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Study on the optimization of extracting phytic acid from wheat bran by
response surface methodology and its antimicrobial effect
WANG Yang-dian-dain, LEI Yi,ZHANG Meng-mei, LI Yuan,LI Zhi,ZHANG Zhi-qing"

(College of Food Science,Sichuan Agricultural University, Ya’ an 625014 , China)

Abstract: The phytic acid in wheat bran was extracted by solution of hydrochloric acid.Based on the single factor
experiment test,the extract conditions, such as extraction time, temperature, hydrochloric acid concentration and
ratio of solid to liquid were investigated and optimized by response surface methodology. Then a quadratic
polynomial mathematical model of phytic acid extraction was established. The antimicrobial spectrum and the
minimum inhibition concentration( MIC) of Escherichia coli, Staphyloccocus aureus, Bacillus subtilis and Salmonella
were studied by means of oxford-cup tests.Also the antimicrobial effect of phytic acid on different concentrations,
metal cations and concentration,temperature and organic solvents were discussed. The results indicated that the
optimal conditions were as follows extraction time 2.2h, extraction temperature 40°C, 1.2mol/L hydrochloric acid
solution, ratio of solid to liquid 1:22(g/mL).Based on the optimal conditions,the yield of phytic acid was 1.215%. The
phytic acid of wheat bran could effectively inhibit the growth of bacteria. The MIC were 2.17,2.89,3.61,3.61ug/mL
respectively. The antimicrobial effect becomes stronger with the concentration increasing.The antimicrobial effect of
phytic acid was weakened by combination with 100,200 ,300mmol/L solution of NaCl,KCI,MgCl, ,CaCl, and 10%
(v/v) ethyl alcohol, proplene glycol, glycerine, the antimicrobial effect of phytic acid was no difference when
temperature was 0,65,121°C.

Key words : wheat bran;phytic acid;response surface methodology ; extraction;antimicrobial effect
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T B8 S R A3 1 SR IR i DR T T A A ST R
Mo BFERM, EEPEH 4%~5% R mR ", 2 il
BRI BRI, MMRTEEZ AL 1L 958 Tk,
SR Tl R A )z &

A e e — R P AR B R R R Y R A R
T FEBOE NS> B s . A OCHERR & B I E Jr
PR BOAT 4 o g R L4 0 T L IR A B
B M A AT A R R A T R A5 LA TR
J& AL I & T S R B A TR PR B T AR, SRR
FEA BT M AT R iR W BT . R, AR SC DL
oM ek, DN ZZ kb 2 ORI , AR R & B M F8 4,
WFFE P2 BOAS [W] 1 B A5 A (B2 B 8] | 42 BUR . R IR
WA E R ) XA PR AR Y 52 . TE BN 2R 4347
FRREA E , DAREINR 5 B Sy i W AR, E AT P I, TR 52 56 00
ALZZ P SR IO R 19 T2 45 14, RIS, 6 I 2 AR IR
PRI B T R U 2 TR S /)N 10 TR BE Y [R] B, BT
8T HAEARRI AT (AR B & B Es = VAR IR
A HLEF) BN EAROR , S 22 2RI Ge 25 6 T & 7
JHPR AL S RE
TR
1.1 R5EE

xR ML RKIBFFE (Escherichia coli) : T#
R4S ATCC 25922 4= 3 (4,45 29 BR 1 ( Staphyloccocus
aureus) : TH PR 9 5 ATCC 25923 | Aili B ZF #I FT 54
( Bacillus subtilis) : B8 ¥k 9 5 CICC 21482 YL TEGEH
(Salmonella) : FH R 9w 5 CTCC 21482 g pu Ji| Ak
KRB A 2E B AR 4 S 56 78 S B AR AT

LRF RO BWihadue Bl R A YR
AIRTTAL A A S ke A5 Bl S fb 8 &1k
PO EACEN . ERIR . S BEL TS B S AE R
(50% yEali AR MR AR ) Y0 | AR A 25 157
J750.22 wm ZR FR AL U BRI B KR TIT FE] IS A A A
AR A] 5 — UM T A 2% W) H B 27 e BB BR
F s HD-542 BUA=Hp g H AL AR B T IR R A BR A
H bR R U | TR ORI 22 AR A R A E .

CCP225D UM, KV 1l = 28 2 R Wy By 2
] UV=3100PC BIEL AN 35 BT g 383k ik Y
# A BRAS A) s KH-50B BUE A e B IR A&
FAESA PR T s HH=-2 B fER KSR LA 4
AT SRS ] 1 A BR S F] s Thermo BR41 V8 IR B 40
HL  FEE Thermo 23] ;SYQ—DSX-280B #I FFE A A
BN EDER KA LIBHZEIT S
SW-CIAIE ¥ TAE S I E B I ARAREL
s HZQ-A BUEIRIR G IR A Lilg—E R AR
HIRAHE
12 SKBHE
1.2.1  FZZRP AR IEE ik
12,11 ARSI Tk % EEE SR
Jrk, I —E B . HETRBREL 2g K3 i Jm i 22 2k E
T 250mL BEAR T, SR T EL IR 2 42, B E B 15min
J&, B T E R KSR ER IR — 2 B ], B O
(4500r/min, 10min) , B 2mlL T8 SR , 7508
HKAEZFZ 10mL, FIA 2 7% 10% BRI KGR, &AL
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WRERENPREEARE T e B 10 = S LR VR 18 B i
2246 H 30s YRR, ARPR & 83 P TR
S S (%) _axex I:X/XO.2357 %
P o SRR ¢ S = S AL BRI TR
mol/L; V R iH#E = S AL B W AT, mL;0.2375 K
B4 FAEBR 0T 245 4 2.8 4~ Fe' ™, Imol = G fL Kk AH 4
F 02357 A5 ; W REES TR, .
1.2.1.2  $REOTENTE %2 a2 T,
T —E s, DAERR & & VIR AR, 43 5% B4 B
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[[8 3 TP S YW e D O = N NS B iy i =
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EWNGTH L DVATOR A NS RPS b S = AN | e O i ey |
Box—Behnken H.0 20 A Ui EE, 4T U R 2R =K
FIA) M b7 TSI 56 o A P i B 0 T Ak A Tt . SR
FHZ o0 R BIAT7 R LA B 2R 50 B AE =2 (8] 1 BR 4K
SEFR 38 o [\ VA 7 BRI AL T2 2 B, T i N {E, I
o5 i S 46 o A 9 IR B H A A FH AT R, B
REBALR Y 25k . SLH R E MOKFILER 1,

1 HFEAKPiLER

100

Table 1 ~ Variables and levels in response surface design
KF
A% -1 0 1
X, RHUR ] (h) 1 2 3
X, FRECIREE(C) 30 40 50
X, R 12 W e BE (mol/L) 0.8 1.0 1.2

X, BHf I (g/mL) 1:15 1:20 1:25
1.2.2 AEPRMLIR O B Al o 32 2EE0N A B RSOCR
orir
1.2.2.1 R A & O — 5 i 0 2 Bk

1:20 4B LT Tmol/L (1 HCL, #87%5 15min J& , 78
40°C 18 I 7K 3558 TP AR IR 2h, 78 45001/ min | 850
10mim 755 54 1 175 1 28 e 1 25 AR 4, B AS 2] ki
PR, Ho 5 ik g 0.1444/mL,

1.22.2  HIEEREEIIE S0 a0 07 vk, Pk
BUS AR B, AP T IR A s R 2 37°C 1S
FE 24h BRI B 2 S H 10°~ 107CFU/mL, H
FEWAE I 100 L B PR AR T 5 B F 15 35 3 344
Ygsy o JHICHEEE T 260 248 HObR , 52 52 s, (i 1 5 5
S L Pa fh T 1] B K528 0.22 m 38 it 90 5% T 1A RR 45
BN 4% (A TRFL R 100 WL A= EEAR ] 2E =
AT, 76 37°C R 1537 24h, JH BRI 2 400 24
AR, FAAEIR] pH (5L 8 1 4% AR AEAR 8 75 W21 42
WO AE R *) e

1223  ByMIEHIE (MIC) jyillE S iihom ™,
FCR " S 7 i, G B R 10°~ 10" CFU/mL 4
100 L, FHIG R AT £ SR USSR X 50 1A .
JH TG B T3 a2 AR 1 25 0.22 pum B 8 I3 T 44
TRk 1.00% 1.50% 2.00% 2.50% .3.00% (V) FH iR
LR 100l J A - AR L, B B = AT 5086, 76
37°C 1535 24h, R4 o Pl A%

1.2.2.4  $RICR R JE XA R B R IS . =%
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WR SRt

WP AT A DT vk MR R ) e /NI B
JE A ] 3 JE A4 R P 2 A, BB TR R BE o 10° ~
10"CFU/mL B4 100 WL, FH JG B A4 1k A 18 7 78 35 B
M Y5 A . FH JC B AR T Al 4 AR R K&
0.22 pum %8 I 5 8 B B AR 4 B0k 2.50% . 3.00%
3.50% 4.00% .4.50% MFE PR LML 100 L fim A 45t
MRE B = AT S08, 7E 37°C 5 S 24h FHER
00 1 B P AR
1.2.2.5 4% PHES T B 5 X A2 1 1 BBV 4110 B A5 2R
BISEI SR B I A A gk, T AR Tk
BN 5.78 g/ mL PAE R $R B , B 1mL A1 R 32 BOR
43515 1mL % 100,200 ,.300mmol/L #& Ak 4H | &1k
SR S ESIERIR A5,

WA B  10°~10'CFU/mL B % 100l JHJG
PR P IR AT R R 8 IR IR Al Y5k . G
TR AR K2R 0.22 wom Y8 G U A T B 45 TR R
VW 100 L A A EEAR L, i 0 = AP AT S5, 7
37°C T353R 24h, H B R &2 90 B BBl 42, DA AR Ab 3
F1A) T TR 12 TR A Sy o IR
1.2.2.6 i@ XA R R BORIM AR 52 m =%
FWRAK AT B, I s . R H AT
AR KPR R, TE i vk B2 SRy 5.78 g/ mL 14 A iR 4% B
W, 539N HE 0,65 (121 °C 74 20min , £ TC T A BE %
HEFER,

B A BT HE M 10°~ 10" CFU/mL B % 100 L, TG
VPR A R R B IR e A D581, IS
TR EEAR B2 0.22 wm U8 A U8 B T I 451
100p L A A-EEAR B i E = A PATS0 5%, 72 37°CF
BeFE 24h, FHROM &40 B8 B BLAR, LLUE IR T AR VE AL B
FIA) A R 12 BT A Sy o) 1R
1.2.2.7  AHSERIXHEFRIRBOR M AR B2 =
MAZR R R A A5 5 vk, B AR e Ol 5.78 pg/mL
AAB PR FZ IO, B TmL $2HUK 53595 1mL (¥ 10% (v/
v) B 2B N R N SRR WRIR A o

B A B HE A 10°~ 10" CFU/mL B % 100 L, FH TG
WA RS IR R P AR SR . R R
TARUT A AR B2 0.22 pum I8 B 5o U B4 T 140 45T TR
100 L A A-EEARE R = A PATI 8, 72 37°CF
FEFE 240, FHE RO B30 B R ELAR, LR Ab B 4 AT 1R
FPEBORAE %) B
2 BHREH
21 ZHPHERRNFENANL
2.1.1 £ rp P AR TR R O P R R S B R
m o fHE la B LUE H, SR ECET RN 1h 840 & 2h
At AR P 2RI N, 2h LS AR R 5 e B A A 4 4%
o 2 B S yak 2 19 A e, AT RE R B FR B B AE AR B
BB A e R T —E R E A, B,
¥ 2h FE b AR B At [E] . R 1b AT LUCE S, B
PRI )E M 30°C T = 2 40°C A R o = B B 3, va
BT 40°C Jim A AR o e A B2 IO R 04 T v B Sl [
i FFEL7E S50 a2 v 2 B, 24 38 BRI B ot v I iR
WA W 04 S B, R BB R 22 K E B 09 $2 B [H]
P ER k2B i VB N & A Y & T, 40°C DL S TR g

Vol.36,No.11,2015

1.3 1 1 1 1 1
0 1 2 3 4 5

FEEH (] (h)

IR (%)
>

/\‘\,\

1‘3 1 1 1 1
20 30 40 50 60 70

FERCEE(C)

IR 5 (%)

1.3 1 1 1 1 1
0.2 0.4 0.6 0.8 1.0 1.2

T2 MR % (mol/L)

—_

I 75 5 (%)

_ =
LWL
— T

—_

1:10 1:15 1:20 1:25
I (g/mL)
Bl 1 B R A X AR TR B B 5 IR

Fig.1 Effect of extraction single factors

—_
W

on phytic acid yield from wheat bran

REFRLRG %2k T AL BT F ik F e, BRI 4 40°C %
SRR, (& 1o 0 LAT L AR o St B
WL FE BRSO, S48 v FE J 1.0mol/L A
R i 1) di A (L, L AL A BT R M RIS
YR FEE 1T WA T R 1 L 234 i 98 T i
B R 2 5k v LA SR 3 I 1R L %
IS L T 11 L DT T 0 IR I B (0047 R 11
VAR L PRIt 0 R R IR 1R A 19 05 L P dik o v
Jg 1.0mol/L, pfEl 1d o] LIFF H, SRR H e 1:10~
1:20 (g/mLL) {3 FEL AT , AR 1R 2 i BEIRHAE . F 384 T 1T
I 40 (ELRHAE He B 2 1225 (@/mlL) I, A1 75
R ITRASAR /DN , B 25 R L 0 14 R AR R 7 7 0k 5
LI S AR A R TR, 2 52 56 e DR
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ORI, Z &P AE R AN o8 e e Y, YA IR 58 22 3%
H e R Ll B 1 D = A s, 25 R Tk SR E
FETE I ARG R 28, PRI 38 B 1:20 (g/mL) /B Sy 2 HR
BEARRI R L. A SRR g5 R A LUE h, AR 4 BT
T) R4 H L 55 O 2 L SRR SR A S 56
L5 A2, Al B2 R D 7E 40°C FIIR 12 2h 1Y 2514
T, BERCRAR A R R B L Sk I I s AR e
WD I v A o[RBT F T BT A B SRS IR, BT
B2 BTN W] L A 7 32 2 W b B O i A [, AL TR
URFEDE R & & W AFAE , 5 2002 13 Wk B2 Rk iR
e A R AN TR] o (B AR Ab s 35 AT AH — 2, A 1R & &
RE TR T2 Y 5 FA) 5 0 2 00 S0 188 i sl 1) A A, AR R LB
B0 SIS NS T SR A A

2.1.2  ma T S g AR A IR PR B AR AR B IR B
il b, ARS8 2R Box— Behnken 1.0 20 5 31 R 2E,
X R FR FR B A R 4 AR E X, (FREAY [H]) (X,
(BRBOR BE) X, (RRIZBW M E) (X, CRHE L) R
Design Expert8.0.6 A5 11 DU K 28 = 7K S 0 SE 5
RIZR AP it 22 UL 1, mia o i S g 45 2R L3k 2

22  Box-Behnken SCEG 1T S 45 5%
Table 2 Arrangement and experimental results of

response surface Box—Behnken design

2 AL
SRE X, X, X, X %@%
1 1 0 0 -1 0.889
2 0 1 0 -1 0.916
3 1 -1 0 0 1.052
4 -1 0 0 1 0.948
5 0 0 0 0 1.177
6 0 -1 0 -1 0.806
7 0 1 1 0 1.096
8 0 1 0 1 0.956
9 0 0 0 0 1.168
10 0 0 -1 1 0.976
11 -1 -1 0 0.936
12 0 -1 0 1.098
13 1 0 -1 0 0.981
14 0 0 1 -1 0.967
15 -1 0 -1 0 0.947
16 0 1 -1 0 0.982
17 -1 0 1 0 1.129
18 -1 1 0 0 1.032
19 1 0 1 0 1.107
20 0 -1 -1 0 0911
21 0 0 0 0 1.192
22 1 1 0 0 1.070
23 0 0 0 0 1.197
24 -1 0 0 -1 0.919
25 0 0 0 1.156
26 0 -1 0 0.942
27 0 0 -1 -1 0.946
28 1 0 0 1 1.118
29 0 0 1 1 1.181
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% Design Expert8.0.6 R/ % 3¢ 2 (4% W iE47 4%
B, A9 3) PU DA 22 5 48 5 5 F 0 [al U R AN

IR & & (%) = 1.18 + 0.025X, + 0.026X, +
0.070X, +0.057X,-0.019X,X,-0.014X,X, +0.050X, X,
- 0.018X,X; — 0.024X,X, + 0.046X,X, — 0.069X,*> —
0.11X,°-0.045X,°-0.14X,’

XA PR 5 B 1 7 22 40 BT B Gk RS R UL 3,
% 3 AT LI H,p <0.0001 , 3 B YR £ 56 [A] Y 45 7Y
ARt 2, R HUTTT p = 0.0669 > 0.05 RIS it 2%,
HHICFREL R =0.9533 R, =0.9067 , i3 I A5 78U b5 5 565
UG P UT, SEI S 4B/, DAL It AT DA I A 7 R 947
AEBR T B WY 4P AT . 25 SR SR B, A% S50 PR 3R X
i 7 AL P 552 i) A S Bl ) 2 P O &R, T N AL 19 AR bk
AT 2, o] SR R v @R T 2 A8 HAE A, Hod
Xy Xy XX X E AR L XX X X XX
XOAE R . th3e 3 AT LA o, XA R 5 8 52 0 4
KNI BRI W HE T > B b > $RECIR E > 31 3L
ERIE
2.1.3 WM ESTAT HIE 2a & 2b " LUE Y B E]
kg L (X, X)) PRI EE 5 L (X, X)) 1Y
A2 H AR FHXHAR IR & S5 3, th 2R 4 BE , FLBE % H:
AR B 16 %, 2 ok 2L i AR A8 AT, i N R FE RO A
— I RAE

1.3

—
—_
— N

AL 5 (%)
o
O -

)

P2 A2 1 T 25 1 PR3 o o T &
Fig.2 Interactive significant factors of response surface figure

TE ra BRI (] 5800 LU 5 b IR WO 5 RRIR L

PSR TVVATTR AN CINIE W S s o /TSI = I LI E 703 4
FELPR ) e DG T 28 25 A5 02 - SR T [A] 2.24 0, £ R 32
39.73°C, it 13 W ¢ ¥ 1.19mol/L, ¥} & kb 1 :22.02
(g/mL) 5B E 52 PR AE A T AT B0 , R 32 BORL PR
BB E T 28 25 A& TE D - 32 BT ] 2.2h, $2 B B2
40°C , IRIZ WA EE 1.2mol/L B LE 1:22(g/mL) o 7E
BEZEAF R BEAT =B UE S5, 15 B A AR PR & B A9 45
WM 1.215% 1.177% 1.253% ,~“FIJ{E N 1.215% , 5
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Table 3 Variance analysis for yield of Phytic Acid with various extraction conditions
KU P75 H Jid% F{a P wEE
i 0.32 14 0.023 20.45 <0.0001 o
X, 0.007803 1 0.007803 7.06 0.0188 *
X, 0.007854 1 0.007854 7.11 0.0185 *
X, 0.058 1 0.058 52.57 <0.0001 ok
X, 0.038 1 0.038 34.66 <0.0001 * %
X, X, 0.001521 1 0.001521 1.38 0.2603
X, X, 0.007840 1 0.007840 0.71 0.4138
X, X, 0.01000 1 0.01000 9.05 0.0094 *
X, X, 0.001332 1 0.001332 1.21 0.2908
X, X, 0.002304 1 0.002304 2.08 0.1708
XX, 0.008464 1 0.008464 7.66 0.0151 *
X, 0.031 1 0.031 27.97 0.0001 ok
X, 0.079 1 0.079 71.55 <0.0001 ok
X, 0.013 1 0.013 11.84 0.0040 *
X, 0.13 1 0.13 114.27 <0.0001 ok
P4 0.015 14 0.001105
E=Eierl 0.014 10 0.001433 5.02 0.0669
sz 0.001142 4 0.002855
S 0.33 28
e fARE =005 FZEFRBE,; = ARE =001 LZRWEE,
Fa AHFRFLIBOR A BN EESCR A 5200 (em)
Table 4  The influence about concentration on antimicrobial effect of phytic acid extracting solution( ¢cm)
o )
6.50 5.78 5.05 4.33 3.61 2.89 2.17 1.44
KT 235+0.10 242+0.08 1.66+006 1.62+0.01 141+0.05 132+005 1.21+0.05 -
SWOMARRE 209001 1.99+0.17 190+0.13 192008 1.68+0.04 1.48 £0.06 - -
MEZEIFTE 2.13+£0.03 218 £0.09 1.84+0.04 1.76 £0.05 1.55+£0.05 - - -
tAREN ) 2.65+0.09 1.75+0.15 1.67+001 1.57=+0.04 1.53+0.06 - - -

=7 ROR TN PR

AR 1.225% FEASARLG o

22 HEEBRAEARAMNERFERLAFEMNINESRS
221 A RRE A RO R L A R s SR AT
SR FH 0 B R 2k 43 A 2 B A R 4 BBOTR S K i A 1 L 4
00 25T K TR L A R 2R T B ANV T LG R R B AT
AN HRIAE 13 S5 AR EAE R AN AR [E] pH B9 3L BRI
Fo s 2 B, TR B30 B Pl B A e K, B EAR R A i 19
TBE AR B/ Ul I A R A 40 B A P, A R R $2
TR B P B A R T AR IR b v o 1 D IR T R SR BRI
A LN S A A K S M TR, W BT — R i
PRVE ), S5CHD B s R i X HE 2

222 H/NMERHE (MIC) 190 52 B AS [R) A4 B2 35 B
WA BEXTID B R 52 i FR 2 4 Nl AR R B B
T KA T | 4 78 0 7 A BR B A B 2E f AT B AN v
7B B /s B0 B R B AR IR SR 2.17 . 2.89 . 3.61
3.61 g/ mL, KM AT TR AR R e i 8% . HH T R AT
TR T T B PR A 2% TG B M TR, 4 i (6 4] 280 BR B F
A 2 ST B R B 2 PG B P B, T 0 A R X e 22
IS A B AT 22 EG PR B 3 — e M RIVE . ml L
B TE— 5 YRR DY B AR R e O Ak 5 A 1 o, 1

TPl LA A B O g e, TR ROR g 5 . JF HLAS
[ B P14 s A 400 T ¥ )5 AN ], i F 8 FIVRY & 2 S A
ETE 5.78 g/ mL 11 ¥ 3 T 4100 BT 808 I 4, 4 7 (AU A
ZIBREE AP T FQBR 7 6.05 g/ mL 199 2T 10 BR300 0R
et HIR R e A Rk A M i Bl pH AR [A], 52
SRR PR AR IR B O A 2 LR R ERBE 1Y pHL, DA T 52
m BT B A G o B AR R $2 IO TR BE B G0, s
A B I B 2P AT B A A R B 1Y pH SE B AR S B AR
PRI ANAL 5 <5 0 009 4 BRI AN VD ) QR 2R KRB Y
pH A

2.2.3 )R SR BE B R $& MR B SRR 19 52
o fER S A, AR R R IBOK S AN F & m B TR G
J AR RSO AR A X R 2H M 5555 o JHG v X O A T Y
I SOCR I : %548 100mmol/ L Na ™ BUAE PR $2 B T 1)
TR B, KT 3 3 1 78 A o 4100 T Pl AR 5 i) AN RS, B
Mg M B HE RN TR Bl B AR08/, B Ca® " M JBE R T
FE| AR 0 5 o) 4 B 60 4 2 BR T M TR ROR 2 B A
100 .200mmol/L. Na* , 300mmol/T. Mg’* Fl 100mmol/L
Ca®" (1) FE PR 12 HOTR JC I T P 0 B, Bt K o 3 44 R
TR P AR B0 5 X0 Ak e 2 ST R A A0 TR SR - Bl
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RS BRSO R R B ORI R BCR B2 (em)

Table 5 The influence about metal cations & concentration on antimicrobial effect of phytic acid extracting solution( cm)

WHR S

BIRE TR [kl
(mmol/L) K & H O ERRF Rt R 2 AT I IR
100 - - 1.63 £0.11 -
NaCl 200 1.27 £0.03 - 1.34 £0.09 -
300 1.18 +0.03 1.3 £0.07 1.30 £0.05 -
100 1.28 +0.04 1.34 £0.14 1.90 £0.10 -
KCl 200 1.27 +0.08 1.50 +0.28 1.47 £0.03 -
300 1.30 +0.08 1.54 +0.27 1.52 £0.03 -
100 1.33 +0.10 1.18 +0.08 1.43 £0.03 1.26 £0.05
MgCl, 200 1.27 +£0.03 1.36 +0.05 1.27 £0.08 1.33 +0.08
300 1.18 £0.03 - 1.55 +0.09 1.52 £0.10
100 1.17 +£0.08 - 1.52 £0.08 -
CaCl, 200 1.24 +0.04 1.47 £0.10 1.30 £0.05 -
300 1.31 £0.05 1.54 £0.05 1.23 £0.03 -
Xf B2 2.42 +0.08 1.99 +0.17 2.18 +£0.09 1.75 +0.15

T =7 R oA Rl B
6 UL ORI R AR (9520 (em)

Table 6  The influence about temperature on antimicrobial effect of phytic acid extracting solution( ¢cm)

- HWEE(C)
0 65 121 Xf 2
KIGFE 1.71 £0.12 2.07 £0.06 1.97 £0.09 2.42 £0.08
SO H R 1.97 +0.08 1.85 +0.15 2.04 £0.05 1.99 £0.17
i 25 AT 2.16 +0.01 2.12 +0.10 2.13 +0.14 2.18 +0.09
WK 1.98 +0.14 1.69 +0.14 1.76 +0.11 1.75 +0.15

T AP AR S BBORA R BCR 520 (em )

Table 7 The influence about organic solvents on antimicrobial effect of phytic acid extracting solution( cm)

e AL
PR - — —
LT [ N =1 X Rl
KIGFF - 1.50 £0.09 1.42 +0.08 242 +0.08
S (0 E A R - 1.18 £0.13 1.53 £0.12 1.99 £0.17
B 2T 1.30 +£0.03 1.43 +£0.03 1.53 +0.02 2.18 +0.09
VI - 1.18 £0.13 1.53 £0.12 1.75 £0.15
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6] 2.2h, $2 BUHR B 40°C , BRI M 1.2mol/ L, LR
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