ESTAEE b= PO ITEEC T AR e
b PREDO I v F A4 FEREOKRE

Wil K - Sl B
BN AL e

P b INIAOREREOGETIC L > TEAIRD LR - THLRE AW

b= NRFEOEITAMO BT chlorophyll I & - THOAE L TW54Y,  ILEB &
LCflEA & 55884 b~ b Tl chlorophyll (3#4E49, & L chlorophyll 23729 % & S5
OEINIREE/LLTLE S, S~ FRFEOEIL carotenoids [T X - THEH Xh, Foi
v fErvz flavonoids 2AFEEET 5.

b FREOFREIL, BHLAO L O lycopene F FiAN4: carotenoids ¢ 85~90% % % 8
~12 mg/100 g¢ DEET, T LkEGOO b DL lycopene & EDOEIA A 75~80% T,
lycopene Li#bo> carotenoids () B-carotene 734 <, FDIEHIT a-carotene, xanthophyll
HThHHL2Y,

EIOMEIICTICEERT, R X 2 —E RO T 2RI X OSSR O GE
2k AT 7 (Hunter color difference meter, Gardner color difference meter, Agtron,
AAFEAGELE) &, FHEBMNC LD carotenoids il LT, BEFOL & llE
AR & 1dp B4,

B oK, EREREACIMBETE Ao L e, BErEl T o laicEnrs s, ¥
P LWENTED L LR EDFEXRH D, BFLOANOREZ L MANILET 5
DIEFNEAB DD, SMENEMTH D LOREANDD.

F & TR TR O T U b ZH e HED R R, b= P RO MEFH L,
FIIEE LB D L THA D LIS,

Carotencids @ % %, lycopene 1XfRHCIg{LXh <, SREANTRLh iz, TN
I, MEMIFROD OO AFNEY T, Liedd-> T, {LHEIHIIC X 5 Mgk
IR 2 0N E BT, RN A ETRD 3 FkTH» 5.

1. ARED(1956) 7g E36D (1L OHEE b~ R B lycopene %oy - ML T, #Hilk
BAERTER L ToPTe i L,

2. ZECHMEISTER, CHLONOKY® (1950) Z {9 |33e#Efa35 > L T azobenzene # >
T DWICEEAET %4 carotenoid DEE KD T 5.

3. —HROEOWEONC X B LEEMOTLHREE A GICERTENAbRS. Ll
Pl E B F b TR SR Tu i,

T I TARERTIE, Thb3 D0 EVIENE L, b o & b METZ ik -

R e P O S
TEHFIS04E 4 A 301 571!
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5L Ll T, ZIFOREERRETS.

AREBMITIT Dy, MTEL R CCBRIE—#EE, FUEBWB#EE, BE—HES
L OB ORRBEE T T BN B RS OB RE T LB B 2R TS, Fio
BRI L 2L 00—BTH AT I OEGEEC LMELET S,

£ B A K

1. Lycopene 101112

B MNR BT RS TR Lo SRR b~ r o b ER RN AR A L,
BlmE lker 5L DDA AN, 1.3 D MeOH 2z T, BLUIRE 5 L, 2 M
HELR., ShaBRs[A8L T, BiEd MeOH, CCl, BEEHEK (1: 1v/v) 1.31 T204H
HEx2IEE 5 Lica b L, BEIABLEL. CoMBHEry 2REEL, TROFREEYE L
7oCCL B oML, £HEthT MeOH ZikPifh Lic., KK 1L {20528 L.
K BEHE NaoSOy % iz —1 i Uiz, BiK Lo % »i8 LT, NaSO, %%, 40°C
DB L CHERE L, Bml ORRERE L Lic. E5IT benzene Hml %k, L
BRL, FOURM L.

= O A 25ml benzene [TIAMEL, 50°C DERTMILL, SELICHEMLICE Z AN,
# MeOH 15ml% A R4 FTHTF, #IFLLE. SRPLECLL08, ZhEyERETHPL
Tk, K% 28T -7, ZOHEW A 10,000 r.p.m. 155 ORI CHE v D
1.
DR EEMeOH T L, # 2 A7 4 A 2 —THBL, FOE MeOH ¢ 3 HIBEH L

Folr— X =TT U, k=2 v Ika 5L, [WEIT116mg THH, ZDOm.p. Ul
172~173°C CTH o tc. FME X2 BTV X2 REiR T lc LTz,

2. Lycopene D¥55111,12,13)

Ca(OH)s 1 kg JELT30X 8emd 1 F A1SD0d, MEE 1 OERETELHL lycopene D5,
% benzene & pet-ether ORAEIE(1 : 1v/v)100mI HER L Ok 7 5 A0 FWHX
7z, JBBEIL pet-ether, acetone JBAW (4 : 1v/V% 1.20 (5 LCF - 7=

E&Fﬁ{ﬁ@( SRR UM U, lycopene BA UM LCE D, 210 acetone T lycopene %4l

7o, TRHAYE % 500m I TR L, 200m @ benzene % n% T lycopene % benzene =
oo Lo, ATEL < st i, Na0, L1 (LI e L8
LT NaSO, %k &, 45~50°C O A TR L1z, & 0% 10m/ O benzene T
HRL, SISt MOH ISmiz R LIS ST L,/ DRI S E TP LT
B 2 ek Lic.

#Edh %10, 000 . p. m T2 HEEIL L, EEEIE T, 24 MeOH T¥i¥ L, HUEO LT
V=2 —wfv, BETCEZELL. #REERALEL, mp 2174~175°C TH -
7z,

3. Lycopene Qi&EIEDIER
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Bl B fECRESL L 7z lycopene 9, 3mg% Ffi LT pet-benzine CLOfSIZFIR L CH 4
WG ER; (H 712480 TG AR 7 b & JIGE L.

DI Z OWHBMUES 7 7 A 2L E NS, 10, 15, 20, 25, 30, 40, 50ml% & hE
B, WOCEEAIE U O A (EE Lic, @ DR 445, 470, 475, 505nm TH - 7o,

4.  Azobenzene OWFE#HIRDIERD
WA3E azobenzene 145mg ik L, 96% EtOH CHfif L€ 100me g Lic. & OWIK
& 5 RRICH LG, HEEHEGT TG AR 7 b R IE LT

5. HRIMRIRIC & DWAEHIRDIER ‘

Lycopene, f-carotene % b~ bR BHEEL CRIRA 7 b A% JE L, AR
B AWICED HLH A B FE s Bk, lycopene o 47011m((:>}6H‘Z>E%2/”m % hexane A%
T3450& L, B-carotene ¢ 450nm it} % EI% #2505& LC1, ZECHMEISTER, CHL-
ONOKY®Z ¥ » T, azobenzene 145mg/100mi 1ZAH¥ L Tuw A & LTuw% lycopene 0.0078
mg/mf, f-carotene 0.0235mg/ml OWIEEEA TN Lic.  FiHs0x OKUBO et al. (197110
WX ofet, FTORIIES, 40fiEDACE LK.

RREREER

1. EBE lycopene L Y OixiiR

KR 1, 21Uz T b= P BEALHEEL 72 lycopene D#E A5 pet-
benzine AU & LT, ¥EEF0.4, 0.8, 1.2, 1.6, 2.4, 3.6, 4.0ppm &2\C, 445, 470,
475, 505 nm DY R I WA IE LIcERIARLICRTER Y TH D, i 445
470, 475nmO PRI KT AMERSH LR TER D TH - .

2. Azobenzene DWSEEE

Table, 1., Absorbance of pure lycopene isolated from tomato fruits
in pet-benzine

Wave length
Concentration :

445 nm 470 nm 475 nm 505 nm

(ppm)
Absorbance (0,D)

0.4 0.066 0.087 0.094 0.081
0.8 0.125 0. 164 0. 181 0. 154
1.2 0. 181 0. 240 0. 269 0.231
1.6 0.240 0.328 0.366 0.307
2.4 0.357 0.480 0.556 0.479
3.6 0.475 0.636 0.745 0.622
4.0 0.585 0.777 0.917 0.783
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Table 2. Absorbance of azobenzene

. in ethanol
0.7f
Absorbance (O, D)
Wave length of azobenzene
0.61 (nm) 145mg in 96%
475 nm EtOH 100ml
0.5 470 1m 400 2.28
10 3.03
0.4 20 3.76
455 m 30 4.29
0.3k 40 4.46
50 4.31
0.2 60 3.91
70 3.16
80 2.56
0.1F
90 1.86
500 1.25
Q 0.4 0.8 1.2 1.6 2.0 2.4 10 0. 80
Concentration (ppm) 20 0.45
30 0.23
Fig. 1. Calibration curves of pure lycopene 40 0.10
isolated from tomato fruits in pet-benzine
KR 4 WE Lz X 51T, azobenzene 145mg# 96% EtOH Ty L, 100nm WWERL,

IO R 5T LT, BEoEEER TG % % L 145mg/100m/l HI T L
THERIEB2RRTERYTH - 1.

3. BRAFEICEBEHAE

FEBRFE S LI X 51, lycopene @ 470nm @ E1% # hexane #ET3450& L, B-
carotene D450nmiZdsi} % E1Z #2505& LTI, azobenzene 145mg/100mIicHH343 % &
W& I TV %8lycopene 0.0078mg/ml, f-carotene 0. 0235mg/ml O IR B H L icks
BRES, BL4DERHITH T,

4. BEZO®BET

£ E BRI X Blycopene 0.0078 mg/ml, f-carotene 0.0235 mg/ml 1ZAHM43 % T 2~
7P NEFEDHEENAR 2 THB.

1) pB-carotene

ZECHMEISTER, CHLONOKY (1950)8 ¢ azobenzene # F|ff-3" 2 EE1EClL, B-carotene
DWIEEERE X 448nm T » T B, AERERIC 15 &, WA L » kb7 448nm
WHEIE Fs LU azobenzene DRYEEEL, FHFN 598 L4565 2L, HHBREOHEM
Roh, 430nmfi TSR LCu e,

2)  Lycopene

Azobenzene 1= L % E RED Tk 470nm O PR THRICIEMGE 21T - T2 A%, 470nm 1Z %
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Table 3. Absorbance of lycopene calculated from the extinction coefficient

Wave length (nm)

444 454 470 489 502 510
0.395 0.345 0.588 0.318 0.540 0.450
0.353 0.309 0.535 0.285 0.492 0.418
0.465 0. 405 0.705 0.375 0. 648 0.522
Absorbarnce® 0.400 0. 350 0. 605 0.322 0. 550 0. 445
(0.D) 0.612 0.550 0. 842 0.508 0. 808 0.683
0.593 0.530 0. 847 0. 489 0.770 0. 650
0.405 0.365 0.578 0.335 0.518 0.455
0.455 0. 405 0. 670 0.372 0.618 0.500
0.420 0.375 0.622 0.349 0. 565 0. 460
Total 4.098 3.634 6.020 3.353 5. 509 4.583
Total /6.020 0. 6807 0. 604 1 0.557 0.915 0.761
X 2. 691%* 1.832 1.625 2.691- 1.499 2.462 2.048

#  Absorbance of pure lycopene 0,003mg/m/ hexane,
# Absorbance of lycopene 0.0078mg/mi at 470nm wave length calculated from E{ac/”m
=3450 in hexane,
The equation of calculation ;
X(mg)xE1% x 100

Fx1000 :
Ey=value of O,D given at its wave length of maximal absorption when X mg of

Ey=

sample was dissolved in Y m/ solvent,
F=magnification of dilution,

Ei"c/”mz the extinction coefficient for lycopene,

X(mg)=content of lycopene,

G5 CEENT X AWICEE, azobenzene, §58y lycopene DWIEELFRFh, 2.7, 3.1,
2.0 L HHBEOHENRD LRI,
& DB 480nm ORI B\ THIL LT,

Fh 2 BB A D B 77RE, lycopene D E I RLED o DFTRm AT S Tl
DT, FOBME F~ P EED» DI ABENS D, FOLMBTHSC ERRTH L
ARSI LT, Uit THl o TEOFEMEMED ik T #HL 5 BE1H
5.

Do Z & BIEHEMIZT azobenzene ZHFIHT 2 kb R Bbh 52, ToOBHR
I B FDMEN RS D IR T 20ERH S 5.
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Table 4. Absorbance of §-carotene calculated from the extinction coefficient
Wave length (nm)
400 430 450 466 478 500

0.122 0. 245 0.337 0.273 0.297 0.100

0.118 0.335 0. 460 0.370 0. 405 0.130

Absorbance 0.110 0.230 0.320 0.258 0.280 0. 100

0.D) 0. 250 0.515 0.712 0.580 0. 630 0.210

0.330 0.695 0.962 0.780 0.850 0.340

0.095 0.180 0.237 0. 190 0.205 0. 066

Total 1.025 2.200 3.028 2.451 2.667 0.946
Total/3.028 0.3385 0.7266 1 0. 8094 0.8808 0.3124

X 5., 8868%* 1.993 4.277 5.887 4.765 5. 185 1.839

*  Absorbance of pure B-carotene 0,004mg/m! hexane,

** Absorbance of f-carotene 0.0235 mg/ml at 450 nm wave length calculated from
E1% =2505 in hexane,

lcm

The equation of calculation ;
X(mg)

xE}% %100

Ey =

%1000

The others are the same with those in Table 3.

Fig. 2.

Absorbance (O,D)

Wave length(nm)

of azobenzene in 100m/ of 96% EtOH
A. Azobenzene 145mg in 96% EtOH 100mi.

(calculated from the extinction coefficient),
(calculated from the extinction coefficient),

m! in pet-benzine,

Absorption spectra of tomato carotenoids in proportion to 145mg

B. B-carotene 0.0235mg/mi hexane
C. Lycopene 0.0078mg/ml hexane
D. Isolated pure lycopene 0.0078mg
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R R ORI A AT OB BT DB L TR WTIha T 52 &
THHD.

1 L3

b P TEEMNSL - L b TOMEAEL TS0 T, Z oWEDHEEHL - %X
RETH S, OHROENWEREICOWT, &I lycopene DFGIMIZEIL LS, BAFER
Fiisig oo Cililii s e <, FERELT ik v Bivekie,

a. EDOWE b~ PRI HEOI TN U ER L, ShatiemE e Uit
B (R 2 Dk,

b, LM E & U R I azobenzene % [\ TR & VB4 5 5k,

C. HOFOBEW IV DM OB ERBCA FIN 3% Jiik.

T ZTARFERTIE, Thb3FEOWIEART PARIIRL, b~ PEEOL - &b HGH

U CEMIEREOFRRAARS, T ofREa .

1. B-carotene [ DT, FERFIH i Cuiodids 448nm FiT 0 3 7k oGk

BHBEOMBEN R b icsy, 430nmfiECilads b BT LT,

2. Lycopene {22 Tik, FERFIM &R Tuio il 470nm BT OGRS Crk 3 J5ik o H

W& HRREOHIE AR 5o 3 480nmpff T hs s D #AF LTy iz,

3. Do X b e 3ns azobenzene ZFIHT 28B40, oS BRI REY EE
THLEDRH S 5.

4. FESRTERGE T O TETC IRMMES S b, I E R D121k azobenzene i JLHER
RELTHAT 200 B2, RROFERIIEOTEOZERIC ST 5B AB ML L TR
WTC, ZhEFIMTAHETCHS .
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Processing Adaptability of Determinate Type Tomato Varieties (4)
On the Methods of Carotenoid Determination in Tomato Fruits

By Takashi Ijiva and Hideaki Maruyama
Laboratory of Food Chemistry, Fac. Agric., Shinshu Univ,

Summary

Color is the most important factor in tomato products. Therefore, some convenient
methods of carotenoid determination in tomato fruits or products are necessary to be
presented. Three methods for carotenoid determination have generally been used such as
below. a. The method by using pure carotencids seperated from tomato fruits at each
experiment for standard pigments. b. The method by using azobenzene for standard
pigments. c¢. The method by using the absorbance calculated from the extinction coefficient
previously reported. In the present study, the absorption spectra of carotenoid pigments
obtained by above methods were compared with one another and tried to find more
convenient method for determination of carotenoids,

The results obtained were shown as follows.

1. We found a pretty discrepancy among the absorbances of §-carotene at the wave
length of 448nm by these three methods. On the contrary, we found a considerable
contiguity among those at 430nm.

2. We found also a pretty discrepancy among the absorbances of lycopene at 470nm,
however, we found a considerable contiguity among those at 480nm.

3. From these results, when azobenzene is used as standard pigment to make the
calibration curve, the wave length for measurement or the coefficient for calculation
requires further examination,

4. The confirmation of pure carotenoid pigments seperated from tomato fruits has
been thought to be difficult. The method by utilization of azobenzene as a standard
pigment, therefore, is surely a good one, but we dare say that the best method is to

make use of the extinction coefficients established,
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