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Abstract: In this study, fried dough sticks were taken as an example to explore the feasibility of using food enzymes and yeast as the
bulking agents for traditional fried flour products. The effects of bulking agents for common flour products and the combination of food enzyme
and yeast were evaluated based on the expansion rate, specific volume and sensory score. The fermentation process with the best combination
was analyzed. The results showed that alum exhibited the greatest fluffy effect with the highest expansion rate as 8.73 times among the
commonly used bulking agents for flour products under the same processing conditions. The yeast-based bulking agent was improved, and the
yeast was compounded with protease, amylase, lipase, xylanase and glucose oxidase. The effect of amylase was the best. When the addition
amount of amylase was 0.50 g/kg, the expansion rate of fried dough sticks reached 7.65 times. The analysis of the fermentation involving the
amylase-yeast compound bulking agent showed that the optimal dough fermentation time was 2.5 h, and the carbohydrates in flour products
were greatly degraded into reducing sugars (with a content of 5.25%). The new compound bulking agent was composed of food enzymes and
microorganisms without added aluminum, which allows bulking while ensuring safety and healthiness.
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Table 1 Sensory evaluation criteria
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Fig.1 Effect of several traditional bulking agents on expansion
rate of fried dough sticks

E: FIAARR FERTHMRA ZFEE, p<0.05; FTHFR.

WM T (150 wi%) . H (1.00 wt%), 1% (0.50
wt%) =AM HIAINE, X UM e gt &
A ARATIIAIL WATHY . ANTRFT SRR SR K 2
sz (& 1. ATROREL, AR, BB
AR BRI, FEVRINE: 1.50 wi% KI5, K]
15 8.67 1o WIBLZM M ERONE ST, H
FAJFEUE IS £ P AR AR O R CO,, M
A 2% T AR AR . BB I i 26K &
BRI, WRITEN 0.50 wi%l], JHIZRIEZAK 3L
N 467 1%, AR 1.00 %A 1.50 wteltf,
SRR 22 R = 31 6.62 £ 8.73 4% o B BEAL
RETE, 1.50 wtoois I KON 3.54 5. 94T
ki SR IAA IR BOR AR LRI 2 — 1, k2 d
N 6.65 1% . RERFINIM SRR N S KK 0N

4.48 155, WEETIERE.

TR U XU 2= 32 21 2 M R R 52, T
WRE. B AT, st L
— /R, ERmIERERERT, A=
PR REASUE, K LA PudR ]
PO, TER e ZFLANZER, [RIRHh &R
FMPGEIIK, TEMRERL, EARKERE, B
JRAEEBRERI AT, RIS M B U, Smi et
JUMME G TWE R P A TR E VR, RKILERIL
FEFTARHIVE A AR BB Ve o BT, TR
FNEEREHRIE B A6 IR B VP E 2 SO AR BN E
1.00 Wt BBV 70 HUi =i A 78.92. AT s &
150 wi%eltf, JEEVEE S EULE] 78.24 4. BRIRE
ENHIVE B A% TUBBE ZE TP, TR S A kR SN
TR, B—EW, REEEVRESECN 67.37 7.
P BRI PR 2% T B VP 2 BUE DU A% G A 77 e
i, £ 1.00 wt%is N & E Ve 23R =N 57.16
g5 FLJR RN R BERERIVE A AR K ALK, AT
CERIAEIERS, BRI UK. TERERER) =4
IR, 1.50 wt% T U SRR K R AK 2.
PRI A i 8 5 i S E A I

100 [t 0.50 wi%)

a a A s ik (1.00 witw)
a ab [ s ik (1.50 wi%%)
80F b s b a
ab
® M ?
~ 60 'z
{ng 7Z
Py Z
o 40} Z
# Z
20} _
LTI BATH TRER N 25

2 LR ERBITISHERRNREITE S
Fig.2 Sensory evaluation scores of fried dough sticks made by

several traditional bulking agents
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Table 2 Effects of protease with different amounts mixed with

yeast on the expansion effect and sensory evaluation of fried

dough sticks
Fns/gkg) MKEME  WBAmLg) BREIRN/L
0.00 3.3440.17°  2.544033%  57.20+7.48"
0.05 3324035%  2.54+034° 5923834
0.25 3.8740.33"  2.76£0.17°  62.1743.18"
0.50 4.17+0.87° 3284045  63.17+5.22°
0.75 326+0.92°  2.78+0.34®  57.75+1.04°
1.00 3.07£031°  2.65+0.16°  56.32+7.32°
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Table 3 Effects of amylase with different amounts mixed with

yeast on the expansion effect and sensory evaluation of fried

dough sticks
Fns/gkg) MEREAE  WE/(mLg) RBEFMH/S
0.00 326+023¢  2.87+0.87¢  58.23+7.44°
0.05 536+0.63°  4.76+045°  67.38+3.57°
0.25 7254034 635+0.77°  78.36+5.98%®
0.50 7.65£0.57*  6.15£0.42"  80.35+8.91°
0.75 7.1440.76™®  5.78+£0.16°  73.27+6.37®
1.00 7.02+41.03°  597+0.34°  70.23+8.17°
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Table 4 Effects of lipase with different amounts mixed with

yeast on the expansion effect and sensory evaluation of fried

dough sticks
BAnEgke) MIREME  WE/(mLlg) REFN/H
0.00 3224033%  2.17+0.76°  56.37+7.48°
0.05 3.7940.43"  2.76£0.91%®  58.34+3.12%
0.25 3.76£0.41*  2.45+033%*  60.34+4.11°
0.50 4054034 3.02£044>  61.23+7.18%
0.75 4.0240.11*  3.01£021®  63.2349.37%
1.00 3.28+045%  2.67+037°  64.26+6.17°
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Table 5 Effects of xylanase with different amounts mixed with

yeast on the expansion effect and sensory evaluation of fried

dough sticks
Fns/gkg) MREAE  WE/(mLg) BREFMH/S
0.00 3254022 2.07+0.34®  53.2745.18"
0.05 3574032  2.87+0.16°  56.37+6.33"
0.25 3.77+0.650  2.76+032°  57.3746.78
0.50 3524032  3.01+0.54°  55.2348.16°
0.75 334+046°  2.67+033*  53.27+7.82°
1.00 3.25+4042°  232+0.64°  52.22+6.22°
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Table 6 Effects of glucose oxidase with different amounts mixed

with yeast on the expansion effect and sensory evaluation of

fried dough sticks
Bglgke) WIKREME  wE/(mLlg) AEERN/H
0.00 3254032 2.76£0.08™  53.26+5.29%
0.05 2.83+0.19°  2.65£045®  50.21+6.19°
0.25 3.1240.02°  2.45:£0.34°  52.98+3.22%
0.50 3.5740.78°  2.87+0.17°  51.3449.01%
0.75 3224032 22120.17°  55.46+3.29°
1.00 3.1240.18°  234+023%  52.12+7.28%
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Fig.3 Effect of fermentation time of amylase yeast compound
dough on expansion rate of fried dough sticks
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Fig.4 Changes of reducing sugar content during dough

fermentation in amylase-yeast system for fried dough sticks
3 4

T URME ST SR AA TR, BHBRERA RO
, WAKREKTIIE 8.67 fifs il RHHh ME I i i
PATURIA R 22, RN 4.67 5 G FHIEEREAJEAE
FERFIEATORR, FIFE AR, JEmbE. RPimE. K
SRVERG . % E A A S T BEE ORI R R B AL T,
RINTERBERCR BT 19BN B A TRIBC 774 0.50
g/kg VERIERAN 1.50 wt%ol#BE, AR TE] 2.5 h, 1E
XL I 2R AEHK ATk 8.08 fif o TEIX R R g AA
FIVEFT, T b Ao K A S ORI P B A0 S
W JERE S IR R 5.25%, SERIT NATEA. X F
WU S AN TR o) B SRR B S E A A, T
BICEININ, TELIERZAA SR RIHTHE T S8l T 2 g
FRITE I, BAT R BN A

B Ik

[1] Cheng G X, Wang C X, Nie X L, et al. Monitoring of
aluminum content in food and assessment of dietary exposure
of residents in North China [J]. Food Additives &
Contaminants: Part B, 2021, 14(3): 177-183

[2] Kang W, Lu J, Cheng Y, et al. Determination of the

concentration of alum additive in deep-fried dough sticks



MR BRI

Modern Food Science and Technology

2022, Vol.38, No.7

(3]

(8]

(%]

[10]

[11]

using dielectric spectroscopy [J]. Journal of Food & Drug
Analysis, 2015, 23(3): 472-479

KA, E T TE, ARISTR, A5 AR R B v i 2% C T R IR
TERARLI]. & 5 Tk AR, 2019,40(7):196-204

ZHANG Lingwen, WANG Xuefei, LI Shasha, et al.
Response surface optimization of non-fermented quick frozen
dough sticks [J]. Science and Technology of Food Industry,
2019, 40(7): 196-204

T IR, e S W T, 55 A TR 1 L 2550 T 14T Bt o it 2
FISZmI[T] B & 5 ARH,2018,34(3):149-158

ZHANG Kangyi, KANG Zhimin, YANG Yan, et al. Effects
of refrigerated fermentation process on the quality of dough
and fried dough sticks [J].
Technology, 2018, 34(3): 149-158

Th i, e, Fha il 55 A WL £R 0 R PR IgU 2% A 77
il ANl i P ], CNTTT1011429A [P] 2020. 04. 17
MA Hang, WANG Yan, GUO Huixian, et al. Composite

Modem Food Science and

phosphate aluminum free quick dough sticks bulking agent
and its preparation and application method: China, CN
111011429A [P] 2020. 04. 17

AR, I — A TC BRI 2R A 7R S R 4 T ik
CN 104397091B [P] 2017

YU Minghua, CONG Hao. An aluminum-free dough stick
bulking agent and its preparation method: China, CN
104397091B [P] 2017

Xi J, Zhao Q, Xu D, et al. Volatile compounds in Chinese
steamed bread influenced by fermentation time, yeast level
and steaming time [J]. LWT - Food Science and Technology,
2021, 141: 110861

Liu T, Yang L, Sadiq F A, et al. Predominant yeasts in
Chinese traditional sourdough and their influence on aroma
formation in Chinese steamed bread [J]. Food Chemistry,
2018,242: 404-411

Wi R IGeHE, BRI, A5 R B LI kil 2% A L 256 R0
PEAL[] B it ARH,2011,21:193-197

YANG Nian, SONG Xiaoyan, DONG Zhengjiang, et al.
Optimization of processing conditions for fermented
quick-frozen fried dough sticks [J]. Food Science, 2011, 21:
193-197

i G T R, 2 A I B X 7 2 I A T [ R R
LR T B RH,2019,40(2):54-59

KANG Zhimin, ZHANG Kangyi, LI Jing, et al. Effect of
yeast on fermentation characteristics and quality of green
wheat dough sticks [J]. Food Science, 2019, 40(2): 54-59

T REAE AT A, B AR, A R A T SRS P R

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

NI PR §,2020,20:40-47

WANG Zhihuang, ZHENG Chungiong, HUANG Jinge, et al.
Application of enzyme preparation in baking products such
as bread [J]. Modern Food, 2020, 20: 40-47

Wen S, Wu G, Wu H. Biochemical characterization of a
GH10 xylanase from the anaerobic rumen fungus
Anaeromyces robustus and application in bread making [J]. 3
Biotech, 2021, 11(9): 1-12

Basso F M, Mangolim C S, Aguiar M, et al. Potential use of
cyclodextrin-glycosyltransferase enzyme in bread-making
and the development of gluten-free breads with pinion and
com flours [J]. International Journal of Food Sciences and
Nutrition, 2015, 66(3): 1-7

Rebholz G F, Sebald K, Dirndorfer S, et al. Impact of
exogenous maltogenic a-amylase and maltotetraogenic
amylase on sugar release in wheat bread [J]. European Food
Research and Technology, 2021, 247(6): 1425-1436

Kim E A, Lee S Y. Quality characteristics of steamed rice
bread prepared with different contents of proteolytic enzyme
[J]. Applied Biological Chemistry, 2016, 59(1): 95-102

i G T R, iR B B A5 T R A I 2 TR FAA A 7 )
WS B R 5 285F,2015,40(5):60-63

KANG Zhimin, ZHANG Kangyi, GAO Lingling, et al. Study
on aluminum free addition of dough stick premixed powder
bulking agent [J]. Grain Science and Technology and
Economy, 2015, 40(5): 60-63

An K J, Liu Y L, Liu H L. Relationship between total polar
components and polycyclic aromatic hydrocarbons in fried
edible oil [J]. Food Additives & Contaminants, Part A.
Chemistry, Analysis, Control, Exposure & Risk Assessment,
2017, 34(9): 1596-1605

SRV, T 224 WA B A P BOR M A s A2
Tolk A, 2005:183-185

ZHANG Guozhi, YU Xuejun, FU Yinmei. Fried Food
Production Technology [M].
Press, 2005: 183-185
e, AR A, T A B b B A T S 1
Sk ity ST EZ MR [T B L K24 (E SRR R),2015,36
(6):1-4

Beijing: Chemical Industry

LI Haifeng, LI Zhijian, YU Yamin, et al. Protease producing
bacteria in yeast and their effects on the quality of steamed
bread [J].
Natural Science Edition, 2015, 36(6): 1-4

Journal of Henan University of Technology:

Kawamura-Konishi Y, Shoda K, Koga H, et al. Improvement

in gluten-free rice bread quality by protease treatment [J].

61



MR BRI

Modern Food Science and Technology

2022, Vol.38, No.7

Journal of Cereal Science, 2013, 58(1): 45-50

steamed bread [J]. Food Science & Technology Research,

[21] A, FER, B Rz, 5 7[RI BERETE R B2 T il b = 1 2 2016, 22(4): 409-417
B FE[]. Hh TR 241%,2018,33(11):20-25 [26] R, 25 ] AR R I ) 6 ot R RS P
LENG Yue, WANG Xuedong, LYU Qingyun, et al. [I] A& INL,2015,40(5):15-19
Application of different yeasts in fermented flour products [J]. CUI Zhaohui, LI Shuguo. Application of biological enzyme
Chinese Journal of Grain and Oil, 2018, 33(11): 20-25 preparation in flour food processing [J]. Grain Processing,

[22] Chen Y, Eder S, Schubert S, et al. Influence of amylase 2015, 40(5): 15-19
addition on bread quality and bread staling [J]. ACS Food [27] ik a0 B IH 5 R A 790 IR T ol (D] AR B R4 5 405,
Science Technology, 2021, 1(6): 1143-1150 2010,1:51-53

[23] Wang Y C, Hu H F, Ma J W, et al. A novel high ZHANG Guozhi. Development of alum-free dough sticks
maltose-forming a-amylase from Rhizomucor miehei and its bulking agent [J]. Grain Science and Technology and
application in the food industry [J]. Food Chemistry, 2020, Economy, 2010, 1: 51-53
305(1): 125447.1-125447.9 [28] FHEE, VB TR, 2 To4R 0 2K 10T AL T]. & 5

[24] Xiang M, Wang L, Yan Q. et al. Heterologous expression and RIEET,2012,38(4):72-76
biochemical characterization of a cold-active lipase from JIANG Qingjun, XU Xilin, REN Jiaoyan, et al. Optimization
Rhizopus microsporus suitable for oleate synthesis and bread of aluminum-free dough sticks [J]. Food and Fermentation
making [J]. Biotechnology Letter, 2021, 43: 1921-1932 Industries, 2012, 38(4): 72-76

[25] Ren S, Ma R. Effects of xylanase on quality of frozen dough

(#5132 7D

[23] GB 19301-2010, 1 fh 22 4= E K brrfE HEFL[S] [26] Vegricht J, Frelich J, Bjelka M, et al. Analysis of raw cow
GB 19301-2010, National Food Safety Standard: Raw Milk [S] milk quality according to free fatty acid contents in the Czech

[24] Plumed-ferrer C, Uusikyl K, Korhonen J, et al Republic [J]. Czech Journal of Animal Science, 2008, 53(1):
Characterization of Lactococcus lactis isolates from bovine 17-30
mastitis [J]. Veterinary Microbiology, 2013, 167(3-4): [27] Beal C, Fonseca F, Corrieu G Resistance to freezing and
592-599 frozen storage of Streptococcus thermophilus is related to

[25] RS2z, 50 T 06, S5 Sk 925 215 98 YR 4 3% ] &) 3K membrane fatty acid composition [J]. Journal of Dairy
PRI LR T R 3126 0. R T30 H5 R 22,2020,42(2):128-132 Science, 2001, 84(11): 2347-2356
CHEN Hongwei, JIANG Yun, GUO Xuefeng, et al. Isolation [28] Huang C B, George B, Ebersole J L. Antimicrobial activity of
and characterization lactic acid bacteria  against n-6, n-7 and n-9 fatty acids and their esters for oral
mastitis-causing Staphylococcus aureus [J]. Chinese Journal microorganisms [J]. Archives of Oral Biology, 2010, 55(8):
of Preventive Veterinary Medicine, 2020, 42(2): 128-132 555-560

(#5270 50D

[23] VUTTIR AMIEE, SR IE, S5 O] 3 L2 IR0 3 % ol o of Tea Science, 2015, 35(3): 203-208
IRALZA AL AOSEMARIT FE[T] A H7,2019,39(1):63-73 [25] guBRAE. M AEAEG BOIMALET:H E Rl H AR AL,
FAN Fangyuan, YANG Xiaolei, GONG Shuying, et al. The 2003:278-279
effect of technological factors on yellow tea quality and WAN Xiaochun. Tea Biochemistry (3rd edition) [M]. Beijing:
taste-chemical constituents in the yellowing process [J]. China Agriculture Press, 2003: 278-279
Journal of Tea Science, 2019, 39(1): 63-73 [26] MR MRBRNG TG A AR A rp -2 T IR

[24] W &AL RN, o 3 R Th B AR AR AL S TSI ]. & S RE,2004,2:35-39

62

e L5 PR A Tt B3] 45 R H#,2015,35(3):203-208
HUA Jinjie, JJANG Yongwen, YUAN Haibo, et al. Review
on the changes of biochemical components and the

influencing factors in piling process of yellow tea [J]. Journal

LIN Zhi, LIN Zhongming, YIN Junfeng, et al. Influence of
anaerobic treatment on the amount of y-aminobutyric acid

and the quality of tea leaf [J]. Food Science, 2004, 2: 35-39



