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Optimization of Ultrasonic Assisted Enzymatic Extraction Process and
Analysis of Physicochemical Properties of Dietary Fiber from Camellia
oleifera Meal

ZHANG Zhi, SONG Wei, YAN Jianying, XUE Hongyang

(College of Forestry, Northeast Forestry University, Harbin 150040, China)

Abstract: Dietary fiber has many physiological functions and outstanding application prospects, while the physiological
characteristics of soluble dietary fiber are better than that of insoluble dietary fiber. In order to improve the camellia meal in
DF SDF yield, SDF yield as evaluation index, the ultrasonic assisted enzymatic, through the single factor experiments of
enzyme, ultrasonic time, ultrasonic power, material liquid than four factors were studied, and based on single factor
experiments, response surface optimization experiment, and the DF of get the physical and chemical properties and
structure analysis. The results showed that the optimal extraction conditions were as follows: Enzyme dosage 0.2%,
ultrasonic time 31 min, ultrasonic power 210 W, solid-liquid ratio 1:23 g/mL, SDF yield was 12.43%, IDF yield was
68.39%. The total dietary fibre (TDF) holding capacity, oil holding capacity and swelling capacity were 4.36 g/g, 3.67 g/g
and 6.83 mL/g, respectively. The adsorption rate of cholesterol was 5.79 mg/g at pH2 and 8.38 mg/g at pH7. The adsorption
rate of glucose was 11.49 mg/g. Through the analysis of structure characterization, it was speculated that the TDF of
Camellia oleifera meal contains lignin, cellulose, hemicellulose and sugars. The surface of TDF was porous and uneven,
and the particle size was 50.699 nm. This study improved the yield of SDF and proved that TDF of Camellia oleifera meal
had good physical and chemical properties and structure, which would provide reference for improving the added value of
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Camellia oleifera meal.

Key words: Camellia oleifera meal; response surface optimization; dietary fiber; physicochemical properties; structural

characterization; ultrasound enzymatic method
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Table 1 Response surface condition optimization test factor
level
K
Sy
-1 0 1
A: BEAS IR (%) 0.1 0.2 0.3
B: 75 ] (min) 20 30 40
C: BT IIZ(W) 180 210 240
D: BHE H (g/mL) 1:20 1:25 1:30
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Fig.1 Effect of enzyme addition amount on SDF yield
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RGP T, 3X L) AN BEWE 2 WL DT TE, N5 | A
SDF 53R N . RILHIE 0.2% MET 4K i hAE
Wi

2.1.2 HEAEFEIXT SDF £33 g5 i IE 2 vl %1,
HEFEESTHIAE 10~30 min HA[H] SDF 153 FhER [H] 34 0
Wit e, #3330 min J& SDF Y455 IT 4R 53 FE A .
X SRR S U BN LMRR Bl e iR PR 4Tz 3,
P TR, SRR 30 min S5 REELT4ENY
ZER V] I RN, 27 2 2B P Qo Bt 2 B TRT (4 1
0 B R PR S B A TR T RAEALR, 5O < 18 7 i 11 i
HsH] 24 30 min.
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Fig.2 Effect of ultrasonic time on SDF yield

2.1.3 @ATIRXT SDF 13R85z i IE 3 a4,
FBFS UIZRAE 150~210 W YL BN, SDF AU 3R GEHEFS
DRI G A, 1] 210 W B A S B Sl S
WA T IR, S IT RE SR AL AR, Bl RS
D538 R, MBS I M LSO, 5 25 Aoyt 2 35,
IDF " Ak 2# R W 2O il NGy 05T, 87 TRt
IsE T RE 25 [ LT A R W TEE  RATK, RIS BT it
Fay; P T BT, S )RR, R TR, PRk
SDF 195l M. LG5 B ramlrs DRl 210 W

12.5

—

SDF 155 (%)

95 L L L L L
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HFE DI (W)

K3 A% SDF 13321520
Fig.3 Effect of ultrasonic power on SDF yield

2.1.4 RKHELEXT SDF 190952 B &l 4 7751, >4
B 1:25 g/mL B SDF 53538 8 f i i, 247
FEL B, JERE S W T AR, i S IR AN RE T
Sy, SDF M 32 B8R . Ml Th e, o AE s
R FEST Y B, B R 74y, NItk SDF £35%454
JITTREs o MR 22, B EERRAIG, EET SDF 19745

AR PRI A R R LE o 1:25 g/mL.

125
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Bl 4 B HLXT SDF 15515210
Fig.4 Effect of solid-liquid ratio on SDF yield

2.2 MR EAALE

TE B PR 2R S 2 R A A B I EA T 07 T DE A ik
%y, LA SDF #55(Y ) AW WAL, 546 RAs N (A) |
PRI AL (B) | A P13 (C) L BRE HL (D)4 AN PRI ER
Xt SDF 13520, 15677 58 M A RANFE 2 .

#2 oA RRBOTH RS
Table 2 Central combination experiment design
scheme and results

S ARG B@ﬁﬂ#l‘uj CHFY)ZR DR  SDFF=R
(%) (min) (W) (g/mL) (%)

1 0.3 30 210 1:20 11.29
2 0.2 40 240 1:25 10.43
3 0.2 30 210 1:25 12.56
4 0.2 40 210 1:30 10.41
5 0.1 30 240 1:25 11.17
6 0.2 30 210 1:25 12.03
7 0.2 20 180 1:25 8.37
8 0.1 30 180 1:25 8.54
9 0.2 30 180 1:20 10.86
10 0.1 30 210 1:30 8.98
11 0.1 20 210 1:25 10.79
12 0.2 20 210 1:20 11.03
13 0.2 30 210 1:25 12.19
14 0.1 30 210 1:20 11.98
15 0.2 30 210 1:25 12.46
16 0.2 30 240 1:30 11.13
17 0.2 40 210 1:20 11.24
18 0.2 30 180 1:30 8.46
19 0.2 30 240 1:20 10.32
20 0.3 30 240 1:25 11.38
21 0.3 30 180 1:25 9.67
22 0.2 40 180 1:25 9.33
23 0.3 30 210 1:30 10.45
24 03 20 210 1:25 9.96
25 0.1 40 210 1:25 10.18
26 03 40 210 1:25 11.79
27 02 20 240 1:25 9.93
28 0.2 30 210 1:25 12.14
29 0.2 20 210 1:30 9.31

2.2.1 W IS T s R i Ee 3 A, iZ A
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1 Tl B

2022 4F 9 H

FEIR P<0.0001, Pd IH IHAR RS [B] )54 SRk BIHE T3, <
I P=0.1093>0.05 AN 3, R=0.9505 £ M6 R

K3 AR T 22 00T

Table 3 Results of variance analysis of regression model

FERIE  CFHM AmE ¥ FE P B
A 39.62 14 283 1922  <0.0001 o
A 0.70 1 070 476  0.0467 *
B 1.33 1 133 9.01  0.0095 ok
C 6.95 1 6.95 47.17 <0.0001 o
D 531 1 531 36.03 <0.0001 ok
AB 1.49 1 149  10.11  0.0067 o
AC 0.21 1 021 144 02506
AD 1.17 1 117 792 0.0138 *
BC 0.053 1 0.053 036  0.5585
BD 0.20 1 020 134 02656
CD 2.58 1 258 17.49  0.0009 o
A? 2.80 1 280  19.02  0.0007 ok
B’ 7.61 1 7.61 5170 <0.0001 ok
c? 14.23 1 1423 96.59  <0.0001 ok
D? 3.62 1 3.62 2459  0.0002 ok
573 2.06 14 0.15
AT 1.86 10 0.19 3.7 0.1093
afiiRIe 0.20 4 0.050
JENP = 41.68 28
R*=0.9505 R, 4=0.9011

T * PR 2R B (P<0.05); **FR 27 8% (P<0.01)

SDF 1535 (%)

U, BB BN BN DL | 8 S WA [E] | DR
B X SDF #3514 52 i, m] T4 Hodme A T
2o HIREIT R A

Y=12.28+0.24A+0.33B+0.76C—0.66D+0.61 AB—
0.23AC+0.54AD—0.11BC+0.22BD+0.80CD—0.66A>—
1.08B*—1.48C*—0.75D?

GEERAT 3T AT A = ) T B A e 2RI (& 5~
Kl 7). &l 5~ 6 Bl ADAS 2k LRI, ni ) T
Yo%, COEATIR) 5 DORHE L) Z 8138 BAEH
XFia AR P52 L A (B Inie) 5 DOERH EL) Z 18]
MAC HAE R 35, A(BAS N ) 5 BOHEAESTE]) 19238
H AR X0 AR BRI (P<0.01) 5 A(BREINE) 5
DCEHA HL) B HEAEFH (P<0.05) ) AR EL T A 35 . 18] 7
T AR B A5 v £ R i) Ny B R ) AT DU Y CGRE S
Ti%) 5 DOBRRK HE) Z 181 38 BAE FH X i I 1) 52 1)
R (P<0.01),
222 HAETZESHOLSNIE iHid Design Expert8.0.6
A AT IS0 AT, 45 e AR T 20 R A S B
0.21%, #FH A 31.42 min, B 5 II% 214.86 W, B}
WL 1:23.49 g/mL, Il SDF 1356713k 12.4732%., 5
SEFREE G T LS AHE SR TF AR N 0.2%, F8 7+ il
fEEnstE] 31 min, FATIE 210 W, BHE L 1:23 g/mL,
TE M S5 T % 3 IRCFAT SE 55, 45 3] SDF 15 % 4
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40.00

35.00

30.00

B: # A E] (min)

25.00
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0.10
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Bl s EEA NG S8 i s BAE

Fig.5 Interaction between the amount of enzyme
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and ultrasonic time
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Fig.6 Interaction between the amount of enzyme
and solid-liquid ratio
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Fig.7 Interaction between ultrasonic power and
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12.43%=£0.14%, LS5 SESEARLT, AL TR
AL B AT S FL S Al &g . Y T2
ZMHATECIR T, IDF #9388 68.39%+0.27%
2.3 MRS

FH 1.2.6 By kil s prifE th 2k, 79 20 H [ Ebr i
M2k y=4.3555x+0.0843, R>=0.9991, % 7 B hr v il
£k y=38.614x+0.2315, R>=0.9993, Hi 3 4 s, il
Z5H1 TDF BIHF/K 710 4.36 g/g, KRl 718 3.67 g/g,
Rk J1°/ 6.83 mL/g, HF TDF & A LK EHR,
"L SR T2, INTREIK, n] LA 80s/b ig 9& K
{EFLA RS . TDF £E pH SRy 2 BS54 AE [ B f
SEOA 5.79 mg/g, /INTF pH Ay 7 BSF A BE I S R, X
L /INAER B AR B A SE TS AL, T VRO SR v o)
G B LT AR IE R B R 38 pH Sy 2 B &y, X AT RE
S T IECBEEAS ], A AN R] . THMZSR] TDF Y4
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Fig.8 TDF infrared spectrum of Camellia oleifera meal
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Fig.9 TDF scanning electron microscopy of
Camellia oleifera meal
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Table 4 Physicochemical properties of TDF of Camellia oleifera meal

AL FikH1(g/g) Frl 71 (g/e)

@hk 71 (mL/g)

JIF [ L % (mg/g)
pH2 pH7

HIAEBEIL I (mg/g)

) 2k R 436+0.11 3.67+0.16

6.83+0.13

5.79+0.25 8.38+0.19 11.49+0.28




- 168 - £ Tl B4

20224 9 H

2.4.3 RARMAE  JMAOKT TDF AR EESrAn anE 10
s, HE kAR 50.699 nm, H & A s & &7 4
PRSI AT IR, I IEAS AT, FLEIRARAE, %
BAYERUR R ST R 5) . X SZEMG pAERO SR
IR BT AT RS AR, 2020 Ppuds I EAR 53 AT -

100 |
80 r
60 [

40t

RLEESMAT (%)

20

0»

47 4%% 45 56 5‘1 5‘2 53 5;1 5%
Fif% (nm)
K10 2k TDF RiAde A
Fig.10 Particle size distribution of camellia oleifera
mealdietary fiber

3 g

PLIMZSH A JECRREA TRTAL RS LA SDF 195350
FEPRHEAT 1255k, W8 B A T2 2R R AN
H0.2%. HFS AT R 31 min, B IE 210 W,
B L 1:23 g/mL, BT SDF 5% 12.43%, IDF
RN 68.39%. ML T A B/, SR B a] %,
VD T TS I A AR

X} TDF BYBEALPEBTIEA TN AE , S22 B 25A
TDF 457K 14 4.36 g/g. FHrmIh 3.67 g/g. kI
i 6.83 mL/g. H[EEEK I 3AE pH2 Bk 5.79 mg/g,
pH7 By 8.38 mg/g, 4 MWL B %4 11.49 mg/g.
K TDF BRI R 4f . FEANRI A4 T IE R Bk
[ ASTH], WASKT TDF 7ER7 8 A5 50 25 5 W BRI
[, dE kX TDF #4544 RAEMFSE AT 50, il 5
TDF H A7 e 58 Z | AR G544 H ORI 5], A 0
e ARIIEK | YR SCBLTYER, SG5H RIS R R W]
WM TDF HAA TG L 4En S5

ARG 75 A B2 S ORT SDF 471
24k, JEXHIMEORT TDF #5471 BRI M 4544 3=
AESIHT, 25 T M SO G £ 2T 4 i) S I AL By
fithh, XA RO R AL T ES 2% . 15
A B SEE HAT AXS Z2 AP O LY, A5 S IG
SRS LT 4

SE K

(1] Fhsh, FX 5. B A of Yol & F s AT A 4538 (1] A
Mz TP (B RAFM®) ,2012,27(1):20-25. [ SUN
Y L, LI W D. Review on preparation and application of cereal di-
etary fiber[J]. Journal of Zhengzhou University of Light Industry
(Natural Science), 2012, 27(1): 20-25. ]
[2] WANG Y P, YANG L, FEI X Q, et al. Effect of Camellia seed
cake extract on Aspergillus flavus[J]. Journal of Food Protection,
2019, 82(3).

[3] LIUF Z, LI C, JING L, et al. Two kaempferol glycosides sep-
arated from Camellia oleifera meal by high-speed countercurrent
chromatography and their possible application for antioxidation[J].
Journal of Food Science, 2019, 84(10).
[4] NIZIJ,LIU X, XIA B, et al. Effects of sugars on the flavor and
antioxidant properties of the Maillard reaction products of Camellia
seed meals[J]. Food Chemistry:X, 2021: 11.
[5] SHIQY, GUO QL,XIN Q L, et al. Study on solubility, wa-
ter-holding capacity and stability of polypeptide from Camellia seed
meal [J]. Advanced Materials Research, 2014: 3514.
[6] Rarst, RAKKL, R—I, & R oy AR h AT
BT R T]. R A S R 4, 2021(1): 64-65,68. [ ZHANG
HY QIU W, ZHANG Y F, et al. Research progress on physiologi-
cal functions and modification methods of dietary fiber[J]. Agricul-
tural Science & Technology and Equipment, 2021(1): 64—65,68. ]
(7] FdeAk, &, o, FER, of & A, Bk B0 5
Ab IR A ey TEARALLI]. A S AR, 2013, 38(5): 188-192.
[LIY J, LU HN, QIN J K, et al. Optimization of microwave-as-
sisted extraction of dietary fiber from oil tea withered[J]. Food Sci-
ence and Technology, 2013, 38(5): 188—192. ]
[8] FR3E, HTF, RIS, 5. va 5 AOK 4 B Bl ik R Uk %
AE KR RER 2 Yty T EARAC[T]. B T LA, 2015, 36(20):
289-292,298. [LUZ Y, YAO Y Y, CHEN S X, et al. Optimiza-
tion of response surface microwave-assisted enzymatic extraction of
water-soluble dietary fiber from oil tea leaves[J]. Science and Tech-
nology of Food Industry, 2015, 36(20): 289-292,298. |
(9] Hiwedz 2R ARFABEH &b 5540 7T S M BEA 4F 24 [D]. 42
M 3T T K %, 2018. [ CHEN X Y. Preparation of soluble di-
etary fiber from oil tea meal by Trichoderma reesei fermentation
[D]. Hangzhou: Zhejiang Gongshang University, 2018. ]
[10] BA, ikl T &ERBERTIFERRILMT
[CY/BFHAA R | Bk B % RARBUT, FEKRER H=
FEMAEFE R K SS9 AAMG F L LE BREALE, T
Bk B s RAREUT P EARE L P EMKFE S, 2009: 550-558.
[ MA L, CHEN Y Z. Study on extraction technology of high active
dietary fiber from camellia oil seed shell [C]// State Forestry Admin-
istration, Guangxi Zhuang Autonomous Region People’s Govern-
ment, Chinese Forestry Society. The second China Forestry Aca-
demic Conference-S9 Woody Grain and Oil Industrialization pro-
ceedings. State Forestry Administration, Guangxi Zhuang Au-
tonomous Region People’s Government, Chinese Forestry Society:
Chinese Forestry Society, 2009: 550-558. |
[11] A ZE. RBRER TR BRI R HRERRATR [D]. £
B iLd X5, 2014. [ HUANG D Y. Study on enzymatic modifica-
tion and functional properties of rice bran dietary fiber [D]. Wuxi:
Jiangnan University, 2014. |
[ 12] GAN Jiapan, XIE Liang, PENG Guanyi, et al. Systematic re-
view on modification methods of dietary fiber[J]. Food Hydrocol-
loids, 2021: 119.
[ 13 ] PREETI B. SUBHEDAR, PARAG R GOGATE. Enhancing
the activity of cellulase enzyme using ultrasonic irradiations[J].
Journal of Molecular Catalysis. B Enzymatic, 2014: 101.
[14] TR 3. 3 BER 4 4 R RS e o 20 B AR AL R A7 5 [D.



%43 % 55 18

OB A IR AT R A B BEA SRR AR R B AT - 169 -

F & F BHAMKF, 2020. [ ZHANG Liping. Study on lipid-re-
ducing effect and mechanism of kelp dietary fiber [D]. Qingdao:
Qingdao University of Science and Technology, 2020. |
[15] WANGZ, YANJ Y, MA S, et al. Effect of wheat bran di-
etary fiber on structural properties of wheat starch after synergistic
fermentation of Lactobacillus plantarum and Saccharomyces cere-
visiae[J]. International Journal of Biological Macromolecules, 2021:
190.
[16] ZHENGY J, L1'Y, TIAN H L. Effects of carboxymethyla-
tion, acidic treatment, hydroxypropylation and heating combined
with enzymatic hydrolysis on structural and physicochemical proper-
ties of palm kernel expeller dietary fiber[J]. LWT, 2020: 133.
[17] F 2R, AL BObE 2SR A Yed ALK R 2t R
& A FBRAR [JJOL]. R dn & B T ak: 1-10 [2021-10-11]. https:
//doi. org/10.13995/j. cnki. 11-1802/ts. 028365. [ YINL C, TONG
Q Y. Study on physicochemical properties, structure and probiotics
activity of modified soybean dregs dietary fiber [J]. Food and Fer-
mentation Industry: 1-10 [2021-10-11].https://doi.org/10.13995/
j.cnki.11-1802/ts.028365. ]
[ 18] #&dr, RAEA, XA, 5. # F R B ERIE RS TR
MR A ey AR [T i R WA 52, 2017, 58(3): 469-472.
[ PAN H, SONG C Q, LIU H P, et al. Study on ultrasonic assisted
enzymatic extraction of soluble dietary fiber from Lotus root residue
[J]. Zhejiang Agricultural Sciences, 2017, 58(3): 469—472. ]
[19] KA, &, SBRE, 5. # 5 4080 -8 F W0 F) 4F R 42 s
RGN A L ATHAAE R ). & o T b FH3, 2019, 40(7):
205-212. [ ZHANGMF, YUE L, JING S Q, et al. Extraction of di-
etary fiber from Jujube residue by ultrasonic-assisted enzymatic hy-
drolysis and its effect on digestion[J]. Science and Technology of
Food Industry, 2019, 40(7): 205-212. ]
[20] ##a, T, FAX 5. a8 @SR KK
R EEERR LML UL AL L B T, 2017(5):
37-40,54. [ XUCH, LIS Y J, LIG J, et al. Optimization of enzy-
matic extraction technology of water-soluble dietary fiber from rice
bran by response surface methodology[J]. Food & Feed Industry,
2017(5): 37-40,54. ]
[21] FRm, Bk, BoR3R, . 3% % KAER A Y odm 5 @ AEALAR /5
B A BRI A 2t & JE R IR 5% B 60 %A [J/OL]. R&EEE XS
% R 1-13[2021-10-11]. https: //doi. org/10.16535/j. cnki. dlhyxb.
2020-279. [ CHENL, RAO J, ZHAO Y Q, et al. Extraction of di-
etary fiber from Radish laver with response surface optimization and
its effect on gel strength of surimi [J/JOL]. Journal of dalian ocean
university: 1—13 [2021-10-11].https://doi.org/10.16535/j.cnki.dlhyxb.
2020-279. ]
[22] SCE, AR, K448, & F R A THERIER T 5 ST

LA AL R e 25 A R AE [T]. A e T AHEL, 2020, 41(21):
29-36. [ WENP,PEI Z S, ZHU T T, et al. Preparation process op-
timization and structure characterization of soluble dietary fiber
from yellow skin flesh[J]. Science and Technology of Food Indus-
try, 2020, 41(21): 29-36. ]
(23] &%%, Ky, AL, Qi BADRRIGAE SRR
Sh T RE T AR R [J]. P Ak kBB K IR, 2021, 41(5):
142-151. [BAOZY, ZHANG Z, DU Y F, et al. Microbial extrac-
tion of polygonatum polysaccharide and evaluation of its lipid-low-
ering function in vitro[J]. Journal of Central South University of
Forestry and Technology, 201, 41(5): 142—151. ]
[24] ZHUY, CHUJ X, LU Z X, et al. Physicochemical and func-
tional properties of dietary fiber from foxtail millet (Setaria italic)
bran[J]. Journal of Cereal Science, 2018: 79.
[25] R4, 244, A, FHRE, 28 AP RERER L 40
FRIRB AR SR M AR AT R [J/OL]. A T A3 1-15[2021-
11-29]. https: //doi. org/10.13386/j. issn1002-0306.2021040269. [ W
U J, LIU Z Z, WU J, et al. The extraction of Yunnan olive pomace
dietary fiber and its adsorption properties in vitro studies [J/OL].
Food industry science and technology: 1—15 [2021-11-29].https://doi.
org/10.13386/j.issn1002-0306.2021040269. |
[26] B, L ER, RAF4E, 5. RAR AR TR MAIC R
M FAE(T]. & S A, 2020, 45(5): 254-260. [ WEN P, PEI Z
S, ZHUT T, et al. Physico-chemical properties and structural charac-
terization of dietary fiber from yellow peel[J]. Science and Technol-
ogy of Food Industry, 2020, 45(5): 254-260. ]
[27] MARWA C R, SOUHIR A, SABU T, et al. Use of green
chemistry methods in the extraction of dietary fibers from cactus
rackets (Opuntia ficus indica): Structural and microstructural stud-
ies[J]. International Journal of Biological Macromolecules, 2018:
116.
[28] #hifdh. Z#KEMRER L % oh 4 & A B WA T [D]. %4 R
% A4 R K F,2017. [ LIN H J. Preparation and modification
of water-soluble dietary fiber from wheat bran [D]. Harbin: North-
east Agricultural University, 2017. ]
[29] k3 ATH, x| 2ok, F. 8 F BRI 7 # FRER L Yl it
Aok Mo Hom (I &0 S 55 H B T dk, 2017, 43(1): 150-155.
[ ZHANG Y, HE C, LIU Y L, et al. Effects of ultrasonic modifica-
tion on properties and structure of bamboo shoot dietary fiber[J].
Food and Fermentation Industries, 2017, 43(1): 150—155. ]
(30 ] Fmrb, Féh, FLmE LAEKERBER T HRRTL
B MBI R B 5 T4, 2019,40(5): 118-122. [LIP
C,LI X L, YIN H N et al. Study on extraction technology and struc-
ture of water-soluble dietary fiber from hawthorn[J]. Food Re-
search and Development, 2019, 40(5): 118—122. ]


https://doi.org/10.13386/j.issn1002-0306.2019.07.035
https://doi.org/10.13386/j.issn1002-0306.2019.07.035
https://doi.org/10.13386/j.issn1002-0306.2019.07.035
https://doi.org/10.7633/j.issn.1003-6202.2017.05.010
https://doi.org/10.7633/j.issn.1003-6202.2017.05.010
https://doi.org/10.3969/j.issn.1005-6521.2019.05.021
https://doi.org/10.3969/j.issn.1005-6521.2019.05.021
https://doi.org/10.3969/j.issn.1005-6521.2019.05.021
https://doi.org/10.3969/j.issn.1005-6521.2019.05.021
https://doi.org/10.13386/j.issn1002-0306.2019.07.035
https://doi.org/10.13386/j.issn1002-0306.2019.07.035
https://doi.org/10.13386/j.issn1002-0306.2019.07.035
https://doi.org/10.7633/j.issn.1003-6202.2017.05.010
https://doi.org/10.7633/j.issn.1003-6202.2017.05.010
https://doi.org/10.3969/j.issn.1005-6521.2019.05.021
https://doi.org/10.3969/j.issn.1005-6521.2019.05.021
https://doi.org/10.3969/j.issn.1005-6521.2019.05.021
https://doi.org/10.3969/j.issn.1005-6521.2019.05.021
https://doi.org/10.13386/j.issn1002-0306.2019.07.035
https://doi.org/10.13386/j.issn1002-0306.2019.07.035
https://doi.org/10.13386/j.issn1002-0306.2019.07.035
https://doi.org/10.7633/j.issn.1003-6202.2017.05.010
https://doi.org/10.7633/j.issn.1003-6202.2017.05.010
https://doi.org/10.3969/j.issn.1005-6521.2019.05.021
https://doi.org/10.3969/j.issn.1005-6521.2019.05.021
https://doi.org/10.3969/j.issn.1005-6521.2019.05.021
https://doi.org/10.3969/j.issn.1005-6521.2019.05.021
https://doi.org/10.13386/j.issn1002-0306.2019.07.035
https://doi.org/10.13386/j.issn1002-0306.2019.07.035
https://doi.org/10.13386/j.issn1002-0306.2019.07.035
https://doi.org/10.7633/j.issn.1003-6202.2017.05.010
https://doi.org/10.7633/j.issn.1003-6202.2017.05.010
https://doi.org/10.3969/j.issn.1005-6521.2019.05.021
https://doi.org/10.3969/j.issn.1005-6521.2019.05.021
https://doi.org/10.3969/j.issn.1005-6521.2019.05.021
https://doi.org/10.3969/j.issn.1005-6521.2019.05.021

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 原料预处理
	1.2.2 膳食纤维制备工艺
	1.2.3 单因素实验
	1.2.3.1 酶添加量的影响
	1.2.3.2 超声时间的影响
	1.2.3.3 超声功率的影响
	1.2.3.4 料液比的影响

	1.2.4 响应面试验
	1.2.5 得率测定
	1.2.5.1 SDF得率计算
	1.2.5.2 IDF得率计算

	1.2.6 理化性质测定
	1.2.6.1 持水力测定
	1.2.6.2 持油力测定
	1.2.6.3 膨胀力测定
	1.2.6.4 胆固醇吸附率测定
	1.2.6.5 葡萄糖吸附率测定

	1.2.7 结构表征分析
	1.2.7.1 红外光谱（FT-IR）的测定
	1.2.7.2 显微结构分析
	1.2.7.3 粒径测定


	1.3 数据处理

	2 结果与分析
	2.1 单因素实验结果
	2.1.1 纤维素酶添加量对SDF得率的影响
	2.1.2 超声时间对SDF得率的影响
	2.1.3 超声功率对SDF得率的影响
	2.1.4 料液比对SDF得率的影响

	2.2 响应面优化试验
	2.2.1 响应面试验设计及结果
	2.2.2 最佳工艺参数及验证

	2.3 理化性质分析
	2.4 结构表征分析
	2.4.1 红外光谱（FT-IR）的测定
	2.4.2 显微结构分析
	2.4.3 粒径测定


	3 结论
	参考文献

