of the powdered drinks. The higher the drying temperature, the lower the water content of
the powder. Drying causes the water content in the lemongrass and Malang apple powder to evaporate. The
higher temperature allows the powder to have a lower water content. According to Wiyono (2011), the
drying temperature factor is important. The water content can be removed quickly when the material is dried
at a high temperature (Wiyono, 2011). The increase in the heating temperature tends to reduce the water
content. There are more water molecules that evaporate from the dried raw materials. Thus, the water
content obtained is lower.

The type of coating has a relatively similar effect on the value of the water content. Of the three types
of coating used, dextrin produced the highest average powder water content of 2.35%, followed by
maltodextrin (2.34%) and gum arabic (2.30%). According to Wulansari et al. (2012), dextrin is hygroscopic
as it easily absorbs water. But when it is dried, the absorbed water is released (Wulansari et al., 2012). The
water content absorbed by the coating material will evaporate more easily than the water content in the
material tissue so that the evaporation process of water in powdered drinks becomes easier (Paramita et
al.,2015). Maltodextrin has a low molecular weight and a simple structure so that water is easily evaporated
during the drying process (Pramitasari et al., 2011). Meanwhile, gum arabic is hygroscopic. The water in the
material coated with gum arabic is difficult to evaporate. Containing a large amount of starch, gum arabic
has a high molecular weight and a complex molecular structure (Sutardi et al., 2010). Based on the water
content testing carried out, the lowest water content was 2.06%, namely at 50°C dextrin. It was in

accordance with the SNI number 01-4320-1996 in which the water content of powdered drinks was a



maximum of 3% (BSN, 1996). The powdered drink products meet the requirements of the Indonesian
National Standard for powdered drinks (SNI No. 01-4320-1996). The products have a small possibility of

being contaminated with microorganisms.

3.5 Ash content

According to Leggli et al. (2011), ash content testing is carried out to determine the amount of
minerals in a food. Ash is composed of various types of minerals with varying compositions depending on
the type and source of food (Andarwulan et al., 2011). Based on Table 5, the mean value of the ash content
was 1.06% to 1.46%. It shows that the higher the drying temperature, the higher the ash content. The
increase in ash content is related to the higher drying temperature. It causes more water in the material to
evaporate. Thus, the water content is lower. It causes the percentage of mineral content in the material to
increase. The results of the study are in line with Shadri et al. (2018).

Dextrin is a polysaccharide group that has a simpler chemical structure than gum arabic. Dextrin
consists of 1,6 a-glycosidic and 1,4 a-glycosidic bonds (Xu et al., 2012). Meanwhile, gum arabic has a more
complex chemical structure, consisting of D-galactose, L-arabinose, D-glucuronic acid, and L-rhamnose
(Alftren et al., 2012). According to Sediaoetama (2010), ash content describes the amount of minerals that
are not burnt into substances that can evaporate. Ash content is the residue left when a sample of a food
ingredient is completely burned. The highest ash content is obtained in the dextrin coating with a drying
temperature of 45° C. In general, the ash content of the product was still within the limits of SNI 01-4320-
1996 regarding the quality requirements for powdered drinks, namely a maximum of 1.5% (BSN, 1996).
Malang apples have a fairly high nutritional content, especially vitamins and minerals such as calcium,
phosphorus, iron, potassium, carbohydrates, fat, protein, niacin, riboflavin, vitamins A, B1, B2, and vitamin
C (Wahyuningtyas et al., 2017). Lemongrass contains several minerals such as vitamin A, vitamin C,

potassium, calcium, iron, magnesium, and selenium (Shadri et al., 2018).

3.6 Vitamin C
The results of the vitamin C test are presented in Table 6. It shows an average value of vitamin C
between 72.69 mg/100 gto 53.15mg/100 g. The results demonstrated that the drying temperature and type
of coating affected the vitamin C content. There was an interaction between the drying temperature and the
type of coating in determining the vitamin C content of powdered drinks. The vitamin C content tends to
decrease along with the increase in the drying temperature. A decrease in vitamin C can occur due to the

unstable nature of vitamin C which can be easily degraded, especially by heat (Parfiyanti et al., 2016). It



shows that the drying process at high temperatures can reduce the vitamin C content in powdered drinks.
Vitamin C is classified as a natural antioxidant. Vitamin C contains ascorbic acid which is easily oxidized to
dehydroascorbic acid and plays a role in inhibiting excessive oxidation reactions (Susanti and Putri, 2014).

The type of coating also affects the vitamin C content. Of the three types of coatings used, dextrin
produces the highest content of vitamin C compared to other types of coating. Dextrin can protect the
volatile components of materials such as vitamin C from damage due to heat. Thus, the addition of more
dextrin helps maintain the vitamin C content in the product. Dextrin can protect vitamin C and compounds
sensitive to heat or oxidation. It is because the molecules of dextrin are stable to heat and oxidation. In
addition, according to Aretzy et al. (2018), maltodextrin can protect volatile compounds and protect
compounds sensitive to oxidation. According to Morodi et al. (2022), GA alone or combined with other
biopolymers has been successfully applied on tomato slices and grapefruit slices to preserve the dried
products’ quality. The highest content of vitamin C was produced in powdered drinks dried at 40 ° C with the
dextrin coating (72.68 mg/100 g) and the lowest was produced at 50 ° C with the gum arabic coating (53.15
mg/100 g). The vitamin C content of mixed fruit powdered drinks (red guava, papaya, apple, and tomato)
coated with maltodextrin and tween 80 dried at 50 °C produces a vitamin C content between 425 mg/100

g- 550 mg/100 g, higher than lemongrass and Malang apple powdered drinks (Minah, et al., 2021).

3.7 Water activity

Table 7 shows the mean value of water activity (aw) of lemongrass and Malang apple powdered
drinks, namely 0.44 to 0.50. The Aw value of lemongrass and Malang apple powdered drinks is lower than
the Aw value for the bacterial growth requirement at 0.90. The Aw value for yeast growth is 0.80-0.90, and
the Aw value for mold growth is 0.60-0.70. The Aw value is relatively decreased along with the increase in
drying temperature. In the drying process, the free water in the material will evaporate. The higher
temperature causes more water to evaporate. The lower the water content, the lower the water activity
(Martins et al., 2019). According to Adri and Hersoelistyorini (2013), the composition of water in foodstuffs,
such as free water and bound water, can affect the duration of food drying. The relatively small aw value
does not allow the growth of bacteria, molds, and yeasts in the product. The lemongrass extract has great
potential as an antibacterial agent that can suppress the activity of Bacillus cereus, Salmonella typhimurium
and Staphylococcus aureus, indicating the possibility of using medicinal plants as natural antibacterial
agents (Ibrahim and Salem, 2013). According to Parfiyanti et al. (2016), the purpose of drying is to reduce

water content so that it is not easy for mold and bacteria to grow. The drying process also eliminates the



activity of enzymes that can decompose the active substance content. It also facilitates further processing
so that the product can be more compact, durable, and easy to store.

The use of various coatings in this study relatively produces the same aw value. The use of
maltodextrin and gum arabic as coating materials in the process of drying milk into milk powder by spray
drying can protect protein, calcium, and lactose powder (Martins et al., 2019). The lowest water activity
value of lemongrass and Malang apple powdered drinks was obtained for products with gum arabic coating

at the drying temperature of 45° C (0.44).

3.8 Radical scavenging activity

Plants that have potential as antioxidants are lemongrass (Wibisono, 2011) and apples (Yudhianto et
al., 2013). Based on the radical scavenging activity test in Table 8, the average inhibition value was 37.45%
to 60.13%. Dextrin protects volatile chemicals and molecules vulnerable to heat or oxidation. Gum arabic
can help increase the stability of the coating component. Gum arabic is another sort of heat-resistant
coating (Daugan and Abdullah, 2013). Based on Table 8, the drying temperature affects the radical
scavenging activity. The higher the drying temperature, the lower the antioxidant activity value. The decrease
in the value of antioxidant activity in the lemongrass and Malang apple powdered drinks is related to the
damage to the antioxidant compounds due to high temperatures. According to Patras et al. (2010),
antioxidant compounds are easily degraded when exposed to heat. Heat accelerates the oxidation reaction
of these compounds. The degradation process occurs due to an increase in the rate of oxidation reactions
by heat. Antioxidant compounds that have been oxidized will be damaged. It is confirmed by Husna et al.
(2013) that antioxidant bioactive components have heat-resistant characteristics. If the sample is extracted
in hot conditions, it will reduce the value of its antioxidant activity. The results of the research by Widiastuti
et al. (2019) show that the more addition of lemongrass in lemongrass syrup with stevia sweetener, the
higher the antioxidant content. The highest antioxidant content is 50.55%. The high antioxidant content in
lemongrass is due to its large number of phenolic compounds. The high content of phenolic compounds
also results in antidiabetic and antihypertensive activity. The antioxidant activity of essential oil in
lemongrass stems is very high, with an effective inhibition of 89% and 89.63%. In lemongrass leaves, it is
slightly lower with the antioxidant and antidiabetic activity ranging from 78.89% and 79.26% respectively
(Mirghani, et al., 2012).

The use of dextrin coating with a drying temperature of 40° C produced the highest inhibition value
compared to maltodextrin and gum arabic (Table 8). Goncalves et al. (2015) explain that dextrin is

composed of glucose units that can bind water so that dissolved oxygen can be reduced. As a result, the



oxidation process can be prevented. Dextrin protects volatile compounds and compounds sensitive to heat
or oxidation. Gum arabic can maintain the stability of the compounds being coated. Gum arabic is also
resistant to heat (Daugan and Abdullah, 2013). Meanwhile, maltodextrin can protect volatile compounds
and compounds sensitive to oxidation (Aretzy et al., 2018). The maltodextrin coating has high oxidation
resistance. It can reduce the viscosity of the emulsion. Combined with other coatings that have better
emulsifying properties, it causes the antioxidant compounds in the microencapsulants to be well protected
(Purnomo et al., 2014). According to Godwin et al. (2014), lemongrass contains natural antioxidants and
anti-inflammatories that can prevent free radicals in the human body. Antioxidants in lemongrass are able
to inhibit the release of arachidonic acid. It is through the mechanism of inhibiting kinase protein that can
affect the activity of phospholipase enzymes. Thus, the inhibition of arachidonic acid synthesis will reduce
the production of prostaglandins. The antioxidants found in lemongrass are citronellal and geraniol
compounds. According to Baskara (2010), apples contain antioxidants that are very good for skin health.
The very high antioxidant content is also the reason for the high consumption of apples by the public. Itis an

effort to prevent diseases and other dysfunctions of body health.

3.9 Antioxidant content with inhibition concentration value of 50% (ICso)

The ICso value is the concentration of the antioxidant source to neutralize 50% of the radical
compounds. The lower the ICs, value, the better the antioxidant activity of the sample. ICs antioxidant
content is determined from the 3 best samples based on the highest inhibition percentage, namely on
lemongrass and Malang apple powders coated with dextrin with drying temperatures of 40°C, 45°C and
50 °C. According to Phongpaichit et al. (2007), ICsovalue < 10 ppm indicates a very strong activity. ICs, 10-
50 ppm indicates strong activity, ICso > 50-100 ppm indicates moderate activity, and ICso > 100-250 ppm
indicates weak activity. The results showed that the ICs, value in the lemongrass and Malang apple
powdered drinks was 0.9 to 1.47 % (Table 9), which indicated a very strong activity. The results of research
by Andriyani et al. (2015) show that the ICs, value of Curcuma zanthorrihiza L. and red ginger powder
functional drinks made using the spray drying method has the highest average value of 0.62 ppm at 4%
maltodextrin concentration, and the lowest or weakest value of 1.00 ppm at 0% maltodextrin

concentration.

4. Conclusion
The results showed that the type of coating significantly affected the parameters of stability, dissolution

time, ash content, vitamin C, and antioxidants. Meanwhile, the drying time significantly affected the



parameters of stability, dissolution time, water content, ash content, vitamin C, and antioxidants. There was
an interaction between the type of coating and the drying time that affected the bulk density, stability,
dissolution time, ash content, vitamin C, and antioxidants. The best quality was determined based on the
antioxidant content and high stability. The fast dissolution time was found in the lemongrass and Malang
apple powder dried at 45° C with the dextrin coating. The best lemongrass and Malang apple powdered
drinks had the following characteristics: a solubility of 0.96 seconds, a bulk density of 0.58 gr/mL, a stability
of 89.19%, a water content of 2.38%, an ash content of 1.21%, a vitamin C content of 70.22%, an

antioxidant inhibition of 50.97%, an ICs, content of 1.29 %, and a water activity 0.50.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgments

We wish to express our deep thanks to all the members of the Food Technology Study Program for

their help in this research.



References

Adri, D. and Hersoelistyorini, W. (2013). Aktivitas dan sifat organoleptik teh daun sirsak (Annona muricata
Linn.) berdasarkan variasi lama pengeringan. Jurnal Pangan dan Gizi, 4(7), 1-12.

https://jurnal.unimus.ac.id/index.php/JPDG/article/view/1058/1107 [In Bahasa Indonesia].

Alftren, J., Penarrieta, J.M., Bergenstahl, B. and Nilssona, L. (2012). Comparison of molecular and
emulsifying properties of gum Arabic and mesquite gum using asymmetrical fractionation. Food

Hydrocolloids, 26(1), 54-62. https://doi.org/10.1016/j.foodhyd.2011.04.008

Andarwulan, N., Kusnandar, F. and Herawati, D. (2011). Analisis Pangan, Dian Rakyat, Jakarta. Retrieved on
November 15, 2021 from https://opac.perpusnas.go.id/DetailOpac.aspx?id=106274 [In Bahasa

Indonesia].

Andriyani, R., Budiati, T.A. and Pudjiraharti, S. (2015). Effect of extraction method on total flavonoid, total
phenolic content, antioxidant and anti-bacterial activity of Zingiberis officinale rhizome. Procedia

Chemistry, 16,149-154. https://doi.org/10.1016/j.proche.2015.12.023

Anggraini, D.N., Radiati, L.E. and Purwadi. (2016). Penambahan CMC pada minuman madu sari apel ditinjau
dari rasa, aroma, warna, ph, viskositas, dan kekeruhan. Jurnal Ilmu dan Teknologi Hasil Ternak,

11(1), 59-68. https://doi.org/10.21776/ub.jitek.2016.011.01.7 [In Bahasa Indonesial.

Anjani, M.R., Kusumowati, L.T.D., Indrayudha, P. and Sukmawati, A. (2011). Formulasi suspensi
siprofloksasin dengan suspending agent pulvis gummi arabici dan daya antibakterinya. Jurnal

Pharmacon, 12(2), 26-32. https://doi.org/10.23917/pharmacon.v12i1.45 [In Bahasa Indonesia].

Aretzy, A., Ansarullah, and Wahab, D. (2018). Pengembangan minuman instan dari limbah biji buah alpukat
(Persea americana mill) dengan pengaruh penambahan maltodekstrin. Jurnal Sains dan Teknologi
Pangan, 3(1), 1027- 1035. http://ojs.uho.ac.id/index.php/jstp/article/view/3975 [In Bahasa

Indonesial.

Asiah, N., Sembodo, R. and Prasetyaningrum, A. (2012). Aplikasi metode foam mat drying pada proses
pengeringan  spirulina.  Jurnal  Teknologi  Kimia  dan Industri  1(1), 461-467.
https://media.neliti.com/media/publications/141636-ID-aplikasi-metode-foam-mat-drying-

pada-pro.pdf [In Bahasa Indonesia].



Baskara, M. (2010). Pohon Apel itu masih (bisa) berbuah lebat. Majalah Ilmiah Populer Bakosurtanal
Ekspedisi Geografi Indonesia. Website: Retrieved on November 15, 2021 from
https://fdokumen.com/document/pohon-apel-itu-masih-bisa-berbuah-ilmiah-populer-

bakosurtanal-ekspedisi-geografi.html?page=1

BSN [Badan Standarisasi Nasional]. (1996). SNI 01-4320-1996 tentang minuman serbuk. Badan

Standarisasi Nasional. Jakarta.

Cakmakci, S., Topdas, E.F., Kalin, P., Han, H., Sekerci, P., Kose, L.P. and Gulcin, I. (2015). Antioxidant
capacity and functionality of oleaster (Elaeagnus angustifolia L.) flour and crust in a new kind of
fruity ice cream. International Journal of Food Science and Technology, 50(2), 472-481.

https://doi.org/10.1111/ijfs.12637

Daugan, E. and Abdullah, A. (2013). Utilization of gum arabic for industries and human health. American

Journal of Applied Sciences, 10(10),1270-1279. https://doi.org/10.3844/ajassp.2013.1270.1279

Godwin, A., Daniel, G.A., Shadrack, D., Elom, S.A., Nana-Afua, K.A-B., Godsway, B., Joseph, K.G., Sackitey,
N.O., Isaak, K.B. and Wisdom, A. (2014). Determination of elemental, phenolic, antioxidant and
flavonoid properties of Lemon grass (Cymbopogon citratus Stapf). International Food Research
Journal, 21(5), 1971-1979
http://www.ifrj.upm.edu.my/21%20(05)%202014/36%201FRJ%2021%20(05)%202014%20God
win%20253.pdf

Goncalves, C., Moreira, S.M., Carvalho, V., Silva, D.M. and Gama, M. (2015). Dextrin. Encyclopedia of
Biomedical Polymers and Polymeric Biomaterials. Taylor and Francis, 2534-2649.

http://repositorium.sdum.uminho.pt/bitstream/1822/56897/1/document_33786_1.pdf

Harahap, M.L. and Suryani, E. (2021). Pelatihan pembuatan serbuk instan manis daun pepaya sebagai upaya
memperlancar air susu ibu di desa purba tua kecamatan padangsidimpuan tenggara tahun 2021.
Jurnal Pengabdian Masyarakat Aufa (JPMA), 3(2),114-120.

https://jurnal.unar.ac.id/index.php/jamunar/article/view/458 [In Bahasa Indonesia].



Herawati, H. (2018). Potensi hidrokoloid sebagai bahan tambahan pada produk pangan dan non pangan
bermutu. Jurnal Litbang Pertanian, 37(1),17-25. https://doi.org/10.21082/jp3.v37n1.2018.p17-25

[In Bahasa Indonesial.

Hofman, D.L., Van Buul, V.J. and Brouns, F.J.P.H. (2016). Nutrition, Health, and Regulatory Aspects of
Digestible Maltodextrins. Food  Science and  Nutrition, 56(12), 2091-2100.
https://doi.org/10.1080/10408398.2014.940415

Hui, Y.H., Clary, C., Farid, M.M., Fasina, 0.0., Noomhorn, A. and Welti-Chanes, J. (2008). Food Drying
Science and Technology: Microbiology, Chemistry, Application, Lancaster, Destech Publications,

Inc. https://searchworks.stanford.edu/view/12366162

Husna, N.E., Novita, M. and Rohaya, S. (2013). Kandungan antosianin dan aktivitas antioksidan ubi jalar ungu
segar dan produk olahannya. AGRITECH, 33(3),296-302.
https://jurnal.ugm.ac.id/agritech/article/view/9551/7126 [In Bahasa Indonesia].

Ibrahim, H.M. and Salem, F.M.A. (2013). Effect of adding lemongrass and lime peel extracts on chicken
patties  quality.  Journal of Applied Sciences  Research, 9(8), 5035-5047.
http://www.aensiweb.com/old/jasr/jasr/2013/5035-5047.pdf

Iddir, M., Brito, A., Dingeo, G., del Campo, S.S.F., Samouda, H., la Frano, M.R. and Bohn, T. (2020).
Strengthening the Immune System and Reducing Inflammation and Oxidative Stress through Diet
and Nutrition: Considerations during the COVID-19 Crisis. Nutrients, 12(1562), 1-39.
https://doi.org/10.3390/nu12061562

Kryzhska, T., Danylenko, S. and Huang, X. (2020). The characteristics of the properties of artichoke powder
and its use in food. Food Resources, 15(14), 131-138.
https://doi.org/10.31073/foodresources2020-15-14

Leggli, C.V.S., Bohrer, D., Nascimento, P.C. and Carvalho, L.M. (2011). Determination of sodium,
potassium, calcium, magnesium, zinc and iron in emulsified chocolate samples by flame atomic
absorption spectrometry. Food Chemistry, 124(3), 1189-1193.
https://doi.org/10.1016/j.foodchem.2010.07.043



Martins, E., Cnossen, D.C., Silva C.R.J., Cezarino, J.C., Nero.L.A., Perrone, |.T. and Carvalho, A.F. (2019).
Determination of ideal water activity and powder temperature after spray drying to reduce
Lactococcus lactis cell viability loss. Journal of Dairy Scince, 102(7), 6013-6022.
https://doi.org/10.3168/jds.2019-16297

Minah, F.N., Aulia, Y.R. and Rahmadani, F. (2021). Pembuatan Minuman Serbuk Mix Fruit Kaya Vitamin C
Dan Antioksidan Untuk Meningkatkan Imunitas Tubuh. ATMOSPHERE, 2(1), 14-22.
https://doi.org/10.36040/atmosphere.v2i1.3538

Mirghani, M.E.S., Liyana, Y. and Parveen, J. (2012). Bioactivity analysis of lemongrass (Cymbopogon
citratus) essential oil. International Food Research Journal, 19(2), 569-575.

http://ifrj.upm.edu.my/19%20(02)%202012/(29)IFRJ-2012%20Mirghani.pdf

Morodi, V., Kaseke, T. and Fawole, O.A. (2022). Impact of gum arabic coating pretreatment on quality
attributes of oven-dried red raspberry (Rubus idaeus L.) fruit. Processes, 10(8), 1-21.

https://doi.org/10.3390/pr10081629

Naibaho, L.T., Suhaidi, |. and Ginting, S. (2015). Pengaruh suhu pengeringan dan konsentrasi dekstrin
terhadap mutu minuman instan bit merah. Jurnal Rekayasa Pangan dan Pertanian, 3(2), 178-184.
https://download.garuda.kemdikbud.go.id/article.php?article=1434461&val=4140&title=The%20
Effect%200f%20Drying%20Temperature%20and%20Concentration%200f%20Dextrin%200n%2
0The%20Quality%200f%20Red%20Beet%20Instant%20Drink [In Bahasa Indonesial.

Nurhidayah, M., Ginting, S. and Lubis, Z. (2014). Pengaruh konsentrasi susu sapi segar dan konsentrasi
dekstrin terhadap mutu minuman cokelat instan. Jurnal Rekayasa Pangan dan Pertanian, 2(3), 54-
61.
https://download.garuda.kemdikbud.go.id/article.php?article=1434345&val=4140&title=The%20
Effect%200f%20Fresh%20Cow%20Milk%20and%20Dextrin%20Concentration%200n%20Quali
ty%200f%20Instant%20Chocolate%20Drink [In Bahasa Indonesia].

Palijama, S., Breemer, R. and Topurmera, M. (2020). Karakteristik kimia dan fisik bubur instan berbahan
dasar tepung jagung pulut dan tepung kacang merah. Agritekno: Jurnal Teknologi Pertanian, 9(1), 20-

27. https://ojs3.unpatti.ac.id/index.php/agritekno/article/view/1586 [In Bahasa Indonesia].



Paramita, I.A.M.l, Mulyani, S. and Hartiati, A. (2015). Pengaruh konsentrasi maltodekstrin dan suhu
pengeringan terhadap karakteristik bubuk minuman sinom. Jurnal Rekayasa dan Manajemen
Agroindustri, 3(2), 58-68. https://ojs.unud.ac.id/index.php/jtip/article/view/18690 [In Bahasa

Indonesia].

Parfiyanti, E.A., Budihastuti, R. and Hatuti, E.D. (2016). Pengaruh suhu pengeringan yang berbeda terhadap
kualitas cabai rawit (Capsicum frutescens L.. Jurnal Biologi, 5(1), 82-92.

https://ejournal3.undip.ac.id/index.php/biologi/article/view/19484/18478 [In Bahasa Indonesia].

Patras, A., Brunton, N.P., O’Donnell, C. and Tiwari, B.K. (2010). Effect of thermal procesing on anthocyanin
stability in foods: mechanisms and kinetics of degradation. Trends In Foods Science and

Technology, 21(1), 3-11. https://doi.org/10.1016/j.ifs.2009.07.004

Phongpaichit, S., Nikom, J., Runfjindamai, N., Sakayaroj, J., Hutadilok-Towatana, N., Rukachaisirikul, V. and
Kirtikara, K. (2007). Biological activities of extracts from endophytic fungi isolated from Garcinia
plants. FEMS Immunology and Medical Microbiology, 51(3), 517-525.
https://doi.org/10.1111/j.1574-695X.2007.00331.x

Phoungchandang, S., Sertwasana, A., Sanchai, P. and Pasuwan, P. (2009). Development of a small-scale
processing system for concentrated ginger powders. World Applied Sciences Journal, 6(4), 88-493.

https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.388.6513&rep=rep1&type=pdf.

Poeloengan, M. (2009). Pengaruh Minyak Atsiri Serai (Andropogon citratus DC.) terhadap Bakteri yang
Diisolasi dari sapi mastitis subklinis. Berita Biologi, 9(6), 715-719.

https://media.neliti.com/media/publications/69057-ID-none.pdf [In Bahasa Indonesial.

Pramanta, F.D., Susilo, L.W. and Fahmi, M.R. (2017). Sistem cerdas penyortiran apel berdasarkan warna
dan ukuran berbasis mikrokontroler arduino, presented at Seminar Nasional Terapan Riset Inovatif,
Malang 2017. Malang, Indonesia: Politeknik Negeri Malang, Politeknik Negeri Semarang, Politeknik
Negeri Bali, dan Politeknik Manufaktur Bangka Belitung.

http://proceeding.sentrinov.org/index.php/sentrinov/article/view/261/239 [In Bahasa Indonesial.

Pramitasari, D., Anandhito, R.B.K. and Fauza, G. (2011). Penambahan ekstrak jahe dalam pembuatan susu

kedelai bubuk instan dengan metode spray drying: komposisi kimia, sifat sensoris, dan aktivitas



antioksidan.  Biofarmasi Journal of Natural Product Biochemistry, 9(1), 17-25.

https://doi.org/10.13057/biofar/f090104 [In Bahasa Indonesia].

Purbasari, D. (2019). Aplikasi metode foam-mat drying dalam pembuatan bubuk susu kedelai instan. Jurnal

Agroteknologi, 13(1), 52-61. https://doi.org/10.19184/j-agt.v13i01.9253 [In Bahasa Indonesia].

Purnomo, W., Khasanah, L.U. and Anandito R.B.K. (2014). Pengaruh ratio kombinasi maltodekstrin,
karagenan dan whey terhadap karekteristik mikroenkapsulan pewarna alami daun jati (Tectona
grandis L.F). Jurnal Aplikasi Teknologi Pangan, 3(3), 121-129.
http://journal.ift.or.id/files/33121129%20Pengaruh%20Ratio%20Kombinasi%20Maltodekstrin,%
20Karagenan%20dan%20Whey%20Terhadap%20Karakteristik%20Mikroenkapsulan%20Pewarn
a%20Alami%20Daun%20Jati%20(Tectona%20Grandis%20L.%20F.)%20LowRes.pdf [In Bahasa

Indonesia].

Royhanaty, |., Mayangsari, D. and Novitia, M. (2018). Manfaat minuman serai (Cymbopogo Citrus) dalam
menurunkan intensitas dismenore. Jurnal SMART Kebidanan. STIKES Karya Huda Semarang, 5(1),
125-130. http://dx.doi.org/10.34310/sjkb.v5i1.153 [In Bahasa Indonesia].

Rusita, Y.D., Purwasih, R. and Rakhmayanti, R.D. (2019). Perbandingan aktivitas antioksidan ektrak apel
hijau (Malus domestica). Jurnal Kementerian Kesehatan Politeknik Kesehatan Surakarta Jurusan

Anafarma, 4(1), 54-57. https://doi.org/10.37341/jkkt.v4i1.100 [In Bahasa Indonesia].

Sadeghi, M, Araghi, H.A. and Hemmat, A. (2010). Physico-mechanical properties of rough rice (Oryza sativa
L.) grain as affected by variety and moisture content. Agriculture Engineering International: CIGR

Journal, 12(3), 129136. https://cigrjournal.org/index.php/Ejounral/article/view/1702/1381

Sakdiyah, K. and Rekna, W. (2019). Pengaruh persentase maltodekstrin dan lama pengeringan terhadap
kandungan vitamin ¢ minuman serbuk instan terong cepoka (Solanum torvum). Jurnal Teknologi

Pangan, 10(1),23-34. https://doi.org/10.35891/tp.v10i1.1465 [In Bahasa Indonesial.

Santoso, B., Herpandi, H., Pitayati, P.A. and Pambayun, R. (2013). Pemanfaatan karaginan dan gum arabic
sebagai edible film berbasis hidrokoloid. AGRITECH, 33(2), 140-145.
https://doi.org/10.22146/agritech.9802 [In Bahasa Indonesia].



Sari, Y.M,, Sari, A.P. and Haya, M. (2021). Daya terima dan karakteristik minuman serbuk ‘terai’ berbahan
dasar temulawak (Curcuma xanthorriza Roxb) dan serai (Cymbopogon citratus). Jurnal Vokasi

Keperawatan, 4, 319-332. https://doi.org/10.33369/jvk.v4i2.16166

Sediaoetama, A.D. (2010). Ilmu Gizi untuk Mahasiswa dan Profesi di Indonesia. Jakarta, Indonesia: Dian

Rakyat. https://inlislite.blitarkota.go.id/opac/detail-opac?id=2474 [In Bahasa Indonesia].

Septevani, A.A., Sondari, D. and Ghozali, M. (2013). Pengaruh teknik pengeringan semprot (spray drying)
dalam mikroenkapsulasi asiaticoside dan ekstrak jahe. Jurnal Sains Materi Indonesia, 14(4), 248-

252. http://jurnal.batan.go.id/index.php/jsmi/article/view/4381/3838 [In Bahasa Indonesia].

Setiawati, N.P., Santoso, J. and Purwaningsih, S. (2014). Karakteristik beras tiruan dengan penambahan
rumput laut Eucheuma cottonii sebagai sumber serat pangan. Jurnal Ilmu dan Teknologi Kelautan

Tropis, 6(1), 197-208. https://doi.org/10.28930/jitkt.v6i1.8641 [In Bahasa Indonesia].

Shadri, S., Moulana, R. and Safriani, N. (2018). Kajian pembuatan bubuk serai dapur (Cymbopogon citratus)
dengan kombinasi suhu dan lama pengeringan. Jurnal llmiah Mahasiswa Pertanian, 1(3), 371-380.

https://doi.org/10.17969/jimfp.v3i1.6435 [In Bahasa Indonesia].

Soottitantawat, A., Yoshii, H., Furuta, T., Ohkawara, M. and Lingko, P. (2006). Microencapsulation by spray
drying: influence of emulsion size on the retention of volatile compounds. Journal of Food Science,

68(7), 2256-2262. https://doi.org/1111/j.1365-2621.2003.tb05756

Stranzinger S., Faulhammer E., Calzolari V., Biserni S, DreuR., Sibanc R., Paudel A. and Khinast J.G. (2017).
The effect of material attributes and process parameters on the powder bed uniformity during a low-
dose dosator capsule filling process. International Journal of Pharmaceutics, 516(1-2), 9-20.

https://doi.org/10.1016/j.ijpharm.2016.11.010

Suparni, W.A. dan Wulandari, A. (2012). Herbal Nusantara 1001 Ramuan Tradisional Asli Indonesia.
Yogyakarta, Indonesia: Rapha Publishing.
https://onesearch.id/Record/I0S6.INLISO00000000022844/Details [In Bahasa Indonesial.

Susanti, Y.l. and Putri, W.D.R. (2014). Pembuatan minuman serbuk markisa merah (Passiflora edulis f.

edulis Sims) kajian konsentrasi tween 80 dan suhu pengeringan. Jurnal Pangan dan Agroindustri



Universitas Brawijaya Malang, 2(3), 170-179.
https://jpa.ub.ac.id/index.php/jpa/article/view/65/82 [In Bahasa Indonesial.

Sutardi, Hadiwiyoto, S. and Murti, C.R.N. (2010). Pengaruh dekstrin dan gum arab terhadap sifat kimia dan
fisik bubuk sari jagung manis (Zeamays saccharata). Jurnal Teknologi dan Industri Pangan, 21(2),

102-107. https://journal.ipb.ac.id/index.php/jtip/article/view/3405 [In Bahasa Indonesia].

Tangkeallo, C. and Widyaningsih, T.D. (2014). Aktivitas antioksidan serbuk minuman instan berbasis miana
kajian jenis bahan baku dan penambahan serbuk jahe. Jurnal Pangan dan Agroindustri, 2(4), 278-

284. https://jpa.ub.ac.id/index.php/jpa/article/view/100/118 [In Bahasa Indonesia].

Tyanjani, E.F. and Yunianta, Y. (2015). Pembuatan dekstrin dari pati sagu (Metroxylon sagus Rottb) dengan
enzim B-amilase terhadap sifat fisiko kimia. Jurnal Pangan dan Agroindustri, 3(3),1119-1127.

https://jpa.ub.ac.id/index.php/jpa/article/view/234 [In Bahasa Indonesia].

Wahyuningtyas, C.T., Susanto, W.H.S. and Purwantiningrum, I. (2017). Pengaruh varietas apel (Malus
sylvestris Mill) di kota batu dan konsentrasi gula terhadap karakteristik lempok apel. Jurnal Pangan
dan Agroindustri, 5(2), 1-11. https://jpa.ub.ac.id/index.php/jpa/article/view/525 [In Bahasa

Indonesia].

Wibisono, W.G. (2011). Tanaman Obat Keluarga Berkasiat. Ungaran Semarang, Indonesia: Vivo Publisher

Ungaran. https://opac.perpusnas.go.id/DetailOpac.aspx?id=1237941 [In Bahasa Indonesia].

Widiastuti, A., Anindya, R.N. and Harismah, K. (2019). Minuman fungsional dari serai (Cymbopogon citratus)
dan pemanis stevia. Prosiding The 8" University Research Colloquium 2018: Bidang MIPA dan
Kesehatan Universitas Muhammadiyah Purwokerto, Purwokerto, Indonesia, November 21. Page
628-634. https://repository.urecol.org/index.php/proceeding/article/view/409/399 [In Bahasa

Indonesial.

Widowati, S., Nurjanah, R. and Amrinola, A. (2010). Proses pembuatan dan karakterisasi nasi sorgum instan.
Prosiding Pekan Serelia Nasional. Balai Penelitian Tanaman Serealia, Maros, Indonesia, July 26-30.
Page 35-48.
https://scholar.google.co.id/citations?view_op=view_citation&hl=en&user=JoAj7KkAAAA)&citati

on_for_view=JoAj7KkAAAAJ:UeHWp8XOCEIC [In Bahasa Indonesia].



Wiyono, R. (2011). Studi pembuatan serbuk effervescent temulawak (Curcuma xanthorrhiza Roxb) kajian
suhu pengering, konsentrasi dekstrin, konsentrasi asam sitrat dan na-bikarbonat. Teknologi Pangan.
https://jurnal.yudharta.ac.id/v2/index.php/Teknologi-Pangan/article/view/477/374 [In Bahasa

Indonesia].

Wulansari, A., Prasetyo, D.B., Lejaringtyas, M., Hidayat, A. and Anggarini, S. (2012). Aplikasi dan analisis
kelayakan pewarna bubuk merah alami berantioksidan dari ekstrak biji buah pinang (Areca catechu)
sebagai bahan pengganti pewarna sintetik pada produk pangan. Jurnal Industria, 1(1), 1-9. DOI:

https://industria.ub.ac.id/index.php/industri/article/view/95/287 [In Bahasa Indonesia].

Xu, J., Zhao, W., Ning, Y., Jin, Z., Xu, B. and Xu, X. (2012). Comparative study of spring dextrin impact on
amylose retrogradation. Journal of Agricultural and Food Chemistry, 60(19), 4970-4976.
https://doi.org/10.1021/jf2052477

Yamin, M., Furtuna, D. and Hamzah, F. (2017). Lama pengeringan terhadap aktivitas antioksidan dan mutu
teh herbal ketepeng cina (Cassia alata L). Jurnal Teknologi Hasil Pertanian Jurusan Teknologi
Pertanian Universitas Riau, 4(2), 1-15. https://www.neliti.com/publications/201304/lama-
pengeringan-terhadap-aktivitas-antioksidan-dan-mutu-teh-herbal-daun-ketepen  [In  Bahasa

Indonesial.

Yudhianto LY., Rejeki, E.S. and Ekowati, D. (2013). Optimasi formula gel ekstrak buah apel hijau (Pyrus
malus L.) sebagai antioksidan dengan kombinasi basisi metil selulosa dan gliserin secara simplex
lattice Design. Jurnal Biomedika, 6(2), 7-13.
http://ejurnal.setiabudi.ac.id/ojs/index.php/biomedika/article/view/248/219 [In Bahasa

Indonesial.

Yuliwaty, S.T. and Susanto, W.H. (2015). Pengaruh lama pengeringan dan konsentrasi maltodekstrin
terhadap karakteristik fisik kimia dan organoleptik minuman instan daun mengkudu (Morinda
citrifolia). Jurnal Pangan dan Agroindustri, 3(1), 41-52.
https://jpa.ub.ac.id/index.php/jpa/article/view/108/124 [In Bahasa Indonesia].



Table 1. The mean value of bulk density for lemongrass and Malang apple powdered drinks.

Drying Coating type
temperature Maltodextrin \Maltodekstrin Dextrin Dekstrinl Gum Arabic  Mean=SD
40°C 0.58+0.04° 0.63+0.03" 0.64+0.01*"  0.62+0.03
45°C 0.67+0.03* 0.58+0.05*° 0.64+0.03*“ 0.63+0.05
50°C 0.58+0.06™° 0.67+0.02 0.52+0.00°  0.59+0.08
Mean+SD 0.61+0.05 0.63+0.05 0.60+0.60

Note: the mean value followed by different letters indicates a significant difference (P<0.05)

Table 2. The mean value of dissolution time for lemongrass and Malang apple powdered drinks (seconds).

Mean
Drying Coating type

+SD

temperature
Maltodextrin Maltodekstrin Dextrin Dekstrin Gum Arabic

40°C 1.06+0.04> 1.11£0.01%* 1.29+0.07¢  1.15%0.12°
45°C 1.04+0.00%° 0.96+0.07° 1.05+0.03%*° 1.02+0.05°
50°C 1.07+0.00* 1.010.02% 1.17+0.03° 1.08+0.08°

Mean+SD 1.05%0.01° 1.03+0.08° 1.17+0.12°

Note: the mean value followed by different letters indicates a significant difference (P<0.05)

Table 3. The mean value of stability for lemongrass and Malang apple powdered drinks (%).

Coating type Mean+SD

Drying

Maltodextrin Dextrin

temperature Gum Arabic

Maltodekstrin Dekstrin
40°C 65.30+0.65"  87.32+0.45° 63.89%2.66° 72.17+13.14°
45°C 73.01x0.57¢  89.19+0.43° 69.69+0.59° 77.30+10.43°
50°C 78.74+1.00°  93.33+0.40" 80.19+0.00° 84.09+8.03°

Mean+SD 72.35£6.74°  89.95+3.07° 71.26+8.26"
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Table 4. The mean value of water content for lemongrass and Malang apple powdered drinks (%).

Drying Coating type Mean=SD
temperature  Maltodextrin Maltodekstrin ~ Dextrin Dekstrin  Gum Arabic CCommented [A6]: Please change to English.
40°C 2.57+0.06 2.51+0.04 2.54+0.02 2.54+0.03°
45°C 2.39+0.06 2.38+0.12 2.31+0.03 2.36+0.04°
50°C 2.07+0.02 2.16+0.02 2.06+0.02 2.10+0.05°
Mean=SD 2.34+0.25 2.35+0.18 2.30+0.24

Note: the mean value followed by different letters indicates a significant difference (P<0.05)

Table 5. The mean value of ash content for lemongrass and Malang apple powdered drinks (%).

Drying Coating type Mean=SD
temperature Maltodextrin \Maltodekstrin Dextrin Dekstrinl Gum Arabic (Commented [A7]: Please change to English.
40°C 1.17£0.13* 1.46+0.11° 1.06+0.07° 1.23+0.21°
45°C 1.26+0.01° 1.21+0.03%° 1.24+0.03" 1.23+0.02°
50°C 1.26+0.02°¢ 1.37+0.01°% 1.38+0.09% 1.330.07°
Mean=SD 1.23+0.05° 1.34+0.13° 1.23+0.16°

Note: the mean value followed by different letters indicates a significant difference (P<0.05)

Table 6. The mean value of vitamin C content for lemongrass and Malang apple powdered drinks (%).

Drying Coating type Mean+SD
temperature Maltodextrin \Maltodekstrin Dextrin Dekstrinl Gum Arabic (Commented [A8]: Please change to English.
40°C 68.11+1.74° 72.69+2.74° 61.95+0.50° 67.58 £5.39°
45°C 63.36+1.49° 70.22£1.24% 58.26+1.24° 63.95+6.01°
50°C 54.91+0.50° 63.36+1.49° 53.15+0.50° 57.14+5.46*
Mean=SD 62.13+6.69° 68.76+4.83° 57.79+4.42°

Note:

the mean value followed by different letters indicates a significant difference (P<0.05)



Table 7. The mean value of water activity for lemongrass and Malang apple powdered drinks.

Drying Coating type Mean+
temperature Maltodextrin \Maltodekstrin Dextrin Dekstrinl Gum Arabic SD
40°C 0.48+0.00 0.48+0.02 0.51+0.00  0.49+0.02
45°C 0.51%0.03 0.50+0.01 0.44%0.02  0.49+0.04
50°C 0.49+0.04 0.46+0.05 0.46+0.01  0.47+0.02
Mean=SD 0.49+0.02 0.48+0.02 0.47+0.03

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

Table 8. The mean value of radical scavenging activity content for lemongrass and Malang apple powdered

drinks (%).
Drying Coating type Mean=SD
temperature Maltodextrin \Maltodekstrin Dextrin Dekstrin\ Gum Arabic
40°C 56.96+1.13" 60.13+0.05" 53.66+0.14% 56.92+3.24°
48.29+2.62
45°C 45.73+0.67° 50.97+0.11° 48.17+0.18° e
50°C 37.45%1.07° 43.98+0.71° 37.53+0.21° 39.65+3.75°

Note: the mean value followed by different letters indicates a significant difference (P<0.05)

Table 9. The mean value of ICso antioxidant content for lemongrass and Malang apple powdered drinks (%)

on the best product.

Drying Coating type
temperature Dextrin|Dekstrin
40°C 0.9+0.01
45°C 1.279+0.08

50°C 1.47+0.01
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Abstract

Fresh beverages from fruits and herbal plants that contain antioxidants are able to enhance the immunity of
the human body. However, such fresh beverage products generally have a short shelf life. As an alternative,
the products must be converted into powdered drinks. Coating materials are thus needed to avoid the loss
of antioxidant compounds during the drying process. This study aimed to scrutinize the effects of coating
type and drying temperature on the quality of lemongrass and Malang apple powdered drinks. The study

employed a completely randomized design (CRD) with two factors and two replications. The first factor was



the coating type with 3 levels (maltodextrin, dextrin, gum arabic) and the second factor was the drying
temperature with 3 levels (40°C, 45°C, 50°C). The data were analyzed using lANAVA }test and Duncan's
further test if the treatment was significantly different. The results showed that the type of coating
significantly affected the parameters of stability, dissolution time, ash content, vitamin C, and antioxidants.
Meanwhile, the drying time significantly affected the parameters of stability, dissolution time, water
content, ash content, vitamin C, and antioxidants. There was an interaction between the coating type and
drying time that affected the bulk density, stability, dissolution time, ash content, vitamin C, and
antioxidants. The best result based on the high content of antioxidants was obtained on the dextrin coating
type with a drying temperature of 45°C. Product characteristics included a solubility of 0.96 seconds, a bulk
density of 0.58 g/mL, a stability of 89.19%, a water content of 2.38%, an ash content of 1.21%, a vitamin C
content of 70.22%, an antioxidant inhibition percentage of 50.97%, an ICs, content of 1.29, and a water

activity of 0.50.

Keywords: Apples, Dextrin, Powdered drinks, Drying, Lemongrass

1. Introduction

The COVID-19 pandemic has forced people to maintain their health by increasing their body's immunity.
Body immunity can be enhanced through an adequate diet and nutrition from drinks (Iddir et al., 2020).
Powdered drinks are processed food products in the form of a powder. Having a relatively long shelf life, the
product is easy to serve and can be rapidly dissolved in water. In addition, powdered drinks are easy to carry
and ship (Tangkeallo et al., 2014), making the product to be liked by the public. One of the ingredients that
can boost the body's immunity is herbal plants. The plants are known to contain antioxidant compounds.
Antioxidants are able to capture free radicals to enhance the immunity of the body (Cakmakci et al., 2015).
One of the popular herbal plants that contains antioxidants is lemongrass. Lemongrass contains
compounds including geraniol, citronellol, lemonen, kadinen, eugenol, dipentene, citral (Wibisono, 2011).
Acting as an anticancer and antioxidant, these compounds can stabilize blood pressure, treat constipation,
help the digestive system, tighten the body after childbirth (Poeloengan, 2009), and reduce pain (Royhanaty
et al., 2018). In addition to lemongrass, Malang apples, a famous fruit typical of the city of Malang, also
belong to the food ingredient that can enhance the body's immunity. Being small in size, Malang apples
have low economic value because they are less attractive to consumers (Pramanta et al, 2017).

Meanwhile, according to Rusita et al. (2019), Malang apples contain lots of vitamins such as vitamins A, B,
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and C, minerals, and fiber. The apples also contain flavonoid compounds, including quercetin. Vitamin C
and quercetin act as antioxidants, antivirals, and anti-inflammatories that protect the body's reproductive
system. Flavonoids as antioxidants have the ability to act as anti-free radicals and reduce free radicals
(Suparni dan Wulandari, 2012).

However, although containing beneficial antioxidants, lemongrass and Malang apples are rarely used
as ingredients to make powdered beverages. Due to its practicality, ready-to-serve drinks in powder form
(Sari et al., 2021) with both ingredients are necessary to be made. In order to function as a nutritional drink,
the making of powdered drinks from lemongrass and Malang apples should pay special attention to the
drying process (Naibaho et al., 2015). It is because the active ingredients contained in lemongrass and
Malang apples are volatile. Drying at high temperatures for a long time can reduce the antioxidant activity of
the dried material (Yamin et al., 2017). To maintain the amount of antioxidants present, it is necessary to
find the right drying temperature. In addition, coating materials are needed to maintain the existing volatile
compounds. The commonly used coating material is gum Arabic because this material has the ability to
form good emulsions and films. Compared to modified starch, gum arabic as a coating material is able to
maintain the stability of volatile compounds and trap the highest volatile components (Santoso et al., 2013).
Gum arabic can preserve the flavor of dried materials by coating the flavor particles, protecting them from
oxidation, absorption, and evaporation of water from the air (Herawati, 2018). According to Harahap et al.
(2021), maltodextrin has a high solubility, a strong binding power, and low browning properties. In addition,
being able to disperse quickly, maltodextrin can inhibit crystallization and form low hygroscopic properties.
Meanwhile, dextrin has a high solubility, but it has a relatively low ability to bind water and a relatively low

viscosity (Asiah et al., 2012).

Based on the description above, this study aimed to investigate the effects of coating type and drying
temperature on the quality of lemongrass and Malang apple powdered drinks. The quality of the powdered
drinks was determined based on physical tests in the form of bulk density, dissolution time, and stability
tests. These tests were required to determine packaging. In addition, chemical tests were carried out in the
form of water content, ash content, antioxidant activity, water activity, and vitamin C. These tests would
indirectly determine the shelf life of the product and its ability to enhance the body's immunity. This research
has yielded a product with the following characteristics: easy to carry, having the potential to boost the

body's immunity, and having a relatively long shelf life.

2. Materials and methods



2.1 Materials and equipment

The materials used in the study were lemongrass stems and seedless Malang apples, maltodextrin,
dextrin, gum Arabic powder, water, and brown sugar. The materials for chemical analysis were distilled
water, starch indicator, 0.1 N NaOH, 50 mg/L DPPH, methanol p.a, and ascorbic acid. The tools used in the
study were a Mitzui blender, cutting boards, measuring cups, knives, WTC Binder 78532 blower ovens,
baking sheets, spoons, Matrix ESJ210-4B scales, volumetric flasks, Erlenmeyer, burettes, measuring
pipettes, a suction ball, a funnel pipette, a beaker glass, afilter paper, a burette, a stative, a Siever 60 mesh,

and a UV2100 spectrophotometer.

2.2 The process of making lemongrass and malang apple powdered drinks
The process of making powdered drinks was a modification of the research of Susanti and Putri (2014).
The process of making powdered drinks consisted of two stages including the making of fruit pulp and the

drying process.

2.2.1 Making fruit pulp

The making of fruit pulp began with the sorting of the lemongrass and Malang apples. The ingredients
sorted were washed and cut (1:1 w/w), and then crushed with a blender for 5 mins at speed number 2. The
pulp was added with water in a ratio of 1:1 w/w. The coating materials (maltodextrin, dextrin, and gum
Arabic) were then added as much as 5% w/w of the fruit pulp separately. The pulp was stirred until

homogeneous.

2.2.2 Drying

Each homogeneous fruit pulp was placed on a 60 x 40 x 2 cm baking sheet as much as 250 mL. It was
then dried with a blower oven at a predetermined temperature (40°C, 45°C, and 50 ° C) separately for 18
h. Afterwards, the dried sheets of lemongrass and Malang apples were then crushed separately with a
blender for 3 mins at speed number 2. Then, brown sugar was added at 10% w/w of the dry powder. After
that, the powder was sieved using a 60-mesh sieve. Lemongrass powdered drinks were packaged in

aluminum foil zip lock with a size of 7 x 13 cm.

2.3. Analysis procedure of bulk density
The powder sample was putinto a 10 mL measuring cup whose weight was known. The measuring cup

containing the powder sample was tapped 30 times until there were no more cavities when the powder



sample was adjusted to 10 mL. The measuring cup containing the powder sample was then weighed. The

bulk density (g/mL) can be calculated by dividing the weight of the powder sample by its volume (10 mL).

2.4 Analysis procedure of dissolution time testing
Atotal of 5 g sample was weighed. The sample was then dissolved in 50 mL of warm water and stirred

20 times until homogeneous. The dissolving time of the sample was recorded.

2.5 Analysis procedure of stability testing
A total of 5 g of powder was weighed and brewed in 50 mL of water. It was then put into a 10 mL
measuring cup and kept for 24 h. Afterwards, the solution was measured for the volume of the precipitate

and the height of the solution volume as the percentage of stability of the drink obtained.

2.6 Analysis procedure of water content by oven drying method

An empty cup was dried in the oven for 15 mins. The cup was then cooled in a desiccator (10 mins for
an aluminum cup and 20 mins for a porcelain cup). The dry cup was weighed. The sample was weighed as
much as 2-3 g and then put in the dry cup. After that, the cup containing the sample was put in the oven at
105°C for 6 h. Next, it was cooled in a desiccator and then weighed. The drying process was repeated until
a constant weight was obtained. The water content was calculated based on the loss of weight, by
calculating the difference between the initial weight of the sample before the drying and the final weight

after the drying.

2.7 Analysis procedure of ash content by muffle furnace method
A porcelain cup was dried in the oven for 15 mins. The cup was cooled in a desiccator and then weighed.
The sample was weighed as much as 3 gin a cup that had been dried. Afterwards, it was burned in a crucible
until it no longer emitted smoke. Next, the ashing process was carried out using an electric furnace at a
temperature of 400-600°C for 4-6 hrs until the white ash was formed and had a constant weight. The ash

formed in the cup was cooled in a desiccator and then weighed.

2.8 Analysis procedure of radical scavenging activity
Antioxidant activity was analyzed based on its ability to capture free radicals (radical scavenging
activity) of DPPH. The analysis of antioxidant activity in this study used the DPPH (2,2-diphenyl-

Ipicrylhydrazyl) method. The DPPH method aimed to determine the concentration used to inhibit free



radicals in a sample. A sample macerated with methanol was prepared. A mother liquor for each sample of
100 ppm was made by dissolving 0.01 mL of the sample in 100 mL of methanol PA. A total of 1 mL of DPPH
solution (10 mg/L) was added to 50 pL of sample solution. Afterwards, methanol pro analyzed was added
up to 5 mL, then incubated for 30 mins at 37°C. The absorbance was measured at a wavelength of 513 nm.
The antioxidant activity of the sample was determined by the magnitude of the DPPH radical uptake

inhibition by calculating the percentage of DPPH uptake inhibition.

2.9 Analysis procedure of ICs, antioxidant activity

Antioxidant activity was analyzed based on its ability to capture free radicals (radical scavenging
activity) of DPPH. The analysis of antioxidant activity in this study used the DPPH (2,2-diphenyl-
Ipicrylhydrazyl) method. The DPPH method aimed to determine the concentration used to inhibit free
radicals in a sample. A sample macerated with methanol was prepared. A mother liquor for each sample of
100 ppm was made by dissolving 0.01 mL of the sample in 100 mL of methanol PA. Furthermore, dilution
was carried out using the methanol PA solvent by varying the concentration of 5 ppm, 6 ppm, 7 ppm, 8 ppm
and 9 ppm for each sample. The next step was to prepare a 50 ppm DPPH stock solution. The DPPH stock
solution was prepared by dissolving 5 mg of solid DPPH in 100 mL of methanol PA. Then a comparison
solution was prepared, namely a control solution containing 2 mL of methanol PA and 1 mL of 50 ppm DPPH
solution. For the test sample, 2 mL of the sample solution and 2 mL of the DPPH solution were prepared.
Then, the solution was kept for 30 mins. All samples, the extract samples that had been kept, were tested

for measuring the absorbance values using a UV-visible spectrophotometer at a wavelength of 517 nm.

2.10 Analysis procedure of water activity testing

The measurement of water activity was conducted using an aw-meter tool. The tool was calibrated by
adding BaCl,.2H,0. It was then closed and kept for 3 mins until the number on the scale became 0.9. The
aw-meter was then opened and the sample was inserted. Afterwards, the tool was closed and waited until
the aw scale was read. The temperature scale and the correction factor were observed. When the
temperature scale was above 20°C, the aw scale reading was added as much as the excess of the

temperature multiplied by a correction factor of 0.002°, as well as for temperatures below 20°C.

2.11 Analysis procedure of vitamin C testing
The analysis of vitamin C was performed by the iodometric method. The crushed sample was weighed

as much as 5 g. The sample was put into a 100 mL measuring flask. Distilled water was then added up to



the line mark. The sample was then shaken until homogeneous. Afterwards, the solution was filtered and
the filtrate was pipetted as much as 25 mL, and put into an Erlenmeyer flask. A few drops of the starch
indicator were added, then titrated rapidly using 0.01 N iodine solution until a blue color appeared. The

vitamin C content was obtained from the following formula:

V12 x0.88XFpXx100
w(g)

Where V |, = iodine volume (mL), 0.88 = 0.88 mg ascorbic acid equivalent to 1 ml 1, 0.01 N solution, Fp =

Vitamin C (mg/100 g) =

dilution factor and W = sample mass (g).
2.12 Statistical analysis
The data obtained were analyzed using the analysis of variance (ANOVA). When the data showed that
there was a significant effect, the Duncan Multiple Range Test was carried out. The testing was done using

the IBM SPSS Statistics 29 software. The significant level was set at a = 0.05.

3. Results and discussion
3.1 Bulk density of lemongrass and Malang apple powdered drinks

The bulk density value indicates void space, namely the number of empty cavities between the
material particles. The greater the bulk density of an object, the less void space it has (Hui et al., 2008). The
bulk density obtained in the study was 0.52 g/mL to 0.67 g/mL (Table 1). The findings revealed that the drying
temperature and coating type had an effect on the density value of the Kamba powdered drink. Furthermore,
the density value of Kamba is affected by a relationship between the drying temperature and coating type.
The higher the drying temperature causes the bulk density value to decrease. This is because the higher the
drying temperature causes more water in the material to be evaporated. Therefore, the resulting water
content is lower, causing the weight of the powder to become lighter. According to Andriyani et al. (2015),
as the drying temperature rises, the bulk density falls. The bulk density is influenced by the type of material,
the water content, and the shape and size of the material. The smaller the bulk density, the more porous the
product is (Widowati et al., 2010).

Of the three types of coating used, gum Arabic has the lowest bulk density compared to other
coatings. It is because gum arabic contains a complex mixture of hydrophilic carbohydrates and
hydrophobic protein components so that the solution can dissolve very well in water (up to 50%) (Daugan
and Abdullah, 2013). Meanwhile, according to Purbasari (2019), dextrin is able to form films, form the body,
inhibit crystallization, and quickly disperse. Dextrin also has high solubility, hygroscopic properties, low

browning properties, and strong binding power. The dextrin film layer has a higher proportion of solids than



gum arabic since the DE value of dextrin is lower than gum arabic. Therefore, the drying process using dextrin
is faster and the particle size is smaller than gum arabic (Sutardi et al., 2010). Maltodextrin is a coating
material that has a high level of solubility. It is due to the nature of maltodextrin which is soluble in water
and has a fast dispersion process. Maltodextrin is hygroscopic (has the ability to absorb water) so the water
in the material is more retained and difficult to evaporate (Yuliwaty and Susanto, 2015).

According to Setiawati et al. (2014), the amount of bulk density of a material affects the space needed
for that material. The greater the bulk density, the smaller the space needed, and vice versa. The smaller the
size of the molecule, the more easily the product will be compressed. The smaller the gaps between
molecules, the greater the bulk density (Stranzinger et al., 2017). The treatment using gum Arabic with a
drying temperature of 50 ° C resulted in the lowest bulk density value of 0.52. According to Palijama et al.
(2020), foodstuffs that have a high bulk density indicate that the product is more compact (non-
voluminous). It means that in the same certain volume, the product is available in more weight. According
to Widowati et al. (2010), a material is considered ‘bulk’ if the bulk density is small. It means that lightweight
requires a large space. The smaller the bulk density, the more porous the product is. Sadeghi et al. (2010)
state that the higher sphericity of the corn kernels results in a more regular arrangement of the kernels.
Therefore, the cavities between the kernels were smaller, resulting in a higher bulk density. According to the
preceding description, the drying temperature and the type of coating both affect the density value of
Kamba. It demonstrates that the two interact in altering the value of Kamba density.

3.2 Dissolution time

Dissolution time is a time for all beverage powder to dissolve in water perfectly. The testing of
dissolution time was carried out to determine the speed of solubility of the drinks. The higher the solubility
value of the powder product, the better the product is. It is because the perfect solubility will produce
products that do not float on the surface of the water (Phoungchandang et al., 2009). The dissolution time
of lemongrass and Malang apple powder was 0.96 to 1.29 s (Table 2). The results showed that the higher
the drying temperature, the faster the dissolution time (Table 2). It is because the powder produced is drier.
The higher the drying temperature, the more water evaporates on the powdered drinks so that the water
contentis lower. The lower the water content, the more hygroscopic, the dissolution time is faster (Paramita
etal., 2015 and Sakdiyah and Rekna, 2019).

The type of coating also affects the dissolution time. Of the three types of coatings used, dextrin has
the fastest dissolution time (Table 2). When powdered drinks are dissolved in water, especially warm water,
the hydroxyl groups in the coating substance will interact with the water, increasing the powder's solubility

(Yuliwaty and Susanto, 2015). Dextrin has a dextrose equivalent (DE) value of 3-5 and has the ability to form



layers (Tyanjani and Yunianta, 2015). With the addition of dextrin, the solubility of powdered drinks
increases. This is because dextrin is easily soluble in water. This is in accordance with Nurhidayah et al.
(2014), who state that dextrin is easily soluble in water, and disperses more quickly. Dextrin is not viscous
and more stable than starch.

According to Wulansari et al. (2012), the dextrose equivalent (DE) of maltodextrin is 3-20. The higher
the DE value, the higher the monosaccharide content. It causes the binding power to be greater. Thus,
compared to dextrin, the use of maltodextrin allows the water content to be higher. Maltodextrin is a filler
that has a high level of solubility. This is due to the characteristic of maltodextrin which is soluble in water
(Hofman et al., 2016). Gum Arabic has a longer dissolution time than maltodextrin and dextrin. However,
according to Herawati (2018), gum Arabic has a high solubility in water, making it better to use as the coating
material in making powdered drinks. The DE value of gum Arabic is 6 (Soottitantawat et al., 2006). According
to Hofman et al. (2016), the factor that affects the level of solubility in water is the DE value. The higher the

DE value, the better the solubility level.

3.3 Stability

Beverage products will be stable if the particles acting as the dispersed phase can be retained
without changing for a long time, or without experiencing grouping with each other (Anjani et al., 2011). The
stability testing is expressed in the percentage of stability of the powdered drinks made. The stability of
lemongrass and Malang apple powdered drinks obtained an average of 63.89% to 93.33% (Table 3). The
results show that the higher the drying temperature, the higher the resulting stability. The higher the drying
temperature, the lower the powder water content. It causes the product to absorb water more easily so that
the product becomes more stable when rehydrated. This is in line with Kryzhska et al. (2020) who state that
the high water content in powder products would seriously disrupt the product stability. It would also cause
the product to agglomerate when stored. The high water content in a product can cause damage due to the
activity of microorganisms.

The type of coating also affects the stability value. Of the three types of coating used, dextrin has the
most stable results compared to the other types of coating. Dextrin can wrap the active ingredient particles
from oxidation reactions during storage, thereby increasing product stability (Septevani et al,, 2013).
Belong to a group of polysaccharides, dextrin has a stronger ability to bind water because it has a simpler
chemical structure consisting of 1,6 a-glycosidic and 1,4 a-glycosidic bonds (Xu et al., 2012). The addition
of maltodextrin can increase the stability of the drink, reducing the precipitate formed (Paramita et al.,

2015). Maltodextrin has a high solubility so that the product does not precipitate too much (Pramitasari et



al., 2011). Gum arabic has a more complex molecular structure than dextrin and contains starch so it is
more hygroscopic (Sutardi et al., 2010). Gum arabic has a more complex chemical structure, consisting of
D-galactose, L-arabinose, D-glucuronic acid, and L-rhamnose (Alftren et al., 2012). According to Anggraini
et al. (2016), the presence of sediment in beverage products can be caused by the presence of pectin.
Table 3 shows that the dextrin treatment with a drying temperature of 50°C is the coating material with

the highest stability value of 93.33%.

3.4 Water content

The average water content of lemongrass and Malang apple powdered drinks ranged from 2.06% to
2.57% (Table 4). In the manufacturing process, powdered drinks are made by drying separately at 40°C,
45°C and 50° C for 18 h. The results reveal that the drying temperature has an effect on the water content
of lemongrass and Malang apple powdered drinks. Meanwhile, the type of coating had no effect on the water
content. Similarly, there was no interaction between the drying temperature and coating type affecting the
moisture content of the powdered drinks. The higher the drying temperature, the lower the water content of
the powder. Drying causes the water content in the lemongrass and Malang apple powder to evaporate. The
higher temperature allows the powder to have a lower water content. According to Wiyono (2011), the
drying temperature factor is important. The water content can be removed quickly when the materialis dried
at a high temperature (Wiyono, 2011). The increase in the heating temperature tends to reduce the water
content. There are more water molecules that evaporate from the dried raw materials. Thus, the water
content obtained is lower.

The type of coating has a relatively similar effect on the value of the water content. Of the three types
of coating used, dextrin produced the highest average powder water content of 2.35%, followed by
maltodextrin (2.34%) and gum arabic (2.30%). According to Wulansari et al. (2012), dextrin is hygroscopic
as it easily absorbs water. But when it is dried, the absorbed water is released (Wulansari et al., 2012). The
water content absorbed by the coating material will evaporate more easily than the water content in the
material tissue so that the evaporation process of water in powdered drinks becomes easier (Paramita et
al., 2015). Maltodextrin has a low molecular weight and a simple structure so that water is easily evaporated
during the drying process (Pramitasari et al., 2011). Meanwhile, gum arabic is hygroscopic. The water in the
material coated with gum arabic is difficult to evaporate. Containing a large amount of starch, gum arabic
has a high molecular weight and a complex molecular structure (Sutardi et al., 2010). Based on the water
content testing carried out, the lowest water content was 2.06%, namely at 50°C dextrin. It was in

accordance with the SNI number 01-4320-1996 in which the water content of powdered drinks was a



maximum of 3% (BSN, 1996). The powdered drink products meet the requirements of the Indonesian
National Standard for powdered drinks (SNI No. 01-4320-1996). The products have a small possibility of

being contaminated with microorganisms.

3.5 Ash content

According to Leggli et al. (2011), ash content testing is carried out to determine the amount of
minerals in a food. Ash is composed of various types of minerals with varying compositions depending on
the type and source of food (Andarwulan et al., 2011). Based on Table 5, the mean value of the ash content
was 1.06% to 1.46%. It shows that the higher the drying temperature, the higher the ash content. The
increase in ash content is related to the higher drying temperature. It causes more water in the material to
evaporate. Thus, the water content is lower. It causes the percentage of mineral content in the material to
increase. The results of the study are in line with Shadri et al. (2018).

Dextrin is a polysaccharide group that has a simpler chemical structure than gum arabic. Dextrin
consists of 1,6 a-glycosidic and 1,4 a-glycosidic bonds (Xu et al., 2012). Meanwhile, gum arabic has a more
complex chemical structure, consisting of D-galactose, L-arabinose, D-glucuronic acid, and L-rhamnose
(Alftren et al., 2012). According to Sediaoetama (2010), ash content describes the amount of minerals that
are not burnt into substances that can evaporate. Ash content is the residue left when a sample of a food
ingredient is completely burned. The highest ash content is obtained in the dextrin coating with a drying
temperature of 45° C. In general, the ash content of the product was still within the limits of SNI 01-4320-
1996 regarding the quality requirements for powdered drinks, namely a maximum of 1.5% (BSN, 1996).
Malang apples have a fairly high nutritional content, especially vitamins and minerals such as calcium,
phosphorus, iron, potassium, carbohydrates, fat, protein, niacin, riboflavin, vitamins A, B1, B2, and vitamin
C (Wahyuningtyas et al., 2017). Lemongrass contains several minerals such as vitamin A, vitamin C,

potassium, calcium, iron, magnesium, and selenium (Shadri et al., 2018).

3.6 Vitamin C
The results of the vitamin C test are presented in Table 6. It shows an average value of vitamin C
between 72.69 mg/100 gto 53.15 mg/100 g. The results demonstrated that the drying temperature and type
of coating affected the vitamin C content. There was an interaction between the drying temperature and the
type of coating in determining the vitamin C content of powdered drinks. The vitamin C content tends to
decrease along with the increase in the drying temperature. A decrease in vitamin C can occur due to the

unstable nature of vitamin C which can be easily degraded, especially by heat (Parfiyanti et al., 2016). It



shows that the drying process at high temperatures can reduce the vitamin C content in powdered drinks.
Vitamin C is classified as a natural antioxidant. Vitamin C contains ascorbic acid which is easily oxidized to
dehydroascorbic acid and plays a role in inhibiting excessive oxidation reactions (Susanti and Putri, 2014).

The type of coating also affects the vitamin C content. Of the three types of coatings used, dextrin
produces the highest content of vitamin C compared to other types of coating. Dextrin can protect the
volatile components of materials such as vitamin C from damage due to heat. Thus, the addition of more
dextrin helps maintain the vitamin C content in the product. Dextrin can protect vitamin C and compounds
sensitive to heat or oxidation. It is because the molecules of dextrin are stable to heat and oxidation. In
addition, according to Aretzy et al. (2018), maltodextrin can protect volatile compounds and protect
compounds sensitive to oxidation. According to Morodi et al. (2022), GA alone or combined with other
biopolymers has been successfully applied on tomato slices and grapefruit slices to preserve the dried
products’ quality. The highest content of vitamin C was produced in powdered drinks dried at 40 ° C with the
dextrin coating (72.68 mg/100 g) and the lowest was produced at 50 ° C with the gum arabic coating (53.15
mg/100 g). The vitamin C content of mixed fruit powdered drinks (red guava, papaya, apple, and tomato)
coated with maltodextrin and tween 80 dried at 50 ° C produces a vitamin C content between 425 mg/100

g-550 mg/100 g, higher than lemongrass and Malang apple powdered drinks (Minah, et al., 2021).

3.7 Water activity

Table 7 shows the mean value of water activity (aw) of lemongrass and Malang apple powdered
drinks, namely 0.44 to 0.50. The Aw value of lemongrass and Malang apple powdered drinks is lower than
the Aw value for the bacterial growth requirement at 0.90. The Aw value for yeast growth is 0.80-0.90, and
the Aw value for mold growth is 0.60-0.70. The Aw value is relatively decreased along with the increase in
drying temperature. In the drying process, the free water in the material will evaporate. The higher
temperature causes more water to evaporate. The lower the water content, the lower the water activity
(Martins et al., 2019). According to Adri and Hersoelistyorini (2013), the composition of water in foodstuffs,
such as free water and bound water, can affect the duration of food drying. The relatively small aw value
does not allow the growth of bacteria, molds, and yeasts in the product. The lemongrass extract has great
potential as an antibacterial agent that can suppress the activity of Bacillus cereus, Salmonella typhimurium
and Staphylococcus aureus, indicating the possibility of using medicinal plants as natural antibacterial
agents (Ibrahim and Salem, 2013). According to Parfiyanti et al. (2016), the purpose of drying is to reduce

water content so that it is not easy for mold and bacteria to grow. The drying process also eliminates the



activity of enzymes that can decompose the active substance content. It also facilitates further processing
so that the product can be more compact, durable, and easy to store.

The use of various coatings in this study relatively produces the same aw value. The use of
maltodextrin and gum arabic as coating materials in the process of drying milk into milk powder by spray
drying can protect protein, calcium, and lactose powder (Martins et al., 2019). The lowest water activity
value of lemongrass and Malang apple powdered drinks was obtained for products with gum arabic coating

at the drying temperature of 45°C (0.44).

3.8 Radical scavenging activity

Plants that have potential as antioxidants are lemongrass (Wibisono, 2011) and apples (Yudhianto et
al., 2013). Based on the radical scavenging activity test in Table 8, the average inhibition value was 37.45%
to 60.13%. Dextrin protects volatile chemicals and molecules vulnerable to heat or oxidation. Gum arabic
can help increase the stability of the coating component. Gum arabic is another sort of heat-resistant
coating (Daugan and Abdullah, 2013). Based on Table 8, the drying temperature affects the radical
scavenging activity. The higher the drying temperature, the lower the antioxidant activity value. The decrease
in the value of antioxidant activity in the lemongrass and Malang apple powdered drinks is related to the
damage to the antioxidant compounds due to high temperatures. According to Patras et al. (2010),
antioxidant compounds are easily degraded when exposed to heat. Heat accelerates the oxidation reaction
of these compounds. The degradation process occurs due to an increase in the rate of oxidation reactions
by heat. Antioxidant compounds that have been oxidized will be damaged. It is confirmed by Husna et al.
(2013) that antioxidant bioactive components have heat-resistant characteristics. If the sample is extracted
in hot conditions, it will reduce the value of its antioxidant activity. The results of the research by Widiastuti
et al. (2019) show that the more addition of lemongrass in lemongrass syrup with stevia sweetener, the
higher the antioxidant content. The highest antioxidant content is 50.55%. The high antioxidant content in
lemongrass is due to its large number of phenolic compounds. The high content of phenolic compounds
also results in antidiabetic and antihypertensive activity. The antioxidant activity of essential oil in
lemongrass stems is very high, with an effective inhibition of 89% and 89.63%. In lemongrass leaves, it is
slightly lower with the antioxidant and antidiabetic activity ranging from 78.89% and 79.26% respectively
(Mirghani, et al., 2012).

The use of dextrin coating with a drying temperature of 40 °C produced the highest inhibition value
compared to maltodextrin and gum arabic (Table 8). Goncalves et al. (2015) explain that dextrin is

composed of glucose units that can bind water so that dissolved oxygen can be reduced. As a result, the



oxidation process can be prevented. Dextrin protects volatile compounds and compounds sensitive to heat
or oxidation. Gum arabic can maintain the stability of the compounds being coated. Gum arabic is also
resistant to heat (Daugan and Abdullah, 2013). Meanwhile, maltodextrin can protect volatile compounds
and compounds sensitive to oxidation (Aretzy et al., 2018). The maltodextrin coating has high oxidation
resistance. It can reduce the viscosity of the emulsion. Combined with other coatings that have better
emulsifying properties, it causes the antioxidant compounds in the microencapsulants to be well protected
(Purnomo et al., 2014). According to Godwin et al. (2014), lemongrass contains natural antioxidants and
anti-inflammatories that can prevent free radicals in the human body. Antioxidants in lemongrass are able
to inhibit the release of arachidonic acid. It is through the mechanism of inhibiting kinase protein that can
affect the activity of phospholipase enzymes. Thus, the inhibition of arachidonic acid synthesis will reduce
the production of prostaglandins. The antioxidants found in lemongrass are citronellal and geraniol
compounds. According to Baskara (2010), apples contain antioxidants that are very good for skin health.
The very high antioxidant content is also the reason for the high consumption of apples by the public. Itis an

effort to prevent diseases and other dysfunctions of body health.

3.9 Antioxidant content with inhibition concentration value of 50% (ICsg)

The ICso value is the concentration of the antioxidant source to neutralize 50% of the radical
compounds. The lower the ICs value, the better the antioxidant activity of the sample. ICs, antioxidant
content is determined from the 3 best samples based on the highest inhibition percentage, namely on
lemongrass and Malang apple powders coated with dextrin with drying temperatures of 40°C, 45°C and
50 °C. According to Phongpaichit et al. (2007), ICsvalue < 10 ppm indicates a very strong activity. ICso 10-
50 ppm indicates strong activity, ICso > 50-100 ppm indicates moderate activity, and ICs, > 100-250 ppm
indicates weak activity. The results showed that the ICs, value in the lemongrass and Malang apple
powdered drinks was 0.9 to 1.47 % (Table 9), which indicated a very strong activity. The results of research
by Andriyani et al. (2015) show that the ICs, value of Curcuma zanthorrihiza L. and red ginger powder
functional drinks made using the spray drying method has the highest average value of 0.62 ppm at 4%
maltodextrin concentration, and the lowest or weakest value of 1.00 ppm at 0% maltodextrin

concentration.

4. Conclusion
The results showed that the type of coating significantly affected the parameters of stability, dissolution

time, ash content, vitamin C, and antioxidants. Meanwhile, the drying time significantly affected the



parameters of stability, dissolution time, water content, ash content, vitamin C, and antioxidants. There was
an interaction between the type of coating and the drying time that affected the bulk density, stability,
dissolution time, ash content, vitamin C, and antioxidants. The best quality was determined based on the
antioxidant content and high stability. The fast dissolution time was found in the lemongrass and Malang
apple powder dried at 45°C with the dextrin coating. The best lemongrass and Malang apple powdered
drinks had the following characteristics: a solubility of 0.96 seconds, a bulk density of 0.58 gr/mL, a stability
of 89.19%, a water content of 2.38%, an ash content of 1.21%, a vitamin C content of 70.22%, an

antioxidant inhibition of 50.97%, an ICs, content of 1.29 %, and a water activity 0.50.
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Table 1. The mean value of bulk density for lemongrass and Malang apple powdered drinks.

Drying Coating type
temperature  Maltodekstrin Dekstri  Gum Arabic MeanSD
40°C 0.58+0.04° 0.63+0.03** 0.64+0.01"¢ 0.62+0.03
45°C 0.67+0.03* 0.58+0.05° 0.64=0.03* 0.63+0.05
50°C 0.58+0.06™° 0.670.02¢  0.52+0.00° 0.59+0.08
Mean+SD 0.61+0.05 0.63+0.05 0.60+0.60

Note: the mean value followed by different letters indicates a significant difference (P<0.05)

Table 2. The mean value of dissolution time for lemongrass and Malang apple powdered drinks (seconds).

Mean
Drying Coating type
+8D
temperature
Maltodekstrin Dekstrin\ Gum Arabic
40°C 1.06+0.04”  1.11x0.01®  1.29%£0.07°  1.15+0.12°
45°C 1.04£0.00*°  0.96+0.07°  1.05+0.03*°  1.020.05"
50°C 1.07+0.00  1.01x0.02°*  1.17£0.03°  1.08+0.08"
Mean+SD 1.05+0.01*  1.03+0.08°  1.17+0.12°

Note: the mean value followed by different letters indicates a significant difference (P<0.05)

Table 3. The mean value of stability for lemongrass and Malang apple powdered drinks (%).

Drying Coating type Mean+SD
temperature  Maltodekstrin Dekstrin| Gum Arabic
40°C 65.30£0.65"  87.32+0.45° 63.89+2.66° 72.17+13.14°
45°C 73.01£0.57°  89.19+0.43° 69.69+0.59° 77.30+10.43"
50°C 78.74+1.00°  93.33+0.40" 80.19+0.00° 84.09+8.03°
Mean£SD 72.35£6.74°  89.95+3.07° 71.26%8.26°
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Table 4. The mean value of water content for lemongrass and Malang apple powdered drinks (%).

Drying Coating type Mean=SD
temperature \Maltodekstrin Dekstrin\ Gum Arabic [Commented [A5]: Please change to English.
40°C 2.57+0.06 2.51+0.04 2.54+0.02 2.54+0.03°
45°C 2.39+0.06 2.38+£0.12 2.31+£0.03 2.36+0.04°
50°C 2.07+0.02 2.16+0.02 2.06+0.02 2.10+0.05°
Mean=SD 2.34+0.25 2.35%0.18 2.30+0.24

Note: the mean value followed by different letters indicates a significant difference (P<0.05)

Table 5. The mean value of ash content for lemongrass and Malang apple powdered drinks (%).

Drying Coating type Mean+SD
temperature  Maltodekstrin  Dekstrin Gum Arabic CCommented [A6]: Please change to English.
40°C 1.17+0.13% 1.46+0.11° 1.06+0.07° 1.23+0.21*
45°C 1.26+0.01°¢  1.21+0.03** 1.24%0.03°¢ 1.23+0.02*
50°C 1.26+0.02°¢  1.37+0.01°% 1.38+0.09% 1.33+0.07°
Mean+SD 1.23+0.05* 1.34%0.13° 1.23+0.16°

Note: the mean value followed by different letters indicates a significant difference (P<0.05)

Table 6. The mean value of vitamin C content for lemongrass and Malang apple powdered drinks (%).

Drying Coating type Mean=SD
temperature \Maltodekstrin Dekstrin\ Gum Arabic CCommented [A7]: Please change to English.
40°C 68.11+1.74¢ 72.69+2.74°  61.95%0.50° 67.58 +5.39°
45°C 63.36+1.49° 70.22+1.24%  58.26+1.24° 63.95%6.01°
50°C 54.91+0.50° 63.36+1.49°  53.15%0.50° 57.14+5.46°
Mean=SD 62.13+6.69° 68.7624.83°  57.79+4.42°

Note: the mean value

followed by different letters indicates a significant difference (P<0.05)



Table 7. The mean value of water activity for lemongrass and Malang apple powdered drinks.

Drying Coating type Mean=
temperature  Maltodekstrin Dekstrin| Gum Arabic SD
40°C 0.48+0.00 0.48+0.02 0.51%0.00 0.49+0.02
45°C 0.51£0.03 0.50+0.01 0.44+0.02 0.49+0.04
50°C 0.49+0.04 0.46x0.05 0.46+0.01 0.47+0.02
Mean=SD 0.49+0.02 0.48+0.02 0.47+0.03

Note: the mean value followed by different letters indicates a significant difference (P < 0.05)

Table 8. The mean value of radical scavenging activity content for lemongrass and Malang apple powdered

drinks (%).
Drying Coating type Mean=SD
temperature \Maltodekstrin Dekstrin\ Gum Arabic
40°C 56.96+1.13"  60.130.05" 53.66=0.14% 56.92+3.24°
45°C 45.73+0.67°  50.97%0.11° 48.17%0.18° 48.29+2.62"
50°C 37.45%1.07°  43.98+0.71° 37.530.21° 39.65+3.75°

Note: the mean value followed by different letters indicates a significant difference (P<0.05)

Table 9. The mean value of ICs, antioxidant content for lemongrass and Malang apple powdered drinks (%)

on the best product.

Drying Coating type
temperature \Dekstrin\

40°C 0.9+0.01

45°C 1.279+0.08

50°C 1.47+0.01

[Commented [A8]: Please change to English.

(Commented [A9]: Please change to English.

(Commented [A10]: Please change to English.




2/6/25,2:38 PM Universitas Sahid Jakarta Mail - FR-2023-077 - Article Production

Dr. Rahmawati, ST, M.Si. <rahmafarasara@usahid.ac.id>

FR-2023-077 - Article Production

Food Research Production <fr.production@outlook.com> Thu, Oct 24, 2024 at 5:03 AM
To: FoodStandard Consultant <foodstandardconsultant@gmail.com>, "rahmafarasara@usahid.ac.id"
<rahmafarasara@usahid.ac.id>

Dear Dr Dede,

Received with thanks.

Thanks & Regards,

Dr Vivian New, PhD

Editor | Food Research

Email: fr.production@outlook.com
Website: www.myfoodresearch.com

From: FoodStandard Consultant <foodstandardconsultant@gmail.com>
Sent: Wednesday, 23 October, 2024 8:50 PM
To: Food Research Production <fr.production@outlook.com>; rahmafarasara@usahid.ac.id

<rahmafarasara@usahid.ac.id>
Subject: Re: FR-2023-077 - Article Production

[Quoted text hidden]

https://mail.google.com/mail/u/1/?ik=fe6dd683b7 & view=pt&search=all&permmsgid=msg-f:1813743956281399062&simpl=msg-f: 181374395628 1399062

1/1


mailto:fr.production@outlook.com
mailto:fr.production@outlook.com
http://www.myfoodresearch.com/
mailto:foodstandardconsultant@gmail.com
mailto:foodstandardconsultant@gmail.com
mailto:fr.production@outlook.com
mailto:rahmafarasara@usahid.ac.id
mailto:rahmafarasara@usahid.ac.id

2/6/25,2:39 PM Universitas Sahid Jakarta Mail - FR-2023-077 - Article Production

Dr. Rahmawati, ST, M.Si. <rahmafarasara@usahid.ac.id>

FR-2023-077 - Article Production

Dr. Rahmawati, ST, M.Si. <rahmafarasara@usahid.ac.id> Fri, Oct 25, 2024 at 8:14 PM
To: Food Research Production <fr.production@outlook.com>

Dear Dr Vivian New, PhD
Editor Food Research

Manuscript ID: FR-2023-077
Manuscript Title: The effects of coating type and drying temperature on the physicochemical properties of the mixture
of lemongrass and apple powdered drinks

| have just added some information to the manuscript, namely:

1. In the affiliation of Mr. Saputra, D, | added him as a Sahid University member, because he is our lecturer.
2. In the title of table 1, | have added the unit of measurement

Hopefully this addition can be accepted. Thank you.

King regards,

Rahmawati Rahmawati

[Quoted text hidden]

@ FR-2023-077 checked + (1) revised-rahma.docx
108K

https://mail.google.com/mail/u/1/?ik=fe6dd683b7 & view=pt&search=all&permmsgid=msg-a:r7215710741179134455&simpl=msg-a:r7215710741179134455

1/1


https://mail.google.com/mail/u/1/?ui=2&ik=fe6dd683b7&view=att&th=192c3d072b1d223c&attid=0.1&disp=attd&realattid=f_m2or7gks0&safe=1&zw
https://mail.google.com/mail/u/1/?ui=2&ik=fe6dd683b7&view=att&th=192c3d072b1d223c&attid=0.1&disp=attd&realattid=f_m2or7gks0&safe=1&zw

The effects of coating type and drying temperature on the physicochemical properties of the mixture

of lemongrass and apple powdered drinks

'Rahmawati, R., 'Azni, I.N., 1k"Saputra, D. and “?Maharani, A.F.

"Food Technology Program, Sahid University, Jl Prof. Dr. Supomo SH. Nomor 84, Jakarta Selatan 12870,

Indonesia%ddress (Full address with country)\

2FoodStandards Consl.ID, Jl Sapta 54 E, Menteng Dalam, Jakarta Selatan 12870, Indonesia

*Corresponding author: foodstandardconsultant@gmail.com ; ddsaputra2020@gmail.com

Author No.1: https://orcid.org/0000-0002-8887-5068
Author No. 2: https://orcid.org/0000-0002-2245-7437
Author No. 3: https://orcid.org/0000-0001-6419-7103
Author No. 4: https://orcid.org/0000-0001-7938-2985

Article history:

Received: 14 February 2023

Received in revised form: 21 June 2023

Accepted: 21 August 2024

Abstract

Fresh beverages from fruits and herbal plants that contain antioxidants are able to enhance the immunity of
the human body. However, such fresh beverage products generally have a short shelf life. As an alternative,
the products must be converted into powdered drinks. Coating materials are thus needed to avoid the loss
of antioxidant compounds during the drying process. This study aimed to scrutinize the effects of coating
type and drying temperature on the quality of lemongrass and Malang apple powdered drinks. The study

employed a completely randomized design (CRD) with two factors and two replications. The first factor was
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the coating type with 3 levels (maltodextrin, dextrin, gum arabic) and the second factor was the drying
temperature with 3 levels (40°C, 45°C, 50°C). The data were analyzed using Analysis of variance one-way

(ANAVA) test and Duncan's further test if the treatment was significantly different. The results showed that

the type of coating significantly affected the parameters of stability, dissolution time, ash content, vitamin
C, and antioxidants. Meanwhile, the drying time significantly affected the parameters of stability, dissolution
time, water content, ash content, vitamin C, and antioxidants. There was an interaction between the coating
type and drying time that affected the bulk density, stability, dissolution time, ash content, vitamin C, and
antioxidants. The best result based on the high content of antioxidants was obtained on the dextrin coating
type with a drying temperature of 45°C. Product characteristics included a solubility of 0.96 seconds, a bulk
density of 0.58 g/mL, a stability of 89.19%, a water content of 2.38%, an ash content of 1.21%, a vitamin C
content of 70.22%, an antioxidant inhibition percentage of 50.97%, an ICs, content of 1.29, and a water

activity of 0.50.

Keywords: Apples, Dextrin, Powdered drinks, Drying, Lemongrass

1. Introduction

The COVID-19 pandemic has forced people to maintain their health by increasing their body's immunity.
Body immunity can be enhanced through an adequate diet and nutrition from drinks (Iddir et al., 2020).
Powdered drinks are processed food products in the form of a powder. Having a relatively long shelf life, the
product is easy to serve and can be rapidly dissolved in water. In addition, powdered drinks are easy to carry
and ship (Tangkeallo et al., 2014), making the product to be liked by the public. One of the ingredients that
can boost the body's immunity is herbal plants. The plants are known to contain antioxidant compounds.
Antioxidants are able to capture free radicals to enhance the immunity of the body (Cakmakci et al., 2015).
One of the popular herbal plants that contains antioxidants is lemongrass. Lemongrass contains
compounds including geraniol, citronellol, lemonen, kadinen, eugenol, dipentene, citral (Wibisono, 2011).
Acting as an anticancer and antioxidant, these compounds can stabilize blood pressure, treat constipation,
help the digestive system, tighten the body after childbirth (Poeloengan, 2009), and reduce pain (Royhanaty
et al., 2018). In addition to lemongrass, Malang apples, a famous fruit typical of the city of Malang, also
belong to the food ingredient that can enhance the body's immunity. Being small in size, Malang apples
have low economic value because they are less attractive to consumers (Pramanta et al, 2017).

Meanwhile, according to Rusita et al. (2019), Malang apples contain lots of vitamins such as vitamins A, B,
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and C, minerals, and fiber. The apples also contain flavonoid compounds, including quercetin. Vitamin C
and quercetin act as antioxidants, antivirals, and anti-inflammatories that protect the body's reproductive
system. Flavonoids as antioxidants have the ability to act as anti-free radicals and reduce free radicals
(Suparni dan Wulandari, 2012).

However, although containing beneficial antioxidants, lemongrass and Malang apples are rarely used
as ingredients to make powdered beverages. Due to its practicality, ready-to-serve drinks in powder form
(Sari et al., 2021) with both ingredients are necessary to be made. In order to function as a nutritional drink,
the making of powdered drinks from lemongrass and Malang apples should pay special attention to the
drying process (Naibaho et al., 2015). It is because the active ingredients contained in lemongrass and
Malang apples are volatile. Drying at high temperatures for a long time can reduce the antioxidant activity of
the dried material (Yamin et al., 2017). To maintain the amount of antioxidants present, it is necessary to
find the right drying temperature. In addition, coating materials are needed to maintain the existing volatile
compounds. The commonly used coating material is gum Arabic because this material has the ability to
form good emulsions and films. Compared to modified starch, gum arabic as a coating material is able to
maintain the stability of volatile compounds and trap the highest volatile components (Santoso et al., 2013).
Gum arabic can preserve the flavor of dried materials by coating the flavor particles, protecting them from
oxidation, absorption, and evaporation of water from the air (Herawati, 2018). According to Harahap et al.
(2021), maltodextrin has a high solubility, a strong binding power, and low browning properties. In addition,
being able to disperse quickly, maltodextrin can inhibit crystallization and form low hygroscopic properties.
Meanwhile, dextrin has a high solubility, but it has a relatively low ability to bind water and a relatively low

viscosity (Asiah et al., 2012).

Based on the description above, this study aimed to investigate the effects of coating type and drying
temperature on the quality of lemongrass and Malang apple powdered drinks. The quality of the powdered
drinks was determined based on physical tests in the form of bulk density, dissolution time, and stability
tests. These tests were required to determine packaging. In addition, chemical tests were carried out in the
form of water content, ash content, antioxidant activity, water activity, and vitamin C. These tests would
indirectly determine the shelf life of the product and its ability to enhance the body's immunity. This research
has yielded a product with the following characteristics: easy to carry, having the potential to boost the

body's immunity, and having a relatively long shelf life.

2. Materials and methods



2.1 Materials and equipment

The materials used in the study were lemongrass stems and seedless Malang apples, maltodextrin,
dextrin, gum Arabic powder, water, and brown sugar. The materials for chemical analysis were distilled
water, starch indicator, 0.1 N NaOH, 50 mg/L DPPH, methanol p.a, and ascorbic acid. The tools used in the
study were a Mitzui blender, cutting boards, measuring cups, knives, WTC Binder 78532 blower ovens,
baking sheets, spoons, Matrix ESJ210-4B scales, volumetric flasks, Erlenmeyer, burettes, measuring
pipettes, a suction ball, a funnel pipette, a beaker glass, afilter paper, a burette, a stative, a Siever 60 mesh,

and a UV2100 spectrophotometer.

2.2 The process of making lemongrass and malang apple powdered drinks
The process of making powdered drinks was a modification of the research of Susanti and Putri (2014).
The process of making powdered drinks consisted of two stages including the making of fruit pulp and the

drying process.

2.2.1 Making fruit pulp

The making of fruit pulp began with the sorting of the lemongrass and Malang apples. The ingredients
sorted were washed and cut (1:1 w/w), and then crushed with a blender for 5 mins at speed number 2. The
pulp was added with water in a ratio of 1:1 w/w. The coating materials (maltodextrin, dextrin, and gum
Arabic) were then added as much as 5% w/w of the fruit pulp separately. The pulp was stirred until

homogeneous.

2.2.2 Drying

Each homogeneous fruit pulp was placed on a 60 x 40 x 2 cm baking sheet as much as 250 mL. It was
then dried with a blower oven at a predetermined temperature (40°C, 45°C, and 50 ° C) separately for 18
h. Afterwards, the dried sheets of lemongrass and Malang apples were then crushed separately with a
blender for 3 mins at speed number 2. Then, brown sugar was added at 10% w/w of the dry powder. After
that, the powder was sieved using a 60-mesh sieve. Lemongrass powdered drinks were packaged in

aluminum foil zip lock with a size of 7 x 13 cm.

2.3. Analysis procedure of bulk density
The powder sample was putinto a 10 mL measuring cup whose weight was known. The measuring cup

containing the powder sample was tapped 30 times until there were no more cavities when the powder



sample was adjusted to 10 mL. The measuring cup containing the powder sample was then weighed. The

bulk density (g/mL) can be calculated by dividing the weight of the powder sample by its volume (10 mL).

2.4 Analysis procedure of dissolution time testing
Atotal of 5 g sample was weighed. The sample was then dissolved in 50 mL of warm water and stirred

20 times until homogeneous. The dissolving time of the sample was recorded.

2.5 Analysis procedure of stability testing
A total of 5 g of powder was weighed and brewed in 50 mL of water. It was then put into a 10 mL
measuring cup and kept for 24 h. Afterwards, the solution was measured for the volume of the precipitate

and the height of the solution volume as the percentage of stability of the drink obtained.

2.6 Analysis procedure of water content by oven drying method

An empty cup was dried in the oven for 15 mins. The cup was then cooled in a desiccator (10 mins for
an aluminum cup and 20 mins for a porcelain cup). The dry cup was weighed. The sample was weighed as
much as 2-3 g and then put in the dry cup. After that, the cup containing the sample was put in the oven at
105°C for 6 h. Next, it was cooled in a desiccator and then weighed. The drying process was repeated until
a constant weight was obtained. The water content was calculated based on the loss of weight, by
calculating the difference between the initial weight of the sample before the drying and the final weight

after the drying.

2.7 Analysis procedure of ash content by muffle furnace method
A porcelain cup was dried in the oven for 15 mins. The cup was cooled in a desiccator and then weighed.
The sample was weighed as much as 3 gin a cup that had been dried. Afterwards, it was burned in a crucible
until it no longer emitted smoke. Next, the ashing process was carried out using an electric furnace at a
temperature of 400-600°C for 4-6 hrs until the white ash was formed and had a constant weight. The ash

formed in the cup was cooled in a desiccator and then weighed.

2.8 Analysis procedure of radical scavenging activity
Antioxidant activity was analyzed based on its ability to capture free radicals (radical scavenging
activity) of DPPH. The analysis of antioxidant activity in this study used the DPPH (2,2-diphenyl-

Ipicrylhydrazyl) method. The DPPH method aimed to determine the concentration used to inhibit free



radicals in a sample. A sample macerated with methanol was prepared. A mother liquor for each sample of
100 ppm was made by dissolving 0.01 mL of the sample in 100 mL of methanol PA. A total of 1 mL of DPPH
solution (10 mg/L) was added to 50 pL of sample solution. Afterwards, methanol pro analyzed was added
up to 5 mL, then incubated for 30 mins at 37°C. The absorbance was measured at a wavelength of 513 nm.
The antioxidant activity of the sample was determined by the magnitude of the DPPH radical uptake

inhibition by calculating the percentage of DPPH uptake inhibition.

2.9 Analysis procedure of ICs, antioxidant activity

Antioxidant activity was analyzed based on its ability to capture free radicals (radical scavenging
activity) of DPPH. The analysis of antioxidant activity in this study used the DPPH (2,2-diphenyl-
Ipicrylhydrazyl) method. The DPPH method aimed to determine the concentration used to inhibit free
radicals in a sample. A sample macerated with methanol was prepared. A mother liquor for each sample of
100 ppm was made by dissolving 0.01 mL of the sample in 100 mL of methanol PA. Furthermore, dilution
was carried out using the methanol PA solvent by varying the concentration of 5 ppm, 6 ppm, 7 ppm, 8 ppm
and 9 ppm for each sample. The next step was to prepare a 50 ppm DPPH stock solution. The DPPH stock
solution was prepared by dissolving 5 mg of solid DPPH in 100 mL of methanol PA. Then a comparison
solution was prepared, namely a control solution containing 2 mL of methanol PA and 1 mL of 50 ppm DPPH
solution. For the test sample, 2 mL of the sample solution and 2 mL of the DPPH solution were prepared.
Then, the solution was kept for 30 mins. All samples, the extract samples that had been kept, were tested

for measuring the absorbance values using a UV-visible spectrophotometer at a wavelength of 517 nm.

2.10 Analysis procedure of water activity testing

The measurement of water activity was conducted using an aw-meter tool. The tool was calibrated by
adding BaCl,.2H,0. It was then closed and kept for 3 mins until the number on the scale became 0.9. The
aw-meter was then opened and the sample was inserted. Afterwards, the tool was closed and waited until
the aw scale was read. The temperature scale and the correction factor were observed. When the
temperature scale was above 20°C, the aw scale reading was added as much as the excess of the

temperature multiplied by a correction factor of 0.002°, as well as for temperatures below 20°C.

2.11 Analysis procedure of vitamin C testing
The analysis of vitamin C was performed by the iodometric method. The crushed sample was weighed

as much as 5 g. The sample was put into a 100 mL measuring flask. Distilled water was then added up to



the line mark. The sample was then shaken until homogeneous. Afterwards, the solution was filtered and
the filtrate was pipetted as much as 25 mL, and put into an Erlenmeyer flask. A few drops of the starch
indicator were added, then titrated rapidly using 0.01 N iodine solution until a blue color appeared. The

vitamin C content was obtained from the following formula:

V12 x0.88XFpXx100
w(g)

Where V |, = iodine volume (mL), 0.88 = 0.88 mg asco