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OPTIMIZATION OF PROCESSING
FORMULA OF TARO CAMLLIA 0OIL
COOKIES BY RESPONSE SURFACE
METHODOLOGY

The object of this research is taro that rich in nutrition, and camellia oil contains polyunsaturated fatty acids.
In order to improve their utilization value, taro powder and camellia oil were added into cookies. Using low gluten
Jflour as raw material, taro powder, camellia oil, soft sugar, egg liquid and Siraitia grosvenorii honey as auxiliary
materials, the processing formula of taro camellia oil cookies was optimized by response surface methodology. Based
on sensory evaluation standard and single factor experiment, Box-Behnken experiment design was carried out on
the formula of taro camellia oil cookies. The results showed that low gluten flour 50.0 g, camellia oil 41.0 g, taro
powder 35.2 g, egg liquid 35.0 g, soft sugar 18.0 g, Siraitia grosvenorii honey 3.1 g, heating temperature 150 °C,
baking for 15 min, the sensory score of taro camellia oil cookies was the highest. Under this process, the prepared
cookies have the best taste, and all the indexes meet the national standards of China. The cookies made with the
experimental formula had intact appearance, crisp taste, clear lines, fine organization, aroma of taro, moderate
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sweetness, and unique flavour of taro and Siraitia grosvenorii.
Optimized processing formula of taro camllia oil cookies will be of interest to other countries because of taro
camellia oil cookies not only had rich nutrients and high nutritional value, but also met the needs of consumers

and the market, and had a good market prospect.
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1. Introduction

Taro is rich in starch, crude fiber, crude protein and
many trace elements, and its zinc and calcium contents are
higher than those of wheat [1, 2]. The types of amino acids
in taro are relatively complete, the proportion is relatively
balanced, and the content of lysine is also relatively rich,
which can supplement the deficiency of lysine in human
body [3]. Dietary fiber can promote intestinal peristalsis
and delay carbohydrate digestion and absorption. Polysac-
charide can enhance human immune function, improve hu-
man immunity, and reduce the digestion and absorption of
fat in gastrointestinal tract through interaction with cho-
late, which has the effect of reducing fat [4, 5]. Taro has
high nutritional value and wide distribution of resources.
Although the output of taro in China ranks first in the
world, it is not fully developed and utilized. People lack
the understanding of taro processed products. At present,
there are few taro processed products on the market [6, 7].
Taro products developed in recent years included:

— preserved taro [8];

— taro noodles [9, 10];

— taro biscuits [11];
taro bread [12].

The medicinal value of camellia oil has been studied
and recorded in China since ancient times, and it has
great edible value. Camellia oil contains tea polyphenols,
squalene, camellia glycosides, fatty acids easy to be absorbed
by human body, as well as a variety of vitamins, minerals
and other substances [13]. It is found that camellia oil
contains linoleic acid and linolenic acid in proportion to
human intake requirements [14]. In addition, camellia oil
also has the functions of reducing «three highs» (blood
glucose, blood lipid and blood pressure) and regulating
immunity [15, 16]. Camellia oil has such excellent thera-
peutic value that it is mainly sold as high-grade edible
oil in the market. The products of this consumption mode
are too single and the relative consumption range is small.

With the completion of a well-off society in an all-
round way and the increase of people’s health awareness,
consumers put forward new demands for nutrition and
health of cookie products. Traditional cookies are pro-
hibitive to some consumers because of their high oil and
sugar content. Camellia oil was used to replace butter,
taro powder was used to replace some flour, and Siraitia
grosvenorii honey was used to replace some soft white
sugar to explore the influence of raw and auxiliary ma-
terials of taro tea oil cookies on the quality of cookies.
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A cookie with taro fragrance, sweet taste and more crude
fiber was developed.

Thus, the object of this research is taro that rich in nutri-
tion, and camellia oil contains polyunsaturated fatty acids.

The aim of this research is to develop cookies with low
sugar, low oil and high nutritional value. At the same time,
it provides an important direction for the deep processing
of camellia oil and taro powder.

2. Research methodology

2.1. Test material

Areca taro, low gluten flour and eggs: commercially
available; Camellia oil: Zhejiang Dongfang Tea Technology
Co., Ltd (China); Siraitia grosvenorii honey: Guilin Monk
Fruit corp Co., Ltd (China); Cotton sugar: Angel yeast
Co., Ltd (China).

2.2. Instruments and Equipments

DHG-9140A electric heating constant temperature blast
drying oven: Shanghai Qixin Scientific Instrument Co.,
Ltd (China). YDX-90 oven: Shanghai Honglian Machinery
and Electrical Appliance Manufacturing Co., Ltd (China).
J1000Y electronic balance: Changshu Shuangjie Testing
Instrument Factory (China). TA.XTplus physical property
tester: Stable Micro System, UK. Agitator: Hefei Rong-
shida Small Household Appliances Co., Ltd (China). MB90
moisture tester: Aohaosi Instrument Co., Ltd (China).
DFY-600 high speed universal crusher: Wenling Linda
Machinery Co., Ltd (China).

2.3. Test method

2.3.1. Preparation of taro powder. Taro powder was pre-
pared according to the hot air drying method of Zhang
Peng [17]. The fresh taro was washed, peeled and cut into
4—5 mm taro slices. The hot air drying oven was set at
55-60 °C and the drying time was 4—5 h. The above taro
slices were put into it for drying. The dried taro chips
were put into the crusher and crushed by setting the mode
to 200 mesh. The taro powders obtained were sieved and
saved for standby.

2.3.2. Basic formula. The total amount of mixed pow-
der (taro powder+low gluten flour) was 85 g, camellia
oil was 50 g, egg liquid was 30 g, soft white sugar was
18 g and Siraitia grosvenorii honey was 2 g.

2.3.3. Process flow: weighing — emulsification — batter
modulation — forming — baking — cooling — finished
product.

2.3.4. Cookie making process. Key points of operation: ac-
curately weigh various raw and auxiliary materials for standby.
Sift taro flour and low gluten flour through 60 mesh sieve
respectively and set aside. Add a small amount of soft white
sugar and camellia oil into the egg liquid several times in
order, beat it to the emulsion state and set aside. Add the
mixed powder into the emulsified egg liquid and stir it to
make it fully mixed. Do not stir too much to avoid gluten,
which will affect the expansion of cookies in the baking process.
Put the prepared batter into the piping bag and squeeze
the cookies into a complete shape with clear patterns with
balanced force. Adjust the upper and lower fire of the oven
to 150 °C and bake for 15 min. Cool at room temperature.

24. Test contents

2.4.1. Single factor test. The baking temperature is 150 °C
and the baking time is 15 min. The addition amount of
camellia oil, the mass ratio of mixed powder and the ad-
dition amount of Siraitia grosvenorii honey were selected
as the experimental factors. The effects of camellia oil (35,
40, 45, 50, 55 g), taro powder (25, 30, 35, 40, 45 g) and
Siraitia grosvenorii honey (2.0, 2.5, 3.0, 3.5, 4.0 g) on the
quality of cookies were investigated.

2.4.2. Response surface Optimization test. On the basis
of single factor test, the test scheme is designed by box
Behnken design, and then the test results are analyzed
by design expert 8.0.6 software to further optimize the
addition amount of taro powder, camellia oil and Siraitia
grosvenorii honey in the cookie formula. See Table 1 for
test factors and level design.

Tahle 1
Factors and levels of experimental variables
Factor
Level | 4: Camellia | B: Addition amount | £: Addition amount of Siraitia
oil addition, g | of taro powder, g grosvenorii honey, g

-1 35 30 2.5

0 40 35 3.0

1 45 40 3.5

2.4.3. Sensory evaluation of cookies. The members of
the evaluation team were composed of 8 students major-
ing in food. They would conduct sensory evaluation on
the quality of cookies through the requirements of color,
smell, organization and taste. The evaluation score was the
percentage system, and the result was the average value.
See Table 2 for specific evaluation criteria.

Tahle 2
Sensory evaluation form of cookies

Index Features Index score
The surface is yellowish brown, the color is 16-25
uniform and full, and there is no burnt paste

Color The surface color is brownish yellow, with 8-1R
a little burnt paste and spots on the surface
The surface color is uneven, yellowish brown

0-8
and over burnt
The unique aroma of taro is the same 16-25

Smell The f.r'agrance is not strong and there is no 816
peculiar smell
No fragrance and obvious peculiar smell 0-8
Porous, fine and uniform pores 16-25

Organization | Secondary hole, relatively uniform 8-16
The hole is large and uneven 0-8
The taste is crisp, refreshing and sweet 16-25

Taste The taste is crisp and not greasy 8-16

The taste is not greasy and crisp 0-8

2.4.4. Determination of physical, chemical and micro-
biological indexes. The quality inspection of taro camellia
oil cookies is carried out in strict accordance with the
national food safety standards. The experimental methods
are shown in Table 3.

;28
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Tahle 3
Test items and methods

Index Project Determination method
Protein, g/100 g GB 5009.5-2016
Fat, g/100 g GB 5009.6-2016
Water content, % GB 5009.3-2016

Physical Acid value, mg/g GB 5008.227-2016

GB 5009.229-2016
GB 5008.7-2016
GB5008.81-2017
GB/T 20877-2007

GB/T 5009.10-2003
GB 4789.3-2016
GB 4789.2-2016
GB 4789.15-2016

and chemical
indexes [18-26]

Peroxide value, g/100 g
Carbohydrates, g/100 g
Sodium, mg/g

Total sugar, g/100 g

Coarse fiber, g/100 g
Escherichia coli, CFU/g
Total number of colonies, CFU/g

Mould, each

Micraobial
indexes [27-29]

2.4.5. Texture measurement. The texture characteristics of
cookies were measured by texture analyzer. With reference
to Zhang Qiang and other methods, slightly modified, the
probe was P/36R [30]. The parameter measurement mode is:

— the speed before/after measurement is 4 mm/s;

— the measurement speed is 1.5 mm/s;

— the residence time between two compressions is 5 s;

— the degree of compression is 60 %.

The hardness (g), adhesion (g-s) and chewability of
the sample were measured. Each sample was measured
three times and the average value was taken. The results
are shown in Table 4.

Tahble 4
Analysis of variance of regression equation

Variance source ss;r:[‘si Freedom SI:[E::E F value | P value f?:gs;
Model 155.23 9 17.25 | 12.83 | 0.0014 | **
A 16.89 1 16.99 | 12.74 | 0.0081 *
B 4.81 1 4.81 3.60 | 0.0995 *
C 0.40 1 0.40 | 0.30 | 0.6028 -
AB 0.78 1 0.78 | 0.59 | 0.4686 -
AC 0.39 1 0.39 | 0.29 |0.6052 -
BC 0.16 1 0.16 | 0.12 | 0.7424 -
A? 64.13 1 64.13 | 48.07 | 0.0002 | **
;4 36.58 1 36.58 | 27.42 (00012 | **
Iad 18.18 1 18.18 | 13.62 | 0.0077 | **
Hesidual term 9.34 7 1.33 - - -
Spurious term 5.69 3 1.90 2.06 | 0.2462 -
Pure error term | 3.65 4 0.91 - - -
Total error term | 164.57 16 - - - -
;4 0.9432 - - - - -
By 0.8703 - - - - -

Note: * — indicates significant difference (P<0.05); ** - indicates

extremely significant difference (P<0.01)

2.4.6. Data analysis. The statistical analysis of single
factor test results, response surface test design and result
analysis adopt excel 2010 software and design expert V8.0.5
software for analysis and processing.

3. Research results and discussion

3.1. Single factor test analysis

3.1.1. Effect of camellia oil addition on the quality of
cookies. The addition of camellia oil had a certain effect
on the molding and crispness of cookies. It could be seen
from Fig. 1 that when the amount of camellia oil was 40 g,
the cookies had complete appearance, delicate organization
and the best taste.

82
80
78
76
74
72
70 : : :

35 40 45 50 55

Camellia oil addition/g

Sensory score/score

Fig. 1. Effect of camellia oil addition on the quality of cookies

When the addition amount was more than 40 g, the
crispness of cookies was good, but too much oil would
make the dough moist and difficult to form, and the oil
would be seriously removed, which will lead to the col-
lapse of cookies after baking, bubbles on the surface and
affect the appearance of cookies. When the amount of
camellia oil was less than 40 g, the dough was dry and
loose, which was difficult to operate during cookie shaping,
and there was edge cracking after baking. To sum up, the
optimum amount of camellia oil was 40 g.

3.1.2. Effect of taro powder addition on the quality of
cookies. Taro powder could dilute the gluten protein in
the dough and reduce the hardness of cookies. It could
be seen from Fig. 2 that when the addition amount of
taro powder was 30 g, the tissue was fine, the taste was
crisp and loose, and its sensory evaluation score was the
highest. When the addition amount of taro powder was
less than 30 g, the taro taste was light and the dough was
not easy to form. With the increase of the content of taro
powder, the inside of cookies became crisp and loose, and
the taste of taro became more and more strong. However,
too much addition maked the strength of dough too low,
the dough was not easy to form, and the roughness and
sandy feeling of the entrance were enhanced. Finally, the
optimum amount of taro powder was 30 g.

81
£ 80
279
£ 78
2 77
£ 76
275
w2 74 | | | )

25 30 35 40 45
Addition amount of taro powder/g

Fig. 2. Effect of taro powder addition on the quality of cockies

3.1.3. Effect of Siraitia grosvenorii honey addition on
the quality of cookies. The addition of Siraitia grosvenorii
honey could sweeten the entrance of cookies and pre-
vent dental caries to a certain extent. It could be seen
from Fig. 3 that when the addition amount of Siraitia
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grosvenorii honey was 3 g, the sweetness of cookies was
moderate, there was obvious sweet recovery, the duration
was long and the taste was good. When the addition of
Siraitia grosvenorii honey was less than 3 g, the sweet
taste of cookies was very weak and the return to sweet-
ness was not obvious.

Sensory score/score

76 1 1 1 J

2 2.5 3 3.5 4

Addition amount of siraitia
grosvenorii honey/g

Fig. 3. Effect of Siraitia grosvenorii honey addition
on the quality of cookies

When the content of Siraitia grosvenorii honey was
higher than 3 g, the sweet recovery was obvious, and it
was too sweet and greasy. Finally, 3 g Siraitia grosvenorii
honey was determined as the best addition.

3.2. Response surface optimization test analysis

3.2.1. Establishment of regression model and significance
analysis. A total of 17 groups of tests including X1 (ca-
mellia oil addition, g), X2 (taro powder addition, g), X3
(Siraitia grosvenorii honey addition, g) and Y (sensory
score/score) were tested and scored according to the factor
level table designed in Table 1 and the evaluation criteria
in Table 2. The results are shown in Table 5.

Design expert 8.0.6 software was used to fit the cookies
made in Table 5 according to the sensory scoring results,
and the multiple regression equation was obtained:

Y=+82.36+1.46-X1+0.78-X2-0.22-X3+0.44-X1-X2—
-0.31-X1-X3-0.20-X2-X3-3.90-X12-2.95-X22-2.08-X32.

The variance and significance of the regression mo-
del were analyzed through Table 5. The results showed
that the model P=0.0014<0.01, and the mismatch term
P=0.2462>0.05. The former was significant, and the lat-
ter was not significant, indicating the effectiveness of the
model. The judgment coefficient R*=0.9432, which was
close to 1, indicating that the goodness of fit of the
model was high; the correction determination coefficient
R%,;=0.8703, expressed as the response value change of

Sensory score (score)
Sensory score (score)

45

2 »
36 — 41
34 3 3(») . 37 39
B: X2 Taro powder (g) A: X1 Camellia
oil addition (g)

C: X3 Siraitia

a

grosvenorii honey (g)

87.03 %, which could be used to predict the technologi-
cal formula of taro camellia oil cookies. In the sensory
model, primary item X1, secondary items X12, X22 and X32
had a significant impact on the comprehensive score of
cookies (P<0.01), primary item X2 had a significant im-
pact on the comprehensive score of cookies (P<0.05),
while primary item X3 and each interactive item had
no significant impact on the comprehensive score of
cookies (P>0.05). The size of F value could be used as
the basis for judging the primary and secondary influence
of various factors on the sensory score of cookies [31].
The greater the F value, the greater the impact. The or-
der was X1>X2>X3, that was, the addition of camellia
oil had a great influence on the sensory score, followed
by taro powder, and the addition of Siraitia grosvenorii
honey has the least influence.

Table 5

Design and results of response surface central composite test

E?;r[r‘jll;;im X1 X2 x5 s:nrn;r D;Zmr-e
1 35 35 3.5 73.81
2 45 40 3 77.78
3 35 40 3 74.687
4 45 35 3.5 76.85
5 35 30 3 74.11
6 40 30 2.5 75.74
7 40 40 3.5 78.53
8 40 35 3 82.56
9 40 35 3 81.12
10 45 35 2.5 79.47
11 45 30 3 75.48
12 40 30 3.5 77.24
13 40 35 3 81.68
14 40 35 3 82.94
15 40 35 3 83.49
16 40 40 2.5 77.82
17 35 35 2.5 75.28

The response surfaces of the interaction between camellia
oil, taro powder and Siraitia grosvenorii honey on the sensory
quality of taro camellia oil cookies are shown in Fig. 4.

Sensory score (score)

= 39 S
iy M. 8 2.7, 32
2535 A: X1 Camellia  C: X3 Siraitia 253077 B: X2 Taro
oil addition (g) grosvenorii honey (g) powder (g)
b C

Fig. 4. Response surface methodology for the interaction of various factors on sensory quality of taro camellia oil cookies:
a — the interaction of taro powder and camellia oil addition; b — the interaction of Siraitia grosvenorii honey and camellia oil addition;
c — the interaction of Siraitia grosvenorii honey and taro powder

;28
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From the curved surface bending degree, it is possible
to see the influence of the two variables on the dependent
variable. The greater the inclination, the steeper the slope,
the greater the influence; on the contrary, the smaller the
impact. The size of the interaction could be judged by
the shape of the contour line. The contour line tended to
be oval, and the greater the interaction is; if it tended to
be circular, the interaction was smaller [32]. It could be
seen from Fig. 4 that X1 and X2 had a greater impact
on sensory scores than X2 and X3. The projection of the
interaction of various factors in Fig. 4 was oval. The addition
of camellia oil, taro powder and Siraitia grosvenorii honey
had a significant impact on the sensory score of cookies.
In conclusion, the results of response surface analysis were
consistent with the significance analysis.

3.2.2. Confirmatory test results. The response surface test
predicted that the best technological formula of cookies
was that the sensory score was 82.32 g when the amount
of camellia oil was 40.84 g, taro powder was 35.18 g and
Siraitia grosvenorii honey was 3.09 g. In order to facili-
tate the practical operation, the optimal parameters were
adjusted to 41.0 g camellia oil, 35.2 g taro powder and
3.1 g Siraitia grosvenorii honey. The experiments were
repeated for three times. The sensory bisection and pre-
dicted value were +1.43. The measured results were stable
and verified the reliability of the model.

3.3. Texture measurement results. The texture of the
product obtained under the optimal formula was analyzed
from three aspects: hardness, adhesion and chewiness. The
results are shown in Table 6.

Table 6
TPA parameters of taro camellia oil cookies
Hardness, g Adhesion, g-s Chewiness
2328.89 -0.31 200.07

3.4. Cookie guality inspection

The quality inspection of taro camellia oil cookies was
carried out in strict accordance with the national food safety
standards. The results and limit values are shown in Table 7.

Tahle 7
Quality test results of taro camellia oil cookies
. National stan-
Index Project Result dard limit value
Protein, g/100 g 9.47 >4.0
Fat, g/100 g 27.7 >16.0
Water content, % 1.28 <40
Physical Acid value, mg/g 1.2 <5
and chemi- |Peroxide value, g/100 g 0 <0.25
cal indexes Carbohydrates, g/100 g 50.4 -
Sodium, mg/g 165 -
Total sugar, g/100 g 12 <40.0
Coarse fiber, g/100 g 1.1 -
Escherichia cali, CFU/g <10 <102
Mlcmhml Total number of colonies, CFU/g | <10 <105
index
Mould, each <10 <50

Referring to the corresponding provisions in GB 7100-
2015 national standard for food safety — biscuits and
GB/T 20980-2007 biscuits, the physical and chemical in-
dexes and microbial indexes of taro camellia oil cookies in
Table 7 meet the requirements of relevant national standards.

Although these cookies have high nutritional value, taro
is a local characteristic food. Due to the influence of raw
materials and regions, it has certain seasonality and single
origin. Compared with traditional cookies, these cookies have
low oil, low sugar and higher nutritional value, which meet
the consumption demand of modern people in pursuit of
health. The research results are helpful to enrich the deep
processing forms of taro and have practical significance for
the development and utilization of taro resources.

4. Conclusions

On the basis of single factor experiment, through Box
Behnken experimental design, the models of sensory score
of taro camellia oil cookies and the amount of camellia oil,
taro powder and Siraitia grosvenorii honey were obtained.
Finally, the best formula of taro camellia oil cookies was
determined as follows: when the amount of low gluten flour
was 50.0 g, camellia oil was 41.0 g, taro powder was 35.2 g,
egg liquid was 35.0 g and Siraitia grosvenorii honey was
3.1 g, the sensory score of taro camellia oil cookies was
the best under the baking condition of 150 °C for 15 min.

The cookies made with the experimental formula had
intact appearance, crisp taste, clear lines, fine organization,
aroma of taro, moderate sweetness, and unique flavor of taro
and Siraitia grosvenorii honey. Compared with traditional
cookies, taro camellia oil cookies had high cost, low fat con-
tent, strong health care function and high nutritional value.
The skin from the production of taro camellia oil cookies
could be used to extract crude fiber, so as to increase the
cellulose content of cookies, meet the health needs of modern
consumers, and improve the added value of raw materials.

Acknowledgements

This research was supported by National Natural Science
Foundation of China (3186045) and Guangxi Natural Science
Foundation, Guangxi Province, China (2017]JJA130645y)
and Innovation and entrepreneurship training program for
College Students, Guangxi Province, China (202011838167).

References

1. Du, X. J,, Chen, F H, Wu, G. B. (2012). Study on Physi-
cal Properties of Pinang Taro (Colocasia escuclenta) Starch.
Journial of the Chinese Cereals and Oils Association, 27 (7),
52-57. Available at: https://kns.cnki.net/kems/detail /detail.
aspx?dbcode=CJFD&dbname=CJFD2012&filename=7Z1.YX20
1207014 &uniplatform=NZKPT&v=skdP9ilt TdOaoDUwExU
9gdGpfd6wLYXPQASeN59gUJTBQwZIOKI9yKENIIUt -Ips

. Chen, X. F (2017). Know the grace of «taro». Quality and
Standardization, 11, 21-22. Available at: https://kns.cnki.net/
kems/detail /detail.aspx?dbcode=CJFD &dbname=CJFDLAST
2018&filename=SHBH201711013&uniplatform=NZKPT&v=
22HjmQWxNOEwwS4mKfWHO3H]MdrNMeBPxm9IpKReR-
KI_RtGWFypqle]B_0jM7e4]y

. Jing, S. T,, Cheng, Y. Z., Zheng, Z., Pan, L. J. (2012). Analy-
sis and Evaluation of Nutritional Components of Red Bud
Taro (Colocasia esulenla L. Schott). Food Science, 33 (11),
269-272. Available at: https://kns.cnki.net/kcms/detail /detail.
aspx?dbcode=CJFD&dbname=CJFD2012&filename=SPKX201
211056 &uniplatform=NZKPT&v=cLx0uKdS]J8-XiANRAxCvK
jQolyktabogz8Lxcl4c500K2Bk55G2Sq)yz2RyE1QBA

n

[4)]

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 2/3(64), 2022

29—)



CHEMICAL ENGINEERING:
FOOD PRODUCTION TECHNOLOGY

I55N 2664-9969

10.

11

12.

13.

14.

15.

16.

. Liu, P, Qi, X. P, Liu, J., Yao, F, Li, Z. F. (2016). Optimization of

Polysaccharide Extraction from Taro and Its Binding Capacities of
Lipid and Bile Salts in Vitro. Food Machinry, 32 (10), 132—136.
doi: https://doi.org/10.13652/j.issn.1003-5788.2016.10.031

. Yu, J. Y, Tian, Z. G, Xu, M. J.,, Zhang, J. H., Cai, H. Y.

(2018). The Plant Distribution and Feeding Situation of Taro
Corm. Contemporary Animal Husbandry, 33, 22—26. Available
at: https://kns.cnki.net/kems/detail /detail.aspx?dbcode=CJF
D&dbname=CJFDLAST2019&filename=DDXM201833011&u
niplatform=NZKPT&v=kMQUBTvhbkQ QHTYXLeM761Pk-
KISK9UupCHmDmhRZclZPtXAKQQBIot_cB6JoDxw

. Chang, L., Wang, X. (2019). Overview of Development Status

of Taro Industry in the World. Modern Agricultural Science and
Technology, 2, 57-59. Available at: https://kns.cnki.net/kems/de-
tail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2019&filen
ame=ANHE201902036&uniplatform=NZKPT&v=lyGFLOrnUsg
XHDCGh4kq XW0QYLmL 7HQSbkS3w3LyxWmZroTClof9-
USOiFjQSi

. Han, X,, Zhang, D. X., Wang, L., Li, Q. (2018). Research

Progress on the Nutrition Components and Processing and Uti-
lization of Taro. China Fruit & Vegetable, 3, 9—13. doi: https://
doi.org/10.19590/j.cnki.1008-1038.2018.03.003

. Xu, H. X, Li, Z. F, Qiao, L., Shi, S. (2017). Study on the

Processing Technology of the Longxiang Preserved Taro. Food
Industry, 38 (4), 36—39. Available at: https://kns.cnki.net/
kems/detail /detail.aspx?dbcode=CJFD &dbname=CJFDLAST
2017 &filename=SPGY201704011&uniplatform=NZKPT&v=7
wCvzdZ16V7f9aROxItNnHhGv6 V63PI-qe2TJmXIr1QHFp-
W8QfOTBmtrjJI8oMK

. Zhang, X. M., Lou, Y., Dong, Y. M., An, Y. X. (2020). Study

on Optimization of Processing Technology of Yam Taro Noodles
by Response Surface Method. Food Research And Develop-
ment, 41 (16), 107—-114. Available at: https://kns.cnki.net/
kems/detail /detail.aspx?dbcode=CJFD &dbname=CJFDLAST
2020&filename=SPYK202016020&uniplatform=NZKPT&v=0
SXgEc_ uKDQNnKLywJRSe5uiO-CnlZZEre-mIcPOMGDPC-
wUrzjxTXvaAsNIKjWKg

Li, Y., Niu, G. C,, Cui, S. N., Hao, J. P. (2017). The Optimization
of Machining Parameters of Taro Millet Noodles. Food Research
And Development, 38 (19), 66-70. Available at: https://kns.
cnki.net/kems/detail /detail.aspx?dbcode=CJFD &dbname= CJF
DLAST2017&filename=SPYK201719020 &uniplatform=NZK
PT&v=783fUB52zXOHwW4VeT2TYfrdRbvim2vHnjoQ073V7RC
EhBf AR3eh6YdX esp3wla

Yang, L. L., Chen, Y. L, Yang, M. M., Zhu, J. (2020). Deve-
lopment of Taro Millet Biscuits. Modern food, 16, 108—112.
doi: https://doi.org/10.16736/j.cnki.cn41-1434,/ts.2020.16.031
Fu, Q. Q., Wang, H. O., Chen, S. J., Wang, R. R., Zhang, W.
(2019). Study on optimization of the formula of bread with
ferment powder and taro powder by orthogonal experiment.
Ceeal & Feed Industry, 7, 14—17. Available at: https://kns.
cnki.net/kems/detail /detail.aspx?dbcode=CJFD&dbname=C]J
FDLAST2019&filename=LSYS201907004&uniplatform=NZKP
T&v=61Z1HzbwtInJx1jzKrZt ENHWtwzSIXCpL3QF-sWaJSe
91uATu4hlOUIRE7NmldtB

Su, H. Y, Liu, T. (2016). Nutritional Value and Health
Care Function of Camellia Seed Oil. Modern food, 6, 34-35.
doi: https://doi.org/10.16736/j.cnki.cn41-1434/ts.2016.06.010
Feng, Q. Y., Song, N., Huang, H. X, Xie, Y. J., Zheng, E
(2016). Progress in Medicinal Research of Camellia Oil. Chinese
Journal of Experimental Traditional Medical Formulae, 22 (10),
215-220. doi: https://doi.org/10.13422 /j.cnki.syfjx.2016100215
Shen, X. J,, Dong, D. D., Mao, F. H., Ya, N, Song, J. M,
Wang, H. F. (2014). Oxidation Stability and Blood Lipid
Regulation of Camellia Oil. Journal of the Chinese Cereals and
Oils Association, 29 (12), 65—68. Available at: https://kns.cnki.
net/kems/detail /detail.aspx?dbcode=CJFD&dbname=CJFDLA
ST2015&filename=7Z1LYX201412014&uniplatform=NZKPT&v
=PboFOm5VYql4R17dg0QeUrgiH84JBgNLVVOWhP4
ChuqwBtsrdEX_BLj7B3nhaKra

Feng, X., Zhou, W. Z. (1996). Influences of Feeding Teaseed
Qil, Corn Oil and Fish Oil on Immune Status in Mice. Acta
Nutrimenta Sinica, 4, 412—417. Available at: https://kns.cnki.
net/kems/detail /detail.aspx?dbcode=CJFD &dbname=CJFD969
7 &filename=YYXX604.006&uniplatform=NZKPT&v=Z2P21aVG
9yvJRh2Lg8DB_Somk9an5txCeYdecpmXITStLOIKOPD d2yTv-
1VmrfAsVg

17.

18.

19.

20.

21.

22.

23.

24.

23.

26.

27.

28.

28.

30.

31

Zhang, P, Zhao, S. J., Zhao, M. Q. (2016). Comparative Study
for Drying Characteristics of Hot Air Drying of Four Root and
Tuber Crops. Journal of Agricultural Mechanization Research, 38 (9),
239-243. doi: https://doi.org/10.13427 /j.cnki.njyi.2016.09.048
National Health and Family Planning Commission of PRC,
China Food and Drug Administration (2016). National food
safety standard Determination of protein in food: GB 5009.5-2016.
Beijing: China Standard Press, 1-7. Available at: http://down.
foodmate.net/standard/sort/3/50381.html

National Health and Family Planning Commission of PRC,
China Food and Drug Administration (2016). National food
safety standard Determination of fat in food: GB5009.6-2016.
Beijing: China Standard Press, 1—11. Available at: http://down.
foodmate.net/standard /sort/3,/50382.html

The People’s Republic of China, National Health and Family
Planning Commission of PRC (2016). National food safety
standard Determination of moisture in food: GB5009.3-2016.
Beijing: China Standard Press, 1-6. Available at: http://down.
foodmate.net/standard/sort/3,/49325.html

The People’s Republic of China, National Health and Family
Planning Commission of PRC (2016). National food safety
standard Determination of acid value in food: GB 5009.229-2016.
Beijing: China Standard Press, 1-13. Available at: http://down.
foodmate.net/standard /sort/3,/49382.html

The People’s Republic of China, National Health and Family
Planning Commission of PRC (2016). National food safety stan-
dard Determination of peroxide value in food: GB5009.227-2016.
Beijing: China Standard Press, 1-6. Available at: http://down.
foodmate.net/standard /sort/3,/49363.html

The People’s Republic of China, National Health and Family
Planning Commission of PRC (2016). National food safety
standard Determination of reducing sugar in food: GB5009.7-2016.
Beijing: China Standard Press, 1-19. Available at: http://down.
foodmate.net/standard/ sort/3/49327.html

National Health and Family Planning Commission of PRC,
China Food and Drug Administration (2017). National food
safety standard Determination of potassium and sodium in food:
GB 5009.91-2017. Beijing: China Standard Press, 1-7. Avail-
able at: http://down.foodmate.net/standard /sort/3/50752.html
General Administration of Quality Supervision, Inspection and
Quarantine of the People’s Republic of China, Standardization
Administration (2007). General technical requirement for the
pastry: GB 20977-2007. Beijing: China Standard Press, 1-7. Avail-
able at: http://down.foodmate.net/standard /sort/3/11891.html
Ministry of Health of the People’s Republic of China, Stan-
dardization Administration (2003). Determination of crude fiber
in vegetable foods: GB5009.10-2003. Beijing: China Standard
Press, 67—69. Available at: http://down.foodmate.net/standard /
sort/3,/2688.html

National Health and Family Planning Commission of PRC,
China Food and Drug Administration (2016). National food
safety standard Food microbiological analysis Coliform count:
GB 4789.3-2016. Beijing: China Standard Press, 1-9. Avail-
able at: http://down.foodmate.net/standard /sort/3,/50368.html
National Health and Family Planning Commission of PRC,
China Food and Drug Administration (2016). National food
safety standard Food microbiological analysis Determination of
total bacterial count: GB 4789.2-2016. Beijing: China Standard
Press, 1-5. Available at: http://down.foodmate.net/standard/
sort/3/50367.html

The People’s Republic of China, National Health and Family
Planning Commission of PRC (2016). National food safety
standard Food microbiological analysis Mold and yeast count:
GB 4789.15-2016. Beijing: China Standard Press, 1-5. Avail-
able at: http://down.foodmate.net/standard /sort/3/49843.html
Zhang, Q., Zhao, H. M., Liang, J. (2019). Study on optimiza-
tion of the technological formulation of pentosan cookie by
response surface method. Science and Technology of Cereals,
Oils and Foods, 27 (1), 24-29. doi: https://doi.org/10.16210/
j.cnki.1007-7561.2019.01.005

Wang, Y. P, Ren, Y. M. (2020). Optimizing the Development
of Arundo donax Soda Cracker by Response Surface Methodo-
logy. Food Research and Development, 41 (13), 133—139. Avail-
able at: https://kns.cnki.net/kcms/detail /detail.aspx?dbcode=
CJFD&dbname=CJFDLAST2020&filename=SPYK2020130
24 &uniplatform=NZKPT&v=0SXgEc_uKDRRas73lezlu0w
HoTuLkPcNDYdm_ TAleyA37RsMZ62z7d7wutUJw3eT8

;30

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 2/3(64), 2022



I55N 2664-93969

CHEMICAL ENGINEERING:
FOOD PRODUCTION TECHNOLOGY

32. Xu,J. Q. Cao, Z, Xie, C. Q, Fan, J. M., Xie, X. S., Liu, Q. (2019).
Fuzzy Comprehensive Evaluation and Response Surface Method in
Recipe Research of Cookies of Termitomyces Albuminosus. Modern
Food Science and Technology, 35 (12), 249-257. doi: https://
doi.org/10.13982/j.mfst.1673-9078.2019.12.032

Yuhua Xie, School of Food and Bioengineering, Hezhou University,
Hezhou, China, ORCID: https.//orcid.org/0000-0002-6942-0121

Dan Gao,

Anna Helikh,
Zhenhua Duan,
Yan Liu,

Feifei Shang

XlaOﬂe Guo, School of Food and Bioengineering, Hezhou University,
Hezhou, China, ORCID: https.//orcid.org/0000-0003-0594-9058

P4 Feifei Shang, School of Food and Bioengineering, Hezhou Univer-
sity, Hezhou, China, e-mail: shangfeifeif@163.com, ORCID: https://
orcid.org/0000-0001-7648-9568

DK Corresponding author

UDC 637.523:635.621
DOI: 10.15587/2706-5448.2022.255785
Article type «Reports on Research Projects»

STUDY ON APPLICATION OF PUMPKIN
SEED PROTEIN ISOLATE IN SAUSAGE
PRODUCTION PROCESS

The object of the research is sausage added with pumpkin seed protein isolate. Recently, plant proteins such as

soybean protein and peanut protein are widely applied in meat products. Plant proteins have a lower price and less
fat than animal meat, which is benefit for human health. Pumpkin seed protein is one of the new plant proteins,
which contained balanced amino acids for human beings, was attracted an increasing interest in food industry.
In this study, a new type of sausage was developed by single-factor experiments and orthogonal test. According
to the single factor results, the added amount of the pumpkin seed protein isolate (1.5 g/100 g, 2.25 g/100 g,
3.0g/100 g), lean meat (60 g/100 g, 70 g/100 g, 80 g/100 g), cooking time (35 min, 40 min, 45 min), and baking
time (2.5 h) were determined to do the orthogonal test. The orthogonal test showed that the addition amount of
pumpkin seed protein isolate had the greatest impact on the sausage quality, followed by the cooking time, and the
addition amount of lean meat. The optimal production conditions were pumpkin seed protein isolate of 1.5g/100 g,
lean meat of 80 g/100 g, cooking time of 45 min, and baking time of 2.5 h. Under this condition, the sensory score
reached 8.5, and the content of moisture, ash, protein, and fat were 51.16 g/100 g, 2.26 g/100 g, 15.22 g/100 g,
and 23.15 g/100 g, respectively. This study can provide a fundamental knowledge for the application of pumpkin

seed protein isolate in sausages.
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1. Introduction

The price of meat products, such as meat patties, sau-
sages, and meatballs, are usually high [1]. In the making
process of meat products, the formation of protein three-
dimensional mesh structure, and its ability to effectively
absorb oil, water, and other food components plays a vital
role in the structure and the quality of the final product.
The formation process of muscle protein gel is divided
into three steps:

1) the dissolution of protein with high salt concentra-
tion and depolymerization of myofibrillar protein;

2) the partial folding with temperature;

3) through the combined action of hydrogen bond,
disulfide bond, electrostatic interaction forces and hy-
drophobic interaction forces, the areas that have been

folded are further aggregated to form a three-dimensional
mesh structure [2].

In order to increase the output of the final product,
reduce production costs, and improve the properties related
to product quality, meat processing enterprises usually want
to add a certain amount of plant protein to the product
formula [3]. Plant proteins have a lower price and less fat
than animal meat, which is benefit for human health. Soy-
bean protein is the major source used in meat products as
a functional ingredient [4]. Besides soybean, the utilization
of other plant proteins like pea protein, flaxseed protein,
pumpkin seed protein, and sunflower seed protein are in-
creased in food products. Previous work showed that 20 %
of pork meat can be replaced by pea products of pea protein
isolate (PPI), pea low moisture extrudates (LME), and
pea high moisture extrudate (HME) in emulsified cooked
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