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Original Article ABSTRACT

This study aimed to investigate the effect of replacing wheat flour in biscuits with whole
pumpkin, pumpkin pulp and peel powder at levels of 3%, 6%, 9%, 12% and 15%. The
chemical composition, physical properties, and sensory attributes of the biscuits were eval-
uated. Pumpkin peel contained substantial amounts of crude protein and crude fiber, along

Article information

Received 22/01/2025 T i . .
Revised 23/02/2025 with high levels of total carbohydrates, carotenoids, phenols, and flavonoids. It also exhib-

Accepted 05/03/2025 ited higher water absorption (82.48%) and oil absorption (57.82%) compared to pumpkin
Published 09/03/2025 ||pulp and whole pumpkin. In contrast, pumpkin pulp had the highest bulk density (0.87%)
Available online and emulsion stability (44.14%) among the three. Whole pumpkin demonstrated greater

15/03/2025 emulsion activity (41.18%), foaming capacity (59.85%), and foaming stability (20.33%).
The highest contents of phytic acid (0.72%), oxalate (1.72%), saponins (2.44%), and cya-
nides (0.76%) were found in the peel, followed by whole pumpkin and then pumpkin pulp
powder. Replacing wheat flour with whole pumpkin, pumpkin pulp, or pumpkin peel sig-
nificantly altered the biscuits' chemical composition, affecting moisture, protein, fiber, fat,
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ash, and carbohydrate content. However, crude protein, ether extract, and available carbo-
hydrates decreased compared to the control biscuits. Additionally, the replacement in-
creased the biscuits' volume, diameter, and thickness while reducing their weight. The bis-
cuits fortified with 3% to 6% pumpkin pulp powder achieved the best balance of nutritional
enhancement and sensory acceptability.

pumpkin, total carotene;
total phenols; total fla-
vonoids, biscuits

1. Introduction yellow-orange color, is a major source of vitamin A.

Pumpkin (Cucurbita spp.) is a vegetable cultivated Consuming foods rich in carotenoids can help prevent

worldwide and widely used as a food source. The Asian, skin diseases, eye disorders, and certain types of cancer

European, and American continents account for 88.4% (Faustino et al., 2016). The pulp of pumpkin is the pri-

of global production, with China, India, and the Russian
Federation being the largest producers. In the State of

Sao Paulo, Brazil, pumpkin production reached 65 thou-

sand tons (FAO, 2019). Pumpkin (Cucurbita moschata), 5 food ingredients or be utilized as bioactive and nutri-
tional supplements (Genevois et al., 2016). Adding

pumpkin powder enhances the nutritional value of baked

mary portion used for processing and consumption.
Pumpkins and their by-products contain various phyto-
chemical and antioxidant compounds, which can serve

a member of the Cucurbitaceae family, is an important
source of dietary fiber and bioactive compounds such as
carotenoids, phenolic compounds, fibers, vitamins, and
minerals (Martins & Ferreira, 2017). The beta-carotene
found in pumpkins, responsible for their characteristic

products, providing vibrant color and improved quality.
Using 5% pumpkin powder in such products
is expected to yield favorable results by
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incorporating it into the wheat flour mixture during
the manufacturing process. This enhances the nutri-
tional profile of baked goods such as biscuits,
cakes, and pancakes (Abdulaali & George, 2020).
Biscuits are high in carbohydrates and fat but low in
fiber, vitamins, and minerals, making them less
suitable for daily consumption. However, due to
their widespread popularity across all age groups,
long shelf life, and appealing taste, they are a com-
mon snack. Enriching wheat flour with pumpkin
powder can enhance protein content and overall nu-
tritional value (Kumar et al., 2018). This study
aimed to utilize pumpkin fruit to improve biscuit
quality. Understanding the economic and nutritional
benefits of using the whole pumpkin including the
pulp and peels can contribute to producing high-
quality, fiber-rich biscuits.

2. Materials and Methods

Materials

Wheat flour (72% extraction) was purchased
from South Cairo & Giza Flour Mills Company,
Talbeya, Giza, Egypt. Fresh pumpkin (Cucurbita
moschata) was obtained from the Horticultural Re-
search Institute, Agricultural Research Center, Giza,
Egypt.
Methods
Technological Methods
Preparation of Dried Pumpkin Parts

Ripe pumpkin fruits were washed with tap wa-
ter, cut in half, and seeded. The fruit was then divid-
ed into two portions as follows:
e The first portion (whole pumpkin) was cut into
equal pieces using sharp knives.
e The second portion was peeled to separate the
peels from the pulp, and both were then cut into
equal pieces using sharp knives.
All portions were preheated in a ventilated oven at
120°C+5 for 15 minutes (Radwan et al., 2017) to
inactivate oxidative enzymes, reduce microbial
load, and facilitate initial moisture loss. Subse-
quently, the samples were dried at 60°C+5 until a
constant weight was achieved. The dried pumpkin
products were then ground separately using a Multi
Mill apparatus and passed through a 0.5mm mesh

sieve to obtain a fine powder. The powder was fur-
ther sieved through a 300-mesh sieve for uniformi-
ty. The final fine powder was packed in sealed plas-
tic bags and stored at a cool temperature (5°C=£2)
until use (Toan & Thuy, 2018). The ingredients for
the control and experimental biscuits are listed in
Table 1, while the formulations for the experimental
sweet biscuits (with and without additives) are
shown in Table 2. To prepare the biscuits, sugar and
butter were creamed in a mixer, then the egg-vanilla
mixture was added and beaten at low speed for 15
minutes. The dry ingredients (wheat flour or its
mixtures and baking powder) were stirred together
and gradually incorporated into the mixture, fol-
lowed by continuous beating until a smooth dough
formed. The dough was then left to rest for 15
minutes before being rolled out on a biscuit sheet
with a rolling pin and cut into circular shapes (5 cm
in diameter, 0.3cm thick). The cut dough pieces
were placed on a greased tray and baked in an elec-
trically heated oven at 170°C for 12—15 minutes.
After baking, the biscuits were allowed to cool at
room temperature for 1 hour before sensory evalua-
tion and further analyses (AACC, 2010).

Table 1. The formula used for preparing biscuits

Ingredients Amount (g)
Wheat flour 72% 100

Butter 20

Sugar 35

Milk powder 2

Egg

Salt 1
Vanillin 1

Water As required (0-25)

Packaging of Biscuits

After preparation, biscuit pieces (15-20g each)
were packaged in transparent polypropylene bags
(20/20 microns) and stored at room temperature un-
til chemical and sensory evaluations were conduct-
ed (Kulthe et al., 2018).
Analytical Methods

Physical Properties of Biscuits
The physical properties of biscuits, including
diameter (mm), thickness (mm), volume (cm?/g),

and weight (g), were determined using the method
described by AACC (2010). The specific volume
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was calculated by dividing the volume (cm?) by the
biscuit weight (g), while the specific weight was

Table 2. Formulation for experimental biscuits

determined by dividing the weight (g) by the biscuit
volume (cm?).

Treatment No.

Blends composition

Control
1

100% Wheat flour 72% extraction
97%wheat flour+3% whole pumpkin powder
94%wheat flour+6% whole pumpkin powder
91%wheat flour+9% whole pumpkin powder
88%wheatflour+12% whole pumpkin powder
85%wheatflour+15% whole pumpkin powder

O 0 3 N D~ W DN

—_
- o

—_ = =
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97%wheat flour +3% pumpkin pulp powder
94%wheat flour +6% pumpkin pulp powder
91%wheat flour +9% pumpkin pulp powder
88%wheat flour+12% pumpkin pulp powder
85%wheat flour +15% pumpkin pulp powder
97%wheat flour +3% pumpkin peel powder
94% wheat flour +6% pumpkin peel powder
91% wheat flour +9% pumpkin peel powder
88% wheat flour+12% pumpkin peel powder

15 85% wheat flour+15% pumpkin peel powder

Chemical Analyses

Moisture, protein, ash, crude fiber, and ether
extract were determined using the methods outlined
by AOAC (2016). Total carbohydrates were calcu-
lated by difference, as described by Nielsen (1994).
Total phenolic compounds were determined using
the method of Sultana et al. (2014) and expressed as
g/100 g gallic acid. Total flavonoid content was an-
alyzed following the method of Barros et al. (2010),
while total carotenoids were determined using the
method of Reddy and Sistrank (1980). Phytic acid
content was measured according to Wheeler and
Ferrel (1971), and oxalate was determined using the
titration method described by Day and Underwood
(1986). Hydrogen cyanide was quantified using the
alkaline titration method (AOAC, 2016). Water ab-
sorption capacity was measured following the meth-
od of Sosulski (1962), and fat absorption capacity
was determined according to Sosulski et al. (1976).
Emulsifying Activity and Emulsion Stabil-
ity: Emulsifying Capacity

The emulsifying capacity of a 1% (w/w) protein
solution was analyzed by stirring it at a constant
temperature (20°C) in a one-liter laboratory reactor
(IKA) equipped with a stirrer and an Ultra-Turrax

emulsifying system (IKA-Werke GmbH & Co. KG,
Staufen, Germany). Oil was automatically added
using a titration system (Metrohm GmbH & Co.
KG, Herisau, Switzerland), while conductivity was
continuously monitored to determine the inversion
point of the emulsion. The amount of oil added up
to the inversion point was used to calculate the
emulsifying capacity (ml oil/g protein).
Foaming capacity and stability

The volume of foam only was recorded after
15, 30, 45, 60, 90 and 120 min. of standing at room
temperature (~25°C) as foam stability (FS) accord-
ing to the following equation:

Foam stability = Total volume - Liquid volume

Final volume — Intial volume

% Volume increase or (Foam Capacity) = e —

Sensory evaluation

Sensory properties were assessed for all treat-
ments immediately after baking by a panel of 10
staff members from the Food Technology Research
Institute, Agricultural Research Centre. The sensory
evaluation was conducted following the method
described by Hussein et al. (2024).
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Statistical analysis

The sensory properties and chemical composi-
tion data were analyzed in triplicate for each sample
using the F-test and the Least Significant Difference
(LSD) at a 0.05 probability level, as performed with
SAS statistical software (SAS, 2000).
3. Results and Discussion

Data in Table 3 show no significant difference
(p > 0.05) in moisture content among whole pump-
kin (10.82%), pumpkin pulp (11.10%), and pump-
kin peel (10.75%), which aligns with the findings of
Hussain et al. (2021). However, these moisture con-
tent values were lower than those reported by Ab-
dulaali and George (2020), Kurian and Sathiya
(2016); Noor Aziah and Komathi (2009) (7.52%,
7.23%, and 8.77%, respectively). The protein con-
tent of raw materials showed significant differences
(p < 0.05), with pumpkin peel having the highest
protein content (11.44%), followed by whole pump-
kin (10.77%), while pumpkin pulp had the lowest
protein content (p < 0.05). These findings are con-
sistent with Hussain et al. (2021). Regarding fat
content, the highest value (p < 0.05) was found in
pumpkin peel (5.29%), followed by whole pumpkin
(4.36%), while pumpkin pulp had the lowest fat
content (2.82%). These results match those reported

by Hussain et al. (2021). For crude fiber content,
pumpkin peel had the highest value (21.27%, p <
0.05), followed by whole pumpkin (16.36%) and
pumpkin pulp (14.24%). These values were lower
than those reported by Kurian and Sathiya (2016)
and Hussain et al. (2021) (12.03% and 13.91%, re-
spectively) but higher than the findings of Achilonu
et al. (2017) and Noor Aziah and Komathi (2009)
(34.28% and 3.72%, respectively). The ash content
was highest (p < 0.05) in whole pumpkin (9.59%),
followed by pumpkin peel (8.20%), while pumpkin
pulp had the lowest value (7.84%). These values
were higher than those reported by Abdulaali and
George (2020); Achilonu et al. (2017) (9.57% and
13.96%, respectively) but lower than the findings of
Noor Aziah and Komathi (2009), Kurian and Sathi-
ya (2016), and Hussain et al. (2021) (6.55%, 6.04%,
and 6.50%, respectively). For carbohydrate content,
pumpkin pulp had the highest value (66.52%, p <
0.05), followed by whole pumpkin (58.92%), while
pumpkin peel had the lowest content (53.30%).
These results were lower than those reported by
Noor and Komathi (2009) (74.11%), Abdulaali and
George (2020) (75.70%); Achilonu et al. (2017)
(78.29%).

Table 3. Proximate composition of dried whole pumpkin, pumpkin pulp, and pumpkin peel (g/100g)

Material Moisture Protein Fiber% Fat Ash C Total
arbohydrates
Whole pumpkin ~ 10.82°+0.24  10.77°+0.23  16.36°+£0.04  4.36°+0.44  9.59°+0.79 58.92°+0.42
Pumpkin pulp 11.10%0.4  8.58°+0.41  14.24°t0.36  2.82°40.48  7.84°+0.48 66.52°+0.68
Pumpkin peel 10.75%02  11.44%+0.11 21274023  5.79°+0.41  8.20°+0.30 53.30°+0.70

Means in the same column with different letters are significantly different (p< 0.05)

Bioactive Compounds of Dried Whole
Pumpkin, Pumpkin Pulp, and Pumpkin
Peel

Significant differences (p< 0.05) were observed
in the bioactive compound content among different
pumpkin fractions (Table 4). Pumpkin peel con-
tained the highest levels of total flavonoids, total
phenolics, and total carotenoids, followed by pump-
kin pulp and whole pumpkin, consistent with find-
ings reported by Abbas et al. (2020). The phenolic
compound content in pumpkin pulp (16.77mg/g)
was higher than the 5.70mg/g reported by Sello and

Mostafa (2017) but lower than values reported by
Muzzaffar et al. (2016) (24.90mg/g) and Carla et al.
(2020) (49.69mg/g). For total carotenoids, pumpkin
peel exhibited the highest content (2.40mg/g,
p<0.05), followed by whole pumpkin (2.31mg/g)
and pumpkin pulp (0.84mg/g). The carotenoid con-
tent in whole pumpkin and pumpkin peel aligned
with the 2.37mg/g reported by Hussain et al. (2021).
Meanwhile, total carotenoids in pumpkin pulp (0.84
mg/g) were higher than the 2.7mg/100g reported by
Sello and Mostafa (2017) but lower than the 24.90
mg/g reported by Carla et al. (2020).
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Table 4. Bioactive compounds of dried whole pumpkin, pumpkin pulp, and pumpkin peel (mg/g)

Material Total flavonoids (mg/g)
Whole pumpkin 0.42°+0.02
Pumpkin pulp 0.52°+0.03
Pumpkin peel 1.230%+0.10

Total phenolics (mg/g)

Total carotenoids (mg/g)

19.24°+0.66 2.31%+0.17
16.77°+£0.13 0.84°+0.04
36.08%+£0.42 2.40°+0.15

Means in the same column with different letters are significantly different (p< 0.05)

Anti-nutritional factors of dried whole
Pumpkin, Pumpkin Pulp, and Pumpkin
Peel

The levels of anti-nutritional factors in dried
whole pumpkin, pumpkin pulp, and pumpkin peel
are presented in Table 5. Among the three, pumpkin
pulp had the lowest levels of anti-nutritional factors,
while pumpkin peel contained the highest levels,
with whole pumpkin falling in between. Studies by
Blessing et al. (2011) and Adebayo et al. (2013) re-
ported lower phytic acid content in pumpkin peel
(0.61mg) and pumpkin pulp (0.37mg). Similarly,
Mohammed et al. (2014) found lower phytic acid
levels in pumpkin peel (0.63mg) but reported a
higher content in whole pumpkin (4.03mg). Oxalate
content was highest in pumpkin peel (1.72mg), fol-

lowed by whole pumpkin (1.66mg) and pumpkin
pulp (1.23mg). In contrast, Mohammed et al. (2014)
and Adubofuor et al. (2018) reported lower oxalate
values in pumpkin peel (0.21mg) and pumpkin pulp
(0.31mg). For saponin content, pumpkin peel had
the highest value (2.44mg), followed by whole
pumpkin (2.05mg), while pumpkin pulp had the
lowest (1.35mg). Mohammed et al. (2014) found a
lower saponin content in pumpkin peel (1.09mg)
but a higher value in whole pumpkin (3.05mg). Re-
garding cyanide levels, pumpkin pulp contained the
highest amount (0.76mg), followed by whole pump-
kin (0.69mg), while pumpkin peel had the lowest
content (0.53mg). However, Mohammed et al.
(2014) reported higher cyanide levels in pumpkin
peel (0.63mg) and pumpkin pulp (0.87mg).

Table 5. Ant nutritional factors of whole pumpkin, pumpkin pulp, and pumpkin peel

Material Phytic acid (%) Oxalate (%) Saponins (%) Cyanides (%)
Whole pumpkin 0.70 1.66 2.05 0.69
Pumpkin pulp 0.68 1.23 1.35 0.53
Pumpkin peel 0.72 1.72 2.44 0.76

Functional Properties of Dried Whole
Pumpkin, Pumpkin Pulp, and Pumpkin
Peel

Data in Table 6 indicates that the functional
properties of pumpkin significantly influenced the
physical characteristics of biscuits. The high water
absorption capacity of pumpkin peel flour (82.48%)
likely improved dough hydration, enhancing gas
retention during baking and contributing to in-
creased biscuit volume. Conversely, the lower bulk
density of pumpkin peel flour (0.59g/cm®) may have
reduced dough density, allowing for greater expan-
sion. Similarly, the superior foaming capacity of
whole pumpkin (59.85%) likely helped stabilize air
pockets during mixing, contributing to biscuit light-
ness. While the high bulk density of pumpkin pulp

might have limited dough expansion, the biscuits
still exhibited volume gain. Additionally, the emul-
sifying and foaming properties of whole pumpkin
could have influenced air incorporation during mix-
ing, affecting biscuit texture and crumbliness. A
comparable bulk density value for whole pumpkin
powder (0.87g/cm?®) was reported by El Khatib and
Muhieddine (2020).
Chemical Composition of Biscuits Pre-
pared with Different Levels of Dried
Whole Pumpkin, Pumpkin Pulp, and
Pumpkin Peel

The chemical composition of biscuits prepared
with various levels of dried pumpkin products is
presented in Table 7. Moisture, fiber, and ash con-
tents increased as wheat flour was replaced with
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pumpkin products, and these values continued to
rise with higher substitution levels. In contrast, fat
content showed a decreasing trend. The carbohy-
drate content of biscuits gradually decreased when
wheat flour was substituted with whole pumpkin
and pumpkin pulp powder, whereas pumpkin peel
powder had no significant effect on carbohydrate
content. This aligns with the findings of Aly and
Seleem (2015), who reported that pumpkin pulp
addition increased fiber, ash, and carbohydrate con-
tent in Egyptian baked products. Regarding protein
content, no significant changes were observed when
replacing wheat flour with whole pumpkin up to 9%

and pumpkin pulp up to 12%. Additionally, pump-
kin peel substitution did not impact protein content
at any level. The substitution of wheat flour with
pumpkin products significantly influenced the
chemical composition of biscuits (p < 0.05). The
increased moisture content at higher pumpkin flour
levels may contribute to better texture and pro-
longed freshness. Furthermore, the higher fiber and
ash content, particularly in biscuits containing
pumpkin peel, enhances their nutritional value by
providing additional dietary fiber and essential min-
erals.

Table 6. Functional properties of whole pumpkin, pumpkin pulp, and pumpkin peel

Water Oil Bulk  Emulsion  Emulsion  Foaming  Foaming

Material absorption  absorption densit;/ activity stability capacity stability
(%) (%) (g/em’) (%) (%) (%) (%)
Whole pumpkin (WP) 81.74 39.12 0.72 35.14 42.85 59.58 20.33
Pumpkin pulp (PP) 73.22 35.44 0.87 41.18 44.17 10.00 7.00
Pumpkin peel (PPE) 82.48 57.82 0.59 28.57 41.18 51.20 12.50

Table 7. Proximate composition of biscuits prepared with different levels of whole pumpkin, pump-

kin pulp and pumpkin peel (g/100g)

Treatment Moisture Protein Fiber Fat Ash Carbrg}?;agrates
100% WF Control)  7.36+0.19  10.50+0.5  0.87+0.02  21.27°+0.28  1.62%+0.03 65.74*+0.92
Replace with whole pumpkin
97%WEF+3% WP 825°40.22  11.09°+0.09  1.35°+0.10  20.78°£0.14  2.08°+0.10 64.67°+0.62
94%WF+6% WP 9.12%+0.12  10.83%+0.28  1.82%£0.18  20.3°+0.15 2.20%+0.04 64.24°£0.09
91%WF+9% WP 9.95°40.27 10.35°9£024 2.30°t0.26  19.77°¢0.33  2.43°t0.11 63.77°£0.07
88%WEF+12%WP 10.80°+0.16  10.11°%£0.11  2.77°40.11  19.25°+0.33  2.54°+0.15 63.29°+0.31
85%WF+15%WP 11.68°+0.18  9.72°+0.73  3.26%+0.22  18.75+0.13  2.85%+0.10 62.90+0.46
Replace with pumpkin pulp
97%WF+3%PP 8.35£0.09  11.33%+0.19  1.30°+0.06  20.71°+0.07  1.80°t0.04 64.56°+0.37
94%WF+6%PP 9.11%4014  10.68°+£0.31  1.72%+028  20.2°+0.14 1.93440.05 65.07°£0.36
91%WF+9%PP 9.98°+023  10.50+0.50  2.14°t0.11  19.62%¢0.17  2.16°+0.05 65.589+0.26
88%WF+12%PP 10.86°£0.20  10.23™+£0.65  2.54°40.08  19.07°:0.15  2.45°+£0.10 64.71°+0.53
85%WE+15%PP 11.78%+0.12 9.80°+0.10 2.95%40.04 18.524+0.28 2.55%+0.05 65.1840.63
Replace with pumpkin peels
97%WF+3% PPE 8.20°+0.35  11.44%+0.22  1.52°40.07 20.85°+0.47  1.52°+0.13 65.70°+0.06
94%WF+6% PPE 9.059£0.28  11.21°°£025  2.09+0.30  20.39°:0.06  2.07°t0.07 64.85+0.78
91%WF+9% PPE 9.89°40.44  11.00+0.75  2.750.20  19.95%0.18  2.33°:0.05 65.15°+0.12
88%WF+12% PPE  10.66°+0.42 10.60°+0.38  3.32°40.02  19.48°:0.08  2.51°+0.11 65.33%4+0.54
85%WF+15%PPE  11.60%+ 012  10.45°+0.80  3.95%+0.40  19.00%+0.20  2.70°+0.14 65.42°+0.62

Means in the same column with different letters are significantly different (p< 0.05
WF: Wheat flour, WP: Whole pumpkin, PP: Pumpkin pulp and PPE: pumpkin peel

It 1s evident that pumpkin-enriched biscuits offer a
healthier alternative to traditional wheat biscuits.
The decrease in fat content with increased pumpkin

flour substitution is due to the naturally lower fat

content of pumpkin compared to wheat flour, which
may contribute to lower-calorie biscuits a desirable
trait for health conscious consumers.
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Additionally, carbohydrate content decreased when
whole pumpkin and pumpkin pulp were used, po-
tentially benefiting individuals seeking lower carbo-
hydrate intake. However, biscuits containing pump-
kin peel maintained stable carbohydrate levels, sug-
gesting that energy content remains unchanged
while fiber content is enhanced.
Physical properties of biscuits

Physical properties of biscuits were signifi-
cantly (p < 0.05) affected by pumpkin flour substi-
tution. The weight and specific weight reduction at

higher substitution levels suggest that biscuits be-
come lighter and less dense, appealing to those who
prefer a more delicate texture. However, substitut-
ing wheat flour with pumpkin powder beyond 12%
may lead to excessive weight loss, producing frag-
ile, crumbly biscuits that lack structural integrity.
On the other hand, the increase in biscuit volume
and diameter is likely due to the fiber content in
pumpkin flour, which impacts dough hydration and
expansion during baking.

Table 8. Physical properties of biscuits prepared with various levels of whole pumpkin, pumpkin

pulp and pumpkin peel.

Treatments W(eght S-weight V((():l;;llgr)le S-volume Di(aénme)ter Th(i;lkr;l)e 58 Sf;rteizd
100% WF (Control)  12.50%+0.50  2.77°+0.22  4.50+0.50 0.36'+0.03 4.66°£0.34  0.69°+£0.01  6.75°+£0.67
Replace with whole pumpkin %
97%WF+3% WP 11.59°40.15  2.22°+0.05  5.19°+0.05 0.40°+0.01 5.02°+0.30  0.71°+£0.02  6.85*+0.60
94%WF+6% WP 10.92°40.17  2.09°+0.03  5.30°+0.06 0.45%0.01 5.10°40.10  0.72%+0.01  7.12%+0.04
91% WF+9% WP 10.70%0.11  2.00°£0.02  5.39°£0.01 0.49°+0.06 5.15%0.13  0.73+£0.03  7.13+0.13
88%WF+12% WP 10.53°£0.11 1.93°40.03  5.44°+0.02 0.55°+0.70 5.26%+0.02  0.74°+0.01  7.17°+0.07
85%WF+15% WP 9.14+0.22 1.66+£0.04  5.50% 0.02 0.60°+£0.02 5.28%+0.07 0.77°£0.02  6.97°+0.20
Replace with pumpkin pulp %
97%WF+3% PP 10.72°+0.80  2.49°+0.18  5.31°+0.30 0.40°+£0.03 5.1040.50  0.66’+0.10  7.23%+2.30
94%WF+6% PP 10.17°40.05  2.31°+0.10  5.40°+0.50 0.43%40.01 5.20°+0.20  0.66’+0.10  7.30°+0.94
91%WF+9% PP 9.46%+0.54 2.13%£0.09  5.44°+0.06 0.46°+£0.02 5.30°+0.15  0.69°+0.02  7.22%+0.45
88%WF+12% PP 8.92°+0.08 1.62°40.16  5.50°+0.50  0.61°+0.06 5.35%40.50  0.72+0.04  7.33%+0.27
85%WF+15% PP 8.67+0.23 1.52£0.09  5.70%+0.20 0.65"+0.04 540040  0.75+0.06  7.30*+0.08
Replace with pumpkin peel %
97%WF+3% PPE  12.22°+0.25  2.42°£0.40  4.96°+0.05  0.39°+0.05 4.99°£0.17  0.70°:0.09  6.90+0.53
94%WF+6% PPE 11.56°+0.06  2.31°+0.42  5.10°+0.90 0.43%40.44 5.00°+0.10  0.73%+0.02  6.85%+1.56
91%WF+9% PPE 102794 0.27  1.58%+0.08  6.50°+0.50 0.63°+0.10 5.1040.20  0.75+0.50  6.80%+0.65
88%WF+12% PPE  9.20°+0.20 1.35°£0.03  6.80°+0.30 0.73%+0.02 5.13*+0.37  0.77°+0.05  6.64*+0.05
85%WF+15% PPE  8.93"+0.60 1.284+0.09  6.99°+0.51 0.77* £0.05 5.20°+0.20  0.78%+0.08  6.58%+1.10

Means in the same column with different letters are significantly different (p< 0.05
WF: Wheat flour, WP: Whole pumpkin, PP: Pumpkin pulp and PPE: pumpkin peel

Higher fiber levels, especially from pumpkin peel,
contribute to increased water absorption, which re-
sults in softer and more aerated biscuits. While the
increase in volume and diameter can enhance the
visual appeal of biscuits, excessive expansion may
lead to textural inconsistencies, making the biscuits
either too soft or brittle. The optimal balance be-
tween structure and texture seems to occur at a 6%
substitution level, where biscuits retain their desira-
ble shape and consistency. The spread ratio re-

mained consistent across all formulations, indicat-
ing that pumpkin powder does not negatively affect
dough flow behavior, which is crucial for maintain-
ing uniformity in biscuit production. The increase in
thickness, particularly in high-fiber formulations,
suggests an improved structural composition, which
may contribute to a more crisp texture, a key factor
in consumer preference. In conclusion, the findings
suggest that substituting wheat flour with pumpkin
powder, particularly at the 6% level, improves the
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physical properties of biscuits without compromis-
ing texture or acceptability. However, higher substi-
tution levels (>12%) may negatively affect product
stability, leading to fragility and reduced quality.
These results contrast with those of Toan and Thuy
(2018), who reported that the spread ratio in pro-
cessed biscuits increased from 6.49 to 9.27 as the
ratio of wheat flour replacement with pumpkin pulp
powder increased.
Sensory evaluation of the biscuits

The sensory properties of biscuits prepared by
substituting wheat flour with various levels of dried
whole pumpkin, pumpkin pulp, and pumpkin peel

are presented in Table 9. The results indicated that
biscuits made with pumpkin pulp, followed by
whole pumpkin, received higher overall acceptabil-
ity scores compared to those made with pumpkin
peel. The decline in sensory evaluation scores was
more evident in formulations with higher pumpkin
substitution levels (>12%), suggesting that an ex-
cessive fiber content may negatively impact both
texture and taste stability. As shown in the same
table, biscuits with a 3 to 6% substitution level
maintained the highest acceptability scores, making
this substitution range the most suitable for main-
taining quality over time.

Table 9. Sensory evaluation of biscuits prepared with various levels of dried whole pumpkin, pump-

kin pulp and pumpkin peel

Characteristics

Treatments Color (20)  Odor (20)  Taste (20)  Texture (20)  Overall palatability (20)
100%WEF(Control) 15.50° 17.60° 17.90° 17.50° 17.25°
97%WF+3% WP 15.55° 17.30% 16.00¢ 17.00° 16.46™¢
94%WF+6% WP 16.07¢ 16.80™ 15.50%% 16.80° 16.29°
91% WF+9% WP 16.60° 16.50 15.70°4 15.00°¢ 15.95%f
88%WF+12% WP 16.65¢ 15.90° 15.70°% 14.40% 15.66°
85%WF+15% WP 17.00° 15.73% 15.30% 15.27% 15.82°F
97%WF+3% PP 16.58° 17.20% 16.30¢ 17.10° 16.80%
94%WF+6% PP 17.00% 16.90% 16.90° 15.90° 16.68%
91%WF+9% PP 17.05% 16.70% 16.00>¢ 15.00°¢ 16.19°%f
88%WF+12% PP 17.20° 16.50% 15.70°% 14.80° 16.05%f
85%WF+15% PP 17.40° 15.00¢ 14.10 14.30% 15.63°F
97%WF+3% PPE 15.76% 16.80% 16.70b° 15.00° 16.079%f
94%WF+6% PPE 15.88% 16.50% 16.00¢ 14.60"¢ 15.75°
91%WF+9% PPE 16.98" 16.40™ 14.50° 13.80¢ 15.60°
88%WF+12% PPE 17.18° 16.60 15.60°% 12.80e 15.80°"
85%WF+15%PPE 17.76 15.70% 15.10% 14.50°¢ 14.92¢
LSD (P>0.05) 0.329 0.895 0.810 0.860 0.404

Means in the same column with different letters are significantly different (p< 0.05
WEF: Wheat flour, WP: Whole pumpkin, PP: Pumpkin pulp and PPE: pumpkin peel

4. Conclusion

The results of this study indicate that pumpkin
fruit (whole pumpkin, pumpkin pulp, and pumpkin
peel) can be effectively utilized as functional ingre-
dients in biscuit formulations. The inclusion of
pumpkin powder significantly influenced the chem-
ical, physical, and sensory properties of the biscuits.
Pumpkin peel exhibited the highest protein, fiber,
and bioactive compound content, making it a valua-
ble ingredient for improving the nutritional value of

bakery products. Replacing wheat flour with pump-
kin powder increased moisture, fiber, and ash
content while reducing fat and carbohydrate levels.
Additionally, the biscuit volume and diameter in-
creased, whereas weight decreased. content while
reducing fat and carbohydrate levels. Additionally,
the biscuit volume and diameter increased, whereas
weight decreased. Sensory evaluation showed that
biscuits containing 3 to 6% pumpkin pulp powder
substitution had the best overall acceptability,
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suggesting it as the optimal level for maintaining

good sensory properties while enhancing nutritional

quality. These findings highlight the potential of us-
ing pumpkin fruit in biscuit production to improve
their health benefits.
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