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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 Tl 27.17+0.30 4.18+0.01 2.1540.21
pasteurization

T2 27.83%1.26 4.17+0.01 2.684+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, 27.340.52 4.06+0.04 2.1540.21
pasteurization

TC, 27.47+0.90 4.03+0.03 2.23+0.33

TC; 27.66+0.76 4.02+0.03 2.35+0.31

TCy 27.66+0.76 4.04+0.01 2.15+0.21

TC; 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 2.34+0.29.
Mean + SD of Log (cfu/ml) of tomato paste after final pasteurization is 2.31+0.17.
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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 MS&I{};\}{ RP% A Mggﬁ}ﬁl}% A
P1 - - - -
PZ + - + +
+ + + +
P3 - - - -
— J’- - -
P4 - - - -
+ - + +
+ - - +
P5 - - - -
P6 - - - -
+ - + +
T1 - - - -
T2 - - - -
T3 - - - -
— — J’_ —

AN
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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:;’:}éilis of reNdiltlrciitsn
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 Ps-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'5-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+

Ps Ps

P3 P2 Pl

2.3840.12 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 T5 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 1.79+ 0.29.

(058 Jslam) sl Lags SU cpl sl

Gy G 0 S, sl log cfu/ml gl esls
S A S sl Osmliosel Ol 3 s lakisel

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

SDLog cfu/ml+

T6 T5 T4

T3 Tz Tl

1.82+0.13 2.53+0.33

2.32+0.02

1.15+0.21 1.15+0.21 1.38+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 TC; TC, TCs TC, TC,
1.15+0.21 1.15+0.21 1.23+0.33 1.3+£0.42 1.15+0.21 1.41+0.09

Mean + SD of Log (cfu/ml) of tomato paste samples after final pasteurization is 1.23£0.1.
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Table 9 Results of Mean Comparison Test (t-test) of log cfu/ml of tomato paste before pasteurization
in Brix 8 and 11.

Paired data (Log cfu/ml)

Standard
Deviation

(correlation cofficient) P-value

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

paste processing line

C1-ACB.acidocaldariusstrainNJ81-Tomato-paste-after-Pasteurization 0.08592

Z2-ACB acidocaldariussubsp acidocaldarius-Tomato-puree 0.0458
K1-ACB._acidocaldariusstrain 0.04366

Row Stage of processing sacr(r)ncll)(;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 Alicyclobacillus acidocaldarius 08
! subsp. acidocaldarius
Alicyclobacillus acidocaldarius
7 Tomato Puree Si subsp.acidocaldarius o7
] Tomato Puree 7 Alicyclobacillus acidocaldarius 97
2 subsp.acidocaldarius
9 Tomato Pa.ste before E, Brevibacillus 81
Pasteurization
10 Tomato Paste before u Alicyclobacillus acidocaldarius 97
Pasteurization ! strain ULAG36
11 Tomato Paste before L Alicyclobacillus acidocaldarius 97
Pasteurization 2 subsp. acidocaldarius
12 Tomato Pa.ste before T, Alicyclobacillus 96
Pasteurization
13 Tomato Paste before v Alicyclobacillus acidocaldarius 08
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 Past.e af[er C Alicyclobacillus 95
Final pasteurization
17 Tomato Past.e af[er TC, Alicyclobacillus 96
Final pasteurization
*: Isolates which their similarity (%) in NCBI have been calculated lower than 97%, only reported up to genus
level.
3 P1 jLZLgLA 4 gad L Aigls Sl 3 {)T)> ULAG36 S],H]’V],T]’R]’A],U], Slad gl J»Lz€j...~4..2j>
Sla g Joli & wn $ 15 s S S i S Alicyclobacillus a0 wil .
Alicyclobacillus acidocaldarius subsp. s acidocaldarius  subsp.  acidocaldarius
A Alicyclobacillus o= ; 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
|_|: M2-Brevibacillus thermoruberstrainTS_05-Tomato-puree 0.08293
| 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

LZACB.acidocadariussubsp.acidocaldarusTomatopastebeforePasteur}ation F1-D1 from Tomato Puree

H1-ACB.acidocaldariusstrain 0.03178

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

—»

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-Pasteurization 0.03707

DSM 3922
TCI1-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 2.31+0.17
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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