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ABSTRACT - The approval of use of certain food-grade phosphates as food additives in a wide variety of
meat products greatly stimulated research on the applications of phosphates in foods. Although phosphates have
never been classified as antimicrobial agents, a number of investigators have reported that phosphates have
antimicrobial activities. Phytic acid is a natural plant inositol hexaphosphate constituting 1-5% of most cereals,
nuts, legumes, oil seeds, pollen, and spores. In this study, we investigated antibacterial activities of sodium phytate
(SPT), sodium pyrophosphate (SPP), sodium tripolyphosphate (STPP) on Escherichia coli O157:H7 on tryptic soy
broth and in beef, pork and chicken. In tryptic soy broth, SPT, SPP and STPP at the concentrations of 0.05, 0.1,
and 0.5% effectively inhibited the growth of Escherichia coli 0157:H7 in a concentration-dependent manner. The
bactericidal activity of SPT was the stronger than that of SPP or STPP at the same concentrations. In addition,
the antibacterial effects of SPT, SPP and STPP at the concentrations of 0.03, 0.1, 0.3, and 0.5% on Escherichia
coli O157:H7 were also investigated in raw or cooked meats including beef, pork and chicken. SPT, SPP and
STPP significantly inhibited the bacterial growth in a dose-dependant manner (p<0.05). The bactericidal effect of
SPT was stronger than that of SPP or STPP. The addition of SPT, SPP and STPP in meats increased meat pHs.
SPP and STPP also increased the levels of soluble orthophosphate in meats but SPT did not. These results indicate
that SPT is very effective for inhibition of bacterial growth and that can be used as a muscle food additive for
increasing functions of meats.
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£ Ade ddd wiAAN E coli O157:H79 T3t
sodium phytate(SPT), sodium pyrophosphate(SPP) ¥ sodium
tripolyphosphate(STPP)®] 3 EHAE WL oM, HE]
A2 EQ] 207, HA7] 2 B ARS-EE meat WY
oA E. coli O157:H78] 470l gt E4E vlw H7t
stttk A5 AS B 7FE AEg ASelx Zbzh dAst
Fom zhzke] AFER Ay Fo FiolFEe QAR
B 4ol 93t 714Eal4HE<] orthophosphate®] A& H]
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SPT, SPP, ® STPP= Sigma Chemical Co.(St. Louis,
MO, USA)EZRE U om, SPT, SPP, 3 STPPY
stock §8-& Ao A FHIste] 22-Millipore membrane
(Millipore Corp., Bedford, MA, USA)°|\} 0.22-um syringe
filterS ARME-Sle] AT TS ARRBIATE

ANEZFE A B

E. coli O157:H7(ATCC43895)y2 Aguistw u)st
Agustadola Heduol 2 stock culture® AH3] A
atod ARSSIGATE #9 A% H EES H3) tryptic soy
broth(TSB, Difco)2}t tryptic soy agar(TSA, Difco)E ARE-
o= '
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At ofxle] JFEFE 15 mle] EFE conical tube
o] TSB 27 mi# AEEE 03 miEETFE; 005 0.1,
2 05%)S ¥ E coli OI5TH7 4% 0.1 ml(1x10¥
ml) EFa3t}. 37°ColA 8AI7F st & Ao 3
2 2 0.1 mg TSAY =Ealed 37°ColA 16717 vl
% AldrE 45

Mg gRE
AT A% g, W) % 22718 @RI
3 FRTIEY, 32) R AR, FRPN 7

jins

slo] ARg-813TE 0.1% peptone water 0.5 mis} 0.1 ml9
7zt %7} Y& SPT, SPP ¥ STPPEF F%; 005, 0.1,
0.3, 0.5%) "KJ¥ 27] 03gE ¥ homogenizer= =}
A ¥ E coli O157:H7F 0.1 mi(1x10¥%ml)y& EF32
37°ColA 18A17F wiEsE & A 0.5 mlZ peptone water
0.5 mg 2 42 & A 7t sampled] FEHS @471 4
3 14,000 pmoZ 30%7F AN EelEidth AEde A%
=2 3lAlEle] 0.1 mlE TSAMIR|o] Z=sle] 37°CellA
1677F uidet & AlFrE S78310) 5 28-S water-
bath&zollA] 90+ 2°CollA] 1087 7143 Fol A7)
Aol ubial 7o) AlFEAR sl vt E3E E
coli O15TH7E £33l 37°ColA 18717 vl & Al
£ st

Orthophosphate &3
Soluble orthophosphate &2 Molins 5(1985)%] W
He MYste] AR AIEEZR 0.5%(w/vyH H7H
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A&S 18A7F B 37°CoNA REE 5, 10% (wiv) meat
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olgste =g AXFEATH

pH =4

AFEA 0.5%7F F7HE A58 2447 B2t 4°ColM B
AT T, A5 HA 1 g2 9 mie] FF5) W gErE
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=712 pHE A8
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£ 005 0.1, 03 E 05%5 22 A7BBIS v v&=
HAES} #F colonyTZ+e] 948 E41319t).
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MEqHiX| oM EE

SPT, SPP 2 STPPY AI7KA % 0.05, 0.1, 0.5%)X4
E. coli O157:H79 tigt &+t 3= Fxof o&o= &
24 (p<0.05)IA A2 FE JAAAFig. 1). FaE
3= SPTY %, 0.5%14 1.3 log ©$19] 245 BGo
, SPP 2 STPP E& oF 1.0 log ©¢19] 74 &2 W

Log CFU/mlI
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oA}, oleld g FK= Se] ANBERT} B 3

AT AR Aar7], iR @ garrlel] SPTE o+
52 ANNES Wl E coli O157:H79) 3 ddide=
¥5 o&Aoz UelgthFig 2). AHE 237, $x7
7], 2237194 SPT 0.05, 0.1, 03 2 0.5%2 F=o1A E
coli O15T:H7] Z2l0] 594 A 723Kt p<0.05). o
Az BE 21§ SPT 0.5%= oF 1.0 log @919 Z4a
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Fig. 2. Antibacterial effect of sodium phytate (SPT) at the final
concentrations of 0.05, 0.1, 0.3 and 0.5% on E. coli
0157:H7 in fresh raw meats. The bacteria were
incubated in raw meat broth for 18 h at 37°C.
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Fig. 1. Antibacterial effect of sodium phytate (SPT), sodium pyrophosphate (SPP) and sodium tripolyphosphate (STPP) at the
final concentrations of 0.05, 0.1 and 0.5% on E. coli 0157:H7. The bacteria were incubated in Tryptic soy broth for 8h at

37°C.
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Fig. 3. Antibacterial effect of sodium phytate (SPT) at the final
concentrations of 0.05, 0.1, 0.3 and 0.5% on E. coli
O157:H7 in cooked meats. The bacteria were
incubated in cooked meat broth for 18 h at 37°C.

EFE BYEY, 1 dvtEde ga)6A oE Hxa)
v AR FH 7 E38 BATHFig. 2).

718 A" 8= SPT2] 0.05, 0.4, 03 B 0.5%
FTrAAM T oEHoR foligd A MESAE oA
SIATHFig. 3). ol#g IrEde KoMy axuthe
oF7k mlofsliont ARSE EE EF AFE S0l AY
A a9 Belen, 53] =iAa7|odA SPTY 0.5%7}
1 7 g ads 19

SPpPe| &gt

g7], A7) 2 277194 SPP 0.05, 0.1, 0.3, &
0.5% 559 E coli O157:H79| W3 JFEAE 2339
THFig. 4). A4S 0.05, 0.1, 0.3 27 0.5%2 SPPY
FEEE HA7RIE W E coli O157:H7S 324 5%0
olEHoR fog Al AASATHP<0.05). ©|3 =
Harz|e} SR|arlex getRrge] AR o e U
eltth. 3 Fig. 200419] SPTQ] &9} HA], SPT7} o
73et FFaAE 2ok

718 Hzg Sl M= SPPY AR mEel Wt fol4 ¢l
A AdEaE A& thFig 5). o)8ld A= g7, )
X a17], &237] BFlA 0.5% SPPY F=olM <F 0.7-0.8
log &9 A=) ZAE Hon, o)g)gt A3h= Fig. 4914
o] AairleAe] gatEch vofslgi). gk sHEAEE 24
S0l SPT) &7} SPPY &Rt} o e Vel
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Fig. 4. Antibacterial effect of sodium pyrophosphate (SPP) at
the final concentrations of 0.05, 0.1, 0.3 and 0.5% on
E. coli O157:H7 in fresh raw meats. The bacteria were
incubated in raw meat broth for 18 h at 37°C.
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Fig. 5. Antibacterial effect of sodium pyrophosphate (SPP) at
the final concentrations of 0.05, 0.1, 0.3 and 0.5% on
E. coli O157:H7 in cooked meats. The bacteria were
incubated in cooked meat broth for 18 h at 37°C.

T2 ANRS W E coli O157:H) HE dzads =
FEAthFig. 6). 21X 2504 0.05, 0.1, 03 E 0.5%
o] STPPY| FE=E /IS wWl E coli O157:H7S] F20]
TR AEHOE freldd A AEEATHp<0.05). 2%
g G g9 SHALA 2R o e
UeEPdth(Fig. 6). Ze Ao STPPY] a7 &= SPT
v} SPPe] EHTH |oketA LiERstTE

7E HEgk A8 E H7ME STPPY| Fkel uwhe}
T A AdSAE ABATHFig. 7). olH T &%
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Fig. 6. Antibacterial effect of sodium tripolyphosphate (STPP)
at the final concentrations of 0.05, 0.1, 0.3 and 0.5%
on E. coli O157:H7 in fresh raw meats. The bacteria
were incubated in raw meat broth for 18 h at 37°C.
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Fig. 7. Antibacterial effect of sodium tripolyphosphate (STPP)
at the final concentrations of 0.05, 0.1, 0.3 and 0.5%
on E. coli O157:H7 in cooked meats. The bacteria
were incubated in cooked meat broth for 18 h at 37°C.

Table. 1. Levels of orthophosphate and pH in raw meats

9517), SAE], 237) BEO 0.5% STPPE

oA °F 0.6-0.8 log & A= FA A= AR
B Om (p<0.05), BI/AMe FREARTG 2F ¥
By,

o
19 i of

Soluble orthophosphate % pHOI| CiE &3}

SPTS] H71= 2152 pHE 04-0.5 @99 S7HH
uiol] SPPY} STPPE 0.3-04 ©HE 57t (Table 1).
714 ARS-® SPT, SPP ¥ STPP-4 1% 892 pHe= 7}
7+ 10.5, 10.2, 9.8 °12Ath Orthophosphate®] Fw A
718t BRI 2], §arle] w0 EA WeEker, SPT
7R A8ollA orthophosphate®] ol BEE 74 &%
o1} SPP 2 STPPS] #7}E orthophosphate®] &%=& -
94 YA FIHOH, Bl 23elM STPP 71

T2 %2 orthophosphate T=8 R TH(Table 1).
oo

AFolN AFA A 21l Mgl g szke
9] S0l Ug B 7S QWAL A A
& Agel Fad o9 /)5S FIAIEE, 1) B
g 371, 2) K315 34, 3) A ds) 2 2
5 WA, 4) £ 48] 54 20 Solt Al 483
RN Qe HE AR A 0.5%F Zse ¥
SR TSl ok 3 UARE 459 ek G2

1o 2718 WaEe] SR AR AL of

(o3

T Meats
reatment
o Beef Pork Chicken
Control 12237+ 57.8 (547 1462.8+ 87.8 (5.5 1543.7+ 779 (5.6)°
SPT 1145.6+103.5 (5.9)° 1326.7+ 94.6 (6.0)° 1582.6+135.8 (6.0
SPP 1767.4+153.6 (5.8)° 2098.6+133.8 (5.8)° 2155.4+176.7 (6.0
STPP 2104.6£109.4 (5.8 2198.6+129.2 (5.8)" 2314.6143.6 (6.0)°

Sodium phytate (SPT), sodium pyrophosphate (SPP) and sodium tripolyphosphate (STPP) were added to meat samples by the final concen-

tration of 0.5% and allowed to stand for 18 h at 37°C.
Parentheses indicate the mean values of pH.

*“Means within columns sharing the same superscript letter were not significantly different at p<0.05.
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coli, Camphylobacter, Staphylococcus aureus®l F21& o

ARG et 283 FFaFe] gk 7138 ofF w
SAA ekt

A ZF A NlA 0.5% tetrasodium pyrophosphate
(TSPP)y=  Staphylococcus aureus, Pseudomonas aeruinosa,
Salmonella typhimurium 2 3ol O8] dFa4s Uel
WATh® STPP @ sodium polyphosphate glassy(SPG) &=
3 ol 3t AlgEdl disl dFaAE ryoh'” a2y 1
A olgg FHBHAE FAAFTH B drdlM = 7HE
A 2Folxe] G3= KoM EFRT vEe &
#EAE BHCh Lee 52 0.5% SAPP, STPP ¥ TSPP7t
Hlz|o M 27| Staphylococcus aureusS &2 A EINE
Hpom 1 gai= opnlx MEwFe) 9¢ Zolgia B
A 01218 AAE A7} metal ione] Ca(ll) 2 Mg(Il)
22 Fe(lID4] A7l oa] Alekxlerm oleigt 325 E
Aide] SFEI viA] Fol FEol2e] T dIgdL
o xs A o Aol AEAYDL? o5 71x]
chelating agentE, & EDTA, citrate, phosphates®} nisin
5o EAME-2 AEANAN 283 M S4E o
A3z, ©]2L chelatorse] Mg(Ihet A3st lipopoly-
saccharide®2] F4T5 HYPAA nisinc] E7E L=
& 3oty RA3ETE Molins 52 1.0% sodium acid
pyrophosphate(SAPPY’} 594 B#AEE X 7)o A
o] &S AANZITL Bslglen, HEo] 0.5%-1.0%

orthophosphatet} H X 52 & SHA17|HTE BELS
50% 7HE SZAATGD 05% SAPP & 5°ColM A
bratwurstol A HlAES] F4E AAANA?

o 22 A7REL AAEY e aart vnfsithal
H3le] o}l HE =] ojx]7} Slth. Flore 52 A3V &
£ 7V ASoAA 0.5% SIAME0] E coli O157:H7, Listeria
monocytogenes 'R Salmonella. typhimurium®| ™3| A&
A7} molsitk Rustion'), Molins 2 0.5% STPP,
TSPP 22| SPG7}F AR HA] &L bratwursts 5914 7
7F BN 5714 Foa7) APl FaEHSE BolA &
Yok B3 Molins 52 0.4% STPP, TSPPSt <1
2 EFHEAC] Iore FHEHE BIAR, TE &
371 pattiesoid AL L F2T, Saphylococcus aureus,
kol frold EAE HolA ettty BTt o
213k v a7ty FFRe-2 AAFoR AE ol poly- 2
pyrophosphate¢} FejZ B2 QlAkdo] EA13 vl B &
& 59 7HEAg A ZS5AIES] 9ol &3 phosphatase
7t o] S TEAI7)7] wZolt) tEe] ¢l
Ad 25 D) A3 Fol SPPY STPPY} SPTHEUE
mu)g G35 AWex] T £ AFA 2]SollA SPP
2 STPPS] H7}= soluble orthophosphate®] 718 7H4$:
=, olgg a3= 2159 v 3 EFA] f21E meat
phosphatase®] FAxo] Ao 7IQIHE Aog AlRdHN E
3t STPPY] 8 H-ak= FAol ola) EaE]o] orthophosphate
¢} pyrophosphate® B vt gzttt 22y} SPTE 23
gt Favel o3 slpialel w9 Aol Zat, pH %
gl M= F BaHA gethr 2aEAh meps
SPTE soluble orthophosphate® FE]A71A] @e=ThaL Bal
&gk
E AN A8dl /88 A2e- Ar=Ed ¥
2HAE MEsre2A A& REAY 9 f3AEY] 4

2 gol AAA o] AL F S B el A%
A7 ZA FRAge] AR 7S i EEEY YA
BIHE 2 F Us Aotk

ox I

R

#HAle| 2

o) =R-2 2004 A% TSR TATES AR wFA A}
Qo] 2ol 2J3te] A=A (KRF-2004-003-F00035).
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