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Biscuits are common snacks, which have a wide
variety of flavors. With the enhancement of modern
health awareness, regular biscuits with high sugar,
oil, fat and low protein cannot meet the demand of
customers. Customers need more healthy biscuits in
the market. In this study, pumpkin seed meal, konjac
along with low-gluten wheat powder were used as the
main material and maltitol was added as a sweetener
to make a kind of healthy biscuits with high protein,
high dietary fiber and low sugar. Pumpkin seed meal is
a by-product of the oil production from pumpkin seed,
which has high protein content. Pumpkin seed protein
is composed of albumin, globulin, glutenin, and proline.
It contains high-quality protein and necessary amino
acids for people. Konjac is rich in dietary fiber,
which can promote intestinal peristalsis. Maltitol is
a healthy sugar substitute. Both of them have a low
calorie level. In this study, the effects of the addition
ratio of the main material (low-gluten wheat powder,
pumpkin seed meal, and konjac powder), the addi-
tion ratio of plant oil and butter, and the addition
amount of maltitol on the flavor and hardness of the
biscuits were analyzed by a single-factor test. Besides,
the orthogonal test was conducted, and the results
showed that the optimal formula was the ratio of the
main material (low-gluten wheat powder, pumpkin
seed meal, and konjac powder) of 2:1:1, the amount
of plant oil and butter of 4 % and 12 %, and maltitol
amount of 20 %. According to the nutritional determi-
nation, the pumpkin seed meal biscuits contain 20.4 %
protein, 18.0 % fat, 1.8 % ash, 59.2 % total carbohy-
drate (including 19.1 % dietary fiber and 40.1 % avail-
able carbohydrate), and 0.6 % water
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1. Introduction

Biscuits are one of the popular food products due to their
varied taste, attractive appearance, easy availability, and
long shelf life [1]. Biscuits were first found in ancient Egypt
and they are the main food products in developed countries
such as Europe and the United States. They prevail in many
countries around the world, and the demand is increasing.
According to the different formulas and production processes,
they can be divided into crisp biscuits, tough biscuits, soda
crackers, sandwich biscuits, wafers, etc. At present, the main
representative brands on the market include Oreo, Danone,
Carley, Garton and so on. Crisp biscuits and tough biscuits
are two major common categories. The characteristic of tough
biscuits is their concave flowers, with needle eyes on the
surface. The product surface is smooth, its section structure
is multilayered, chewing is crunchy and chewy for its unique
characteristics. The proportion of sugar and fat in tough bis-
cuits is lower than in crisp biscuits. Generally, sugar content is
less than 30 % and oil content is less than 20 %. Crisp biscuits
are characterized by their convex flowers, obvious decorative
pattern, and compacted structure. The oil content of sweet
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and loose special products can reach up to 50 %. With the
rapid growth of people’s income and the continuous improve-
ment of consumption level, the biscuit industry needs to meet
a larger consumer group and a broader consumer demand.
Biscuits often have high calories as they contain high sugar
and oil. Biscuits contain at least 15 % sugar and 20 % fat. The
fat content of whole wheat crackers, coarse grain biscuits,
soda cookies is even more than 30 %. In addition, biscuits
also have a high sodium content. People don’t feel salty with
a lot of sodium since the sweetness of biscuits hides the salt.

2. Literature review and problem statement

The fat of biscuits, bread, and other processed foods is
trans fatty acids. The main source of this fat is the partial
hydrogenation of vegetable oil. Too much of these trans fatty
acids may cause cardiovascular disease. Besides, the most
important ingredients in biscuits are wheat flour, white sugar,
cream, and edible essence. Its delicacy will make people eat
a lot before they know it. Biscuits with high sugar and oil are
bad for people’s health. A great deal of starch, fat, and various




additives can cause skin irritation and allergic reactions. Long-
term intake of biscuits may lead to skin ruddy deterioration,
early appearance of wrinkles, and early aging of the skin.
Some healthy biscuits were developed such as sugar-free
biscuits for diabetes patients, more easy digesting biscuits for
children, anti-aging and supplement dietary fiber biscuits for
elderly people, and high-energy biscuits for sportsmen [2].
An analysis focused on sucrose reduction and its substitution
by polyols (erythritol and maltitol) in short dough biscuits
was performed [3]. Besides, it has been demonstrated that
the addition of high bottle gourd pulp powder benefits con-
sumers [4]. It can improve dietary fiber intake in healthy
and diabetic participants and decrease the glycemic index
values for snacks. It has been suggested that soluble dietary
fiber has the functional property to change the food texture,
structure, and viscosity, which might decrease the postpran-
dial glucose levels [5]. Another paper analyzed the potential
of wheat flour to improve the nutritional value of biscuits
and developed new formulas by adding red corn to make
high-quality biscuits. It showed that red corn biscuits can
increase the dietary fiber, antioxidants property and other
nutrients included in the biscuits, and improve the utilization
of indigenous crops grown in Vietnam [6]. Another study
explored the physiochemical, sensory, and potential glycemic
response properties of biscuits containing barley B-glucan at
6 % w/w, sufficient to meet the EFSA’s health requirements
related to lowering cholesterol and increasing fecal bulk, and
isomaltulose as a sweetener [7]. It is reported that Jerusalem
artichoke powder can be a replacement of wheat flour, which
can contribute to the fiber content [8]. Besides, many studies
were conducted to decrease the digestion properties and
more and more biscuits are required to have slow digestion
properties [9]. The influence of bioactive compounds includ-
ing polyphenols on the antioxidant properties of biscuits
was determined [10]. Researchers have analyzed the effect
of enrichment with proteins and fibers on the nutritive pe-
culiarity of biscuits [11]. It is shown that the incorporation
of chickpea flour to biscuits also altered the physicochemical
properties and in vitro starch digestibility [12]. Although
studies on making healthy biscuits are conducted, however,
the types and qualities of such healthy biscuits in the market
are still limited. Therefore, research on the development of
healthy biscuits to provide customers with new choices is
necessary and important. In this study, pumpkin seed meal,
maltitol, and konjac were used to make healthy biscuits.
Pumpkin seed meal is a by-product of pumpkin seed during
oil extraction. It contains a very high protein content and can
provide all the essential amino acids needed for the human body.
The biological value of alkali-soluble protein and the ratio of
essential amino acids to non-essential amino acid components
in the protein are high [13]. At present, there are a few de-
velopments and utilization of pumpkin seed meal. It has been
reported that pumpkin seed meal can be used to make a strong,
elastic, and edible membrane with a certain antioxidant capacity.
In terms of nutrition, some scholars have extracted ACE inhibi-
tory peptides, antioxidant peptides, and antimicrobial peptides
from the pumpkin seed meal protein. It has been suggested
that bioactive peptides in pumpkin seed meal can be supplied
as a nutritional reinforcer to functional foods, such as peptide
oral solution and solid capsules. Based on the high nutritional
value of pumpkin seed meal, this experiment considers it to be
one of the main ingredients to make a kind of healthy biscuits.
Maltitol is a new functional sweetener that has attracted
wide attention due to its various physiological properties

such as low calorie, non-caries, promoting calcium absorption
ability. Maltitol is also known as hydrogenated maltose. Its
chemical name is 4-O-a-glucopyranosyl-D-sorbitol, the for-
mula CyoH4011 [14]. The sweetness of maltitol is 75~90 %
sweetness of sucrose. And its heat value was only 5 % of that
of sucrose. It has characteristics such as heat resistance, acid
resistance, moisturizing and non-fermentation. It doesn’t
participate in the Maillard reaction. Maltitol is not digested
and absorbed human body. It doesn’t cause too much rise
in blood sugar, thus there is no stimulating effect on the
secretion of insulin, which is necessary for glucose metabo-
lism [15]. Maltitol can serve as a sweetener for diabetes and
it is an ideal sweetener for children’s food products.

Konjac, also known as Konnyaku, is a food produced by
the konjac bulb of the taro family plant. Its main component
is soluble dietary fiber glucomannan. Konjac can delay the
absorption of glucose, and effectively reduce the postprandial
blood sugar, thus reducing the burden on the pancreas, so
that the sugar metabolism of diabetic patients is in a virtuous
cycle [16]. The mucin contained in konjac can reduce the
accumulation of cholesterol in the body, prevent arterioscle-
rosis, cardiovascular and cerebrovascular diseases [17]. Eating
konjac can improve the body’s immunity, its excellent dietary
fiber can stimulate the body to produce a substance that can
kill cancer cells, prevent, and control cancer tumors. Besides,
cellulose in it can promote gastrointestinal peristalsis, prevent
constipation, and reduce the absorption of intestinal fat [17].
It benefits the treatment of intestinal diseases. Konjac is a low
heat food. Its water absorption expansion of glutomannan can
increase to 30~100 times the original volume, so it can increase
satiety and is the ideal food for people on diet. Therefore, it is
a benefit to increase the variety of healthy biscuits in the mar-
ket by the addition of pumpkin seed meal, maltitol, and konjac.

3. The aim and objectives of the study

The aim of the work is to provide a healthy biscuit formu-
la by studying the effects of the addition ratios of low-gluten
wheat powder, pumpkin seed meal powder, and konjac pow-
der, the addition amount of plant oil and butter, and the addi-
tion amount of maltitol on the biscuits’ quality. Compared to
normal biscuits, biscuits obtained in this study could provide
customers with a healthier choice, which contain low sugar
and high dietary fiber.

To achieve the aim, the following objectives were set:

—to determine the effect of adding low-gluten wheat
powder, pumpkin seed meal powder, and konjac powder on
the sensory evaluation and hardness of biscuits;

— to determine the effect of adding plant oil and butter on
the sensory evaluation and hardness of biscuits;

— to determine the effect of adding maltitol on the senso-
ry evaluation and hardness of biscuits;

— to determine the optimal formula of pumpkin seed meal
biscuits by orthogonal test;

— to determine the nutritional indicators and GI value of
the obtained biscuits.

4. Materials and methods

4. 1. Materials
The materials used in this experiment include low-gluten
wheat flour, eggs, whole-fat milk powder, cooking oil, maltitol,



sodium bicarbonate, ammonium bicarbonate, konjac powder,
pumpkin seed, which were bought in a local supermarket.

4. 2. Methods

4. 2. 1. Operation process

According to the basic formula of mixed powder (the
addition ratio of low-gluten wheat flour, pumpkin seed meal,
and konjac flour was set as 2:2:1), 6 % plant oil, 10 % butter,
30 % maltitol, 40 % eggs, 16 % water, 0.5 % sodium bicar-
bonate and 0.2 % ammonium bicarbonate were prepared. For
example, the addition amount of plant oil is 6 % of the
weight of the mixed powder. The single-factor experiment
is performed according to this basic formula, which means
single factor are the variables, and other materials are added
according to the basic formula.

First, melt the butter. Then mix the suitable maltitol and
water to dissolve the maltitol, and add oil, sodium bicar-
bonate, ammonium bicarbonate and whole egg liquid. Then
mix the mixture. Next, mix the pumpkin seed meal powder,
low-gluten wheat powder, and konjac powder. Knead the
mixture into dough and rest for five minutes. The dough was
required to be evenly organized, moderately soft and hard,
slightly flexible, and smooth. Later, remove the dough roll to
a thin pancake of 2 mm and place the mold on the pancake,
which was on the baking sheet padded with oil paper. Finally,
put the loaded cake embryo in an oven that has been pre-
heated to 160 °C for 25 min to make the biscuits appear light
brown color, then remove the baked biscuits and cool them
down to room temperature naturally.

4.2. 2. Single-factor experimental design

According to the basic formula, the ratio of low-gluten
wheat flour, pumpkin seed meal, and konjac flour was set as
2:2:1,1.5:2:1.5, 1:2:1, 2:1:1, 1:1:1, respectively, and changes in
hardness and organoleptic quality were determined.

The five groups of plant oil were set as 8 %, 6 %, 4 %, 2 %
and 0 %, respectively, and the five groups of butter were set
as 8 %, 10 %, 12 %, 14 % and 16 %, respectively. Total oil of
16 % was added to make biscuits, and changes in hardness
and organoleptic quality were determined.

Maltitol of 15 %, 20 %, 25 %, 30 %, and 35 % was added
to make biscuits, and changes in hardness and organoleptic
quality were determined.

4.2. 3. Orthogonal experimental design

Based on the single-factor experiments, the levels of the ad-
dition ratio of the main components (low-gluten wheat powder,
pumpkin seed meal powder, konjac powder), the addition ratio
of plant oil and butter, and the addition amount of maltitol
were obtained for the L9 (34) orthogonal test. The test factor
and its levels are shown in the table below (Table 1). Changes
in hardness and organoleptic quality were determined.

Table 1
Factors and levels of orthogonal test
Factors
The addition of low-gluten The
Levels | wheat powder, pumpkin | addition of | The addition
seed meal powder, konjac | plant oil and | of maltitol
powder butter
1 1:2:1 6 %, 10 % 20 %
2 2:2:1 4%,12% 25 %
3 2:1:1 2%,14 % 30 %

The performed factors and levels of the orthogonal test
corresponded to the result of the single-factor experimental
design. According to this design, the optimized experiments
were conducted and optimal conditions were obtained.

5. Results of the effects of three factors with three levels
on the biscuits’ quality

5. 1. Results of the effect of the addition ratio of low-
gluten wheat powder, pumpkin seed meal powder, and
konjac powder on the biscuits’ quality

Texture profile analysis (TPA), known as «two bite test»,
can simulate the mouth’s chewing action and can give an
insight into the samples’ behavior. It is a popular method
to determine the textural properties of food products by
a double compression test [18]. In this study, the hardness
parameter was determined by the texture profile analysis.
The organoleptic evaluation was used to assess the biscuits’
quality (Table 2).

Table 2
Sensory score table

Item Evaluation standard Score

Biscuits have a very complete form, clear deco-
rative pattern, and uniform thickness. No shrink-
age, no deformation, no foams, no concave bottom.
The fracture surface is layered or porous, without
large holes

16~20

Biscuits have a relatively complete form, relative-
ly clear decorative pattern, and relatively uni-
form thickness. No shrinkage, no deformation, no
big foams, no much concave bottom. The fracture
surface is relatively layered, without large holes

Shape

Biscuits have an incomplete form, no clear deco-
rative pattern, and no uniform thickness. There is
contraction and deformation. There are obvious| 0~7
concave bottom sections without layers and with
larger holes

Biscuits have a brown yellow or golden yellow
color. The color is basically uniform, and there is
no brown or no white color

16~20

Biscuits have a brown yellow or golden yellow
color. The color is basically uniform, and there is
no brown or no white color

Color

Biscuits have a brown yellow or golden yellow
color. The color is basically uniform, and there is| 0~7
no brown and no white color

Biscuits have a strong aroma, with a light pump-

kin seed fragrance, no unpleasant smell 22-30

Aromatic flavor is general, with a light pumpkin

Smell seed fragrance, no unpleasant smell

8~21

No aromatic flavor, no pumpkin seed fragrance,

have a pleasant smell 0-7

Biscuits have suitable sweetness. The taste is crisp
and delicate. They are not sticky to teeth. There
are no feelings of impurity substances

22~30

Biscuits have general sweetness. The taste is crisp
and delicate. They are not sticky to teeth. There
are basically no feelings of impurity substances

Flavor 8~21

Biscuits are too sweet or have no sweet taste. The
taste is too hard. They are sticky to teeth. There| 0~7
are feelings of impurity substances




The features are shown in Table 2. Ten trained personnel
served as sensory evaluators. According to the sensory score
table, the grade of the shape, color, smell, and flavor of each
single-factor experiment and orthogonal test were analyzed.
The total sensory score of the experiment was 100 points.
The score of the shape, color, smell, and flavor is 20, 20, 30,
and 30 points, respectively. The higher the total sensory
score, the higher the quality of the biscuits ob-

stant for each level. As the amount of plant oil decreased and
the amount of butter increased, the sensory score of the biscuits
increased when the amount of plant oil decreased from 8 %
to 4 %. With the addition amount of plant oil of 4 % and butter
of 12 %, the hardness of the biscuits was suitable, the biscuits’
crispy taste was improved. They had a loose texture, smooth
and bright surface, and the sensory score was much higher.

tained by each experiment. 88 r r 30000
As can be seen from Fig. 1, the three main ingre- 86 | L 25000
dients (low-gluten wheat flour, pumpkin seed meal o 4 |
powder and konjac powder) have a crucial impact 3 - 20000
on the biscuits’ quality. With the addition ratio of ., 82 | L 15000
low-gluten flour, pumpkin seed meal powder, and ~ § go |
konjac powder of 2:2:1, namely 40 % low-gluten é s | L 10000
flour, 40 % pumpkin seed meal powder and 20 %
konjac powder, the sensory score showed the low- 76 - 5000
est value among the five experimental levels and 74 . . . . 0
hardness showed the highest value among the five 8%, 8% 6%, 10% 4%, 12% 2%, 14% 0%, 16%
experimental levels. At this ratio, the proportion of
low-gluten powder and pumpkin seed meal powder Addition of plant oil and butter
was relatively high, the gluten network in the dough
was dense and its taste was relatively hard [19]. ~®-Sensory score ~#-Hardness
With the addition ratio of 1.5:2:1.5 and 1:2:1, Fig. 2. Effect of the addition ratio of plant oil and butter
the sensory scores were increased compared to on the biscuits’ quality
those of the addition ratio of 2:2:1.
When the addition amount of plant oil de-
92 r r 40000 creased from 4 % to 0 % and the addition amount
90 - 35000  of butter increased from 12 % to 16 %, the sensory
g Sz i - 30000  score was decreased. With the amount of butter
2 g4 | L 25000  higher than 12 %, the taste was relatively greasy.
2og L 20000 1o retain the unique flavor of biscuits containing
2 80 |- | 15000 Pumpkin seeds, the plant oil amount of 6 %, 4 %,
A 78 and 2% (butter of 10 %, 12 %, and 14 %) was
76 - 10000 lected for orthogonal experiments.
74 - 5000
72 ' ' ' ' 0 5. 3. Results of the effect of maltitol addi-
2:2:1 1.5:2:1.5 1:2:1 2:1:1 1:1:1

Addition of low-gluten wheat powder, pumpkin seed meal

powder, and konjac powder

—e—Sensory score -&-Hardness

Fig. 1. Effect of the addition ratio of low-gluten wheat powder, pumpkin
seed meal powder, and konjac powder on the biscuits’ quality

tion on the biscuits’ quality

As shown in Fig. 3, the sensory score increa-
sed when the maltitol addition amount increased
from 15 % to 20 %.

When maltitol addition was lower than 20 %,
the biscuits had a relatively less sweet taste, thus
the taste showed a little bit bitter and the sensory
score was relatively low.

The formula with the addition ratios of 2:2:1, 90 - = 300000
1.5:2:1.5 and 1:2:1 contained a relatively high con- gg | ’
tent of pumpkin seed meal powder. At the addition 36 | - 25000,0
ratio of 2:1:1, the sensory score reached the highest ¢ g4 |
level. At this ratio, the hardness of the biscuits was § 2 | - 20000,0
the lowest, the flavor is suitable and harmonious. 2 g0 L 150000

With the formula ratio of 1:1:1, namely 33.3 % é 78 L ’
low-gluten wheat flour, 33.3 % pumpkin seed 3 76 | L 10000,0
meal powder, and 33.3 % konjac powder, the sen- 2 |
sory score was relatively low. As a result, the addi- oL - 5000,0
tion ratios of low-gluten wheat powder, pumpkin
seed meal, and konjac powder of 1:2:1, 2:2:1, and 70 I I I I 0.0

’ - ’ 15% 20% 25% 30% 35%
2:1:1 were selected for orthogonal experiments.
Addition of maltitol
5. 2. Results of the effect of the addition ra- ~e~Sensory score —=Hardness

tio of plant oil and butter on the biscuits’ quality
As can be seen from Fig. 2, the total amount
of plant oil and butter was 16 %, which was con-

Fig. 3. Effect of the addition amount of maltitol
on the biscuits’ quality



Furthermore, the maltitol addition would make the
dough hard, which can also affect the taste. With the maltitol
addition of 20 %, the sweet taste and the bitter taste comple-
mented each other and the sensory score of this group was
the highest. With the maltitol amount higher than 20 %, the
dough was soft and not easy to shape, the biscuit taste was
sweeter and greasier.

5. 4. Results of the orthogonal test

The orthogonal test results are shown in Table 3. The
factor priority of each factor on the sensory score of the
biscuits was obtained. The results showed that the addi-
tion of low-gluten wheat powder, pumpkin seed meal, and
konjac powder had more effect than the addition of maltitol
on the sensory score of the biscuits, and the addition of
maltitol had more effect than that of the addition of plant
oil and butter.

Table 4
Nutritional indicators

Items Pgmpkin seed meal Dar.1i5a Butter
biscuits (g/100 g) | Cookies (g/100 g)

Protein 20.4 6.2

Fat 18.0 24.3
Ash 1.8 -
Available carbohydrate 40.1 -
Dietary fiber 19.1 -

Total carbohydrate 59.2 66.2
Water 0.6 -

According to the results, the biscuits contained 20.4 %
protein, 18.0 % fat, 1.8 % ash, 59.2 % total carbohydrate (in-
cluding 19.1 % dietary fiber and 40.1 %

R Table 3 ayailable carbohydrate), and 0.6 % water.
esults of the orthogonal test The nutritional information of the fa-
Mass structure mous biscuits of Danisa Butter Cookies
No. | A | Blank | B C | The hardness value | The fracturability ngs;)ery is also. sho_wn in T?ble 4-. As we can see,
of biscuits value of biscuits the biscuits obtained in this experi-
1 1 1 1 1 184325 122818 363 ment are heqlthler since they contain
higher protein. Besides, according to
2t ]2 2] 2 207119 12909.6 84 | the GB 28050-2011 National Standard
3 1 3 3 3 17691.9 6009.0 87.3 for Food Safety Prepackaged Food
4 2 1 2 3 13358.1 8630.4 84.7 Nutrition Labeling General Rules of
5 5 9 3 1 19259 3994 1 853 China, if biscuits have a dietary fibcr
5 5 3 . 5 57338 0110 ” content higher than 6 g/100 g (solid),
- : they can be called high or rich in die-
7 3 1 3 2 254788 11853.0 86 tary fiber. The obtained biscuits con-
8 3 2 1 3 19377.9 8828.7 87 tained 19.1 g/100 g dietary fiber, which
9 3 3 2 1 20956.1 5768.8 88 is much more than 6 g/100 g.
K1 12576 | 257 12573 | 2596 - B B The GI value of foqd can more accu-
rately reflect the physiological state of
K2 | 254 | 2563 | 2567 254 - - - human blood glucose fluctuations after
K3 | 261 | 2593 | 2586 259 - - - food intake, so the GI value can be used
R 7 3 19 | 56 - - - as an effective indicator of food causing
Factor priority ACB a humanApostptrakI)lldiallblood glu;:ose re-
————— sponse. A portable glucose meter was
Optimal combination ASCIB3 used to determine the postprandial blood

The optimal formula was A3C1B3. According to the
optimal combination, the addition ratio of low-gluten wheat
powder, pumpkin seed meal, and konjac powder was 2:1:1.
The addition ratio of plant oil and butter was
2 % and 14 %, respectively. The addition amount
of maltitol was 20 %. The confirmation expe-
riment of the optimal combination was verified.
It showed that the sensory score of the optimal
combination was 89.3, which indicated that
the result was reliable. Under such conditions,
the biscuits have a crispy taste with a light
pumpkin seed flavor.

Blood sugar concentration
(mmol/L)

5. 3. Results of the nutritional indicators
and GI value of pumpkin seed meal biscuits

sugar. The results are shown in Fig. 4.
The postprandial blood glucose curves of intaking 40 g
available carbohydrate contained in pumpkin seed meal bis-
cuits and 40 g glucose are shown in Fig. 4.

The main nutrients of biscuits are carbo-
hydrates, protein, fat, calcium, potassium, iron,
and so on. In the present study, the content of
protein, fat, ash, total carbohydrate, and water
in pumpkin seed meal biscuits was analyzed, as
shown in Table 4.

-15

10 -
8 4
6 4
4 4
2 4
L 0 1 1 1 1 1 1 1 J
0 15 30 45 60 75 90 105 120
Time (min)
——Pumpkin seed meal biscuits ——Glucose

Fig. 4. Blood sugar curve



The curve of intaking glucose was steeper and higher
than that of pumpkin seed meal biscuits among the detects
before 90 min. After 90 min, the curve of intaking glucose
decreased to a lower value than that of pumpkin seed meal.
The GI value of the pumpkin seed meal biscuits was calcu-
lated as 40.5.

6. Discussion of the results of the single-factor
experiment and orthogonal test

In the present study, healthy biscuits with the addition
of pumpkin seed meal, maltitol, and konjac powder were ob-
tained. These three factors play a very important role in the
biscuits’ quality. The main materials ratios of 2:2:1, 1.5:2:1.5,
and 1:2:1 had a higher content of pumpkin seed meal than
that of 1:1:1 and 2:1:1, which made the physical organization
of the biscuits rough (Fig. 1). The obtained product showed
a slightly cracked appearance and deep surface color. An
appropriate amount of plant oil and butter can not only limit
the plasticity of the dough, but also make the dough easy to
shape, and achieve the goal of improving the apparent pro-
perties of biscuits. Higher butter content (above 12 %) would
make biscuits taste greasy (Fig. 2). This was due to the isola-
tion of the oil membranes from each other, so that the gluten
particles were not easy to adhere to form the gluten network,
resulting in a reduced viscoelasticity of the dough and a poor
crack resistance of the biscuits [20]. According to the results,
the addition ratios of low-gluten wheat powder, pumpkin
seed meal, and konjac powder of 1:2:1, 2:2:1, and 2:1:1, the
plant oil amount of 6 %, 4 %, and 2 % (10 %, 12 %, and 14 %
butter), the maltitol addition of 20 %, 25 %, and 30 % were
selected for the orthogonal test (Fig. 1-3). According to the
results of the orthogonal test, the addition ratio of low-gluten
wheat powder, pumpkin seed meal, and konjac powder was 2:1:1.
The addition ratio of plant oil and butter was 2 % and 14 %,
respectively (Table 3). The addition amount of maltitol
was 20 %. Under these conditions, the obtained biscuits con-
tained high protein (20.4 %), high fiber (19.1 %) with a low
GI value (40.5) (Table 4). Low GI foods refer to foods with
a GI value less than 55, and high GI foods refer to foods with
a GI value higher than 70. According to the results of the GI
value of pumpkin seed meal biscuits of 40.5, it can be con-
cluded that this kind of biscuits is low GI food and promotes
the stabilization of postprandial blood glucose. Therefore, the
pumpkin seed meal biscuits added with pumpkin seed meal,
konjac, and maltitol in this study are healthy and can provide
a new type of biscuits in the market. Besides, this study can
provide a way of utilization of pumpkin seed meal, which
contains high protein but usually wasted. There are also some
limitations in this study. Although the biscuits obtained in
this study are healthy, their taste cannot reach a very high
level compared to the taste of famous biscuits, such as Danisa

Butter Cookies. They taste a little bit rough since they con-
tain high dietary fiber of 19.1 %. As a result, when they were
produced for the market, the customers are probably limited.

7. Conclusions

1. The sensory evaluation showed an increased value
from the material addition ratio of 2:2:1 to 2:1:1 and then
showed decreased value from the material addition ratio of
2:1:1 to 1:1:1. The hardness of biscuits showed the lowest va-
lue at a ratio of 2:1:1 and the highest value at a ratio of 2:2:1.
The addition ratios of low-gluten wheat powder, pumpkin
seed meal, and konjac powder of 1:2:1, 2:2:1, and 2:1:1 were
selected for the orthogonal experiment.

2. The sensory evaluation showed an increased value
from the plant oil addition of 8 % to 4 % and decreased value
from plant oil addition value of 4 % to 0 %. The hardness of
biscuits showed the lowest value for 6 % plant oil and the
highest value for 0 % plant oil. The plant oil amounts of 6 %,
4 %, and 2 % were selected for the orthogonal experiment.

3. The sensory evaluation showed an increased value
from maltitol addition of 15 % to 20 %, and decreased value
at a maltitol addition value of 35 %. The hardness of biscuits
showed the lowest value at a maltitol amount of 15 % and the
highest value at a maltitol amount of 20 %. Based on the re-
sults of the single-factor experiment, the maltitol amounts of
20 %, 25 %, 30 % were selected for the orthogonal experiment.

4. This study showed that the optimal combination was
the ratio of low-gluten wheat powder, pumpkin seed meal,
and konjac powder of 2:1:1, the amount of plant oil and but-
ter of 4 % and 12 %, respectively, and maltitol amount of 20 %
according to the orthogonal test.

5. According to the results of the nutritional determina-
tion of the biscuits, the pumpkin seed meal biscuits contained
20.4 % protein, 18.0 % fat, 1.8 % ash, 59.2 % total carbohy-
drate and 0.6 % water. The biscuits also contained 19.1 % die-
tary fiber and 40.1 % available carbohydrate. Their GI value
was 40.5. Thus, healthy biscuits containing high protein, high
fiber, and low sugar with low GI value were obtained.
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