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Thermal rheological properties of heat-moisture modified
and its application in multigrain cookies

Le Thi Huyen Trang LI Xianghong MIAO Jinxu WANG Faxiang LIU Yongle LI Shuang

(School of Food Science and Bioengineering, Changsha University of Science and Technology,
Changsha, Hunan 410114, China)

Abstract: [Objective] To develop low-burden, high-nutrient functional baked foods. [Methods] A single-factor experimental design is
employed, with rapid visco analyzer, rheometer, and differential scanning calorimeter to analyze the physicochemical properties of heat-
moisture modified wheat flour. The cookie formula is optimized based on sensory evaluation. [Results] Heat-moisture treatment
significantly enhances the pasting stability and resistant starch content of wheat flour. The optimal auxiliary ingredient formula is 50 g of
heat-moisture modified wheat flour, 20 g of oat flour, 10 g of mung bean flour, and 6 g of resistant dextrin powder. Compared with the
control group, the cookies made from the experimental formula show a significantly lower digestibility, with a glycemic index of 69.37,
exhibiting good low glycemic response characteristics. [ Conclusion] Heat-moisture modified wheat flour can optimize the texture and
digestive properties of cookies. By incorporating oat flour, mung bean flour, and other multigrain rich in dietary fiber, the nutritional value
and health benefits of baked goods can be synergistically enhanced.
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Table 1 Effect of heat-moisture treatment on wheat flour viscosity
FE i WAL R B C WA % % /(mPa-s) e KB /(mPa-s) e A /(mPa-s) [o] 4 {f/(mPa-s)
CK 62.2240.26" 1638.414+34.91° 1536.91+61.29° 2222.62+67.42° 617.70+73.36"
HMT 73.2241.45 590.03+ 14.85" 555.36+11.82° 1071.77432.53" 516.41+20.04°
HMT-OGD 73.80+0.55 657.80+19.64° 578.28+18.70° 1402.39+15.61° 824.11+14.83°

T NEFRERE SR B (P<0.05).
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Figure 2 Rheological curves of heat-moisture modified wheat flour
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Table 2 Effects of oat flour on textural properties and sensory scores of cookies
e A A TR A R R4y
/g WEE/N B E/(N-mm) @ SR & S HAGEH Bk 2 Y
10 15.103.58"  14.08+2.58"  7.3741.23"  7.63+£0.61" 6.10=1.34" 7.59+1.14 7.47+129  6.63+=1.04
20 12.5943.03*  11.182%2.38"  82340.68" 8.000.85°  82940.96° 8.15+0.84 831%£0.96  8.4940.83"
30 8.76+0.99" 9.70+1.09"  6.83+1.41" 7.17+1.45"  7.88+1.15° 7.63+1.14 7.67+139  8.0740.83"

T NG FERRIR 2R BE(P<0.05),
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M.
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Ji 2 55 4 7 SO By R 3 A R A OG . IO T T
AIMER TR (5~15 @) AT 435 DF T 1 R 4 AR 55 R e 1, i
25 g USINAL T PT 3 W ST R, AT B A 25 440 s 5 BBk g

PERRAR . S IR 2 T Rk 3, R W B & 1 pf
TR LU IR o AR 32 4% TR VS N5 550N | A A AR
AR RE ., GEBRES, Ug R 15 g, vt
T B RRE I3 e i, A5 BB R A B . 2R 1S R
gk A (2915 g) A B T THOF T A RCE L BT, T2 R
I (25 g) WA B B 254 55 20 W45 A8 T R AIG ™ i 46 32 )
2.2.3 PR IR N 6 PR T 0 5 R AR AR TN
W 2R AT, Y BT E RO S i 6 g I, R T i b
JEB AT T R S R M BT E RO R i 8 g
Aeb, T 3 2 (10.81+1.06) N, 2 B Bt 40 RS mT i 0F 1 1
JO AL AR AR BMAA R o Y 0 ORE WS NS 10 g B B
B A (11.36+1.59) N Gk T 1% 0EL 0 44 B 5 P RS I
Jon e ) 1 2 SR T IS Rk e e BT BRS04 R i 1)
THCEDT MG . 25 b & R PR (8 g &2
A7) T FE AR 45 5 Hb AR 0 1 ) e 3 5ik 0EL R 1 L A B T 0 Ak
TR AR AL R

AT VR I 6 g I, BF T B SERT S R R
FE, 0 HAE (P8 AP L 1R TR R T AR
PR 425 22 B2 3R BV KOF o YT RORS 38 &ty 8 g it
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Table 3 Effects of mung bean flour on textural properties and sensory scores of cookies
TR SR JB R JE S
Jiniit /g 52 /N AH A4/ (N mm) fuREs H1 gk LS WAL DR 47 )
5 13.06+2.69 12.00+2.84 7.644+1.01 7.86+1.17° 7.46+0.89" 7.214+1.53 7.57+£0.94° 7.2941.94"
15 15.18+3.31 13.21+3.15 7.68+1.49 7.68+1.41° 7.501.16° 7.43+1.40 7.46+139® 7.82+1.59°
25 14.924+2.67 10.54+3.51 6.57+1.95  636+1.69" 6.18+1.23" 632+1.51 6.54+1.42° 6.43+1.65°
T NS FRRR S B (P<0.05).
x4 pUEMIRE XS A O T R R R0
Table 4 Effect of resistant dextrin on the texture of cookies
ek S G R B R4y
wne /g i B2 /N NELU P /(N - mm) ERES S 1 e SN LER AR 432
6 13.09+1.91° 10.52+2.30 7.60+0.83  7.804+1.08" 7.784+1.25 7.35+1.40 7.9240.95 8.054+0.69
8 10.81+1.06° 11.12+2.87 7.87+0.67 7.70+0.80° 7.8340.79 6.73+1.16 7.43+0.90 7.90+0.76
10 11.36+1.59° 10.87+1.84 7014149  6.68+1.92° 7.75+1.17 7.47+1.14 7.13+£1.13  7.06+0.85

T NEFRERE SR B (P<0.05).
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T 0 R ST AR A PR R (AL R S Y
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Table 6 Orthogonal experimental design and results

= A B C IS

1 1 1 1 47.1
2 1 2 2 442
3 1 3 3 43.3
4 2 1 2 46.3
5 2 2 3 42.7
6 2 3 1 42.7
7 3 1 3 46.6
8 3 2 1 44.4
9 3 3 2 43.7
k, 44.9 46.7 44.7

k, 43.9 43.8 44.7

ks 44.9 432 442

R 1.0 29 0.5

x5 BHTEBEILMERRKE
Table 5 Factors and levels of cookie raw material ratio
Ko A M Ky B 4 5 W C B PE IS
BN /% B/ % B /%
1 15 10 5
2 20 15 6
3 25 20 7

HI 2% 6 T, 45 DR 8 R T JT A4 5% I = R K VK
kg L3 T U I A > S S 0 > B MR R i, 2%
YT A AR B T T2 8 AsB,C,, BIVHE 2 B 4 & 25 ¢,
SRR NG 10 g, PUPEMDRE IR AN 4 6 g0
24 ZRGTHRERTIZHRASENREITN

HI 2% 7 W AR D 8 A DR T AR R DT R
PR T R R R IR P AR (8.3) L AR T
3 (8.2) AN (8.1) 15 434 sy , & WA H AL T 7 K 5> 1
TR0 A AR R T, 32 BT 1 — BOA T &
B R NS RT3 h 7.8, B AR H 22 52 R K, Uk B
P R R E PR AR E AR A AR 775 L L
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Table 7 Sensory evaluation of cookies prepared by the optimized scheme

T /N AEIEPE/(N-mm) (SRS S H AR MGy BETIEZE B
13.1942.85 10.67+2.69 7.8+1.0 8.1+0.7 7.8+0.7 83+09 7.8+0.7 8.2+0.3 48.0
F8 HUEHTHEHUEESHYZI
Table 8 Effect of modified cookies on digestion model parameters
205 HI GI RDS/% SDS/% RS/%
Xf HE 20 0.80+0.04 77.18+3.52 37.25+4.47 15.524+1.77 47.23+2.71
[l g sl 0.71+0.02 69.37+2.21 32.40+3.24 15.09+2.55 52.5140.69
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Figure 3 Digestion kinetics model fitting curves of

modified cookies
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