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Study on the preservation technology of liquid composite
microbial inoculants
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(1. School of Environment and Civil Engineering, Jiangnan University, Wuxi, 214122, China; 2. Jiangsu Cooperative Innovation

Center of Technology and Material of Water Treatment, Suzhou, 215009, China)

Abstract Compared with solid microbial inoculants, liquid composite microbial inoculants have
the advantages of simple preparation method, easy storage, convenient transportation and short start-
up time, which can quickly start the reactor and improve practical efficiency. The novel liquid
composite microbial inoculants are prepared with the aid of the technical means in the fields of food
preservation in this study. It would provide important references for its large-scale production and
practical application. The influence of thickeners, emulsifiers and antioxidants on the preservation
efficiency of microbial inoculants is investigated and the response surface optimization is conducted.
The optimal conditions for preparing liquid composite microbial inoculants are 0.401% arabic gum,
0.090% Tween-20 and 0.042% ascorbic acid. The results of effectiveness verification and stability
evaluation indicate that ascorbic acid has a significant impact on the enzyme activities of cellulase
and dehydrogenase. After 30 days of storage under these conditions, the microorganism survival rate
is 63.9%. The number of viable bacteria is 1.86 x 10° CFU-mL™, a mould count is 1.4 x 10° CFU-mL™
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and a mixed bacterial rate is 0.022%, It meets the technical indicator requirements of China’s
“Microbial inoculants in agriculture” (GB 20287-2006). This study explores the influence of
technical means in the fields of food storage on preserving liquid composite microbial inoculants, and
provides a novel method for the preparation of liquid microbial inoculants.

Keywords microbial inoculants, thickening agent, emulsifier, antioxidant.
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1 MRLE 7 (Materials and methods)

1.1 #E

ZARFE R NS85 A AR 2R AT I Z2X5. ZX6. GX2. GX5 il GX9, ¥ vk A Tk F5FF 57
AVGVERTR A HENEY). BARE ZXS Ry A ZF AT 0, AT AR 2 AR 1 0T, TRT AR ZX6 A B 2T 1A, 7T
WA MBS L T 5 RN 2R 1 BT TR RR GX2 R FAE UE R ZF AR AT IR, TR PR GXS o W R 28 28 FLFT 1, TR AR
GX9 N thermolactis ZEHIFT TR, 3 R B Y W] FEMAEA R 2T 4 28, EL¥5 0 S TR B PR

FhFai 3t AR 10 gL' FRRE 3 gL EIB Sg L' pH N 7.240.2. THEE 3 B A
BE10g L' 4 RIRE3g L Ik S gL Bifg 15¢ L', pH N 7.0—7.2.

1.2 SEEITk
1.2.1 - 05 b B v v il 25

HE 4 °C VKFE N DR IR T AR A C K TR IR R 3 g 5 b, B R R I 160 rmin™' 154k 12 h
J&, FERR R A IG SR = DOPRRIZ, & TR SR 24 h 5, Pk = B IR 4 ks, AT A
Shy R T AR .

PRBC 15 b 110 %2 T T Bk BT 9%, A0 T35 100 mL & K B A0 N 1 15 37 3k 250 mL =AM, 5T
PERAR G 15 3%, ZEIRIE N 35 °C A1 45 °C, #3160 r-min™ FEA G FE 12 h 5, 305 MR B8 PR B4 AT VAL
1.2.2 A 28 2% A XV 285 Bl A 200 T ) o 8 DR TSR 1) 5 i)

W ZF AT I ZX5., ZX6, GX2. GX5 Ml GX9 TR, LAIE AL L 1:7:617:295:443 [ LLBIIR &, 17 &
B BT IR R MR, LAE TEECH RN T8 A5, JEAT e HE R AR 500 R 28 O 2050 0.2% 1 BTz 114
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0.2%. 0.3% 1 0.4%) . S AEHT AT FIIE (BT 73500 0.05% B2 2 W . PrIR B A — T B AL PR
BHT) . S A:ht AL FI R (0. 0.02%. 0.04%. 0.06% F1 0.08% ) ) 2 2 P AL BT . LA IS im sl i) 25
FIBRAEXT E, UE 0, 7. 14, 21, 28 d (936 BREL, 3 3k 16 TR DR A7 0 AR A5V A5 B 7)o 48 1 e A 45 PR L
FHF 5 S 1 1w P AR 5. il gl B b, B 20500 L B0 A AR IZE 121 °C L 30 min = HOK B . AR IR
3WEL, BRBCOFHE.
1.2.3 VRS TICAE v 7 o 4 e e 1 1T P AL

HRE L ABFIT a5, RSEHFI(A) . ZUEFI(B) . LA (O Feadm K, BEit 3 I ZE 3 KM i
AL, D3R 1 AR A4 2, e A RAR AR B B Il A 200 TR 390 1 e A ) 5 1

1R SKTF

Table 1 Design factor coding and level

H# AYEFRF (BT HAA ) BFLALF) (it 15-20) CHUEALRI (PR MR )
Factor A Thickener (Gum arabic) B Emulsifier (Tween-20) C Antioxidant (Ascorbic acid)
-1 0.2% 0.05% 0.02%
0 0.4% 0.1% 0.04%
1 0.6% 0.15% 0.06%

1.3 Sybrinitam B 505k

175 R BICR S A 000 I s 1O, 21 4k K il 5 2 R (GB 20287-2006) H 3,5 fiFf 3 7K A% i 12 I g 1,
JIi S (DHA) il 15 2R H 2,3,5-50 1k = 2 3 DU S0 v 0 2 . 588 LA (TOC) 2R HH 3 % IR 4 AR Ak 7k (NY
525-2012) M RE . Z2 4R FHOR 9 B R 726 N 7 2.
14 Bt

K i Design-Expert {4 547 i) 07 1] 52 56 15 11 M 45 5 43 1. Microsoft Excel 2017 F T %4 ) 42 11
ViRie

2 5B 59718 (Results and discussion)
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ES 4o E~
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Retention time/d Retention time/d

B 1 R 0 9 2 T ) L R ) 52 )
(. BEBHFIFRS; b. SHFFRIAREE)
Fig.1 Effect of thickener on preservation of liquid bacteria

(a. Thickener types; b. Thickener concentration)
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FeZ W, Horp A B BT A 2 2L R B F VR RS FLARR, BThiA 2l 2L R B (1 DL FRIAE R g AR 3R,
WEFE A g 7K 1 22 e R AL R K MR K Ak & o B, W3 L R A i L AR 0 0 A e Bl b, X BT ir
PR 2 R e B A7 0 3 (1 1), T UL, A6 26 3 K200, PRI A S AE 0.4% e B A %) B 70 335 A 80 e
FEm T HAL MR A, 15 14 KA 28 K (EE 7. 21 KERAM), 0.4% 5 0.2% A4 BT R AT i 336 1 45
(] 1) 2 S AN W 3. 22 0 T R B T o, 3 DR R AR B 2 5 BT A1 AR J5 A i 0 PR TR 8 e 1Y)
PEBE, FEHL 0.4% BT Ar B e 4k 25 S 3 F 5%
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FLATI AT LAAT 4 BH L E 0 1) B 25 R 2R Bk, M A4 AR R A RS e . AN SR BE Bk ii-20 . 1 Ji-80 A1
FRERR B H IR A R I 58 X5 52, A0 9 3L A 700 104 ol 24 R v 8 o) 2 B A 00 TR 1 3 RO s e, 45 SR
2 .

60 a
(a) ZECK 80
E 50 —— iR -20 Tween-20 3 70
g~ —a— T3 -80 Tween-80 B 60
2T . —e— JTEERRIH A 27
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e =
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B e S
=) = L
5% 20 g= 0
< 2 S
g g 20 |
Z 10 Z 10 F
0 1 1 1 1] 0 1 1 1 1
0 7 14 21 28 0 7 14 21 28
Retention time/d Retention time/d

B2 LA IR 2 TR R DR IBORCR: B 52 i)
(a. FLALFIRNS; b FUALFRIREE)
Fig.2 Effects of emulsifiers on the preservation of liquid bactericides

(a. Emulsifier types. b. Emulsifier concentration)

FH & 2a AT, 7S i i -80 BRI TR AR IR IR, B TR TR OR A R0 14.9%. - JiL-20 F1H HE R 5
HER B B AR T, H R B IR 0095 TR ORAE 3 23.2%, TTHEIR-20 2 21.1%. H AER 5 H IliER
HEA W 3, AFTEKIEPEZE | VR IE I 5 2 T B AR 55 () 0, e PR 3R -20 HEA 75 2250 56
John 2507 i35 W, FLALFIAEFL 7 MRS M | A 4 B9 349750 A BIORNS g o e 25 5 A . FLAR R e B 1Y
WEFE4E T (& 2b), 7E55 7. 14, 21, 28 K, 0.1% WkIE-20 FO9E BT 2 5 T oAt e B2 A5 T 4. %
FEIE T BYAETE R, VEHL 0.1% 1R -20 k22 52 HF 5%

2.1.3 PRI 0 X 8 25 Bl A 4 B )35 TR KR A S

BTN B A Ry e — S B 38 ) 45 Fh AR A 00 B IR RN SRR Bl S i A i AR L
TR B AR S P RS, X 1 ER 6 BT B0 A8 A B TR VE FH B P Y. AR SRR R 2 1 . LI Iz |
BHT E 58X 52, X040 (8 B0 28 Kovie B A7 0 28, 45 SR AN &1 3 .

P 3a ATAL FEBLE AL RSO AL i, 2R 28 d i, TR INBTIR I 2 A B 700 306 TR 500 e, TR AR A TG %
ik 36.3%; A5 Z B HAR, ARG 2R 21.5%; BHT 5 fi%, £715 %0 16.8%. FH UL AT N, HLIR I FR A4 S A 80 R
TR, PUIR I R 2 30 5 7E L-PU0 I R b 480 Ak A 4 A I A5 30 1Y), 53800 4 S SR T8 JEOE B AS 7K 4371
U LR AE Ry — Fhbie g () S8 A 300, mT LA S Ak, JB RS X R BTG s by 1k 1) S8 AR T =X CR LB 3R ol i A
S BTIR IR ) . 248 LIS 24 9 H ) (5 A, AT LA i =8 0 S A 700 0 PR, 78 L SE R T, SETTHTIR I
M2 ) e BE AL AL, &5 A an 1 3b B T UL, Bl B O I R v B 30, 3 D DR A R, 7SR 14, 21,
28 KMt 0.06% HIFLIN LR TG HARTE R B E 5 T 0.04%(55 7 KERSN), 28 KIFELER K 45.5%, e 4k
SERGIN, 16 PR R AR, 25 TR AN R AE I B TR A7 16 P B, I 0.06% APTIR I R 44 252 52 30 T 5.
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Fig.3 Effects of antioxidants on the preservation of liquid bactericides
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(a. Antioxidant types; b. Antioxidant concentration).

2.2 TRASTE Wy v R A% a1 TR AL B 5
221 ARG EE SR

M) SO TR 925 2 — A 25 5 a0 1 T ARV ES 2 B ) A Ak D 3, el e EL A ARk 1) SR i 45 A AT 5K
] P 40075 4 Jea 3 T PN PR 38 5 4 SR ) 1) pRBROG 3R, I ELIBE 45 DR R e L /K P (B2, AR5 o, 76 BRL PR 3R 51
B 1 3Rl L, USRI (A) L ZLAEFI(B) . FTAAHRI(C)3 A s R &, 2 BB 3 A0k, #E17
=P EE =K B AR AT, LAIE B A7 R A PR 5B, AR 5T G B 52 ) R 28 0 Y 2 B 7 o A5 B 25
RN, ARAGI S TR 390 1) 4% B e EE D vk, IR T a3 1 B, SE86 7 Rkt a5 R anske 2 iR, Iy
LN 3 Fim.

&2 W HEALAL BT KSR AR

Table 2 Response surface optimization design and experimental results

%—u% A B c _ (??T%Tﬁ(ﬁi/% .
Experiment number Survival rate of viable bacteria
1 0.4 0.10 0.04 60.0
2 0.6 0.10 0.06 50.9
3 0.4 0.05 0.06 51.8
4 0.4 0.15 0.06 46.4
5 0.2 0.10 0.02 51.2
6 0.4 0.10 0.04 66.0
7 0.6 0.15 0.04 48.5
8 0.6 0.05 0.04 60.7
9 0.4 0.10 0.04 61.1
10 0.4 0.05 0.02 448
11 0.2 0.15 0.04 59.0
12 0.4 0.10 0.04 65.4
13 0.4 0.15 0.02 442
14 0.4 0.10 0.04 59.2
15 0.6 0.10 0.02 394
16 0.2 0.05 0.04 522
17 0.4% 0.1% 0.04% 47.6

m 22 3 A7 20, DAE TE AF 1% R ke 0 (I, B P<0.01, 26 B vk 7 R R B G 3. 2k 0L
P=0.0906>0.05 /A~ {2, UL BA B8 5 R 48L& BE 40 i, BeA A AU S, ] PR B AR R G R A 3k W 1 771
T AT TE SR YA TN .y PAE T, —URI0 AB FI C® X B 30 B A I RS A 5 ( P<0.01), — YR
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C. ZIRI AC, A* F1 B

E
7

i i 3% ( P<0.05), A. B #l BC

B
7

M AN i3 (P>0.05) . R4 F(E, FIW7 45 IR 25 %)

T A 17 238 B 52 M) R/ MO LR LR ek i -20 1B AE B JRE , 0 BH BT R I 1R X 376 T 7 15 23R Y 52 i

.
x3  WIATGRERYTT ZE 0N R
Table 3 Analysis of variance table for regression equation
a0 e,
;‘y; ss DF MS F Pr>F Sif‘;li "
I Model 955.05 9 106.12 16.45 0.0006 **
A 13.78 1 13.78 2.14 0.1873
B 16.25 1 16.25 2.52 0.1566
C 36.55 1 36.55 5.66 0.0489 *
AB 90.25 1 90.25 13.99 0.0073 **
AC 57 1 57 8.83 0.0207 *
BC 5.76 1 5.76 0.89 0.3762
A? 48.17 1 48.17 7.47 0.0292 *
B? 62.65 1 62.65 9.71 0.0169 *
C? 574.66 1 574.66 89.06 <0.0001 *ok
B2 45.17 7 6.45
PRIE 5.54 3 1.85 0.19 0.0906 j;fmﬁfgf
afiiRZE 39.63 4 9.91

: SS—F-J5 1, DF—A 1 &, MS—37r, Pr>F—JC it

A

2

WA B BERE, el K, *

Notes: SS—Sum of squares, DF—Degree of freedom, MS—Mean square, Pr>F—Probability of no significant impact, **very significant,

*significant.

X e 7 TRT S5 36 45 SR AT 22 SRR [l A A I, A5 BI5C T Y IR 05, i (D) B, s,
A FTRBIHAAR BRI EE , B 7Rt -20 AUSE, C R HTIR LR A v .

Y =6234-131A-1.42B+2.14C —4.75AB+3.78C — 1.20BC —3.38A*> —3.86B" — 11.68C">

(D

MR Design-Export 214, 70715 Hh 5% 22 (19 IE 25 HE R 0 A [ (18] 4a) | 5k 25 5 BIAE 20 A 1] (1] 4b)

FITRINAE S S PR (EL A P (T e ). H 18] da n] 1, Bk 22 09 1E SR 3 00 A I AE — 2% Bk b, Ul AR Y 346
PEgs. &l 4b 5% 22 5 TNAE 20 A Jo M. oh 18T de R, Bk 25 5 TN 4 o3 A PR AT REAE — A5 HLAR L.
P 4 AT LAF H, 71 e 107 TR 25 40045 YR B A 0 T 700 S DR 3% 0 A ) S 8 7 P 5 e

( (a) 6.00 C O 70 L ©
9oL 481963
> L “ 4001 .
= 95F
E o0f - g 60F
S 80F o 2.00+ ] [
2 70F g " =
a, a i) a @
D“ < o o 2
X 50F o £ O o 5 50+
= 30F ) ] " me ° A b
- o [} -
£ 20 = & 2001 ° =
Z 10F o 40+
5 s —4.00}
L ~4.81963
—6.00- 30+
1 1 1 1 L] ] ] 1 ] | L 1 1 1 1 L]
-2.00 -1.00 0 1.00 2.00 40 45 50 55 60 65 30 40 50 60 70
Residuals Predicted value Actual value

4 SRCHE N B IE 1
(a. FRZEMIESMEARI A0 K b. 525 STOUUNE SR o TE S SEPrE A &)
Fig.4 Key factor model adaptability

(a. Normal probability distribution of residuals. b. Residual and predicted value distribution. c. Distribution of predicted and actual values)

M 7 g TR AR 45 g £ ]
W SO AT 325 AR s — 0 T R AR 2 3 ) A 6 DR 3R 1) 5 A P 8y = 2 S A [ T 1 25 1o 2 1, 54K

222
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TERAS R [ E T O MEA R RYIE B0 T, A M A DR 2R A9 5 A FH O RS TR AR 00 T 790 3% o A7 105 R A 52
M, ) 87 T R 25 e 2 P DL EL 5 6 A7 BT 7. W) 7 T AT ) e T S5 J32 A, ] AT 2% ) e 2 o o 7 {4 52
W 8 A8 35, 2 1 79 R 3R 5 T A DA i L 194 82 W A s 2z, i . 1 P by e~ 22, O PR 3 % i b .
PR32 M AN S 25, T4 DR 3R 5 T AR X 7 14 82 MR 050/ . 5 1 8 Ot sz R £ 7 PR 3R 2 1) 52 A )
SRR, T A [BR1SE  F- A I52 F l 2 5 Al A i 2 T A B2 AOAC, )3 B T DR 3R S LA T 2, T
Z, WA

Survival rate of viable bacteria/%

Survival rate of viable bacteria/%

0.05 !
02 03 0.4 0.5 0.6
A: Gum arabic/%

B S BRI I A i -20 X355 B A1 3 14 28 B A2

Fig.5 Interactive effects of gum arabic and Tween-20 on viability

Survival rate of viable bacteria/%

1

C: Ascorbic acid/%

Survival rate of viable bacteria/%

~ §
o 0.0§ s /A/Q‘_J \B/ [e5) 1
4 0 ) acl® 0.02
oy o < G&a@“\ 02 03 04 05 0.6

T, T Opyen N A: Gum arabic/%
Bl 6 BT AP A8 FEE VLU LT ) 355 T 77 175 2R 14 58 L R
Fig.6 Interactive effects of gum arabic and ascorbic acid on viability

MNIEL S (1855 v 4 AT DL, BT AR AR Je vk 3 -20 3¢ ELAE FH I 3. DN =2 ST AR ] L, 3% T A7 T 3R 7
G I 1Y BT R AR R RS Ak R 20 (Y Mk T B B KRR . I M KA S B AR BB A A R Tk
0.35%—0.45% F1it 3 -20 ¥ R 0.09%—0.11%. M IE 6 (155 = 28 B 0] LUE Y, 72k i -20 AR 55
T, BATRLAFTARS e FHC I I 2 XT3 PR A TG R A 2 EL R i Bk 2, — RS AR IR AT 3 A TG A TR R AEL
S VMR A B AE BT R R 0.35%—0.45% FIHTIRIMLAR 0.035%—0.045%. WA 7 B4 Lk i)
VL, A6 BT RAR R AN S 2544, i Y -20 FIA7T A M0 2 X6) 3 A7 1 250 1 28 EL RS W) . 3, — 4 ST AR [ vh
AT UL, 35 TR AE TG A A B A, 12 R AR s B TR -20 Y 0.09%—0.11% FHTIR ILER 0.035%—
0.045%.
223 HUEREIIE

W 7 TR R 45 o 20 T S e 1 i 7 1 P 7 25 %€ DX 3RV 1R N A7 FE AR AEL, 18 i Design-Expert 51 {F BEAT

B0 E A Ak, A5 20 W 2SS AE W v R o B 0 B AE T R B i IS D A R s 0.401% 1) BT 7 AR AR
0.090% F 7 -20 F1 0.042% FIPTIRMLER, TG B8 A7 00 2R 35 62.592%. 18 i PR A7-301 18] #H 538 A5 09 22
PR A 70 0 284 e Fa e e, 45 AN 4 .
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Survival rate of viable bacteria/%

0.06 \.(
X
B
=
2
3 £ 0051
g b=
3 ]
> -2 [60)

i)

5 & 0.04 5o
2 2
5 <
E‘ &}
E 0.03 &
195}

0.02 1 I 1 1 45

0.05 0.07 0.09 0.11 0.13 0.15

B: Tween-20/%

B 7 it iE-20 FIHCER AR XS B A I R A AE LR e

Fig.7 Interactive effects of Tween-20 and ascorbic acid on viability
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Table 4 Effects of different additives on relevant indicators of liquid bacteria
EiLAN i a]/d

, , CK A B C AB AC BC ABC
Indicators Time
o LR 0 1682 1.023 0955 2614  1.692 2455 2091  2.068
(U-mL™) 15 0455 1228 0750 2159 0727 1727 2023 1523
Cellulase activity 30 0.091 1406 0568 2796 0409  2.887 2319 1773
DHAR/ 0 12447 12206 6320 5977  80.06 4120 6406  47.78
(U-mL™) 15 159.06  241.63 25291 20092 20091 16176 19720  177.92
DHA activity 30 3692 2492 1847 1706 3491 2692 2320 3777
0 1051 1732 0556 0869 1511 1407 0484 1421
TOC/
(1) 15 2809  1.809 1374 1703  1.676 3201 1718  2.506
30 1861 1749 1470 1817 1064  1.657 0705  0.839
L4/ 0 0241 0603 0174 0142 0340 0385 0281  0.485
(gL ™) 15 0.184 0980  0.199 0192 1461 1246 0211 1073
Polysaccharides 30 0172 078 0139  0.143 0990 0772 0227  1.063
. 29.1 25. . 27. 25. 1. ) 29.1
— 0 9 5.8 303 73 55 315 30.6 9
(x10° CFU-mL™) 15 15.5 18.8 17.9 22 17.0 20.6 19.2 21.0
Numbers of viable bacteria 30 55 13.9 8.0 12.8 14.6 15.4 17.8 18.6

FH 2% 4 AT EL, AN RS 0500 %o B 00 P9 A S 38 b A 52 e R[] 3 o PR 28 %o £ 4 2R IS 10 R R K R R Bt
IR | BAT 7 AR e i Yk -20. AN AT AT 78 0 700 14 225 11 X6 BRI 2 2 28 il 6 R SRR AR, in A JL-20 11 £F
Y 2 il QLB ARR, T LAY 27 4 TR AR fh /). DHA B 1% ZETT 15 RBFHE . 3 30 d J5 2is, vin
HI 15 R FARRNE R L, AT 33 Mife 30 d 5 8 3R o IHAESR S, 40 Ak i 2
S . X 5 A AL B 22 W A AR R 2, FERT 15 KAT MUK K 2208 R A 5 BRI KA R 3, Thi 21 30 d i Al
Sy BEAK. [RIE, & BRI A S A ML AT 3 . & A DU IR () DHA il 1% M4 21K, 16 B HU A I ik ]
050 A 2 0 P T TR P DR A I R v SR A B, FE 5 30 KIS, WS 3 Fh A N A0 TR AR AR R
63.9%, 55 0 )57 TR0 D0 A4 S 6 R0 376 TR A7 1% 83K 62.592% FH T, 10 BH Wi [ 167 0 B 1o 4 Ak (160 455 750 Ay A0 512 il 401
B T SRR L, T B R FH M 7 T X R A A A A O A T LA, NURE A B, T HLAR AT L

FITAF A B2 A A W TR R N A5 3R B I AR P T 770 ) (GB 20287—2006) I HE RFEFRZER, & 5
TR T WA FILELRAE 30 d J5 AR DGR R B8 b5 5 3 E CIR A P 7)) (GB 20287—2006) Xf
WEAT LA Y, 547 30 d I, TR B 77 A5 I 80D A 1.86x10° CFU-mL™, T IE 3k ik 2] F kbR o sk,
B HBCN 1.4x10° CFU-mL™, Z2 14 %K 0.022%, HE THR R, pH b 7.98, 1638 7t Bl .
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Table 5 Relative technical indicators

> Ll G AT X
Techiﬁﬁjﬁators GB 20287—2006 Preparation o?l?illjlﬂ%;fr}(iial inoculant
R0 B/ (x10° CFU-mL ™) >2.0 18.6
W HEEY/(CFU-mL ™) <3x10° 1.4x10°
ZHE /% <10% 0.022%
pH{H 5.0—8.5 7.98
FRBI/m >3 1

3 458 (Conclusions)

(D) BB LA L | 38 -20 AT IR M B2 244 R T I A 52 6 A= W T 700 A £ e, L, B iy
B A 0.4% BTHAAR I, 16 B AR AR A 29.3%, BAEMFLALTI A 0.1% i iR -20, 16 B AR A7 21.1%,
FERIPTEALT R 0.06% PLIR IR, TF B A7TG 5N 45.5%.

(2) 38 1 = PR =K i 1o T OE AR A 9, 75 30 WS 2 A 00 W B 390 o sl A 0 A 05 2R 0 2208 IR
[l 975 FE K ¥Y=62.34—1.314—1.42B+2.14C—4.754B+3.784C—1.20BC—3.384°-3.86B°—11.68C", W 5 41
A W R R A T AR AR RN 0.401% B BT REAA RIS . 0.090% 4 i i -20 FT 0.042% HHLIR MLAER, b 5517
TR 30 d S, AT IAETE FE R 63.9%. T 25 T4 SR i, £ PR R AR WA 7 2RI 52 e R/ MR
HPUIRILR | ik JE-20 FTBT AR AR R

(3) X AS [ A7 J 10 10 B ) 2 47 455020 6 UE FRR R M DT, 65 SR 38 B, B0 IR i 19 XoF & 4 3% g 1% A
DHA i 5 W 4K, Y0 T 700 A PR A7 2 R P 8 35 o0 2 BT 6, Al M A= i shask 35 . £R A7 30 d 5, TR 1A
Bk 1.86x10° CFU-mL™, T 24 AN 1.4x10° CFU-mL™, Z¥ % 0.022%, 1] 1k 21 e 6 (e A 9
B ) (GB 20287—2006) (Y8 AR S5 bR LK . A G R Ja BLTF K B B WS 52 G TUE D R IR BOR
PRAE T HIS AR . 7E LS AT, A B A PR 2 (pHL IR EE S5 ) AU A S A fy 38 B 0] L FL AR LA
Rt E AR HATIRA IR R.
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