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Cavitation Microjet Effects on Structural and Functional Properties of Okara Dietary Fiber

WU Haibo'?, YU Jingwen', WU Changling', LI Yang', JIANG Lianzhou', TENG Fei"*, WANG Zhongjiang"™*
(1. School of Food Science, Northeast Agricultural University, Harbin 150030, China;
2. College of Food Engineering, Beibu Gulf University, Qinzhou 535011, China)

Abstract: In this study, we determined the effect of cavitation microjet on the structure and function of okara dietary fiber, a
byproduct of aqueous enzymatic extraction of soybean oil. We characterized the molecular structure, crystal structure, water
and oil retention capacity, and swelling power as a function of treatment time using Fourier transform infrared spectroscopy,
X-ray diffraction, scanning electron microscopy and other analytical methods, and clarified the mechanism behind the effect
of cavitation microjet on the structure. The results indicated that the water and oil retention capacity of okara insoluble
dietary fiber increased to (9.42 = 0.05) g/g and (3.92 + 0.05) mL/g, respectively after the treatment. The swelling power
increased by 1.6 folds, but the cellulose crystal configuration did not changed. However, the physical form of okara dietary
fiber became smaller solid particles. Therefore, cavitation microjet technology can effectively improve the structure and
functional characteristics of okara dietary fiber and thus provide technical support for the development and utilization of
soybean residues.
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Fig.2  Effect of treatment time on swelling power of okara dietary fiber

B2 0T %0, BE AL BRI B, K D 2k B
FHE N RS, AR ER I [AIA 3] 10 minf, Ei&
i A 4E I K 18 B sy, A (13.9240.04) mL/g.
X — 25 B S AEF K e e P85 v A 3 A A A 4 2 A

AP K 7R AT 4 E K R A U A KO
HZARA . 5 T80 K. R FLER R 15
Wi d 25 P AR FRA (A AR, K TR, XEBTE
A UL A B A 2T 24 JBURE 5L A 5 0 ol 17 R R B K ) R
R, M EA 5 = R 3K T RIARE ST . Jing YanZ!)
A SB35 IR G T 245 R, B4 7 i & A
NEMR A% EE T KA NE. 10 min)s
TR S BEAR, B2 s ma, phid A R B . BY
Ul s A FoRzl, YRRERE . BT, R
BoeRAEZN, BEREIRENATES FEEL MR M
B, BRI (A A B ALBR A BT N, (HR S
AT £F 4 35 o0 R T 4 R R T, K 1R DN,
2 SRR IR BOCRBEAG . RIk, B 243 s i i
HRAT[H] .
24 (HEHAHL MG s R

e FEL I A 48 21 411 Sl 1 S AR AR 43— 7 A R A 1) iR
BN [RE T T F A 0 AR S 0 P, P SR W 43 7 2 4]
T Ak ZE B ARAY, o WSOV P BB R 58 55 o B A AN S B 4y
TR R RN, HIEEES. SLpisk s m e, m
W WA Ve () Ao B B 2 AR P S R AT 4 B AR
A B 388 P Y AR A IR, L T A K i P R S AR AR
Sy FEFR AR I AESE B 2 BEYDR, WRFERWT, JREGER M
500~4 000 cm ™ 'f U HE 2R R AR RSE R, Eh I3
AT, /S [ TR AR R AR S 4R W 82 #3 000~3 656 cm !
100 B P ALV % 2 925 em AR BRI, IX A2 R FEO—H
g A F S C—HPL AT B, 2 AR 4EAE 9 2 0 1) e
TGEN) . S 4E7E ] 640 cm Ak W i 06 2 g
KC=OM AR FFEE . S5ERAM, 22 1bht
It A (1) TS I B AT 4 TR I U AT I, B AR
ffj—COOH, SILILHI/KIIAE M. b, 1136 cm
A TR VAT W R Y 2T 4 3R 25 4 ML TR R AR g, AR TR AF
PR AP IR, I B IR AT R T o 4F
HRGENEE . BREXT R B, 553G ik R0 58 i
B oAb FE N ) S KT A, S A A U A B B AT 4
LAY EE A, SRR R 2 0 1 O e T e R T
ZHEAL

4004 1 640

15 min
350+
« 2004 10 min
& 250+ 925 1 iis
% 200+ 5 min
R 11
) lSO-W
100 1 74877 KAk HE
50 2254

0
500 1 600 1 5IOO 2 600 2 SIOO 3 600 3 SIOO 4 600
WH/em™!

3 DEBRSEMENTRIIMDOES T
Fig. 3  Fourier transform infrared spectroscopic analysis of okara
dietary fiber



98 2020, Vol.41, No.01

XA LR

2.5 XBEATH AR

9007 A

(=
(=3
(=}

09
(=3
(=}

ArTigEsEE (au)

O T T T T T T T T T T T 1
5 10 15 20 25 30 35 40 45 50 55 60
200 ° )
12009 B
900
600

300

ATIEREE Cau)

Ol T T T T T T T T T T 1
5 10 15 20 25 30 35 40 45 50 55 60
200 C° )
9007 C
600

300

ATHIETERE (au)

0

5 10 15 20 25 30 35 40 45 50 55 60
200 (° )
14009D
31200
900
600
300

R IEIRIE (a

Ol T T T T T T T T T T 1
5 10 15 20 25 30 35 40 45 50 55 60
200 C° )

AALEE; BACFES ming CALFLI0 min; D.ACFELS min. KEIS[H .
Fd4 CHEBRTEXHEGHIH
Fig. 4  X-ray diffraction analysis of okara dietary fiber

X EATT 5 P 1% 2 A A ) T A A ARk 4 AOW 85+ R )
PSR E B R —, RSB — DN
S, ASLIEWIRNERE T, RRRF4ERMHRY,
TS XS R AT EE i E4RTR, RACHEEL D
NALEES . 100 15 minZHATH 2073 7 #£22.06°, 21.80°,
22.34°, 22.36° M ILIE A AT A0, Ui B4 S AU TR AL
B, GBS R SRR B R A O . A B ]
WK, WERUERETREL, KL MERS, XEHTLAT
A2 X 1) 2 8 R & W K Al s B, AR 4 SR X BT
EO AT B A, 320 7 A 15 &5 o X BT o O A9 T o v 6 ot P T
I AT 2 1 A o B RRE R, AR, A SRR . R
AL 2 N AT P B AR RN T SE K, s E
SHRRERE IR, fEmEey). fide. $FESER FER

TR £ 27 4 o BOR TR AR AR AR TG AR B/ A A, T 3 B RR
AKVES RS R AR, X 5 Ullah %R H 5
RE WA 0T BT B 70 A Vi 1P i £ 4 4 i 15 A DG 4 R 34
—3,

26 [EEA4EER R T RGNS

50KV X100k = 50.0um [MS0KV X100k

5.0kV X1.00k 50.0 um

BES SEBEFEIHETEREST

Fig.5  Scanning electron microscopic analysis of okara dietary fiber

AN TR Ak B ) AN IR R 2 A TR S S
Fios, RACEERE i BA BRI AN R . 22t
TR AL A T PR o S s S R O R RS o B A B
Al AE K, A B AT R R SR R R IR, FLRGE R 4
K, RYILERZLD e, RIS, URAALE
BEREL R . UllahEIXHEIEN ALK % S
BRI AR IR T e R Bk 2 e
e, PEBMERNTT, AR TEN, N
e BELF 4y 7 5K 7 Tl Sk A o, b oo i |
LRYERI T REPET -

3 4 #

A S DA A Wl ik ) e L EORE R R AR
WBARN H AT AL EE, 8 B AR 2L A6 . XA
LA L T BB M A R AR R S T RE
AL, G REW, B HAEEL10 minft, FFKT
LR s, R SR e R SR e AX
LRATI 20 M e BUAS () A B A (1] 28 IR £ 21 4 AT 5 A1 [
WERIFE22° fAy, FEARSUEs (i L AR 2L AR i o) #r e
R, BN TR RS 2 Y b AL A R A AR B R WA AEAS
PV 208 17 T R T S AT 2 R AL IS O AR
T B LI A T G £ A T AR O A TR R R B
IR L AL

2% 30 -

[1 GUIMARAES R M, SILVA T E, LEMES A C, et al. Okara: a soybean
by-product as an alternative to enrich vegetable paste[J]. LWT-
Food Science and Technology, 2018, 92: 593-599. DOI:10.1016/
7. Iwt.2018.02.058.



AT TR B> 2020, Vol.41, No.0I 99

[2] VONG W C, LIU S Q. Biovalorisation of okara (soybean residue) for [16] Z#g, RKI, 2R, S SPWR-E A EET SO K R
food and nutrition[J]. Trends in Food Science & Technology, 2016, 52: BRG], &8 TR, 2018, 39(24): 177-182; 191.
139-147. DOI:10.1016/j.tifs.2016.04.011. DOI:10.13386/j.issn11002-0306.2018.24.031.

[3] CHEN lJialun, GAO Dongxiao, YANG Letian, et al. Effect of [17] ExRPAESHHEBTERS. T ZEEERE TP EaLrgE
microfluidization process on the functional properties of insoluble 5 : GB 5009.88—2014[S]. Ab5T: H [ bRk H bR 4t, 2016: 1-9.
dietary fiber[J]. Food Research International, 2013, 54(2): 1821-1827. [18] EHE PAESHRETE RS, %4 B R 55 @R
DOL:10.1016/j.foodres.2013.09.025. WI5E: GB 5009.5—2016[S]. A65¢: o [ Fifk i it 2016: 2-3.

[4] NAKATA T, KYOUI D, TAKAHASHI H, et al. Inhibitory effects of [19] EHEASHREETERS. ol El 5 b f g g um
soybean oligosaccharides and water-soluble soybean fibre on formation W52 : GB 5009.6—2016[S]. Jb5T: [ brifk iRt 2016: 1-2.
of putrefactive compounds from soy protein by gut microbiota[J]. 20] EETAGHRIAE BT RS, ek R 5K
International Jourr?aAlh (?f Biological Macromolecules, 2017, 97: 173- W GB 5009.3—2016[S]. Jbt: o AT AL, 2016: 1-6.

180. D.OI:10.1016/J41Jb10mac.2017.'01.015. A Q1] T i EAhE i A M GB 50094—2016[S].

[5] LU Fei, LIU Yang, LI Bo. Okara dietary fiber and hypoglycemic effect T e AR AR AL, 2016: 1-7.
of okara foods[J]. Bioactive Carbohydrates and Dietary Fibre, 2013, .

2(2): 126-132. DOI:10.1016/j.bedf.2013.10.002. [22]  YANG Jun, XIAO Anhong, WANG Chunwei. Novel development and

[6] ULLAH L YIN T, XIONG S B, et al. Structural characteristics and characterisation of dietary fibre from yellow soybean hulls[J]. Food
physicochemical properties of okara (soybean residue) insoluble dietary Chemistry, 2014, 161: 367-375. DOL:10.1016/j.foodchem. 2014.04.030.
fiber modified by high-energy wet media milling[J]. LWT-Food Science [23] CHEN Jialun, GAO Dongxiao, YANG Letian, et al. Effect of
and Technology, 2017, 82: 15-22. DOT:10.1016/.1wt.2017.04.014. microfluidization process on the functional properties of insoluble

[7] XIE Fan, LI Ming, LAN Xiaohong, et al. Modification of dietary dietary fiber[J]. Food Research International, 2013, 54: 1821-1827.
fibers from purple-fleshed potatoes (Heimeiren) with high hydrostatic DOI:10.1016/j.foodres.2013.09.025.
pressure and high pressure homogenization processing: a comparative [24] ULLAHL YIN T, XIONG S B, et al. Effects of thermal pre-
study[J]. Innovative Food Science and Emerging Technologies, 2017, treatment on physicochemical properties of nanosized okara (soybean
42: 157-164. DOI:10.1016/j.ifset.2017.05.012. residue) insoluble dietary fiber prepared by wet media milling[J].

[8] JING Yan, CHI Yujie. Effects of twin-screw extrusion on Journal of Food Engineering, 2018, 237: 18-26. DOI:10.16/
soluble dietary fibre and physicochemical properties of soybean jfooddeng.2018.05.017.
residue[J]. Food Chemistry, 2013, 138: 884-889. DOI:10.1016/ [25] KUBO A, YUGUCHI Y, TAKEMASA M, et al. The use of micro-beam
j.-foodchem.2012.12.003. X-ray diffraction for the characterization of starch crystal structure in

[91 CLARA T, ALVAREZ-SABATEL S, RIOS Y, et al. Effect of a new rice mutant kernels of waxy, amylose extender and sugar[J]. Journal of
microwave-dried orange fibre ingredient vs. a commercial citrus Cereal Science, 2008, 48(1): 92-97. DOI:10.1016/j.jcs.2007.08.005.
fibre on texture and sensory properties of gluten-free muffins[J]. [26] LUO X L, WANG Q, FANG DY, et al. Modification of insoluble
Innovative Food Science and Emerging Technologies, 2017, 44: 83-88. dietary fibers from bamboo shoot shell: structural characterization
DOL:10.1016/.ifset.2017.07.011. and functional properties[J]. International Journal of Biological

[10] DANG T T, VASANTHAN T. Modification of rice bran dietary fiber Macromolecules 2018, 120: 1461-1467. DOI:10.1016/
concentrates using enzyme and extrusion cooking[J]. Food Hydrocolloids, i.ijbiomac.2018.09.149.

2019, 89: 773-782. DOL:10.1016/j foodhyd. 2018.11.024. [27] ZHU Fengmei, DU Bin, LI Ruifeng, et al. Effect of micronization

[11] KUMAR M N, GIALLELI A I, BEKATOROU A, et al. Application . . - .
of nano/micro-tubular cellulose of Indian origin for alcoholic te‘:chnology on physicochemical and éntmmdfmt prope-rtles of
fermentation and cold pasteurization of contaminated water[J]. LWT- dlletary fiber from buckwheat hulls{I]. BlocataFysm and Agricultural
Food Science and Technology, 2016, 69: 273-279. DOI:10.1016/ Biotechnology, 2014, 3(3): 30-34. DOI:lO.1016/JAbcab.2(313.12.0094
i.1w2016.01.040. [28] MATEOS-APARICIO I, MATEOS-PEINADO C, RUPEREZ P. High

[12] 2656, A Gl 2R st A L. B Tolk R, hydrostatic pressure improves the functionality of dietary fibre in okara
2018, 39(19): 333-338. DOI:10.13386/j.is5n1002-0306.2018.19.038. by-product from soybean[J]. Innovative Food Science & Emerging

[13] A, 2 it B AHT& D], BuM: Wit TR k2, 2016: 1L Technol?gies, 2010, 11(3): 44!5—450. DOI:10.1016/j.ifset.2010.02.003

[14] CHAU C F, WANG Y T, WEN Y L. Different micronization [29] CHYLINSKA M, SZYMANSKA-CHARGOT M, KRUK B, et al.
methods significantly improve the functionality of carrot insoluble Study on dietary fibre by Fourier transform-infrared spectroscopy
fibre[J]. Food Chemistry, 2007, 100: 1402-1408. DOI:10.1016/ and chemometric methods[J]. Food Chemistry, 2016, 196: 114-122.
j.foodchem.2005.11.034. DOI:10.1016/j.foodchem.2015.09.029.

[15] CHENY, YE R, YIN L, et al. Novel blasting extrusion processing [30] LIN Y A, WANG H X, RAO W, et al. Structural characteristics

improved the physicochemical properties of soluble dietary fiber
from soybean residue and in vivo evaluation[J]. Journal of Food
Engineering, 2014, 120: 1-8. DOI:10.1016/j.jfoodeng.2013.07.011.

of dietary fiber (Vigna radiata L. hull) and its inhibitory effect on
phospholipid digestion as an additive in fish floss[J]. Food Control,
2019, 98: 74-81. DOI:10.1016/j.foodcont.2018.11.016.



