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Fig. 2 HPLC profile and relative distribution of carotenoids in tomato fruit
harvested at mature green stage and ripend at 20°C,
Peaks ware detected at 451 nm (solid line), 350 nm (dotted line, 6) and
290 nm (dotted line, 7).
Table 1 Absorption maxima of main carotenoids in tomato fruit and HPLC
peak identification.
Wavelength (nm)
Peak No. Solvent* Experiment Literature™* Compounds
1 H 418 443 472 420 445 475 --eee- Lutein
2 P 442 468 499 443 469 500 ------ Lycoxanthin
3 B 455 484 517 455 487 422 .- Lycopene
4 H 378 399 424 380 400 425 ------ {-Carotene
5 H (423) 448 475 (425) 450 477 ------ B-Carotene
6 H 330 347 366 331 347 366 - Phytofluene
7 P (275) 285 (296)  (276) 286 (297)----- Phytoene (15-cis)
* H : Hexane, P : Petroleum ether, B : Benzene
** Davies, 1976.
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Fig. 3 Photodiode array spectra of carotenoids in tomato fruit harvested

Carotenoid content (mg/100g f.w.)

Fig. 4 Changes in total carotenoid content’ in the epidermal (left) and fleshy

at mature green stage and ripened at 30C.
1, Lutein; 3, Lycopene; 5, B-Carotene ; 6, Phytofluene; 7, Phytoene.

10 o

0 1 L 1 2 TR

0 5 10 15 20 25 30 _O 5 10 15 20 25 30

Days in storage

(right) regions of tomato fruit during storage at 20 (@), and 35 (H).
*Excluding colorless carotenoids, phytoene and phytofluene.
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Fig. 5 Changes in lycopene (solid symbol) and phytoene (open) contents in the
epidermal (left) and fleshy (right) regions of tomato fruit during
storage at20 (@, O) and30C (A, A).
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Fig. 6 Changes in B-carotene content in the epidermal (upper)

and fleshy (lower) regions of tomato fruit during storage
at20 (@), 30 (A), and35C ().
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Changes in @ -tocopherol content in the epi-
dermal (solid) and fleshy (open) regions of
tomato fruit during storage at20 (@, O),
30 (A, A), and35C (M, O).
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Table 2 Effect of storage temperature on the incorporation of **C-MVA into
carotenes and other soluble matter in pericarp section from tomato
fruit stored at 20, 30 and 35C”.

[Day 7 in storage] 20°C

30C 35T

40% MeOH Fraction
Et2O Fraction

662300% (75.6%)
164300 (18.8%)

507300 (57.9) 478200 (54.6)
269200 (30.7) 369200 (42.2)

Phytoene 1970 740 6770
Lycopene 3550 3350 920
B -Carotene 770 1670 5740
Unidentified 1¥ 225 930 680
Unidentified 2* 59400 115000 129000
[Day 14 in storage] 20°C 30°C 35C

40% MeOH Fraction
Et.O Fraction ¥

648000 (74.0)
168700 (19.3)

561300 (64.1)
224100 (25.6)

555000 (63.4)
191300 (21.8)

Phytoene 2880
Lycopene 1960
B -Carotene 779
Unidentified 1 405
Unidentified 2 37200

789 5340
3060 716
2530 3330
1930 1820

81100 57900

N

Fruits were mature green stage at beginning of storage.

Pericarp section treated with'*C-MVA was incubated for 12hr at the same

temperature of storage condition.
cpm.

£ < g % <

30, 20—35C XT3 2 OB ISHHERETH -
720 3SCHEICB VW TIRIGHBICHA %EEN T
W17z (Table 3).
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Fig.10iCe- b2 7 20— VEROELERL
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~2f%), 20C TOHENMIE» TH 572, 20C 25
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—20C & b ICfEK15H (FiR&% 7 H) T
L7243, P25 H (ZREITH) CdmiX e & &
BOMAPAESN, ZHZN]1.5mg/100gf. w.,
1.2mg /100gf. w. &2 > 72,

Percentage for '* C-MVA administered (875700 cpm).

Ether soluble matter from acetone extract excluding 40% MeOH soluble matter.
Peak was observed in HPLC chromatogram at 290 nm.

Peak was not observed in HPLC chromatogram.
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Carotene content (mg/100g f.w.)

6 B-Carotene -
- 7//////2 Lycopene B
- &-Carotene
4 - Phytofluene -
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Days in storage
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Days in storage

Days in storage

[ 35-20°C

Days in storage

Fig. 8 Various carotene contents in tomato fruit harvested at mature green stage and stored at 20~35C.
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Fig. 9 Change in B-carotene content of tomato fruit
havested at mature green stage. Broken lines
represent the transfer from intial storage
temperature.
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Table 3 Percentage of cis-isomer included in - carotene in tomato fruit harvested

at mature green stage.

Day in

storage 20C 20—30C 20—35C 30C 30—-20C 35C 35—-20C
0 tr * tr tr
8 7.7 - 19 B e
15 tr e tr e tr 16.3 0.9 4.4 1.6
20 tr tr tr 5.2

25 tr tr 2.1 1.8

* tr :trace

—
o1

—

®

—
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N\
\
\
\
\

o

a-Tocopherol content (mg/100g f.w.)
: ¢
@
&
N
AN
1 ‘\
I\
A
\
®

Days in storage

Fig. 10 Change in a-tocopherol content of tomato
fruit harvested at mature green stage.
Broken lines represent the transfer from
initial storage temperature.
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Fig. 11 Possible biosynthetic pathway of carotenes

and a-tocopherol in tomato fruits.
Site A accumulates especially lycopene and
phytoene (enclosure with solid line) at opti-
mal temperature 20C . Site B accumulates
only B-carotene remarkably (enclosure
with broken line), and optimal temperature
for this pathway is probably 30°C.
Accumulation of a-tocopherol (double
under line) occur at 30°C and 357C .

a7 zua—)LEHaF o EHORE O % Fig.
1R L7z, be MREDB-HuFix, 20C
TEFICEM SN2 ) aEURBHLL TS
DTk, M LIBESFEET S eI L
BLHIDSEZ 6N TWES * 8 | KEEBRTIRZ
DI EHRHET S0, FRRE20C TI5HE
iz, LUATOEETL-» oF r AARER LB
b30C AN FTERUIEE{T o7, ZD20—30
TR TIRIE L D20C TORFEHMFIc7 4 b
YaAEYEHERLTED,
RizcZhsnhuF Er»p-4oF > OnHiERE
ThdeThE, 0CABT LItk B-»10
FrOEREIEELENE EEZ RS, Ly
L, B-#aF > &iF30C ADEiRE b 20°C fk &
EboRWELERLEDT, 20C FTEET 2
74 bz aEYEB-HuF U OFIEEAET
BhrweEzohiz, oTIDOFBRIE74 b
YLV AEYANDEGHER L7 4 b vns
B-AaFr \OEGEFZERIIMIIL T3 Ewn
IEZEXFTIHLDTHol, TDEIRTE
3 C-MVA O ) aEy AOH D AR D ERTT
Mzonzicbrrbsd, B-HuFr~OWRY
RABRBEL BB Eh o LHERSNS,
REEBRIZBNWT, 20C—EDIFH TRV aEy
DEFBEICHT 274 PV OERHEIKE» -
72Tk, 20C A 530C ~DLE TR A 1 F
VEOMISA SR, (-FoF > ORRIHIEK
EhiaZl, 20CH5EBAOKRTY a €L
L7 4 bz OBPEENKRER ST E, &
51Z30C—ETIZ7 4 P FERML VA 2
EridhrBREERLC Lo EnoE LB,
74 T UEREERRLE 7 4 P VO E
5 BEBOEMD /T > A1, 20C TREH &
LEWAHTEN L DENIZOICT 4 b T U HER
X, 30C TIREDICTHODBEIBL -HICT7
4 PIVDIBEAENY IEYBLUZOMDS

v, 747022,



120 AR e S # Vol.4 (1994)

OF /4 RAEHfREN D LD LIfEEENS,
£7:30C, 3HCHhH20CABLIZRICBWTIX
WX & BRI 2 € DEIGHEL 2D, 7
4 hZom5) AECADERDBEATH -2 E
26350, BZHLERTICBLWTIINSGD
A BREVS AR EN O THS I,
LL, 35CIcHEnTY aty0ESAS>NE
WIENT 4 PIZVORECEIZLDTHLIMNE
IMPRENTH G, HEOEFERMOAF /4 F
CHET s, S, RS OF /A FOAEEK

BEURBEZHE T2 Bz 6N 110

% 72, Guillot-Salomon 5 |, 47C DA b L
ALV RTLVYYIDHIuF /4 FERBET
T2H, B-HruFreNTA Lk EDEGKE
FBRIERICZE L E2RLTVRS, ZOIEH»D
FiRIE A O F /4 FOEERREHET 5560
%<, BREEV~ORBEZERICT 5%, [FARE
WO - HRERAICE b DEEZ SN D,
AEERIZBWT, 20-30C B & U20—35C Tldh
BENC 74 by, VaEreyid Lz, 2
DI EFRRICL S 7 4 bV EGROBEFICM
Z, 74 bz rma) aErAORE, E51TH
REFEVTHLY) AE L DREIE o 1ERT
bsEEZI,

Fe MRECBWIREBENSB-HuF D
EERRERICOVT Y, FARICERIC X > THIK
END LD LTSN, REBICBLTEELD
< MIB T B B-HaF > DEAHERRI3307C (U
ThI# s, REFEOERLELL2L5TH-
72o L L20C T—EHif B 272 121330C 1o
LTLEROMIMEAD s o7, ZOHE
oW TRGHERERIER S 20,

e-pIAT7 20— NET 4 VIV TTINT S
=)o) o (LLF, GGPP) %#gHiEMmE & L
THETZ, a- a7 20—01330C, 35COE
WTHEMLIY, 74 b2ons) aESNDE

BREERE LD THEIZ 20 S O THE ICER
BHERYL, £72, B-H0F 2 330CITBVTH
AP RD SNz, ZheDI Enb,
HEORERME TH S GGPP 26, HHW0ixZE
NLLRT O RIBRE > & O FEERE N O Fih 3y
HIREICE VBT B 2 iR ENns,
DI PT MRFEKCBIFBTOESY I VA
ThH2p-naFrOak - EREfioraF /4
Fe-ba7zo—VOEKENE, Hi0ide-
b7 o= VOBEIGIERZ L ic &k > T
MBI e, 0CTICBT S0k S 2REHE
HREHOBEDNZ Y ADL Fhick > T, B-
huFrOMIBEKPELZLDELEZ NS,

w =

INHEBOFERYICBI B 70y 2 v ADES

REZOHEOBEERALHNT, b= MRE
ZHv, AuF /4 FAEREROZBCRIEFTE
WRORE PRI,

1. B ~< MI20C THREOE 27248, 30C
TRFE~HICAY—IEBL, HCTEHEBLL
o7z, MY MEBR ORISR 21T 5 72
B, 20—30C B & 10020—35C X TI3&F AH20C
—EDHDITHEL TPPHD, 30-20CBLV
35—-20C TIEIRTER, HESHEIHETL, 20C
—EDLDOLFALERE L 5T,

2. REXRFHIIRALLD RO EEEZ
5L, FEHETE7 4 b)Y I OFR
HEEICHES N, ZOHEORE XY aEV &
DY 74 b VOERICHLTKREL -7, 20T
7530, 35COLRUHEICBNT, 74 b
PV IECOEFRIET LA, 20-30C Tid—
N C-AHaF r ORBHE SN, VIEXD
WA THL 74 P>, 74 b 7N TRV
HuaFrOFIEIR20TCHH TR O R E » o7, 30,
35C 2 520C NOERX T, 20C —ESFMHctt



IR OERMICE T2 70E Y IV ADESKS L U2 0% 121

NTZ NS OHIEREOEIE KL
BlEnro7,

3. B-HuFrER (FuorsyivA) BERE
o, RS & L30C THINL, RES TR
Y Lz, B-H0Fi330C TEREBLIUZ
DEMFREHERE LEL B o72h, 20-30C 1%
BEOSEOMINEED Shizhr ol

4. e-baI72u—VERIF0, 35C DEREE
EBLWTRA L, EERD M~ VREOHTF >
FOHRICKIZTHROBENRAL &  RIFH
CBVTKREN ST L EDMEIRE ST,
a- b7 20—=13308 L UBC TEHEEIEL &
D, 20C TIRIZLA LML 2h o 7258, KR
X TH 530—-20C, 35—20C TEEFEDOHKL
Y R

5. " C-Mevalonic acid DA aF /4 KA®D
WYA&HEZ, BRERTTYIESTHZSA, B-F
oFrTiRkfgEsnTz,

6. BExvB-puFrr (Futsy i),
VIAEYBEUWe- a7 20— LOEREKIZZ
NZNRECHT 2RIEHR LD, Zh s OREE
WCRIZT RS S NCERRAEORE X, HED
HIERE O BRBEANDOFHNEE(LE L2 LD TH
3 LRI,

VaE o

b0z, AWIEEEMT 2104720, HKA
CH®REIEBD £ Lo LA - BSUEIREME 4

S IR EMLCH L TLh b EHOEZRL £
To BB, AWRFEBBEEAEBRELE ORI &
25DTHHET,

X &

1) Vogel, A.C. 1937. Plant Physiol. 12 : 929-955.

2) Tomes, M.L. 1963. BOT. GAZ. 124 : 180-185.

3) Raymundo, L.C., A.E. Griffiths and K. L. Simpson.
1967. Phytochemistry. 6 : 1527-1532.

4) Laval-Martin, D., J. Quennemet and R. Monéger.
1975. Phytochemistry. 14 : 2357-2362.

5) HMgHIZER], JIesEE—, 1971, HRTEE, 18: 147-154.

6) L MR, BFERZE), 1988, HALE, 35:423-
429.

7) Davies, B. H. 1976. In: T.W. Goodwin (ed.). Che-
mistry and biochemistry of plant pigments. vol. 2. p.
38-165. Academic Press, London, New York and
San Francisco.

8) Rouseff, R.L., G.D. Sadler, T.]J. Putnam and J.E.
Davis. 1992. J.Agric.Food Chem. 40 : 47-51.

9) URIMHEEE, HAMT, REHEE, VR, SRh.

10) Halliwell, B. and J.M.C. Gutteridge. 1988. 7V —
7Y AN EER (RRXT, BB, &HE—H).
p. 151-221. #& iR > ¥ — « B

11) % H, EBH%IE, 1989, HAE Y 2 V¥R, v
FIvnyFT7y @, BREEES 2, p.49-72, {L
FRA, B,

12) Van Hasselt, P.R,, L.J. De Kok and P.].C. Kuiper.
1979. Physiol.Plant. 45 : 475-479.

13) Yokoyama, H., C.W. Coggins, Jr and G.L. Henn-
ing. 1971. Phytochemistry. 10 : 1831-1834.

14) Guillot-Salomon, T., J.Bahl, L.Ben-Rais, M.].
Alpha, C.Cantrel and J.Dubacg. 1991. Plant Physiol.
Biochem. 29 : 667-679.

15) UEiAERE, XM, BE 85, 5H MK, 1991 B
FEE, P38k 592-593.



122 URAKAMI FOUNDATION MEMOIRS Vol.4 (1994)

Biosynthesis and its regulation of provitamin A
in fruits and vegetables after harvest

——Focused on the biosynthesis of carotenoids

in tomatoes during the ripening——

Kazuo Chachin (College of Agriculture, University of Osaka Prefecture)

The present study was conducted to see the effects of temperatures for ripening on
the content of carotenoids in tomatoes after harvest in reference to the investigation of
the biosynthesis and its regulation of provitamin A in fruits and vegetables after harvest.

The color of mature green tomato fruit advanced with ripening, reaching red color
at 20°C, was speckled color of red, orange and yellow at 30°C and became yellow at 35°C .
The accumulation of lycopene and phytoene was inhibited significantly in surface tissues
(epidermis  part) of tomatoes stored at higher temperatures, and high temperature
prevented the accumulation of phytoene more than that of Iycopene. The content of B -
carotene (provitamin A) increased in the surface tissues and the flesh (outer parts of
pericarp) of tomatoes during storage at 30°C . The content of @ -tocopherol decreased
especially in surface part during storage at 30°C and 35C, suggesting that the influence of

" high temperature on the change of carotene content in tomato fruit after harvest was
larger in the surface tissues than in the flesh.

The red color of tomatoes transferred from 20C to 30C (20—30C) or 20—35C was
lighter than that stored at 20°C, while the coloring of 30—20°C lot or 35—20°C lot advanced
remarkably, reaching to deeply red color during ripening at 20°C . Ratio of lycopene
precursors, phytoene, phytofluene and { -carotene, to total carotenes was higher at 20°C .
In the fruit of 30—20°C lot or 35—20°C lot, total carotene content became almost same as
that of tomatoes stored constantly at 20°C, but ratio of the precursors to total carotenes
was lower.

The incorporation of '* C-mevalonic acid into f-carotene fraction from tomatoes
stored at 30°C tended to be raised with increasing of storage temperature but that into
lycopene fraction decreased. Radioactivity of phytoene fraction was different depending
on temperature.

It appears that the biosynthetic process or step of lycopene, -carotene (provitamin
A) or a-tocopherol in tomatoes has different response to higher temperature, indicating
that tomatoes have different nutritional value depending on the temperatures held afer

harvest.



