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In tro d u c tio n
The sw ollen  package o f  m eat p roducts is one o f  m eat industry  problem s in Taiw an. This phenom enon 

resu lted  in refund  and econom ic loss. The o ff-flav o r can be induced by the defec ts o f  package due to m icrobial 
grow th. To know w hich m icroorganism  can induce th is problem  is necessary . T herefo re , the purpose o f  th is study 
was to in v es tig a te  the co n tam in atio n  level o f  sp ices used in m eat p roducts cu rren tly  in Taiwan and also  to look for 
w hich m icrob ial strain  is the m ain stra in  in sw ollen  package . On the o ther hand, The optim um  o f s te riliz a tio n  of 
sp ices was a lso  set up in th is  test.

M a te r ia ls  and  M ethods
The sp ice sam ples ob ta ined  from d iffe ren t com panies were used for te sting . These sp ices were divided 

in to  two trea tm en ts , one was s te riliz ed  by rad ia tio n  at China B iotech C orpo ration ( r-rad , 27-30 kGy. 4 0 h r > under 
room tem pera tu re  and an o th er was s te riliz ed  by au toc lav ing  ( 1 2 l°C , 1 5kg /cm J, 15 m in). Total p la te  count, yeast 
and m old count, ae rob ic  th e rm o p h ile  count, co lifo rm , L a c to b a c illu s , aerob ic  th e rm o p h ilic  fla t-sou r type, and 
B a cillu s  o f  sp ice sam ples before and a fte r trea tm en t w ere determ ined  by F D A 's m ethods (1976). The swollen 
packages o f  m eat sam ples w ere ob ta ined  from  m arket. The m ic ro b io lo g ica l quality  w hich inc luded  to ta l plate 
coun t, yeast and m old coun t, aerob ic  th e rm o p h ile , co lifo rm , L actobac illu s , anaerob ic  bac te ria , and B acillus  o! 
the sw ollen  sam ples also  w ere ana lyzed  by FD A ’s procedure . All data w ere analyzed  by SAS system  (1994).

R e su lts  and  D iscussion
Black pepper had the h ighest to ta l p la te  count, yeast and m old count, aerob ic  therm oph ile  count and 

co lifo rm  am ong all sp ice  sam ples. The logarithm ic  num ber o f  m icroorgan ism s o f  w hite pepper was from I to 5- 
The lo g a rith m ic  num ber o f  to ta l p la te  count o f  C hinese b lended  sp ice pow der and garlic  were la rger than 3, and 
the red pepper was above 4 .6 .(T ab le  I to 3). C innam on had a high am ount o f  c innam ic a ldehyde which was a strong 
a n tib ac te ria l and resu lted  in less co n tam ination  (T ab le  2). The aerob ic  them oph iles count o f  most o f  the spices 
w ere high because them  im ported  from  trop ics or sub tro p ica l a rea(T ab le  3). The resu lts  ind icated  that the 
co n tam in atio n  level o f  sp ice  sam ples depended upon d iffe ren t sources and brands. The sp ice under rad ia tio n  and 
s te r iliz a tio n  show ed no m icrob ial grow th. The ag g lu tin a tio n  and o ff-flav o r o f  sp ice  w ere found on onion powder 
and w hite  pepper sam ple a fte r  rad ia tio n . It was found tha t seventy  percen t o f iso la ted  m icroorgan ism s in all 
sw ollen  package sam ples was L a ctobac illu s . And 30% o f L a cto b a c illu s  iso la ted  from the sw ollen  package 
sam ples was h e te ro fe rm en ta tiv e  (T ab le  4). The resu lt o f  iso la tio n  and id e n tifica tio n  o f  h e te ro fe rm e n ta ti ',e 
L a c to b a c illu s  was show ed in tab le  5.
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Table 1. The total plate counts of different spices.

Total plate count log(CFU/g)

A B C D E F Radiation Autoclave

Black pepper 7.14* 3.60* 8.03* 6.91* 4.06* 7.01w ND ND
White pepper 4.29* < r 3.12* 3.82* 4.04* 5.01* ND ND
Chinese blended 4.09* 3.88* 3.01' 5.11* 4.26* 4.88* ND ND
spice powder 

Licorice powder <1.3 2.62 - - - - ND ND
Garlic 4.94* 3.85* — — — ND ND
Red pepper 
Cinnamon

6.96
- 2.65k <1* 4.02* -

ND
ND

ND
ND

n=9
-  •  neans sample absent.
ND : No count is observed.
A,B,C,D,E,F : means different spice source.
Radiation : 27-30 kGy dose is used in this experiment.
Autoclave : all the sample are autoclaved for 15 mins, at 121T3, 1.5 kg/ca\ 
a ,b ,c ,d ,e ,f s means within the same row without the same superscript letters 

are significantly different (P<0.05).

Table 2. The yeast - mold ' acid-tolerant bacteria of different spices.

Yeast ' mold * acid-tolerant bacteria log(CFU)

A B c D E F Radiation Autoclave

Black pepper 6.93a < 1  = NDC OS bo 00 p < l b < l b ND ND
White pepper 4.12b <  Ie* 2.87c 2 .9 4 c 2.74b 2.12a ND ND
Chinese blended 4.02b 3.02C 2.84cd 4.97a 2.61d <  1.5e ND ND
spice powder

Licorice powder < 1 < 1 - - - - ND ND
Garlic bo LO cr Ö 00 p - - - - ND ND
Red pepper 5.35 - - - - - ND ND
Cinnamon - - < 1 < 1 2.92 < 1 ND ND

n=9
— : means sample absent.
ND • No count is observed.
A,B,C,D,E,F : means different spice source.
Radiation ■ 27-30 kGy dose is used in this experiment.
Autoclave : all the sample are autoclaved for 15 mins, at 121 C, 1.5 kgAm2. 
a,b,c,d,e : means within the same row without the same superscript letters 

are significantly different (P<0.05).
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Table 3 The aerobic thermophile of different spices.

Aerobic thermophile log(CFU/g)

A B C D E F Radiation Autoclave

Black pepper

X>oooVO 2.67e 7.69a 6.16C 3.93d 6.74b ND ND
White pepper 4.12h <  l e 3.00c 2.59d 2.86«! 4.35a ND ND
Chinese blended 3.09b 3.03b 2.76c 4.00a 4.10a 4.10a ND ND
spice powder 

Licorice podwer <  1 < 1 . . ND ND
Garlic 3.97 <1.3 - - - - ND ND
Red pepper 6.16 - - - - - ND ND
Cinnamon - - < ic < ic 2.95b 4 .14a ND ND

n=9
— ■ means sample absent.
ND • No count is observed.
A,B,C,D,E,F : means different spice source.
Radiation • 27-30 kGy dose is used in this experiment.
Autoclave " all the sample are autoclaved for 15 mins, at 121°C, 1.5 kg/cm2. 
a,b,c,d,e : means within the same row without the same superscript letters 

are significantly different (P<0.05).

Table 4. The number o f heterofermentative strains isolated
from swelling sample.

swollen sample kinds isolated of strains

A sausage 17/60
B sausage 17/78
C ham 13/47

A > B ’ C means different samples
A 5 4- 4- .C/ r p n t n r n r r  /  — — _ _i_

Table 5, The primary identification of isolated strains.

strains hetepofer-
Eentative

Cram
stain

shape nobility spore
forcing

catalase 
activity test

anaerobic
cultivation

A 5 + + S tr e p to c o c c i — — __ 4-
7 + 4- U icro co cc i — — 4- 4-
5 + 4- ro d s  — — — 4-

B 8 + -f- S tr e p to c o c c i  — — __ 4-
9 + 4- ro d s — — — 4-

C 5 + 4- S tre p to c o c c i  — __ _ 4-
8 4- 4- ro d s  — — — 4-

A  • B ’ C means different samples
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