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Abstract

The study investigated the level of contamination by total aerobic bacteria, coliform bacteria and food poisoning
bacteria in commercial spices for the evaluation of microbiological safety. A total of 119 commercial spices was
used for this study. The total aerobic bacterial count was 6.2 log CFU/g in HACCP certificated spices and 5.4
log CFU/g in HACCP non-certificated spices. Coliform bacteria were detected in 13 (35.1%) out of 37 HACCP
certificated spices and 27 (32.9%) out of 82 HACCP non-certificated spices. Bacillus cereus was detected in 7
(18.9%) out of 37 HACCP certificated spices and 10 (11.8%) out of 82 non-certificated spices. All the B. cereus
detected in this study possessed at least one toxin gene, and hemolysin BL enterotoxin was detected in 9 (52.9%)
out of 17 B. cereus isolates. Overall, these results indicated that contamination with total aerobic bacteria was
higher in HACCP certified spices, with more coliform bacteria and B. cereus detected, than in non-certificated
spices. Hence, it is necessary to refine the HACCP system and introduce good agricultural practices for the improvement

of microbiological safety of spices.
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7% DNA= ARE-3lelt). 415512 Multiplex Pathogen
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Salmonella spp., Listeria monocytogenes, Bacillus cereus, E.
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Table 1. Primer sequences and reaction conditions for the detection of enterotoxin gens

Target gene Primers [;I;?(%C;)s Sequence (5’-3) Reference
TbA FhblA 884 GCA AAA TCT ATG AAT GCC TA

RhblA GCA TCT GIT CGT AAT GIT TT

FhbIC CCT ATC AAT ACT CTC GCA A
HlC RbIC 695 TTT CCT TIG TTA TAC GCT GC (30
b FhbID o8 GAA ACA GGG TCT CAT ATT CT
RhbID CTG CAT CTT TAT GAA TAT CA
e NA-FI s ATT ACA GGG TTA TTG GTT ACA GCA GT
NARI AAT CTT GCT CCA TACT CT CIT GGA TGC T
B NBFI - GTA CAG CAG CTG TAG GCG GT o
NBRI ATG TIT TIC CAG CTA TCT TIC GCA AT
ol NCFI 557 GCG GAT ATT GTA AAG AAT CAA AAT GAG GT
NCR2 TIT CCA GCT ATC TTT CGC TGT ATG TAA AT
. ENTEME - AAA GAA ATT AAT GGA CAA ACT CAA ACT CA ®
ENTEMR GTA TGT AGC TGG GCC TGT ACG T
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ek FIFFE BE FUAFCIN e it 46+2.3 log
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log CFUJg, s=4to] 3 5.4+1.4 log CFU/gC- 2 YERES.
W frolA zpol7b YERA] Gttt whErtRE Skl
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dubAlet e d=e FUAt AlFe] Ht 63412 log CFU/g
o2 Jepgon $YgAike it 5.1+1.8 log CFU/g2 2 U
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Table 2. Classification of spice samples

HACCP certification Region
Sample name Number of samples
Certification Non certification Domestics Imported
Red pepper powder 45 35 10 32 13
Pepper powder 28 2 26 - 28
Ginger powder 29 29 15 14
Garlic powder 17 17 7 10
Total 102 37 65 47 55
Table 3. Detection rate (%) of total aerobic bacteria in spice samples
HACCP Region
Sample name HACCP certification Nmnbe:m;)lglgztection Mean (log CFUJg) Region Numbesral(r)lglgztecﬁon Mean (log CFUfg)
HACCP (n=35) 35 (100.0%) 6.5+0.6" Domestics (n=31) 31 (100.0%) 6.5+0.7"
Red pepper powder ~ Non-HACCP (n=10) 10 (100.0%) 6.240.8" Imported (n=14) 14 (100.0%) 6.240.5"
Total (n=45) 45 (100.0%) 6.410.7 Total (n=45) 45 (100.0%) 6.4%0.7
HACCP (n=2) 2 (100.0%) 22413 Domestics (n=0)
Pepper powder Non-HACCP (n=26) 26 (100%) 4.8£2.3° Imported (n=28) 28 (100%) 4.612.3
Total (n=28) 28 (100%) 46123 Total (n=28) 28 (100%) 46123
HACCP (n=0) Domestics (n=15) 15 (100%) 6519
Ginger powder Non-HACCP (n=29) 29 (100%) 6.0x1.7 Imported (n=14) 14 (100.0%) 5414
Total (n=29) 29 (100%) 6.0+1.7 Total (n=29) 29 (100%) 6017
HACCP (n=0) Domestics (n=7) 7 (100.0%) 52 0§
Garlic powder Non-HACCP (n=17) 17 (100.0%) 50038 Tmported (n=10) 10 (100.0%) 48 09°
Total (n=17) 17 (100.0%) 50+0.8 Total (n=17) 17 (100.0%) 50:0.8
HACCP (n=37) 37 (100.0%) 6.2+1.2¢ Domestics (n=35) 55 (100%) 63+1.2¢
Total Non-HACCP (n=82) 82 (100%) 54:18° Imported (n=67) 67 (100%) 5.1+1.8
Total (n=119) 119 (100%) 57417 Total (n=119) 119 (100%) 57417
"Different superscripts are significantly different at p<0.05.
B Ak Al Eo] 494k B 0w JEMAYl  log CRUA ZAsiTin Hs

=3
nE7FRe] dukAlH 9= HACCP 915 of &, 4t
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7429} wis7hEE BT HACCP VQ1E AlEo|gom A
BN HEEL 483% 2 UrE‘rkkP_ftL s 7ROl A &=
i gtato]l AEEA] &skth dAAQ1 Sal e gt
Q9% HACCP 913 A|FoA AZE 35.1%, HACCP
u)A S AlE W %% 32.9% % HACCP Q1% A|E A
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2 4Y Ay 1571 it 295 E Woo 5(19)2]
AFAT} 1.5 log CFU/g, Lee 5(23)2] A2}l 3.4
log CFU/g, Kwon 5(24)2] 12721 4.3 log CFU/gH.th
@ 0 AEE Y oY, T AEEC] 35.6%%
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Table 4. Detection rate (%) of coliform in spice samples

T F A5 A A25H A6s (2018)

Wt AE Hart ofg- w|eksto] B A3 Aae) 2H
Ao g vustA] Fstov, adde HEEC] 44
35.7%, 48.3% = et g A3 E et vk
715 whse] alicin %ol vlgtel Gt 48 Atk
£ 9792 1o} vhael 9 280] i 937
o] AEEA 2 Ao gekdrh A s AA AR
qw:’ril QY%= HACCP Q151 7, Akx] ¢} #A|glo]
=7 Vel A T3] AlxEle] =903} }\g/\]—u}
ARE srhEe] T L9 3T F e sE
S#e] A %(good agricultural practice; GAP) =¢jo] 2 23t
Aoz gere

o ol

FA o] A =EA v AP ZIE Table 59 YERA 2
™ 119719] B E T 177(13.9%)1H B cereus’t &
1o L monocytogenes, E. coli 0157, Y. enterocolitica,
V. parahaemolyticus, Staph. aureus, Salmonella spp. ‘&2
A5 At AEHA Gsth 1574 222%C04 B
cereus?’t AEE R om HACCP 1= AZA 20%,
HACCP 7[1Z A FA 30% HZ&5 ] HACCP "<
A2l B cereus LA =& AR ARIFHATE 157}
F 3 B cereus LUEE YAAE R FESEH S4ko]
21.9%, 41kl 23.9% HEE o] LA Atol= Yehdt
2] gkgkt}, 71 F9] A 13.3%°04 B cereus’t FAEE
Rom BT HACCP V915 AlFdA &= A 94t
oldtk A7l 7% 100%14 B cereus’t ZEH A
om BE HACCP 1|Q1ZE A ZFo|n, Yakx|z FE31H
UL 125%, THY 7.1%2 ULt A FS B cereus 2
=7 o A v

HACCP Region
Sample narme HACCP certification Nmnbesra;fplg:tecﬁon Mean (log CFUJg) Region Nmnbesrar(:l;(ei:tection Mean (log CFUfg)
HACCP (n=35) 13 (37.1%) 1114 Domestics (n=31) 14 (45.2%) 1.3£1.5
Red pepper powder Non-HACCP (n=10) 3 (30.0%) 0.8£1.3" Imported (n=14) 2 (14.3%) 04+11°
Total (n=45) 16 (35.6%) 1.0£1.4 Total (n=45) 16 (35.6%) 1.0£1.4
HACCP (n=2) 0 (0.0 Domestics (n=0)
Pepper powder Non-HACCP (n=26) 10 (38.5%) 1.0+1.4 Imported (n=28) 10 (35.7%) 09+1.4
Total (n=28) 10 (35.7%) 09+14 Total (n=28) 10 (35.7%) 09£14
HACCP (n=0) Domestics (n=15) 9 (60.0%) 26128
Ginger powder Non-HACCP (n=29) 14 (48.3%) 2025 Imported (n=14) 5 (35.7%) 13£2.1°
Total (n=29) 14 (48.3%) 20£2.5 Total (n=29) 14 (48.3%) 20425
HACCP (n=37) 13 (35.1%) 1.0£1.4° Domestics (n=35) 23 (41.8%) 1.5£2.0°
Total Non-HACCP (n=82) 27 (329%) 11£19° Imported (n=67) 17 (25.4%) 0.8+1.5°
Total (n=119) 40 (33.6%) L1£17 Total (n=119) 40 (33.6%) 1117

"Different superscripts are significantly different at p<0.05.
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Table 5. Detection rate (%) of Bacillus cereus in spice samples

711

HACCP Region
Sample name
HACCP certification Number of detection samples Region Number of detection samples
HACCP (n=35) 7 (200%) Domestics (n=32) 7 (21.9%)
Red pepper powder Non-HACCP (n=10) 3 (30.0%) Imported (n=13) 3 (23.9%)
Total (n=45) 10 (22.2%) Total (n=45) 10 (22.2%)
HACCP (n=2) - Domestics (n=0) -
Pepper powder Non-HACCP (n=26) 4 (14.3%) Imported (n=28) 4 (13.3%)
Total (n=28) 4 (133%) Total (n=28) 4 (13.3%)
HACCP (n=0) - Domestics (n=15) 2 (12.5%)
Ginger powder Non-HACCP (n=29) 3 (10.0%) Imported (n=14) 1 (7.1%)
Total (n=29) 3 (10.0%) Total (n=29) 3 (10.0%)
HACCP (n=0) - Domestics (n=7) -
Garlic powder Non-HACCP (n=17) - Imported (n=10) -
Total (n=30) Total (n=17)
HACCP (n=37) 7 (189%) Domestics (n=55) 9 (16.7%)
Total Non-HACCP (n=82) 10 (11.8%) Imported (n=67) 8 (11.9%)
Total (n=119) 17 (13.9%) Total (n=119) 17 (13.9%)

Table 6. Detection of toxin genes and toxin protein in Bacillus cereus isolated from red pepper powder, pepper powder, ginger powder

Toxin gene

Toxin protein

Sample

nheA

nheB

nheC

hbiC

hblD

hbIA

entFM

HBL enterotoxin

R4
RS
R10
R29
R30
R33
R34
R39
R40
R45

+

+

+

+

+

+

+

+

+

P12
P15
P20
P23

Gil
Gi6
Gi7

Detection rate

(%)

100.0

B cereus= A0 dg]
2 71EA g O}Oql-:— A A

VRN A&

29 Ao

o
152

E¥sie
A ol 1
et

to] A8 APt 2
cereus’t AEZEHJEH ol

QEEE

HACCP <!

% 37k Al
n37hRel Aol

BUAG 2

[eXex]
1T

H B



712 S A E A A58 2] #2538 A6Z (2018)

Alz~"le] =13} 3 WAVAA B cereus 2.FS T2 E
T UE GAP AlZ =¢o] 283 Aoz FArtdr,

Bacillus cereus 52 FFXA Y SACHEE

2] 8E B cereus 551 54 G 547
E4 Ais A9 A3 Table 69 YeRAAT. B cereus
177 25X nheB nheC, entFM =4 4271 A&
o 1670(94.1%) TFoNA nheA S4& FAAZF AEEH S
t}. BBIC, BBID, hbIAS Z¥7} 1070(58.8%) TFNA =26
AZ7F AZE59oH, HBL S22 97 #5(52.9%)
A AZHIH. HEY B cereus?] SAFAAE £33
Bl 1785 25 & 7] o) dY sardAE 7R
2lom, 97 FF(52.9%)°14 HBL Sath o] 2ol o]
AR LAH B cereusdl g 2= WA 7HsA 0]
A& Ao g AdHnh

B cereuse TEY Y AAr1Ee] AF5S doy|=d,
a5 AAE AlesE AR7171 8-16A17t|H B cereus?l]
L9H AEFS 33 T AAE enterotoxinol] 23]
Sh26). ¥ Ao E2E B cereus F4& RS AL

) © 7| = nheABC, hbICDAZ- =7Vjol|A] Fe2ld

B cereus®] T8 =4 FAAL} X5 th27). HBL
enterotoxine B cereus®| EAQ DAl 54 E hbIC, hbID,
hbIA =22 FRAARSE ArtE]= Zo R Hawa glom
(28), ¥ 213 A3} HBL enterotoxins AAFsHE H5E 5%
hbIC, hbID, hbIA =24 F7A2F2 71431 Sle B o= gQly]
ATt B cereus®] AN A eHE A FH 5wl
2 Fo A RIS A she, S Eg 7F o] o] Fo] 2]
B2 AES e HEE A5 wEA S5k AeEs
doZ 7hsAe] AUthR9). B s 7HEES Ze Al 7
THE Y3t A% AFEEY B cerensdl] 29 H RIFRE
AR 2] 3Fo] Ao A IXE A$- B careus’t T2
slo] AlF=o] WA 7hsAl o] AEshe AR A=l

olg gt AXE Fate] & W AlF FEE A A=
5 AF<] 7§ HACCP 15 59 #Agle] vl
2 B cereus LA =5 UERHo] SR Aol GAP A|=E
st T 5 uAdE o9 Yle #Aelsta 71E
HACCP A|=®le] n| & At 3S 7xdsteior & Zlo=z
= Ak

e

At Alg 18 &

WESA AL Hrlekan ek B 4G ALg
H ABE 2F7FF 454, T37HF 284, AR 294,
7R 177, 3 11979 85 ARESHATE DREA|
T, AT 2 255 Alde A3 et 2Esks
o™, B cereus®] 4 A= PCRe o] &3t 4135151
th AWM= HACCP Q15 AlEolA B 62412 log
CFU/g, HACCP V|91 |30l A 1t 54+1.8 log CFU/g 2
2 Yesth fi3d T L EE HACCP Q1% Al FoA
35.1%, HACCP 1|15 Al Fo A 32.9% 7 Z5|°] HACCP
AF AFANAM =2 LAEE YEPNATE. Salnonella spp.,
Listeria monocytogenes, Bacillus cereus, E. coli O157, Yersinia
enterocolitica, Vibrio parahaemolyticus, Staphylococcus
aureus 5 759 ATE5S Ad Ay} 17719 AR
A B cereus’} HZEE T T3 HACCP QI5H 371 &
771(18.9%), HACCP "|°1% 827 3 1071(11.8%)°1 A B
cereus’t HEEATE B AEAH A5 {8551 e 334l
3 AFS 2§ HACCP Q15 o F-oF #AIgle] g
9 B cercus Q=S LhERRo] FAE Aol FAHE4
#e] AEE =95t dgwT T AE 2F Y99S
wejstal 71E HACCP A =dle mE Adesd 5=
MAsteiop & Aoz FEE I

= =
o =it 2018 AT S e PR AT
71l A el =R YT,
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