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Quality Improvement of Steamed Rice Bread by Regulating Starch Gel
Network with Anthocyanin Extracts from Lycium ruthenicum Murr

CHEN Yu', TANG Yuli', LIU Yanyu', JIANG Fangcheng"?, SHEN Wangyang',
HUANG Qingrong’, JIN Weiping"®

(1.School of Food Science and Engineering, Wuhan Polytechnic University, Wuhan 430023, China;
2.Rutgers University, New Jersey 08901, America)

Abstract: In this study, the effects of adding anthocyanins (0.45~2.70 g/100 g rice flour) extracted from Lycium ruthenicum
Murr on the quality improvement of steamed rice bread were investigated through textural profile, gas cell distribution, and
sensory evaluation. The mechanisms underlying the effects of anthocyanins on the starch gel network and fermentation of
steamed rice bread were investigated based on rheology and Fourier transform infrared spectroscopy (FTIR). The results
revealed that the optimal amount of supplementary anthocyanin extract was 1.80 g/100 g rice flour, which gave rise to
steamed rice bread with a hardness of 14.02 N, a specific volume of 1.78 mL/g, and a sensory evaluation score of 76.63.
The red shift of the -OH stretching vibration peak in the FTIR spectrum indicated that anthocyanin extracts might bind to
starch molecules through hydrogen bonds. The increase of R s5,/102, in the deconvolution curve suggested that the addition
of anthocyanin extracts increased the short-range order of starch. The rheological results showed that anthocyanin extracts
decreased the complex modulus (|G'|) of rice paste and promoted the expansion of gas cell chambers in the steamed rice

bread. In addition, anthocyanins acted as an indicator for the fermentation process based on their pH-dependent color,
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giving a bright color and good appetite to the steamed rice bread. In conclusion, the addition of anthocyanin extracts from

Lycium ruthenicum Murr could promote the gelation and fermentation of steamed rice bread by regulating the starch gel

network, resulting in quality improvement.

Key words: steamed rice bread; starch gels; dynamic rheology; gas cell distribution; anthocyanin extracts
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Fig.1 Effects of different water addition on the textural profiles
(a) and sensory scores (b) of steamed rice bread
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Table 2  Effects of different water addition on the gas cell
distribution and specific volume of steamed rice bread
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Fig.2 Effects of different sugar addition on the textural profiles
(a) and sensory scores (b) of steamed rice bread
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Table 3  Effects of different sugar addition on the gas cell
distribution and specific volume of steamed rice bread

JigE SHLBGE SALERR SALER SAL FLEEER A
(g/100 gKHp)  (4Y) (%) (mm) & (mm) (mL/g)

1158+  51.03+ 146+ 10.67+ 0.197+ 1.40+
8.140° 2.00" 0.13° 1.43*  0.006*  0.03°

1154+ 49.90+ 1.46+ 10.53+ 0.192+ 1.48+

10 6357 080° 034" 346 0004  0.06™
s 13386 4937+ 107+ 6614 0163+ 161+
2160 087 007 125 0005 005
" 1098+ 49.53: 166+ 1123+ 0.178= 153+
5338 083 014 217 0.008° 0.03°
55 11365 5117+ 272+ 1998+ 0189+ 145+

38.97 1.18° 021 594* 0.003*  0.02°

H pH /R 2250 HR R AT S U T e 1 &
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1.80 /100 g >KByBT, >K &KLY RE B 52 2 (P<0.05) 3%
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20 - .
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~ 151 A 7 N T
2107 N . R 1
) A s
s{| A 7 R IEE
oL 8 | O B Al
0.45 0.90 1.80 2.70
AT HRIA N (2/100 gKH)
ETEEA IS - m- 0.45 g/100
® 20 - : 0.90 §/100§
—A—1.80g/100 g
1 ~y--2.70 g/100 g

AU &

i S
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JEEIES> (b) IS
Fig.3 Effects of different anthocyanins extracts addition on the
textural profiles (a) and sensory score (b) of steamed rice bread
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L0281 TR g S I 0.5% T3 22 W di Jo 2K 0 T A i
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0.77. Wl ReSEiL 2 1 Z2 Wy il A R AR S A4) , ) SV
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100 g KB, BEE TR S5 = o 76.63 41

HUHIAC AL R U T oK e LGS F B2 )
N 4 iR, BEE GO IR R, KREths B3
¥4 (P<0.05), Yl A LA 2 553 K5 v/ ey ik
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eI/ NG EE R K 4 A KR REYT I S F LS
A B, BRI W RN B/ IN AL, BRI R
BRI, B MLT AT LGS RRE . 2416
OATESINEAE] 2.70 g/100 g Bsnt, SFLE R W38
JL, SALBEAR B E N (P<0.05), K &KL PI R4 H
e, BREAR IR, LR TR, MBI E (AT
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T B ARAREE, RIS AT 5500 PN FLBR 25 44 Fil e
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Table 4 Effect of different anthocyanin extracts addition on the
gas cell distribution and specific volume of steamed rice bread
s AL AL LB AL FLEERE LA
(g/100 gKA3)  (14>) (%) (mm) AF (mm) (mL/g)
1047+ 47.90+ 0.77+  6.33+ 0.181x 1.65+

0.45 3128 L12° 005 097° 000" 0.01°
0.90 1164+ 4807+  095¢ 756+ 0178+ 170+
: 3674 118 0.13%  145° 0004  0.02°
50 1305+ 4990+ 091+ 632+ 0174t 178+
: 38610 028 002 123 0002 0.01°
270 1169+ 4940+ 159+ 1564+ 0.194+ 177+
: 68.62°  086°  011° 107 0004  0.02°
0.45 g/100 g 1.80 /100 g 2.70 /100 g

.

0.90 g/100 g
(a) o

(b V- i
i R G

K4 R[RIAE T SIBCIAS I K AR IE S A <AL A1 K]
Fig.4 Morphology and gas cell distribution images of steamed
rice bread with different anthocyanins extracts addition
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