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Microbiological Analysis and Antioxidant Activity of Tomato Sauce Prepared with Various Herbs
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Abstract

The purpose of this study was to investigate the microbiological characteristics and antioxidant activity of tomato sauce
in terms of the variety of herbs that have been widely used in Western cuisine. As storage time increases, the number of total
microbes changes, but the bacteria count was in the range of 1.0x10%-2.1x10?, which did not increase much over 60 days
of storage. The reason seems to be that the amount of heat treatment undergone by this type of sauce type, and its acidity

make for difficult conditions for microbes to live. Yeast and mold measurements showed that yeast and mold were not
detected for up to 30 days of storage in the tomato sauce with various types and amounts of added herbs. After 45 and 60
days, the yeast and mold count was in the range of 1.0x10'-8.5x10!, and the same in the control. Measurements of
phenolic compounds in 60 days of storage showed that tomato sauce with different types and amounts of added herbs had
the lowest amounts relative to the control for all storage periods. The more herbs that were added, the higher the phenolic
compounds resulted. As storage times increase, the phenolic compounds showed a tendency to decline. The DPPH radical

scavenging effects of the tomato sauce herbs added showed a tendency to increase antioxidant activity when more herbs
were added. The microbiology results of the storage test of tomato sauce with added herbs showed that the amount of
microorganisms in tomato sauce with added herbs did not increase much in 60 days of storage at 4°C. The amount of
microorganisms was small, so tomato sauce with added herbs can be used for 2 months with refrigeration.
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Sauteing the onion and garlic with olive oil
(12-15 min)

!

Adding the tomatoes and tomato puree
(600 @)

!

Simmering slowly at 80C for 45 min

l

Adding 0, 1, 2, 3 and 4% fresh herbs
3 min before finishing the cooking process

!

Blending (2 min)

!

Filtering with 20 mesh-sieve

!

Tomato sauce added fresh herbs

<Figure 1> Procedure for preparation of tomato sauce added fresh
herbs.
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<Table 1> Formulas for preparation of tomato sauce with addition of fresh herbs

. Ingredients
Additional
ratio (%)"  Plum tomato Tomato puree Herb Onion Garlic Olive oil Pepper Salt
(® (® () (g (g (mL) (g (g
0 3150.0 600 0 225 20 120 5 20
1 3112.5 600 37.5 225 20 120 5 20
2 3075.0 600 75.0 225 20 120 5 20
3 3037.5 600 112.5 225 20 120 5 20
4 3000.0 600 150.0 225 20 120 5 20

YAdditional ratio was based on plum tomatoes, tomato puree and herbs as 100%.
YHerb such as basil, dill, oregano, rosemary and thyme was used individually.



(Sauteing) EFIES} BEOlE FH& Wil 80°C HE9 &
LollA 458 A= Rt EolA HHE] FHoF
(Simmering), 2225 We|7] 34| FH|8 2 SHE
A7Vt 3L, blender(ZE=9W A HMF-900 (5)3FdA
(Seoul, Korea))o|A] 28 A= ZolE 2 20 mesh] Ao
g ARSI EnfE Ao RAYRE 29 HE FH
£ 9 BES AFsle] Aect, v eelses @
7| 2 o)A (Chiffonade) ARSIl 2=uke], BHY), 92
ZA ©t4 A (Chopping) ARESIRIEE, & 217t Alx3 &
uE Ao tske] 2 (0%), 1, 2, 3, 4%= A7
e vigste] FQl & ZF At M2 J"a=gt 1000
mLe| Y3t 287 Hol 60Y FeHAIRAF 15, 30,
45, 60Y) ¥ (4°C) HAsHA ARE-SFAT,

Z2y7+0| Aelt= EntES] AA S5 (plum tomatoes+
tomato puree+herbs)2 100% 7]&0.& AA510] AR
2281 3B QF2 (Table 1)} L2 WO R Ahlsto] A
zs153,

3. ME7[zto| WE njdE 58

1) <t

Z12] 79, PCA(plate count agar, Difco Laboratories,
Subsidiary of Becton, Dickinson and Company,
Sparks, MD, USAHJA|E Al83lo] GHAERE FATE A&
£ %3t & spreading culture method® 30Co|A 48

AZE ksl Al it

2) A% 9 o]

an 9 F3o] #4549 L, PDA(potato dextrose
agar, Difco Laboratories, Subsidiary of Becton, Dickinson
and Company, Sparks, MD, USA)HjX]o|| 10% tartaric
acid 1.4 mL/100 mLE 7}l SAERE 343 A5
&35 th2- spreading culture method® 25°CO|A] 724

2wk & Algeskah,

4. MF7|gof| w2 aitst SR 2AM
1) #l=4 Sk3hE(phenolic compounds)?] 4]
Folin—Ciocalteut]2 ARESl] A4 & H|=A] SgtE
o] TS A5kt Al® 1 mLo S 60 mL2 7}5t
11, Folin—Ciocalteu’s reagent (Sigma Chemical Co.,,
St.Louis, Mo, USA) 5 mL& 7|3l 307t WH-A|71
th 15 mLY] ZINER 84S E7tsto] 204 2

A7 BHEE | 765 nmol| A FRES SA3TH A
UL gallic acid(GA)E o]-g31o] A3 Hekos

R mg/l GAR SHFSIT}

2) DPPH Ho 9]t Free radical £4% &%
A} o5 (electron donating ability, EDA)-S DPPH

A 2 A 209

s

olEo| HIIE| 2 EOtE AAQ| O|ME

AT

(1,1-diphenyl—2—picrylhydrazyl)o] thglt AR}z-of a1}
2 BUBS 25t AR FABKSS DPPH radical
o 27] BYS 24302 Lreh|giehBlois 1958).

7+ A|& 9] sHASsH5-S DPPH(Sigma Chemical Co,, St.
Louis, Mo, USA)E o]-&3s}to] AFs}t3ltt, DPPH -§1lli=
100% SEFEE 2x107* MO.2 A|ZR38FaL, ZF A3 104)
3]A43%1e] 2 mLE F3$F ¥ DPPH 1,0 mL& ¥l 30&7+
Vortex$lt & ¢FAof| A 3027 ®HA]3t & UV-VIS spectro—
photometer (V—550, Jasco, Tokyo, Japan)S ARE3}o]
517 nm oA FHEE S45t0] EDAE that Zol
AL FsE3AT.

EDA(electron donating ability, %)
=[1—(absorbance of sample)/(absorbance of blank)]x100

5, 87Xz

ZF AdolM 42 Aife sAs Z2OF 8.0 M-S AN
st} SAA 2 ST, FAREA (ANOVA)F p0.05 &
4 Duncan®] EHAHH R A Fode HIt
ATHSAS 1998, A & T 2001),

m., ZAx gl 22
1. NE7|Ztof| 2 OldE #HEt

1) Fd

31H9] HrlgS GEldte] BulE AAE A2 239
AR} 4°Co| A 15, 30, 45, 60Y B¢ AFSHA Tt
£ 543 Ail= (Table 2)9} At}

HA 0] H71eke FEldt BulE Ank ARG F 5o u
£ A7 A% 3094 BHE 1, 4% H7REE AlQISE A
71700 w2 mE HyitolM At SAE AL, A%
717k B 1.5x10'-1,2x10°2] ol A AEE Qe

go] Hrlers gejeh BulE AahE AR A3l d 2%
A7EEr A% A5UA] 9 2% H7RES AlQJe BE Hrkt
NN A4S B, 6047k AH717E 2t 1.0x10'-
1.4x10°9] Aat4=7} 4= 9ict.

Q7o) HriES FEldt BEulE Ank A% 1544,
a7l 1, 3, 4% H7HES AT BE A7 5t A
w7 SAE e, A 1,0x101-1,2x107%2] 24 W
A= eI

gzupe|o) Hrlere dEjdt Bk At A 309
22k 1, 2% H7RES A9t BE AT Fet At
45 B3 1,0x10'-2,1x107 M= HE= U

ERQ] O] H7IkS EE3t BulE Ank A|ZE F o) Ef
A 1% H7HEIME AFS4E HolA] gekoy, YA &
= A7kolA s EaL, A7 s¢t 2e Ht
oA 1,0x10'-1,3x10%9] HYR A7t SAE AT



210 BEREEELEEE Vol 25, No. 2(2010)

<Table 2> Changes in microorganism(total microbes) of tomato sauce added fresh herbs during storage at 4°C

(CFU/mL)
Sambles Additional ratio Storage period (days)
P (%) 0 15 30 45 60
0 UND 2.5%x10" 4.5%x10" 1.1x10? 1.2x10?
1 ND 3.0x10! ND <5.0x10! <7.0x10!
Basil 2 ND 5.0x10" 3.5%10! <4.0x10! <5.0x10!
3 ND 4.5%10! 1.5x10! <8.5x10! <1.0x10?
4 ND 5.0x10! ND <5.5x10' <1.0x10?
0 ND 2.5x10! 4.5%10" 1.1x10% 1.2x10%
1 <1.0x10! 6.5x10' 4.0x10! <5.5x10! <6.5x10!
Dill 2 ND 3.5x10' 3.0x10" ND <3.5x10'
3 <1.0x10' 1.0x10" 3.5x10! <9.5x10! 1.1x10?
4 <1.0x10' 3.5x10' 4.5x10! 1.4x10% <1.4x10%
0 ND 2.5x10' 4.5%10" 1.1x10? 1.2x10°
1 <1.0x10' ND 4.0x10" <6.5%10! <1.2x10?
Oregano 2 <2.0x10' 4.5x10" 3.0x10" <4.5x10' <8.5x10'
3 <1.5%x10! ND 3.0x10! <1.1x10? <4.5%10!
4 <2.5%10! ND 4.5%10" 1.2x10% <8.5x10!
0 ND 2.5x10! 4.5%10" 1.1x10% 1.2x10%
1 <1.0x10! 5.0%x10" ND <9.0x10! <1.1x10%
Rosemary 2 <1.0x10' 4.0x10" ND 1.3x10? <2.1x10?
3 <2.5x10! 2.0x10! 5.5x10! <5.5x10! <1.1x10?
4 <2.0x10" 5.5%10" 5.5%10" <1.5x10' <7.5%10'
0 ND 2.5x10" 4.5%10" 1.1x10% 1.2x10%
1 ND 1.0x10% 5.0x10! <7.5x10! <1.3x10?
Thyme 2 <1.0x10' 1.0x10° 3.5x10" <6.0x10' <7.5x10'
3 <1.5x10' 1.2x10? 3.5x10' <1.0x102 <1.3x10?
4 <2.0x10' 9.5x10! 6.5x10! <7.5%10' <9.5x10!
UND: Not detected.
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<Table 3> Changes in microorganism(yeast and mold) of tomato sauce added fresh herbs during storage at 4°C

(CFU/mL)
Sambles Additional ratio Storage period (days)
P (%) 0 15 30 45 60
0 UND ND ND <4.5x10' <8.5x10!
1 ND ND ND ND <6.5x10"
Basil 2 ND ND ND <3.0x10! <5.0x10!
3 ND ND ND <3.0x10" <3.0x10"
4 ND ND ND <7.5x10! <8.0x10!
0 ND ND ND <4.5%x10! <8.5x10!
1 ND ND ND <2.0x10" <4.5x10"
Dill 2 ND ND ND ND <1.0x10'
3 ND ND ND <6.0x10" <4.0x10"
4 ND ND ND <6.0x10" <6.5x10"
0 ND ND ND <4.5x10" <8.5x10"
1 ND ND ND <3.5x10! <4.5%10"
Oregano 2 ND ND ND <5.5x10" <3.5x10!
3 ND ND ND ND ND
4 ND ND ND <5.5x10" <1.5x10"
0 ND ND ND <4.5x10" <8.5x10!
1 ND ND ND <2.0x10" <5.0x10"
Rosemary 2 ND ND ND <3.5x10' <3.0x10'
3 ND ND ND <4.0x10" <3.0x10"
4 ND ND ND <6.0x10" <3.0x10"
0 ND ND ND <4.5%x10" <8.5x10"
1 ND ND ND <6.5x10" <4.5%10"
Thyme 2 ND ND ND <4.5x10" <6.5x10"
3 ND ND ND <8.0x10" <3.5x10"
4 ND ND ND <5.0x10" <6.0x10"

YUND: Not detected.
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<Table 4> Contents of phenolic compounds of tomato sauce added fresh herbs during storage at 4°C

(mg/L gallic acid)
S | Additional Storage period (days)
AP radio (%) 0 15 30 45 60
0 1208.67+11.24Y*  1194.00+3.00® 1101.67+4.04¢ 994.33+8.08P 956.67+1.53E
1 1441.33+1.53% 1418.67+2.5248 1346.00+1.009¢ 1330.33+3.794° 1217.67+6.66%F
Basil 2 1555.33+5.034 1553.67+2.31 1487.00+5.00*® 1389.00+6.24¢ 1307.67+5.13P
3 1671.33+2.52% 1623.00+4.58® 1447.00+1.73C 1481.33+9.50°° 1387.33+6.11%F
4 1741.33+1.53% 1741.00+6.24% 1733.33+7.02% 1692.67+1.53® 1628.00+1.00%¢
F-value 1061.77%+* 8189.13%+** 8325.11%+*+ 4600.88**+* 8081.31%+**
0 1208.67+11.24%*  1194.00+3.00® 1101.67+4.04¢ 994.33+8.08P 956.67+1.53%
1 1270.6749.50% 1268.33+7.64% 1208.33+9.0245 1156.00+2.004¢ 1113.67+5.13P
Dill 2 1306.33+5.514 1305.33+2.08 1266.67+9.71¢ 1172.33+1.53 1151.6749.29°P
3 1406.00:4.00"* 1402.00+£1.73 1376.33+6.11*° 1291.67+1.53¢ 1156.002.00°°
4 1504.00+£9.17%4 1516.33+7.51%4 1331.67+6.81%¢ 1381.67+14.57®®  1231.00+1.73%
F-value 588.30%+** 1790.61%%+* 631.28%¥* 1131.58%%+* 1270.13%%%*
0 1208.67+11.24%*  1194.00+3.00° 1101.67+4.04¢ 994.33+8.08P 956.67+1.53E
1 1375.67+15.53%  1335.00+£1.73 1331.67+4.04%" 1267.00+11.009¢  1158.67+4.514P
Oregano 2 1586.00+8.72 1490.67+0.58® 1412.67+2.52< 1376.00+5.00°° 1377.00£16.37°
3 1874.00+14.11%  1703.33+1.53"" 1671.00+1.00°C 1620.000.00"P 1462.33+8.33"F
4 2160.00+4.00 2154.00£6.24* 2120.67+7.09°® 2125.00£3.61*8 2051.00£3.61%¢
F-value 3324.84%+* 39241.0%%+* 25128.2%%x* 12163.0%+* 6866.57%+**
0 1208.67+11.24%*  1194.00+3.00® 1101.67+4.04¢ 994.33+8.08P 956.67+1.53E
1 1506.33+4.514 1497.33+3.2148 1500.00+3.6148  1429.00+.734¢ 1332.00+7.21P
Rosemary 2 1761.67+6.03 1755.00+6.08>* 1585.00+0.00°® 1537.67+1.53% 1237.0046.93°
3 1777.33+10.60"  1714.00+5.29 1658.67+1.53"¢ 1624.33+1.15*P 1529.67+2.52%F
4 1903.00+7.00* 1883.00+4.36°8 1746.33+4.62*C 1706.67£12.34°®  1611.67+15.89%
F-value 3336.64%%** 10600.8**+* 17693.6%++* 5210.03%+** 2775.37%%%*
0 1208.67+11.24%*  1194.00+3.00® 1101.67+4.04¢ 994.33+8.08P 956.67+1.53E
1 1350.33+4.04% 1347.00+12.12%  1350.00+7.00% 1271.67+9.45% 1186.67+4.51%¢
Thyme 2 1641.00+£13.23*  1623.00+11.53*  1557.00+1.73¢ 1524.00+14.42°C  1428.00+3.61°
3 1900.33+6.03"* 1830.33+2.528 1746.00+1.00°¢ 1569.00+6.56°° 1491.00+13.00F
4 2529.67+11.59%*  2587.33+£3.51%® 2482.33+5.03% 2386.67+3.79°° 2184.67+3.51%F
F-value 8387.63%** 14499.3%x+* 43624.6*%+* 9707.85%+** 14768.8%¥+*

YMeanSD, **** p<0.0001

“*Means in a column by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.
A-E . ! . .. H A ' .
Means in a row by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.
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<Table 5> Comparison of DPPH free radical scavenging activities from tomato sauce added fresh herbs during storage at 4°C

(%)
Samples Additional Storage period (days)
P ratio(%) 0 15 30 45 60
0 9.42+0.04V* 8.89+0.07¢ 8.1320.119 7.77£0.12P 7.52+0.18<F
1 9.51+0.08>* 8.93+0.14"P 8.45+0.24<C 7.97+0.14P 7.7320.13>P
Basil 2 9.530.07>* 9.07+0.04>8 8.54+0.10>C 8.00+0.10° 7.81+0.13%
3 9.610.05"* 9.09+0.02%8 8.74+0.09*¢ 8.52+0.26°CP 8.34+0.06%°
4 9.95+0.06* 9.35+0.08%° 9.03+0.14% 8.82+0.06*° 8.5320.08%
F-value 30,52 9.79** 15.43%%* 25.32%%%% 35.18%%xx
0 9.42+0.04% 8.89+0.074" 8.13+0.11<C 7.77+0.12°° 7.52+0.18"F
1 9.56+0.06* 9.07+0.03® 8.75+0.11%¢ 8.73+0.22° 8.35+0.27°P
Dill 2 9.650.04>* 9.10+0.02% 9.01+0.11*® 8.73+0.11°C 8.40+0.09%°
3 9.74+0.06>* 9.23+0.04%8 9.08+0.04® 8.80+0.18° 8.51+0.17°P
4 10.03£0.11%4 9.58+0.05® 9.1120.10°¢ 8.84+0.19°P 8.53+0.11%¢
F-value 34.20%%* 70.53%%%* 51.68%%x* 21.60%% 17.11%%
0 9.42+0.04>* 8.89+0.07F 8.13+0.11<¢ 7.77£0.12P 7.52+0.18""
1 9.46+0.13" 8.94+0.04° 8.69+0.24"8 8.72+0.06"® 8.41+0.19°C
Oregano 2 9.700.09* 9.08+0.04°" 8.87+0.13%5¢ 8.75+0.12°P 8.56+0.22°°
3 9.72+0.15* 9.08+0.028 8.89+0.10%8¢ 8.85+0.21°8C¢ 8.76+0.12°¢
4 9.76+0.05* 9.29+0.03® 9.10+0.16¢ 9.09+0.055¢ 8.80+0.34%
F-value 7.35%* 24.32%%% 16.45%%* 48.52%%%% 16.21%%*
0 9.42+0.044 8.89+0.074" 8.13+0.11° 7.77+0.12P 7.52+0.18F
1 10.070.12%* 9.52+0.04° 9.12+0.12%¢ 9.12+0.23%¢ 8.53+0.28"°
Rosemary 2 10.12+0.05" 9.68+0.03""® 9.30+0.13" 9.18+0.15"¢ 8.73+0.59"C
3 10.190.13** 9.72+0.06" 9.31£0.16"" 9.36£0.12° 9.03£0.25""
4 10.46+0.15* 9.90+0.05® 9.75+0.12%8¢ 9.82+0.05%® 9.61+0.06*
F-value 372175 115.40%*** 64357+ 81.39%* 16.75%*
0 9.42+0.04>* 8.89+0.07F 8.1320.11°¢ 7.77+0.12°P 7.52+0.18""
1 9.46+0.10" 9.07+0.11*® 8.60+0.11°¢ 8.53+0.26°¢ 8.24+0.15%
Thyme 2 9.54+0.05* 9.160.04™® 8.62+0.14%%¢ 8.67+0.54*%¢ 8.33+0.37°C
3 9.58+0.08* 9.66+0.05* 8.71+0.34® 8.74+0.09%8 8.43+0.10*®
4 9.66+0.13* 9.71+0.02** 8.78+0.29% 8.85+0.33% 8.57+0.35%
F-value 3.71* 69.56*+* 3.95* 5.69* 7.61%*

Meanﬂ:SD *p<0.05 **p<0.01 **p<0.001 ****p<0.0001
“dMeans in a column by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.
AEMeans in a row by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.
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