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ABSTRACT

Lycopene is the red—coloured carotenoid predominantly
found in tomato fruit and one of the major
carotenoids in the diets of North American and
Europeans. Interest in lycopene is growing rapidly
following the recent publication of its effects as a
natural antioxidant and prevention of cardiovascular
disease and cancers. Lycopene, a polyene hydrocarbon
carotenoid having 13 double bond, of which 11 are
conjugated double bonds in a linear array exhibits a
strong antioxidant property almost twice as strong as
that of P-carotene. Lycopene has been shown in
recent epidemiological and experimental studies to
protect against oxidative damage of DNA which
plays an important part in development of various
cancer. Lycopene also contribute towards reducing the
risk of cardiovascular diseases by preventing oxidation
of low-density lipoprotein(LDL) cholesterol.

This review summarize our knowledge and the
current understanding of lycopene in human health as
well as the results of experiments we conducted. We
conducted experiments for investigating the effects of
antioxidant in broiler and the . possibilities  of
production of high quality eggs containing lycopene
by the dietary lycopene supplementation with
synthetic lycopene or tomato paste. The results
shows that thiobarbituric acid reaction substances
(TBARS) values in process of LDL oxidation in
blood serum of broiler were significantly decreased
by dietary lycopene and tomato paste. The dietary
lycopene supplementation resulted in improved egg

yolk color and in decreased the malondialdehyde
(MDA) of egg yolk after 4 wk of storage at room
temperature significantly(P<0.05). The dietary tomato
paste was more effective in the MDA reduction
compared to the lycopene(P<0.05). The contents of
lycopene in egg yolk of the lycopene supplementation
groups were significantly higher than those of the
control group.

» Key Words: lycopene, tomato paste, antioxidation,
anti-carcinogenic effect, LDL oxidation, TBARS, MDA,
high quality eggs
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7t 29 o) A8y Wi QA sl #& At
£ W A 93] E4E 94 4EE F=vhKhachik

Lyoopene@] A= L EIDL SIS AREAIO] SiAtSION DXl 98 17



MR s=soisse 871538 3 gatEs]

|

Table 1. Physical properties of lycopene

Molecular Formula
Molecular Weight
Melting Point
Crystal form

Solubility

Sensitivity

CaoHss

536.85

172~175 C

Long red needles from a mixture of carbon disulfide
and ethanol

Soluble in chioroform, hexane, benzene, carbon disulfide,
acetone, petroleum ether

Insoluble in water, ethanol, methanol

Light, oxygen, high temperature, acids

(Adapted from Shi and Maguer, 2000)

Table 2. Comparison of antioxidant activities of carotenoids

Singlet oxygen quenching Number of conjugated
Kq(10°m™'s™) double bond
lycopene 31 11
B-carotene 14 9
y-carotene 25 7
a-carotene 19 9
lutein 8 10
astaxanthin 24
bixin 14
canthaxantin 21
zeaxantin 10

(Data from Di Mascio et al, 1989, 1991; Conn et al, 1991, 1992; Miller et al,1992; Gross, 1987)
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Figure 1. Structure of cis-lycopene (Adapted from
Shi and Maguer, 2000)

AAAE FAE & J&d, 2 5,9, 13, 159A g4
A cis-o]3AAE A A FriHolloway %, 2000).

A g AM Enlg 9] lycopened FE all-trans
Fola b ol dAA M Hl& Do 7HF kAl E
n e 7 A% BAZNA o] all-trans Fo) cis-3
Bel o] JAA R viAA Erh ERES 9822 § o
7HA &4 FoAE al-trans 82| lycopeneo] 9 &9
FH met 35~9%6%2] HEE EA5H 5-cis9 oA
AAle 4~21%9 v&& AAI 9-—cis IFZAAE <
1~14%, 13-cisst 15-cis9 oA AAE < 1~7%7F £A)
$tth(Schierle 5, 1997). 28y Alge] oA wAsE
lycopene 50%°]4o] cis-o)4 A A o)l th(Stahl 5
1992;Schierle 5, 1997). ©)= all-trans lycopene©] AA9]

Aol A2 e pHY FFgoz o|dds A
(Boileau 5, 2002), cis-Fe)9] o|XHAA} EF

Z g3E F F4H7] dEolgn s th(Stahl
Sies, 1992; Boileau %, 2002).

2. Lycopene 399

Lycopene2 EnlEC] F5-3t carotenoid2A] &7}
THAZ AoEe ds7)d S48 1 gFo] I}
A =Y ErtES FFo wat lycopened] o] th
ZtHShi®t Maguer, 2000). g¥t#el £22 EnlE 100
g 9 3~5 mgel #&H AT FZ wEME 15
mg A=Vt &HE EfER oy Ao EnlEd =
05 mg A% &F5 JhHarte Scott, 199%). EVtE
9 lycopene F2 EvtEY o] o] Ex|sh=d
ol BnlEY A4 lycopeneo] o] H2tgo] glth
© A& 9u]FrHShigt Maguer, 2000). ERLE F2, A
A, paste, 29 AE AA AT ZT lycopened &
FTEYYd Table 39 EvlE 2 ERE 7HF 4 E9
lycopene & Uehdh ErtES EviE JME 4
FolE lycopene ©]9ld|= phytofluene, phytoen, {
—carotene, Y-carotene, B~ carotene, neurosporene 1]
I A% lutein 53 ZL carotencidEo] 5ol ¢l
=4 lycopene ¥F+ ofug} o)o} e o2 AR L At
3 ZHeM L 4% FrHTakeoka F, 2001). E
ntE o]9fo® Fub Folrl(guava), FIkol FolE A
33 ¥ FF9 lycopeneo] HrElo] x, HZ,
A, A7 A (cranberry), £ ST A
lycopene®] HZ&HTtHShi¢t Maguer, 2000).
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n
,

Table 3. Concentration of lycopene in tomato and tomato products

Food T Lycopene Amount Amount
oo ype (mg/100g wet weight) | per servingimg) Serv[i)negr Size
Tomatoes Red, fresh 3.1-7.74 403-10.06 130 g
Tomatoes Whole, peeled processed 11.21 14,01 125 g
Tomato Juice Processed 783 19.58 240ml~250g
Tomato Soup Canned, condensed 3.99 9.77 245 g
Tomato Paste Canned 30.07 9.02 30 g
Tomato kechup Processed 16.60 3.3 1tsp~20g
Spaghetti sauce Processed 1750 21.88 125 g
Pizza sauce Canned 12.71 15.89 125 g
Pizza sauce From pizza 3289 9.867 slice~30g

(Adapted from Nguyen and Schwartz, 1999)

LycopeneQ] Al= LK DD SAHQE AetHof SIMSI0 DIXl= &8 19



" HM2A- st=kass] 153 R sadEs] _"

glol] i3t oul Fabo] thet o] FAFEWHA lycopene
EnEZREH $F£3% AFo] #uHa glow, B
ZHE FE3 lycopened ©]&AE Fol7] AT W

+4 2o Sog o XgE 3 AlE(lactolycopene)©]
511 gle rqy gskd IgHE AR g sfayo] AZ
grjE)a JthRoche: Lycopene, BASF: Lycovit).
st g o8 FAE lycopene EE 4 T
S 9% A AF BF o)A HAY ERE
lycopeneﬂr o7k itte AF Adse] EHEHL ot
(Hoppe 5, 2003; Richelle %, 2002). &3 E colig ©]
23 e A48 n gEd Kim® Keasling (2001)2
E. colid) straing Ho|AlA lycopened] #4ES S7HA
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3. Lycopene WA} 34 ¥ =4 2%

Lycopene® WAl I3 & &8A A Fo}
carotenoid FoA 2 dAb HAo] vuF 2 A 3
t B-carotened WA HAFH AA ok =], dF
T-J carotenoid= A& 23 Ui At ExE A
s glomz Ay FFo &A7F AHClinton, 1998).
Lycopened H]%3 BE carotenoide &7 433 A4

HES B39 A8 dstel A4FE YA U

o2 o]&dtH(Parker, 1996). ol lycopene® #& 7
A 34 carotenoidt A wH A of& HEQ A4
FA ANRER A Hi, F4EL W& carotenoidE
ugE Edd A Hoh dH  a-, B-carotened
lycopene LDLo| <& o|$=1 lutein, zeaxantin,
canthaxatine® B-cryptoxanthin 53 %<& carotenoide
LDLZ HDLS| 93] °}%-¥t}HClinton, 1998).

EUlE lycopened 7} #A S AXA HEA A2
59 matrix2FH A FEHAU, °ﬂ°ﬂ o3t
trans-BAA cis-BL.2 o423 Hd F580] 9 =
ofA 1 A AFAsteE FAFF g -’F%O] o =
o} A THStahl?} Sies 1992). FAE H7bste] dE Ew
E 25 A3 54F9 d$x ¥ fA 73
ErE F28 448 o 20k % F9 lycopene §
=7t Al A= o =ohStahld} Sies 1992). Gartner &
(1997)2 Aol Al lycopene A# %ol 23 mgo]l HA E
U E pastedt 7HEEHA &L AN ERES AHFREE
A & AlgTe % F

-

i

F99Y EFE pasted 47 =
lycopene o] 250 o Btk Husgr o &
g A4S A ErLE pasted lycopene F5-&0] %7
B4E AANA FL& EME B H l';S’ﬁ oo o},
H vitaminA ¢ 2°] lycopenes 73 @Az &
Agste FEOZ Fstn e o9 Ze AFY

Fres Agsted Vol HE H4 lycopene 3H €

$%2 4 (passive transport)d] ko] o] Hdh& o2 EnE paste’} A3 ¢t} Richelle 5(2002)2
E3le] 5 AHRao%} Argawal, 1999). mEbA A A F3ET 502 AT lactolycopened] ©]-&8E Abg
23 FAFY At 247 54 carotenoid®] 70 o] @43 37 AuE £3l0] ZAIYET lactolycopene?]
Wt micelle FAsE Ao vE2n FFEE tEd EvlE paste$} B3l o] 840l Ml&dttn L
HoH(Parker, 1996). &4 ¥ carotenoid® chylomicron$] Hoppe 5(2003)& 3}stA wbglo] o3 Aatd 34
e = E‘“?ﬁﬂ AR g9 @A PEH PR lycopene?] ©]44% EFfERRE faE A9 lycopene
ol$5 i o] ¥ ¥ A gWAS Fato 7+ 7% 3 H)a 2AEe] E4 lycopenet A lycopene A7}
itk BashEA AW FFE
‘ , , lycopene®] d-carotene, B-carotene, [
Table 4. Concentration of lycopene in various humgn organs . eryptoxanthin, zeaxanthin % lutein
Tissue Stahl et al. Kaplan et al. Nierenberg and Schmiz et al. c e e e Eol old
(1990) (1990 Nann (1992 (1991) s 4 carotinoid® e} F5F 1
-—— nmol/g wet wt —- A& wasr g=dn 91,
Liver 1.28 245 572 Johnson %(1997)% B-carotene
Kidney 0.15 0.39 062 1ycopene4 TE %Hﬁ]-b]- lyoopene
Adrenal 1.90 21.60 2 B-carotene®l F5E AAAZ
Testes 434 21.36 7wk
Agi\p/)aorie 832 ?gg g A e lycopened] o
Lung 02 057 BEL gil-trans FJul v Ap
Colon 031 o] g Y& lycopene trans-
Breast 078 g7 cis-Fo] 49 rHRao%
Skin 042 Agarwal, 1999). A e A AL

(Adopted from Stahl and Sies,1996)
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o] Ao A 4tstEo] epoxided BT & dAbY &4
$AE AR 56-dihydroxy -5.6-dihydro lycopenel.
2 Ag=(Khachik F, 1997).

Ad A E 2t lE lycopene ¥F F HDL
3 Hoe LDLY VIDL #38d 1 5%7} =vH(Stahl
3} Sies, 1996). Lycopenes Algel ZAd A FHEd]
HAsle SAEd giHo YE carotencide] F7 U
¥ 3tx] gom EA FEHdA &5 AEF

oo nl

AE EA carotenoid’l 2 2ol E¥E3}
A BtHRao% Argawal, 1999). Table 4% Stahl3}
Sie(1996)7} o1# 239 lycopene F=ol #3 AT Ui

g ZQMe 2 A3l wet & AolE
HoFa gty dubE o2 lycopened B4, AL 7H
2 3 59 2FAA A2 carotenoid T 7HE B
carotenoid ¢! g (Clinton o, 1996), ol& g ZFd+=
lycopene®] F ©]% 92 LDL4 receptor’} %7) w
3 Ao FAHHHKaplan 5, 1990).

4. Lycopene?] AZ3%t3 &4

Lycopened] &34 249 Z7ko] He A& A H
A lycopened] 7 Fits) A4S &

5, 1992; Heberst Lu, 2002). 3413t #-4-& DNA &4
o] A, JAFLEY AEH dud NF 4 Je A
E AEY AETH Aste] dA9 Z2E Bl 9
(Shi¢} Maguer, 2000). & WA Z lycopene> A X
7+8 gap-junctional communications Z7HAIE &
He Lo zH PYFTFS Itk % sHZhang 5,
1991). 2 ¥} lycopene® A ¥ 7+e] gap-junctional
communicationd] WM E AFAIF a8 BA @&
7] W&ol old UM Bg AFd AEo] FoF
AR AEHT

1) A5} &AM

A3t 2B 2E o B 2 A 27 &4 93
29 F8 F7F 820 tHThomas9 Kalyanaraman,
1997). 28 &9 o8 d7AE 9d Iycopened F
A3k 849 qig A7t de F3EUT 24E
5 HAEE o83 in vitro A4 Matos 5(2000)2
lycopene©] AME=Z7 DNA A3ta $448 olFe
AES atn FHHoR 45y S o3 T4 P4
& A&t ERE Vg + ddu dgd £5 A
T ME o]EL ferric nitrilotriacetateS ratel 4] F¢
A P& o lycopene T 7olA DNA &4 7 23

Adad 479E #F3)

rr

HAZE A FEEA FUrt
A Matos =, 2001).
Thiobarbituric acid ®& /“ff::% T3 ohdst
carotenoid® FArst & ZAG AFA lycopene
of gatg g4l 7MY Hd Ao®: e TH(Stahl
. 1998). Peroxyl radical®] E&d| 93 carotencid?]
iz} 2Hgo # AT E lycopeneo] 7HE E&F
0]9lal cryptoxanthin, lutein, zeaxanthin, B-carotene®]
TOZ Fe7] AA FYe] AU Miller 5, 199).
kaler 5(1994)& Agre] WAMNEE )83 in vitro
T2 B8 We zAld Axd &4 FEE 4
lycopene«] gk dAsEe] 7 Holwa 2 thgol
astaxanthin®} B-carotene Z¥]il canthaxanthin® <
otk 238 Hud¥th 54 carotencidE ©H2.
2 AREE wo] H§ carotencidE EF AMEFE uf
H ZAFe|em, E3) lycopened lutein® &3 ARE
Al Agadzt 71 et dth(Stahl 5, 1993).
EnE AEE& =3 lycopene &5 38 in vivo &
gk 53 4FE A= AtHRao®t Agarwal, 1998).
EnE AF(237EH 422 2 ERLE oleoresin)g 1F
U F49e T A9 thiobarbituric acid-reaction
substances(TBARS)7F roJatAl Zaste A7t @
HAZ, KA Aol Ao 9 F3} DNA Akt
#Hade A%E 2o FUY Riso 5(1999) 94 Evf
E 3 AF HH $ol AskE el i WA
¥ DNAY ZAo]l 7Z2gdvn Bastgdch 19 40

N
>
‘r"[u

i’c‘i ?W(Pool Zobel &, 1997)

HuA Ae ke EntE AEE 9rzt HHsd=
ditst Aol R HE X 3tk Porrini® Riso (2000)
= 25 g9 ERE puree (Tmg9 lycopene® 0.3 mge B
—carotene®] IHE)E A XA 1497 FAs T
A 2E# 2 Eﬁﬁi ATAE ZAFE Ao
AMEe] DNA &40 50% AL #adigon
g3 2 "W T W lycopene & AHEHE DN
A o= oo ABBAs YT EI_J_o]-OﬂE}
o Riso 5(2004)& #-& %9 EvlE AF

2 AAYE o ROSI & DNA &4-2 ﬂxﬂe
tl, ol lycopene EH % EnlEd
vitamin C7F 454202 2-437] yiEojgds &
P& AN AT

—_—

O(

ﬂ:DJlm

2
o it 32 fo rlt rh ok rd

=)
I

2) M aA Ast A cholesterol M5t g1
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= 332 4380 Rao, 2002). Al
= 27494 LDL U9 tHE23A

I 2834 LDLE Atgdoz WA
oM FUZE 2 AIAA AL FEANIH
(Shiremnan, 1996). Carotenoid®t &3t vitamin®] 4%
Z7he 9432 dwsiAY Ade JdAste RS
w3 3 oH(Duell, 1996). Lycopened &3 Ad#A A&
o A g3 9 itz F4F A @] ok

Agarwal® Rao(1998)+ lycopenee] €% W A2 #
A3+E A3 LDL-cholesterold] At3tE AT o 2N
=l Asle] g3 gAAAAAst 2 9E8E TAA
AohiL WE} EvlE AES B3 19 40 mg o4
lycopenee Ao zA LDLY Aas 433 A
= 9 1:}1 Jazd, ot ErE 7 28 ATd %
3lE o]t (Raod} Agarwal, 1998). EvlE FAE B3
lycopene® Aol 9siA = LDLE Ak3trt oA S =
(Maruyama %, 2001), o]¥ 1% %9 vitamin E 5%
fAEE Azl 7Ea g 3o t{Upritchard, 2000).

2 lycopene % 729 BAAZASE B9 FIt
o Z& ARAA dfol UAHUrHKristensen
,1997). 59 107029 bgd Age gaes & o

g BALH A2 B lycopene A7 AFEHE
ZaNZde Ayt Ba H 9K Kohlmeier F, 1997).
Willcox 5(2003)2 lycopene Sol% EmtE o o
3 oo ¥o]l dS cholesterol @ homocysteine T
o Za, 29 $49 Ade fEgoEs 488
A%S ZAAaA7G%E 4t LDL ALE dAlste &
go] oM vitamin E 2 thFst HA FASHA
(glabridin, rosmarinic acid % garlic)$} £ AH&d&
n AsEdrt $3dge FNEE A3 AXEAS
(Fuhrman %, 2000).

Fuhrman $(1997)2 in vitro A& A B-carotene
Iycopene®] ['HI- acetateZ%E 9] cholesterol &4&&
77 63% 2 73% AAaAFHeH EvE lycopened 1
d 60 mg¥ HET FAds @ ¥ W LDL
cholesterol %7} 14% A= FY38A ZAsAtL B
2 Ed o]& lycopenes HIE3 carotencid’t EF
cholesterol A3l &3 wlI7FA R cholesterol A3 34
¢ rate limiting enzyme(£%&4)Q 3-hydroxy-3-
methyl glutaryl coenzyme A (FIMG-CoA) reductasel
g A 9s TIPS Yehle 2ol

-ﬂdnd

3 HIis MH F ok oM 23

89 71“ a3t disidE
FHHAH.

Lycopened] 23 WS
olu] 404 d AYH v #¥W ATt

22 LycopeneQl A2 LI EIDF SHIQ ARE0] SitiSi0l OIRl=

X-4 A2 & miced| Al lycopeneE FAYE uf A
&o] Eolgou(Forssherg 5, 1959), B4 W FAE
53 Ro] Fo| dEgo} g tig Aol Futat
E 297} #2EUMNLingen 5, 1959). Ribaya-Mercado &
(1995)L lycopene®] UV ZA} Fof Abstd XE g 2o
g g5 &4 das FHTa A
AstzAlo A lycopened ARALE v|EI EF &
2HE BIIH} o] AXEHANL, FEAE
%} ZALSE T4 in vitro B in vive ATAE
F Adyh #EE AT Stahld Sies, 1996). S
72 38 p-carotened] AH 2 T U T&
e e Ay AABAE JEMA G Buring#
Hennekens, 1995). ¢F 2800719 case-contro] ATE %
& AXE ErtEY AAE ZE FHY 2UA &
dogRE BHo it gov, & w4 94Y A4
£ lycopened] AF} A #Aol SUUTHFranceschi
5, 1994). 4 A7 FoJd 35909 gedd dae @
2 W carotenoid FEE ZAINE W EHZ‘TLOH Hsf 3
Z lycopene 2 selenium ¥=7F FSA wiH
(Helzlsouer &, 1989). #7d< &Afell oig
AFNME AR Art #REHAT ERE, EvtE
2, gAe 2] lycopenee) FHE HEFE TH
4ot APALY BA e fo l"i— AR A
7} 9&o] Yt Bumey 5, 1989). ¥ EUIE
2E APAL T AadAT) °191*‘E 1, ol
2 U9 lycopene &571 ¢ H&-S AAbehe Aol
L?.HH & AHNMT lycopened & A X AA
—l ]QQ‘E EJ’]'EO] ’\]/‘}Q,\/\E}(Dorgan G, 1998).
Lycopene®] o <Al EH??H/H‘C in vivo 472 B4
= FAHd gHF 94F¥ wh Aok Lycopeneol TF
3 Ay Holg Fod FHolA °’“°L«1 Bgo] f

12
o q

al

o\

g
19
=
3

BN
S~

>

(¢

93t A ZAHIH (Nagasawa 5, 1995). Dimethyl
benzanthracene FAFE B3 Y-S %tl‘;} 171 A8

A& gz v& lycopenee]l ¥ EWE paste 7
oA FUd A TF LAWA] KA ¥
obAth(Sharoni %, 1997). Lycopeneo] Al%E7+e] gap-
junctional communication® FETOEN Lo WL
AAANNGE A3 (Zhang 5, 199D)%E lycopened] 4t
3t A3 "o gube] @ Aol AAEHIE &

[on
r

|

ol

=

A9t 2 AT AHELS lycopened] FFAir3 Z-go
7tx Ade S dAsAY dshe 3t ﬁl%
< Aatsta YE, Visioli 5(2003)2 AHgddA €Y
mgd EFE lycopened 3F F¢ AHSH o}"ﬂﬂ‘%
ol lycopene o] F7FHHA LDL Akshst 7hAs)
9} (P<0.001) dtgeH, Agarwald Rap(19R)= E
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vlE lycopenes ERIE FA 58 234 1999 A%
g G A Fosady A F9 lycopene TES
il A% wobdm dAe cholesterol & W37}
o1} TBARS #& 934 &
Lycopened| #4t3 Z3& °L°}E71 flsto]
A4E Ross & 198 3ol 160+E 48 &
FTA3tL NRC 27319999 71Eg FFAY 4
e dUL FFE M dixT ARE 7R AIRE
8] &4 lycopene 10 ppm Z7HF, 20 ppm J7HF, E
UlE paste 1.7%Z 7134 lycopene 3H&o] 5 ppmo]
HA & EvtE paste 7HF T dlzTe @4 AA 4
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Table 5. Effects of dietary supplementation of lycopene and tomato paste on LDL oxidation in serum of broiler chicks .

minute

0 30 90 120 180 240
After 2wk e TBARS nmol/mg LDL protein-—-——
Control 6.48° 6.47° 9.7 17.37° 32.49° 39.06° 39.98°
Lycopene 10 ppm 6.10% 6.58 7.6 12.30° 18.42° 28.10° 32.76"°
Lycopene 20 ppm 493° 5.03° . 5.58° 8.32° 16.10° 24.76° 29.06°
Tomato paste 1.7%' 517" 5.50° 6.26> 8.09° 16.17° 24.20° 28.93°
After 4wk TBARS nmol/mg LDL protein————
Control 6.20° 6.26 8.597 15.60° 2435 30.39° 34.20°
Lycopene 10 ppm 5.33%® 5.63 6.83° 13.93% 1849 25.90° 30.25
Lycopene 20 ppm 5.28% 5.75 7.03° 14.69%°  19.11° 24.43° 29.64°
Tomato paste 1.7%' 481° 5.20 6.22° 12.58° 18.46° 24 50° 29.95°

*° Means *+ SE within the same column with no common superscripts differ significantly(P<0.05).
" Approximately 300 mg/kg lycopene in tomato paste supplying 5 ppm of lycopene.
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- Table 6. Effects of dietary supplementation of lycopene and tomato paste on yolk color in laying hens

lterms Control 0 oo Lycopene 20 oo Tomato pastel.7%
Yok color e RCF

1 wk 6.76 + 0.09° 862 + 054 9.17 + 054° 760 + 0.16%

2 wk 7.15 £ 0.04° 854 + 0.12° 9.06 + 0.06° 743 + 0.04°

3 wk 773 = 009° 890 £ 027 10.19 * 0.15° 813 + 0.13°

4 wk 8.15 * 0.10° 1022 % 0.19° 1031 + 0.07° 9.03 + 0.16°

5 wk 756 + 020 944 £ 030 1003 + 0.16° 808 + 0.23°

""Roche color fan.

" Means + SE within the same row with no common superscripts differ significantly(P<0.05).
2 Approximately 300 mg/kg lycopene in tomato paste supplying 5 ppm of lycopene.

Table 7. Effects of dietary supplementation of lycopene and tomato paste on MDAT of egg yolk after 4 weeks of storage

at room temperature(24C).

lycopene

control

Tomato paste 1.7%°

Egg yolk 2.55+0.12%

174+0.09°

0.97+0.07°

"' MDA : malondialdehyde

2 - . .
Approximately 300 mg/kg lycopene in tomato paste supplying 5 ppm of lycopene.
¢ Means *+ SE within the same row with no common superscripts differ - significantly(P<0.05).

Table 8. Effects of dietary supplementation of lycopene and tomato paste on lycopene concentration of egg yolk and liver

in_laying hens
lycopene Tomato
control 10 ppm 20 ppm paste 1.7%'
-— uglg —- :
Egg yolk 0.174+0.016° 0.795+0.075% 0.881+0.060% 0.425+0.049

I_Approximately 300 mg/kg lycopene in tomato paste supplying 5 ppm of lycopene.
*° Means * SE within the same row with no common superscripts differ significantly(P<0.05).
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