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Baeg®rn ., RAY: ABEE. Bath. Bkt pH. B2z 28 E DB05S6
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BOBRA A S A, FRE 45 mL, BATF 7%, KBIRE 34°C, 4% R4ER 190 r/min. KA £
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Abstract: In this study, a-rhamnosidase activity and naringinase activity were adopted to evaluate ef-
fects of conditions on naringinase production by Aspergillus niger DB056. The results showed that
fermentation temperature, mycelia morphology, initial pH, inoculation amount and medium volume had
important impacts on naringinase production. Optimum conditions, including initial pH 8.0, adding 5
class beads, 45 mL medium in 250 mL flask, inoculation amount 7%, culture temperature 34°C and ro-
tatory speed 190 r/min, were proved superior to get high a-rhamnosidase and naringinase yield. Under
these conditions, the enzyme activity detected by high performance liquid chromatography method were
1076.32 U/mL for a-rhamnosidase and 420.68 U/mL for naringinase, which increased by 72.35% and
78.03% comparing with the initial condition. Furthermore, the results also showed Aspergillus niger
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DBO056 could synthesize naringinase not only rapidly in the logarithm grown phase, but also continu-

ously in the stationary and death phase. The present study elucidated effects of fermentation conditions

on naringinase production by Aspergillus niger DB056 and provided a preliminarily optimized condi-

tions for naringinase fermentation. It set a basic foundation for further study to enhance the productivity

of naringinase by Aspergillus niger DB056.
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Fh 7 [ (Naringinase) J& — R LA 7K fiff i 5z 11 22 Hh
B 2R RRAE OB T Bl . R OCHIFST R, AT Bl AE A
RS T vy« B AN 77 1Y Tl 1 4
ARG A . SRS 20 T S R AR5
HAREZWNHME. BHET, AR e 0 -+
rEn v, U, Sigma HhAF 5 (N1385 Naringinase
from Penicillium decumbens, % 1250 300 U/g)f)
Wil 1623.9 Jo/kgl, H A H il 25 25 7= 1 i %
T34 150 U/g Al il 780 1) 85 4 294 2600 JG/kg o
e o 118 Tl ) 00 A A BRI 0 AR B I &
I, R T EE T A R T K R OR B
52 AN 1H

AR LA AT S AR, B AR T A
i 10 S R AR DY, e IRAS T — WA A Y
W R—— RN EE DBOS6, R A i
LRV . KEERIRDSEIE R, BRI
FEHRMAE . DAl & A 2 o il 1 g T 7 i
M E T, AR E N s ) R g
il 1) 2 B EAT T AR, (R TR T R G
R, Rl it = 208 R, WSkl
il (1) 2 o S AP T AR Ak L A S A I e R
REAHRENSHME.

S FT RN, MRS PR e a-L- RS b
TEHF(AT R o- BT ) 1 B-D- 2 11 g2
B2 G T, 33 R R A K AR B T S I e R R
JefERIEAR, B TTE o-L- B WS R
K 7 Az 7 (Prunin) AR 25 B (Rhamnose), &
J5 B TAE B-D-H A R AT 32— 20 K A A
JZ % (Naringenin) FlI 5 % b (Glucose), % JEH| 44K
it Ko LAt — 26 RS g 3R R A e Y B-D-H 4
WEH i, B-D-9 28 W 1 Bl 9 26 7 AR & 28 AR XTI
PRt AWEELL a- B H BTG ) o 2455, Al
TGS A B e bR, LUBRIEE DBOS6 SAXF 4, H)
ARG 2 W 5 A Xof P 85 77 il Tl 0 S, S ST
ol il v ™ R P AR AR A
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1 MBEHK

1.1 MR EENEE

i1 DBO056 (Aspergillus niger DB056) k5 3¢
KEFHEY) TR B AR S B8 F AP, Al AT
W F VG /N FAE ) BB BR B AR |, FLAR R
Triton X-100 (7 i 44 M FLAL 7] OP-10)ily { KEHEE
ks 4L THFGEIT .

1525 B =30 AH (L L (32 [E Waters Co., Ltd),
ZHWY-2102 B2 42 I B IR 58 R (1 3 38003 B A
ool A PR F]), Unic7200 2888 A] L4306 B8 1
Lt B A PR A A o
12 EHE
1.2.1 $#mEEFEE(g/L): MgS047H,0 1.0, KH,PO,
1.0, (NH,4),SO4 1.5, KC1 0.5, KNO; 1.5, J&/K CaCl,
0.1, BEREE 2.0, Ml AF 2.69, ¥Ith pH 6.0, HAE
2.0%, 1 x 10° Pa K 20 min,

1.2.2  %kEEFHEE(g/L): MgS0,-7H,0 3.5, KH,PO,
1.0, KC1 0.5, J&/K CaCl, 0.1, iz 3.5, TK¥K 4,
. AL F] Triton X-100 1.0% (V/V), ¥4 pH 6.0,
1 x 10° Pa K 20 min,

1.3 EBVBREY

WEFREWIG pH 6.0, BEIEIRISINA%L 5 4,
250 mL #ETE AV S 45 mL, $ZFE 10%, K
T BE 28°C . 190 r/min % K 15 3E 72 he
14 XWHE
1.4.1 BRFEBRAGIE: B 4°C 1500 R &
PR FRbE 55738 1, 28°C #5397 3 d 159 2 iz
F, H 0.75%0 o B A BLER K Ve T, i 32
TCH B IERFN 50 mL Jow A BRER K I HEIE i, 78
53R 30 min, FFEF TR FTHUS, WEER ODgoo
{8, JFRHJCHE A #ERKIREIL oD H % 0.2, EIf5H
16l B -

1.42 ZEMEEE: KHAANRMATRERT 4°C
UKAETCE 1 h 2 RIERR R, R BT R R,
DL 10% 45 i A 2206 M5 45 mL /Y 250 mL
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HEFE L, 7E 28°C. 190 r/min B F1E3: 72 h )5
BokE . AW T =T 3500 r/min &0 10 min J5,
WIS RS o- B0 H B 0 R S )
1.5 SilEFRE
1.51 o-REBEHEETHAFMEFETHAONE: #
SRR AL FE: B 1.9 mL pH 4.0 WEMREh 2% ik
(Na,HPO,-12H,0 0.01 mol/L, #7&2 0.005 mol/L) T
WP, A 0.1 mL &8 LWEBRIESF 40°C
KU A S min, BN 2 mL 7 A bR v TR
(300 mg/L) T+ 40°C T J )i 15 min, J5 T 100°C 7Kif
Jn#A 20 min fEGRTE, BOLERER N ERR, =
1A PR R T s ORI i T A B R T
H A ERAEAE R

LR JEE 0 R 7= ) ) 5 e 2 I N iR R VA TR
FZIRE T 13000 r/min B0 15 min J5, FH & S0RAH €
AL R Waters Symmetry C18 045 ) K6 I 2
ORI B 2 A I T A, X R AR E MR, SR Y
Tl Bz A R R B . SRR TS AH AL R

B EB4ik=1: 1 (W), £ 0.7 mL/min, #EFEE
20 uL, L 35°C, KellyE& 280 nm, EFERE] Y

12 min>1!,

filg 1% S BN B 5E L AE 40°C, pH 4.0 BT,
BEOY B0 AR 1 pg MR RS SR 14 -
MR TG ) B AP AE B 1 g Al R TR
{14 i 5 SRy — A TG T B
152 E¥EWMNE: KBW TEHRT 3500 r/min
B0 10 min J5, ISR ORAEI o- BUZSWE 1T A 15
TR B 7, DOVE Y A ZE K BRIk 3 UG
F105°C MAE Mt B E, FRE, IS AW,

2 5R509W

2.1 REXEME DB0S6 BRI

PRAF AL b B WS AR, 4 BIAE 28°C.
32°C, 34°C. 36°C %/ g% Bih% DB056, b
R AR 2514 SR ih B DB0S6 % BEA 1 Bl Y
Z5, BRI 1,

R 1 EFEEXES DB056 = o-FR 2= 1EH B A0 B e & B2 80 820

Table 1 Effects of culture temperature on the production of a-rhamnosidase and naringinase by Aspergillus niger DB056
BRI o- AN AE il i I A=W bk RWERZ L pH {H
Culture temperature (°C) a-rhamnosidase activity (U/mL)  Naringinase activity (U/mL) Biomass (g/L) Final pH of fermentation broth
28 598.94 + 14.48 ¢ 240.94 £ 1391 ¢ 2.00£0.06 a 7.14£0.05 ¢
32 796.17 £1.00 b 32224+ 12.16 a 1.85 £ 0.06 ab 7.53 +£0.06 a
34 848.48 +9.51 a 280.35+16.21 b 1.78 £ 0.01 b 7.43 +£0.11 ab
36 864.01 +10.18 a 190.04 = 10.52 d 1.97+0.12 a 7.40 £ 0.04 b

T (Al — SRR T AN 8] 7 R ROR 5% 235 K L A [R) B fE.

Note: Different letters after the digital number in each column meant significant values at significant level 0.05.

M 1 ATLAFE L, 7E 28°C-36°C Z 6], a-FlEHE 2.2
GG Rt A TR RE B L TR s, Al S A SE YR Ao B, ML DBOS6 A il fE
Bl & R B 1Y _E T BN E PR, Y BSAWZERERAE 1A R, RAEE T
KEHRIE ETFE 34°C B, o- RZSHFEES 1 AR &; ' P : o, ZLSRTERS Ul
FEBEWE 0 BT R, BRT, o- BRAWE T TS 0 '« e
848.48 U/mL, fili i MMeI% /10 280.35 U/mL, b4
T 561 (28°C) /W 5 T 41.66%F1 16.36%; 4 K& %
TRRE SRy 32°C Wi A A ) T ik Bk, HLEEE )
b 28°C BHEE T 33.74%, [AF o- BRZSBEHEBETS /1
i 28°C BHEE T 32.93%. %5 R LM, Bl
DBOS6 k& Bl 1 B AV EOE IE7E 32°C-34°C 2 gy ‘
(), T L - BRI R il 11 o Y B T B A
— ;DL o- BRSBTS AT Y 3 B R A,
ST BTG ), EER 34°C HE— TP R

B2 755 B i E DB056 A EEHI 2

EiHE DB0S6 155 T2 h BRI E L4 KIFR

Fig. 1 The mycelia morphology of Aspergillus niger DB056
cultivated after 72 h

T Ar FE SR PR B INBRE 2R; B: FE R BRI 5 AL k.
Note: A: Medium without beadings; B: Medium with 5 beadings.
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4 mm PBEEEER, I~ ANFNHZIES, Z5RH
XF PRI . A5 AR 3 R

M 3 AT LIE 1, S S Bk, o- 2
W T % 7 RN T Bl 3 ) AR ] Gk B R K (E, WS )
43914 1066.59 U/mL Fl 320.97 U/mL, K, k#%
NS A EHAR R 4 mm (O BEIER, LA 2R AR A A A
PRIELEA R B /- TR

TR, HORMEECH 1 4%), XBRE TSS9 B ik
TR 5300, AN 1) T4 v Al i R I 1) 7 KO- o
TR 0 H VS o0 35 26 A R o8 2 it B T A PR TR
22(NE 1B PrR), YRR TE A B R BK AR B 22 )5
R TR rh R A T ) 4 RN (R 2),
TSR 22X R M E DB056 A MY
B, 7E R R b A Es i 2. 5 f1 8 N HAR

R2 FLRSXEHE DB056 - o- REE SN EHEE LB R
Table 2 Effects of mycelial morphology on the production of a-rhamnosidase and naringinase by Aspergillus niger DB056
PR BRA B ZH AT BT T Tili At 355 A=yt REEKZE L pH {H
Amounts of beadings o-rhamnosidase activity (U/mL)  Naringinase activity (U/mL) Biomass (g/L) Final pH of fermentation broth
0 584.54 £ 14.08 29.40 £ 8.76 1.86 £ 0.11 6.59 +£0.02
5 680.32 + 26.88 77.01 +7.48 1.29+0.13 6.46 + 0.04

TE: BRI TSR IS 2R, R R Z AL 2R T 3 35 5 1y K WA I B 7 A, HAL S PR AH ).
Note: Table 2 was the result of the previous experiment. The condition was the same of the present experiment with one exception. The ex-
ception was the fermentation medium was the initial medium.

*3 BELETSHWEME DB056 7= o-FR 21 H B0 4l H B R BERI M0

Table 3 The effects of mycelial morphology on Aspergillus niger DB056 producing a-rhamnosidase and naringinase

YU ERA AL o- R T B ) T At 5 EEE7/5C s RWERZ 1L pH {H
Amounts of beadings a-rhamnosidase activity (U/mL) Naringinase activity (U/mL) Biomass (g/L) Final pH of fermentation broth
2 950.39 + 18.82 ¢ 240.71 £6.26 b 1.96+£0.05a 6.96+0.16 a
5 1066.59 = 6.98 a 320.97 £ 14.32.a 1.88+0.09 a 7.05+0.04 a
8 1015.09 = 16.84 b 244.77 £17.00 b 1.99+£0.07 a 6.58+0.09 b

T AR — SV BUER T0AR 1R) T REROR 5% 58 35 7K P L A ) K (.

Note: Different letters after the digital number in each column meant significant values at significant level 0.05.

2.3 EFEME pH EXWEHHE DB05S6 AEER
Ej ﬂr]
H 2 5% W Sl A 0 A 4 K™ 0 (4 T B 1) 2 1Y)

?“‘”o PRFEHA R B SN, o3 S s 57
%fmﬁé‘ pH T % 3.0, 4.0, 5.0, 5.5, 6.0, 6.5, 7.0,
7.5, 8.0, 8.5, 9.0 AT AEENEFR, WA RE A
Witk pH X125 DB056 & BEmhir A 1052, 45
e 2 frns .

MNIE 2 W] LU, o- BRI B S ) Bl % 15 R
S hs pHE M3 i 2 B L THE TRER &, fh
TEEGEE A SR A . IR R ERILG pH
8.0, M E DB056 5 I il o- FR 25 WH 11 B 1% )
AV WIS O 4R B K, 35 1077.11 U/mL
364.69 U/mL. MWAWRE KR, ¥Ii6 pH (EXT AV &=
WHA BRI, MIEFRELE pH 4 3.0 B,
B hE DBOS6 AW e K 855 WG
pH 4.0-8.5 N, AW AKEYI 4G pH SUE AR 4k i
MEFRILAN UG pH A 9.0 I, BigR3LARRERE, SR
R, AFTFHEE DB0S6 MK, AYEi/h. &

http://journals.im.ac.cn/wswxtbcn

12  —— o-rhamnosidase activity 18
—a— Naringinase activity z
10 [ - pH value

---&-- Biomass 16

| / \jj
/’ &-3

0 I 1 1 1 L 1 O
2 3 4 5 6 7 8 9 10

B3R 314 pH{A Initial pH of the medium

(x 10%, U/mL) pH{ pH value

)
(x 10, U/mL) 4 ¥ Biomass (g/L)

FH BTG 77 Naringinase activity

a-FRZERTF BT 77 o-rhamnosidase activity

E 2 EFEANLE pH X B E DB056 7~ o-RFEEHE
0 7 A A B B 2 10

Fig. 2 Effects of initial pH of the medium on the produc-
tion of a-rhamnosidase and naringinase by Aspergillus niger
DB056

SEHRE, KEER pH (AR IR 511G pH TS
M YRS FRIENI LG pH 4 7.5, 8.0 Fl 8.5 I}, &
BER I pH (ELFA 2 6.4-6.8 2o 17 2445 35 30 B pH
9 9.08F, KRR pHAE R 7.70. 255 i1 55 DB056
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(0 AE K By PR AR, A8 S5 3R 550 16 pH O 8.0 AT
24 EMEXEMHE DB0S6 BRI N

TRIFHA A BESRATAAE, 73504 1% 4% 7%
10%. 13%. 16%. 19%0y#EFh o 17 LB, EA
[ 42 F it %k 2R i B DBOS56 & A TE MY S0, 45
e 3 R

L3 BT LU ), o B WE T il 1 ) RO Bl
1 Bt 25 TR 0 38 K S PR b T i S AR B A A
MEEFRALT 7%0F, K EEE DT RS A o- R
ZOORRETT TR 7 B A T B R RS O, T 2 A A
=7%J5, BihE DB056 3w o- BT IS
IR BTG ) A Y ORFEAAS . P i % A ) o
AIFE AN, HX & B ) pH (EHAT —E R, &
BV ) pH (B 75 B2 Fh i i 3 R 2 5% b ini s
fapytash, 8 Bk, R e 7%k H T —

AEEAF

—— a-rhamnosidase activity --x--pH value

—a— Naringinase activity ---a--- Biomass

= 11 15

15 =
S -~
R £
S g 4 82
2z —i 4+ g £
g&. 7 /_ L = L é é
£Z £
S5 87T 3 ER
RE 2 4
E 5 7t A Lo if: 3
N I ¥§ ______ poEeEod 10 @5
B 6 ié”g
£ X
i * =
$ 5 1 1 1 1 1 1 1

0 3 6 9 12 15 18 21

$#H = Inoculation amount (%)

3 EMEXEHE DB056 7 o-RERETEE M EE
¥4 4:0p-A )

Fig. 3 Effects of inoculation amount on the production of
a-rhamnosidase and naringinase by Aspergillus niger DB056

2.5 ER=XTEME DB0S6 ABRIF M

RhE DBOS6 J& FUF 4w, ¥ &N T k4
K A= g KOV BRI R . O T W58 A0 B
M5 DBO056 & WA 1 Bl (052, [ 5 92 R 5 Ky
190 r/min, 7£ 250 mL #EIE L H 353 A 15.25.35,
45,55, 65. 75 mL {RIA L BERG SR 5, LIRS A2
R AE DB0S6 K EEMIT EEAY 2, S5 anlE 4
Fim o

1309
—o— a-rhamnosidase activity ---x--- pH value

B e Naringinase activity ---a-- Biomass
= - - &
= Hil 5 _
el S
o 8 15 -?@
22 10 F 2 2
s 5 Q &
g = o &
g 1 4 EEns
g 9 g A
cK ; 28
RE sp ¥4 2
M S B B N )
B o - o
mS 4L LR 2o
;| g E R 11 %é
E.» 6 . . . . . . . 0
° 5 15 25 35 45 55 65 75 85

% & Medium volume (mL)

4 FEHEWEHE DBO56 7= o- R FHEEESF M
b 30

Fig. 4 Effects of medium volume on the production of
a-rhamnosidase and naringinase by Aspergillus niger DB056

M 4T LU, o UM T 306 7 R B
77 bt W R G 0, Y B R N R
FA BN 45 mL B, o- RSB B O 0 AR
TG ) A e, oA 1036.63 U/mL i
445.48 U/mL, 433 IbA W8 15 mL B30 T
12.06%7F1 38.70%, 3k &4 75 mL W B EEE 1150
Bl 7.78%H1 36.57%. WAEWERE, M=
25 mL B, AEPEREK; KR pH (AR & 3R
R 2 e LIHE TR R, R
45 mL B, &R pH {HikE e K (7.13), HILAT
I, YRR EE K 190 r/min BF, 250 mL HEFE R
Wl 45 mL B A9 EUAR A R T R A2 DBOS6
T
2.6 IGIESTIS

WPl B, w1 8 T R & DBOS6
7o B2 E R R B AR A R SRR IR
pH 8.0, BEEEERAINAECH 54>, B 45 mL, #
Pl 7%, K BERE 34°C 78 BLAIF T #4750k X 56,
AR ILE 5,

M S LA, RS T, o- AR
fit 3% 71 0 35 1076.32 U/mL, #l # B 1% 7 77 34
420.68 U/mL, WAIUE SAF 0048 T 72.35%
78.03%. I TiF [ PN SR FH A [) il 355 0 2 7 vk A Y
HAUAE BAEDRBRAARS N A AT & B o- B
B35 4143 5128 100 U/mL F1 631.9 U/mL(CHl B /1
KPR AT B ) o AT ARAT o BRAWH 1 il 1 17K
S L ] P R A [i) it % 1 D00 1k 4 1) e v 7K
KA T 70.33%.
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O o-rhamnosidase activity [ Biomass

g O Naringinase activity 8 pH value

5 11 r - 15 —_
g > 2
g 8 107 52
3% o H R
2z 4 52
2 a 8 I @2 .9
g m £ R
£ 7§ N ; £
s 5 )
22 ) B E
ﬂ]:[ < 4 r % =}
e o3 £y
% '
® 2 - ; —~ 1 <
3 IR Z& AT ALIE &A%

The initial condition The optimum condition

5 MESFHEMUERHNABERILER
Fig. 5 Comparisons of fermentation results between the
initial condition and the optimized condition

2.7 AEEmhik

TEREFRENING pH 8.0, 2EWiE 45 mL, $EFPaE
7%, KB 34°C, N 5 ADBEIERIN SFMF T B %
A DB056, & 24 h HURE 19k, & & A% pH
i, A M A MR R A, o- RSB
it 3 3 AR RGTG f, 2l ke gk, 45 R LA 6
Fis

ME 6 ATLIE H, B 24 h AP KAE, H
AR GRS, A A A I IR, O B T AP
SR PR, o- BRZSWE BTG J) 9202 Lo, Al i
T SARAR, KB Y pH 0% T3 24 h )5,
HEA BN, TR DE R Al B, DR A
TR Atz 25, 0-48 h FEREKEK BB, B
2 DB056 AR RGN, MG % g . &
KW 48 h B, KB Al R T A AESE, ILRY
Tl g 2 (MR BE IR B B K . 48-72 h, B E DB056 X
HEA—ASPE A K BB B, SR A AR E T
BRI HE R, o BRZSHET B 16 ) R Bl S O #A
— AR TR R . B 72 /NI R R
FARGE IR K, A AT, (RS TSR 2%
14 T, 7E5S 168 h I o- BUZSBEH B G ) Al
fitg 75 ) # 3k B B K, 4151k 1019.18 U/mL Al
321.13 U/mL, &SR, pH Bk & $ R 5 T ke
Ja BT R L Y R A S B R R, KRB pH
i

KB Z ] LUE H, BilliE DB056 ™= a-fl4=
Y it R A Y TG 7 B4 388 0 32 R AR B AR A e
KH(24-72 h), 0-48 h & BAXE =Y A FIH,

http://journals.im.ac.cn/wswxtbcn

5l B2 AR BE AN B L, XA BB a- SRS
e N T S OF Sk NN PR (NS R
Kl 48 hIF, fl B SEA T 0; 48-72 h a-
B AT R S BN L TR R B, ek ) A TR
JIBTFIRA T BRI . 7EH R A% 5 (72 h), 7~
M RE A /MRy k. PR, 425 R iliE DBOS6
Az R B B A TR i B A R R A R, AR T
REVE— 2D P i O B RE ) o AT U IBAE X EUE K
W72 h ZeAr i RRE, B R T AR Bk 4
7B
—o— o-rhamnosidase activity -->-- pH value

—e— Naringinase activity ---&-- Biomass
—e— Concentration of naringin —s— Concentration of naringenin

—_
o =
W

N

) w
FH B 71 Naringinase activity (x 102, U/mL)

A=yt Biomass (g/L)

(x 10%, U/mL) pHfH pH value
il B2 H(F)HEE Concentration of

naringin and naringenin (g/L)

—

a-FZSBE S 7 a-rhamnosidase activity
S = N W B~ NN 00 O

> —— 0
0 24 48 72 96 120 144 168 192 216

35778 (8] Fermention time (h)

El 6 ZMHE DB056 ™~ o-RFREEHEMMEEBEMRES
FeEgHI 2

Fig. 6 Curve of the production of a-rhamnosidase and
naringinase by Aspergillus niger DB056 in flasks

3 Wi
31 ABFHNEMESSHEREAFN

(1) MAhd K EEmH R IR B3 DB0S6
KT o B2 MR Tl R A T 1) S 3 R TR R —
B, X EERE G Y IR R PR AR TR LB, KR
TWH MR E, ARERE 34°C fERRME
DBO056 j=fiff () e if i 5 o 3 AN T LAy 5 LA = a-
SR LT i S 1T B SR O AR, A BT ik
BT, R E R AR IR A T ok B v Al i 1)
K

(2) SBphE R B R 22 A B
ARl B 45 5 P TR 22 P a3 W RE A A, St T
oA A Y BRI HICZE AR 1 TR 22 S 2 v 2R i 5 P A
il 7 b ) — AN B RS, AT o AR A
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BRI ER, M5 U] 77 A Y R i w0 T 2208
A, YRR 5 NBESERE, IR 2
AR T BEAY 300, 5 SR B 5T v BT X I 2 1F T B
2GS AT X RS, S e T 2 AR A
M= AN BRI T 22228, 32 s il i il ) 7 s 4 it 17
— AR K

(3) SRiha Kk BENTT B il pH: E T ST &
B, KRR pH 45 AR 55 1 3 R A
T(pH 8.0)4 = H % DB056 F=EEIRE 11, fT40%F
A HT R i6 pH 5 £ A0 BEAAE T K B S 241 pHL Al
PLEBE, TERSEMPILG pH YERIN, ZBEM L pH
fEAHZERA K, XUl B i A BT #0m Y pH Y
REJT, AhTT4ERE &1 pH (EoN 6.5-7.5 Z [ d5A FF
PR, TR R BRI GR B B pH 45 i 8 55 e A A
TR A . Ik B R 7 pH Bkt 4k (B 5)
AHL, RWESE I pH 23 b, A S e o thon] DIFR T
P AL FE ) pH E4 T I 8 1T 2 — 2 44 v3 TS 7 o

(4) B R BT B A AN R 2R G RO
[ 422 b 45 12 Wl 0 B A i (R AR A AT DA, 422
T BB /NG (1% . 4%), T 7 300 04 Ji PR ] g 2 e
TR /NI B R A K AR, 7L R A
F (72 h) R BESLR A 1R 1o PR, SR > b S
e S TS ], 00 2 e g 5 R 7= g 1) 2 i ] RE AN
SRR X 4 03 o (B2 18 B 45 J5 & e ) A A
FATE KEERA . A5 Y RGBS SR, A
TR EFE 7% MR T 5 2L

(5) Bl A K WAL B A MR R
DBO056 J& Ui A w, e/ — e e bk
THER KNl B R AR R T, 3
WX o B2 W T TS ) R TS 0 45 e R A
Ko XULHH o- M AR BEAE 250 mL $2)H
RO E AR EOR B, YRR R 45 mL A,
A TR 5 DB0S6 7= o- RS HHTTBEFIAM TG . 3&
TR DA 2 i S5 T B0 B, R I 22 Y T TR il
Kkt 2845 = .
32 ¥MIPMUHTEHSLABRMEHRNIZE&N

WA AS 2 T 2 2 DBOS6 77 il il (1) 5 1
Sy B FRILWIGR pH 8.0, BEESERIRANANECH 5 A4S, %%
W 45 mL, R R 7%, KBEREE 34°C, $EIRFE M
190 r/min, 7E% T ZAAMT, a- B HEH BTG ) vl ik
1076.32 U/mL, Al B /1 Al ik 420.68 U/mL, H#]
U SAE A IR T 72.35%F1 78.03% . 5 [ P R FAH

Ivi) Jig % 305 g S R B, o RS LT
TG0 TR HEE .
33 EMESWHERONE

M & BERRZE (& 6)nT %1, B ihE DB0S6 AIUTE
ot 5 A A U R DR A B I, R T B R T
1,25 TR W L A T, T LA A A
BN 12 R o A R A
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