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ABSTRACT

As one of the cereals with high nutritional value and strong health care function,
millet has developed products such as millet biscuits, millet fermented foods, millet
beverages, millet rice crackers, etc. With the improvement of people's living standards,
people pay more attention to food with functional ingredients.

Taigu cake is a popular Shanxi traditional food. In this study, by adding millet to
Taigu cake, the optimal formula of millet Taigu cake was optimized by fuzzy
mathematics combined with response surface method. Antioxidant analysis after
simulated gastrointestinal digestion was used to evaluate the function of millet Taigu
cake and traditional Taigu cake, aiming to lay a foundation for the development of new
functional millet Taigu cake. The specific research results are as follows:

1. Millet is rich in nutrients. It was added to Taigu cake to develop millet Taigu cake.
A fuzzy mathematical sensory evaluation system for millet Taigu cake was established. A
single factor experiment was designed. The effect of the amount of vegetable oil added
on the sensory score and hardness of the product. Finally, the optimal formula of millet
Taigu cake was optimized by response surface: 74 g of wheat flour, 26 g of millet flour,
25 g of white sugar, 30 g of vegetable oil, 12.5 g of starch syrup, water 17.5 g, edible
baking soda 0.8 g, edible alkali 0.3 g, and egg 10 g, the sensory score is 85.46+2.12
points, the product is golden in color, prominent in aroma, crispy and delicious in taste.

2. By studying the in vitro starch digestion characteristics of millet Taigu cake and
traditional Taigu cake, the results show that: compared with traditional Taigu cake, millet
Taigu cake has a lower content of fast-digestible starch and an increase of slow-digestible
starch. According to the hydrolysis rate fitting, it is concluded that the estimated
glycemic index of millet Taigu cake is lower than that of traditional Taigu cake, which
provides data support for the function evaluation of millet Taigu cake.

3. By studying the changes of polyphenol content and antioxidant analysis of millet

Taigu cake and traditional Taigu cake after simulating gastrointestinal digestion, the

results showed that the polyphenol content of both groups ofTaigu cakes increased after

II



simulating gastrointestinal digestion in vitro, but overall millet Taigu cake has higher
polyphenol content than traditional Taigu cake. The DPPH free radical scavenging rate,
reducing power and . OH free radical scavenging rate of Taigu cakes in both groups
increased gradually with the progress of digestion, but the ABTS" free radical scavenging

rate decreased significantly in the gastric digestion stage. Overall, the antioxidant activity

of'millet Taigu cake was higher.

Keywords: Millet Taigu cake; Fuzzy judgment; In Vitro Digestion; Antioxidan
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2 RRVEF e R EDE AN KR AL

2.1 IS

IKEFHMER, IR MITER. BHTH7 R TNRIIN L= Rair2,
ANKE, KRR, ANRETRE R, ANKRUCRIEE AR DR R AR AT i
R UETRE G, B TR/ RS, UAIETE. RN & gEds. Al
P AR A I3 T BB SN A A A, N RS AR T 6, KBRS
ERER. BUCARE M, HAHNKIT R KRB IHHE L H

PR B NRACE BB R IR BRSO, s I B ikt AT I T
frs IR EPRSCREEGAT VY, IR URBAERC T . TR
HEA.  BA/INKETREIRIRA Y, BIMEGERB ORI, f/NKEFRIIGEE
RAEVFHR BRI, FFRIIN/NKF= AR, S NN A S 44— s i

22 MR 5EE

2.2.1 SCIGHAAR

INFERY . ERDRE. Y. RN, SR, Ve . SR, PR B
KHEET: MK A 215 HhmESEREE &R,
222 RGNS RE

YMD-20 58 T IR MRS RSB R AF];  TMS-Pro JEHY JbH f e 2
BHARTEAT: NS-A-1608 24 R =B RHA R A ] .

2.3 SLIG L

2.3.1 RIBYEIE
PR TR EBERI K, B N KON EE 2 ThREM LA TR RE, M 5t 100
Hif, SEEgsiiE, &R,
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232 INEKKBHEELZ

HRHECH]: B R /NRFT ARG K EME i, B ERRE. . SEAE
KRR DA R 4 /K 35 B 25 20 48

FIHE IR BN RVNKR 5] (MG TERRN “TRFY” ), BRI 14

BHI, AR B 15 min,
DRRRRIY . RGOS, HIK 45 ¢ BIUHE, FEAERTHRS L2 R4,

WOEIIRE:  BEFEIRATTIRN, ARSI RS BT E R b, R
EWEN 180°C, HLEERFA]A 15 min.

233 BRERESLWEIT

LTSI 4 Bt e NRR B YL EC 7 IR 100 g, 23 IR IIS &, JEk
PEI . K BH/NTAT. B RBOR BTEE 10%. 12.5%. 17.5%. 0.8%- 0.3%-
BRI RSLIG AN [EE ARG 20%, YRR 25%, /N KRNI
& (15%+ 20% . 25%. 30%. 35% O XPEEEIF AR ) 5emd, [ NKR s
& 25%, YIS 25%, EHEAMERINE (10%. 15%. 20%. 25%. 30%)
P IRE VR AR R REmA, [ E N RIS IR 25%, ERDPHERINE 25%, FHEEY)
TR (15%. 20% 25%- 30%- 35%) XHECE W/ A R0

2.3.4 Mo Rz EL L SEEE
R AR SLIRLE R, SANKBRRINE (A « AHERINE (B) . HEYWdR
& (C) 3 MK ZEHAT Box-Behnken 5256, SLitkit W 2.1,
& 2.1 DARKB B R &SRR E KR

Tab. 2.1 Factor level table of response surface experiment of millet Taigu cake

SN
7KF
A /NEBIINE (%) B AFRASINE (%) C EYMEINE (%)
-1 20 20 25
0 25 25 30
1 30 30 35
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23.5 B FRETFNERES
2351 MREAYRIHE

N REGTRAHEN A= mES, WM REN Y, Y={y1, y2,
V3iiaannn. yi by RN AR N KRB

2352 WREESE U AT

FEARSLYG RSN R R PR E PN R R U={w, w2, w3, uws}, H ui-ug
ARE KRR B EE, FS, BE, D
2353 DHES W BIHE

INKR BRI R T BT AF 5L SRER— AN ES . ALKk A, B,
C, D VUL T LR 2080 RIS W={wi, w2, w3, wa}={90,
80, 70, 60}.
2354 (NEE V IEE

B ZFEAFITER AR AL ES, ARSZIGH V={vi, v2, V3, va}, Vi, V2,
v, va RO ANKR B OB, B RS, HIERIIREREUE.  BH Ikt
PR ERCE, kR 10 BV N BT, SEEFF L, N EER
KL 145, REREKIL 04, WEASEGD 14, HP—ANRERS5E5 100
43 IR LU AB R A 3 R 3R A Y.

2.3.5.5 REVMNIRERTRE

IRHE GB/T 16291.1-2012  th RELRIATRE P85, WFR SR8 218 GB/T
13868-2009 HELR FIABEEATBIE . LI 10 A PFIR (5 5 5 20 SN B
BEVEOPRE (R 2.2) ATV, (EHEATVRATAT, ZEIEdHE. MR, AnZeR R
Y, AEFERBENUGRIOEON B A, OWERRRL,  BATCRY), K, P
W, ERPESE SRR,


2.3.5.1
2.3.5.2
2.3.5.3
2.3.5.4
2.3.5.5

2 SRR PF A i S TS AR N KRR A B IS 5

& 22 DRKBHRE IFARE

Tab. 2.2 Sensory scoring standards for millet Taigu cake

PR bR v S 25 2
RAEELD
A (90 4 B (80 43) C (70 43 D (60 7)
o REEFEIERY REOOERIS, ¥ REEAFAKY  REOESYS,
pES
5], Bedt, £ OBk, EATEE 5, wEeRHE, HFRELEIS
TEINSR b FHoEdED S
KBRS AR BERESAANK  BENESAVNK S TTNKES, &
A FIESWAR, o WESBIRMT, ©TH  EFRR%R, i FER R
At SR At SR At S
KANEEAEREYE KNEEBSE, B KANEEAKRY KNEEAEE,
A
51, e, & BROEEE, BATR 5, EAAKEE, TEEATE, AKX
IS WIS H/OERIEHS HiEENER
EwRIE,  UEEE O EHRREBCEH, O DEER BHRRAGES, O ERAEH, K
mp
FA, JokE I R BkFs, RS BOANKERL, B Kk, R E

A I

2.3.6 INKXKBHmBENE

JFAGIE : F TMS-Pro B /INKR B GREATINE , IEH TPA B3, W%E

ZHCN: Bk Smm EHEEREL,

FIFSEREE: 60 mm/min, FE4577:

FEAFERLTATIIE 3 IR,

EEENE : ENE 2 AT T B RO E BRI, Rk CIE-La'b"

FRIHERTR,
T N,

L, a' briafRRE,
AN +bONTEE,

0.05N, JE4aLbHi:

TETHEEE:  60mm/min, MIRHEE: 60 mm/min,
35%, VUEEEVEAPENTER,

t-fpth AAE-E A mEAR, 3
DT B, BEHIE 3K, R EIME.
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2.3.7 BURALIE

RHSEIGEE =K, KH Microsoft-Excel 2019 F1 SPSS 23 #4173 A E 45 AL FE AN
BEWST, ARUCFIEEREE AR R, K Design-expert 8.0.6 AT N
[ THAI 23 HT o

2.4 BRS 7

2.4.1 BREIFNIEFNERE

% 23 PARXKBSHREIFMN /IR E 2B R

Tab. 2.3 Weight distribution table of sensory evaluation index of millet Taigu cake

B PN A
fets L
T "R A 1 &t
[ERES 10 2 3 3 18 0.18
"R 7 10 8 5 30 0.30
2y 4 3 10 3 20 0.20
1% 8 6 8 10 32 0.32

R 23 05,  BIURE I faba AR AP 0.18, & 0.30, TEZS 0.20,
g 0.32, BI v={0.18, 0.30, 0.20, 0.32}.

242 INRRBHRERSIWERS 0
2.42.1 NRERIMEN = RRAE W2 M E R

M 2.1 AR, AN KR IS EIEHTE N A T, B YR e A A R,
FEANKHININE Y 25%I),  EVE AR mE, R INKRRBUERA RSN
AR, BA/NKIE T ARAPEESHERT T/ NS 25 T A /K
By BRI IR B VP o3 Se G BEAR . /N RIRAS BRI BE P BB /N AR IR B I o #n . X2
B3P v AR S i)k - = P 1l Rl Zi b an i ey A P I E A D ES R
KA G HE N8,

10


2.4.2.1

REERA PP 2 T LA N KRR DS T

[\

LB S BS
4 B0

4 TH

B (N}

4 &5

4 &0

T T T T T
-] 20 35 a =

0 2
PR (%

B 2.1 AR A B B E AR Y
Fig. 2.1 Effects of millet flour addition on sensory scores and hardness
H3R 2.4 AIA1, ANAKRASYE LFN b EIBIBEE /DN KR A & (g i g n, - (ExF
dHERARE, LYEMSIME/N KRB USRI, p™MESg N, $H] 177
AT AR PR R R RS NKREA SRR, WINEN
B T, HBEENKRIIEM,  ASKRBUIAMA R, SRERE TR A
JTTEVET, AR N R IR INEAE 25% /5 4 el
& 2.4 AR BRI K KB E B

Tab. 2.4. Effects of millet flour addition on chroma value of millet Taigu cake

KT INE (%) L a b*
15 60.50+0.39¢ 6.41£0.17 29.69+0.434
20 63.57+0.05¢ 6.42+0.212 32.38+0.28¢
25 64.31+0.35b 6.54+0.222 33.76+0.74°
30 64.74+0.15%® 6.62+0.222 34.68+0.874®
35 65.17+0.35 6.34+0.122 35.87+0.68"

i ARG FERRERRE (r<005) , MANSFRERERFLE (r>005) .
2422 BUTERMEN =@ E o MEE R

W] 2.2 AR, BEERERISEIN, ANRRBDEIRE BB AR, SRR 1
ARSI RS IR =, SO ER],  Hatss,  XRMERS:
BUNKKRB OO LR BERERL AT A, LA KRB UEEA TR, B
A ) RSO, PP SRR AR, AR T RPBRRAS I AR 25% A2 A0 TR VN EL AR
e IX IR EMFESRAL R SRR 1 A Rl A DT EC RN BEE R RN, R

11
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PEAMSEHIN, TR EIRA L — 5K

B -7

A5

TS (2

B 22 Q&R R IR F AL AR R

Fig. 2.2 Effects of sugar addition on sensory scores and hardness
2.42.3 YRR MEIN = mEE TS FMEE R0

Wil 23 Al BEEREYIHTIN,  AARRBR OO IR, DN
AR, AINKRBOUNTOEE, e,  MEGER,  PUEE TS
2, AN, BEHWE, AT, ANKRREGHERE PR R
BRI ST G EGE S, FEAINE Y 30% M R PFrfE . SRETEE AR,
BRI 30% it X5 MR 20T TRl il X 18 I = BC i T (M B PP o
BN e PR A e — 2.

—a— Wi
EL

LI
£
= s
» =
i &=

5 - E

15 1 2 30 35
Fitih e m bt (%)

B 2.3 A4 iR e 5 RCE IR AR AR E 0 Rk

Fig 2.3 Effects of vegetable oil addition on sensory scores and hardness
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243 MREHKIRERS 5
2431 REIENHER

£ 25 PAKBHETRNHBREK

Tab. 2.5 Sensory evaluation data collection table of millet Taigu cake

IS =t 2 )

K JRE VY

5 B TR A 1%

=

kel Wi W2 W3 W4 Wi W2 W3 W4 Wi W2 W3 W4 Wi W2 W3 W4

1 6 3 1 0 4 4

—_
—
(9]
AN
—
()
[\
(9]
[\
—

10 6 3 1 0 4 5 1 0 3 3 3 1 2 5 2 1

11 6 4 0 0 3 5 2 0 4 4 1 1 3 4 2 1

12 7 3 0 0 4 4 2 0 3 5 1 1 4 4 1 1

13 6 4 0 0 5 5 0 0 4 5 1 0 6 4 0 0

14 7 2 1 0 5 4 1 0 4 5 1 0 2 5 3 0

15 6 4 0 0 2 6 1 1 4 4 2 0 2 7 1 0

16 7 3 0 0 5 4 1 0 6 4 0 0 5 4 1 0

17 5 4 1 0 1 6 3 0 5 4 1 0 3 5 1 1

T wiwa DRIERANKR B GHRE T R R04E0, B AL B C. D, fARMIZECN 90, 80, 70, 60-

13
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2.4.3.2 {ZHAREERY ST
(D) HRIFEE Vo ah B, L@ B o0 KRB TIER . B S5 0
HERNBBE LS NS, 2L BORIREFE R
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01
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