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The Use of Raw Wood Vinegar and Charcoal Powder Compound in Broiler Diets. 
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Abstract 

This experiment was to investigate the suitable percentage of charcoal powder-and raw wood 

vinegar (RCWVC; 1: 1) in broiler diets. Completely randomized design was used in this experiment. 

Four hundred ofone-day old Ross 208 breed broilers were divided into 5 groups with 80 birds each. 

Each group was randomly assigned to 5 treatments: 0, 1,2,3 % and 0 % dietary RCWVC +antibiotic, 

respectively. All birds were placed in separate pen where feed and water were provided ad libitum. At 

6 weeks. of age, 6 birds from each group were sampled for the dissection in order to determine carcass 

weight, weights of visceral organs and carcass composition. The results showed no statistically 

significant among 5 groups on production performance, carcass quality and meat quality (P>0.05). 

However, feed conversion ratio and cost per 1 kilogram weight gain were slightly lower in 1% 

RCWVC group than other groups. The number of total plate count, coliform, salmonella and lactic acid 

bacteria in excreta and intestine ofall groups were not significantly different among treatments 

(P>0.05), but the number of coliform in colon decreased (P<0.05) in 1% RCWVC group. Moreever, the 

counts of lactic acid bacteria in the intestine and the villus height were higher in 1 % RCWVC group 

than 0 % dietary RCWVC group. 
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fll),fffl'l:l1~H'W:lJ1~fl1hzff':)'fIA'VW'H1)'~~tJ'VIm1l1tff:lJ t'Wfll)' 1'Wln:lJA1U tll~tJ),1:lJfltJ~':)fI1U 
l'W~~";itll'H1)'lrlA'W'fl i~flliAi~'Wfll:i'VI~t'I'fl.:)utJtJff:lJff:lJ\l)'ru i.ff\lfllrlA'W'flri'mi' Ross 208 ~lU.?U 400 

;1 mj':)A~U 5 fl~:lJ "1t'1t 4 cifl ~:lJlrl!A~t'ltfl~:lJi,y'~i'tJtll'l11)''VI~t'I'fl':) 5 \Y~)' fl'fl tll'l1J),~ffmhN:lJ'fI1''W 
lrl'~tJrifJ~':)OlU (1:1) 0, I,} Ut'l~ 3 % Ut'lt ~";iVi ~ l.ff~~";iVi 1 + flTuij<ih'Wt ,j'Wi1mjl'11,rfl'rlut'l~ 
tll'l11";iVifiu ~fl'l:lm~CJflfl A'W'fl ~1'W1'W1ti'W Uif.:)'litJ~lflUt'l~lh iff rl11:lJ~':)EU'fl':)1t'1 it'l''W~hiffA~fl ~t'I 
fll";i'VI~t'I'fl':)'V4tJ11ff:lJ), 'jflm'V4fl1)'~ti~ t,}mm'V4CJf1mm~lU'fl j1'W1U 1ti'W'VI~fi'";i 1:lJ irlti-rl'flf:lJ oirt'li:lJAUt'lt'Il 
Ut'l~ut'lrl~mA'fl;rlutJf.lVi(1 fl1'W if-3'litJOlfl Ut'l~tl11ffEU'fl':) lrlA'W'flEU 'fl.:) 1rl'¥Jflfl~:lJ l:Uijrl'J1:lJU~fl~1.:)nU'VI1':) 
ffO~ (P>O.05) u~1rlVifi'Wm'l11),Aff~mhtV:lJrl1''Wlrl'~tJ~ff:lJ~':)Ol'W 1 % ij'iil'W1'W1ti'W'VI~Ulrlti-rlflf:lJh.l 
ril i mmy,rflfl~i~ (P<0.05) ij'iiJ'W1'W1At'I'fI~mm;rlutJ'fIVi(1fl' 'W"h1ff:lJ1 flfl 11 lAt'l~1t'1it'l''Wri11ffA~flij 
rl11:lJ\f-3fl11 irlVifl'W m'VI1), lff~:lJ'lhff:lJrl1''W 'lliltJ~ff:lJ~~OlU 0 % 
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'IlfJ{lmj:lJ1 u~~mu~ (2553) ~nrllT;h m~mllJJ1(1lJfl1'W1umnJrNUTW~~~Ifl'U 1 u~~ 3 %i'WfJ1111~ 
vh'1..r~1'W1'W ~1l'WVi1V~1lJ U~~~1l'WVi1rnflj-W~flJ'1'W\!~ u~~th1(1'l,mih!tJ11.ulJ~~~{I d1l1i''U~1l'W 
'¥1lVn~lJ U~fl~nttfJCMflU'UflVia rJ uu':h1rinJfJVi'~i''UfJ1111~'¥1~~fJ{I'I'i{l 5 \T~~i1~1'W1'WU~fl~nttfJCMfl 

u'UflViarJ'~U~n~l{lfl'W'¥1Hffi)~ (P>0.05) u~i1u'W11.ulJ11'ri~1~i''UfJ1111~ RCWVCl % il'ill'W1'W 

U~fl ~nttfJCMflU'UflVitl rJ'1'Wdl1t1i"1qjrl1'WlPf'W U~~1:h1(1tgnrl1'WtI~lrJ:l;JlflWh 'low 1ri~1~i''UfJT.n~ 
RCWVC 0 % u~~'1mft~rJ{lfl'U1riVi1~i'ml1'111~ RCWVC 3 % tm~1riVi1~i''UfJ1l11~ RCWVC 0 % + 
antibiotic fffJ~fl~fJ{lfl'U~ lrJ{ll'W'IlfJ{lWjlJl u~~mu~ (2553) ~flrl1111m'i tffllJJ1(1lJfl1'W 'UNfflJN{lri 1'W 
J "" q 0 'I Vo .. '" ...... q ,.s 1/)~'1' • d. ~ 
'¥1'i:::~'U 1 ~ 3 % t'WfJ1111'i'¥11 t'H~1'W1'Wtmfl~flUt'lG]fflU'Ufl'¥1t'iUt~1J1 n;1 t'Ht)1'1lfJ{I'i\l'mlHJ1'WlJt'VIlJ'Il'W 

t!ifJ-W~1'it1!lfl11lJ\T{I'IlfJ.:Ji~ 1~'IlfJ{I 1ri'¥1~~fJ{I'VI'U';h1riVi1~i''UfJ1111'j'¥1~~fJ{I.J{I 5 \T~'i i1fl11lJ 

\T{I'IlfJ{li~1~hht~fl~Hfl'W'¥11~ffi)~ (P>0.05) u~i1u'W11.ulJ11 1riVi1~i''UfJ1'H1';i RCWVC 2 % '1'W\T~'i 
t'l 1111 nh111'i~ 1~\T{lfl11fl~lJfh.! rl1'Wm'iLff~lJ RCWYC 1 % ~vh111' 1~1~'IlfJ{I 'ri\T{ln11fl~lJ 
RCWVC 0 % U~::: RCWYC 0 % + antibiotic (~l'jl{lVi 7) ~lmlrJ{ll'W'Ilt'l{l Samanya &Yamauchi 
(2001) flrllT;hm'JAff~lJ\jlt1lJfl1'W1rl'NfflJN{lril'W'1'Wm'Hl'J1ri 1 %'l'W\T~'im'Hl'i i1u'W11.umhim~1~ 
i1f111lJ\T'VJlflfl11 'ri~ '~i''UfJl'111'i~'~i1m~tff~lJJ1~lJfl1'W 'rl'NfflJN,,{lUl'W 1fl.:J~'~flrll1un1,rHlPf'W 

... "''''' I/) v • ...1/) v.., ... 0 v "" I/) v • J "" 
'WfJfl~lfl'W t1!~lJl tHy:flt1!::: (2553) t~'i1rJ{ll'W11'i\l'm'¥1 t~'j'Um'iLff'ilJ'W1tYlJfl1'W !lJNfflJN{lm'W'¥1~~~'U 1 

!!~~ 3 % il1~ 1~\T{I'Il'W 'l'W1'11'WfJ{lL~fnfl'Wfl'U Mekbun,$wan et al (2004) '~flm:l1m'j'i'J1fflJfl1'W1u 

NfflJnlJfl'UN{lril'Wi 'WfJ1'111'JlJn'i\l'm 'VI'U11 m~Lff~lJlhfflJfl1'W1lJ1'Wlt1Ifl{lfl~11'lhm~lJm~n'WfJ1111'i 
.... 1 ... '" 'I SJ ... ~ 0 q """ I/) 'I 0 I/) v J' ... .l ... '" '" <ill 1 d 

u~~'i\l'mlJlJ'i~ff'¥11JfI1'V1m'J t'l1fJ1111'j~'Il'W U~:::'¥1l t'H1~ !~ t'W~l !tY!~fllJ'VI'W'¥1N1t'VIlJ'Il'W ~rJm'WN~ 

fJdHA~'W'lr~'1'W'i\l'm~'~i''UJlfflJfl1'W'UNfflJ'i1lJn'UN{lril'W 3 % .J.:JdfJ1~A~fJ{I:IJ1~lfl m~~'W'¥11tfl'W 
tI~ ""I/)V I ,r. 4 q ol/)vJ/ , I 

'WltYlJfl1'W tlJ'lt1rJm~I'~'Wm~~~G]fjlffl'jfJl'Vil~ t'Wm ttY ~{I Partanen & Mroz (1999) flm111m~ 
~'W'¥1lV i1m'~t'lm'i !t1~rJ'Wu t1~.:JL'WfJA~fJ'IlfJ{lth1 ff 1~m-WlJfl11lJ\T{I'IlfJ{li~'~ 1'11 '111't1'i~ff'¥1ifl1'V1 'l'W m'i 

4 I/)~~ . 
m'j~~G]flJff1~fJ1111'j !~~'Il'W 

0'1UNom111~08~ 
4 q v tI:II .., I/) """ I "" ' 'I "". q I/) I .l

~lflfl1'jfffl'l:llm~ &'It'W1fflJfI1'W &lJ~'U'i1lJfl'UN{lm'W tOW (fJl'l'j1ff1'W 1 : 1) t'W\T~'it:n111'i &nt'WfJ 
.11/) VI '1vtl:ll "" 1/)""" f .., I 'I I/)V4 IJ ='1OJ

ff1lJ &1'l11 ff1:1J1~tl t'lt'W1fflJfl1'W &lJ~'U'i1lJfl'UN.:Jm'W t'W\TI'l'jfJ1'111'i t~tl.:J 3 % 1!~'¥1'J~I'l'U 1% ~~AlJ'W 
.., J d 1 I/) I • I '" )f I/) I 

~~fI'U'¥1m:lJ1~fflJ'¥1'i\l'fI ~rJ tlJff.:JN~m~'¥1'Ul'lfJfflJ'j~tlm'VIm'iN~1'l ~t1!fI1'V1G]f1fl ~t1!m'VIL'WfJ'IlfJ.:J ~fl 
)f I 0 q V 0 "' ..... I 1 Ii) v... ... coli I "i "'• .1 .. .., "i .... ....

!'WfJ U\91'¥11 t'H~1'W1'W~~'W'¥1'irJflfJ 'jfl &~Ufl ~~'W'¥1'iV 'Wfl~lJ tfl~l'lfJ'ilJ U~~G]f~ tlJL'W~m~fI~.:J ~{I'W'W 
~ v "" I/) v", q I 4 ='1 ",. Ji d 0 q'l" '" q Ii) I )f 1/)" Ji ~I

'W1fflJfI1'W &lJ~'UH~:::N{lm'WMLlJ'W'¥11{1mt'ln'H'W.:J'¥1~~'Wl:lJ1 t'l$Lff'ilJ t'WfJ1'111'i tnt'WfJ t~ G]f{ltlJ'WU'W1'¥11{1 
<II ... I/) I )f.. ..." f 1/).1
t'Wm'iN~~ tnt'WfJfJ'W'¥1'jrJl'lfJ W 

n9in11uu1:::mft..r . 
{ll'Wi.ijrJ'Wi~i''U{I'UtI'i~lJ1t1!ff,r'UfflA'W ~lfllJ'tni'¥1Ultrm'¥1fll'W l~fhl'ltlJ{lfl~ ~1'W'W1 ff'l:ltlj l~fl 

'1'Wrl1'W'IlfJ{I.:J'U'l.h~lJlt1!m,i'W ~'W1'W1J 2554 U~~1~i''Um'iff,r'UfflA'W rJlt1~'Jh'W:: '1'W fl~'i'¥1.~~fJ{I~lfl'U~'hl'¥1 
Ut'liM'~ ~'VI'VIihlJ'WnHfJ'W~...hf:lJ1G]f~fm~ ~lfl~ §J.ijrJ1~i''UfI11lJfJlAtm1::l1ffm'WVi Lfl~~H!ifJ t'ltlmw 

U~::: i 11'thH'W:::Uli'Wfl1'ii~!dt1!gfJril1ff'llfJ.:J 1r~'WfJ~lfl'lJflmm'llfJ.:JfJ'Wvi.ijrJ U~:::'tf~'Wl'¥11{1~I'l;u...mv'" I,... .... 4 ...... 
mflm'Wt1I'lt1'W~H rj1~rJ~.:J'IlfJ'Ilt1'U~t1!:IJ1 t1! '¥1'W 



5 
'of II K: ",,;vc.. '" ., , . .K

m:i 'In lJfl1U lJ~m1lJn'lJYNf.llU UU~:itll'l1l:i mutl 

Illl:il~~ 1 U~:im'l1l:i'ri'Yl~fltN un~1.fl'l1Ut~'~~lnm:ifllu1ru 
1~il~hJtll'tm (nn.) tn~ 0-3 n"'u~1'11.. tll~ 4 - 6 fftl~lll' 

d d ,.J di d~~:i~ I ~m'Vl2 ~(91:i'Vl3 '"~¥I:iii 4 ~¥I:i'Yl I ~¥I:i'Yl 2 ~¥l1'Vl 3 ~m'Vl4 
tlfIlV<D'l1 45.60 43.45 41.30 39.15 55.00 53.27 51.50 49.74 
ilf1tlflV~ 

,:, "I
mnm1'l1f1tl.:) 

10.00 

30.70 

10.00 

3UO 

10.00 

31.50 

10.00 

31.90 

10.00 

22.20 

10.00 

22.50 

10.00 

22.82 

10.00 

23.14 
tlflllIu 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 
DCP 0.70 0.70 0.70 0.70 0.50 0.50 0.50 0.50 
i1u~u 0.80 0.80 0.80 0.80 0.70 0.70 0.70 0.70 
llJ'Vl'11tlilu 0.30 0.30 0.30 0.30 0.10 0.10 0.10 0.10 
ri! 1lI'~UlnlJfl1U lJ~'U. 0.50 1.00 1.5 0.50 1.00 1.5 

fNf.llU 
~ .. 

UllJU 3.15 

0.50 

3.90 

1.00 

4.65 

1.5 

5.40 2.75 

0.50 

3.18 

1.00 

3.63 

1.5 

4.07 
matl.... .. 
'I'l:ilJn'l1 

0.50 

0.25 

0.50 

0.25 

0.50 

0.25 

0.50 

0.25 

0.50 

0.25 

0.50 

0.25 

0.50 

0.25 

0.50 

0.25 
:i1lJ (nn.) 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
1 :at jI •.fl'ifUt'Vl ~~lnnl:itl1U1ru 

1tl:i~U (%) 23.00 23.00 23.00 23.01 20.01 20.00 20.00 20.00 
ME (KcaJlkg) 3,080 3,080 3,080 3,080 3180 3180 3180 3180 
Uflfl,'liVlJ (%) 1.01 1.01 1.01 1.01 0.90 0.91 0.91 0.91 
WtlnWtli'n (%) 0.47 0.47 0.47 0.47 0.42 0.42 0.42 0.42 
l~tliv (%) 3.71 4.11 4.52 4.92 3.20 3.61 4.01 4.42 

'fI'liU (%) 1.34 1.34 1.35 1.35 1.I3 1.14 1.14 Ll5 

llJ'Yl'n1tlilu (%) 0.99 0.99 0.99 0.99 0.76 0.76 0.76 0.76 
'Vl;tl1¥11WU (%) 0.28 0.28 0.28 0.28 0.24 0.24 0.24 0.24 

viHtlilu (%) 0.91 0.91 0.91 0.91 0.80 0.80 0.80 0.80 

:i1f1l1fln. 16.91 17.27 17.64 18.00 16.15 16.42 16.70 16.98 

~K: .",,;vc.
'I1lJltJ1'I11jJ Ul lJfl1U lJ~'U :il~l 70 'U1'Yllnfl. ~.:)mU:ilfll 5.50 'U1'Vllfln. 


tll'11l1'Yl~fltl.:)U(91:iVi 5 iitll'111:iU¥I:iVi I NnlJV11flih,.~u cinlw¥I iutl¥l',mhu 250 lJn.ln1f1fli'lJ 


1ll11l~~ 2 nlJntl.fl1'1'lfl1:iN~(91""tl.:) tri"atl ~'~i''Um:i1n;lJJlfflJfl1U '~'UNnlJN.:)thuiu~m tl1'l11:i itm:flmh.:)nu 

1tfl'U""tl.:)JlfflJfr)'u 'mi'U~NnlJfI~iU~~mJ1'1111 (%) 
:i1t1fm P-Value 

0 2 3 o + vltlil~1Ut 

tlw:i1m:il~'hlll~1J 1\91 (ADO , ni'lJ/~1/1U) 

0-3 fftl~lM 34.58±3.15 31.83±1.64 34.58±1.59 33.l7±1.93 30.42±7.16 0.474 

4-6 fftl~nM 79.17±8.76 81.67±18.15 
,.J 

56.87±4.32 56.75±9.27l'ilfIV 

mlJ1ruf)1'1111~nU (FI , fli'lJ/~1/1U) 
0-3 fftl~lM 64.58±1O.31 52.5B±3.34 

BO.83±9.17 

57.71±4.87 

59.67±9.43 

80.00±4.71 

56.5B±2.65 

55.B3±8.34 

76.67±9.02 

53.54±1.23 

53.25±5.21 

0.972 

0.B25 

0.216 

4-6ntlwlM 
,.J 

l'ilfiV 

120.00±7.02 

92.29±8.03 

130.00±19.43 

91.29±9.09 

131.67±21.51 

95.67±9.B8 

134.l7±13.97 

95.00±B.20 

125.00±16.B8 

89.J3±8.76 

0.759 

0.824 
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'" ,fl111~'fI 2 (fl6) 

'ntJfll1 
0 

n;ritl·IHJ·nh~lJfrj'W 'mltl~Nff:U1.H1'Wg1l1 61'1111 (%) 
'I.J"''''1 2 3 0+ tJl O'll1'W~ 

P-Va1ue 

~1I1lfll11'I.J~tJ'W61'l11':i (FeR) 

0-3 ff''l.J1l1'..t 1.66:1:0.18 1.62:1:0.12 1.64:1:0.21 1.59:1:0.11 1.74:1:0.32 0.885 
4-6 ff''l.JfillM' 1.73:1:0.22 1.65:1:0.29 1.64:1:0.13 1.72:1:0.20 1.76:1:0.24 0.935 

d 
l'iH'W 1.69:1:0.12 1.64:1:0.17 1.64:1:0.12 1.66:1:0.14 1.75:1:0.23 0.870 

~1I1lfll':i16fil;n1l (%) 

0-3 ff''l.JfillM' 98.70:1:0.84 99.18:1:0.66 99.15:1:0.96 99.13:1:1.75 98.73:1:0.83 0.971 
4-6 ff''l.JfillM' 98.63:1:1.76 96.38:1:1.54 97.60:1:2.62 97.80:1:0.83 96.03:1:2.56 0.365 

d
mM 98.68:1:1.14 97.80:1:1.16 98.40:1:1.52 98.48:1:0.86 97.38:1:0.98 0.509 

1'f'W'VJ'Wfi16l'l1l':i~6fll1t;;ilJ,jm,rfl 1 ii1flfl1lJ (tIl'Vlliilflfl1lJ) 

0-3 ff''l.JfillM' 29.98:1:1.98 27.95:1:2.16 28.98:1:3.70 28.65:1:2.66 30.\9:1:5.65 0.875 
4-6 ff''l.JfillM' 27.87:1:3.61 27.11:1:4.89 27.43:1:2.28 29.22:1:3.47 29.29:1:4.06 0.879 

d 
t~rtW 28.92:1:2.75 27.53:1:2.83 28.20:1:2.\6 28.94:1:2.42 29.74:1:4.03 0.854 

J 1 • d1~" .. ~ ~ '" 1 3/A • 1 '" , '" fll';JH'fI 3 ~tlUl1'V14l11fl'1J6~ fl'Vlfilfl6~'Vl 1t1fll':ilff':ilJ'Wl lJf11'W :\JfiltlNfflJf-Hm'W 'W~fI':i'e11'111':i 1'W':i~filtlfll~fl'W 


11tJfl11 ':i~ritlfll':ilff~:u\J,~lJf11'Wtmlm~fflJPHtil'W1'Wgll':i61'111':i (%) 

P-value 

0 1 2 3 'I.J"''''o + tJl 1I'l11'W:: 

t'I.J'e1~ttjj'W~4l11fl 76.88:1:2.27 76.39:1:0.22 77.12:1:0.89 76.38:1:1.58 77.23:1:\.59 0.625 
'I.J .. c:l .. .! 11 'e1':i!4l1'W1I!fl1'e1~ 'W 4.35:1:0.50 4.33:1:0.29 4.57:1:0.33 4.28:1:0.21 4.33:1:0.08 0.723 
'I.J .. c:l .. .6.

! 'e1':it4l1'Wfll'W'e16fl 23.32:1:2.13 23.34:1:0.74 23.62:1:0.27 24.07:1:0.24 23.82:1:0.38 0.819 
'I.J .. c:l .... 11 ~m4l1'Wlllff'W 'W 
'I.J .. c:l 111 6':i!4l1'W1ll fl 

4.84:1:0.37 

10.81:1:0.15 

4.85:1:0.22 

10.95:1:0.\6 

4.83:1:0.26 

10.92:1:0.22 

5.18:1:0.27 

11.27:1:1.26 

4.97:1:0.13 

10.88:1:0.25 

0.315 

0.833 
!'I.J'e1f,tjj'W~u'e1~ 30.66:1:0.62 30.76:1:0.60 30.44:1:0.28 30.35:1:0.39 30.51:1:0.30 0.734 
1'I.J'e1f,tjj'W~'111 5.49:1:0.27 5.36:1:0.10 5.44:1:0.13 5.47:1:0.21 5.26:1:0.21 0.472 

t'I.J'e1fltjj'W~lflH 30.19:1:2.40 30.44:1:0.41 30.87:1:0.28 30.53:1:0.32 30.94:1:0.45 0.869 

l'I.Jtlf!tjj'W~~tI
11 .. c:l .. '" 1 tl':i!WIll'l11 1'iI 

3.40:1:0.36 

0.58:1:0.08 

3.34:1:0.30 

0.61:1:0.02 

3.41:1:0.33 

0.61:1:0.01 

3.24:1:0.15 

0.55:1:0.02 

3.20:1:0.05 

0.56:1:0.04 
0.739 

0.229 
'I.J .. 01 "41 'e1':il4l1'WlIfl'W 1.26:1:0.12 1.35:1:0.02 1.43:1:0.04 1.37:1:0.08 1.37:1:0.11 0.109 

lt16fltjj'W~,rllJ 
'I.J .. 01 n ..1 61!4l1'W1I 'IIlJ'W 

0.42:1:0.08 

0.99:1:0.15 

0.38:1:0.09 

1.32:1:0.29 

0.48:1:0.10 

1.14:1:0.29 

0.46:1:0.04 

1.28:1:0.35 

0.48:1:0.10 

1.18:1:0.l9 

0.410 

0.464 

'ntJflU ':i::ritl'1J6~,jl~lJf11'W100tlNfflJN~til'W1'Wnfl':i'e11'111':i (%) P-Value 

o 1 2 3 0 + tJl'I.J~~b'W:: 

71.83:1: 1.56 69.82:1: 1.96 71.73:1: 1.85 70.89 :I: 1.48 . 70.91 :1:2.09 0.538 

3.10:1:0.73 4.04:1:0.72 2.37 :1:0.80 3.54:1: 1.10 3.24 :1:0.29 0.083 

15.79:1: 2.15 17.98 :1:0.89 16.71:1:0.76 16.04:1:0.77 17.27 :1:2.71 0.387 

L*I 50.59:1: 0.73 50.27:1: 1.35 53.29:1: 1.l0 52.83:1: 4.15 51.71 :I: 0.71 0.213 
a*2 2.82:1: 1.34 2.27 :1:0.59 1.96 :1:0.08 1.83:1: 0.37 l.96:1: 0.12 0.287 

b*3 13.47:1:1.75 13.40:1:1.02 13.13:1:0.63 13.78:1:\.32 12.56:1:0.53 0.639 
1 I • 

fI1mllJff11~ 
2 f ~t old I ~I ~4 Q t:11 .c:t4 
f11f11llJllJ'WffUfil~ (fillilJ'WflU'il::lJffl'1JtJ1 f1l1lJ'WtI1fl'il::lJffUiH) 

3 • ~I.,:t 4 • !II .c:t 
fllf111lJilJ'Wffi'l1lHN (f'l1!lJ'WfltIIl::lJ 

ihh~'W fhlfJ'WtI1m)g;iiff1'l1a'e1~) 
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\II11H~ 5 fhtiftlfflJNff'lltl{l 1ri'YIf\lltl{l~1fi'i''IJ0l'alff11nhVlJfrru1,m'IJNfflJNUh'W hJ\l'~'jtll111'a tU'a:::"'IJ ~l{1fi'W 
nmm 'a:::"'IJ0l'alff1lJJ1~lJfrrulmi'IJNfflJN{lrllUtU\l'~'a 01111'a (%) 

o 1 2 3 0 + fJl'll~:jbu:: P-value 
I t A 

fllf111lJUUU1U 0 
A 

lUtlelfl 63.05:1: 12.54 73.96:1: 15.90 69.11:1: 8.00 72.95:1: 8.67 73.29:1: 22.86 0.814 

ffUtU 38.43:1: 7.l3,b 53.87:1: 10.03' 29.21:1: 3.46
b 54.64:1: 19.06' 39.45:1: 4.92'b 0.016 

'Ilel{l 137.42:1: 19.65 140.62:1: 15.78 124.51:1: 12.39 133.92:1: 4.36 154.10:1: 8.31 0.368 
• "I 

fllllHmelU 

li1elelfl 626.54:1: 134.70 681.26:1: 97.16 598.78:1:117.22 662.16:1: 67.21 629.68:1: 175.72 0.891 

ffUtU 432.32±80.14 540.24:1:76.06 364.39:1:40.13 523.82:1:173.01 419.56:1:48.11 0.097 

'IltH 1 172.40±225.l7 1249.80:1:202.30 1187.20:1:139.32 1131.20:1:55.78 1389.10:1:78.96 0.206 

abi1afl1J'a~1{1fiutUUU1Uel'Wl~fJ1tlUllfffl{l'h1jfl11lJU~fl~1{1tldl{11jUfJthfity'YI1{1ffil~ (P<O.05) 

\II11H~ 6 'I11U1U~EU'YI~6tU~{I;r'IJrllfJ Ull:::lhM'Il~){j1riLd0~1fi'i'mI1'Yll'a'YIflllel{l 5 \l'\II'a 

'a~li .1_ 
o 2 3 0 + fJl1J{)'lf1U::: P-Value 

total plate count (log ofcfulg) 

~{I;r'IJrllfJ t4.50± 0.27 14.37:1: 0.27 14.48± 0.27 14.46*0.27 14.31:1: 0.27 0.986 

fil1Kl,l1tYff1Ul'l'u 

fil1~1~flff1Utlll1fJ 
14.33:1:0.16 

12.24:1:0.35 

14.05±O.l4 

12.24±0.35 

14.40±0.14 

11.71:1:0.41 

14.05:1:0.14 

13.02:1:0.35 

14.12:1:0.14 

12.17'*:0.41 

0.314 

0.235 

colifonn (log ofcfulg) 

~{I;r'IJrllfJ 
filiKl,l1tYff1Ul'l'u 

12.47:1:0.28 

13.65:1:0.33' 

12.27'*:0.28 

11.95'*:0.28 • 

12.44±0.28 

12.48:1:0.28 • 

12.56±0.24 

12.69:1:0.28' 

12.43:1:0.28 

12.38±0.33• 

0.953 

0.024 

fili~1~mbu'll1l1fJ 9.23'*:0.25 9.36'*:0.25 9.86'*=0.25 9.53'*:0.25 9.31'*:0.25 0.459 

Salmonella (log ofcfulg) 
,i( ., • 

ff{l'll'IJtl1fJ 5.40±0.38 5.82'*:0.38 5.90'*:0.38 6.39'*:0.38 5.26'*:0.38 0.303 

fil1Kl,l1tYff1Ul'l'u 6.26'*=0.71 6.07'*:0.62 5.99%0.62 5.82'*:0.71 6.30'*:0.71 0.987 

fili~1~flff1U'll1l1fJ 5.84±0.27 5.39%0.27 6.28:1:0.27 6.51'*:0.27 6.38'*:0.27 0.056 

lactic acid bacteria ( log ofcfulg) 
,i( ., • 

ff{l'll'IJtl1fJ 

lj,1Kl,l1tYff1Ul'l'u 

9.52:1:0.35 

9.13'*:0.35 

9.41'*:0.31 

9.39'*:0.35 

8.63'*:0.35 

8.49±0.41 

9.78±O.35 

9.76%0.41 

9.40'*:0.35 

9.75'*:0.41 

0.318 

0.221 

ril1~1~flff1U'll1l1fJ 7.89%0.19 8.08'*:0.22 7.82'*:0.19 8.11'*:0.19 8.44:1:0.22 0.320 

l1lJwm~ Lsmean±SE . 

abi1tifl'tJ'j~l{ltlUt'W1LU1UtlUlfifJ1fiU1Lfffl{l';h1jfl11lJU\llflI9i1{leldl{11jumf1fity'YI1{1ffii~ (P<O.05) 

'a1fJOl'a 'a:::"'IJ'Ilel{llh~lJfl1'uimi'IJNfflJN{jrllUtU\T~'am111'a (%) p. 
I 2 3 0 + fJl'llg"hu:;: Valueo 

fl11lJ\l'Il'llelIl1f! Lf! 
1.41 ± 1.24 1.42 ± 1.61 1.48 ± 0.49 1.41± 0.17 1.34 ± 1.59 0.5933 

(mm.) 
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