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Jujube is one of the strategic crops of South Khorasan and, due
to its nutritional value and medicinal properties, has a high
potential for use in the production of functional foods. In this
study, jujube powder was used at different levels (0, 10, 20, and
30%) instead of wheat flour in biscuit formulations, and its
effect on the chemical, physical, and sensory properties of the
product was investigated in a completely randomized design.

The results showed that with increasing jujube powder
replacement level, moisture content decreased while protein,
carbohydrate, and ash content increased (p<0.05). Also, with
increasing jujube powder percentage, the thickness of the
biscuit increased while the diameter and spread ratio decreased.
Sensory evaluation indicated that among the samples containing
jujube powder, biscuits containing 10 and 20 percent jujube
powder received the highest scores in terms of color, flavor,
texture, and overall acceptability, while 30% substitution
decreased appearance and textural desirability. In general, using
jujube powder up to 20% can improve the nutritional value of
biscuits while maintaining desirable sensory properties, and this
can be a suitable solution for developing functional cereal-based
products.
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1- Introduction

Jujube, with the scientific name Ziziphus
Jujuba, is a tree belonging to the Rhamnaceae
family. Its fruit has been used in traditional
medicine for treating various diseases. This
plant, native to warm and semi-warm regions
of Asia and America, is resistant to salinity,
drought, temperature fluctuations, pests, and
plant diseases. While the unripe jujube fruit is
green in color, similar in shape to an olive, and
possesses  medicinal and  antioxidant
properties, its ripe fruit is wrinkled and brown,
consumed both fresh and dried [1]. Currently,
jujube is also considered a native plant of the
Iranian plateau and is cultivated in the
provinces of Khorasan, Golestan,
Mazandaran, Fars, Isfahan, Yazd, Hamedan,
Qazvin, and Qom. Jujube is rich in minerals
(calcium, magnesium, sodium, potassium, and
phosphorus), carbohydrates, fatty acids, and
proteins, which are essential for some
physicochemical processes crucial for human
health. Furthermore, due to its richness in
phenolic compounds, carbohydrates, proteins,
and flavonoids, it is traditionally consumed as
an infusion or powder, and its antioxidant
compounds can be extracted and utilized
through various methods [2,3,4,5]. The fruit
pulp of this plant contains more vitamins A
and C compared to other parts of the fruit, and
it is the richest source of linoleic acid. Its
leaves are the richest source of vitamin E and
linolenic acid [6,7].

Jujube has a long history of consumption as
both an edible fruit and a medicine. In recent
years, consumers, in addition to considering
its nutritional characteristics, have shown
particular interest in the health-promoting
properties of this product. Consequently, it has
potential applications in various products,
including baked goods. Among bakery
products, biscuits hold a significant position
due to attractive characteristics such as a long
shelf life, variety in flavor and texture, and
high per capita consumption. Since biscuits
have diverse applications as a staple food, gift
items, snacks, infant food, dietary products,
etc., interest in such products is increasingly
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growing in nutritional programs and critical
situations due to their nutritional properties
and ease of consumption [8,9]. Today, to meet
consumer demand for healthier and more
nutritious compounds in biscuits, a broad
perspective has emerged for improving the
nutritional quality of this product. Typically,
soft wheat flour with 8-11% protein is the
preferred flour for biscuit production, where
gluten forms only a minimal network for
sheeting and shaping the biscuit dough. To
produce biscuits fortified with nutritious
compounds, wheat flour can be partially
replaced or blended with other flours in
specific ratios. In this regard, numerous
research studies have been reported using
various flours such as rice flour, blends of
millet or chickpea flour, oat flour, soybean and
cassava flour, and amaranth flour to enhance
protein, mineral, and fiber content [10,11].
However, substitution of wheat flour with
plant powders, including jujube powder,
besides improving nutritional value, may also
affect the physical, textural, and sensory
acceptance properties of the product. The
reduction in gluten and increase in fiber
resulting from substitution can alter the
dough's rheological behavior, ultimately
changing the textural and appearance
characteristics of the biscuits. Additionally, at
high substitution levels, the flavor, color, and
overall acceptance of the product may decline
[12,13]. Therefore, given the lack of sufficient
research on the use of jujube powder in biscuit
formulation, this study aimed to evaluate the
effect of different levels of replacing wheat
flour with jujube powder on the chemical,
physical, and sensory acceptance
characteristics of biscuits to determine the
optimal substitution level.

2- Materials and Methods

2.1. Materials

Wheat flour (Setareh flour) was procured from
Ghods Razavi Flour Factory (Mashhad, Iran).
Dried jujube fruits were purchased from the
market and ground into powder. The milled
powder was then passed through a 170-mesh
sieve to obtain uniform particles, and the
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portion passing through the sieve was used in
the biscuit formulation. The composition per
100 grams of wheat flour and jujube powder is
presented in Table 1. Other formulation
ingredients, including sugar, salt, sodium
bicarbonate, and shortening oil, were obtained
from reliable commercial sources. All
chemicals used in the chemical tests were
purchased from Merck Company (Merck,
Germany).

2.2. Methods

In this study, jujube powder was used at four
replacement levels (0, 10, 20, and 30% by
weight) in place of wheat flour in the biscuit
dough formulation. The base formulation
consisted of flour (100 g), sugar (40 g),
shortening oil (15 g), salt (1 g), sodium
bicarbonate (1 g), and vanilla powder (1 g).
The approximate composition of wheat flour
and jujube powder can be seen in Table 1.

Table 1. Approximate analysis of wheat flour and jujuba powder (per100 gr).

Sample carbohydrate(g) protein(gr) fat (gr) Ash(gr)

Wheat flour 71.4+0.05 9.1+£0.04 1.95+ 1.68 0.6
0.06

Jujuba powder 74.6 £ 0.08 9.7 +0.02 1.1+0.12 3.18+ 0.4

The biscuit preparation steps included mixing
the dry ingredients, adding the liquid
ingredients, preparing the dough, kneading for
10 minutes, molding, and baking. The
resulting dough, after kneading until
achieving uniform thickness, was cut with a
round mold and then the samples were baked
in an oven at 200 £5 °C for 20 minutes [13].

After cooling to room temperature, the
samples were stored in sealed containers until
the time of testing. The biscuit production
process diagram is shown in Figure 1. The
tests, conducted on the final product samples,
included chemical analyses (moisture, ash, fat,
protein, and carbohydrate) and physical
analyses (diameter, thickness, and spread
ratio) performed according to standard
methods [14, 15].
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Fig. 1. Flow chart for biscuit production.

2.3. Sensory Evaluation

This test describes the level of consumer
acceptance and satisfaction regarding the
biscuit characteristics. The biscuit samples
were analyzed for sensory attributes. Sensory
quality characteristics were evaluated by a
trained panel of 20 individuals using a 5-point
hedonic scale (1, very bad and 5, very good)
for flavor, color, appearance, crispness, and
overall acceptance [15].

2.4. Statistical Analysis

In this study, all tests were performed with
four treatments and three replications.
Statistical analysis of the data was conducted
using one-way analysis of variance (ANOVA)
with SPSS software version 26. Mean
comparisons were performed using Duncan's
multiple range test at a 95% probability level
(p <0.05).

3- Results and Discussion

3.1. Physical Characteristics of Biscuits
The physical characteristics, including
thickness, diameter, weight, and spread ratio
of the biscuit samples, are presented in Table
2. The results showed a significant difference
among the various treatments (p<0.05). The
weight of the biscuits ranged from 9.39 to
10.35 grams, with the highest value belonging

to the sample containing 30% jujube powder.
The increase in weight is likely related to the
ability of jujube powder to retain oil during the
baking process [15, 16]. According to the table
results, with an increase in the substitution
level of jujube powder, the biscuit diameter
values decreased from 4.61 mm (0%
substitution sample) to 4.43 mm (sample
containing 30% jujube). These changes may
be due to the gluten content in the flour. The
biscuit thickness varied from 0.59 to 0.82 cm.
With the addition of jujube flour, this value
increased, and the changes were significant
(p<0.05). The increase in thickness may be
due to the decrease in diameter, as these two
have an inverse relationship [13, 17]. The
spread ratio of the biscuits also varied from
7.68 for the sample containing 100% wheat to
6.43 for the 30% substitution sample. It is
evident that changes in diameter and thickness
are reflected in the biscuit spread ratio. These
changes are likely due to the reduction in
gluten and increase in fiber, which prevents
the dough from spreading during baking. The
decrease in the spread ratio of enriched
biscuits is attributed to the formation of more
hydrophilic sites in the biscuit dough. The
spread factor or spread ratio is an index of
biscuit characteristics [18, 19].

Table 2. Physical properties of Biscuits.

Sample Weight (g) Thickness (cm) Diameter (mm) spread Ratio
0% substitute 9.39 £0.08° 0.59 £ 0.04¢ 46.1 £0.22* 7.68 £0.65°
10% substitute 9.64 +0.08° 0.64 +0.02¢ 45.1£0.12% 7.18 £0.46°
20% substitute 9.89 +£0.07% 0.75+0.03" 45.0 £0.26® 6.66 £ 0.56"
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30% substitute 10.35+0.11%

0.82 £ 0.04*

43.3+0.18° 6.43 +0.44°

(Means with different letters in each column differ significantly in p<0.05)

3.2. Chemical Composition of Biscuits

As observed in Table 3, all chemical
compositions of the samples were
significantly different from each other
(p<0.05). The moisture content of the
jujube/wheat biscuits varied from 4.69% to
3.22%. With an increase in jujube powder
substitution, the moisture content of the
biscuits generally decreased. It has been
reported that the moisture content of different
biscuits varies depending on the type of biscuit
produced; for example, cream crackers have
about 4.3% moisture, while digestive crackers
have about 4.5% moisture [20].

The protein content of all biscuit samples was
significantly different from each other, with
the lowest amount for the 0% substitution
sample (11.68%) and the highest for the
sample containing 30% jujube (12.43%).
These differences were observed because the
protein content of the mixtures continuously
increased with the higher content of jujube
flour. The reason for the increase in protein
content in samples containing jujube flour is
likely due to the higher protein levels in jujube
flour. It has been reported that jujube contains
a sufficient amount of protein with high levels
of amino acids such as cysteine, glycine,

arginine, serine, alanine, histidine, and leucine
(an essential amino acid) [21, 22].

The fat content followed a similar trend to
protein. The highest amount (26.53%) was for
the sample containing 30% jujube, while the
lowest amount (25.85%) was obtained for the
sample with 0% jujube. With an increase in
the percentage of jujube flour, the
carbohydrate content of the samples varied
from 51.69% to 57.82%, showing that as the
substitution level of jujube powder with wheat
flour increased, their carbohydrate content
also increased. This was predictable because
jujube has a higher carbohydrate content than
wheat flour and is consistent with the results
of reported research [23, 24, 25].

The ash percentage of the samples varied
between 2.35% and 4.35%. As observed, with
an increase in the substitution level of jujube
powder with wheat flour, the ash percentage
of the biscuits also increased. The reason for
this is the higher ash content of jujube
compared to wheat flour, and similar results
have been reported by other researchers [26,
27]. Therefore, adding jujube flour to biscuit
production can increase mineral intake in
consumers.

Table 3. Chemical composition of biscuits.

Sample Moisture Carbohydrat Fat (%) Protein(%) Ash(%)
(Y0) e (%)

0% substitute ~ 4.69 £0.08*  51.69+0.34¢ 2585+0.22° 11.68=+0.32° 2.35+0.12°¢
10% 3.64£0.08° 53.24+£0.12° 26.11£0.12®* 12,18 £0.46> 2.98+0.12%
substitute

20% 3.35£0.07° 55.75+£0.23°  26.41+0.26®  12.39+0.56®  3.65+0.12°
substitute

30% 3.22+£0.11° 57.82+0.36° 26.53+0.18* 1243 +0.44* 4.35+0.22*
substitute

(Means with different letters in each column differ significantly in p<0.05)
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3.3. Sensory Evaluation

The sensory properties of the biscuits are
presented in Table 4. Photographs of the
biscuit products are also presented in Figure 2.
The color score ranged from 4.82 to 3.22. The
sample containing 0% jujube (100% wheat)
received the highest score, while the sample
containing 30% jujube had the lowest score.
Darkness in the samples increased with higher
jujube content in the biscuits. Among the
samples containing jujube powder, a
significant increase in the mean flavor scores
was observed up to a 20% substitution level of
jujube powder. The sample with 20%
substitution obtained a sensory score of 4.21
for flavor. Adding 30% jujube flour caused a
decrease in this score, which may be due to the
bitter aftertaste of jujube powder. Also, a high
substitution level creates a coarser texture and
unpleasant flavor. The crispness scores
indicated that after the control sample, the
samples containing 10% and 20% jujube

powder, with scores of 4.16 and 3.85
respectively, did not have a significant
difference from each other, but they were
significantly different from the sample
containing 30% jujube.

In terms of appearance, the sample containing
100% wheat flour and the sample containing
30% jujube powder had the highest (4.6) and
lowest (3.52) scores, respectively. The overall
acceptance scores of the samples also
indicated that the samples containing 10% and
20% jujube powder did not have a significant
difference from the sample containing 100%
wheat flour, and only the 30% substitution
sample showed a significant difference from
the control sample. Based on these results, up
to a 20% substitution of wheat flour with
jujube powder in the biscuit formulation does
not create a significant difference in overall
acceptance compared to the control sample.

Table 4. Sensory characteristic of biscuits

Sample Color Taste Crispness Apperance Overal
accpt.

0% substitute ~ 4.82 +(0.28* 4.65+0.18° 4.54 £0.22* 4.6+0.32° 4.6 +0.26"

10% substitute ~ 4.12£0.36®  4.00+0.19° 4.18+0.30°® 4.16+0.21" 4.35+0.31%

20% substitute  3.85+0.27°  4.21+0.27° 3.77+0.27° 3.85+0.27° 428 +0.25%

30% substitute ~ 3.22 +0.11¢ 3.11 £0.15¢ 3.35+0.11° 2.82+0.11° 3.52+0.18"

(Means with different letters in each column differ significantly in p<0.05)

0 % substitution

30% substitution

20% substitution

Fig 2. Biscuits with different level of jujube powder
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4-Conclusion

The present study showed that substituting
wheat flour with jujube powder significantly
changes the chemical and physical
characteristics of biscuits. With an increase in
jujube powder level, moisture, fat, and ash
increased, while protein and carbohydrate
decreased. The physical characteristics of the
biscuits also indicated a decrease in diameter
and an increase in thickness. Sensorily, the
results indicated that substitution at the 10% to
20% level had better overall acceptance
among the samples containing jujube, while
30% substitution caused a decline in sensory
quality. Therefore, to achieve maximum
substitution of jujube powder in the biscuit
formulation while maintaining maximum
overall acceptance, a substitution level of
about 20% jujube powder in biscuits is
recommended. These results, while enhancing
nutritional value and utilizing native
materials, can provide a basis for developing
health-oriented products in the food industry.
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