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Abstract
Purpose This studywas conducted to investigate the potential of watermelon rind as a source of nutrients for the value addition of
noodles.
Methods Three different varieties of watermelon with yellow, dark green, and pale green rind were separately dried to produce
rind powder and studied for their proximate composition, phenol content, and antioxidant activity. The effect of the substitution
of wheat flour with different levels of watermelon rind powder (WRP) (10–20%) on the cooking and sensory attributes of noodles
was investigated.
Results The results showed that the rind powder of the pale green rind watermelon (PGRW) contained the maximum amount of
protein (19.74%), whereas the highest amount of fiber (13.35%) was present in that of the dark green rind watermelon (DGRW).
In contrast, the rind powder of the yellow rind watermelon (YRW) had a higher amount of fat (13.00%) than DGRW (8.37%) and
PGRW (5.83%). However, the total phenol content in terms of gallic acid equivalent (GAE) was the maximum in PGRW (166.88
GAE/g), which resulted in greater antioxidant activity (13.28%). Furthermore, the incorporation of WRP affected the cooking
yield of the noodles. Both the cooking yield and cooking loss were at maximum with the incorporation of 15% rind powder.
Sensory evaluation indicated that the control sample was the most acceptable, followed by the noodles with 10% WRP, among
the value-added noodles.
Conclusion Considering the nutritional potential, 10%WRP can be incorporated with wheat flour for the large-scale production
of noodles.
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Introduction

Watermelon (Citrullus lanatus) is a medium to large, oval,
round, or oblong tropical f ru i t f rom the family
Cucurbitaceae; it contains substantial amounts of lycopene,
carotenoids, and phenolic substances (Brat et al. 2006). The
consumption of watermelon pulp and juice has been reported
to reduce blood pressure and prevent stroke, heart attacks, and
cancer as well as reinforce the sex drive (Slavin and Lloyd
2012). However, the watermelon rind and seeds are solid
wastes that constitute 30% of the total weight of watermelon.
Research shows that watermelon rind is a potential source of
dietary fiber and phytochemicals such as citrulline, which
shows antioxidant effects against free radical damage (Al-
Sayed and Ahmed 2013).

Food waste with a high moisture content requires an extend-
ed drying process, even with the use of steam heat from an
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incineration plant. In this approach, a steam heat exchanger from
an incineration plant is used to generate heated air, which is then
injected into the heating jacket installed at the bottom of the
dryer. Subsequently, drying is performed for approximately
50 h at a temperature lower than 165 °C (Song et al. 2019). It
has been reported that direct steam instead of heated air from the
steam generator of an incineration plant is effective for drying
high-moisture food waste. Additionally, biogas generation from
organic waste is a promising technique; however, high-moisture
food waste has not received much attention for anaerobic diges-
tion (Vats et al. 2020). Consequently, the inedible portions of
fruits from the processing area are generally discarded for open-
field dumping, which causes severe environmental pollution
owing to greenhouse gas emission (Garcia-Garcia et al. 2017;
Tonini et al. 2018). Instead of discarding watermelon rind as
waste, its powder may serve as a nutrient source for developing
food products with wheat flour.

Furthermore, dehydrated watermelon rind is less suscepti-
ble to spoilage during storage and is more convenient for the
substitution of wheat flour in the development of food prod-
ucts (noodles, cake, and cookies). As an excellent source of
dietary fiber and antioxidants, WRP has been utilized for the
value addition of flour-based food products. For instance,
cookies prepared with up to 20% of WRP have high amounts
of dietary fiber and total phenols, resulting in a decrease in the
glycemic index and an increase in the antioxidant effect with
acceptable sensory attributes (Naknaen et al. 2016).
Additionally, the incorporation of WRP enhanced the volume
and specific volume of cakes. Furthermore, WRP supplemen-
tation retarded staling and lipid oxidation owing to the greater
antioxidant activity (Al-Sayed and Ahmed 2013). Adegunwa
et al. (2019) prepared a composite flour of plantain and WRP
in varying proportions to produce sponge cakes.WRP supple-
mentation significantly increased the crude protein and ash
content, whereas the textural properties, including the sticki-
ness, springiness, and cohesiveness of the cake, decreased
significantly.

In addition to bakery products, noodles are a popular
wheat-based food in Asia owing to its low cost, cooking con-
venience, and palatable taste (Tan et al. 2016). It is a prime
candidate for the addition of nutrients since dietary fiber is
lacking in wheat. In addition, the demand for nutrient-
enriched food products has increased in recent years. Several
studies have focused on the preparation of value-added noo-
dles by partially replacing wheat flour with banana flour
(Choo and Aziz 2010), kenaf seed flour (Zawawi et al.
2014), fiber from kimchi (Kim et al. 2017), and sweet potato
flour (Ginting and Yulifianti 2015). In a study of wet noodle
preparation involving WRP (Ho and Che Dahri 2016), it was
observed that the incorporation of rind powder did not signif-
icantly affect the lightness and cooking yield. The results re-
vealed that the firmness, cooking loss, and pH value of the wet
noodles decreased but the fiber, carbohydrate, ash, and total

phenols increased gradually with the increasing proportion of
rind powder.

The nutritional quality assessment of different varieties of
WRP should be performed before its application in product
development. However, research pertaining to the value addi-
tion of noodles incorporating WRP is limited. Hence, this
study was performed to investigate the nutritional profiles of
three varieties of WRP and their use in the value addition of
noodles.

Materials and Method

Equipment and chemicals

The equipment used in this study included an electric balance
(ML204, Mettler Toledo, OH, USA), a hot plate (SB162–3,
Stuart, NY, USA), a vortex mixture (SA8, Camlab,
Cambridge, UK), a hot-air oven dryer (MOV-112, Sanyo,
Osaka. Japan), a muffle furnace (SYD-508, Westtune,
Zhejiang, China), and a spectrophotometer (UV-1800 UV/
Vis, Shimadzu, Kyoto, Japan). Chemicals, including sulfuric
acid, sodium hydroxide, ethanol, methanol, sodium carbonate,
sodium thiosulfate, boric acid, petroleum ether, and
carboxymethyl cellulose (CMC), were obtained from Merck
(Merck India Ltd., Mumbai, India). Gallic acid and 2,2-
diphenyl-1-picrylhydrazyl (DPPH) were purchased from
Sigma–Aldrich (St. Louis, MO, USA).

Sample collection and preparation of WRP

Fresh watermelons with yellow, dark green, and pale green
rind were purchased from a local market in Dhaka,
Bangladesh. The watermelons were thoroughly washed using
tap water to remove adhered dirt particles and sand; subse-
quently, they were sliced, and the pulp was scraped off to
obtain the watermelon rind. The watermelon rind was further
sliced into thin pieces using a slicer and spread onto trays for
hot-air oven drying. The drying parameters—60 °C for 24 h—
were selected based on published literature to obtain WRP for
product development (Al-Sayed and Ahmed 2013; Ho and
Che Dahri 2016; Naknaen et al. 2016). The dehydrated rind
slices were ground to a fine powder for physicochemical anal-
yses and the preparation of value-added noodles.

Preparation of noodles

The composition of the noodles is presented in Table 1. The
noodles were prepared using commercial wheat flour, whole
egg, salt, CMC, and water, whereas wheat flour was partially
substituted by WRP at 0% (control), 10%, 15%, and 20%.
Initially, wheat flour was mixed with rind powder and then
salt and CMC were added to the mixed flour. After thorough
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mixing, a suspension of egg and water was added to prepare a
dough. To obtain the desired noodle thickness, the dough was
stored at room temperature for 10min before being sheeted on

a noodle machine. The wet noodles were dried at 60 °C for 8 h
using a hot-air oven dryer.

Proximate compositions

The proximate compositions of the WRP, including moisture,
ash, crude protein, and fat, were determined using standard
methods described by the association of official analytical
chemists (AOAC) (1995). The total amount of carbohydrate
in the WRP was calculated as follows:

Carbohydrate %ð Þ ¼ 100− moisture%þ ash%þ crude protein%þ crude fat%ð Þ ð1Þ

The energy value of the WRP was calculated by multiply-
ing the amounts of carbohydrate, protein, and fat by their
factorial values as follows:

Energy value kcal=100 gð Þ ¼
h
carbohydrate%� 4ð Þ þ ðcrude protein%� 4þ crude fat%� 9ð Þ

i
ð2Þ

The crude fiber of the WRP was determined according to
the method described by the AOAC (1995), where the
defatted sample after soxhlet extraction was subjected to
acid–base digestion with 200 mL of 1.25% H2SO4 and
1.25% NaOH for 30 min. After digestion, the mixture was
filtered to separate the residue, which was then washed with
25 mL of ethanol. The remaining residue was dried at 130 °C
for 2 h in an oven dryer and then incinerated at 550 °C for 2 h.
The weight loss of incineration was used to determine the
crude fiber as follows:

Crude fiber %ð Þ ¼ Weight loss on incenaration

Weight of sample
� 100 ð3Þ

The sugar content of the WRP was determined using the
Luff–Schoorl titration method (Marrubini et al. 2017).

Total phenol content and free radical–scavenging
activity

Briefly, 40 mg of each dried rind powder sample was mixed
with 20 mL of methanol in a conical flask and transferred to a
shaking water bath at 40 °C for 3 h. The solution was filtered
to separate the methanol extract and solid residues.

The total phenol content of the WRP was determined using
the Folin–Ciocalteu method described by Alhakmani et al.
(2013). The methanol extract (0.5 mL) was gently mixed with
2.5 mL of Folin–Ciocalteu reagent (diluted 10 times with

water) and 2.0 mL of Na2CO3 (7.5% w/v) solution, and the
mixture was then incubated for 20 min at room temperature
(25 °C). The absorbance was measured at 760 nm using a UV
spectrophotometer with methanol as the blank. A standard
curve was prepared using gallic acid solution at concentrations
of 0.2 to 1 mg/L.

The free radical-scavenging activity of WRP in terms of
DPPH was determined according to the method described by
Brand-Williams et al. (1995). The methanol extract (2.0 mL)
was mixed with 3.0 mL of a DPPH solution (200 μg/mL).
After a 30-min reaction period at room temperature, the ab-
sorbance was measured at 515 nm against pure methanol
(blank) using a UV spectrophotometer. The free radical–
scavenging activity was expressed as inhibition and calculated
as follows:

Inh %ð Þ ¼ Blank Abs−Sample Abs

Blank Abs
� 100 ð4Þ

Color analysis

Color analysis of the WRP in terms of L*, a*, and b* values
was performed using a chroma meter (Minolta, CR-300,
Osaka, Japan), where L* indicates the lightness value (0 =
black, 100 = white), a* the red/green value (+ value = redness,
− value = greenness), and b* the yellow/blue value (+ value =
yellowness, −value = blueness). The hue angle and chroma

Table 1 Composition of
noodles in this study Ingredient Proportion

Flour 250 g

Egg 50 g

Salt 3.25 g

CMC 0.1 g

Water 88 mL
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(C) were calculated as hab = tan−1 − (b/a) and C = (a2 + b2),
respectively.

Cooking properties of the noodles

The cooking properties of the noodles were measured in terms
of cooking yield and cooking loss according to the method
described by Zawawi et al. (2014). Approximately 10 g of
noodles and 150 mL of distilled water were placed in a beaker
and cooked for 10 min with continuous stirring; the beaker
was covered with aluminum foil to prevent evaporation. After
cooking, the noodles were separated and allowed to cool for
15 min. The cooking yield was calculated as follows:

Cooking yield %ð Þ ¼ Weight of sample after cooking

Sample weight
� 100

ð5Þ

After the noodles were separated, the filtrate was trans-
ferred into a 250-mL volumetric flask, and distilled water
was added up to the mark. The mixture was subjected to
vortex mixing for 15 min. Subsequently, a 10-mL aliquot
was placed in a crucible and subjected to oven drying at
105 °C until a constant weight was attained. Cooking loss
was measured using the following equation:

Cooking loss %ð Þ ¼ Weight of residue in crucible� 25ð Þ
Sample weight

� 100

ð6Þ

Sensory evaluation of the noodle samples

Sensory evaluation was conducted using the hedonic test on a
nine-point scale to evaluate the overall acceptability of the
noodles (Wichchukit and O'Mahony 2015). In the sensory
evaluation, 10 expert panelists were asked to score the quality
attributes of the cooked noodles (appearance, flavor, mouth
feel, taste, and overall quality) based on their degree of pref-
erence, where 1 = dislike extremely, 2 = dislike very much,
3 = dislike moderately, 4 = dislike slightly, 5 = neither like
nor dislike, 6 = like slightly, 7 = like moderately, 8 = like very
much, and 9 = like extremely.

Statistical Analysis

Data are presented as mean values of three individual repli-
cates ± standard deviation. One-way analysis of variance was
conducted using SPSS version 20 software (IBM, Armonk,
NY, USA). A significant difference between the means was
measured using Duncan’s multiple range test at a significance
level of p < 0.05.

Results and Discussion

Physicochemical analysis of WRP

Proximate compositions

The proximate compositions of the three WRPs (YRW,
DGRW, and PGRW) are presented in Fig. 1. As shown, the
moisture content did not differ significantly among the sam-
ples. The highest moisture content was 10.50% for both the
YRW and DGRW powders, whereas that for the PGRW pow-
der was 9.92%. However, the initial moisture content of the
watermelon rind was higher than 95.63%. The YRW and
DGRW powders had a slightly higher moisture content
(0.58%) than the PGRW powder, which may result in an
increased moisture content and deteriorate the quality of the
end product. The moisture content of the WRP should be ≤
10% to facilitate long-term storage and further use in product
development (Al-Sayed and Ahmed 2013). Meanwhile, the
PGRW powder had the highest amount of ash (15.14%),
followed by the YRW (14.53%) and DGRW (11.33%) pow-
ders. The ash content can be ascribed to the amount of min-
erals present in the sample (Ismail 2017); therefore, the addi-
tion of WRP can increase the mineral content of noodles.

The results revealed that crude protein was one of the most
abundant constituents of the rind powder. In this study, the
amount of crude protein in the WRP was in the range of 17.01
to 19.74%, which is relatively higher or lower than the values
found in previous studies (Adegunwa et al. 2019; Al-Sayed
and Ahmed 2013; Naknaen et al. 2016). The results also re-
vealed that the crude protein content differed significantly
among the different watermelons (Fig. 1). In addition to vari-
ety, soil nutrients in terms of the nitrogen-phosphorous-
potassium fertilizer applied are vital in improving fruit quality
(Li et al. 2019). Furthermore, protein is an excellent source of
amino acids for humans. It is well known that amino acids are
important for metabolic health, tissue repair, and the synthesis
of hormones and neurotransmitters (Jonker et al. 2012; Yoon
2016). Hence, the incorporation of WRP will increase the
protein content of noodles.

The YRW powder contained a higher amount of fat
(13.00%) than the DGRW (8.37%) and PGRW (5.83%) pow-
ders. A high fat content is undesirable in noodle preparation
because upon rancidification during storage, the fat imparts an
unpleasant taste and odor to the end product (Gotoh et al.
2007). In this context, the DGRWand PGRWpowders appear
more suitable for the value addition of noodles than the YRW
powder (Fig. 1). Notably, the DGRW powder had the highest
amount of crude fiber (13.35%), followed by the PGRW
(12.78%) and YRW (3.75%) powders. Several studies have
shown that fiber intake is essential for modulating and
supporting gut microbiota (Desai et al. 2016; Makki et al.
2018). Other health benefits of fiber intake include a reduced

226 J. Biosyst. Eng. (2020) 45:223–231



risk of colorectal cancer, diabetes, and inflammation (Riva
et al. 2019). Therefore, noodles partially substituted with
WRP represent a good option for fiber-rich diets.

Table 2 shows the carbohydrate content and energy value
of the WRPs. The carbohydrate content did not differ signif-
icantly between the DGRW and PGRW powders. Although
the YRW powder had the lowest carbohydrate content, it se-
cured the highest energy value of 384.87 kcal/100 g because
of its higher proportion of fat compared with the other two
samples. In this study, the PGRW powder had the lowest
energy value of 328.93 kcal/100 g. The sugar content, includ-
ing reducing and non-reducing sugars, of the WRP samples is
presented in Fig. 2. The sugar content did not differ signifi-
cantly among the samples. However, the YRW powder had
the highest amount of total sugars (11.71 mg/g), whereas the
DGRW powder had the lowest sugar content (11.01 mg/g).
The results revealed that the amount of reducing sugars was
higher than that of non-reducing sugars in all samples. The
YRW powder contained a high amount of reducing and non-
reducing sugars (7.16 and 4.81 mg/g, respectively), compared
with those in the DGRW (6.67 and 4.34 mg/g, respectively)
and PGRW (6.68 and 4.64 mg/g, respectively) powders. In

food, sugar is hydrophilic and causes an increase in the water
absorption capacity. Hence, an appropriate amount of sugar in
WRP would enhance the hydration properties of dough pre-
pared using wheat flour (Chandra et al. 2015).

Total phenol content and antioxidant activity

The amount of total phenols and the antioxidant activity of the
WRPs are shown in Table 3. The total phenol content differed
significantly among the three samples. The highest and lowest
phenolic content was present in the PGRW and DGRW pow-
ders, respectively. In a previous study, 10 phenolic com-
pounds were identified in watermelon rind extract, with 4-
hydroxybenzoic acid, vanillin, sinapinic acid, and P-anisic
acid being the most abundant compounds (Al-Sayed and
Ahmed 2013). Furthermore, the PGRW powder demonstrated
greater free radical–scavenging activity than the other pow-
ders. Additionally, the antioxidant capacities of the DGRW
and YRW powders were the same. Therefore, WRP can be
used as a good source of phenolic compounds with high anti-
oxidant activity.

Color analysis

The color analysis results in terms of the L*, a*, and b* values
of the different WRP samples are presented in Table 4. The
results show that the YRW powder had the highest L* value
(51.77), signifying more whiteness compared with the
DGRW and PGRW powders. The a* value was positive only
for the YRW powder and negative for both the DGRW and
PGRWpowders. The negative value of a* for both the DGRW
and PGRW powders was indicated by the color green and the
presence of a chlorophyll-like pigment in the rind.

Table 2 Carbohydrate content and energy value of the watermelon rind
powder

Sample Carbohydrate (%) Energy (kcal/100 g)

YRW 42.93 ± 0.90b 384.87 ± 4.90a

DGRW 51.73 ± 0.65a 350.28 ± 3.85b

PGRW 49.37 ± 1.05a 328.93 ± 5.60c

Mean values with different superscripts in the same column are signifi-
cantly different (p < 0.05)

Fig. 1 Proximate compositions of
the watermelon rind powders;
mean values with different letters
within each parameter are
significantly different (p < 0.05)
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Meanwhile, the positive value of b* was indicated by the color
yellow, and the highest value of 20.28 was obtained for the
YRW powder. The hue angle was only positive for the YRW
powder owing to the positive values of a* and b*. Similarly,
the maximum value of chroma was 429.7 for the YRW pow-
der; the lowest value of 225.48 was obtained for the DGRW
powder. It can be concluded that the substitution of wheat
flour with the DGRW and PGRW powders resulted in a slight
green color in the finished product.

Cooking properties of the noodles

Considering the nutritional potential of watermelon rind,
wheat flour was partially substituted with the PGRW powder
for noodle preparation. According to the substitution percent-
age, the noodle samples were marked as control, 10% PGRW,
15% PGRW, and 20% PGRW. The cooking properties of the
noodles in terms of cooking yield and cooking loss are pre-
sented in Fig. 3. The increase in the noodle weight after
cooking can be defined as the cooking yield, which is also
an indicator of the water absorption ability of the noodles
during cooking. A high cooking loss of noodles indicates poor

structural integrity (Wandee et al. 2014). Therefore, a high
cooking yield and a low cooking loss are desirable for good-
quality noodles. In this study, the highest cooking yield of
311.48% was observed with 15% WRP, whereas the lowest
cooking yield (237%) was found in the control sample.
Meanwhile, the cooking loss of the value-added noodles was
higher than that of the control sample. It was observed that the
cooking loss increased progressively with the amount of
PGRW powder added. The leaching out of WRP during
cooking because of low binding properties might have con-
tributed to the cooking loss of the value-added noodles.

Sensory evaluation

The sensory evaluation of the noodles with PGRW is present-
ed in Fig. 4. The results revealed that the sensory parameters
were affected by the incorporation of WRP. The control sam-
ple received a superior score in appearance. Noodles with
10% and 15% PGRW were moderately accepted, whereas
the S4 sample (20% PGRW) was considered slightly similar.

Fig. 2 Sugar content of the
watermelon rind powder; mean
values with different letters within
each parameter are significantly
different (p < 0.05)

Table 4 Color analysis of the watermelon rind powder

Parameter YRW DGRW PGRW

L* 51.77 ± 1.15a 36.71 ± 2.04c 47.33 ± 1.91b

a* 5.00 ± 0.08a − 3.88 ± 0.16c − 1.90 ± 0.08b

b* 20.28 ± 0.22b 14.50 ± 0.52c 16.13 ± 0.44b

Hue angle (hab) 76.16 ± 0.15a − 75.03 ± 0.11b − 83.27 ± 0.11c

Chroma 429.7 ± 11.66a 225.48 ± 16.43c 264.04 ± 14.57b

Mean values with different superscripts in the same row are significantly
different (p < 0.05)

Table 3 Phenol and antioxidant activity of the watermelon rind powder

Sample Phenol (mg GAE/g) Antioxidant activity (%)

YRW 152.77 ± 5.34b 11.33 ± 0.69b

DGRW 117.22 ± 6.65c 11.99 ± 0.50b

PGRW 166.28 ± 4.05a 13.28 ± 0.61a

Mean values with different superscripts in the same column are signifi-
cantly different (p < 0.05)
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The score for flavor decreased with the incorporation ofWRP.
With regard to mouth feel and taste, the control sample re-
ceived the highest scores, whereas these scores decreased with
the increasing proportion of rind powder. With regard to the
overall quality, the control sample received the highest score
of 8.03, whereas the noodles with different proportions of
WRP received a score ranging from 7 to 7.43. Furthermore,
the results revealed no significant difference in sensory attri-
butes except for taste between the control and S2 samples
(noodles with 10% PGRW). Combining the sensory attributes
and health benefits of WRP, a substitution level of 10% is
applicable for the production of value-added noodles.

Conclusion

In this study, the nutritional potential of watermelon rind,
which is typically treated as waste, was investigated for the
value addition of noodles. Proximate composition analysis of
three different WRPs demonstrated that the DGRW powder
contained lower amounts of ash and protein than the YRW
and PGRW powders. Meanwhile, the YRW powder
contained a high amount of fat, but its desirable fiber was
significantly less than those of the DGRW and PGRW pow-
ders. The highest amount of crude fiber (13.35%) was found
in the DGRW powder, followed by the PGRW powder

Fig. 3 Cooking properties of the
value-added noodles; mean
values with different letters within
each parameter are significantly
different (p < 0.05)

Fig. 4 Sensory evaluation of the
value-added noodles; mean
values with different letters within
each parameter are significantly
different (p < 0.05)
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(12.78%). Among the three samples, the PGRW powder dem-
onstrated greater antioxidant activity against DPPH. In the
preparation of noodles, the incorporation of WRP resulted in
an increase in the cooking yield of the value-added noodles.
However, the cooking loss of the value-added noodles was
slightly higher than that of the control sample. Based on the
sensory evaluation, it was discovered that the control sample
was the most preferred and that noodles with 10% WRP had
better acceptability among the value-added noodle samples.
Thus, noodles supplemented with 10% watermelon rind may
be a convincing option for the public in terms of a food prod-
uct based on nutritional value rather than taste. In conclusion,
the energy demand for longer drying times indicated the ne-
cessity of solar drying for the commercial-scale production of
WRP, which showed significant nutritional potential for the
further development of flour-based products for human
consumption.
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