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Abstract
by ball milling. Hydration capacity , solubility , density , surface area and suspension stability were measured to gain insights into the effect of non-
fiber ingredients on physical properties of soybean dietary fiber with different particle sizes.The results showed that the structure of soybean
meal was easily destroyed with the rapid reduction of particle size and release of soluble components during the ball milling process.The particle
size reached 11.1 pm after 60 minutes of ball milling,and the solubility reached 56.19% ,which was related to its high content of protein.The
particle size of soybean dregs and S-IDF decreased relatively slowly. After ball milling for 60 minutes, the particle sizes were 13.9 and 10.0 pum,
respectively ,and the solubility was 35.2% and 24.5% ,respectively.The results of surface area,pore width and pore volume of samples with dif-
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In the paper,soybean meal ,soybean dregs and soybean insoluble dietary fiber ( S-IDF) with different particle sizes were prepared

ferent particle sizes showed that the changes in surface area of soybean meal and soybean dregs were mainly caused by the decrease in particle
size and degradation of surface proteins and polysaccharides during the initial stage of ball milling, while internal protein and polysaccharides
degradation and particle size reduction were responsible for these results in the later stage of ball milling. The change patterns of particle size
and pore width of S-IDF were opposite to those of soybean meal and soybean dregs.The hydration ability of various dietary fibers had relatively
little correlation with morphological properties.Soybean dregs had the best hydration ability ,which may be related to more soluble soybean poly-
saccharides (SSPS).The suspension stability of dietary fiber from all three sources increased as the particle size became smaller.Correlation a-
nalysis with morphological characteristics showed that the suspension stability was negatively related to particle size and pore width, but posi-
tively correlated with specific surface area and pore volume (P<0.05).In summary,the physical properties of soybean dietary fiber after ball
milling were not only related to the particle size,surface area and pore width,but also related to its non-fiber composition.

Key words Soybean dietary fiber;Particle size ; Non-fiber composition ; Physical properties

JRE B P Y28 KR TR ) H IG5 AT A W i e
KEY), FEMLAYER ARFTR R LT 4E R FIHABAR
SRR o MR I AT LI £ 2T A 3 o T s
B 274k (soluble dietary fiber,SDF ) HIAN P T £ 21 4k (insolu-
ble dietary fiber,IDF)"* . JT4E3k, f T IDF A {d BEsiov , 4
WAV S LT B P - IR AR Ay o 0 o B
F FEOT XU 7 418 3 M 1 I 3, A sk A AR (4, o
IDF 4 Jot B el PR e AR 204 Tl i A

FIR IDF 2R IR TR 2 LA BOKR B3
S5 IR TG4 N 2T 2 L) A I S eF 425
ARV Y IDF 385 SR FXRAEE , LA RO T ¥ RE
FERTEME FaE v LA KM SRR AR, BRI T A
TR BB o T 98 IDF (RS, 450

EEZEBAN FEM(1995—), 5, EHMARA, REFRA,FFRF @
ASm I EMEy T, « BEEL, &I, L, ANFLS
Jn L5 5 TALARA

WimBHE 2020-03-18

PEATRCPERDEE AT, 3 1 A 7 A RO B B
ZEVHRG RSk R RS A AR T
U A AR A B A f 2 s B Ry ik
A FHEEAR ™ o R ARORIAR 3 K L e T AR LR 5 IDF (4
B RS R B FAR 2 — . USRI SE4s S 0
7R AT W IDF RLAR I R B, 4 R 5, 0 R 1k
ARIFREE AR (B FE AR [ SCk AT DL & B, IDF ki
72 5 AL 0 H R T A B A P B IR 2 ] 1 6
REERIHFA—F Zhe 5 X H RS A IR R
W, BN AR 23 53 25 4R 75 IDF (045K g (WHC) 3 8K i, 53
— TP T2 BRI AT Ak BT 5 HGE , B/ Ok R
FOWHC %, FRAR—S0 4 S, 52 R s IDF 1
FREYEEE B TRARLASN , i BRI PRI 2, e £ 27 4k i ke U5
T AR T 4 1043 vl g oA o B

RE KRG 4EER 5 Mg TR,
TOMT LRI TR T R O T SR T AR



48 %20

FEMF L ERSREE R LR S BT Hh 167

MR KA LT 4E (S-IDF ) #52 B4 (9 i £ 2 4ok
PRI A R AN R R TR £ 2T 4 22 1) v AR A e
ALY LY, ABARZA A TR Xe AN [R) S JEAN [ 20 1l 1 e B 27 il A 7
X LUARSR , HT R I i S IDF 4 S5t 49 J R FR AL i i T
M B E AR XE R AR AN [R) Ji £ 41 4 Y 5 22 (8] 174 22 57 9+ 8O
FHEIXE IR FHER EE AL 43 5 A 3 SR i ) S-1DF,
T B [RDRLA B RE e, 100 7= P AR 5T, R St
JR B £ 2 A0 X R N T A M LA B T 7= 2 o B 5
S i R B R A i OB R N R R RS

1 #Rt55H&E

L1 # KRE S 08 KA 24 R - T L
S AR A R A E]

12 (U#/5i8& PM-100 175 2NEREE{X (8] Retsch) ;
K375 4 B shLI%E BAL (Fi 1 Buchi 24#]) ; TST-E804-60A
FL AR KUTRAR (FF SRR R R A A FR A F] ) 5 SX2-15-
10 ShaE g (24 TTRE 25 FRL AT PR FD) 5 S3500 SOGHRE B 43
B (£ Microtrac 23 7)) 5 Autosorb—1Q Ly 3K HIFR X AL 4
BRI A (S R AER A ) 53K15 v 7k B O pL (]
Sigma 2y 7] ) ; U=3900 W] W43 66 B it ( H A Har bk X &
1) 5651 LUMISizer g L4 (12 E LUM AF]) o

1.3 Fik

131 REFEIR . BE e A BRE P, 58 e kiR
AL BRBHE R 1:10, FF4E 400 v/min FA#E, 435 ZEAN ][]
SRR, AR RRLAR AR o 8% SORIBKES 0.0.75.1.5.5
F1 60 min J5 1RES A 44 4 D, \D, D, D, Fl Dy 5% 5
BREE 0.5.10.20 A1 60 min J5 LS 9lar 4 4 0,.0,.0, .
0, 1 O5 K5 S-IDF EREE 0.5 F1 60 min Ji5 BORE 4351 f 44 4
I, #n1,,

BORER T8 1 g 599 ¢ XB§TKIRG, L #55,
R pH 2 4.00+0.01, 75 20 5] (=207 W, 5 2
IFRE R T . BRI .

132 EEARRLA BN e o B 0T B i I« L IR e AT
(GB T5009.5—2016 ) ; JK 43 7 1 B % « K 4% R 5 7% (GB
5009.4—2016) ; 7K 437 &2 A9 % « EL3E T %% (GB 5009.3—
2016) ; FE L7 4t & I E - (GB 5009.88—2014) ; Z 5% it
I < R —BRR I

133 PR SRR . BOE TR E THO R R AT
AP A TN A S PR AR AR AR A o R4S
TR RGE TR T 5007 K D VER EIARAR (e R
1.3.4 [LFEEHEEFLES . Brunauer-Emmett-Teller ( BET)
[ FE M FH, Barrett-Joyner-Halenda ( BJH) ZF AT A1 BIH
FLARBIMIE 2 B8 TREE Y vk, BGE BT RIE 60 C 2L
25T M 4 b, 7£-195.807 CHEAT , M S0 SR W B At i i
4 RIS R RS F A T 0T o

1.3.5 TRk, TR 1T Zhang 45 AR i 75 k)
o g T 50 g KB F7K75ME 57,80 °Clin#A 30 min, 37,
R ZE %5, 4 000 r/min #.0> 30 min, /NOWEE FIEW,
B AR TR IR R A FeAR T (103£2) C T, %

FRAYIFIBER— AR, RS T AR

S,-S,
AR =X 100%

Kb, S, T (g) 5 S, MM TTHE (g) 55, NERRYIH

LM (g) o

1.3.6 IAEER R SHRICE R, AR SRS I
£:% Muttakin™ 177 4R/ A EFRE Y 25 mL H.
FERAE, 2 25 mL R FE LR, AN %6 2 i S A 22 TR B IR AR L
PR IR G w7 EL 26 100 s, HEBRER 8] 19 25 B, T
BUAKE S B2 LR, R 2R, HEREMIEBUR AL, IRk
B A B R TR S AR
1.3.7 Fpkh e S5k, FREL0.2 ¢ TRy B FHE
) 10 mL .08 9, A 5 mLoK (80h) , IR, #E
1 hJF,2 000 r/min &0 10 min, SRJ5 /0B 2 E I, FR DT
FERIECERAED . R RIEEK Gl S (g/g) .

R M-M,

Rk () J1= m
K M, TR R (g) s M, WEOE TR (g) ; M, AUTTE
YIFEL.OE BE(g) o

FREC 1.0 ¢ Ty & FHERE P, I T A (mL) ,
JA 25 mL Z808/K IR 5], IR T UE 24 h J5 PRI
MR JE R B RFR L 4 F RIS 1 (ml/g) .

V.=V,

fe ik 71 = v
K,V TR (g); V, I TBRER(mL) ; v, HEIKE
AR(mL)
138 EIFREE, RN E B 10 mL 1% 577
OB TR 4 BIE R R ) B A 2 45 51, I & I
THRZ 0=
2 HR5HH
2.0 FERBEEFEAR kA, SR EA RS R
=, AR BT Y 43.68% ,(H R BE AR 4E(TDF) S B ik,
100y 18.89% ., Wit 5 S—1DF fy4k 2 4 ISAR T , 25 B2 A4 40
N TDF 5 SR 50300 0 19.26% 1 18.72% , 2 F KT 5k
THREBMIX A S-IDF 2 T SRR 1] K T 2 e
(SSPS) J5 A=), SSPS F L2 thy - FUMHIA TR SR b A1 B2 M
P U R T A 1 R A L B2 L SR RN BT 47 3R e
R S SR R T I 2R
22 PHNERNESTE PR Dy FRos, B 50% /)
TR LA 5 I FLBR AN, T 1(A) TR, Bl BRI s )
ARSI A S DR R AR AN AR . v ERREAR T WAk B
P, FEHIK,S-IDF f08 . 3 B FCR TGS BRES 2K if ], H
PR LR TE 10~ 15 wm, FORPRLAS 0 B R el
B TR R BRI N 28, 1B A5 T R IR EORA Y 2R
o m HE WSS, e V) I ER T A S Wi, [RRE, Sk
RiAE TR, T REt R i TP T M 2K,
5 B-1,4 Wb i 2r 4 ZAR L, 7T R e i g
VERITR  AHXT 5 L.




168 AR AL

2020 £

*1 XEE#.E&.S-IDF LEAER

Table 1 Chemical composition of soybean meal,soybean dregs and S-IDF %

lasiils SHIEH b A A w7 y 4
Chemical Total crude ﬁbﬂkﬁc o ﬂ(ﬁﬂﬂﬂn TDF IDF 7J(ﬁ W5t

L . Carbohydrate Crude fat Moisture Ash
composition protein
7H1 Soybean meal 43.68+1.52 a 21.99+1.17 a 0.40+0.13 b 18.89+1.32 ¢ 11.38+1.13 ¢ 9.41£0.19 a 5.60+£0.41 a
i Soybean dregs 19.26+0.82 b 5.17+0.52 ¢ 0.59+0.04 a 69.51+2.44 a  60.18+1.57 a 7.98+0.13 b 2.46+0.15 ¢
S—-IDF 18.72+0.49 b 6.91+0.19 b 0.64+0.08 a 64.04+2.39 b 56.29+1.73 b 5.93+0.11 ¢ 3.05+£0.12 b

T : [RISEUE R /NG FREAN R R 22 53 1. 2% (P<0.05)

Note: Different small letters within the same column mean significant difference (P<0.05)
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Fig.1 The average particle size and particle size distribution of soybean meal ,soybean dregs and S-IDF
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Table 2 Effect of particle size on physical properties of soybean meal,soybean dregs and S—-IDF
- ; o , o BET L3k Fi oA p
e ’ i St A LRmR R ALt
FE G5 . e . : BET specific Cumulative
Sample No Solubility Polysaccharide Protein surface area pore volume Aperture
ple ’ % content // % content // % 2 3 A
m/g cm’/g
X D, 28.16x2.11 ¢ 7.66+1.16 ¢ 15.87x1.11 ¢ 0.58+0.02 d 0.18+0.01¢ 119.77+3.84 a
Soybean meal D, 49.11£1.94 b 17.16+2.27 b 26.80+1.34 b 1.10+0.01 ¢ 0.24+0.01 ¢ 118.64+2.78 a
D, 50.37+2.39 b 17.10£1.18 b 27.31£1.04 ab 1.24+0.03 b 0.25+0.02 ¢ 121.77+3.04 a
D, 54.36+1.48 a 19.95+0.57 a 28.58+1.09 ab 1.26+0.02 b 1.10+0.07 b 40.21+7.69 b
D, 56.19+1.76 a 20.62+2.13 a 29.46+2.08 a 2.71£0.12 a 2.65+0.08 a 38.51+4.17 b
ik 0, 5.70+0.30 e 4.26+0.61 e 0.37+0.06 ¢ 0.28+0.03 d 0.08+0.01¢c 124.98+6.02 a
Soybean dregs 0, 11.99+0.70 d 9.93+0.90 d 0.58+0.09 b 0.50+0.02 ¢ 0.09+0.01 ¢ 121.84+4.23 ab
0, 16.13+0.92 ¢ 13.22+0.68 ¢ 0.56+0.09 b 0.52+0.01 ¢ 0.12+0.01 ¢ 118.08+6.08 ab
0, 19.13+1.86 b 18.07+1.47 b 0.66+0.06 b 0.89+0.03 b 0.32+0.01 b 114.90+6.58 b
O, 35.18+1.23 a 32.13+1.22 a 0.85+0.12 a 2.15+0.10 a 1.91+0.07 a 41.09+2.13 ¢
S-IDF I, 11.92+0.79 ¢ 9.45+1.06 ¢ 0.56+0.07 ¢ 0.65+0.02 ¢ 0.39+0.02 ¢ 65.75+3.18 a
I, 15.97+1.36 b 14.03+1.23 b 0.70+0.02 b 1.07+0.06 b 0.68+0.04 b 57.30+2.87 b
I, 24.51+1.42 a 20.03+1.24 a 0.89+0.07 a 2.06+0.08 a 1.44+0.06 a 58.11+3.43 b
T [ FV RS/ INE TR R R 225+ 1.3 (P<0.05)
Note; Different small letters within the same column mean significant difference ( P<0.05)
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Table 3 Correlation analysis
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5 itz LR THIFR H 4 e W2 pH Al
- ﬁTI, ltﬂ%ﬁf FLIAF Lie i fﬁ%ﬁf P T(ﬁﬁ[lél
Particle Specific Pore s 7.0 water- pH 7.0 water-
Index . Aperture Solubility . .
size surface area volume insoluble insoluble
polysaccharide protein
%7K 11 Retention ability -0.003 -0.420 -0.261 0.224 -0.865" " 0918" " 0.147
i /7 Oil holding capacity 0.080 -0.102 0.011 0.204 0.200 0.267 0.076
HZAK 41 Expansive force -0.010 -0.335 -0.178 0.325 -0.596 " 0.681" " 0.076
2 Suspensibility -0.557" 0.565" 0.594" -0.599" 0.189 0.297 -0.244
TE: + FORBEMLIE(P<0.05) 5 + = FoR i EF M (P<0.01)
Note: * represented significant correlation (P<0.05); #* % represented extremely significant correlation (P<0.01)
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AFIa] Time /| min AfIa) Time /| min A1) Time [l min
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Fig.4 Suspension stability
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