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Physicochemical Quality Characteristics of Tomato Sauce Added
with Pimpinella brachycarpa
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Division of Food, Nutrition & Culinary Arts, Keimyung College University'

Abstract

This study investigates the physicochemical quality characteristics of tomato sauce added with different
kinds of pimpinella brachycarpa. The results are as follows. The pH of tomato sauce added with freeze-dried
pimpinella brachycarpa, in contrast to the tomato sauce with raw pimpinella brachycarpa, decreased as the
addition quantity of the sample increased. As for sugar content, PBP0 with Pimpinella brachycarpa contained
was shown to be the highest with 10.83. For chromaticity, all values (e.g, L, A and B) of tomato sauce added
with pimpinella brachycarpa and with freeze-dried pimpinella brachycarpa decreased showing significant
differences among the samples as the addition quantity of the samples increased. With increased addition
quantity of the sample with freeze-dried Pimpinella brachycarpa, its water content decreased. PBP4, addition
group with 4% of freeze-dvied Pimpinella brachycarpa, was shown to be the highest DPPH free radical
scavenging activity as 29.58. When adding Pimpinella brachycarpa to tomato sauce, a total number of
micro-organisms decreased. In case of adding raw Pimpinella brachycarpa rather than freeze-dried Pimpinella
brachycarpa, it created a further effect on an inhibitive action of growing and developing micro-organisms.
In the preference of tomato sauce with Pimpinella brachycarpa, PBF2 with 2% of Pimpinella brachycarpa
had the highest score as 5.1 for the color. For taste, 3.7, the lowest taste score, was shown in PBF1with
1% of Pimpinella brachycarpa. The overall preference revealed that PBF2 was the highest scoring 5.8.. PBF3
was scored highest with 5.9 for overall preference. From the comprehensive findings, 2~3% of the addition
ratio between raw Pimpinella brachycarpa and freeze-dvied Pimpinella brachycarpa in the production of
tomato sauce is considered the most preferable.
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{Table 1> Formula for tomato sauce prepared with fresh Pimpinella brachycarpa

Pimpinella brachycarpa (%)

Ingredient PBF0" PBF3 PBF6 PBF9 PBF12
Whole tomato(g) 4,000 4,000 4,000 4,000 4,000
Onion(g) 300 300 300 300 300
Garlic(g) 30 30 30 30 30
Olive oil(mL) 120 120 120 120 120
Pimpinella brachycarpa (g) 0 120 240 360 480
Salt(g) 20 20 20 20 20
pepper(g) 6 6 6 6 6
oregano(g) 5 5 5 5 5
basil(g) 3 3 3 3 3
bay leaf 2 2 2 2 2
Chicken stock(mL) 1,000 1,000 1,000 1,000 1,000

UPBF0: Tomato sauce with 0% of fresh Pimpinella brachycarpa
PBF3: Tomato sauce with 3% of fresh Pimpinella brachycarpa
PBF6: Tomato sauce with 6% of fresh Pimpinella brachycarpa
PBF9: Tomato sauce with 9% of fresh Pimpinella brachycarpa
PBF12: Tomato sauce with 12% of fresh Pimpinella brachycarpa
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{Table 2> Formula for tomato sauce prepared with freeze-dried Pimpinella brachycarpa powder

Pimpinella brachycarpa (%)

Ingredient PBP(” PBP1 PBP2 PBP3 PBP4
Whole tomato(g) 4,000 4,000 4,000 4,000 4,000
Onion(g) 300 300 300 300 300
Garlic(g) 30 30 30 30 30
Olive oil(mL) 120 120 120 120 120
Pimpinella brachycarpa (g)" 0 40 80 120 160
Salt(g) 20 20 20 20 20
pepper(g) 6 6 6 6 6
oregano(g) 5 5 5 5 5
basil(g) 3 3 3 3 3
bay leaf 2 2 2 2 2
Chicken stock(mL) 1,000 1,000 1,000 1,000 1,000

YPBPO: Tomato sauce with 0% of Pimpinella brachycarpa freezed-dried powder

PBP1

: Tomato sauce with 1% of Pimpinella brachycarpa freezed-dried powder

PBP2: Tomato sauce with 2% of Pimpinella brachycarpa freezed-dried powder
PBP3: Tomato sauce with 3% of Pimpinella brachycarpa freezed-dried powder
PBP4: Tomato sauce with 4% of Pimpinella brachycarpa freezed-dried powder
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«|  Added with bay leaves

Simmered at 80T
(1 hour and 30min)

l

Added salt & pepper

Fresh
Pimpinella brachycarpa
(0%, 3%, 6%, 9%, 12%)

Freeze-dried Pimpinella
— brachycarpa

(0%, 1%, 2%, 3%, 4%)

Simmered at 80C for
20min.

l

Cooled in cold water for 2 hours

l

Tomato sauce added with
Pimpinella brachycarpa

<Fig. 1> Tomato sauce made by adding Pimpinella brachycarpa
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<Table 3> pH & °Brix of tomato sauce added with Pimpinella brachycarpa

Sample pH °Brix
PBFO 4.43+0.05"" 10.83+0.06™
PBF3 4.49+0.02° 10.57+0.06°
PBF6 4.54+0.04™ 10.47+0.06°
PBF9 4.55+0.02° 10.30+0.10°
PBF12 4.55+0.02° 9.83+0.06"
F-value 9147 88.57
PBPO 4.43+0.05° 10.830.06"
PBP1 4.35+0.02° 10.30+0.10°
PBP2 4.29+0.04° 10.20+0.10°
PBP3 4.27+0.02° 9.6620.15°
PBP4 4.21+0.02° 9.30+0.10°
F-value 27.00" 93.15™"

Y Mean+S.D.

2 abedefenfeans in a column by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.

) <0.001
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<Table 4> Hunter's value of tomato sauce added with Pimpinella brachycarpa

Hunter's value

Sample L . b
PBF0 42.54+0.11"° 13.41£0.162%° 16.28+0.13°
PBF3 36.09+4.11¢ 11.5621.62° 15.1120.85¢
PBF6 34.8345.14° 10.97+1.72° 14.77+0.89°
PBF9 33.79+5.26° 10.49+1.24° 14.58+0.93°
PBF12 33.14+5.38" 9.95+1.76" 14.38+1.09°
F-value 24145 123.26™ 514.52™
PBPO 42.54+0.12° 13.41£0.17° 16.28+0.14°
PBPI 32.34+0.22° 10.080.13° 14.34+0.19°
PBP2 30.15+0.29° 9.40+0.15° 13.96+0.07°
PBP3 29.02+0.12° 9.12+0.03° 13.74+0.09°
PBP4 28.23+0.10" 8.82+0.13° 13.39+0.15°
F-value 3031.39" 598.13"" 21548

"MeantS.D.

zazcd:i\(/)le(:;i(;lls in a column by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.

A7bgFo] F7VEFE Akt folAQl Afe]
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EJ(2009)2] A3t EntE =28 EvlEs] wjgt
v &S gejote] Alx3t Bd EnfeEdro] F4
v wo] AFAT = FALBII o8 THsE
0 529 BEvlER EnfEAAE A ZAlE= L
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{Table 5> Moisture content of tomato sauce added with Pimpinella brachycarpa

Sample Moisture contents(%)
PBFO 89.7120.50™
PBF3 90.310.15™?
PBF6 90.78+0.19"
PBF9 91.06+0.08°
PBF12 91.23+0.08"
F-value 217177
PBPO 89.71+0.50"
PBP1 87.57+0.24°
PBP2 87.19+0.17°
PBP3 86.42+0.19°
PBP4 85.75+0.06"
F-value 9120

YMean=+S.D.
2)abedefy

Jyrar

p<0.001

5. ELI2 EOIEAAC| DPPH free
radical 2 HEA

=S A7l EnfEA 9] DPPH free rad-
ical 227 &A 2] W3l= <Table 6>3} £t} Ahn
SM %5(2013)2} Chae HS 5(2013)2] 17oA Z
UE-2 gitsl @48 72 ke BaEolR]
t}. Zn}E-2S 713 DPPH free radical A A
L 0% F7rol12.28% % 7 S ghe Bl
3% HA7HEE 15.40%, 6% H7HES 19.04% 12%
H7kro] 26.06%% 7HY =& @& UERiomn,
s Hrbero] S71EFE At fre

Means in a column by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.

5 HolH #& #s Hth(p<0.05). &
Uﬂra~ 713 ErfEAs B3 AR
S7HEFE fro A<l zbe] & Kol
A 7F-21 PBP47} 29.58% % 7}
%} 322 DPPH free radical 2272735 VeRTH

6. ELIE E0IEAAS| &S

FIES H7KE ERfEAAS 4TA 30
7+ s A 0, 5, 10, 15, 20, 30L 0 752
W3S =33 A= <Table 7> 2t} U=
S AR EREAAE 4T A Hasie] 49

<Table 6> DPPH free radical scavenging activities of tomato sauce added with Pimpinella brachycarpa

Sample DPPH radical scavenging activity (%)
PBFO 12.28+0.17""
PBF3 15.400.52"
PBF6 19.04+0.71°
PBF9 23.79+0.26"
PBF12 26.06+0.12°
F-value 962.52"
PBPO 12.2840.17°
PBPI 17.55+0.37°
PBP2 21.99+0.35°
PBP3 24.34+0.43°
PBP4 29.58+1.29°
F-value 27649
YMean=S.D.
2bedelh feans in a column by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.

5<0.001
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A S E AT 204, 30 SN E npR A 2
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of Fheg FH7bsHAl @2 PBF0°| 2.4x10°
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o] 7ol SUVEFE Fate] ASo] AE
Aths A7A3e dAsle sAd g 3

55 A7 BrlEAAE 10474 & Rl Eo|
AZE A @k A% 15900 2% H7FE7HA m
ALl HAEHUY FEs kA &2
PBPO°] 3.4x10° CFU/mL, PBPI°®] 1.9x10?
CFU/mLC.Z Yelyith A% 20441 B8 A7}

{Table7> Change in microbial content of tomato

A FA5 177
oA PlAE] HAEE e, 7Y e nA
Eo] &9 Z-& PBP0°] 1.8x10° CFUMLZ 1}
ERon, AAXE el Hrtee] 71
T5 AR HEPo] AaEAT HFHeR
302 A 7#Alol PBP0O©] 3.7x10° CFU/mLo.Z 7}
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sauce added with Pimpinella brachycarpa fresh & powder

storage at 4°C.
Storage time(days)

Sample 0 5 10 15 20 30

PBFO ND ND 2.9%10 4.1x10* 3.3x10 2.4x10°
PBF3 ND ND 1.3x10° 6.0x10° 2.9x10° 3.2x10°
PBF6 ND ND ND 3.1x10° 1.5%10° 2.9x10’
PBF9 ND ND ND 4.6x10% 2.5x10* 1.8x10
PBF12 ND ND ND 1.5%10 1.6x10* 3.8x10°
PBPO ND ND ND 3.4x10° 1.8x10° 3.7x10°
PBP1 ND ND ND 1.9x10 3.6x10* 2.6x10°
PBP2 ND ND ND 1.1x107 1.2x10°* 5.5%10°
PBP3 ND ND ND ND 2.7x10° 2.6x10°
PBP4 ND ND ND ND 1.1x10° 3.1x10*

ND: Not detected (1x10'CFU/mL)
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{Table 8> Sensory characteristics of tomato sauce added with Pimpinella brachycarpa

Sample (%)

Sensory PBFO PBF3 PBF6 PBF9 PBFI2 Fovalue
Color 4.0+0.25"" 4.940.202 5.240.25° 434021 2.4+0.28° 102.328
Flavor 4.6+0.24™ 4.3+0.20° 4.940.11° 5.8+0.41° 2.6£0.24° 104.902°
Taste 430.13° 4.1+0.74% 5.3£0.22° 5.3+0.19° 3.7+0.43" 14.830™
After taste 4.240.18° 4.840.33° 5.540.25° 5.0£0.91° 3.9+0.24° 29317
viscosity 3.940.21° 4.0£0.25" 4.0£0.27" 4.5+0.34° 3.840.24° 4.598"
Overall a ab . b . .
- 3.8020.51 4.28+0.26 5.6840.90 4.7620.46 3.760.40 10395
acceptability
YMean=S.D.

2pabedefy ¢

i

9<0.001
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eans in a low by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.
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{Table 9> Sensory characteristics of tomato sauce added with Pimpinella brachycarpa powder

Sensory

Sample (%)

PBPO PBPI PBP2 PBP3 PBP4 F-value
Color 4.0+0.34"* 4.3+0.20? 5.0+0.29" 3.8+0.20° 2.6£0.19° 62228
Flavor 3.6+0.28" 43026 4.940.19° 5.7£0.31° 4.10.43° 35173
Taste 431025 441033 4.7+0.33% 5.240.75° 4.0+0.51° 4.905"
After taste 4.10.44° 4.7+0.29 4.6+0.24° 5.7+0.19° 4.0+0.29" 24236
Viscosity 42+0.42" 4.1£031" 4.9+0.30° 4.5£0.37™ 4.00.32° 5536
Overall 4.0£0.43° 4.120.24° 49021 6.040.41° 3.740.48° 30,613
acceptability
YMean+S.D.

2)abedef

sk

p<0.001

Means in a low by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.



ANES A3 BEnfE Ao o]3dtd ZHEN 179

e

AT e vkl A Gl A Aike]H
Aom, E4A
T Ue e Adane 7P gol &
EnfEL 20 Hrleld JhuEe] AgR
T 7kt AHIEA B @A 5
=% L AvES A
aze] pHe FuES HrkekA o
PBF0°| 44302 71 57| SA =, &
Az Fas A1 BriRlse s
A7tk EnfE b= B R AR Hrhko
S7te= pH7L A4sielth 9 7“4’%*0‘
%718 PBF0°] 10.83°.% 713 =7 LUrels
EAAZ JUES AU BEufEAA nzz‘s_} /\]
75O Hrtke] SR e dasiith
A= JGES Hr1e EnfEAAS] LES 0%
A7btro] 7FE =L 42,545 YERI A aghS 0%
737}550] 13412 7}% =& 71.9. EFATE b3k
< AES A7k &2 PBFY} 16.28% 718
=9tk TAARS FUES U EnfEAs
o] LR, adk, bk 55 A= Hrleko] S71s
5 Al FZhol| oA Ql Apo] & Holm FHAsiith

SRS RS A EvhEdo] ¥
o

o2
1o
2
lo
fru
£ 7
&
ol
v
f
mO
ind
_.>i

fos > O -1 o2
oo 1o rfr a%
i)
ol

Hr
=
Hﬂ

do i o ¢

—

w A|ge] Hrleko] = =

t}. Zl}ES #7138 DPPH free radical &7 EA]
< e FAA xR e kel St
g5 A5 YA Aol E Kol =
T Hlom, FAARS FUE 4% H7keel
PBP47} 29.58 % 714 =& DPPH free radical &
AL vehlth a1 EnfEAas
£ 4CoA Baste] d@e A3 #74 0LellA
1097H4 = rlAEo] AEHA stttk A4 15
doll 0%E 7 tz=to] 3.4x10° CFU/mLO]
AL, 2% H7HE7HA] nEe] AEHiey 2

e

¢

zpo] & Holz] ggton, A4 2042 BE 7t
ol A mlAEo] HEo] HAom, 0% H7hrol
1.8x10° CFU/MLZ 717 =A] Yehdon, 4% =
7hto] 1.1x10° CFU/mLE 7P 2HA =23 =1t
30 = niR A 2 FhEe] ko] St
5 nAE T HdEo] AA velyh
FAAZXIG FUES HUE ErfEAAE 5Y
7R E mAEe] AEEHA % A 1044

1% % 7]"?‘7}‘%] U]/\gﬁo] 7~]ZQ q_ Xix], 200]

e BE A7t nlAlEo] AEEQlon,
FARAZY g ool T84S )4
B AEFo] 2augieh HEAo2 308 A%
Aol 0% Zd7kto] 2.4x10° CFUmLL.= 71 =
Al VEbsT) o] 9} o] E3elE u eSS E
n}l&E /\/\oﬂ 7<47]./\]oﬂ u]/pgg —6‘ BN ﬁ%O] 7‘:]'_
a¥9lon, e Hrle 2AARI AUES
Yol wf A Lol R go] o = Aoz

=

Atz RS A3 BErfE A sl V|aE
oA AL e 2%E 718 PBF27) 5.2 7}
% = VRt om, 3k PBF3©] 5.9% 71 &
Al HERtEE 8t FuE 1%E 371 PBTIC]
375 71 BHA H7bE Sl gk Slute PBT4
7} 3.8% 7W S 7k AT A ee 2w
A7t B AlE5Zte 2491 ato] & vEhA|
ookt z%xﬂxﬂ, o] 713 =& PBT27} 582 7H3
=4 Yelgth gAAx F3UES Jrke &
nfEAxo] Al AUE 2%E 37138 PBP27}
512 7F8 =) Jehkoen, 3ke PBP3©] 5.62
2 7P l&ﬂl Uebst B e 3%E A7
3k PBP3°| 2t} 572 7 A Vb, e
7P = Yebet dee
5 2%%5 3718t PBP27} 4.9 71 4T WA
9] 7|5 &&= PBP30] 59% 7P =4 UEhte
H, F=e] HrhEe] 71 B PBPA7E 3.6
2 7P wodth A< AR Kol EntEL
2 A zAlel Fd= H7MA e 6%, 2 xS
FEE 3% ArhlEe] 71 5 Aolgt AL
55H, e3|d AT oY e H7A

Zul% PBP3©]



180

T UEe B 7155 E Al Slole At
Aok vl A 78 & e AUE
& HA2Eol Agnz T 71 Hel HHstu
Qe BEnlEAxo HIIE lo] 7| hnBA
FEAT APEE A ek =T 92
gollA] Aatel = S B o] &-a thekel A FNE
o ZARER 288 F delol Atadrh

7
= %é?d&&
%—% zéﬂzs} EU}EJ_*-J L3k, ak b
Al7e] bl S7HETE A 7&°ﬂ ]
Apol 5 Holw asiiitt. FedEe T4
g Hum AR bl SRS
sttt s2Axd AvE 4% 7L
PBP47} 29.58% 717 352 DPPH free radica
S Uit FuEe ErfEasd 7t
Al MAE FHa AEe] AaEen, 4
Az Fus Hoe Jues do= 9ile
o n s A5A gl o 2 232 JE
oh AUES Hrle EntEsso] 7] EEoA
Ao s 2%E 7Fe PBF27} 502 7 =
Al vkt Bk s 1%E 3718 PBT
372 7P WA ko AAAS Vs
PBT27} 5.8% 7P =1 Uelstt s2871x3%
FUES AR BrfEAase Ae Fhis 2%
£ F7ke PBP27} 512 7HE A UERL
gkt Sk PBP3°] 7H =70 Wbt 1A
= PBP3°| 592 7P %A Uehsth

o 4 o

)

o

AoAe Y o

B o

—=

1°]

9l V3=
0|2 FFH0l AT Hol BEufELS A ZA
AHEY FAAXS FuEe] Hrmee 2~

gzl ste) ] A 207 Al 43(2014)

3% Abol7k 7V & Zlolet Alzsr, 252
a0l gl g Aele AEs Ake
A & 1‘411? Eu} 7]3‘;53 72A2 Ao) g}

°<>1

e 77t Bag oz Yol H, 4t 3
Aetel Azsaa sk AFHe zslel U@
A7t B Aoz e HHEE A2
Sol Agars Fo 1 Bol HAsn e &

ntE&zd] M7V st Ve anis dEA
A 71§ s Aolgka Yz
ARl =
o] =2 20138Pd = A Estigta g A
7] Aol s = AFUTH
&N=s

l'&c(zoog) 2 E2EANEAL 2008. 1. 4.
3 A ,Zz‘é | 45. 4715

Ahn SM, Kim MS, Jung IC, Sohn HY (2011).
Antibacterial, antioxidative and anti-prolifer-
ative activity against human colorectal cell of
pimipinella brachycarpa. Korean J Food Preserv
18(4):590~596.

A.O.A.C (2000). Official method of analysis 17"
Ed. Association of official analytical chemists.
Washington D.C. U.S.A.

Chae HS, Lee SH, Jeong HS, Kim WI (2013).
Antioxidant activity and physicochemical char-
acteristics of pimipinella brachycarpa nakai
with treatments methods. Korean J Food &
Nutr 36(1):125~131.

Choi MH, Kim GH (2002). A study on quality
characteristics of pimipinella brachycarpa kim-
chi during storage at different temperatures.
Korean J Soc Food Sci Nutr 31(1):45~49.



ANES A3 BEnfE Ao o]3dtd ZHEN 181

Choi NS, Oh SS, Lee JM (2001). Change of bio-
logically functional compounds of pimipinella
brachycarpa(chamnamul) by blaching condition.
Korean J Dietary Culture 16(4):388~397.

Ha DJ, Kwak EJ (2008). Comparison of quality
and sensory characteristics of tomato sauce
production. Korean J East Asian Soc Dietary
Life 18(6):965~973.

Ha DJ, Kwak EJ (2009). Comparison of quality of
model tomato sauce produced different mixture
ratios of fresh tomatoes and canned tomatoes.
Korean J East Asian Soc Dietary Life 19(5):791
~797.

Jang KM (2007). A study cookery utilization of pi-
mipinella brachycarpa N. for developing as
functional foods. Korean J Food Culture 22(2):
274~282.

Kim DS (2003). The changes of components by
different parts and maturity of tomatoes. MA
Thesis Yeungnam University, Daegu. p 1.

Kim JH (2013). Quality characteristics of tomato
sauce added with rosemary by different storage
periods. Korean J Culinary Research 19(3):116
~129.

Kim JH, Kim HC, Song BH (2009). Quality char-
acteristics of tomato sauces prepared using dif-
ferent tomato varieties. Korean J Food Culture
24(4):433~439.

Kim JH, Yoo SS (2010). Microbiological analysis
and antioxidant activity of tomato sauce pre-
pared with various herbs. Korean J Food
Culture 25(2):207~215.

Kim JH, Yoo SS (2012). Quality characteristics of
shelf-life of tomato sauce prepared by addition
of fresh dill. Korean J Food Culture 27(2):
193-201.

Kim JS (2002). A study on supplement use of

age-related chronic disease outpatients on korea.

MS Thesis Inha University, Incheon. p 1.

Kim JS, Song SS (2011). Quality characteristics of
fresh pasta noodles with perilla leaves. Korean
J Culinary Research 17(2):209~220.

Kim KB, Woo HM, Choi SK (2011). Quality char-
acteristics of dak-galbi sauce containing vari-
ous amounts of tomato. Korean J Culinary
Research 17(5):193~205.

Kim SH, Kong SG, Park DS (2013). Quality char-
acteristics and sensory evaluation of tomato
sauce with added perilla leaf. Korean J Food
& Nutr 26(4):766-771.

Ko KS, Jeon ES (2003). Ferns, fern-allies and seed
bearing plants of korea. Iljinsa. 481. Seoul.

Lee HB, Yang CB, Yu TJ (1972). Studies on the
chemical conposition of some fruit vegetables
and fruit in korea(1). Korean J Food Sci
Technol 4(1):36~43.

Lee JJ, Choo MH, Lee MY (2006). Effect of pimi-
pinella brachycarpa extract on lipid metabo-
lism in rats fed high cholesterol diet. Korean
J Soc Food Sci Nutr 35(9):1151~1158.

Lee JJ, Choo MH, Lee MY (2007). Physicoch-
mical compositions of pimipinella brachycarpa.
Korean J Soc Food Sci Nutr 36(3):327~331.

Mayeaux M, Xu Z, King JM, Prinyawiwatkul W
(2006). Effects of cooking conditions on the
lycopene content in tomatoes. J Food Sci 71:
461-464.

Miladi S, Gould W, Clements R (1969). Heat
processing effect on starch, sugars, proteins,
amino acids, and organic acids of tomato juice.
Food Tech 23(3):93-95.

Oh BU (2009). Life characteristics of plant re-
sources from korean forest (1). Korean Forest
Seed & Variety Center. p 37~72.

Park ID (2008). Effect of cucurbita maxima duch-

esne puree on quality characteristics of pound



182 Sz 8k3)A] A 208 Al 435(2014)

and sponge cakes. Korean J Food Culture

23(6):748 ~754. 20134 11€¥€ 05¢ A
Thomson KA, Marshall MR, Sims CA, Wei CI, 201449 05€ 209 13} =557
Sargent SA, Scott JW (2000). Cultivar, ma- 20149 06¥ 309 23} =8E5F
turity and heat treatment on lycopene content 20143 08¢¥ 05 32 =wT%

in tomatoes. J Food Sci 65(5):791~795. 20143 08¢ 10¥ =EAAEH





