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ABSTRACT Tia

Fresh meat and vnes inoculated with S.aureus. S.typhimurium and L.monocytogenes were separately dipped for 10s in 107 ch;tﬂ:aniﬁm
] y ’ . ’ 3 ; B f
acetic acid mixture (CA mixture)s 207 acetic acid solution (A solution) and sterile distilled water, and allowed to drip for 3-5 min be

packing in polyethylere bag, then stored at 10'C or 20°C. Effect of CA mixture and A solution on the growth of variousbacteria

fresh meat including the total bacterial count, Pseudomonas, Enterobacteriaceae, Lactobacillus, Staphylococcuss Microcaccus

S.aurens, S.typhimurium and L.monocytogenes was examined, and compared with the antibacterial activity of CA mixture and A solution: s,

results showed that during the entire experiment, CA mixture had definite inhibition of various spoilageand pathogenic becteria 1n5|m1@
lactobacillus. Inhibition of Enterobacteriaceac and Enterococrus was strongest by CA mixture. Although CA mixture was as ef fecti¥te,
removing bacteria from the surface of fresh meat as A solution on 0 day, but the effectiveness of CA mixture against bacteria was &‘&
than that of A solution. So the shelf life of the meat treated with CA mixture was correspondinglylonger than that treated with A sol5
We also found CA mixture had much greater inhibition of bacteria at 10°C than that at 20°C. X

At the same time» the cutgrowth of Clostridium of fresh meat was also examined, the result indicated that CA mixture or A Soluti®s

inhibition effect on the bacteria, but CA mixture had greater inhibition effect on the bacteria than A Solution.
In %,
{.

It is a problem noticed generally by meat industry to reduce the microbial contamination of fresh meat and extend its shelflife.

countries, especially industrialized countries, hygiene management of fresh meat slaughted has been greathy strengthened. The shelfl}
fresh meat has been apparenty extended by many methods such as refrigeration, modified atmosphere packaging and vaccum packaging(l). Be%*t,,
of the worldwide lack of energy, researchers are developing new saving-evergy technology of fresh meat preservation. Especxalhfhd
developing countries, the shortage of energy and refrigerating equipmentis more serious. So the research is considered more xmpurh’i”tk

b

S€

fresh meat is sprayed or dipped by acetic acid to extedn its shelflife. §
g
Fresh meat is usually sprayed or dipped by edible organic acid such as acetic acid> lactic acid. There are many reports on this asf 2Rl

which are mainly focused on studing how to prolong the storagelife of beef, mutton and chicken. Only a few papers on extending the shel"sxc

of pork are found. But there is increasing tendency to study how to strengthen the shelflife of pork by acetic acid ( ) in recent YT
Acetic acid. Generally Regarded as Safe Substance (GRAS) with strong bactericidal action, has received approval for use as a sani*dif
of red meat carcasses ( ). Anderson et al ( ) reported that a 307% acetic acid solution used as a meat surface sanitizer can Mer
effectively reduce microbial population in meat than sodium hypochlorite (200-250 mg/L). Eustance et al ( ) reported the bacterial of'th,
were decreased by 987 and 997 when lamb carcasses were sprayed with 1.5% and 3.07 acetic acid, respectively. The reduction of the pactar
population on beef treated with acetic acid is | to 2 log cycles. Biemuller et al ( ) also proved that acetic acid can reduce the !w‘[fm\
ial counts on the pork carcasses. The storagelife of fresh meat could be increased because acetic acid reduced its surface bacterial ool
Cacciarelli et al ( ) cbtained that bacterial counts in fresh pork loins Spray-washed with a 207 acetic acid solution were lower sighanc
cantly before vaccum packaging and storage at 4'C for 28 days Shay et al ¢ ) showed the shelflife of pork treated with acetic cid ;:i)dc
to vaccum packaging was increased from 3 weeks to B weeks previous research showed that more than 207 acetic acid concentration 6wuld:tm1“
argancleptic properties of meat ( ). Recent reports have proved that the antibacterial activity of acetic acid can be increased bY ﬁlfhb
with cther arganic acid such as lactic acids formic acid or with other preservatives such as sorbic acid. It supports a possibili ;)h”
fresh meat treated with acetic acid can have relative long shelflife under non- refrigerating condition. Leisfner et al ( ) <p¥d?ed:
and rutton carcasses with a mixture containing 20% acetic, 17 lactics, 0.25% citric and 0.17 ascorbic acid and made their shelflife 1ﬂﬁj}
ne tine under 15°C. Authors ( ) has observed when pork was dipped with a mixture containing 207 acetic,1% lactics 0.257% citric and :‘;lt
ascorbic acid and 3.0% potassium sorbate as well as 4.0% » its shelflife can be kept for at least 7 days at 30°C( ). Inygn
to increase the antibacterial effectiveness of acetic acid to extend the shelflife of fresh meat under non-refrigerating condition’ ];é

very necessary to study and develop some news high-effective nontoxic preservatives.

; o
Chitosan is a polymer composed of glucosamine residues linked by B» 1-4 glucosidic bands. Jt is a deacetvlated derivative of chit! i
e '
r
.1:"“‘
that chitosan can inhibit the growth of E.cali S.aureus, P.aeruginosa and B.subtilis. Authors have found that chitosan can efféc

{i*€s,

recent years, the effectiveness of chitosan against microorganism has been concerned in the field of food inclustry. There are some

inhibit the growth of five type pathogenic bacteria ( S.aureus» E.coli» Y.enterocolitica, S.typhimuriumand L.monocytogenes ) ( datad

published). In Japan, there are some patents that chitosan can be used as food preservative to extend the shelflife of food. But so (‘”v; .
is found that only a patent concerning chitosan has been used to fresh meat preservative to extend its storage life under nfwn*rrf!"ﬁ‘/{j.“;:
condition. t
The objective of this study is to analyze the inhibition of chitosan-acetic acid mixture on various spoilage and pathogenic bawhh&
which grow on non-vaccum packaged pork stored at 10°C or 20°C» and compare the antibacterial effectiveness of chitosan-acetic acid o™

with that of acetic acid.

MATERIALS and METHODS #A |

Organism: all tested species including L.monocytogenes (Serotype 48), S.aureus and S.typhimurium were supported by Dr.Y.kokubo, who

Depts of Food Hygiene & Nutritions Tokyo Metropolitan Research Laboratory public Health. Before experiment, these bacteria were inc
under a specific condition (shown TABLE I) and were harvested by washing with sterile 0.85% saline buffer and centrifugated for 10 th;

a1
3000 g. The pellets resuspended in 2000ml sterile 0.857 saline buffer, which must be used within 2hrs. B s

b
!
I /nh,

Preparation and storage of samples: Fresh pork belly were abtained from HONGQTAO free market in Beijings and cut into about 100g

2
tre Bta
N

bé

asepticalImixed to facilitate distribution of bacteria over the surface and to insure randomness in assigning lumps to the various
This experiment was divided into two parts. One is to analyze the effect of chitosan-acetic acid mixture on the growth of spoilageé i

on neat stored at 10°'C or 20°C»> another is to study the influence of chintosan-acetic acid mixture on the growth of pathogenic P
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((‘
S.aure
€us, S.typhimurium and L

Part L. T -monocytogenes) inoculated on the meat. The procedure of treatment of samples is as follow.

d*“ii]] ’ ~ Prepared lumps were dipped for 10s in 10% chitosan-27 acetic acid mixture (CA mixture), 27 acetic acid ( A solution ) and steril
. ed water ) - :

Part | aSte respectively and were allowed to drip for 3 or 5 min before wrapping in polyethylene bag, Then stored at 10°C or 20C.

The pre
© Preépared clumps separately transferred to these three types of pathogeric bacteria resuspension, and allowed to standat room

R
Operatyre
€ 15 5. The lumps were then incubated at 30°'C for 2 or 3 hrs to make these bacteria firmly attach to the procedure of part I.

Microp;: . !
ja)&4bl¥£:g;jiiraéaly5i5¢ According to schedule, the bacterial change of the samples stored at 20°C was analyzed on 0, 1, 2, 3, 4, 5 and 8
20 groung S:;]?I change of the samples stored at 10°C was examined on 0» 2, 4, 6, 8, 10 and 12 days during the entire experiment.

,!Mdt in tubeg C’”p fg. Were placed aseptically into a bottle containing 180ml sterile 0.85% saline buffer. The appropriate dilutions were
"JnumbEr&d By i ?été'“'ng 9ml sterile 0.85% saline buffer. Except that the Clostridium was examined by pour-plate method, other bacteria were
be! Y spreading methad. Plates were incubated as in TABLE 1.
né
“PART | RESULTS and DISCUSSION

Bacteriag population f
ed wag relatively
Publ ished) .
“Dfrature of stored m

y ;Iaughte ound in pork belly on O day was 4.11 log CFU/g, it indicated that the microbial contamination of fresh meat
lj r

,10‘ bﬁing
i,

low. The result agreed with ourlastest investigation on bacterial contamination from retail meats in Bei jing(data
Initial bacterial numbers of the meat had definite influence on its shelflife ¢ ). But our result showed that the
eat had greater effect on its shelflife than initial bacterial population did (shown in TABLE II, I.

was stored at 10°C, the storage life of the contrcl was about 1 or 2 days. A solution could increase its shelflife about
tal bacterjal counts of the meat treated with CA mixture was less than 6.00log CFU/g (ca.5.52log CFU/g) at the end of the

fresh meat was stored at 20°C»>it took only 1 day when the control and the meat treated with A solution spailed.But CA mixture
its shelflife two times
J The reduct g € two times.

Whe
15 0 fresh neat
Or days. The 1s
EXPer i me
1Wé‘w1'[“bnt:wh9n
d Mereage

It seems that CA mixture had greater antibacterial activity than A solution (shown in TABLEIl, II
ixtyy n of the bacterial c
fe, ™ 0 day,

“Tregp,

unts on the surface of the meat was about 1 log CFU‘g, when the meat was treated with A solution or CA
) i 0f the examined spoilage bacteria, the number of pseudoncnas, Entercbacteriaceaes Lactobacillus and Staphylocouus was also
ol nAingly reduce .
‘Mrl'sh meat Th? reduced 1 log CFU/g. Tt indicated that CA mixture was as effective as A solution in removing bacteria from the surface of
o 1§ . " o

I)j“h””” in TABLFSI{ESUZt ceincided with previous conclusion that acetic acid could reduce the microbial population of fresh meat ( )

¥
i ! - 1 1D

When ¢
: resh e .

)“‘Udomonax and E. ¥as stored at 10'C, the maximum bacterial population(9.72 log CFU/g) of the control was achieved after 4 days of storage.
SPPSF © and Extero
t the €nd
lact

Meat

bacter iaceal were the dominant organisms. The bacterial number of the meat treated with A solution reached 8.56 log
ﬂbaCil;T the experiment. Inhibition of Exterobacteriaceae and Enteroccus were greatest. The grouth of other spoilage bacteria

US were also inhibited to
taining acetic,
in

Xture con a greater or less degree during the storage of the meat. Leistner et al ( ) reported a acid

lUiinerEnc_
e
p Meng, hoa
othe

lactic, citric and ascorbic acid Was more effective against Enterobacteriaceae. But Acuft et al( ) noted no
the baotericxda
et al¢

) S .
bacterial also reported 1.0 or 1.57 acetic acid could inhibit the growth of Enterobacteriaceae. Until the end of the experiment,
co

ou o .
nt of the meat treated with CA wixture had not reached 6.00 log CFU/g. During the entire experiment, The Inhibition of
bacter i, by CA

I effectiveness betweenthe acid mixture of Leistner and solutions of either 17 acetic acid or 1% lactic acid.

mixture was relatively strong, the effectiveness of CA mixture against Enterobacteiaceae and Enterococcus
their numbers were undetected at the end of the experiment (shown in TABLE I[).

EnterohaCtErjac stored at 20°C, the control had reached its maximum population (Ca8.41 log CFU/g) after 3 days. Similarly,pseudomonas
iaceae, o ©4€ Wwere predominart orgarism. Compared to the control, A solution had definite inhibition against pseudomonas, Entero-
and  Enterococms, inhibition of Enterobacteriaceae was strongest, following by Enterococcus, Oseudomonass,
occus. But at the same time» A solution hadn’t inhibited the growth of lactobacillus. Compared to the control and
hat the effectiy, solution, CA mixture had greater inhibition on various spoilage bacteria incluling Lactobacillus. Theresult also

Shess) of CA mixbure -or A solution at 10°C was stronger than at 20°C(shown in TABLE II).

the o % Pl ; .
n vas g, he cutgrowth of Clostridium on fresh meat also was examined. When the meat was stored at 20 (5"
ound to pe present in the o

ontrol after 1 day.The meat treated with A solution was positive for clostrediumafter 4 day. But

A mixture w -

Mixture was free at the end of the experiment.When the meat was stored at 10'C, the control was found to be positive
after 4 days,
untj| the end

8reate,

A solution could keep the meat free of clostridium until 10 days, similarly the meat treated with CA mixture
. of the experiment,
nnhibitiun
, metiuned

A ant b, 5
RCtivigy
1f€searqp

It indicated that CA mixture and A solution had effectiveness against clostridiums» and CA mixture
of Clostridiun than A solution (shown in TABLE VD).

o ound that CA mixture was effective in removing bacteria from the surface of fresh meat on 0 day as A solution,
ivity of ¢a

tion did.

One

ove, e f
terial 4

an A soly

showeq that

mixture or A solution at 10'C was greater than at 20°C. and CA mixture had much greater. antibacterial
1 It should be noted that CA mixutre could inhibit the growth of Lactobacillus to a definite degree. Previous
 “UPpor 4 [ . .

& 3 Tted , chane °f the main bacteria Which caused the spoilage of vaccum packaged meat was Lactobacillus( ). Our finding perhaps
L T PR
eS¢ paty Separately treated y k

8rio bacter
a.

0., 3

4" *dUre.
{ U vaccum packaged meat. part I[. Fresh meat inoculated with L.monocytogenes, S.typhimurium and
) ith CA nmixture, A solution and sterile distilled water to observe effect of CA mixture on the growth of
~{¢
slthe

v"hE}n

res
baoteria[h €2 vas inoculat
count o 4,
e me; :
tic, fieat treated with CA mixture or A solution was 2 log CFU/g. Anderson et al( ) repoted a 3% acid mixture

SO foy lactic, Citrij
n ric : 1
E 20 d P Bt and ascorbic aci

- d vith S.typhinurium, the initial bacterial number of the control was 5.80 log CFU/g, and the reduction of
ainin
8 ace
e 4 d would reduce the number of S.typhimurium inoculated on Beef 2.3 log CFU/g. Wang( )
aci .
'tYPhimuri solution made the number of S.typhimurium inoculated on beef reduce 4 log CFU/g. When the meat was stored at 10°C
um on the control grew well,
utj 4
10n againgt the pathogen was
O¥n in TABLE .

the growth of the pathogen was inhibited by CA mixture or A solution. The effectiveness of

greater at 10'C than at 20°C, and CA mixture had greater inhibition against the pathogen

Inoculated with L.monoc

% ytogenes, there was no differenece in the initial number of the pathogen on the control and
ure or

A solution, When the meat was stored at 10°C or 20°C, although L.monocytogenes of the control grew rapidly,

v + its growth.

lf[‘”adu&”}' g Pathogen by CA p
. eCreaSed. But 2 i

3 at 20 C't

D“ri"S the storage of the meat, there was tendency for the pathogen to grow, but its growth was very slow.
ixture wag stronger, the graowth of L.monocytogenes on the meat stored at 10°'C halted and the viable cells

he pathogen nearly stop grouings only there was tendency for it to grow at the end of the experiment(shown
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in TABLE V).

When fresh meat was inoculated with S.aureus, A solution or CA mixture could reduce the initial bacterial count 1 log CFU/g , compar®
the control. S.aureus of the control stored at 20°C grew well on the first day, following other days of storage, the number of the paw‘
2.00

CFU/g,only the bacterialcount on the meat treated with CA mixture was still detectableat the end of the experiment similarly,At 10°C»5-#

was undetected, though these meat treated with A solution stop growing and after the first fourth dayits number also was less than

of the control was undetectable after the third days the number of the pathogen on the meat treated with A solution was less than 2.00

CFll/g after sixth days. Its count on the meat treated with CA mixture was still detectable at the end of the experiment, although its g
A sol
S0

stop during the entire experiment.The reason is that other bacteria on the Control grow rapidly and lead to inhibition of S.aureus;,
or CA mixture also inhibited the growth of S.aureus, but A sclution or CA mixture had stronger inhibition effect on other bacterias
survival of the pathogen on the treatments could keep much more time than one on the control.In order to prove our inference,this exper’
was repeated, the same results were obtained (shown in TABLE VD)

From mentioned aboves we found that there were no differences in removing these pathogen from the surface of fresh meat treated wit
mixture and A solution, and CA mixture and A solution had difinite inhibition of these pathogen. Effectiveness of CA mixture or A sol!
against these bacteria at 10'C was stronger than at 20'C» and CA mixture had greaterinhibition of these pathogen than A solution.

Through the above two experiments, we found CA mixture or A solution had definite inhibition of various spoilage and pathugwnlcb“

except that A solution didn’t inhibit the growth of Lactobacillus. Because CA mixture had stronger antibacterial activitythan A smlutlor
the shelflife of the meat treated with CA mixture was longer than that treated with A solution. The antibacterial mechanism of chitDsan

pr
reported that effectiveness of chi

not been clear yet, but the antibacterial activity of chitosan does exist. Some researches (

.o of
against bacteria growing on protein food such as meat and milk is relatively weak. But our findings show that inhibition of hacter13‘ 
meat by CA mixture is stronger.It should be noted that effectiveness of CA mixture against fungi is relatively weaks in the latter expe’
Some samples treated with either CA mixture or A solution were found moulds and yeasts.But in general, It is possible for chitosan t0 v
a news non-toxic natural meat preservative.
REFERENCE
4if

]

1JAllans G.G.» Altman, L.C., Bensinger> R.E.» Ghosh, D.K., Hirabaysh, Y., Neogi.An., Neogi» S.» 1984.Biomedical applications of ch
chitosan. adopt from "chitin, chitosan and related enzymes” ACADEMIC PRESS INC. P125~133.
2]Anderson, M.A., Hvft, E.E., Naumann, H.D., Marshall, R.T., Damare, J,M.» Pratt.M., and Johnston. R., 1987.Evalution of an autumﬂ‘ﬂ‘

m

carcas washing and sanitizing system under prduction conditions. J. Food prot. 50:562.

3JAnderson, M.E., and Marshall, R.T., 1990.Reducing microbial populations on beef tissues,Concentration and temperature of an acxd'I
J. of Food prot. 55:9803

4]Anderson, M.A., Marshall, R.T., Stringer» W.C., and Naumann, H.D., 1977. Combined and individual effects of washing and sani“zim

™

™

bacterial counts of meat — A model system. J. Food prot. 40:668
51Bell, M.F., Marshall, R.T.,» and Anderson, M.E., 1988. Microbiological and sensory tests of beef with acetic acid and formic acid-J
Food prot. 49:207
81Biemul lers C.¥.» Carperters J.A., and Regnoldss A.E., 1973. Reduction of bacteria on pork carcasses. J. Food Sci. 38:218
T1Cacciarelli> M.A.» Stringer, W.C., Anderson, M.E., and Naumann, H.D., 1983. Effects of washing and sanitizing on the bacterial fle

]

o

vaccum-packaged pork loins. J. Food prot. 46:231.
81Culture Media Handbook. Merck company.
91Evstance, J.J., powell, V.H., and Bill, B.A., 1979. Vaccum packaging of lamb carcasses:Use of acetic acid to extend chilled st

=

ordft

™

A preliminary investigation.Meat resarch report No. 3178.Division of Food Research Common wealthScientific Industrial Research oré”
P.0. Box.12, Cannon Hill, Queenland 4170, Austrialia.
[10]Federal register vol47. No.123. Friday. June 25. 1982. Rules and Regulation. part 184.
[11JHanna et al.1979.Role of Hafnia alvei and a lactobacillus species in the spoilage of vaccumpackaged strip loin steaks.J.Food Pfob
[12IHARUTA. M et al. Methods for examination of Food hygiene. CHUO HOUKIpublish house. P21-23.
[1311zume. M.,Food preservation and its enhancement with chitosan and/or chitosanase-digestion products. Jpn. Kokai Tokkyo Koho. JPS@
[14JLeistner. L.» T.W. Osthold.,1983.SCHlussbericht und mode! fur die giz,uber das forschungsvorhaben "Energieeinsparungbei der kU“';er

g

von fldisch Und Fleischerzeugnissen” P.15. ;

[15IMendonca.» A.F., Molins.» R.A.,» Kraft., A.A., and walker, H.¥.,1888.Microbiologicalschemical and physical changes in fresh vaCCumpal
pork treated with organic acids and salts. J. Food prot. 54:18. y

[16 IMendonca.» A.F., Molins, R.A.» Kraft., A.A., and Walker., H.¥., 1989. Effect of potassium sorbate, sodium acetate, phosphates an®
chloride a ralone or in combination on shelf life of vaccum packaged pork chops. J. Food prot. 54:302.

C171Shay.» B.T.» Egan., A.F.,» Miller.Dianne and Tian Ai-jia. 1988.Treatment of pork with organic acids prior to vaccumpackaging- A oo
of the effectiveness of lactic and acetic acid. 34th international congress of meat science and technology. part B. P489-491.

[181Tarrida. T. preservation of food with acid-degradation products of chitosan. Jpn Kokai Tokkyo Koho Jpol. 228, 448.

[191Uchida. Y., 1988. Antbacterial activities of chitin and chitosan. Gekkan Fudo kemikaru 4(2). P22-29.

[201Wang. G.H.1990. preliminary research on mechanism of application of sorbic acid in meat products (sausage).Master report of TIANJI
institute. P1-3.

[211Watanabe. K. Food preservatives containing chitosan and alkali metal salts of acetic acid. Jpn. Kokai Tokkyo Koho Jpol. 13, 983-

[221Wang. W. 1990. Research on extending the shelf life of fresh meats and poultry. food Science. No2. P48-50.

[231¥ang. G.H. 1990. Research on extending the shelflife of fresh pork meat stored at room temperature by treatment with organic Bci&
Industry.

[241Yamaguchi> H. Jpn Kokai Tokkyo Koho Jpol, 258, 375.

602



4:18

"““—~«—»»»IJiEiEAE< I Type of count, medium used and time and tem perature of incubat o] . S
y Ti’pe °f count Time(h) Temp('C) Reference
h e e e L O B e e R N I oo SRR s . SN T e e
Tota] b
00 . Pacter ial ocount plate count Agar 48 30 (8
i 3 csUdomonas plate count Agar 48 30 (8
# nt*'“baﬁtt'riaceae DHL 24 30 (8)
0 seobacid dus MRS 48 30 (8)
ton0c0cous MRS 48 30 (8)
g in ?? hylococcus Mannitol Salt phenol-red Agar 72 37 (8
ol! e srfococcus Azide Esculin Agar 24 4 § (1 ?
S i ireus Mannitol Salf phenol-red Agar i 37 (8
50 YPhiouriyp DHL 24 30 (8)
i - l0nocytogenes o PALCAM 8 " e 30 @
TAB 5
it ‘wafﬁ‘gihﬁfféct of CA mixture or A solution on the growth of spoilage bacteria on fresh meat stored at 10°C
; Ty T o e NS TR e A it -8 s e S S S S Sl i e
10 i of Type of logio CFU/g
tT‘ - e — O S P —— A i S
i Wi Spoilage bactlria Storage time (d)
lf = e ——————————————— P il - S
of e S 0 /s 4 6 8 10 12
a0 Total bacterial count 4.11 7.54 9.72 9.15 2.78 9.48 9.36
it Pseudomonas 3.00 6.20 8.90 8.28 8.15 8.60 8.48
Cont Enterobacteriaceae 3.04 8.2 .81 T 8.56 8.52 8.89
4 fol  Lactobacillus 3.20 8.67 6.62 7.28 7.68 7.94 T
o Micrococcus 2.85 5.00 5.72 8.08 6.51 6.23 6.30
| Staphylococcus 3.75 6.68 7.82 7.69 7.18 QT2 7.49
= — Enterococcus 2.00 3.58 3.80 5.74 .18 5.97 8.34
Total bacterial count 3423 5ol 6.98 8.94 741 7.91 8.56
Pseudomonas 2.30 3.51 5.00 8.15 8.30 8.48 7.30
A solytj Enterobacteriaceae 2.00 2.00 <2.00 2.00 2.00 5.45 7.85
‘on Lactobacillus 2.00 5.08 8.15 6.81 7.80 7.85 7.04
A Micrococcus <2.00 3.30 5.00 8.81 8.53 6.43 6.680
Staphylococcus 2.30 4.28 5.48 5.87 8.20 6.30 6.34
! Enterococcus <2.00 <2.00 2.00 2.00 2.00 4.15 5.53
Total bacterial count 3.30 3.48 4.93 5.23 5.32 5.59 5.52
d Pseudomonas 2.00 3.00 3.95 4.48 4.30 4.90 4.70
; CA nixy Enterobacteriaceae 2.00 2.00 2.00 2.00 2.00 2.00 2.00
“re  Lactobacillus 2.30 2.30 3.68 3.90 4.48 4.04 4.41
i Micrococcus 2.00 2.00 3.57 3.97 4.38 4.04 4.32
g Staphylococcus 2.70 2.40 3.70 3.95 4.15 4.51 5.20
Enterococcus 2.00 <2.00 <2.00 <2.00 2.00 2.00 2.00
;“\-Hg;_gﬁjffj_if_FA mixture or A solution on the growth of spoilage bacteria on fresh meat stored at 20C
Ype {2 de
ot Type of logio CFU/g
of treat
o Spoilage bactlria Storage time (d)
T S S 0 1 2 3 4 i 6
4 Total bacterial count ol 181 8.179 9.41 9.15 9.20 8.99
¥ Pseudomonas 3.00 5.78 8.486 8.43 8.83 8.95 8.48
‘ Contrq;  ERterobacteriaceae 3.04 6.97 8.11 8.65 8.75 8.63 §.81
Lactobacillus 3.20 §.40 7.30 8.62 9.11 8.08 §. 40
licrococcus 3.85 4.99 8.55 6.38 6.86 6.76 8.52
| Staphylococcus 3.75 6.04 7.60 7.38 7.49 7.30 8.04
! i Enterococcus 2.00 5.00 5.93 8.26 8.88 6.99 6.66
b Total bacterial count 3.23 7.26 7.81 7.18 8.41 8.94 8.54
Y P 2 =
‘ seudomonas <2.00 4.94 5.90 8.30 7.48 7.00 6.94
il A solutj, nterobacteriaceae <2.00 <2.00 2.00 4.89 7.20 7.30 8.04
? Lactobacillus 2.00 8.71 6.80 7.00 8.18 gL82 7.99
erococcus 2.00 4.00 5.98 8.70 82 7.00 6.886
g Staphylococcus 2.30 5.67 6.04 5.85 8.45 7.20 7.20
nterococcus <2.00 3.00 3.81 4.28 6.88 6.95 8.78
£ EOta' bacterial count 3.30 5.89 8.54 7.51 8.41 7.99 8.18
goeudomonas <2.00 4.87 5.48 8.00 6.85 8.75 7.95
A mixty,e ["terobacteriaceae <2.00 <2.00 2.00 2.00 2.00 4.20 7.79
o Lactobacillus <2.00 5.38 6.08 8.91 Kol 7.51 7.79
,Srococcus <2.00 4.30 4.83 5.23 5.88 8.66 6.51
Staphylococcus 2.70 3.30 4.81 4.70 4.94 5.85 6.26
nterococcus <2.00 <2.00 2.00 3.59 5.52 4.18 4.28

TABLE 1y
- Eff > " .
email ect of CA Wixture or A solution on the growth of L.monocytogenes inoculated on fresh meat stored at 10'C or 20°C

TYDe
) of Temperature logio CFU/g
featy, e M o s o =
i Storage Storage time (d)
“‘go'\t\ﬁ 0 1 2 3 4 5 5 8 10 12
n ro] — o s ——
é solutjep 10 4.15 8.69 7.20 7.40 7.18 7.28 8.98
R Dixtyre 10 4.11 4.86 4.04 4.28 5.32 5.34 5.96
htrol éO 4.00 4.15 4.00 3.58 3.30 3.78 3.80
ca>ution 4 4.15 6.95 7.04 6.85 8.62 6.82 5.74
ixtype o 4,11 4.38 4.83 5.08 5.51 5.68 8.00
4.00 4.15 4.36 4.89 4.68 4.70 5.79
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TABLE V. Effect of CA mixture or A solution on the growth of S.typhimurium inoculated on fresh meat stored at 10C or 20C

Type of Temperature logio CFU/g
treatment of storage Storage time (d)

Ged; 0 1 2 S 4 5 6 8 10 12
Control 10 5.80 6.62 7.41 8.11 8.00 8.32 7.95
A solution 10 3.88 3.70 3.64 4.48 4.78 6.82 .11
CA mixture 10 3.83 2.90 3.682 3.70 4.57 5.49 7.38
Control 20 5.80 7.78 8.00 7.95 7.78 7.30 7.30
A solution 20 3.88 6.87 8.28 8.38 8.57 8.80 8.95
CA nixture 20 3.83 5.98 7.51 1.97 8.48 8.75 8.76

TABLE VI. Effect of CA mixture or A solution on the growth of S.aureus inoculated on fresh meat stored at 10°C or 20C

Type of Temperature logio CFU/g
treatment of storage Storage time (d)

() 0 1 2 < 4 5 6 8 10 12
Control 10 4.90 5.00 2.00 2.00 <2.00 <2.00 2.00
A solution 10 3.34 3.70 3.38 3.00 <2.00 <2.00 <2.00
CA mixture 10 3.00 3.08 3.82 3.38 3.32 3.78 3.30
Control 20 4.90 <2.00 <2.00 <2.00 <2.00 <2.00 <2.00
A solution 20 3.34 5.04 8.75 5.00 2.00 <2.00 <2.00

3.00 4.49 3.15 4.79 4.30 3.32 4.58

CA mixture 20

TABLE VI. Effect of CA mixture or A solution on the Incidence of Clostridium on fresh meat stored at 10°C or 20C

Type of Temperature

treatment of storage
C)

Control 10

A solution 10

CA mixture 10

Control 20

A solution 20

CA nmixture 20

logio CFU/g

Storage time (d)

3 4

I
+ +
- +

I ++

means the number of clostridium per sample(g) is less than 1.00 logio
** means the number of clostridium per sample(g) is not less than 1.00 log,o CFU/g

CFU/g

Mey,
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