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Table 1 Results of Brix, pH and Alicyclobacillus counts (Log cfu/ml) of tomato puree, tomato paste
before initial pasteurization and tomato paste samples after final pasteurization on YSG.

Stage Sample code Brix(BX+SD) pH£SD Log cfu/ml+SD

Tomato puree P1 5.27+0.25 4.25+0.06 2.13+0.46

P2 5.43+0.6 4.24+0.01 1.75£0.78

P3 5.53+0.45 4.30+0.06 1.70+0.35

P4 4.90+0.78 4.30+0.05 1.76+0.6

P5 5.03+0.90 4.32+0.01 1.23£0.33

P6 5.13£1.00 4.34+0.07 1.60+0.8

Average (Mean) 5.215 4.29 1.69+0.29

Tomato paste samples: before initial Ti 27.17+0.30 4.1840.01 2.1540.21
pasteurization

T2 27.83+1.26 4.17+0.01 2.68+0.12

T3 26.47+0.06 4.17+0.03 2.15+0.21

T4 27.17+0.35 4.2+0.02 2.76+0.1

TS5 27.17+1.15 4.18+0.04 2.15+0.21

T6 26.83+0.58 4.21+0.04 2.15+0.21

Average (Mean) 27.10 4.185 2.34+0.29

Tomato paste samples after final TC, 27.3+0.52 4.06+0.04 2.15+0.21
pasteurization

TC, 27.47+0.90 4.03+0.03 2.23+0.33

TGC; 27.66+0.76 4.02+0.03 2.35+0.31

TC, 27.66+0.76 4.04+0.01 2.15+£0.21

TCs 27.86+0.32 4.08+0.03 2.58+0.15

TCs 27.6+0.36 4.04+0.04 2.45+0.21

Average (Mean) 27.59 4.04 2.31+0.17

Mean + SD of Log (cfu/ml) of tomato puree is 1.69+0.29.
Mean + SD of Log (cfu/ml) of tomato paste before initial pasteurization is 2.3440.29.
Mean + SD of Log (cfu/ml) of tomato paste after final pasteurization is 2.31+0.17.

[ Downloaded from fsct.modares.ac.ir on 2024-12-02 ]

s dndls e olg Jgame U ooyy 5l (S bar S
e B Ol sy 3 U8 s ) e Aly s OF sk
S ok w g el IS Jal ole Ol el 5w
ol Ogliessiely 5 g3 K o e ol Sl
o e S s s YYEEYA log cfu/ml+ SD
log cfu/mlx SD dsbee  olg Osenlnogel
©5) ooz 4l Sl IS 3 aman 2 VITVENY
5 () adsl Ol sl 5l 43 S par S o) 5 (P=

£Yo

sosm sl w7 0/00 CiS adl Al e s JS b
B >0 93 a3l Q_<.J3 @jfg) R{ENYPPIVA R 75 2 1
Ay 5l ol Ol sl Sl e s 4l Ol sl
Lheg & Koo ey 2 bad Gl e o S
Yo sl el YN0 Jlo s OLea 5 por el
() 653 V1 (Kb ar S o) 5 S5 e S o) sl
e ol Al gla (6 SL s a3 1 6 same
CaS Olg o s b I [YN] g e s 4 ged VYT
s W5 Jrle pld 53 kel AT Glags SL oS


https://fsct.modares.ac.ir/article-7-30476-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-02 ]

)=, 51 Alicyclobacillus slsa S slabis sslalas

OLes 5 ool lgs

T RV L [ NP
@y A e sl B WGl B e s 6 SL Sl sl
oIl Js il Ol sl S S o) d
@ (W) Osemliosialy 51 J3 ) sladipes 5l o502
o Ol (W00 sl iy 51 A laed o
45 5l log cfu/ml 2als s 0T b Ol jen .50 s
B e L SAZAR SR PRFTET-SFS I SRR
ol Aol U ks e Wl e YV ole Ol 3 5l

AL ol Ol sl
O3l a e sla IS g alolis o 4y sl sla s
Ao cpl 5o sal O Jsd s o =l S A5 el
Gl PCA CiiS Lams o5y 5 ol LS cla_dS

RS TR0

3 A 5 o slaws Kl TC, 5T, 5 Py cla
log cfu/ml+ « o, ;5 V/Vot: VA log cfu/ml+ SD
5 iRl sl 3L 3 oy s YAWENY SD
S ws s Ty log cfu/ml+ SD
Jslos sl Jaalsil cde codl oss S 2alS O gansl 3 52l
6 oo b w5l log cfu/mDes sl s
b eadsl Smliosoly 51 3 (K5 a8 o) gl dsal
Bl 0T Js @ 5 Son e SRl @ Ol5 e
s kiles b cad b SL Sl Caslis
2O S oS e s paRie ) Jpis
oo sl Gad 5> (W) 4 (S5 ax S oy sle 4sed
Oloyan 3L Gl Opmlpyginly 51 3 (K3 xS
VAR Sless 03 e ol 3 Jsko sl 3ked Sl

e P I PV Tt PR R W R G PN SR FAR A

Table 2 Results obtained from confirmation culture from tomato puree, tomato paste before
pasteurization and tomato paste samples after final pasteurization.

CULTURE MEDIUM YSG
Sample code 45+1°C 60£1°C MEDE SIS A MBI S A

P1 - ] ] ]

P2 + - + +

+ + + +

P3 - ] ] ]

— + - -

P4 - ] ] ]

+ - + +

+ - - +

P5 - ] ] ]

P6 - ] ] ]

+ - + +

T1 - - - -

T2 - - - -

T3 - - - -

— — + —
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Potato : P ¢« Yeast starch Glucose Medium : Y
Tomato Paste : T ¢ Puree: P ¢ dextrose Agar
Tomato Paste : TC ¢ before pasteurization
canned after final pasteurization
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Table 3 Biochemical tests of isolates from puree and tomato paste and Alicyclobacillus DSM3922

acidoterrestris DSM 3922 as a reference strain.

ROW  Sample code Oxidase test Catalase test Hy(i::i);;is of reNdiltll::itzn
1 DSM 3922 - weak + -
2 P,-Y-45 - + + -
3 P,-P-45 - + - -
4 P’,-Y-60 - + - -
5 P '-Y-45 - + + -
6 P’, P-45 - + + -
7 P3-Y-60 - + + -
8 P4-Y-45 - + + -
9 P4-P-45 - + + -

10 P’y-Y-45 - + + -
11 Pe-Y-45 - + + -
12 Ps-P-45 - + + +
13 T5-P-45 - + + -
14 T4-Y-45 - + + -
15 T,4-P-45 - + + -
16 TC,-Y-45 - + + +
17 TC;5-Y-60 - + - -
18 TC;-Y-45 - + - -
19  TC '3-Y-60 - + + -
20 TC '3-Y-45 - + + -
21 TC’;-P-45 - + + -
No Growth : (-) Growth : (+)
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Table 4 Results of Tomato Puree culture on YSG agar in 60°C+1. (Brix=5)

SDLog cfu/ml+

P6 PS

P; P, P,

2.38+0.12 1.58+0.15

2.34+0.1 2.55+0.01 2.02+0.02  2.38+0.12

Mean + SD of Log (cfu/ml) of tomato puree is 2.20+0.35.

Table 5 Results of culture of Tomato paste samples before pasteurization in 60°C+1 (Brix=8).

SDLog cfu/ml+

T6 TS T4

T; T, T,

2.18+0.09 1.68+0.12 2.08+0.12

1.68+0.12 1.38+0.54 1.76+0.12

Mean + SD of Log (cfu/ml) of tomato paste samples before pasteurization is 1.794 0.29.

Coslie p (WSO padle il gl Ll o ol >

(058 Jslam) il bags SU ol S5l ~

oy b 0 WS, sl log cfu/ml gla ool
S A S5 adsl Ol sl Sl 13 s sladse

Table 6 Results of culture of Tomato paste samples before pasteurization in 60°C+1 (Brix=11).

SDLog cfu/ml+

T6 TS T4

T; T, T,

1.82+0.13 2.53+0.33 2.32+0.02

1.15+0.21 1.1540.21 1.384+0.35

Mean + SD of Log (cfu/ml) of tomato paste samples before pasteurization is 1.72+0.59.
Table 7 Results of culture of Tomato paste samples after final pasteurization in 60°C+1 (Brix=8) .

SDLog cfu/ml+
TCs TC; TC, TC; TC, TC,
1.23+0.33 1.15£0.21 1.38+0.54 1.15£0.21 2.58+0.11 2.76£0.07

Mean + SD of Log (cfu/ml) of tomato paste samples after final pasteurization is 1.70+0.75.

Table 8. Results of culture of Tomato paste samples after final pasteurization in 60°C+1 (Brix=11) .

SD=Log cfu/ml

TCe TCs TC,

TC3 TCZ TCI

1.15+0.21 1.1540.21 1.23+0.33

1.3+0.42 1.1540.21 1.41+0.09

Mean + SD of Log (cfu/ml) of tomato paste samples after final pasteurization is 1.23+0.1.

(EteS) V5 A Sy 53 g2 Sy 53 sl be A lis

Table 9 Results of Mean Comparison Test (t-test) of log cfu/ml of tomato paste before pasteurization
in Brix 8 and 11.

Standard

Paired data (Log cfu/ml ) e (correlation cofficient) P-value
Deviation
Brllx 11 1.72 0.491 0.761
Brix 8 1.79
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Table 10 Results of Mean Comparison Test (t-test) of log cfu/ml of tomato paste after pasteurization
in Brix 8 and 11.

Paired data (Log cfu/ml ) Sgilggi)i correlation cofficient P-value
Brix 11 1.23 0.1 0.409 0.163
Brix 8 1.70 0.75
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Fig 1. Gel electrophoresis of some selected isolates
from puree and tomato paste samples and Strain
DSM3922. Codes M2, S, O, R, P related to tomato
puree; Codes L2, V, U, T, Q related to Tomato
paste before pasteurization.

e NY=108A bpdsh Lol JIs hasn ool s
osls WL Y0y DD Uslre andad 55 &5 wigel VWV 3l LUS

st S sk sl ST (6 S gas AT s


https://fsct.modares.ac.ir/article-7-30476-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-02 ]

W"\\/ ))T c\ 0 092 ‘/\YD)LQ.\:'

Table 11 Identified genus and species based on 16S rRNA gene sequencing during stages of Tomato

paste processing line

C1-ACB acidocaldariusstrainNJ8 1-Tomato-paste-after-Pasteurization 0.08592

Z2-ACB acidocaldariussubsp acidocaldarius-Tomato-puree 0.0458
K1-ACB.acidocaldariusstrain 0.04366
L2-ACB.acidocaldarius-subsp.acidocaldarius-Tomato-paste-before-Pasteur

Row Stage of processing Sglfl(::e Identification based on NCBI % Similarity NCBI
1 Tomato Puree D, Bacillus * 96
2 Tomato Puree F, Bacterium B2-C1-P2G1 83
3 Tomato Puree K, Alicyclobacillus 96
4 Tomato Puree M, Brevibacillus 96
5 Tomato Puree P, Alicyclobacillus 96
6 Tomato Puree R, Alzcyclobaczllqs aczdocqldarzus 98
subsp. acidocaldarius
7 Tomato Puree S, Alzcyclobaczllys aczdocqldarzus 97
subsp.acidocaldarius
] Tomato Puree Z Alzcyclobaczllys aczdocqldarzus 97
subsp.acidocaldarius
9 TOIF:;;E?E;E?;OW E, Brevibacillus 81
10 Tomato Paste before H Alicyclobacillus acidocaldarius 97
Pasteurization ! strain ULAG36
1 Tomato Paste before L Alicyclobacillus acidocaldarius 97
Pasteurization 2 subsp. acidocaldarius
Tomato Paste before . .
12 Pasteurization T, Alicyclobacillus 96
13 Tomato Paste before v Alicyclobacillus acidocaldarius 98
Pasteurization ! strain ULAG36
14 Tomato Paste before U Alicyclobacillus acidocaldarius 99
Pasteurization ! subsp. acidocaldarius
15 Tomato Paste after A Alicyclobacillus acidocaldarius 97
Final pasteurization ! subsp. acidocaldarius
16 Tomato Pastg after C Alicyclobacillus 95
Final pasteurization
17 Tomato Pastg aﬂer TC, Alicyclobacillus 96
Final pasteurization
*: Isolates which their similarity (%) in NCBI have been calculated lower than 97%, only reported up to genus
level.
BE P1 jLzéLA 4 gao ..,\.3)\: )\J.; QIJA ULAG36 SI,HI,Vl,Tl,Rl,Al,Ul, 61.;&43}@ &urywy
S bls & w8 15 Wl So 8wy S Alicyclobacillus a0 wib s
Alicyclobacillus acidocaldarius subsp. s acidocaldarius  subsp.  acidocaldarius
A Alicyclobacillus = ; acidocaldarius Alicyclobacillus acidocaldarius strain
GU208697 1ACB acidocaldarius-subsp acidocaldariusDSM446-Soil-Germany 0.00836
_E GU208739.1ACB.acidocaldarius-strainABF 184-Soil-Germany 0.00176
I_ GU208692.1-ACB acidocaldarius-strainDSM454-Soil-Germany 0.00142
I GU208687.1ACB acidocaldarius-strainABF 184-Soil-Germany 0.34377
F1-BacteriumB2-C1-P2G1-Tomato-puree 0.27711
E2-Brevibacillusthermoruberstrain 0.1938
I_[: M2-Brevibacillus thermoruberstrainTS_05-Tomato-puree 0.08293
| S D1-B licheniformisstrainTS_16-Tomato-puree 0.1198
KF880724.1ACB.acidoterrestris-strain-DSM3922 0.06577
|_|: TC1-ACB.acidocaldariusstrainNJ81- 0.05166 SOIl
—
| I

I

P1-ACB acidocaldariusstrainULAG36-Tomato-puree 0.06791
H1-ACB.acidocaldariusstrain 0.03178

V1-ACB.acidocaldariusstrainULAG36-Tomato-paste-before-Pasteurization 0.02957 N

}atlon F1-D1 from Tomato Puree

T1-ACB acidocaldariussubsp acidocaldarius-Tomato-paste-before-Pasteurization 0.04381

R1-ACB acidocaldariussubsp acidocaldarius-Tomato-puree 0.04966
A1-ACB.acidocaldariussubsp.acidocaldarius-Tomato-paste-after-Pasteurizal

DSM 3922

tion 0.03707 TC1-K1

U1-ACB.acidocaldariussubsp.acidocaldarius-Tomato-paste-before-Pasteurization -0.01253

51-ACB . acidocaldariussubsp acidocaldarius-Tomato-puree 0.05718

Fig 2 Phylogenetic tree from puree and tomato paste isolate with the help of Clustal Omega for 17 isolates (soil
isolates deposited in NCBI and DSM 3922 as a refrence strain).
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Objective of study was isolation and identification of Alicyclobacillus spp. from different steps in
production of tomato paste and efficiency of pasteurization for elimination aforementioned bacteria.
From each step of processing line including puree, tomato paste before first pasteurization and after
final pasteurization, and six samples were obtained in 3 days. Following the heat-shock,
Alicyclobacillus spp were isolated using culture-dependent methods. To evaluate growth ability of
Alicyclobacillus and effect of Brix on its growth, samples were prepared with dilution corresponding
to Brix 8 and 11 from tomato paste with Brix= 25-27 and evaluated along with puree samples. 17
isolates following sequencing and BLAST were identified up to genus and species level. 13 identified
strains belonged to Alicyclobacillus acidocaldarius and four other isolates were Bacillus licheniformis
strain TS 16, un known Bacterium, Brevibacillus thermoruber strain TS 05, and Brevibacillus
thermoruber strain TS_06. Alicyclobacillus count was culturally calculated 2.34+0.29 and 2.3140.17
cfu/ml£SD in tomato paste before and after pasteurization, respectively. This implies the effect of
pasteurization in lowering the Alicyclobacillus count. Results of the paired t-test of tomato paste
showed a weak correlation (correlation coefficient =0.491, 0.409) between microbial counts in tomato
paste of Brix 8 with those of Brix 11 and also there was no significant difference of Alicyclobacillus
count between Brix 8 and 11. This means that three-degree increase of Brix didn’t cause any
significant variation in the microbial count.

Key words: Alicyclobacillus, Brix, Tomato paste, PCR.
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