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Optimization of medium for bacterial cellulose fermentation
with pomace by response surface methodology
and property studies of the product
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(1.School of Food and biological engineering, Shaanxi University of Science & Technology ,Xi’ an 710021, China;
2.Huadong Pharmaceutical Co., Ltd. , Hangzhou 311000, China)

Abstract: In order to increase the bacterial cellulose ( BC) productivity of Acetobacter xylinum using pomace
hydrolysate, response surface methodology was used to optimize the fermentation medium. Meanwhile, the
properties of BC were compared through fourier transform infrared (FT-IR) and X-ray diffraction( XRD).According
to the results of single factor experiments and response surface experiments, the optimal fermentation medium
were determined as follows; saccharose 38.44 g, peptone 10.91 g, magnesium sulfate 0.85 g, xanthine 0.87 g,
ethanol 10 mL, pomace hydrolysate 1000 mL and pH6.0,under these conditions,the BC productivity was 7.19 g/L,
increased by 27.3% in comparision to before (5.65 g/L).The properties and structures of BC produced with
pomace hydrolysate were confirmed to be basically same with BC produced with basic medium,which indicated
that the pomace hydrolysate could be used as part of raw materials to ferment BC and would not affect the
properties of BC.
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Az R SE IR v AR IR AR 5 15% ~20% ,
YEPEHIY 2R 10% , Hoge g KA 43 B3R T, il T
JUEE BB IRIR B RN BRI TS Y . S T B A B £F 4
R, G E AN R, AT LU AR S N R, DA, B
T AR T ) I R 2R W A K B B 1 B AR R
Kho Joshi VUK A5 Dl 32 L 43 551 422 A MU RS 5
WefR 22 W B 77 78 A B SE R T 18 35 & 5%, Sandhu 45
N BB S B SR i 7 A B DR AT S R
F o ASHIFSE LR FH 9 SR i /K i W A o JRURE A2 7= BC,
SR FH R N7 TR X BC & e % 52 L e AT Ak . R BB
FER ) BC PERE, IR 2R 0 B A S R 1 o X
BC (5, AWF5E A Sy BC & B2 $2 AL —Fh B 4 IR
b, S AR 2GR R BN AE A B T R 2R T B
e Ay ar /Y E S ST (P e = Sl S S SO B 3 e S i
P B AR o

1 #RlER*

1.1 Rl 5EE

B RESFFE (Acetobacter xylinum) s SEF Bl
PaEF AR R RO A R A A 4P 453K 700 EGU/ g,
TEYEAE T E AR R R Hoanialn R H = ™7 43
Hraali A il

WA IR AL FERE 50.00 ¢ 4 AE 15.00 g BER
A 4N 440 g kP EENE 0.80 g, BB 18.00 g, Z T
10 mL, H k7K 1000 mL pH6.0; By F %5 32 5L REpH
50.00 g A4+AF 15.00 g BElR & 4 4.40 g ATPAEETR
0.80 g . Z.1 10 mL . 437K 1000 mL pH6.0 ; FEA % 1%
BEFEIL RENE 50.00 g 4 15.00 g, 2,12 10 mL,
SEHLE K W 1000 mL  pH6.0,

D/max2200PC 4= H 3 X - JF &G 44  H A&
Rigalcu; VERTEX 70 ff 37 iHAR e 2T A5G35 £l
Brucher 23 &] ; MG250B {H R %3248 . HYG—1 A {H iR IE
Giww TR AR A R A F]  XPS—8CA 2% i i
BE o RICEEANES A IR A F] 752 TSRS RE T

G RS A TR A F .
1.2 XWH*E
1.2.1 MESHT Tk

L2101 SJERERINSE  SRHI DNS 35
1.2.1.2 BC JA4b B ff & W 97 43 BC BRI i T

0.10 mol/L NaOH %% 11,80 °CiE ¥4 30 min, 4k£Z /N
AR 2 h, R AHZEIBK ) EZ vhik, B3] pH 2 7.0,7%
IR

1.2.1.3  BC Bz RIAKERE";

1.2.1.4  BC %2 FIEASMHT R HL 2148503
Y CRE AL B UGS B BC T B A L1 4P G i
SO HEAT I 5,450 mW, 413196 ] 4500~400 em ™', 3%
EPER 4 em™ G K 02 em/s, E R T R
E) o

1.2.1.5 BC L5 SR X- BP0 BG4
U CRE B AL PR BC T 5 [ 22 7E R AL 22 b 4R
B, R 40 KV, IR I 100 mA |, 5% S ©/min,
A58 0.02 ©,26 A 0~80 ° ¥ B, RIE X Wi =
B, R TS 2N 250 0T 4 T AT A 3 0 4
R (X)) AR R4S L
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=l 100,51 :Bf(’)\seo

S T AT S W B AT S 5 B 5 1, SR JC 8 T IXATT
SIS ;B AP U B (rad) 5 k iy W H, 38 H HX 0.89;
A R XTI A (0.15406 nm) ;0 AT HiAS AT A o
1.2.2 SPGB KR BT 28 BEB T 0R 0h S R
W0 A SR OK Z W E LA 811, JINET Yk 2K it I XUk T
k1 40.00 EGU/g, pH5.2~5.5 55 C/Kfift 14 h, JZ i 45
ARG THE 2 100 °C, 4k +F 10 min K[, 153 Fi# K
B o
1.2.3  BC fkBE A BEFE  PhIOR ESFE DA 27 58 0
AR AN ,30 CHEIRIGFFA P 2~3 d; F 7w H
A PRBUREEAT RS AL s AR 15 32 45,30 CIHIR
Bresarh s ge 1 d, 5535 BT 30 °C L, 160 r/min $EEK
2 30 min, 18P0 KNG FE RS UK BE AT B A
T AT AN K TS R AL, M i 30 mlL/250 mL = ff
W, #Fh i 20% ,30 “CIERFEFRAE P Hr B3R 10 do
1.2.4 BARNZESCE  LUORERW D BC y7 & R48R, %
SAR IR AN AE B B 5 CRTVERE (RERE L ZLBE, T BT vk
A 0.00. 10.00 . 20.00 ., 30.00 , 40.00 . 50.00 . 60.00
70.00 g/L) EIEFIE M & i (R AE R AR B,
Pt BT 18 e BF 0.00 .5.00 . 10.00 . 15.00 . 20.00 . 25.00 .
30.00 g/L) . JCHLER RIS S &t (TR PRBE (BRI —
PR OFTAER BN, I B i Wk & 0.00,1.00,1.50,2.00
2.50.3.00 .3.50 .4.00 g/L) MR & BE0 i 57 Fh 24s A2
Tre (w NS ek B ST BT = MR B 0.00,0.10
0.30.0.50 .0.70 .0.90 . 1.10 . 1.50 .2.00 g/L.) %5 [X] 2= Xt
BC J= IS . ) 4f 5% 32 BE 0 J 2R« FEFE 50.00 g
4P 15.00 g, L0 10 mL SEH K K 1000 mL
pH6.0 , 5 25 PR 3R 1 52 3o W 17—~ R 3R 09 343 R A v
A LLE AT 46 A -
1.2.5  mapESEse Tt AEEA R R LI A5 R A
K JH Design Expert7.0 44, #2 i Box— Benhnken 3246
BT EBCGE I R R 2, UKW BC 77 i
Sk A VTS5, W Nz T PR 2K T I R 1,

E W T Y S S

X(%) =

Table 1  Factors and levels of response surface
K-
H# (/L) - 5 1
A FENE 30.00 40.00 50.00
B %5 4 5.00 10.00 15.00
C BRFREE 0.50 1.00 1.50
D 0.70 0.90 1.10

1.2.6 KB GEVUIFRE DIARES FF 1 (Acetobacter
xylinum) A PR, 45 B AR A 15 3% L C U7 il £ 52 SR i K
iR R W s 9 B R A2 77 BC, il 2y BC-YP, FI i 3%
ASEFRE R TR BC id 2y BC-DZ, F) I {d B 21
AN (FT-1R) fe X~ BF T4 4L (XRD ) XF BC—
YP J¢ BC—-DZ #4740, WF 5% 592 S i K i VR AE o &
PR SR AL RO BC PERR IS .
1.3 HIREAEFZE

P BE Y Z 04T 2 5 1 M R OR ,
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SPSS(PASW Statistics18 ) R {44 X £ A7 A0 F . T7
ZE M M Z F L p <0.05 R E 221008 = o
2 ZHRE5HW
21 BRERIHER
2.1.1  fREXT BC =immsgmm fHE L AT, BEE &
Pz 355 37 S v T I A B R T s vk B T, BC PP R S
TR B Y AR Ak B, R 4 OBE BT Bk EAR T
30.00 g/L, B FII LB 0T 3 e BE IR T 40.00 o/L B,
BC i A PO B R ETHE#R 2 )5 BC 7™~
M REAR . AH R 0T &k KT, BEBEAE S i U5
Bt BC =i fie K, Hok 43 S 02 ZLbE i &bk . Sy IR
BB, 26 LUT LA J7 T« 7 S 7K A v T bl & i 3
%, TSR AERRIFAS B 2 7 9 14 R 225 i, PRI I Bt 4
SINIE AR R B A 3 O, BC ™ 5 F 22 5 5 WS IR
P S, 5 51 5% 3R 308 38 R o v, ST 4 o) B
A 2 i 1) A2 A B = 0 9 G A, A BC 7= B REAIG ; AH 58
T RERE AN LB, A 450 S AR W i DR R A e TR .
e O A R T e B DR TR R L 45 B 5 L R i i
AP DR TR 1 B 82 e T ST A 7 i L IR L T R 45 1Y
A AR BRI pH FEAS, AS R T 4H A 09 2R K B
B o TR AR T AR R B 1% ) FH 5 7 2 e R
B A SC il 4 BEL 38 A T, AN R 7 2 T ook AR Fh 4 i A
KIHEL Sy = A 7 3, DT REEATR 7 3 7 5 et R 2L,
WEVE SR Bk PSS, A 0 0o JHG K i i S AN ), JHC R e
FAMANFHIE . BRI Es 0 40.00 g/ L () EbE LL AH
W] T LR A 2L R 97 BC F= &L, Al RESE R R
EEFFBE Acetobacter xylinum FEACIE I FE ol FEVE K M
SRR A S R, AU A R R TS H TR Y
BC & B, KRR {2 BC & . DAl itk e P2 b
SR L 40.00 o/ L S BAESEL,

6.5

6.0
5.51

R 3.0 -
2.5 e EHE
2.0 —e— kiR
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W (gL
P BRI AR IS BT v BE X BC 7= i ) S i

Fig.1 Effect of carbon source’s types and

mass concentration on BC productivity
2.1.2 RIEXF BC =gz b8 2 nTg, AR
FEH I3 A A B Bk B A R S AR Bl
RV ER R TH e, BC - RS B TR By
A, AR I i X N LR BT vk B2 49 0 10.00 g/ L,
FEWISE R K i W v R = A )6 il BC Ty SR
J5t, w5 BEANR A I AR, Bl s hndE: 10.00 g/L, YR
BRI AR A, A 1 15 5 25k rh S Y Jo R vk R
T, B 3 RS R AR 2 i A T AR e P, AN T A
R P 2 I R BT A D s g A e T, AT ARG BC
o BN =R R, S AR S /B, BC
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Fig2 Effect of nitrogen source’s types and

mass concentration on BC productivity

2.1.3  THLERXF BC Poikpysemg & 3 AT, B3
Herp MgSO, JFHHHE 2 1.00 ¢/L i), BC /4 i i ik
6.86 g/L. Mg’ JEAH A 1 A 3 At v 22 o i 114 il 5
AR B A2 2 5 ) e ST AR SE A T Mg ™ i Hi Ak
W, BRI, 2 T 4% 7 25 vh R 4 3 TR Y Mg, %
BC A& B A FEHEAE T . 3X 5 Son 45 A BB 5T 44

—2 M R, KBS IR K HPO, (AT
X BC 4 2 B0 AR VR, BC 7 1k =2 1T A T [
A8, S0 BT JEEIRL, TT R 2 15 5 2 v ek A I IR 5 X B AR
U T OB B T A A 7 A T IR P, DT A
BC BYE K. IR TP AT IR S B9 A X BC 77 k52
MR AN R o PR IH 0% 35 5 vl 0 Bk 12 456 A 19 6 O 47 10—
AERIE .

7.2 1

~ 6.8
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Fig.3 Effect of inorganic salts types and

mass concentration on BC productivity

2.1.4 PDE #5501 %; BC F=i sz & 4 a5,
% Tt 5 3k v s IBE 4 i ik R A9 im AT BC B9 5 A
HA B a2 26 4E L 9 hn 8 N2 e B am vk R N
0.90 g/L, Win{E PR B i 2y 0.70 ¢/L i}, BC j & o]
SRR 14.2% ,5.7% . BC A=W it 72 v, 27 4k
HE A NI 1R (C—di—- GMP) (305 T REAE L4
FrEE W PE, C—di-GMP X BE#L BEfR TR ( PDE ) 7K
i R ICIRPER LR 52 7 R, Bt P38 b PDE 41 i1 51
RENZAE F BC AY-G Ao MImMEDS | 35 N2 s 55 B 55 m] 11
1 PDE fy3&PE" il C—di— GMP 7 40 Jifg P A% F5R 4 05
ISP, it e AT 4 2R A Rl TS R, AT 5 BC 19 & Ak
B, IG5 IS T —E . Fr3Rdkd PDE #ij
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22 MR EA & B SRR AT
P2 BN VAT ek s WNESE SIS el SN PNl o e
SR P25 0F RERE R PR B R B A B R J vk
B4 ADHRRFIT A, LIIX 4 DEZR A A, L
BC =i g i i K, AR #& Box — Behnken 5 4% 32 11 Ji
B BT A SR, SRR AT R LR 2,

#2  Box-Behnken SZHG %11 5 45 4
Table 2 Experimental design and

results of Box—Behnken

goppm A REME  BEMM CHiMEE D WG BC™ i
(L) (gL) (gL (gL) (gL)
1 0 -1 0 -1 6.23 +0.11
2 1 0 0 -1 6.3 £0.05
3 -1 0 0 -1 654013
4 0 0 1 -1 5.56 £0.03
5 -1 1 0 0 6.7 +0.08
6 1 0 1 0 6.01 £0.03
7 -1 0 -1 0 6.75 £0.10
8 0 0 0 0 7.31 £0.13
9 0 1 1 0 6.54 +0.09
10 0 0 0 0 7.28 £0.05
11 1 0 -1 0 6.32 £0.04
12 1 -1 0 0 6.5 £0.09
13 0 -1 0 1 6.04 £0.12
14 0 -1 -1 0 6.87 +£0.08
15 -1 0 0 1 6.23 +0.11
16 0 1 -1 0 6.78 +0.07
17 0 0 0 0 7.15 £0.06
18 0 0 0 0 7.22 £0.08
19 0 1 0 1 6.34 +£0.02
20 0 0 -1 -1 6.72+0.12
21 0 1 0 -1 6.82 +£0.05
22 0 0 1 1 6.12 £0.09
23 1 1 0 0 6.5 £0.04
24 1 0 0 1 6.23 £0.05
25 -1 -1 0 0 6.6 +0.08
26 0 -1 1 0 6.12 £0.03
27 0 0 0 0 7.29 £0.07
28 0 0 -1 1 6.09 £0.09
29 -1 0 1 0 6.01 £0.04
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FIFH Design Expert 7.0 844, DLTEERE 25 B9 15 (6%
i 5 R i W4 T e VA 3 Sy i o7 AR B, A BC 7™ 5y 1
RIAE X2 2 E4 #E 47 2 o0 Rk 384, 45 3] 1] )5
BRI R .Y =7.25-0.081A +0.11B-0.26C—0.093D
—0.025AB +0.11AC + 0.060AD +0.13BC—0.072BD +
0.30CD-0.41A*-0.24B%-0.51C*=0.59D", [8] )5 5 F 14
TSR LR 3, R 3 nIA, IS AR o 2
(p <0.0001) , JEHUTH A i 2 (p > 0.05) , R BH [0 T J7
AR R P E R B R’ =0.9588, 5L I M A8 i
gL A AR B 2 8] 19 4R PR S6 R I 3 R A 1E T
FE R R, =0.9177 , BIZASE R A fire g w1V B A8 AL 1)
91.8% {5 M Lk = 16.978, 34 15 W] 455 U AT {5 B2 5 = o
R}, =0.7756 , Ui WA R F00 - R &g 5 — ¥R 3T A (B
D X BC F=i 5 mi 2 B 2 1), C Xt BC = & 52 W & i
W, TWIR A’ B .CP \D* K32 HAH CD %f BC 7=
ELSEZ WA 25 0, 150 W A B A4 S e [T 2R 6T ) 7 (B
B IR AN SR AT B Z M OC 555 i F ORI, AE e 4530 1
PN, ORI XS BC = i iy 52 i T S R iR 86 (C) >
HIAR(B) > HIE (D) > P (A) o £5 Bk, filf
FAAZAE R AT LLUSE bf- 0% X5 i) i AH ( BC 7= ) #E47 43 47
ZAINTRIUIS
2.2.2 WA E ST A JH Design Expert 7.0 ZR A4 X
TR A ASE A AT R 43 AT, RREONE R R LR B
I B8 RN SO B T B 2 18] 38 HLAE FH X BC = &8 19 FE 1R
TE S5,

G633 R 24T aE S, B & 5 T o B T
HEZE 3D [ % 25 i 28 R 43 Bl 2 . i R 4 5 T
e i 155 55 A 1 R R MRS S5 R R BE XS BC 7™ 3 5 1] 1Y)
& AR WA i AT, RO | B R B | B I
REXT BC = 5 11 5% ) b 45 i 2, il 4 4 8 5 T 2 1 iR
X BC 7= B YR A AR XT3/, iR B 22, HBUE Y
YL, Xt i R AE ) AR AR R /N o
223 FfEkBEREFERE H Design 475K HY AT 3451
TR A 55, Ko W 1 B AR R B 335 FR 3L 4l 40 R - e R &
W 38.44 o/ L 2E R T W BE 1091 o/ L G AR £
S )E 0.85 g/L W IERS BT M BE 0.87 ¢/L, 4%
P, BC R 7= 52 7.31 g/, Ay 4G 56 i Jiy TA] 125
P TSR , 7F fe AR % 3R B 45 M N AT I IE SE 5, 1k
FAF T AT 3 WOPAT LS, BC SR =/ oy (7.19 =
0.15) g/L, 5EIS(E A XT IR 258 1.6% . B [5] 15
Jr R RE LU B S AR AL A I ZR X BC 72 B B 520
i, el A2 [0 U ASE 2R A0 A R T R K A TR R TR A
BC 3G FRILZ AT .

2.3 EEFYWHNEN SR

WK i R % BC (BC—-YP) 5 REEA BT IR &
iz BC(BC-DZ) T /MEFEUNE 6 s, Wlielss 3285
1154 1077 \1040 em ' JESZ T 4¢P K& - OH (19 7%
e W W g 2925 1383 645 em ™' IESZ T — CH, — .
—CH-FC-H BYAFAE; W Wi 1241 em ™' JIE 3L T 3R
C—O—-CHYFELE; W W I 1241 (1033 em ™' JIESE T B 4%
C—O-CHIAATE"™ o L1 &35 52 W 7% g 40 P4 2T 4 254
SOBH O RFAE AL, AT LA+ W HB PR ASE A ) 2518
SHANEELT4E = . & 6 T %1, BC-YP f1 BC—DZ £14}
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Table 3 Analysis of variances for the developed regression equation
J5 2R 5 il F Y7 F 1 pia o F
Model 5.41 14 0.39 233 <0.0001 * %
A JFERE 0.078 1 0.078 4.73 0.0474 *
B % Ik 0.15 1 0.15 8.75 0.0104 *
C Wil EE 0.84 1 0.84 50.47 <0.0001 ok
D # IS 0.1 1 0.1 6.3 0.025 *
AB 2.50E-03 1 2.50E-03 0.15 0.7037
AC 0.046 1 0.046 2.79 0.1173
AD 0.014 1 0.014 0.87 0.3673
BC 0.065 1 0.065 3.92 0.0678
BD 0.021 1 0.021 1.27 0.2792
CD 0.35 1 0.35 21.34 0.0004 ok
A’ 1.09 1 1.09 65.84 <0.0001 e o
B’ 0.38 1 0.38 22.83 0.0003 -
c 1.69 1 1.69 101.84 <0.0001 e
D’ 2.29 1 2.29 138 <0.0001 ek
Bk 0.23 14 0.017
L2 eyil 0.22 10 0.022 5.07 0.0659 not significant
1R LT 0.017 4 4.25E-03
psyill 5.64 28

R =0.9588 R}, =0.9177,R;,., =0.7756 Mt = 16.978

T 22D E ,p <0015+ 225 8H,p <005,

KIS SZEHZRXS BC 7™ bk A 52 0e i 17 187 2 14
Fig.5 Response surface plots showing the

effects of interactions of factors on the yield of BC
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Fig6 FT-IR of BC produced from basic medium
(BC-DZ) and BC from pomace hydrolysate (BC-YP)
SPARE K A R I BC (BC—YP) 5 BE A I it
K BC(BC-DZ) XRD E{ENE 7 s, B ERH,
BC-YP FI BC-DZ {1y X~ ST £k F3% R EAH R, HAEAH
[l A7 B A 4 8 A E BT, 43S AE 14.8° 16.8° FiI
21.7° B IEAFAE = AT S W6, I = A~ 068 45 31 X . 2T 4
ZEARE <101 > | <101 > fil <002 > g™, HE it
Al BC-YP F1 BC-DZ & I BILF4E 3,

P APAE S 1 435 54 BE 5 S IAORLAR I A5 2R an 3k 4 F
No GEIRFRW], BC-YP il BC—DZ (1445 & B 3L A< 4R
[], Y4528 24% /245 ,BC-YP K2 KT BC-DZ, 45
BE S LR AR PTIK SR B A AR A AR
PE IR S A — 2 RS R UL
SR KA RAE S A W JEOREAS 52 BC 45 5y 2 . A
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Fig.7 XRD of BC produced from basic medium
(BC-DZ) and BC from pomace hydrolysate (BC-YP)
RiAe 5 IEIE W A OC, SR KRBT A
LT YR ZAROK IR SE A 0 2 WY, 5y Z2 B Rl {E BC &5
AL R AE A ] BC A, TS BC R AORIAE

F4 FAREEFRILLZRE BC(BC-DZ) 5
SR K AR A BC(BC-YP) XRD 4%
Table 4 XRD result of BC produced from basic medium
(BC-DZ) and BC from pomace hydrolysate (BC-YP)

FE b HiinE X, (%) Fifs L(nm)
BC-DZ 23.73 13
BC-YP 24.15 23

{E : BC-DZ- AR 8 J7 3 e 2 BC; BC— YP— 3¢ R4 i /K fif i
Ji% BC.

3 FHig

JE A B PR 2R ST 6 R i 87 T 92 X AR i K A TR
A 7 BC Y B 1% FR L BEAT LAk, 57 T RERE LR
PR R IR BE AT B IEENG 4 ASRIZR X BC P B ik [nl
ST RRARLAY | ZE A G, B AR HERA A R, 7T LA A AL 4
BT & B 2= X BC 7= &I SE 0, F B PRI 3% S 56 )
T TR A AR R Ay 52 ) P SR K A MR R e 2B 7 BC 11
T A PG SR LA < TR 38.44 g GEE R 1091 123N i 12
Bk 0.85 g WTIEENS 0.87 g, LM% 10 mL 3P 2R i 7K fiff Wk
1000 mL. pH6.0, 7 It 454 T, 13 8] BC /=& N
7.19 o/ L S HALHT (5.65 /L) 75 T 27.3% . FIHH
FT-IR }z XRD X & B4 BC Aoz H | 45 514 fE
BEAT T LR gL, G5 R AR, PR M K A WOR B T ) BC
ZERPERE 5 FEAS S FRAL AW BC A — 3, AR
T K A MR RE 8 5 AER 0 A W JEURE & 7 2 7 BC, HLAS
520 BC PERE,

5% Lk

[1]Sybele S, Lucas N T, Paulo T O, et al.Bacterial cellulose-
collagen nanocomposite for bone tissue engineering[ J].J. Mater.
Chem,2012,22,22102-22112.

[2] Cai Zhi - jiang, Yang Guang. Bacterial Cellulose/Collagen
Composite;  Characterization and  First  Evaluation  of
Cytocompatibility[ J].J. Appl.Polym.Sci. ,2011,120,2938-2944.
(3R &M, L4, T4-F Ml d LT ES AL ERS

Tk g ey R [ T]. R 58 S e 52 4R ,2013,34(6) :69-72.

Vol.36,N0.23,2015

(4] 48 A AR, FHRM, & FRETHFAS 5 WA
AL [T H R Rk X 4R ,2000,35(3) :340-344.
[5]Sargent S A.An energy and cost analysis modelto evaluate the
combustion of food processing wastes [ D | .Ph.D. Thesis,
Department of  Agriculture  Engineering, Michigan State
University , E.Lansing ,M1.1984.
[6]FBR, Hiah ERE M ERADZA R [T AR,
2001(2) :38
[7]1Joshi V K,Sandhu D K.Properation and Evaluation of Animal
Feed Byproduct Produced by Solid - State Fermentation of Apple
Pomace|[ J ].Bioresource Technology,1996,56:251-255.
[8]Joshi V K, Gupta K.Production and evaluation off ermented
apple pomace in the feed of broilers[ J].Journal of Food Science
and Technology,2 000,37(6) :609-612.
[9]Sandhu D K, Joshi V K. Solid state fermentation of apple
pomace for concentation of ethanol and animal feed[ J].Jounral of
Science &Industrial Research,1997,56(2) :86-90.
[10] &%, REK, &F,F REWNETELRBRT LN
TEHA[I]. B R FFHR (A KAF ), 2004 (4):
148-152.
[IRE,FER mAF T LT ARE IR WIS T %
Wy [ )] A de Tk F434,2006,27(9) :57-58.
[12]Chao Y,Ishida T Y,Shoda M.Bacterial cellulose production
by Acetobacter xylinum in a 50— L internal — loop airlift reactor
[ J]. Biotechnology Bioeng,2000,68 :345-352.
[13 ] Putra A, Kakugo A, Furukawa H, et al. Tubular bacterial
cellulose gel with oriented fibrils on the curved surface [ J].
Polymer,2008 ,49 .1885-1891.
[14]Son HJ., Kim HG., Kim KK., et al.Increased production of
bacterial cellulose by Acetobacter sp V6 in synthetic media under
shaking culture conditions[ J].Bioresource Technology,2003,86
(3),215-219.
[15]%E &%, 5k 46 s F M A6 = s 8 IV 49 5) 5 o9 21 2
[J]. 2553t & ,2002,26(2) :86-91.
[16 ] Sarya A, Pierre D, Selim K. Lipase — catalyzed
transesterification of krill oil and 3 ,4—dihydroxyphenyl acetic acid
in solvent—free medium using response surface methodology[ J].
Journal of Molecular Catalysis B: Enzymatic, 2012, 84 (212):
189-197.
(17]3kmF, Boctl, Bmb, 5 HREL B REFmB
Es s A R[]]. A% T kAH,2012,33(22):
197-201.
[ 18 | Rajalaxmi D, Marcus F, Arthur J R. Improving the
mechanical and thermal properties of gelatin hydrogels cross —
linked by cellulose nanowhiskers[ J |.Carbohydrate Polymers,2013
(91) :638-645
[19]Pei Ying, Yang Juan, Liu Pan, et al. Fabrication, properties
and bioapplications of cellulose — collagen hydrolysate composite
films[ J ].Carbohydrate Polymers,2013,92.1752-1760.
[20]Saska S,Barud H S,Gaspar A M M, et al.Bacterial Cellulose
— Hydroxyapatite Nanocomposites for Bone Regeneration [ J] .
International Journal of Biomaterials,2011,5(5) :1605-1613.
[21]8 %), 36 k3, B #% RRETRy Xt 4F e oh i
ewFea ], AR A RAFIE,2013,29(9) :2225-2101.

20155 55234 233





