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Abstract One of the most popular of the processed durian as durian chips which is being
widely consumed in Thailand. There are many by-products and wastes in the process such as
flesh, shell, and seeds. Those utilization is important for product development with economic
value and decreasing environmental problems. Durian juice was firstly formulated from flesh
and water at a ratio of 1:5. The different amounts of ripe durian flesh (0, 5, 10, 15, and 20%) on
the physical properties such as color value (L*, a*, and b*), viscosity, and sensory attributes of
durian juice were studied. An increase in the amount of ripe durian flesh resulted in the
increased L* and b* color values (p<0.05). Moreover, the viscosity of durian juice tended to
increase with the higher amount of ripe durian flesh used. Sensory attributes as evaluated using
the 9-point hedonic scale showed that consumers rated with the maximum overall acceptability
of 7.08 for the formulation with 15% ripe durian flesh. This durian juice formulation had a pH

of 6.6, a total soluble solid of 8.3 Brix, a viscosity of 73.0 cP, and antioxidant activity as
analyzed using DPPH assay of 4.07%. The chemical compositions and nutritional value of the
final product (15% ripe durian flesh) were investigated. It contained 6.33% carbohydrate,
0.29% protein, 0.1% fat, 1.96% fiber, 0.24% ash, 0% cholesterol, 21.81 mg/100g calcium,
0.036 mg/100g vitamin B1, and 37.15 kCal/100g. The results indicated that durian juice
produced from the waste flesh in durian chip processing is a good source of many important
substances, especially fiber and calcium.
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Introduction

Durian (Durio zibethinus Murr) is a seasonal tropical fruit in Southeast
Asia that is also popular in many countries. It is widely being cultivated in
tropical countries such as Malaysia, Indonesia, and Thailand (Tan et al., 2019).
The world's largest exporter of durian in recent years is Thailand (Charoenphun
and Kwanhian, 2018) and currently, they are grown in many areas throughout
the country. However, more than half of the overall output is in the eastern
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region, particularly in Chanthaburi province. Durian fruits typically contain 10-
30% flesh, 50-60% shell, and 10-20% seed (Purnomo et al., 2016). Durian is
rich in nutritional value and a source of carbohydrates, especially flour and
sugar. It also contains hemicellulose, which is a type of dietary fiber, and a
considerable amount of phenolics, flavonoids, and carotenoids. The durian flesh
contains protein, carbohydrates, sugar, fats, vitamin C, vitamin B1, vitamin B2,
vitamin E, potassium, phosphorus, calcium, iron, and odor volatiles (Rusmiati
et al., 2015). While the durian seed segment consists of mostly 50-70%
carbohydrates (Mirhosseini et al., 2015); the durian shell contains 4.84% ash,
13.09% hemicellulose, and 15.45% lignin (Jun et al., 2010). The additional
valuable health properties of durian fruit are mostly connected with antioxidant
properties and its composition particularly fatty acid composition (Ashraf et al.,
2010). There are reports that the glycaemic index of durian was the lowest in
comparison with papaya and pineapple (Daniel et al., 2008). In addition to
eating fresh fruit, durian is also used as an ingredient in various food products
i.e., ice cream, pudding, and juices. The diversity of processed durian can be
found in the local market as, durian powder (Chin et al., 2008), juice (Norjana
and Noor Aziah, 2011), jam, candy, toffees, ice cream, wine, fruit milkshakes
(Lim, 2012), and natural bioactive compounds (Lee and Rajeev, 2015).

Durian chips are processed durian fruits with a delicious crispy taste
usually made from Monthong variety, the most popular durian cultivar in
Thailand. It is categorized into a kind of food snack and is widely consumed in
Thailand and in many countries. During the production process, there are a
large number of wastes left such as shells, seeds, and the section of flesh
adjacent to the seed (Figure 1A). Most of these are being dumped as garbage,
thus, this can cause environmental pollution. Nowadays, technology has been
used to create innovation for added value to waste materials of durian, that is
extraction of important bioactive compounds i.e. antioxidant, anti-inflammatory,
and inhibition of pathogenic microorganisms, development of polysaccharide
gel from durian shell, hydrocolloid extraction such as gum, which, used as an
emulsifier in food products, extraction of pectin and carboxymethyl cellulose
for using in the production of edible coatings and biofilms, the production of
flour from soft durian, seeds, and shells for using as an ingredient for the
production of gluten-free pasta (Charoenphun et al., 2018). However, there
have not studied on the utilization of the flesh adjacent to the seed, it is
interesting to develop food products and to reduce the amount of agricultural
waste. Nowadays, consumers concern and demand for healthy foods. Fruit juice
are one option for consumers because it is highly nutritious. It is high in sugars,
glucose, fructose, and sucrose, which have become an essential source of
energy (Norjana and Noor Aziah, 2011). Furthermore, it is a good source of
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vitamins and minerals, good nutritious fruit, and some research studied the
production of durian juice and method to improve its quality. In 2011, Norjana
and Noor Aziah studied the quality improvement of durian juice after pectinase
enzyme treatment. Additionally, Bourneow and Santimalai (2016) investigated
the process of optimization for microbial reduction in durian juice by using a
pulsed electric field. Charoensuk et al. (2018) examined the optimal
formulation of durian juice with the addition of coconut milk and the stabilizer
(gellan gum) and evaluated the sensory and pulp stability after sterilization.
However, the utilization of waste products in durian chips processing.

The main objective of this study was to develop durian juice by using
durian chip waste products and ripe durian flesh as the raw materials.
Furthermore, the physical properties, chemical composition, sensory
evaluation, and nutritional value of durian drinks were investigated.

Materials and methods
Materials

The raw material in this study was unripe durian flesh as durian chips
processing waste products (Figure 1A) which provided by Pentiwa Community
Enterprise in Chanthaburi, Thailand. After removing unwanted parts such as
seed shells (Figure 1B), the unripe durian flesh was cleaned and cooked, then
cooled to room temperature (30-35 <C). The cooked flesh was put into a plastic
bag and frozen at -18<C to preserve the quality before being used to prepare the
durian juice.

Figure 1. Unripe durian flesh from durian chips processing waste product
before (A) and after (B) removing the seed shells
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Durian drink preparation

The durian juice was firstly formulated from flesh and water at a ratio of
1:5. The frozen cooked unripe durian flesh was thawed and blended with water
using a food blender (Nanotech, Model NT010). Then, different amount of
flesh ripe durian (0%, 5%, 10%, 15%, and 20%) was added by blending and
homogenization for 1 minute using a homogenizer (Fry king, Model 202A).
Next, the total soluble solid was adjusted to 8% (w/w) with sugar. After that,
the durian juice was heated to 75-85<C and hot-fill in sterilized glass bottles of
180 mL capacity. Finally, all the durian juice were sterilized at 118<C for 30
minutes.

Physical properties analysis

The color was investigated using the color meter (Nippon Denshoku,
ZE?2000) and expressed as L*, a*, and b*. The viscosity measurement was
conducted using a viscometer (Model DV-III Ultra, Brookfield) with spindle
No. 31 rotated at 200 rpm at 28+0.5<C (Charoensuk et al., 2018).

Chemical properties analysis

The pH value and total soluble solids (TSS) were measured using pH
meter (Extech PH100ExStik pH meter), and portable Otago Hand
Refractometer (N1) of 0-32%, respectively. The TSS was reported as degrees
Brix (Brix). The antioxidant activity was determined using DPPH assay
according to Zhu et al. (2006) with slight modification. In brief, 2.9 ml of
DPPH (2,2-diphenyl-1-picrylhydrazyl) solution (0.1 mM in 95% ethanol) was
mixed with the sample (0.1 ml). Then, the solution was incubated in a dark
condition for 30 minutes. The absorbance was measured using a
spectrophotometer at 517 nm. Ascorbic acid was used as the positive control.
The percentage radical scavenging activity was calculated using the following
equation:

DPPH radical scavenging activity (%) = (A0 - A1) x 100

A0

When A0 and Al are the absorbance of control sample (containing all
reagents except the sample) and the absorbance of test sample, respectively.

Sensory evaluation

The sensory evaluation of durian juice was conducted using a 9-point
hedonic scale (1 = extremely dislike and 9 = extremely like) with 200 untrained
panelists from the staff and students of the Department of Product Development
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and Management Technology (Faculty of Agro-industrial Technology,
Rajamangala University of Technology Tawan-ok Chanthaburi Campus
Chanthaburi, Thailand) to evaluate the following attributes as appearance
(color), aroma, taste, flavor, texture, and overall acceptability.

Chemical compositions and nutritional value determination

Chemical compositions including moisture content, protein, fat, ash,
crude fiber, and calculated total carbohydrates were analyzed according to
AOAC method (2000). The calories were measured using the in-house method
TE-CH-169 based on the method of analysis for Nutrition Labelling (1993) at
the Central Laboratory (Co. Ltd, Thailand). For the nutritional facts of durian
juice, it was also determined using the standard procedure as shown in Table 4
at the Central Laboratory Co. Ltd. Thailand.

Statistical analysis

Analysis of variance was carried out using SPSS software (SPSS Inc.,
Cary, NC, USA). The differences between mean values were established using
Duncan’s multiple range test. All measurements and analyses were conducted
in three replications.

Results
Physical properties of durian drinks

Durian drink formulation was firstly developed using unripe durian flesh
mixed with water at a ratio of 1:5. Then, the different amounts of ripe durian
flesh at 5%, 10%, 15%, and 20% (w/w) on the physical and chemical properties
and sensory attributes of the durian drink were studied. The color and viscosity
measurements showed that when the amount of ripe durian flesh increased, the
brightness (L*), redness (a*), and yellowness (b*) values were also raised
(p<0.05) (Table 1). The color appearance of all durian drinks is illustrated in
Figure 1. For the viscosity of durian drink, it tended to increase with the higher
amount of flesh ripe durian added (p<0.05). All drinks had a viscosity in the
range of 74-102 cP.

Sensory attributes of durian drinks

The sensory attributes of durian drinks are presented in Table 2. The
liking score of aroma, taste, flavor, texture, and overall acceptability of the
durian drinks with 15%ripe durian flesh was significantly higher than the other
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formulas which were 6.72, 6.78, 6.53, 6.66, and 7.08, respectively. However,
the liking score of aroma, taste, flavor, texture, and overall acceptability of the
durian juice with 20% ripe durian flesh were significantly lower than those of
the 15% ripe durian flesh and similar to the control (without ripe durian flesh),
indicating that ripe durian flesh can be added in the durian juice formulation up
to 15%.

Table 1. Physical properties of durian juice prepared from various amounts of
ripe durian flesh

Ripe durian flesh Color Viscosity
(%, wiw) L* a* b* (cP)

0 45.10e 4.31c 1.91e 73.9d

5 50.47d 5.25b 3.59d 75.5d

10 55.38c 6.14a 5.65¢ 80.3¢c

15 58.83b 6.57a 7.12b 91.0b

20 60.91a 6.82a 9.04a 102.2a

¢ Mean values with different letters in each column are significantly different (p<0.05).

| 0% J 5% J | 10% J | 15% | | 20% J
T re—— —te —

Figure 2. Durian juice prepared from various amount of flesh ripe durian (0%,
5%, 10%, 15%, and 20%, respectively)

Table 2. Sensory attributes of durian juice prepared from various amount of
ripe durian flesh

Ripe

durian Overall

flesh Appearance  Aroma  Taste Flavor Texture acceptability
(%, wiw)

0 5.90b 5.79¢ 5.69¢ 5.45¢ 5.81bc 5.69¢

5 5.94b 5.80c 5.72c 5.50c 5.81bc 5.69¢

10 6.14b 6.37b 6.32b 5.88b 5.90b 6.62b

15 7.14a 6.72a 6.78a 6.53a 6.66a 7.08a

20 7.20a 5.88¢c 5.92¢ 5.74bc 5.53c 5.92¢c

¢ Mean values with different letters in each column are significantly different (p<0.05).
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Chemical properties, proximate analysis, and nutritional value of durian
juice

The chemical properties of durian drink prepared from 15% (w/w) ripe
durian flesh is shown in Figure 3. The durian drink with 15% ripe durian flesh
had a total soluble solid of 8.3 Brix and the pH was 6.6. Furthermore, it
exhibited a slightly antioxidant activity which was observed to be 4.07%. The
chemical compositions of the durian juice with 15% ripe durian flesh are
revealed in Table 3. The major compositions were 91% moisture, followed by
6% carbohydrate 2%, crude fiber, and the total calories was 37%.

8.3 6.6
10 4.07
; -y
0
Total soluble solid pH Antioxidant activity
(°Brix) (% DPPH radical

scavenaina activitv)

Figure 3. Chemical properties of durian drink prepared from 15% (w/w) ripe
durian flesh

The nutritional facts of durian drink prepared from 15%(w/w) ripe durian
flesh is presented in Table 4. The durian drink with 15% ripe durian flesh for 1
serving (180 mL) had the total calories of 60 Kcal. It contained 14 g of
carbohydrates, 9 g of sugar, 0.5 g of total fat, and 10 mg of sodium. In addition,
it comprised of dietary fiber and vitamin B1 (thiamine) which was equivalent to
4% of the recommended daily intake (%RDI). Interestingly, it consisted of a
high level of calcium and potassium at the content of 40 and 190 mg,
respectively.

Table 3. Chemical compositions and energy of durian juice prepared from 15%
(w/w) ripe durian flesh

Chemical compositions Value (g/100 g)
Carbohydrate 6.33+0.32
Protein 0.29 +0.00
Total fat 0.11+0.05
Crude fiber 196 +0.43
Ash 0.24+0.01
Moisture 91.32 +0.02
Total Calories* 37.15

*Total Calories was analyzed using In-house method TE-CH-169 based on Method of Analysis for
Nutrition Labeling (1993) p.106
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Table 4. Nutritional facts for 1 serving size of 180 ml durian juice

Nutritional Facts Per 1 serving %RDI Standard Procedure
size (180 mL)

Calories (Kcal) 60 - In-house method TE-CH-169 based on Method of
Analysis for Nutrition Labeling (1993) p.106

Total Fat (g) 0.5 1 AOAC (2019) 922.06

Cholesterol (mg) 0 0 In-house method based on TE-CH- 143 based on
AOAC (2019) 994.10

Carbohydrate (g) 14 5 In-house method TE-CH-169 based on Method of
Analysis for Nutrition Labeling (1993) p.106

Protein (g) <1 0 AOAC (2019) 981.10

Dietary fiber (g) 1 4 In-house method TE-CH-076 based on AOAC (2019)
985.29

Vitamin B1 (mg) 0.06 4 In-house method TE-CH-057 based on AOAC (2019)
942.23

Calcium (mg) 40 4 In-house method TE-CH- 134 based on AOAC
(2019) 984.27

Sodium (mg) 10 0 In-house method TE-CH- 134 based on AOAC
(2019) 984.27

Potassium (mg) 190 4 In-house method TE-CH- 134 based on AOAC
(2019) 984.27

Iron (mg) 0.2 0 In-house method TE-CH- 134 based on AOAC
(2019) 984.27

Discussion

The color value (L*, a*, and b*) of durian juice varied which depended
on the amount of ripe durian flesh. The brightness (L*), redness (a*), and
yellowness (b*) color values tended to increase as the amount of ripe durian
flesh. It might be due to the ripe durian flesh having a higher content of
carotenoid. According to the study of Wisutiamonkul et al. (2017), they
suggested that ripening process of fruit induced the carotenoid accumulation in
the durian. Moreover, Wisutiamonkul et al. (2015) also pointed out that pulp
color was deeper yellow in Chanee cultivar than in Monthong cultivar, which
was associated with a-carotene and -carotene concentrations.

In terms of viscosity, durian juice with a high amount of ripe durian
flesh showed a more viscous texture. Previous research reported that the
chemical composition of the durian fruit contains a high amount of
carbohydrates especially starch and sugar (Charoenphun et al., 2018). This may
be due to carbohydrate i.e. starch of ripe durian flesh which can swell during
heating to increase viscosity. Viscosity is a physical attribute that is commonly
associated with the quality of liquid food products. Viscosity loss is undesirable
in ready-to-drink as juices or concentrates because the beverage loses its body,
resulting in colloid system destabilization (Norjana and Noor Aziah, 2011).
However, when adding ripe durian flesh up to 20%, it was found that the rating
score of the aroma, flavor, and taste was reduced. This might be caused by the
excessive addition of ripe durian flesh which resulted in the formation more
intense in smell and odor. While the liking score in texture attribute was
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significantly minimized and different from the other formulations because the
texture of durian juice with 20% ripe durian flesh which was consistent with the
viscosity. Nevertheless, the liking score in appearance (color)was higher than
other formulations, but it did not show a difference when compared with the
durian juice with 15% ripe durian flesh (p<0.05). It may be due to the color of
the durian juice with 20% ripe durian flesh being more yellowish.

The antioxidant activity using DPPH assay, the durian juice with 15%
ripe durian flesh had a DPPH radical scavenging activity of 4.07%, which was
reduced from durian flesh and cooked durian flesh. The result is related to the
heating during hot filled in the glass bottle and the impact of high temperature
(118<C) and long time duration (30 minutes) during the sterilization process. It
denoted that heating had an effect in the reduction of the antioxidant capacity of
durian. A similar result was reported by Manurakchinakorn et al. (2016) in that
the pasteurization at a temperature of 85-90<C for 2-5 minutes to decrease the
number of important substances such as anthocyanin, vitamin C, and
antioxidants of mangosteen juice.

From the chemical composition and nutritional value determination of
developed durian juice with 15% ripe durian flesh, it showed relatively low
energy product (65 Kcal per 1 serving, 180 mL) but relatively high fiber
content of 2% which is equivalent to the 4% recommended daily intake
(%RDI). Charoenphun et al. (2018) reported that durian contains soluble and
non-soluble polysaccharide, which is fiber, especially hemi-cellulose. Durian
also consists of important minerals such as calcium and potassium, and vitamin
B1 (Rusmiati et al., 2015), which was observed in durian juice in this study.
Therefore, this kind of drink is supposed to be a healthy alternative to non-
alcoholic juice.

In conclusion, this study revealed that unripe durian flesh, which is durian
chips waste products, can potentially be used as a raw material to prepare the
durian juice. The addition of ripe durian flesh in durian juice formulation at
various amounts affected the physical properties (both color and viscosity) and
sensory attributes of durian juice. The ripe durian flesh could be added in the
formulation up to 15% while maintaining the overall sensory attributes. These
findings suggested that the durian drink prepared in this study was an
alternative source of fiber, calcium, and potassium. Further research on the
unripe durian flesh of durian chips waste products as a raw material for the
development of other kinds of food products is recommended.
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