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Effect of Black Rice Spent Grain Addition on Quality and
Physiological Activity of Steamed Bread
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(1.College of Life Sciences, Anhui Normal University, Wuhu 241000, China;
2.College of Food and Biological Engineering, Wuhu Vocational and Technical College, Wuhu 241003, China)

Abstract: Compared with the wheat steamed bread, this article was to explore the quality (color difference, structure,
texture, sensory evaluation, etc.) and physiological activity (antioxidant properties, in vitro digestive characteristics and
glucose production index) of the steamed breads with different ratios of black rice spent grains (BRSG). The results showed
that BRSG had significant effects on the specific volume, color difference, structure and texture of steamed bread (P<0.05).
When the BRSG addition amount was 5%, the BRSG steamed bread had better morphology and odor and taste and more
popular than those of wheat steamed bread. The polyphenol content (0.066~0.088 mg/g), flavonoid content (0.266~
0.379 mg/g), DPPH radical scavenging rate (25.1%~70.4%) and ABTS" radical scavenging rate (37.4%~71.6%) of BRSG
steamed bread increased significantly (P<0.05) with the increase of BRSG addition. Meanwhile, BRSG could improve the
content of resistant starch in steamed bread, when the addition amount was 15%, the content of resistant starch increased by
1.49 times, which could be suitable for the preparation of resistant starch products. In addition, it could lower the glycemic
index and apply to the preparation of auxiliary hypoglycemic products.

RS EHA: 2023-08-21 7 —
BEEWME: %#0h g /8584 (1908085MC99) .,
EERIN: 8% (1999-) , %, KFAH, AR @1 %At d 5 L42, E-mail: 2330241847@qq.com.,
AM—ufy (2002-) , B, RFAF, HRF @: RSAF S5 T4, E-mail: 3112889733@qq.com.
*BEEE: A4 (1977-) , B, 4, 830, A5 @: RRiH K52 % T, E-mail: 2006hanghua@163.com.


https://doi.org/10.13386/j.issn1002-0306.2023080213
https://doi.org/10.13386/j.issn1002-0306.2023080213
https://doi.org/10.13386/j.issn1002-0306.2023080213
mailto:2330241847@qq.com
mailto:3112889733@qq.com
mailto:2006hanghua@163.com

%453 55 13

VIASSE |, A5 SRRV X1 Sk it BT A A G P 5 <117 -

Key words: black rice spent grain; steamed bread; antioxidant; resistant starch; glycemic index

18 SR TR FE E R A H W A —, it
ZINZE Ry L KRN R VR A 2R 1T A, LN B A AT
TR U 4 KA. MEAE SR AN
SeAt o X MR B IR ZI T SR, EHE 18 Sk M EAE
CLC e E R R o RIS GRrrE T Ta, S
18y LRI T, E AN TR S T Re e
SRS ISy b, g ekt IhZi a2
Pl BkZERE AW H D PR L e 45

SEOK By DK — PR ES S KRR R,
MREOKR BRI N B8, B 2K “RKEFEKRTIE
R, B S LA B KA Uk B il 710 s g, TV ey L
AERMEE . AN WAF AR S B AR R, U ANEE
HshAb B R R, 253t iR BT G, BECRIP A (black
rice spent grain, BRSG) 1y R KT A= 7 ik A2 iy @il
Yy, A B 8 IR ST, KR L RELAR T
B G4 2 B B FPoT R R, TR i
ZIRtEDU AL BRINAR . BRI . I8 1 e 2e 557 T
BT ORI 2B . B AR T 28 1A
BE A A PR BB AR B SRR 2, (0K
AR A AP P FH B IR I A AE PRI

W R BT, 7E48 S TP A InPRE, AT DL g 5
SR, ARSOK: BRSG #FEASF LB (0%, 5% 10%.
15%) BN 5 /N 22 iR -6 i A5 SRRV R S, #55T
SEOKTPAEXTE S 1) T (036 . B PPN L ST 450)
A PR (PR IEE L ARSMEARA I AE ) a5, oA
PR etV 7/ R T e R D IVA S EE Py B =
1 MR5RE%

1.1 MRS

SEOKIPGAE LB 2K A w R (g 3
Hh . REERLE e T 20, S Tk, i 80 H s i
¥y EdetoZZ IR S/ N Ry Ry 2 BHRERE R
A B E] AL ER TRk B i A B H 5 A
M . DPPH. ABTS. 3,5- {3 /KAZ AR . K,S,04.
Na,CO,. HIEE 2Ry WA YRH A RS Al &
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Table 1 Sensory scoring of BRSG steamed bread
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YIdaa] 12.5 mm JEESK A, (6 HEOCE E L §T
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1.2.3.4 Mg taIE e B T HEM s
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B
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AW, HERFRIBURE MR B 0.5 mL, 7EIRVE KK
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0.4 mL JTHEMEER 5% MIAMIREN, IR 5JHE 6 min
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Fig.1 Sensory evaluation of BRSG steamed bread
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Fig.2 Specific volume of BRSG steamed bread
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2.3 EXRBEMEELBESH

ke 2 pron, DUBOKIDRE AR I 2 0% 1l =k
VEXT B&, ST REATPDRE 1182 S 20 4 BE IR, SR EL . IR
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Table 2 Color difference of BRSG steamed bread

Sk

VR (%) 0 5 10 15
L 70.72£1.42"  64.21+0.84"  65.18+1.26°  63.16+0.30°
a —-1.70£0.36"°  —0.26+0.74*  —0.23+0.75" —0.46+1.38"
b 3.76+0.86°  6.44+1.05°  5.89+1.10°  5.78+1.22°

TE: AT AR T REROR 22 53 1235 (P<0.05) 5 351
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Fig.3 Laser scanning picture of BRSG steamed bread
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Table 3 Effect of BRSG on the macro structure of
steamed bread

PEOKHY

R (%) LA (mm?) LA (mm) FLEA R (mm)
0 0.947+0.694° 3.476+0.946" 1.170+0.339*
5 1.808+1.020° 3.781+1.077% 1.259+0.495"
10 2.068+1.414%® 4.40242.008% 1.279+0.403°
15 3.067+£2.018" 5.562+4.326" 1.471£0.516"

TE: W — S A Rl T BER 28 53 .35 (P<0.05) 5 32417 .

ek G B, FREECN G MG BRI ARG =19
B, 1B IR/, G5 GAARL, SRIEHESE . JREAT
BB FRATPRE v T & A IR B R 4, R T 1S iy e
103 28 2tk , FLIR AR 22, i IC A AL VE MY B L4 5]
FRE G4, DT S350 A oA 2504
2.6 FERKEEELFRMATHT

18 S A FE bR AT R | e L ALV L AR
B, 18 Sk AR 32 S5 nH M 548 Sk i BT 2 R OG,
PR [ A P T N B S R Sk TR SR IE AR DGR
2% 4 iR, FEAE HEOKIPDRE S N (X 1 i, 18 Sk 1 Ak )3
M (1041.036+35.718) g HEHNFE (2012.682+47.642) g,
N W PR N 764.641+6.249 HEHN ] 1650.171+55.788,
PP 0.85620.005 FEAIRE] 0.752+0.004, [ 52 14 A
0.650+0.01 FEAK £ 0.593+£0.022, N 2 M 0.951+
0.013 [FfKE] 0.861£0.019, X AJ A2 B AT K h 1%
BLYE o R, LT YRR — PSSR Sk WA TR R

AR AN (%)
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Fig4 SEM diagram of BRSG steamed bread
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Table 4 Effect of BRSG on the texture of steamed bread
SEORIGAE AN I (%) Rz (g) % (mm) NI EF-d R
0 1041.036+35.718° 0.856+0.005* 764.641+6.249°¢ 0.650+0.01°* 0.951+£0.013*
5 1133.685+18.507" 0.834+0.01° 798.642+19.268" 0.628+0.005° 0.925+0.006"
10 1168.404+8.266° 0.803+0.017° 855.635+29.228° 0.614+0.005" 0.912+0.005"
15 2012.682+47.642° 0.752+0.004¢ 1650.171+55.788* 0.593+0.022¢ 0.861+0.019¢
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SR AT BB SRR A R B R v, — S BT an ek b iy
T 3R RIS S 53 fft e AR p B B2 I 2 0T XM
ISk 15% B, 2R 0.379 me/g, 2 &k
0.088 mg/g, 43 AllJE/NEMESLAY 1.42 F1 1.33 7%, B3
R /N Sk P BT S AN 22 T 5 B (P<0.05) o
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Fig.5 Antioxidant activity of BRSG steamed bread
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/NZNESLY 2.80 FIT 1.91 %, HH AT, BECRIETRE S
IR, B A B SRR ARG, 33X 5 B R A 2
SEEGES IR 3. . W& &5 DPPH 1 ABTS"

F R SR AE ) Z AL EAT R IEARSCTERT . ik
S USRI A RE SR m TR RE T o
2.8 BRKIBEFESKRINEILIERED T

2.8.1 PubEiEH&E (RS) . /KMFEE(HT) B 7 i
B IR EC(EGD) R 5 AT, BEE BRI RS RN

EIHS N, RS &EWmAER . /NEK T RS S HEAE
2.45%~3.15%", /N8 b RS 2928 6.35 g/100 g7,
7S S B Fp BEIRE 1 Sk RS & HETE 7.58%~14.00%,
WERET/NEMESL RS S (P<0.05), Rk G E
Y-S mAE 3.8%~4.5%, MK 25, HE R
LA E RN IR 5.0%0% TEEEFEAE e /K ff AT
B AR T AR B A5 B IR, T DARESE DE
A TEALFAUEE =Y, BRI, TSk s KA A
AT LA TER oK s Ak, PR e sk iBiEALER ) o

RS ERWREIE LR MR
Table 5 Starch property table of BRSG steamed bread

KA
%Tsugﬁff) 0 3 10 15
RS 5.61£027°  7.58+0.38°  8.73+0.65°  14.00+1.18"
HI 67.85£0.49"  59.98+2.64"  54.45£2.59"  45.73+2.86°
EGI 76.96£0.29°  72.64+0.57°  69.60+0.64°  64.82+1.30°

1SN IIUBE A S ST EGI BENS 2 WLRE ARSI MERY
AL AR, If H SR NTEBH AL Se 504 A IR 41
AHICHER? AR S 06580 35 0 o HEKTE A 12 S 11 EGI ok
T ARG obE A BHR . Fi 5 N, B hniEoK
TR RENS 0 2B IR P2 L A9 HIL EGI(P<0.05) . 44
SKRABRE RN 15% B, 1831 EGI HH 76.96 F&#{IL
F 64.82., 4 EGI=75.00 B}, N7 EGL 249, AT LI/
A8 A E EGL B2, TGS N S KR 1112 Sk 349 A
T4 EGI B9, BUm 12 sk b B in KT A BEAS BT
HARS BT = FE 2
2.8.2 TEMPKMRINZ I 6 I, T AR AN IR
a CET TR IO BE R T A 38 15 I 25 T Ak st TR] ) 5 o
A, BT 30 min PITERG KRS B DR, T /K A R 1%
WiARME, 76 120 min J5 T V2% . TEIRSMEHLTE Y
HALT, FIEETER KRR B 72.52%, SERTERETR
INEEA 0%, 5%. 10%. 15% 1 Sk BERS 7K Al 385331
M 51.20%. 46.58%. 43.79%. 40.46% ., /NI
PEORIPGRE 182 Sk JE My K s ISP AL, R AT fE
JE FEKIPRE 5 A R S 2T 4, FLRRRGSAATT LARH
TFUERY S5 M ALBE A RS G, DT BEARTER 7 A
%[33]O
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Fig.6  Starch hydrolysis of BRSG steamed bread
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el A0 Sk P | ] AR R P SR PEFR AR T [
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ISR BE 1 e R, EGE P, B TN svs ez,
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