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Abstract

Using corn starch as raw material, porous starch with excellent properties was successfully pre-
pared by compound enzymatic method, and its physicochemical properties were analyzed in detail.
The results showed that under the optimal enzymatic hydrolysis conditions, the porous starch ob-
tained at the enzyme ratio of 1:3 (g/g), the enzyme dosage of 3%, the substrate concentration of
25%, the enzymatic hydrolysis time of 8 h, the enzymatic hydrolysis temperature of 45°C, and the
pH value of 5.5 showed higher oil absorption rate (189.56%), larger specific volume (2.13 cm?3/g),
suitable solubility (13.17%) and significant swelling force (3.63 g/g), which were significantly bet-
ter than those of the original starch. The observation of scanning electron microscopy (SEM) further
confirmed the integrity of porous starch granules, the honeycomb microporous structure on the
surface, and the pore size and depth were in an ideal state, and the prepared porous starch has a
wide range of potential application value.
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VO R L BT e AT AR AR AR A I oy e ) i S R AE R G - R
T, EATAE BB 0 FR N P 32 B H R SRR R T AR AN AL AR BR 1[4  H Al Sl 46 22 b B sy B R TR
AU AR AR E Sy LA e MR ik i o 22 ALl 3 4 R 46 2 ST B — R B AR e A [2] [3], BRI L
B RE BRI A 2 N Ty BEZG. AL At AL SRR AN GUR[4], £ aATIE, 2 FLTER T
R0 dh B AR E s AEBR 259U, AT DM NG, SR 29 RORE IR s AR Tk,
ZALVER T T E W AT, BRI IARI A, $RTH R R AR AR AR LA
s, ZALTER TR NERANA 2 (SRR, B AR 25 (A T R IR IRl D A 5 T G

ZALTER BRI B A 5 10 RO RROKRESLRR, LRER B2 Lum, SARRL
Byt —F . VERERI B T AR R BRI R A BORRKYE, DGR S B 0], R 2 fLidh
TERZ YRR, HBMEMEN LR TR, 88 Rl R REE AR T —f5[5]. 2L
HABKRKWREA, X TEE R B AR R R EE, Rl 5 g f e (ndiE R AL 4R
C UL 322 251%%), REMBAE 2 fLUek h R B4 (IR, R HAEE[6]. LISk LB E ., fb
T AR LR PR MO F I R AR . Horh, AR S O R BE R R A
FER G, AR EEES G &7 AR RS, AT B2 e FLRR I AT R [7] . AR BT
WEEsitt, BRESERA V2R, BREWE D PR T, HANE R DU o s i) e bl e ASR
PR EVERE[4] B A AR BB AR 202 H RIZE ™ 2 FLTER M T VA2] [8]. SRT, A B A, A
B, FEREM, i HL e o PR S U 2 R A ORI A L RS [9] -

W2 LIRS ) S RS TRV . SRR . RETE . K HEH AR/ Be b 45 [10],
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MRl 4G a-iEk b SRELEEIO R Al s Aot % 2 ALk . % T 2RIk, WA
Br 7 S Eihy B AREE, OF 5 RIRTER AT T E, N EORTER IR 5 N S T BORA S -

2. MBSRE
2.1. RS

FARIER, BIIRHAEMREA R AR WL, EERH AR A IR AR a-iEkl, i
MWAMBEARAR; KO, LR T AR TR A ] ToR SR, A TAY TRE( L)
MHRATF; 9% LRE, REMTILRULEAFRAR; SE IR, FERMCE ) ARA .

22. UFE5RE

FE20 st46 % pH iF, MRFE-F0R 238 ( L) AR AR ME204 HLIFRF, MEReH) - 2R 2 (1
) HIRATE]; SYC-A (i) K E R (IR % 4, LI i BT 2t i G R A |l 3-18K il B0
Bl fE[E SIGMA 5236 % B0 LA R s WH240 PLUS U S #4URE 715 FE 4, 18 E WIGGENHAUSER 42
Hl; ZXFD-B5250 X\ TFHAf, g B Hr A HE A R A s JISM-1T300LV 4 1 R lge, HA
HF A .

2.3. W®7E

2.3.1. BILEBRIFIZ

FREL— & B JE B KVENR, IINE]—5E pH ) 0.1 M ZERANE MR, B & BIF . B
T — 2 I (7K B TR AR % #5 h TAGE B 10 min. 15 JeERI RN a-Te M BEAIRECLER, K HEVRS 2 T LR
Gy A FH G 1) BT R AR PR ) AR 44 T ) e D A 5 2 T i N B R B VR R S SR R AR T 7R
200 r/min TEE A NRREEHE—E I ], BEETE RS, AN A R SA TR 15911 95% B A A
PAZE bR M. S5 DL 4000 r/min S B0 10 min, FFKBERIR, BROUKGE G AT B0 EAE . B TE Rt
R BB IR, TEMEIR T A T DL 40°C AR T R AE o, {8 FH B0 158 5 PRV A A o BB e et
100 Hfi[12] [13].

23.2. PEARKAE

TEARBF, RATHEE 2.3.1 h— AR EEFRCEL . IR pH A B i & SRR AR I F)) 3%
E T EMNAFRIRN- o 72 2 H A BTA 5256 25 R RS AL L, BB ZR AR I PR 4R FR R TE B — PR E
S 2 R RSN o

2.3.3. IE3ZIRIE
R R IR S5 5, RO RH T L18 ()M IEAS I Wit 7%, BRI R 5K FERE 1.

Table 1. Orthogonal experimental design
F 1. ExREEITR

¥ (AEETCLL/(glg)  BEFHIR%  (CURVIEE % D)L (E)pH  (F)EE/IC
1 1:3 2 20 6 5.0 45
2 1:4 3 25 8 55 50
3 15 4 30 10 6.0 55

DOI: 10.12677/bp.2024.143020 158 At e


https://doi.org/10.12677/bp.2024.143020

S

2.4. A E

2.4.1. WMZERIE
] TR B O I 0.5 g vER AT 8 mL oK, =R NI HEHE 5 min, JFiFE 30 min fEEH 7

S3 IR 53 o S8 5 FE TR A WITE 4000 r/min (25 4F T 250 10 min, 2B L2 70 E 2 0 2 R T [14] [15]

TERYRE S BB 2R (AC) A (1) HH AR F)

W —W,

AC (%)= x100% €N

0
Kb W——E e i, g0 Wo——TiEhiiiE, g.

242 LAEREIME
75 10 mL Bof B R FRIRAG 2.00 @ VEkY, R Tt VAL B R B (R R 7 3 TR 9 ST MO (R 5 2
K. i F UM AR, IR S VAT IR, DL/t (I LE 2 [16].

2.4.3. BBEFBIKNEINE

T el & 3%IR B HITE N BRI EAE 60°C 245 E R AR 30 min, ke LA 4000 r/min IR B0 10
min. [ K LIEWELFE 2 60 CHIMFEH, T EREE[12] [17]. KA K@) FIA R (3) 73 BT HJEH: 1)
AR R (S) MK 71(B)-

s = A 100% v
W
P
B=—
W(i-s) ©

qrb: W——lebked+E, 9o A— LB TERE, 90 P—REOEVERSE, g.

2.4.4. PR FRERMESEM) UM L1
SRR U b U R R A 2 TR IR e B R A 5 2 R L, RS RS UT HEAT 60 s
HOR a0 (SN AY GRE Ve 8 E Uy > ol R A T G e AL =S ECR TR o

3. BZREHh
3.1. BEZEREER
3.1.1. BSECEE xRS

T4 12 1:3 1:4 155 1:6 1:7
BT L/ (g/g)

Figure 1. Effect of enzyme ratio on oil absorption
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RCELik e 1:1. 1:20 1:3. 14, 15, 16, 1:7(g/g). HAMSHCER N: BEHE 2%, EKWIRE 20%,
BEEfEINTE] 8 h, pH {E 5.5, &% 50°C. Wi 1 FoR, a-TEk i 5 08 A0 (1 T LU 22 ALk W 227 A 5
Wi o BifE LOAE IO FEAS, WOm W2 ETHEaSS, BEEITA R, 2 & W EE D 1:3 I Z ik B
o-TER B FRVER I o-1,4-WE L5, 7= 2R K TR0, E T30 a-VE A Wik — 2D /KA o T R A il i 7K A
0-1,4-F1 0-1,6-WETTHEE, REAEFor v 1 H00 A1) 1k S W A0 R 87 0, P TR FH R ORI 5 T ek /K A [15] . BRI
U, HEEHE—ER, BEUEELLE R, JeR KRR B S S IR R s SR, AR
o-VER B S B, ALK, AR 3 LB S A 22 FLTE K (0 BRAL R B W e e DRI %
AR R IR BGAC LA 1:3.

3.1.2. EAEX W HERHEM

Wi FH B 1% 2% 3%. 4%. 5%. 6% 7%. HAWSHGER v: BERCLE 1.5 (9/g), IRMKSE 20%,
Figfige s 5] 8 h, pH {H 5.5, 15 50°C. & 2 o, Mg H &0 2 FLUE M B 2 7= A 5o o il g FH B g 36 m,
2 FLUEM R 28 0 T 2 KA S T T B, LA ERE R I 3.006H IR i 2R 1K B (E . IX — LR,
BURAIEG A N & 5 S06 5 JE A BN R RS 2, BRAS T Ve B BRI /K R o 1T 205 s RO Tl ) 68 i b SR o 38 /K
TR 2 AL, IR Al Jo P 7Kg P S o TR, 2% A8 A SO B /N PR G R B T W, AT B I T R 6.

1 2 3 4 5 6 7
BHE/%
Figure 2. Effect of enzyme dosage on oil absorption

2. Bg R EXIRmEAFM

3.1.3. R BE XS IR FR A R

180
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R 2/ %
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Figure 3. Effect of substrate concentration on oil absorption

B 3. R B X IR R A R0

JENDURJE £ 10%. 15%. 20%. 25%. 30%. 35%. 40%. H:AthZHk# . BERCEL 1:5 (g/g), HEH
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2%, FEfAERTAI8h, pH{H 5.5, ¥ 50°C. HHE 3 AIA: JEky MM R B IR g o BT+ s
TR, TEIRVIIRE N 25%0F, WRIMER . TREE BN S RIS, R ST KA RN, 3
FUE R WL BEK BRI BOR 2 AL, R R PR AK. AR, MIRPIREE I S, IR B PR 5E
MASRETE I S BRI WS 1 78 0 R MUK AR, 380 e B E R, [FIRE S BRI R R
[0

3.1.4. BERERT )X M AR

R f@rtIa)iE 2 2hy 4hy 6h, 8h, 10h, 12h, 14h. HAhSHuEE N BEELL 1:5 (9/g), A& 2%,
JEPDURE 20%, pH A 5.5, W 50°C. Wil 4 o, Ve w0 = i i AR i ) 2 < S 1 s ek b, ik 3]
WEAE I (OB AR S 8]y 8 /B o PERCHT BB AR R] P, TS5 VE M M S NN TR 48, TR UKL AR FLAR 2 IR
JEARR, TR B ARPK A MAERAK BRI ], JR e B RAF LR A UE R R 22 i fi, 7Rt
RN RN B 56 4 e A R R T RE (18], AT 3 S50 it 2 1) FEEAIG

190

2 4 6 8 10 12 14
i A B 17 /b

Figure 4. Effect of enzymatic hydrolysis time on oil absorption

B 4. BEARETIE) X IR 2R AR

3.1.5. pH {E XTI M ZEAI M

pH {Hi%#¢ 4.0, 45, 5.0, 55. 6.0. 6.5, 7.0, HASHIEFN: BFACLL 1:5 (9/g), BEHE 2%, K
WIE 20%, BEMAI R 8h, i 50°C. anlEl 5 fow, 2 LUk W PHERERE pH {8 K38 1k 52 350 14 i /= sk
AR, JRTE pH (EIAF] 5.5 BRI RIE Bl K, BEE IR U . M pH (E <5.5 i, Bl pH (ER
T, A BRI T T 5, T B [ K A RN iR, o AR B 1 BE A 2 s 24 pH . > 6.0 /5,
SEGHETERAS, RS T EGARIE R, AL, TR IR RE N . BRI, AR AR R 1
£ pH{E N 5.5,

1 1 1 1 1 1 1
4.0 45 50 55 6.0 6.5 7.0
pH

Figure 5. Effect of pH on oil absorption
[ 5. pH R H RIS
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3.1.6. ESREIREXIHZERFN

P fife il P 3% 4% 30, 35, 40. 45. 50, 55, 60°C. HAMSEIES N BEHE 2%, KWK 20%, HEH
ifA] 8h, pH{E 5.5. WK 6 Bz, ek (W 2 iR FE T = S s hn fa ek, HAE 45°CIPIR B K. 4
% <45CRE, BEERET &, o-TERBERIREALEEiEPEAN BT 58, FLyek BORLROK BEMK, ki sa T
B, BRI TR EE KA. MR E A ST R, BT M SR A, IR Ve S TRk, kI S
FRALAR AR 22, BRItz . BRIk, 7E 45°C 2% A NGRS S 803 B, [T UE 0 1R W 22 5K 31 Thibeg

190

140

1

1

1

30 35 40 45 50 55 60

Figure 6. Effect of enzymatic hydrolysis temperature on oil absorption

[ 6. BEAREE X IH R R0

3.2. EXRIELER

HEE/C

BRI AR W 2 Pon . WRIERTIRE T, 8
BERCEL(A) > BEHIE(B) > IREE(F) > WFIR(D) > JERMIWSE(C) > pH {E(E). i, BMCELxs 2 fLIEk AL
BRI MR N R E . BRI T ZZHAEN o-Tek M SRR R 1:3, AR 3%, KYIKE 25%
(W), JRNZEFE 45°C, RSB 8 h, K%K pH {H 5.5, fEML&MFT, ZSLIEMAIRMZRE R ERNE, A

189.56%.

Table 2. Orthogonal experimental design and results
2. EXXRAWI T RERK

Wi 25 FLIE K W 25 19 R 2 1 T B R P HE Y 9«

>

ST

Wit /%

© 00 ~N o o B~ W N P

=
o
N P W N R W N R W N D

P P wWw W w NN NN R R

[y
[N

P W R, W N W N, Ww N RO

P W W NP, W NN w N - | O

w NN P W R, W NN W M

169.84
184.85
163.88
165.46
179.82
151.63
164.81
178.73
182.60
178.59
180.03
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gk
12 1 3 2 2 1 1 187.00
13 2 1 2 3 1 3 169.22
14 2 2 3 1 2 1 173.80
15 2 3 1 2 3 2 162.44
16 3 1 3 2 3 1 158.57
17 3 2 1 3 1 2 160.49
18 3 3 2 1 2 3 156.19
k1 177.365 167.748 170.143 166.050 169.485 175.272
k2 167.062 176.287 173.648 172.842 173.582 167.135
k3 166.898 167.290 167.533 172.433 168.258 168.918
W% R 10.467 8.997 6.115 6.792 5.324 8.137

3.3. EREFERM S S FLRBEIERELE

e 3 WoR, ZFLIER O R B R IGTE R IR T T 77.14%. XS5 R, kR I I 5 RPLSS
AR B (A A P I e 22 L K (P i SR P R o K10k, R b 20 3 PV DR A U B 2 AL PR 1 R A [19] -
[21] JEuEky HAE R I, 1 2 fLiEk Mok i sk, FLINEE B2 B B —, Wl R R R ek KK
fm. 2R AR IE S T 36.80%, HTZFLiEm RS, FEREnEN T, &
WUk ECE 2 HARRRY K, M SR AR T . ST RGN, 2 FLUER M AK 0 RV fd 2 45 1)
BINT 64.37%F1 42.47 fi5. IXFPARAK & BT 22 FL4G5 KA M A5 M AR (1) &5 R S P sk s, KR Z B3R, AT
Ky FHEGHEMm TSRS S, o, BENF RSN R, 3t— D etk 15k
FIZAK[16] [22].

Table 3. Comparison of the properties of raw starch and porous starch

= 3. FIEMALILIEM B R

Byt L7583/ (cmd/g) BIRR 1% [k 71/(g/g) A H 1%
JEE R 1.557 0.303 2.206 107.01
Z fLiER 2.130 13.170 3.626 189.56

3.4. AR FRAMHF(SEM)MNE B LM

T ANIEER, B OAREEFMT % 2 LR .
Figure 7. Porous starch SEM scan results
7. SEM 1HLER
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WE 7 Frs, BRAE FORTER BURL AR FR L se e vk, il 2R s R P . MRS, 7F
A T2 56 N Bt 2 FLIE R R R A R se B, JLRIART T 395 BB/ L. Kk R &
LA HTAAE 773K TESLIR AT, 45 R R 2 FLIEMm T 359L42 74 9.056 nm, X 6L # R~
R E S ONEAIRES, WIRARTH 7 RLBCR . g SRR 0 B A i R AR R R AL R 1 oK 2 fLiE b
AL A EEE A A 4, IS IE AT 7T B A T2 0 s F

4, 4Eig

IS EAS IR T E AR KR EORTERM M T2 %M. SRFMN: o-TERBE-S R I 0T & LN
1:3, BEHEEEN 3%, JKIKIE 25%, BEfRIREETE 45°CHET, FRERT(A) 8 h, KMAR pH {4 5.5,
TUbaAE, ZFLIER R AR BIRR K 15585 iaie kA BT . AR T B s
Frigon, ZFLIEm Bk eRE, MILBURE . X g BIGUE TR B A Bk H & Sk 2 Lk T
ZOREAATI, JF HEENEE B H AR R FLACR
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