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ABSTRACT

Watermelon juice production generates watermelon rind. This by-product contained high levels
of dietary fiber and phenolic compounds with antioxidant activity. In the present study, water-
melon rind was dried, pulverized and screen through a 40-mesh sieve to yield watermelon rind
flour which was subsequently supplemented to wheat semolina at 0% (control sample), 5%, 10%,
15%, 20%, and 25% of the blend weight for pasta making. The quality of the obtained pasta sam-
ples was then evaluated and compared. When the ratio of watermelon rind flour was varied from
0 to 25%, the content of total dietary fiber and phenolics of the product increased by 3,3 and 8,5
times, respectively, while its 2,2-diphenyl-1-picrylhydrazyl scavenging capacity and ferric reducing
antioxidant power were improved by 7,5 and 3,1 times, respectively. At the 25% supplementation
level, the adhesiveness of pasta was enhanced by 56% while its cooking loss was increased by 87%.
The elongation rate and tensile strength of pasta added with 25% watermelon rind flour were 59
and 27% lower, respectively, than those of the control pasta. In addition, the water absorption in-
dex and swelling index of high fiber pasta were gradually decreased as the watermelon rind ratio
in the product recipe was augmented. The increased ratio of watermelon rind flour in the pasta
formulation slightly enhanced the darkness (reduced L* value) and yellowness intensity (increased
b* value) of the product while the change in redness intensity (a* value) was very little. Supple-
mentation of watermelon rind flour to pasta making also reduced the overall sensory score of the
product. Nevertheless, the pasta samples with 10-20% watermelon rind flour were considered as
high fiber product and their overall sensory scores were acceptable. Watermelon rind flour was a

fiber and antioxidant material for improvement in nutritional quality of pasta.
Key words: watermelon rind, dietary fiber, antioxidant, pasta

INTRODUCTION

Dietary fiber and antioxidants have attracted atten-
tion on account of their various benefits to human
health !. Nowadays, food products with high level of
dietary fiber and antioxidants are of great interest to
consumers because of health improvement®. Food
fortification with dietary fiber and antioxidants is a
current trend for new product development?. Pasta
has been a well-known food around the world due to
its affordability and simplicity of preparation »*. Nev-
ertheless, conventional pasta is low in dietary fiber
and antioxidants?. Different fiber and antioxidant
sources have been added to pasta recipes for improv-
ing product quality?.

Watermelon is a plant species of the Cucurbitaceae
family fruits and it is widely cropped in the Middle
East, East, and South East Asia*. The global produc-
tion of watermelon fruit in 2020 is about 101,6 mil-
lion tones°. This fruit has been used to produce wa-
termelon juice, the production of which generates the
fruit rind accounting for 30% of the fruit weight®.

Watermelon rind is frequently utilized to make fer-
tilizer or animal forage. However, this by-product
has high levels of dietary fibers, protein, and miner-
als. Moreover, watermelon rind also contains pheno-
lic compounds with high antioxidant activity®. It is
reported that watermelon rind flour is supplemented
to the formulation of different food products, includ-
ing bread”, cookies® and noodles” for improvement
in their fiber level as well as antioxidant capacity. Nev-
ertheless, the use of watermelon rind flour in pasta
recipe has not been considered.

In this research, a mixture of wheat semolina and wa-
termelon rind flour was used to make pasta. The pur-
pose of this study was to examine the impacts of wa-
termelon rind flour ratios on the proximate compo-
sition, antioxidant activity, textural profile, cooking
properties and overall sensory score of pasta.

MATERIALS AND METHODS

Materials

Watermelon fruits were purchased from a farm in
Long An province. The white rind was obtained after
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the green peel was manually removed; the white rind
was then sliced thin into 6 x 2 x 0,2 cm pieces, dried
at 50°C for 16 h to a moisture content of 12%, pul-
verized, and screened through a 40-mesh sieve. The
watermelon rind flour was preserved in polyethylene
bags at 4°C, and utilized for experiments. Durum
wheat semolina was procured from Vietnam Wheat
Milling Co., Ltd. Refined salt with iodine addition was
provided by Vietnam Southern Salt Group.

For determination of dietary fiber, Termamyl*SC
o-amylase, Alcalase®2.5 L protease, and Dex-
trozyme®GA glucoamylase were purchased from
Novozymes (Denmark). All chemicals of analytical
grade, including 3,5-dinitrosalicylic acid, 2,4,6-
tri(2-pyridyl)-s-triazine, Trolox, gallic acid (GA),
and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were
originated from Merck KGaA (Germany).

Experimental methods
Procedure of pasta making

A stand mixer machine with a paddle-shaped stirrer
was used to blend 150 g durum wheat semolina and
watermelon rind powder with 0,75 g table salt for 2
min. The ratio of watermelon rind powder was 0%
(control), 5%, 10%, 15%, 20%, and 25% of the blend
weight. The dry mixture was subsequently intermixed
with 70 mL distilled water at 42°C and stirred at 120
rpm for 2 min before being kneaded at 120 rpm for
another 20 min to produce pasta dough using dough
hook mixer. The dough was then extruded at pressure
of 720 kgf/cm?. The obtained pasta was then dried at
50°C for 4 h and the dry pasta was stored in polyethy-

lene stand pouches at 4°C before analysis.

Proximate composition

Moisture was measured by drying at 105°C to con-
stant mass, using a moisture analyzer. Lipid was ex-
amined by the Soxhlet extraction method. Protein
was estimated according to the Kjeldahl method; the
conversion factor of nitrogen to protein was 6,25. Ash
was quantified by incineration 600°C. Carbohydrate
content was computed by deducting lipid, protein,
and ash contents from the dry basis !. Starch was an-
alyzed using AOAC 996.11 method ''; reducing sug-
ars were assessed by spectrophotometric method us-
ing 3,5-dinitrosalicylic acid®. Soluble dietary fiber
(SDF) and insoluble dietary fiber (IDF) and were eval-
uated following the AOAC 993.19 and 991.42 meth-
ods, respectively '!. Total dietary fiber (TDF) content
was the sum of IDF and SDF contents®.
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Total phenolic and antioxidant capacity

Phenolics were extracted from uncooked pasta using
60% (v/v) ethanol solvent; the obtained extract was
utilized to evaluate the content of total phenolics, fer-
ric reducing antioxidant power and DPPH scavenging
capacity; the procedure was described elsewhere >,

Textural quality of cooked pasta and color of
uncooked pasta

Textural quality of cooked pasta was measured using a
TA-XT plusC texture analyzer (Stable Micro Systems
Co., UK). The adhesiveness, cohesiveness, elongation
rate (%) and tensile strength (kPa) were recorded’.
Instrumental color values, including L*, a* and b*
were metered using a CCM-3700A colorimeter (Kon-
ica Minolta, Japan). The color difference (AE) be-
tween the pasta added with watermelon rind flour and
the control pasta was calculated by the formula pre-
sented by Nguyen et al. (2020)°.

Cooking quality

Cooking properties including cooking loss, optimal
cooking time, water absorption index, and swelling
index were determined by the procedure reported by
Nguyen et al. (2020)°.

Overall sensory score

A 9-point hedonic test (9 points - extremely like and 1
point - extremely dislike) to was applied for evaluation
of overall sensory score of pasta samples>.

Statistical analysis

Three duplicates of each experiment were carried out.
The results were expressed by mean+standard devi-
ation. Analysis of variance was done with the Stat-
graphics Centurion XVII program (USA). The multi-
ple range test was eventually applied to identify sig-
nificant difference (p < 0,05).

RESULTS AND DISCUSSION

Proximate composition of uncooked pasta

Table 1 presents proximate composition of uncooked
pasta with various ratios of watermelon rind flour.
The moisture content of all pasta samples was statis-
tically equivalent, and met the requirement for pasta
preservation at room temperature . As the ratio of
watermelon rind flour increased from 0 to 25%, the
lipid and ash contents of the product were enhanced
by 25% and 2,4 times, respectively. This was due to
the higher lipid (2,8 g/100 g dw) and ash (12,7 g/100
g dw) contents of watermelon rind flour than those
(1,7 g/100 g dw for lipid and 0,5 g/100 g dw for ash) of
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durum wheat semolina. The pasta incorporated with
different ratios of watermelon rind flour and the con-
trol pasta had similar protein content since both wa-
termelon rind flour and durum wheat semolina con-
tained the same protein level of 13,3 g/100 g dw. In-
crease in watermelon rind powder ratio from 0 to
25% in the pasta recipe reduced the total carbohydrate
content by 5,4%. It can be explained that watermelon
rind powder contained less carbohydrate (71,2 g/100
g dw) than durum semolina (84,1 g/100 g dw).
When the watermelon rind power ratio in the pasta
recipe was changed from 0 to 25%, the SDE, IDF and
TDF content of the product augmented by 2,9; 3,4 and
3,3 and times, respectively, while the starch content
was reduced by 28%. The SDE IDF and TDF con-
tents of watermelon rind flour was 11,6; 29,0 and 40,5
g/100 g dw, respectively, which were much greater
than those of durum wheat semolina (0,7 g/100g dw
for SDF; 2,7 g/100 g dw for IDF and 3,6 g/100 g dw
for TDF). Meanwhile, the watermelon rind flour con-
tained much less starch (2,6 g/100 g dw) than the
wheat semolina (71,9 g/100 g dw). Increase in fiber
content of pasta was previously reported when mango
peel was added to the product recipe'. It should be
mentioned that the pasta with 10% watermelon rind
powder was regarded as a fiber-rich product since
its TDF content was greater than 6 g/100 g°. 'The
IDF/SDF index of pasta sample was gradually aug-
mented with the enhanced supplementation level of
watermelon rind flour. Nevertheless, the IDF/SDF in-
dex of the high fiber pasta samples in the current study
was nearly comparable to the recommended value of
3/1 suggested for satiety and energy intake .

Antioxidant content and capacity of un-
cooked pasta

The effects of addition level of watermelon rind flour
on the total phenolic level and antioxidant capacity of
uncooked pasta are demonstrated in Figure 1. When
the watermelon rind flour ratio was raised from 0
to 25%, the phenolic content of pasta grew by 8,5
times while its ferric reducing power and DPPH radi-
cal scavenging activity increased by 7,5 and 3,1 times,
respectively. The phenolic content of pasta positively
correlated with ferric reducing power (R=0,995) and
DPPH scavenging activity (R=0,996). It can be noted
that the antioxidant capacity measured by DPPH as-
say was greater than that quantified by FRAP assay.
The reason could be that the main phenolics of water-
melon rind are hydroxybenzoic acid group'* which
reveals a strong scavenging effect with free radical
DPPH .

When cucumber peel flour was supplemented to pasta
recipe in the investigation by Kaur et al. (2021), the
content of total phenolics and antioxidant capacity
were also escalated'®. As a result, watermelon rind
powder was a potential supplement for enhancement
antioxidant content and activity of pasta products.

Textural quality of cooked pasta

The effects of watermelon rind flour on texture pro-
file of cooked pasta are displayed in Table 2. At 25%
addition level, the adhesiveness of pasta increased by
56% while its cohesiveness dropped by 19%. It was
probably due to by the presence of fiber components
which disturb the protein-starch network, leading to
an enhanced release of exudates from pasta strands
into boiling water>. As a result, the cohesiveness of
the pasta texture was weakened and the adhesiveness
on the surface of pasta strands was increased '°. Simi-
lar results were also reported when grape peel was in-
corporated into the pasta recipe'®. When the ratio
of watermelon rind flour in pasta samples increased
from 0 to 25%, the elongation rate was lowered by 59%
and the tensile strength was decreased by 27%. The
decreased gluten pasta samples reduced their capac-
ity to withstand the tensile strength of cooked pasta
strands”.

Instrumental color of uncooked pasta

The color values of uncooked pasta fortified with dif-
ferent levels of watermelon rind flour is described in
Table 2. The increased ratio of watermelon rind pow-
der in the pasta recipe slightly enhanced the darkness
(reduced L* value) of the product as well as its yellow-
ness intensity (increased b* values), while the change
in a* value was very little. Lycopene and anthocyanin
are detected in watermelon rind and they show the
yellow-red colored pigments®. As a result, the use of
watermelon rind powder slightly changed the pasta
color. The difference in color between the pasta in-
corporated with 5 or 10% watermelon rind flour and
the control was little and could not be detected easily
by naked eyes since the AE value was less than 5,0.

Cooking quality of pasta

The cooking properties of all pasta samples are illus-
trated in Table 3. Increment in watermelon flour ra-
tio from 0 to 25% enhanced the cooking loss by 87%
and shortened the optimal cooking time by 42%. It
can be explained that using watermelon rind pow-
der reduced the amount of gluten in the pasta dough
leading to a weakened gluten network structure!” as
well as allowing water to quickly diffuse into pasta
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Table 1: Proximate composition of pasta with various adding ratios of watermelon rind flour

Ratio of water- 0 5 10
melon rind flour
(%)

Moisture (g/100
g)

Lipid (g/100 g
dw)

9,0+ 0,12 9,0+ 0,12

1,7 £ 0,12 2,440,1°

Protein (g/100 g 12,7 £ 0,5% 13,0 £0,5*

dw)

Ash (g/100 g 1,5+ 0,0°

dw)

0,8 £0,1*

Carbohydrate 84,7 + 0,54

(g/100 g dw)

83,0 £+ 0,5¢

Starch (g/100 g 71,1 & 1,0/

dw)

63,8 £+ 0,9¢

Total  dietary 3,5+ 0,1% 5,5+ 0,2°
fiber (g/100 g

dw)

Insoluble di- 4,3 +0,2b
etary fiber (IDF)

(g/100 g dw)

2,7+£0,1*

Soluble dietary 0,8 + 0,0 1,24 0,0°

fiber (SDF)
(g/100 g dw)

IDF/SDF index 3,34+0,12 3,6 +£0,1°

9,0 + 0,22

2,6 = 0,1°¢

13,1 +0,6*

2,0 £0,1¢

82,3 £ 0,4¢

61,5+ 0,94

7,3 +0,3¢

5,8 £0,3¢

1,5+ 0,1¢

3,7 +0,3b¢

15 20 25

9,1 +0,1* 9,1+0,1* 9,1 £0,2%

2,7 £0,1¢ 2,840,1¢ 3,0+ 0,14

13,2+ 0,4% 13,4 +0,4% 13,2 4+ 0,6%

2,6 £ 0,14 3,2+0,0° 3,6 £ 0,0/

81,4 + 0,4° 80,7 £ 0,3°> 80,1 40,52

59,2 + 0,9¢ 54,0 + 0,8° 50,8 + 0,72

8,6 + 0,44 10,6 & 0,5¢ 11,5 + 0,4"

6,9 + 0,34 8,5 -+ 0,4¢ 92+ 0,4/

1,7 £0,1¢ 2,0+ 0,1¢ 23401/

4,0 4+ 0,14 4,2 +0,1¢4 4,0 £+ 0,24

dw: dry weight; values that do not share the lowercase letter (a-f) in each row are significantly different (p < 0,05)

and exudate to release more into the cooking wa-
ter. When mango peel and grape peel were supple-
mented to pasta recipe, the decrease in optimal cook-
ing time and the increase in cooking loss were also
reported 16,

Additionally, the swelling index and water adsorption
index of pasta incorporated with 25% watermelon
rind powder were reduced by 19% and 33%, respec-
tively, due to the decreased starch content of the prod-
uct. Gelatinization of starch could affect water ab-
sorption and expansion of pasta in boiling process '°.
Decrease in swelling index and water absorption in-
dex was also noted for pasta fortified with tomato
peel 1%

Overall acceptability of pasta

Table 3 presents the sensory overall acceptability of
pasta samples. All pasta samples supplemented with
watermelon rind powder had lower sensory scores
than the control sample. Increase in watermelon rind
powder ratio from 5 to 20% did not change the level of
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acceptance of the product. The pasta sample supple-
mented with 25% watermelon rind powder had lower
acceptability than that with 15% powder. The pasta
samples incorporated with 10-20% watermelon rind
powder were considered acceptable.

CONCLUSION

Watermelon rind was a material with high dietary
fiber and phenolic contents. High supplementation
ratio of watermelon rind flour in the pasta recipe im-
proved the fiber and phenolic contents and antioxi-
dant capacity of the product but the starch content
was decreased. High addition ratio of watermelon
rind flour also enhanced the adhesiveness and cook-
ing loss while reduced the cohesiveness, elongation
rate, tensile strength, swelling index, optimal cooking
time, and overall sensory score of the product. The
pasta samples fortified with 10-20% watermelon rind
powder were high fiber product with acceptable sen-
sory quality. Future research on pilot scale is there-
fore essential to confirm the potential of watermelon
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Table 2: Texture profile and color values of pasta samples with various ratios of watermelon rind flour

The ratio of 0 5 10 15 20 25

watermelon

rind flour (%)

Adhesiveness -1024  -11,10+0,26%  -11,83+0,809  -13,39+0,42°  -14,77+0,50°  -1594 =+ 0,67
+
0,42¢

Cohesiveness 0,65+ 0,61 & 0,004 0,59 + 0,01¢ 0,59 + 0,01¢ 0,55 + 0,02° 0,53 + 0,022
0,01¢

Elongation rate 57,74 54,9 42,74 55,1 + 2,14 47,1 4+ 0,9° 3324 1,5 23,6 + 0,7

(%) 0,8¢

Tensile strength 25,13 24,38 +0,55¢ 23,08 +0,36° 22,85 40,32 21,98+ 0,63> 18,46 + 0,432

(kPa) +
0,744

L* 89,32  88,72+024° 8728 +0209  86,55+0,23° 86,06+ 0,01> 84,96+ 0,412
+
0,04”

a* 1,07+ 1,01 £0,082 1,26 + 0,02° 1,40 + 0,02¢ 1,47 =+ 0,02¢ 1,73 + 0,104
0,012

b* 874+ 10,40 +0,07° 12,16 £ 0,09 13,80 0,024 14,34 4+0,17¢ 14,41 + 0,16°
0,022

E NA 1,77 £ 0,11° 3,98 +0,18¢ 5,78 + 0,114 6,49 =+ 0,14¢ 7,18 = 0,39¢

NA: not applicable; values that do not share the lowercase letter (a—f) in each row are significantly different (p < 0,05).

Table 3: Cooking quality and overall sensory score of pasta samples with various ratios of watermelon rind flour

The ratio of 0 5 10 15 20 25
watermelon
rind flour (%)

Optimal 14,0 + 0,4/ 12,6 +0,4¢ 11,0 + 0,44 10,3 +0,3¢ 8,7 +0,3" 8,1 40,2
cooking time
(min)

Cooking loss 4,6 + 0,1 50 +0,2° 5,9 +0,2° 7,5 £ 0,34 7,8 £ 0,24 8,6 + 0,4°
(%)

Water  ab- 1,56 & 0,04° 1,50 & 0,04¢ 1,37 4 0,044 1,25 & 0,05¢ 1,14 + 0,06° 1,04 & 0,04*
sorption
index

Swelling 1,83 £ 0,054 1,87 + 0,044 1,74 +£0,07°¢ 1,68 +0,04> 1,56 & 0,05 1,49 =+ 0,07
index

Overall 6,7 + 1,4 6,1 £1,6° 6,0 + 1,6 6,1 £1,5° 5,6 + 1,5%° 53+ 1,6°
acceptability

Values that do not share the lowercase letter (a—f) in each row are significantly different (p < 0,05).
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Figure 1: Total phenolic content (A), ferric reducing antioxidant power and DPPH inhibition activity (B) of un-
cooked pasta with various ratios of watermelon rind flour.”

“Values that do not share the lowercase letter (a—f, m-r) in each sub-figure are significantly different (p < 0,05).

rind flour in the making of high fiber and antioxidant
pasta.
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Mi pasta tir bot IGa mi cling va vé dua hau: Anh huéng cua ty & bot
vé dua hdu dén chat luong san pham

Long Dién Quang, Triéu Thi Mién, Tran Thi Thu Tra, Lé Thi Thiy, Ton Nit Minh Nguyét, Lé Van Viét Man®

TOM TAT

Quy trinh san xuat nudc ép dua hau thai ra phan vé dua. Phu phdm nay c6 chia nhiéu chét xo va
cac hgp chat phenolic cé hoat tinh chéng oxy hda. Trong nghién ctu nay, vo dua hau dugc dem
sdy, nghién va cho qua ray 40-mesh @€ tao thanh boét vé dua. Phan bot vé dua hau qua ray dugc
phoi trén vai bét [ba mi cliing vdi t 1é 0% (mau dbi chiing), 5%, 10%, 15%, 20% va 25% so véi téng
khéi lugng hén hop bt dé lam mi pasta. Chat lugng cac mau mi thanh phdm da dugc danh gia
va so sanh. Khi thay déi ti [é bot vo dua tir 0 dén 25%, téng ham lugng chét xa va phenolic clia mi
pasta thanh phdm tang lan lugt [a 3,3 va 8,5 lan; trong khi dé hoat tinh khang oxy héa theo phan
Ung khr sét va bat géc tu do DPPH clng tang 1én lan luot la 3,1 va 7,5 lan. Véi ti 1é b sung bot vo
dua la 25%, do két dinh clia san phdm tang thém 56%, trong khi dé t6n that ndu ciing tang thém
87%. Ty l& kéo dan va dd bén kéo ctia mau mi co b sung 25% bot vé dua 1an lust thap hon 59 va
27% so v&i mau mi déi ching. Ngoai ra, chi s6 hap thu nudc va chi sé truong né clia mi giau xo
bi gidm di khi tang dan ti [é bot vo dua trong cong thiic lam mi. Su gia tdng ti 1é bot vo dua trong
quy trinh ché bién con lam tang dd sém mau (gidm gia tri L*) va sac vang (tdng gia tri b*) cla soi
mi, trong khi sdc do6 (gid tri a*) thay déi rat it. Viéc st dung bét vé dua con lam gidm di diém cam
quan vé do yéu thich chung clia mi pasta. Tuy nhién, cac mau mi pasta dugc b6 sung 10-20% bot
vé dua hau la sdn phdm giau chét xo va co diém danh gia cdm quan téng thé & mic chdp nhan
dugc. Bot vo dua hau la mot ngudn nguyén liéu cung cdp chét xa va chit chéng oxy hoa dé cai
thién chat lugng dinh dudng clia mi pasta.

Tuwkhoa: vo dua hau, chat xo, chat khang oxy hoa, mi pasta
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