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Abstract

In this paper, white kidney beans and mulberry leaves as main raw materials, and red kidney bean
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flour, oat flour, black rice flour, black bean flour and high gluten flour as supplementary materials,
a low glycemic index (GI) bread of mixed grains and beans was developed. Firstly, the effects of
mulberry leaf powder, white kidney bean, gluten, maltitol, oat flour and butter on the sensory
quality and specific volume of the bread were studied in single factor experiments. The results
were as follows: butter 10%, oat flour 15%, mulberry leaf flour 0.2%, gluten 6%, white Kkidney
bean flour 8% and maltitol 1.6%. On this basis, the main factors affecting the quality of bread were
optimized by L¢(34) orthogonal test. In addition, the single factor test was used to determine the
optimal proofing conditions of bread. It was found that the addition levels of mulberry leaf powder,
white kidney bean powder, wheat gluten powder and maltitol were 0.3%, 12%, 8% and 1.6%, re-
spectively. The optimal proofing condition of bread was as follows: at 36°C and humidity 85%,
proofing time was 70 min. Under the optimal conditions, the specific volume of the low GI bread
was 1.71 cm3/g and the GI value was 54.66. The bread has smooth surface, high elasticity, small
and uniform internal air hole, strong chewing property, good taste, no stickiness to teeth, no ob-
vious sweet or salty taste and meets the requirements of low GI food. The product could provide
more dietary choices for diabetics and other sugar-averse groups.
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IONEWE, F 3 RS EidE b 8~10 min, FHE REHE, H 3R EH .
2.4.4. BUEEL

P i B, G AREAE T ONFERL Y, I N R AR, 75 36 CAIVE R 85% F, K I 70 min.

2.4.5. Wik
K0 B P 5B 4 4y, By 60 g, FRIEFEFEE K 165°C, Tk 165°CTF, & 15 min.
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Table 1. Sensory assessment standard
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B, DRI, RS JoR I & XUk 25~30
JRH 1 & 30 WE AR, DR, R 19~24
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Table 2. Orthogonal test factors and levels of low GI bread formulations

2. % Gl EBEAMIERREERZR KT

FEN
K A B C D
FHH (%) HZ=EH(%) Bk (%) P (%)
1 0.1 4 4 0.8
2 0.2 8 6 1.6
3 0.3 12 8 24
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3.1. EB&EEXME Gl mEaARNRM
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Figure 1. Effect of waking time on quality of low GI bread
Bl 1. BEARFEXHE Gl E & & RAFZ0

T RSB 2 3550 . AT R I, AR K. SRR I (8] 5, BEE B (Rt — DK, T
TIFRF ST AR, TR B R, T B, SECHE MR FRE(16] [17] [18]. FTLL, R MEERE1) -
SR BIRFS 7 R R THIE (R AR AR O 8 e KA, (DB T /B A 50 45 ) B SR T (AR A B fe . TR
I, B AEMEE R A 70 min.

3.2. HBARMEIME Gl HE AR

MaLE (cn/g)

70 1 . 1 . I . 1 . 1
5.0 7.5 10. 0 12.5 15.0

ORI (%)
Figure 2. Effect of butter addition on quality of low GI bread
B 2. BERMEXE Gl BRI

TV (1009 RS T P SRR O o B LU R e B 2 B . BEEE INER A N, TR R T R
The MBINEIER] 10%, BEREXIREESS 7). 25, MERNESSN, Ky RESE .
IR, SEHH ISR INE, MEEREAR T RINEES] 10%, AR K(.80 cm’/e). R)F, FEH
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IINE e, HAMGE . BEAEREN R Bl IR T T A A, T RAE
FRIREEHE o [T, IR AL SR AR BRI R B i - R, IR A S Wi, K= CO,
RUMRER, TR RN, (2 T MK, et 7 e R AERE[19]. (HE, B
Wing 2 SEOn A ERIK, RS, ARGk, FH, M, FUBmE20]. Fitk, Tt
FER IR 10%.
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1. 64
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il 4 1.60 &
B oy
g Gl
% =
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FHEIE ()
Figure 3. Effect of mulberry leaf powder on quality of low GI bread
B 3. RMBRMEIE Gl HE MR

M 3 ATCAEH, FEE S s, marEElmEAN E . M InEHN 0.2%8, K
BIRRER RS0 /) ZJa, MERINEASIEN, BEREYE T, B, S SR A W
Whn, H MBI (1.62 cm®/e) P48 N FF. S A S R SR A n R SRR I E
AINT0.2%H, FEMMEH ARG —E WS ER, HFHRNESZ 2 M B8t 02%/5, $205%
Mok S EI A T E M Rk, I A AR, W, BEE SRR, e AR, b
FIBWET B o X RN SRy o B AT G AR 4, 0] T A A X 4 g5 R BRI RN R
fESTHAREFAME FRE[21]. A4, S0 b 2 MR By 2890 57 5 10 3 & AR AR . 3 R 69 N 30 45 4 78
7, MR R ZE22], SEmA LA N, Fit, SamamREREMELE, FmrmEn
BHHEN 0.2%-

3.4. BEEMAMEME Gl BEE AR

HE 4 AT LLEH, WINERDN@E%)N, RERER 91 7). BEERNEZEEN, KEREE
DUPE TR, HEFEZHT S M85 8%, HLFFIARIH K(H(1.83 cm’/g). Bh)F, U INE ksl
b, WA POE TR HIEFE AT R 2SI IR T 8%, A BN 2 SO 1 T 7 A A& 4 551k,
w7 B EESARMEE ), FEaEmEKeE I EE. 25, RS 8%, AL & =i,
F 25 SRR T VERE B A 4ER IR 1T T W 48 S5 M e gk v, AT R SUME IR (23]. AR, TERLKR
HRREF, REEAAEANGWRELERH, (AR TARRS, IWMELSE 7 R fE[24]. 4, BEEHmE
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BE—BHN, R SRR E, FUNRAERE. K, SGamaBERENEE, AXEnNR
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Rt 1180
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Figure 4. Effect of white kidney bean flour on the quality of low GI bread
E 4. BZEMRMEIR Gl HE MRS

3.5. AMHRMEMK G BERRIFT

A (en®/g)

! : ! : ! : ! - 1.80
2 4 6 8 10

Bk imE (%)
Figure 5. Effect of gluten content on quality of low GI bread
5. REUBARIMEXHE Gl B & ARIEME

HI1E 5 AIRD, BEAE A OB DS RO N, 1 AR B A EL A R B PGE ET RS S
BIEH] 6%, EE R EREE®9 ), HAEBEE(.89 em’/g). ZJ5, BERMELSLIE M, BKEiE
ANEE A HRARIE T o A5 Uk 0 T B s BRI i 0Tt . ok vl M B i RS &2, Aok b
BERE A>T 2EAR2S], BAEMIE; ZREAD T NLYRR, BA#ME. WEILRER, 8
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HA MR R FE . IXPh R FE RE0S O IR BE, PRI RE . TR IE B ok, i v i 7 2R
SRR, MRS NE L, SeEmaORE R, e, eI ok, TR =4
gL w, AR, AR, T EURE R AR FEAR[26]. I, ok AN E
6%

3.6. EMFMERE GI HEARAIR M

HIE 6 A, MHEERTRINE R D (S%)E, HaFER K71 em’/g). B IR NE K856,
T R R B T, MR R 15%, EEREXRREGY ). 25, BEERNEHkLE
B, EERERE TR, R, WA REIRE NS . TR R E s e
TR T I AR R AR, Bk, merREmREgmn. (28, MERNEREM, &
THREM TP EAEMRECAHE TR MR, MaSEN Rl S mHED RN S
K, U A AR A R AR, AT BELRS [ 141 o T A X 2 00 TE T (2710 [FTEE, B TR AR 4 T
WHEAMMBEN, SEWE FBIRHmHMLSE, B SRmEmERE. S, Bl st
ZER, AR TEEREREE, Bl a2, e, T A IR (28] B, #EER
BAERMERN 15%.

84 - 4172

82 1170
—~ o0
£ >
~ 80 - 4168
i K
X =
{llg 78 b —1.«3«3#_;J
iy

76 | 164

74 : : ' - ' : ' - 1.62

5 10 15 20 25
HAKHININE (%)
Figure 6. Effect of oat flour on quality of low GI bread
B 6. MmEMAMEIR G HERRAIFM

3.7. EFEEAMEXNE Gl AE MR

HE 7 A3, B2 ZF AR IS IR 30, T PR B T A A LR LT DA M s .
ININEIEE] 0.75%, WHREFREA.71 cm’/g). ZJ5, BEMNELR DN, sy, EE,
RE A DV SRR 3%, BRE FURIAEIR 81 45). HATREMER i~ BT
BERE A I S, AN GE — @, ERIFM RS Rk, 25, L2, gkt
BN o KR ZE ZEHERE ST WE RS OR TR, e e RN, TP AR RE S e R, e 2 i,
A I IR BE R B A%, 1T FL At B 68 B 1 B R FH 1R 5O 20 B kb, TR AS Rl AR A, sl 1
ALK 1 [29]. PRI, ZRETHAURE B S, ZFMRERRERNER 1.6%.
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1.72
2
41.70 §
{S
@
=
- 1.68
72 : L : L * L
0 1 2 3
ZIFPEREA IR (%)
Figure 7. Effect of maltitol on quality of low GI bread
Bl 7. ZIZFEERMENR Gl BE MRS
3.8. ARESHMIERRE
Table 3. Orthogonal factor design and result analysis
3. EXERRITSEERS
ESEN
P A B C D ’%Ezg;)% EL %% (cm®/g)
B (%) H 2 SR (%) TR (%) % SRR (%)
1 1(0.1) 1(4) 1(4) 1(0.8) 80 2.31
2 1 2(8) 2(6) 2(1.6) 83 2.08
3 1 3(12) 3(8) 32.4) 85 1.73
4 2(0.2) 1 2 3 77 1.53
5 2 2 3 1 82 222
6 2 3 1 2 85 1.78
7 3(0.3) 1 3 2 90 1.89
8 3 2 1 3 84 1.87
9 3 3 2 1 80 1.83
k(1) 82.67 82.33 83.00 80.67
ky(1) 81.33 83.00 80.00 86.00
ks(1) 84.67 83.33 85.67 82.00
R1 3.34 1.00 5.67 5.33
ki(2) 2.04 1.91 1.99 2.12
k,(2) 1.84 2.06 1.81 1.92
ks(2) 1.86 1.78 1.95 1.71
R2 0.20 0.28 0.18 0.41
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e 3 fs, R E VP BT A ok > Z5ERERE > Rtk > AEE EmialE
RERIGT N 2R > BET > [ > Bk, X T8 G [, ERE s & AR &L,
B ki ko ks BRI, BARREREH SN AB,CD,, e A AN AB,CDy. K P44 R
RANEAL, TR GLAES 7 54.66 M 54.79, <55, FF&K GI B3R, Lia%E, RBUKE RIERH
HEN ABCsDye BI: FPH . TR Bk Z2FMEEMRAAERINE S 38 0.3, 12, 8 X 1.6%.

3.9. & Gl B ERIRAFHE ST

Table 4. Texture characteristics of low GI bread

= 4. K Gl BE RSN

JR AR T i Rtk ik ME g4 EEEE
AsB;C;D, 1455.10 886.49 0.84 74539 0.26
AB,C\D, 1340.27 627.13 0.80 502.24 0.23
/N THIAD, 651.43 396.37 0.79 328.79 0.31

AL PRIICEE, HIE HZ AL, XHZAK GI AR ST 204, 45 Rk 4 P, 224,
Tove R e RIS R R A, T RIRERE . KGR SR TEIE AR BN T AR, (A
PE AN T AL/ FERBR AP IIAZR ST ey, SR IF KT, A5 T R i i 4%
ik, AT A RS T B, T AR B KT /N e o R PR ME R R KR TN R . L K
MR VI B A S &, OB =M S, R 2, SR IL R, HgE

13,
4. &

DL ST, S0, 308, M0, B0, BT, STy EmEE, TR — SR
iﬁ?ﬁ%ﬂmm*ﬁ&*4ﬁ@ R R RAIALS, WiE T, M. . BB, A

2 KRR NG, AR R A LA B . fERCHEAL b, i B RS RES, HiAhT S e T
JRE R B R R L. B TS AT, Bl UK 60%. TR 34.7% MR 15%. [
TR 12% ZEGH 10% KR 10%. BER 10%. T 10% B0k 8% F2EHEEE 1.6%. TR
1.5% B 0.7%. FMHH 03%. HH, #iE 7K G I ERRERK %M, B F36°CRIEE 85%
BEJ 70 min. fERCETE4&MTT, ZEERMEEN 1.71 cm’/g, GIEHN 54.66. %W 70 MK GI THAK)
PO KA — 2 B AR FE Al

e HE

AR R E R LI E RO 16 52 5T PR DSB8 LT 7= i Bl (202203206020029); 3k
P\ F= DB i A MR T S 4 XU RS T B PR R BT DB AT 98 Bk Ak ™ (2021GJ010).
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