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Abstract ; In this experiment,black bean hulls were used as experimental materials and modified by enzymatic method to
improve the extraction rate of soluble dietary fiber (SDF) and the extraction process conditions of soluble dietary fiber
from black bean hulls was optimized by response surface methodology. The results showed that the optimum conditions
were as follows : the enzyme addition ( cellulase: hemicellulase = 1:2) was 5% ,the pH was 4. 6, the temperature was 50
°C and the time was 2 h. Under this condition,the yield of SDF was 14.90% and this result is close to the theoretical
value. The results showed thatthe water holding capacity and swelling force of enzymatic modified SDF were 3. 71% and
10.97% ,respectively. Scanning electron microscopy shows that the particle surface of enzymatic modified SDF was roug-
her, the alveolate pore was fewer,the structure was more concentrated and the particle size and shape were more uniform
than original SDF. This study provides some theoretical guidance for the development of high-dietary fiber food and the
comprehensive utilization of black bean hull.
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Table 1  Factors levels and codes
2 Factor 4ifit Encodeing K Level
1 0 1
fit 75 Jide: Enzyme addition( % ) X1 4 5 6
L Temperature( °C) X2 45 50 55
pH X3 4.4 4.6 4.8
5 [E] Time(h) X4 2 3 4
1.5 HiEiFEEE R SDF f¥ib s 2 EE AR
1.5.1 HAAwmz 7
%% Wang 251 150k . WERIFRBUR 7 SDF . 2.1 BEABUMER S [ SDF 1REVE B H R H N4 47
BERL 1.0 g 3 1:20(w/v) A LB FoK, Fo4miRA), o 2ul. 1 AR B An & 3 2Ok 2 2 8 SDF 4 3R 5 49
Fa i F#E 24 h,1500 rpm .0 10 min, 3 RiF.  #W

VB, DUVE B0 R M, R B 2T 4E (9 R5 /K Pk (WHC) T
F N RIIAR, R EE K,
HRiRE () &k
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1.5.2  JBRK A el

HERR PR LR T SDF HEEY1.0 ¢ TEARA LS
em B 1, I0 SRE AP AR VI, 35 1:20 (w/v)
IMAL B K, 7382, T2 FilcE 16 h, il
WK G IR B SR AEOR AR V2 R £ 2 2 1 WK R ik P
(SWC) I H I R oA, R B ER =
Ko
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ISRk JE A dehAR (mL) - F A Ak A7 (ml)
HREE(g)

1.6 HMERIFEEER SDF BT H

HERERLTE 105 C AP T4 2 A, M 5 JiR
AR SORE TS b R B TG O R B 4 ol
AR R AR X ] A G B i AT T, i
A 15 KV, 43 5l H K 2000 4% 20000 1% 40000
LGSR PE R Je 5L B2 SDF BB AR, 15 B AR 1 A9 49
LB

A& 1l RS N4 AE 2. 0% ~ 7. 0% i [Hl
N, et SDF 1 MO Bt 3 il A5 0 o 1 389, 2 B 5E
BER G B S, Ui 5. 0% i, Bt SDF
PN 13.96% o HEFHITIIE KT 5. 0% I, 2
PEAR G SDF $RECRIEA AR, FUH al e 2 i T
B ER TSN e R, 21 A 2R R 27 4 20 4 e At A i
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Fig. 1  Effects of enzyme addition on extraction ratio of mod-

ified black bean hull SDF
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Fig. 2  Effects of temperature on extraction ratio of modified

black bean hull SDF
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Fig.3 Effects of pH on extraction ratio of modified black
bean hull SDF
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Fig. 4 Effects of time on éxtraction’ ratio. of modified black

bean hull SDF
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DS A Fh i) S ke P SR 2 SDIF 2 BCR B i AN A
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2.2, M EANERESLEESE SDF 2l ZH
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g4 R RIR R, R H Box-Behnken i 56 15 11
R LWV IR X1 SR X2 pH X3 i) X4
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Table 2 Experimental scheme and results of Box-Behnken design

4t 7K F Encodeing level

SDF ;4 SDF Content( % )

5

Séquence number X1 X2 X3 X4
1 1 -1 0 0 11.21
2 1 -1 0 0 11.42
3 1 1 0 0 13.23
4 1 1 0 0 12.56
5 0 0 1 1 11.35
6 0 0 1 -1 12.86
7 0 0 1 1 11.87
8 0 0 1 1 13.29
9 -1 0 0 1 12.37
10 1 0 0 1 11.82
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2:5% 2 ( Continued Tab. 2)

o) 27K - Encodeing level SDF %4t SDF Content( % )
Sequence number X1 2 X3 x4
11 -1 0 0 1 12.89
12 1 0 0 1 12.22
13 0 - - 0 10. 54
14 0 1 -1 0 12.96
15 0 -1 1 0 12.49
16 0 1 1 0 13. 61
17 -1 0 -1 0 11,49
18 1 0 -1 0 11.21
19 -1 0 1 0 13.22
20 1 0 1 0 12.63
21 0 -1 0 1 11.75
2 0 1 0 1 13. 84
23 0 -1 0 1 12.22
24 0 1 0 1 13.26
25 0 0 0 0 14.56
26 0 0 0 0 14.79
27 0 0 0 0 14.90
28 0 0 0 0 14.61
29 0 0 0 0 14.68
XT3 2 BEHEATRLE AR YE 3 TR 0.22AB - 0. 078AC - 0. 0304AD - 0. 033BC - 0. 26BD
Y=14.71 -0.214A +0. 82B +0.72C+0. 15D - —0.023CD —1.424% - 1. 06B*> -=1.26C* -0.98D*,

®3 @AFBRFESHE
Table 3 ANOAYV for quadratic polynomial model

J7 2 K5 SFJ7 I H B ¥ior F{H P{E E M
Source Siim of. squares df Mean square F Value p-Value Prob > F Significance
I Model 40705 14 2.86 65.95 <0.0001 -
A 0.54 1 12.69 0.54 0.0033 o
B 8705 1 8.05 185. 64 <0.0001 o
C 6.28 1 6.28 144.75 <0.0001 -
D 0.26 1 0.26 5.95 0. 0286 *
AB 0.19 1 0.19 4.46 0.0531
AC 0.024 1 0.024 0.55 0. 4690
AD 3.600E-003 1 3. 600E-003 0.083 0.7775
BC 0.42 1 0.42 9.74 0.0075 -
BD 0.28 1 0.28 6.35 0.0245 .
cD 2.025E-003 1 2.025E-003 0.047 0.8321
A 13.01 1 13.01 300.05 <0.0001 o

B2 7.34 1 7.34 169.30 <0.0001 R
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%% 3( Continued Tab. 3)
T7 2R 7RI H e B ¥ F{g P{H T
Source Sum of squares df Mean square F Value p-Value Prob > F Significance
2 10.30 1 10.30 237.51 <0.0001 o
D2 6.26 1 6.26 14.43 <0.0001 o
5% 2 Residual 0.61 14 0.043
S U0 Lack of Fit 0.53 10 0.053 2.80 0. 1664 7 % Noncsignificant
2115 9% Pure Frror 0.076 4 0.019
AT Cor Total 40. 66 28

. FoREE,P<0.05,°
Note : *

*FoRMBE P <0.01,

2 3 ATLUE P <0. 0001 2 B 745 B4 5
3, Pred(R”) 24 0.9851,Adj(R*) 2k 0. 9701 , 3. H 481
AL, A B.C.D BC BD FIJT A3 kI

R®
G pH 450\\//500/(5*5&(‘@
P! 44074500 <
. SDFE (%) v
470
T
o 450 —| S
=] N\
\ {ia)
\
450 —
\
HA =t T T T T
4500 4100 49.00 51.00 53.00 55.00

B:igfE ('C)

P a WREFI pH

&5

express significant, * P < 0.05; # s express extremely significant,

(h

DI fi1)

**P <0.0l;""*P < 0.001.
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(14
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Fig. 5 Response surface of three factors on SDF yield
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4.64 15 [A] 2. 98 h, WHT A E 7 SDF 75 R BB (H &t
ok 14.93% Ry i fie A S 45 SR I HE R I,
JE BN SEBRERAE SR A R AT AT, B SR AR R - B
T 5.0% & 50 °C,pH 4. 6, 1Fa] 3 h, 7 4% 14
TFHEAT SR AR S A5 B R SDF 45 R 1 -
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x4 BHEETEEERK SDF ML HsiEsR
Table 4  Physical and chemical properties of black bean hull SDF before and after modification

AT KT f ik 1

Sample Water-holding power(g/g) Expansibility( mL/g)
J5 45 SDF Original SDF 3.4612 1.1236
5 SDF Modified SDF 3.5897 1.2469

AR T ESHOT R R, 5 S PRE B AR
G, HA —E N A
2.3 ERRMUMRIEEE R SDF WML a4
I 4 AL, e O T S BB LR SDF 5K
TR 1 A HE AR R B A8 Ak, Bk v IS R T
SDF {4k Jusdaim 3. 71% |, ik J138 0 10. 97% , fifg
R R LT e RN LT R o /N T
AT PE G B AR 4 1 h AR 2 FRE S5 R 5 A SRk 5
I DA AL VRS B 27 4E A BOm AN Rk, 3K A s
FATR T T i PRI £ 21 4EAR 5 (R FE K 1 AR ik 07, Wt

(a) JRLGM SR SDF (x2000)

(d) k247 % SDF. (x20000)

(b) etk H 7% SDF (x2000)

(e) JFURHE % SDF (x40000)

IKIAMKC 22 5 R IBOAR , mT ARE B8 4 R i e
T T R K I R g W > AT R £
EFERREK Ty Vi KA S5 ER A R A AR R
RE A H ZAE AR, 477K T FIPA K PR, A B Aol
B RS AR L T RS 2 5K SDF
FOFRF 7K 7 IR K 3 BT S, 18 3 W] LATRIA 4 Ok
FHEY R EZ SDF A BT E vy, R, 3R B R e —
ML R A Al PR R 2P AR A
2.4 EFEHMAEEREER SDF @&
WA B I 0] Y, FEAR RO BT, otk

() J5ilfi BT SDF (x20000)

() M PES G SDF (x40000)

E 6 HiRIEEE R SDF AR EE
Fig. 6 SEM images of black bean hull SDF before and after modification
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SDF f3 0% Hy 14. 90% 42 I, HRARE A
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R/NASTN 9 BEIR P, BRAR B SRR Y, 2 80
U W B RNLE D BB i, A SO AR
BT APk J5 1, SO AR AR, L — P, Al
15 B A7 A AR XA, R fT R AT A
FHBT) it AR IIBIT TR E AT
VR VEING £ 21 2 A A 5 Pk RO S I A, I BT ST 4
N BB R TR B AR AR R £ G R L
G TAHIF R it T — 7 BRI, 5 SE 525G
PR T —E B BLEAR Y o

S 3k

1 Hideki Murakami, Satoru Iwane, Akihiro Munakata, et al.
Changes in intraluminal pressure in rat largelntestines’ with
aging and effects of dietary fiber[ J]. Digeset Dis Sci,2001,
46.1247-1254.

2 Zheng JX(FEHL) . Functional foods ( B REME & ) [ M.
Beijing: China Light Industry Press,1999:45-126.

3 Miao JZ(TFH#ZE ), Feng JH (V% 4 F1) , Dong YW ( # &
Hi) . Ulirasonic-aided extraction”’and functional properties of
water-soluble dietary fiber from ginger[ J|. Food Sci( & f#}
2£),2011,32,120-125.

4 Qiao GP(FFH ), Wang XG ( E 2%4[H ). Development and
Utilization of Soybean Skin[J]. Cereals & Oils (8 & 51
fiig) ,2001, (12) :36-37.

5 Devriesl JW, Prosky ByLL S, et al. Historical perspective on
defining dietary fiber[ J]. Cereal Foods World 1999 ,44 .367-
369.

6 LiHX(Z=MiE5). Study on the technics conditions and char-
acteristics of citrus dietary fiber[ D]. Chongqing: Southwest
University ( P g A 2%) ,2007.

7 Tang XQ(JE#) ,Jiao LX(#EWES) ,Fan MT(# %) ,
et al. Extraction and antioxidant properties of soluble dietary
fiber from pear residue [ J ]. Acta Agri Boreali-occidentalis
Sinica ( FHALR M 4R ) ,2010(9) :93-98.

8 Zhou J(JH"%) ,Xiao AH( I Z4T) . Functional dietary fiber
foods (LIREMENE LT 4E & & ) [ M]. Beijing: Beijing Chemi-
cal Industry Press,2005.

9 Zhong YP(4]#34 ). Studies on properties and preparation of
soluble dietary fiber[ D]. Guangzhou;South China University
of Technology (1EFg B T. K 22) ,2011.

10 Liu XT( X5 ) . The development and utilization of dietary
fiber[ J]. Food and Nutri in China ( P [E &Y 55 3%),
2004 ,9.21-23.

11 Wang JH(JE@ZT) , Liu H(X]#% ). Extraction of ‘polyscac-

—_

charide from eleochairs tuberosa peel by papain ['J ]. Nat
Prod Res Dev ( KR F=WIWF 38 5 JF &) 42016, 28'; 1251=
1255.

12 Wang HX( T20) , Wang YY (F %) , Mao YB( & —
£e) et al. Study on the modification of dietary fiber in pow-
der granules[ J]. Sci Tech of Food Ind (& 5 Tk ®M4%),
2007 :101-102.

13 Wang Q( Fif ) sZhao X (X Jik ) . Research progress in the
modification technologies on dietary fiber [ J]. Sci Tech of
Food Ind (‘£ TOLFHY)',2013,34:392-392.

14 Zhao TX (A Z£EE) ,Zhang MY (5K ) . Extraction of diet-
ary fiber from red beans by ultrasonic assisted enzymatic
method[.J]. Farm Prod Processing ( 4¢7= 5 T.),2016,4
(405) :8-16.

15, Chen XF( B4 ) , Wu LP(SRAR) , Liu AX (X ZF&).
Effect of extrusion modification on the physical and chemical
properties of apple’s dietary fiber[ J]. Food Ferment Ind (&
a5 R BTl ,2005,31(12) :57-60.

16 Chen XJ(FE/N%S) , Wu XF( R2ER) ,Jang ST(ZEH3H ) et
al. Applying response surface methodology to optimize extrac-
tion of soluble dietary fiber from pear residue using hemicel-
lulase[ J]. Food Sci( & ##l2#) ,2015,36(6) :18-23.

17 Huang SQ(#440) , Li IW(ZEgEH6 ) , Ning ZX (T 1EHE) .
Ultrasonic-microwave synergistic extraction of polysaccha-
rides from cultivated ganoderma iucidum|[ J ]. Food Sci( £ %
#4),2010,31(16) :52-55.

18 Wu H( M%) ,Hou P({3%) ,Su H( 7 i) ,et al. Study on
the extraction of soybean soluble dietary fiber[ J]. Mod Food
Sci Tech (B MABHE ) ,2008 ,24 :336-339.

19 Ling B(41#) , Tian YB( H =) , Wu HB( = 3R et al.
Optimization of microbial fermentation of grape pomace for
dietary fiber preparation[J]. Food Sci (£ i Fl22),2012,
33.178-182.

20 Chen SX(BRH:7) , Yu JP(HREEF) , Yang J(#51R) ,et al.
Optimization of microwave-assisted extraction of water-solu-
ble dietary fiber from Zingiber striolatum diels fruits by re-
sponse surface methodology [ J 1. Food Sci ( & & Bl %),
2014,35(18) :57-62.

(T#% 1084 )



