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Effect of fermention conditions on the four hydrolases in
apple pomace fermented feed
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Abstract: [Objective] The study investigated the effects of microbial inoculums, auxiliary materials
and sterilization of material on activities of 4 important hydrolases (protease, cellulose, pectinase and
phytase) in fermentation product of apple pomace. [Method) Apple pomace with different auxiliary materi-
als (urea or urea and oil residue) was fermented with three fungal species,yeast,Aspergillus niger A8 and
Aspergillus oryzae. The effects of microbial inoculums (single-strain fermentation and mixed-strains fer-
mentation) ,auxiliary materials and sterilization of material on activities of 4 important hydrolases (prote-
ase, cellulose, pectinase and phytase) were analyzed by colorimetric spectroscopy. [Result] The activities of

the 4 hydrolases were increased significantly in fermentation product of apple pomace. The activities of all 4
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hydrolases in mixed-strains fermentation product were much higher than in the single-strain fermentation
product. Adding oil residues and sterilization significantly improved the activities of protease, cellulose, pec-
tinase and phytase. In the fermentation product of sterilized material containing oil residues, the activities of
protease, cellulose, pectinase and phytase reached 58. 85— 368. 43 U, 3 617. 53— 6 278. 22 U, 203. 20 —
358.47 U,and 19. 45—54. 96 U, respectively. The fermentation rates were increased by 67. 7% —949. 6%,
13.8%—97.6%,34.5% —137.4% ,and 336.1% —1 132. 3% ,the activities with microbial inoculation were
increased by 109.4% —526.0%,2.3% —73.5%,26.4% —76.4% .and 41. 4% —182. 6 % ,and the activities
in fermentation product of sterilized material were 22. 2% —118.6%.8.3% —63.9%,17.1% —64.8% sand
1.2% —92. 0%, respectively. [Conclusion) Mixed-strains fermentation, auxiliary materials (oil residues)

and sterilization of material significantly improved activities of protease,cellulose,pectinase and phytase in

fermentation product of apple pomace.
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activity

PSR S P SN
EAE 2 000 J7 DL L A i SR I T 7 0
S 120 7 SR KR 809 KT B
2R A L 3%~ 5 % o FLHE AR AR 2 R 0
A G 3.0 3 SR 6 25 7 0 AR e B
VEURTT BRI 065 . SR AR T 200 B o
IR 3 L 0 L R RO R
(S S 4 T 0 — AR
SRR PP B 28 T RS e A B 2 11 T
o 32 W 5K ST S T L B AR
AT 55 F 1 2 o 7 7K 9 25 O i
B B 00 R 6 0 5 2 K )
WS A L DRI A T SR i R R B
S8 T H A B T AR 0 L 3 2 B 5 ] 2
I T2 A LR SR 52 G KA 0 050 %
PSR 5 Y0 6 0 A T 0

0 PR SR 7 2 1G04 52
TEOARE I (R A 2
K TSR 2 . IR T R
P 3 A B A AL 45 X050 5 5 o 2
AT 25 O 0 0 (L0058 5
A o I B O 4 4 A LK T
R o 0 C B 5 5 6 2
KA 4050 R

ASTIF9E LS 5 4 JEURE . LB B B 2 07
CRINE AS FUK ) 0 % BER . R S 0F 58 T %
A JFOR AL IR JRUR K B S 3 IR R R AL
A LY S 2 o 1 T 4 R
R 0 B0 1 3 S 5 G
B B 7 T 2 AR AR R e

1R Tk

L1 # #
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F19 = 1IRAG s J5URE B O 13 500 s b IR 3R 4
JREH 17 52 LiRA.
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7K, 121 ‘CKH 20 min,
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2.1 AEAAEMERELXBESYHELREEEN
A1)

2.1.1 B RREE AR BB X R I OB

K WE ) b RS P RS A R LR 1

x1 ARAEARBHMNARERMZBESYHERBETENZE

Table 1 Effect of different microbial inoculums and auxiliary materials on protease activity in
fermentation product of unsterilized material

FERBE+HIRE A SR A IRE s (B JERl B IE M/

hib Apple pomace+ urea Apple pomace—+urea—+oil foot BB A WM

Treatment WM/ U o o WM/ U o . Activity of

Activity Af/% ai/ % Activity Af/% ai/ % material B/A
CK1 42.10+1.84 a 19.9 48.15+7.29 a 37.2 - 1.1
Y 59.03+2.43 a 68. 2 40. 2 68.58+1.19 b 95.4 42.4 1.2
H 95.18+6.25 b 171.2 126.1 135.65+5.96 b 286.5 181.7 1.4
M 75.9342.98 b 116. 3 80. 3 99.55+1.11 ¢ 183.6 106. 7 1.3
YH 132.90£2.71 be 278.6 215.7 168.50+6.43 ¢ 380. 1 249.9 1.3
YM 106.58+1.79 ¢ 203. 6 153.1 140.8045.95 ¢ 301.1 192. 4 1.3

T« R R T 4 S S A 2] S P 35. 10 U RIS B S5 AR AN [Rl/NE - B 3% 3008 22 53 1B 3% (P<C0. 05) 5 Rl

Note: The protease activity in blank sample was 35. 10 U. Different lowercase letters mean significant difference (P<Z0. 05). The same be-

low.
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A R T 0 R v D W v LR R R (A 43 i)
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T I M A B 2 (A Sy 40. 2% ~215. 7% ., JERH
B 520 R ) R A Fh e B T 4 R i & AS B
1 PR ) R T R (A ) KA TG 3 (AD 433
k1 380. 1% K 249. 9 %6 , BV JFURL A I A I #3 5E K i
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T B el it w2 % W 7 ) ) R RS . 7EJRURE A
L kTR B TG M 55, 70~246. 05 U, &
P4 % (A f) R 58. 7% ~601. 0%, TEA[F) & % 7 ik
H, WG G MY B R (A Sl 57, 5% ~
341,70 P B AR EERE T 4 PR i B AS B 1T
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Table 2 Effect of different microbial inoculums and auxiliary materials on protease activity in

fermentation product of sterilized material

TRETRE A TR T IRE MR (D) R B i 1/
b g Apple pomace+urea Apple pomace+urea+oil foot JEOR AWM
Freatment o MI% NI% A% e v N ) BN
CK1 55.7045.06 a 58.7 - 32.3 58.85%1.70 a 67.7 - 22.2 1.1
Y 87.73x2.98 a 149.9 57.5 48.6 123.2549.72 a 251.1 109. 4 79.7 1.4
H 187.05+2. 84 ab 432.9 235.8 96.5 223.03%5.95 ab 535.4 279.0 64.4 1.2
M 165.4044. 02 be 371.2 196. 9 117.8 175.8844.71 be 401.1 198.9 76.7 1.1
YH 246.05+2.74 ¢ 601. 0 341.7 85.1 368.43+2.78 be 949. 6 526.0 118.6 1.5
YM 203.884+4.44 ¢ 480. 8 266.0 91.3 235.53%+6.19 ¢ 571.0 300. 2 67.3 1.2

VI « o A SR 0 2 PR A4 35. 10 UL
Note: The protease activity in blank sample was 35. 10 U.
2.1.3 BRHXEARMbBENDTEAHESHPES
BpEte e WEREK1ME2IHEGR 2 PHX
FIE R (AOFLLVE KA T . KB E A
MG P I B K TR KE M B R KB, 7R A
o, B R S R K T ) Y B T T O ) R
42.10~132.90 U 5 55. 70 ~246. 05 U, H K F& 14
KA N 32, 3% ~117. 8% . K I &b B % B 7= W) 4K
P Tt 5 1 i B 150 D JRURE TR BE R R e A IR

FEY R B PE . BLEORE B SRR A L

x3
Table 3

9 1R 2 T LATR i, JE I ORI 75 K 4
— AL TS TG B W 0 1 B
RRERPR AN YIUTELE TR A f9. LA %
0 S5 S A T 5 7 B T K
G 1T A B R R R
2.2 WEAEHMFRIE LB T EEHE

A i
2.2.1  BARREE AR B SRR I OB

T T 7 ) v £ A 3Rl I P R DL 3 3

7 [5) T 770 B 8 ot oAk TR TR U A3 Y & B S ) e AT 4 SRRV 1 O R I

Effect of different microbial inoculums and auxiliary materials on cellulase activity in

fermentation product of unsterilized material

FREHIRE AN

R PR A i B (B) JERL B 3 1/

kb Apple pomace+urea Apple pomace+urea—+oil foot BB A WG
CK1 3314.82£57.62 a 4.3 - 3319.75£59.87 a 4.5 - 1.0

Y 3 322.65+89.81 ab 4.6 0.2 3417.61£102.73 ab 7.5 2.9 1.0

H 3403.19444. 44 ab 7.1 2.7 3 741.98E£157.13 ab 17.8 12.7 1.1

M 3374.07£53.42 ab 6.2 1.8 3428.40£104.76 ab 7.9 3.3 1.0
YH 3485.40£19.60 b 9.7 5.1 3829.63%£31.43 b 20.5 15.4 1.1
YM 3428.70+£47.14 b 7.9 3.4 3493.46+83.81 b 9.9 5.2 1.0

oA R T S R B AT R MO 3 177,78 U,

Note: The cellulase activity in blank sample was 3 177. 78 U.
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BEA H KT AT 4 R B PE R 3 465, 43~
5695.56 U, Bih% AS+ BrHE . il 2& A8 Kl
B IR A T K i B A B AN B2 T X A A 2T 4 3R il
HHEER D E FREZHIEENRBEY R AN N
9. 196 ~79. 2 Y0 o J v A4 1A b 3 41 4k 22 W6 0 M 1 &
FEREH (AR 9. 1060 s FEASTR) 2 TR b B vp , T 4k 3%
it P 42 TR 4 R (A R 1 106 ~64. 4%, Hodp
Fofr e 1 1)+ PR B A8 T TR B £F 4k 22 i I P 4 0T R
Haom 64. 4% E 8. fEE B b, KB R
SR W MR Ak 3 617, 53~6 278. 22 U, Ky
ROAL)H 13, 8% ~97. 6% » 2T 4 2 W 175 1k 1) 325 11 14
RK(AD K 2.3%~T73.5%,
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Table 4 Effect of different microbial inoculums and auxiliary materials on cellulase activity in fermentation product of

sterilized material fermentation products of sterilized material

SERE A JRE (A
Ab B Apple pomace—+urea

A R i (B)
Apple pomace+urea—+oil foot

JEOREL B 3 4/
JEURE A i

Treatment WM/ U

W/ U Activity of

Activity Af/% ai/ % As/ % Activity Af/ % i/ s/ % material B/A
CK1 3 465.43459.87 a 9.1 — 4.5 3617.53494.28 a 13.8 — 9.0 1.0
Y 3503.70447. 14 a 10. 3 1.1 5.4 3 700.00+E57.62 b 16. 4 2.3 8.3 1.1
H 4 551.85+141.42b  43.2 31.4 33.8 5 262.96+240.94 ¢ 65.6 45.5 40.6 1.2
M 3759.264+41.90 b 18.3 8.5 11.4 4 013.584130.95 ¢ 26.3 10.9 17.1 1.1
YH 5695.564225.23 b 79.2 64. 4 63.4 6 278.224120.47 ¢ 97.6 73.5 63.9 1.1
YM 3929.63+74.20 b 23.7 13.4 14. 6 4 380.64483.81 ¢ 37.9 21.1 25.4 1.1

TE R R T A S R R 2T A RS 1 3 177,78 U,
Note: The cellulase activity in blank sample was 3 177. 78 U.

2.2.3 BRI R E B e ih by 3t R WM P A 4
FEpERG Y AR 4 KEH R AL K
KT B WA HE WS B B KT AR K
T JEoRE A TR B KB HE (A 435 Ry 4.5 %0~
63. 420 M1 8. 3% ~63. 9%, i I K TR RE 48 i K I e
YA g RZBEE, 6 R 3RATUFIN ER
KB M KB T OB B & B 7= 4 27 4 % 0l 0 1

P TR AL JSOR B Y R BEE R B B T

JEORE Ao py T UL JEORE RR R T I A X B e e T

7 T Y 3R T MR R SR AT — R

2.3 AEALEMERELETWHREKEEEN
A

2.3.1 BRAEE A R SR R KO TR

T 7 ) v 2R I T A R LR S

RS AREFAERHHNARERERREES Y+ REEEEN M

Table 5 Effect of different microbial inoculums and auxiliary materials on pectinase activity in
fermentation product of unsterilized material

SERE IR E (A SR A IR E I (B ok B S P/

Lb 1 Apple pomace-+urea Apple pomace+ urea+oil foot JERE A TP

Treatment WwEPE/U o 0 /U . o Activity of

Activity Af/% ai/ % Activity Af/% 2/ % material B/A
CK1 160.16+2.02 a 6.0 — 173.51+12.48 a 14.9 — 1.1
Y 174.8944.96 ab 15.8 9.2 183.3749.02 a 21.4 5.7 1.0
H 180. 86+6.07 be 19.8 12.9 198.12+3.31 a 31.2 14.2 1.1
M 184.09415. 77 be 21.9 14.9 218.70418.63 a 44. 8 26.0 1.2
YH 187.06=420. 24 be 23.9 16. 8 209.584+11.57 a 38.8 20. 8 1.1
YM 197.3544.05 ¢ 30.7 23.2 222.52+12.14 a 47.3 28.2 1.1

TE « AR R T 23 SR A 2R 9 1 151, 03 U
Note: The pectinase activity in blank sample was 151,03 U.
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DK Y25 T 2R g 6 9% P 1) R TR MG R (A ) B T 0 R
(ADAYRIH 47. 3% F1 28.2% .,
2.3.2 REA® mFE6LIEH . ERKEEE,

R TR RE Ry SR R M. A JRRE A 2R
OS2 it T A 1) K S R (A D 27,106 ~120. 6 %6, o
N R A PR T TG T 1 R B R (A 2710,
iz TR Kb B O 8 5 A T 7 ) %) SR I T T A ) 2R
B Bl B R R R T AR SRR O MR
235.12~333.21 U, HEEF B & ASOKihE B
B A8 R TR FIK il -+ B B T X 55 AN A ) R 22
Sl (P<0. 05) , HL 5 il 7% 1k 1Y 422 1 38 232 (AD Ry
22.5%~T73. 6% , Ho i F o JE B B+ K ol B 1o SR il
TR RN 73. 6%, 1EJEURE B L kR ) op R
ET TG PE S 203, 20~358.47 U, Hi kK FEHE R (Af) N
34,500~ 137. 4 %6 5 5 AN H B 0T HEAH b o SR J52 i 0 2 1)
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Table 6 Effect of different microbial inoculums and auxiliary materials on pectinase activity in

fermentation product of sterilized material

IR PR 2 (A)
Qb Apple pomace-+urea

3R R FE i R (B)
Apple pomace+urea—+oil foot

JEORE B & 1/
JFRE AT

CK1 191.984+13.53 a 27.1 — 19.9 203.20+16.28 a 34.5 — 17.1 1.1
Y 235.12+10.32 a 55.7 22.5 34.4 256.79+5.96 a 70.0 26. 4 40.0 1.1
H 287.40+11.57 b 90. 3 49.7 58.9 326.53+2.86 a 116. 2 60. 7 64.8 1.1
M 307.444+10.12 ¢ 103. 6 60. 1 67.0 343.70%+14.41 a 127.6 69.1 57.2 1.1
YH 303.15+11.92d 100. 7 57.9 62.1 333.214+28.34 b 120. 6 64.0 59.0 1.1

YM 333.21+8.59 d 120. 6 73.6 68.8 358.47+26.60 b 137. 4 76. 4 61.1 1.1

TE & R R T 43 R i 2R M 1 151, 03 U

Note: The pectinase activity in blank sample was 151.03 U
2.3.3 RAHRE AR iE T AP RIR
BrgteFoa R 6 PRHREME QA TLUE
o TR SR TR R I 7 e R I S PR B R T
H AR R, R A CFIERE B A K TR R (As) 43 51k
19.9% ~68. 8% Al 17. 1% ~64. 8% . i B K F &b B
ReTE o R W SR B IS . 45 A& 5. 6 WA,
TE H AR BOK R 20T Bk B K 8 7™ 4 v 2R i %
MR TR A KB . AR kBT, R
T it 25 0 JEORE B oAb i SR TG R SR R AR 1.2

5 JEORE AL JRURE B & RS (A 4350k 6. 006 ~
120. 6 Y0 F01 14. 9% ~137. 4% , BN JEURE B ) & W 18 %
WA T JEORE A 3R B JEURE A IR ik v b A B T 4R
1ol R TRE 7 0 P R e G e L TR R

2.4 AEAEMERBEBSYHEBREBEEN

=AU

2.4.1  BARARBE A AR A T R
14 i T 7= ) H A T % A 110 5 g DL 6 7

RT7T AREERRHRI A REFERREE Y P EREE SN

Table 7 Effect of different microbial inoculums and auxiliary materials on phytase activity in fermentation product of

unsterilized material fermentation products of unsterilized material

SER IR E A FER W+ IR FE i B (B JERL B g/
Lb 3 Apple pomace+urea Apple pomace—+urea—+oil foot OB A WS
Treatment bt b Activity of
kc%v/ig AfI% 2/ j{(cttﬁl:‘v/ji AfI% ai/ % malerialyB//\
CK1 8.42+1.72 a 88.8 — 10.13+£1.68 a 127.1 — 1.2
Y 16.34+2.67 ab 266. 4 94.1 19.32+1.18 b 333.2 90.7 1.2
H 22.93744.46 ab 414.1 172.3 32.41%+4.58 b 626.7 219.9 1.4
M 25.937+8.59 ab 481.4 208.0 36.46+5.27 b 717.5 259.9 1.4
YH 23.66+1.24 ab 430. 5 181.0 34.03%2.43 ¢ 663.0 235.9 1.4
YM 28.36+£0.81Db 535.9 236.8 40,1146.08 ¢ 799. 3 296.0 1.4

T« A R I 0 L R A TR B TE M 4. 46 U,
Note: The phytase activity in blank sample was 4. 46 U.
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M2 7 aT LA L JERE A TE S KR AN 3R &
R B AR A SR IR S s S B AE B A AR
P, Ay DA 3P S i A R O P R Kl AR
Wy 4046 U 3G ns 8. 42 U, KB R (Af) N
88. 80 s e AN BE A + K il B K B L EERE T R
Mhd A8 RN E A8 KB AL 5 . & BE ™9 h Al I
it 0% M 1 R T B R (A ) 43 I Ry 535,996,481, 4%,
430.5% ,414. 1% Fl 266. 4 % ; 5 A4 Ff %t B8 4k 31 AH
Fo, AR WG TG MR R B2 B O R (AD R 94010~
236.8% . JE B 5 Z J L, HE B 1E B2 B EE Bk
AT DK 25 B A TR 8 9% M ) I B R (A B4 b
WS (AD AR 799, 3% H1296.0%
2.4.2 RBA® hES WM. IEKEKET .

PRI Ak B B8 R 2 5 R ) A R S M . A JRURL
A o S R i v R A TR R L B ) A TR i
WA 13.37~36. 85 U, H K il % + Bk oKk ih
AR A8+ B RE B A HH 35 5 R B B GF R R
M2 5 0 2 MR B TR R D R BERE R (A H
199. 8% ~726. 2 % , Ho v R 432 1 Ab B 2% 14 T R 1R il
TR R B R (AL N 199, 8% 5 76 A [ & 1 ) ik
Hb, RE R WS R Y B2 TR B R (A Sl 58.6%0~
175. 6 %6 » H v Rz b JE 8 T8+ f iy 25 R T I A 1R Il 0%
PR HEIE N 175. 6 %0 3B EA 2 . 7EJ5OR B L &
e 7=y R TR T 0 M = Gk 19, 45~54. 96 U, KRR
(AN 336. 1% ~1 132, 3% , A8 iR Bl 05 M 0 12 1
WRAD K 41.4% ~182.6%,

® 8 AREEH R E X R R & B AR R B R R

Table 8 Effect of different microbial inoculums and auxiliary materials on phytase activity in

fermentation product of sterilized material

FRE T RE A VR IRE AR (D) R B T/

b 3 Apple pomace+urea Apple pomace-+urea-oil foot JERE A WP
CK1 13.374+3.71 a 199. 8 — 58. 8 19.45+0.41 a 336.1 — 92.0 1.5
Y 21.20+£1.15 a 375.3 58.6 29.7 27.50£8.02 a 516. 6 41.4 42.3 1.3
H 30.394+3. 44 ab 581.4 127.3 32.5 32.01%8.12 b 617.7 64.6 —1.2 1.1
M 34.4442.43 b 672.2 157.6 32.8 50.8949.02 b 1041.0 161.6 39.6 1.5
YH 30.71%£5.27b 588. 6 129.7 29.8 34.4343.07 b 672.0 77.0 1.2 1.1
YM 36.8544.88 b 726.2 175.6 29.9 54.96+0.63 ¢ 1132.3 182.6 37.0 1.5

VE « o S B S R BT P 4. 46 U,

Note: The phytase activity in blank sample was 4. 46 U.
2.4.3  JRATR A B An i G T A BT A P A8
Bpg ey Hoan R 8 P KERE (A T LLE
L BR BN A8 KEFELLAN KR 5N KB
A PR Bl PR ST K T H AR R R A RO B
(KB B R CAs) 43 0 R 29, 70 ~ 58. 8% FI
—1.200~92. 0% . 6 BH K B RE B2 55 & T2 7 0 A TR 1t
W, S5fa 3 7.3 8 nl A, AE K KB K KB 4 1
TR B & I ) A R R TR O S v TR AL
1E AR R WD B R A A8 K il 7 K I BT+
Bl AS EERER oKl A IR 4 R B R W)
FF I R IR TS R 2 O JEORE ALY 1L A 5 R KO K T
rf, B oK il B LT T TR K i TR Ak B A A R
TR R FORE A B 1.5 5. eAh . JEDRE AR B
(K e 38 2R (A 43 3 R 88. 8% ~ 726. 2% M
127.1%~1 132. 3%, BUJFURL B A & e 186 % 5 T i
B AL F IR R i R AT B T R
r I R R I TR T Sk TR R

3 e e

Ml — b T 20 7 A 9 B A A A BE T 1Y

BT TR SR N AL SR R AR R R R
HEAEM . A 1975 4 3 B R Tk & R 1l i 571
AR Jh % 50 1 T B 45 A e O O 3 RO
P e A R0 i 52 B SR A A EE AL . SN B HR
FHEE T RT3 55 3 3 0 T8 B AR R L B AR AR R
TR 7 R AT R R P A5 /N O3 1 W) O s 2T Ak SR i A
SR 15 it 10 3o 0 A A 00 A B R T A R R AT A R K
A5 R 53 gt 1 o W AL WS /N oy TR 2
e Fsf ¢ A A 0 L P ) B R B R P AR L (ST
G AR AR /NG J5 WO T A R T A A A
PR A 7K figk B A L U0 8 2 ) T ALl TR £ A UL L B2 v
TRV e R BE 45 75 43 0 AT SR R e R
B R 52 5 RS o 80 AS () 2l 49 0 BE Aty AR e, BT
FR R

ABETE A B, B R A8 FIOK b S 5 R
BRI RS 5 42 M A B S SR U LA TR R ) 4 Pl OK i T
PEX R T 2 ol A e A HG 2 S A T R
BRI o A 2 ol R K S K AR B /N O3 1 A
[E7/By 1 S\ R DURA RS N TR Ry
JL 0 BELIE VR AR R T K iR 0 R RS . R
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TPk RS2 S5 RS LA A e R0 R AT [0 25 O
ARAT A3 S A T W) v 2 T I R ) K S
B AR T RSO AN AT A 3 B £ AT
Jit 5 5 22 il 3 ) a6 7 B AR IR L 3 T i it 2 Aok
fife I 2 L AT S TR R R o T BE . I IE . AN B
S 2R I A T W R g B M B OB T 2
s AL AR K A2 4 i ) 5 22 i D) RE ARG AR R D
Ko AR A 77 W) LA — 58 LA S ) R L AR
T Wy B b A K i i 9 R R AR T L 3 P 4R
T 0 — SR B E IR D 1R B IR R 9 A A
AT B 5 X R s Wy A RO B L v S ) S i
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