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Optimization of Formula of Matsutake Highland Barley Biscuit by

Response Surface Methodology
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Abstract Taking refined flour, matsutake powder, and highland barley powder as main raw materials, this experiment studied the optimal for-

mula of matsutake highland barley biscuit. Besides, single factor experiment was carried out for the amount of highland barley powder, white

granulated sugar, and shortening. Then, the response surface optimization analysis was made on crispness and sensory score of the biscuit. The
experiment indicates that taking the refined flour as the base 100 g (100% ) , the formula of 20% highland barley powder, 25% white granula-

ted sugar, and 26% shortening can bake crisp biscuit with complete shape, pure flavor and high quality.
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1 Introduction
Matsutake, also known as matsutake mushroom, belongs to basid-
iomycete, has fat and fresh pulp, and fragrant flavor, fresh meat,
as well as high food value and medicinal value. According to the
relevant literature, matsutake can strengthen the body and improve
the health, is helpful for stomach and kidney, and eliminating the
phlegm, can be used for curing the diabetes and inhibit the prolif-
eration of cancer cells, thus is reputed as the king of mush-
room""’. Matsutake also contains many beneficial chemicals, such
as polysaccharides, steroids, saponins, anthraquinones, terpene
ester compounds, phenols, tannins, alkaloids, coumarins, fats,
triterpenes, sterols, eight kinds of amino acids and vitamins'* .
The highland barley is staple food of Tibetan plateau peo-
ple™ . Tts content of B-glucan“i ranks first in the barley of the
world. Tt has reasonable nutritional structure beneficial for human
health and longevity and the feature of “three highs and two

lows” [’

, namely, high protein content, high soluble fiber con-
tent, high vitamin content, and low fat and low sugar. Besides,
the highland barley is rich in selenium'®’ | has high nutritional and
therapeutic value. Selenium deficiency may lead to many kinds of
diseases'”’ , so highland barley is a best choice of cereal crops for
most people. Highland barley food is favored by the broad masses
and can solve the problem of deficiency of nutrition. In addition,
highland barley also contains tocol, dietary fiber, and sugar.
Response Surface Methodology (RSM) explores the relation-
ships between several explanatory variables and one or more re-
sponse variables, is used to determine the influence of interaction
of various factors on dependent variables'®' | precisely express the
relationship between factors and response value, including the ex-

perimental design, model establishment, test of model fitting, and
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seeking the optimal conditions. Through conducting the regression

1 response surface optimization, and plotting of contour

fitting
chart for the functional relation between factors and response val-
ues using the multivariate quadratic equation, it is convenient to
calculate the optimal response value of each factor level. Thus, it
is an effective approach of reducing the production and develop-
ment costs, optimizing the characteristics of processing conditions,
improving the quality of production technology, and solving the

problems in the process of production.

2 Materials and methods

2.1 Materials and equipment Refined flour ( Shandong
Luwang Group) ; highland barley powder (local highland barley in
Tibet, fried, ground to powder) ; matsutake powder (local mat-
sutake ground to powder) ; white granulated sugar ( Guangzhou
Huagiao Sugar Factory) ; shortening (Tianjin Namchow Oil & Fat
Co. , Lid. ) ; vegetable oil ( Yihai (Shijiazhuang) Grain and Oil
Industrial Co. , Ltd. ) ; skimmed milk power (Nouriz ( Shanghai)
Fine Food Co., Ltd.); sodium bicarbonate ( Shanghai Qiaochu
Trade and Business Co. , Ltd. ) ; TBHQ ( Guangdong Food Indus-
try Research Institute ) ; HPMC ( Henan Siyuan Biotechnology
Co. , Ltd. ) ; baking oven (Beowulf BO-K45R) ; mould ( Kayuan
Household  Article Store ) ;
(SMSTA. XTPlus).

2.2 Basic formula Refined flour 100 g, highland powder
20 g, matsutake powder 10 g, white granulated sugar 25 g,

Monopolized Texture Analyzer

skimmed milk power 10 g, and sodium bicarbonate 1 g.
2.3 Technological process Raw material premixing — dough
preparation — placing — rolling — arranging and shaping —
baking — cooling — arranging — inspection — packaging — fin-
ished product.

2.4 Experiment methods

2.4.1

according to the experimental requirements.

Raw material processing. Pretreatment of raw materials

2.4.2 Dough preparation. Mixing the refined flour, matsutake
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powder, and highland powder, adding the vegetable oil, TBHQ,
HPMC, and adding other raw materials in sequence.

2.4.3 Placing. Placing 30 min.

2.4.4 Arranging and shaping. Pressing the biscuit mould onto
the pastry with uniform force.

2.4.5 Baking. Baking at low temperature for a long time, and
then baking at 150 °C to 180 °C for 15 min to 20 min.

2.4.6 Cooling. Placing the baked biscuit in the pancake tray
and letting it cool down naturally.

2.5 Experiment design

rials in the basic formula is not changed. The amount of highland
barley powder was 15% , 20% , 35% , and 30% ; the amount of
white granulated sugar was 18% , 24% , 30% , and 36% ; the
amount of shortening was 16% , 22% , 28% , and 34% . We eval-
uated the effects of these three factors on the crispness and sensory
score of the matsutake highland barley biscuit.

2.5.2

ten professional food technicians. The sensory evaluation was

Sensory evaluation. The evaluation team consisted of

scored in accordance with relevant evaluation standard. The full

score was 100 points, and the average value was taken as the fi-
[11-12]

2.5.1 Single factor experiment. Taking the refined flour as the nal score Specific evaluation indicators were listed in
base (the mass fraction is 100% ) , the amount of other raw mate- Table 1.

Table 1 Sensory evaluation of the biscuit

Sensory evaluation Good General Poor

Tissue (15 points) 12 -15 9-11 <9

The internal structure was dense and uniform, neat

appearance, clear levels, free of impurities
26 -30
Crisp, tasty, pure, not tooth sticking

Taste (30 points)

Appearance (15 points) 12 -15

Complete appearance, uniform thickness,

shrank , not deformed, not blistered

Odor (20 points) 17 -20
Strong fragrance, no smell
Color and luster (20 points) 17 =20

Brown or golden yellow, basically uniform color and

luster

Few big holes, clear levels, Stiff texture, many impurities, moldy

coarse tissue, few stains and rotten

21 -25 <21

Soft, slightly tooth sticking, or Slightly hard and astringent, tooth
slightly soft

9-11 <9

sticking, rancid flavor

Biscuit appearance not level, Small blistered on the surface, serious-

slightly broken ly broken

12-16 <12

Slight fragrance Slight fragrance and slight smell
12 -16 <12

Color and luster not uniform, Color and luster not uniform, yellowish

slight caramel color brown, too white

2.5.3 Response surface test. Based on the results of the single
factor experiment, we adopted central composite test Box-Behnken
design. The amount of highland powder, white granulated sugar,
and shortening was denoted with A, B, and C respectively, and
the variable level was expressed as 1, 0, and —1. The sensory
score considered the influence of single factor highland barley pow-
der, white granulated sugar, and shortening. Taking the highland
barley powder, white granulated sugar, and shortening as inde-
pendent variables, and sensory score and crispness of the mat-
sutake highland barley biscuit as response values, we designed the
response surface analysis experiment with three factors, three lev-
els, and 17 experimental points ™| the experimental factors and

levels were shown in Table 2.

Table 2 Levels and cords of response surface experiment factors

Factor
A B C
Level
Amount of highland Amount of white Amount of
barley powder//g  granulated sugar//g shortening // g
-1 15 18 16
0 20 24 25
1 25 30 34

2.5.4 Determination of texture characteristics. We used the tex-

ture analyzer was used. TPA mode was used, and the parameter

was probe P50.

3 Results and analyses

3.1 Single factor experiment

3.1.1 Effect of the amount of highland barley powder on the bis-
cuit quality. From Table 3, it can be known that the results of the
single factor experiment of the amount of highland barley powder.
With the gradual increase in the highland barley powder, the
crispness of the biscuit gradually became stronger. However, when
too much highland barley powder was added, the dough was hard
to be shaped and the baked biscuits were too crisp and not easy to
be shaped. In addition, the effect of amount of highland barley
powder on the biscuit sensory quality was mainly reflected in the
color and flavor, the color was light yellow. When the amount of
highland barley powder was too low, the taste of highland barley
powder was light and the original characteristics of biscuit got lost;
when the amount of highland barley powder was 20% , the biscuit
was bright colored and the taste was strong.

3.1.2 Effect of the amount of white granulated sugar on the biscuit
quality. From Table 4, we can see the results of single factor experi-
ment amount of white granulated sugar. The amount of white granu-
lated sugar had certain effect on all aspects of the biscuit. When the
amount of white granulated sugar was 18% , the biscuits were slight-

ly sweet, or even not sweet, and the chewiness and crispness were
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insufficient. When the amount of white granulated sugar was 24% ,
the biscuit sweetness was moderate, and both the chewiness and
crispness reached the maximum value. When the amount of white
granulated sugar was 30% , the biscuit was too sweet. There were

cracks and blisters on biscuit surface. Besides, the caramelization
during baking deepened the color of the biscuits and made the ap-
pearance of the biscuits not pleasing to the eye. Thus, the most ap-
propriate amount of white granulated sugar was 24%.

Table 3 Effect of the amount of highland barley powder on sensory score and crispness of biscuit

Amount of highland barley powder /% 15

20 25 30

L Biscuits easy to shrink,
Sensory description
large shape change

Sensory score // points 82
29980.2

Crispness

Clear cross section levels

44389.8

Slight taste of highland barley, Regular appearance, very

small holes on cross section clear cross section levels

90 86 83
37895.5 39645. 4

Table 4 Effect of the amount of white granulated sugar on sensory score and crispness of biscuit

Amount of white granulated sugar // % 18

L Not sweet, but clear
Sensory description .
cross section

Sensory score // points 83
32176.3

Crispness

Moderately sweet
matsutake highland barley

24 30 36
sufficient flavor of ~ White sugar flow-  Easy caramelized, too
ing out, too sweet sweet
89 84 82
44509. 8 32451.5 39341.2

3.1.3 Effect of the amount of shortening on the biscuit quality.
Table 5 showed the results of single factor experiment amount of
shortening. When the amount of shortening was 16% , the dough
was dry during preparation. After baking, cracks appeared on the
biscuit surface. When the amount of shortening was 28% , biscuit

surface was smooth, shape was excellent, and the biscuit quality
reached the optimal level. When the amount of shortening was
34% , the taste of oil was deep and exceeded the original flavor of
biscuit. Thus, the most appropriate amount of shortening was

28% .

Table 5 Effect of the amount of shortening on sensory score and crispness of biscuit

Amount of shortening // % 16 22 28 34

Sensory description Biscuit surface dry, many cracks Slightly crisp, slightly rough Crisp, regular appearance, no crack No blister, deep oil taste
Sensory score // points 84 86 90 83

Crispness 33567.1 39816.9 45213.8 40014.6

3.2 Analysis of response surface test results

3.2.1 Box-Behnken design scheme. On the basis of the single
factor analysis, according to Box-Behnken design (BBD) scheme,
we carried out three-factor three-level response surface analysis ex-

periment and the experimental results were shown in Table 6.

Table 6 Design and results of Box-behnken experiment

Experiment No. A B C  Sensory score//points  Crispness
1 1 0 -1 86.4 25046.3
2 0 -1 -1 86.1 34301.3
3 0 0 0 90.2 44788.7
4 1 0 1 87.3 28161.6
5 -1 0 -1 81.0 26091.7
6 0 0 0 90.0 46425.9
7 0 -1 1 83.5 21388.5
8 0 0 0 90.0 44087.9
9 -1 0 1 83.4 33310.6
10 0 0 0 91.0 46207.3
11 1 1 0 87.6 19242.6
12 -1 1 0 85.1 34552.5
13 0 0 0 90.4 45046.6
14 1 -1 0 86.4 31553.9
15 -1 -1 0 81.2 24164.5
16 0 1 -1 85.5 28161.2
17 0 1 1 88.2 37664. 4

3.2.2 Model establishment and significance test. Using the BBD
response surface analysis method, we carried out the variance
analysis on the model fitted by experimental results, and the analy-
sis results were shown in Table 7 and Table 8.

It can be seen from Table 7 that the F value of the RSM stere-
oscopic model was 50. 16, P < 0.0001, indicating that this model
was significant. The lack of fitting F' value was 3.34 and P value
was 0. 1371 > 0.05, the difference was not significant, and the
degree of fitting of regression equation was good. In this model,
R = 0.9847, Ridj = 0. 9651, indicating that this model had a
good fit with the actual experiment, and the linear relationship be-
tween each factor and the response value was significant. The
model can be used to predict the sensory score of the matsutake
highland barley biscuits, to determine the optimal formula of the
biscuit' "’ .

Taking the sensory score (X) of the matsutake highland bar-
ley biscuits as the response value, through regression fitting, the
effect of experimental factors on response values can be denoted
using the following regression equation ;

X =90.32 + 2.13A + 1.15B + 0.43C - 0.68AB -
0.38AC + 1.32BC - 3.27A° - 1.97B* - 2.52C".

It can be seen from Table 8 that the F value of the RSM stere-
oscopic model was 21.98, P <0.0001, indicating that this model
was significant. The lack of fitting F' value was 14.49 and P value
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was 0.083 > 0.05, the difference was not significant, and the de-
gree of fitting of regression equation was good. In this model, R* =
0.9660, Ri,,j = 0.9229, indicating that this model had a good fit
with the actual experiment, and the linear relationship between
each factor and the response value was significant. The model can
be used to predict the sensory score of the matsutake highland bar-
ley biscuits, to determine the optimal formula of the biscuit.

Table 7 Variance analysis results of sensory score-regression equation

Taking the crispness (Y) of the matsutake highland barley
biscuits as the response value, through regression fitting, the effect
of experimental factors on response values can be denoted using the
following regression equation

Y = 45311.28 - 1764.36A + 1026.56B + 865.57C -
5674.82AB - 1025.9AC + 5604BC - 10079.6A% — 7853.3B’
- 7079.13C”.

Variation source Square sum Degree of freedom Mean square F value P value Significance
Model 155.61 9 17.29 50.16 < 0.0001 % %
A-highland barley powder 36.12 1 36.12 104. 80 < 0.0001 ® ok
B-white granulated sugar 10.58 1 10.58 30.69 0.0009 *
C-shortening 1.45 1 1.45 4.19 0. 0005 *
AB 1.82 1 1.82 5.29 0.0550

AC 0.56 1 0.56 1.63 0.2422

BC 7.02 1 7.02 20.37 0.0028

A? 45.09 1 45.09 130.81 < 0.0001 I
B2 16.38 1 16.38 47.52 0.0002 *
c? 26.79 1 26.79 77.72 < 0.0001 R
Residual error 2.41 7 0.34 - -

Lack of fit 1.72 3 0.57 3.34 0.1371

Pure error 0.69 4 0.17 - -

Total error 158.02 16 R* =0.9847 Ridj =0.9651

Note: * = denotes extremely significant difference (P <0.01), and * denotes significant difference (P <0.05).

Table 8 Variance analysis results of crispness-regression equation

Variation source Square sum Degree of freedom Mean square F value P value Significance
Model 1.30E +09 9 1.44E +08 21.98 0.0003 *
A-highland barley powder 2.49E +07 1 2.49E +07 3.80 <0.0001 ® ok
B-white granulated sugar 8.43E +06 1 8.43E +06 1.29 0.0012 *
C-shortening 5.99E +06 1 5.99E +06 0.92 0. 0004 *
AB 1.29E +08 1 1.29E +08 19.60 0.0031

AC 4.21E +06 1 4.21E +06 0.66 0. 4500

BC 1.26E +08 1 1.26E +08 19.23 0.0033

A? 4.28E +08 1 4.28E +08 65.11 < 0.0001 R
B? 2.60E +08 1 2.60E +08 39.51 0. 0004 *
c? 2.11E +08 1 2.11E +08 32.16 0.0008 *
Residual error 4.61E +07 7 6.58E +06 - -

Lack of fit 4.22E +07 3 1.41E +07 14.49 0.083

Pure error 3.89E +06 4 9.71E +05 - -

Total error 1.35E +09 16 R? =0.9660 R =0.9229

Note; * s denotes extremely significant difference (P <0.01), and * denotes significant difference (P <0.05).

3.2.3 Response surface analysis and optimization of matsutake
highland barley biscuit. According to regression result analysis in
Table 7 and Table 8, we plotted the response surface chart, the re-
sponse surface chart of sensory score was shown in Fig. 1 to
Fig. 3, and the response surface chart of crispness was shown in
Fig. 4 to Fig. 6.

These two charts visually reflect the interaction of various fac-
tors and show that there are extreme values in this range, namely,
the highest point of the response surface, or the center of the mini-
mum ellipse' '

Through RSM, we obtained the optimal value of 0.957. The
optimal formula of matsutake highland barley biscuit was 20%

highland barley powder, 25% white granulated sugar, and 26%
shortening.

Fig. 1 to Fig. 3 are the response surface charts for interaction
of factors taking the sensory score as the response value, while
Fig. 4 to Fig. 6 are the response surface charts for interaction of

factors taking the crispness as the response value.

4 Conclusions

(1) In the single factor experiment, the optimal formula for crisp-
ness and sensory score of matsutake highland barley biscuit is 20%
highland barley powder, 24% white granulated sugar, and 28%

shortening.
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(i1) Through professional review of the evaluation team, the

highest score of the biscuit is 91 points and the lowest score is 81

[13]

points. Biscuits can be stored for a long time' ™, and are easy to

take and store, so they are favored by the broad masses of the
people.
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(iii) On the basis of the response surface analysis, the optimal
formula of matsutake highland barley biscuit is as follows: taking
100 g refined flour as the base (the mass fraction is 100% ), 20 g
highland barley powder (20% ), 10 g matsutake powder (10% ), 26
g shortening (30% ), 1 g sodium bicarbonate (1% ), 20 g eggs
(20% ), 5 mL vegetable oil, 0.25 g TBHQ (0.25% ), 25 g white
granulated sugar (25% ), and 10g whole milk powder (10% ). The
biscuit is golden yellow, regular appearance, free of oil smell, no pe-
culiar smell or bitter taste. Inside the biscuit, there are small dense
holes, the levels are clear. Besides, the taste is excellent, the flavor

is pure, and crispness is moderate.

References
[1] LIAO LJ. Study on constituents and anti-cancer activity oftricholoma mat-
sutake sing [ D]. Yan’an; Yanbian University, 2010. (in Chinese).

[2] ZHANG Y, LAI YM. Study on the amino acid composition and nutritional
properties of pine mushroom [ J]. Food Research and Developent, 2016,
37 (3):14 —18. (in Chinese).

WANG J, LI HR, LI YH, et al. Speciation, distribution, and bioavail-
ability of soil selenium in the Tibetan Plateau kashinbeck disease areaa

[3

[

case study in Songpan County, Sichuan Province, China [J]. Biological
Trace Element Research, 2013,156; 367 —375.

[4] XIA XD, LV FJ, TAIJY. Bioactive components of barley and their physi-
ological functions [ J]. Journal of Chinese Institute of Food Science and
TEchnology, 2002, 2(3): 63 —67. (in Chinese).

[5] LV YP, XIONG M]J, JIA LR, et al. Characteristics of barley and applica-
tion in food industry [J]. Food Science, 2005, 26 (7) :266 —270. (in
Chinese) .



Xuedong GU et al. Optimization of Formula of Matsutake Highland Barley Biscuit by Response Surface Methodology 53

[6] QU H, NIMAZHAXI, WEI ZX, et al. Soil selenium (Se) status and the
production on Se-enriched hulless barley in the Tibet Autonomous Region
[J]. Scientia Agricultura Sinica, 2015, 48(18) ; 3645 —3653. (in Chi-
nese) .

[7] MATHARA VA, GONZAGA 1B, SILVA VL, et al. Daily dietary selenium
intake of selected Brazilian population groups [ J]. Journal of Radio Ana-
Iytical and Nuclear Chemistry, 2004, 259(3) : 465 —468.

[8] WANG DJ, LI L. Study on optimization of buckwheat maca biscuit by

using response surface analysis [ J]. Food Research and Developent,

2013, 34(11) : 25 -29. (in Chinese).

TARLEY CRT, SILVEIRA G, DOS SANTOS WNL, et al. Chemometric

tools in electroanalytical chemistry : methods for optimization based on fac-

[9

[

torialdesign and response surface methodology [ J]. Microchemical Jour-

nal ,2009,92(1) .58 - 67.

[10] WANG CT, SUN XT, ZHOU X. Optimization of extraction process for
flavonoids from Arenaria kansuensis Maxim. by response surface method-
ology [J]. Food Science, 2013, 34(14) :91 -95. (in Chinese).

[11] XIANG LW, LIN XX, CHEN WT. Application of response surface
methodology in development of peanut meal cookie [J]. Food Research
and Developent, 2014, 35(8) : 41 —45. (in Chinese).

(From page 47)

cooling effect; sunshade + fan + cooling pad has obvious cooling
effect, which can well meet the cooling needs in the summer
greenhouse.

4.2 Discussions (i) For the northern agricultural greenhouse,
the skylight + fan combination is an ideal cooling measure in high-
humidity environment, and its cooling effect is even better than
that of cooling pad + fan. It can make the indoor and outdoor tem-
perature difference stabilized at 2 C =3 °C, the cooling effect
lasts long, and the indoor temperature rises slightly.

(ii) In a high temperature dry environment, the sunshade +
fan + cooling pad way can make the indoor and outdoor tempera-
ture difference be O and even minus, that is, the indoor tempera-
ture is lower than the outdoor temperature, which can well satisfy
the growth requirements of summer crops.

(iii) The sunshade can block sunlight, but it also will block
the heat exchange inside and outside the greenhouse through the
skylight, thus affecting the cooling capacity of other equipments,
so we try not to expand the sunshade when the skylight is opened.

(iv) When the rapid cooling is not required, opening the
skylight alone can continue to reduce the indoor temperature, and
the energy consumption is low, so it is a good choice.

(v) The three ways (opening fan alone, opening sunshade

alone, opening fan + sunshade ) have poor cooling capacity, but

[12] ZHENG YM, ZHUO XY, SHEN XY, et al. Formula optimization of ger-
minated brown rice biscuit enriched selenium andy-aminobutyric acid by
response surface methodology [ J]. Cereal & Feed Industry, 2015(9) .
25 —28. (iin Chinese).

[13] MISHRA P, USHA MS, SINGH S. Bengal gram flour-wheat flour blends
chemical, archeological and baking characters [ J]. Journal of Food Sci-
ence and Technology, 1991, 28 . 89 —97.

[14] HU CX, HOU XT, FENG YN, et al. Optimization of the extraction
technology of polysaccharides from Coriolus versicolor mycelium using re-
sponse surface analysis [ J]. Science and Technology of Food Industry,
2007(7) :124 - 126, 130. (in Chinese).

[15] ZHANG GC, ZHAO B, LIU CY, et al. Optimization of ultrasound-mi-
crowave assisted extraction of selenium-containing polysaccharides from
Se-enriched Cordyceps militaris by response surface methodology [ J].
Food Science, 2016, 37(12) : 33 —=39. (in Chinese).

[16] JIN H, MA CX, WANG JJ. Optimization of extraction technology of pol-
ysaccharide from Jasminum nudi florum Lindl. by response surface meth-
odology [J]. Journal of Analytical Science, 2013, 29(6) . 827 —830.

(in Chinese).

they can be used as auxiliary cooling measures.
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