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Summary

Variations of carotenoid and chlorophyll during the course of after-ripening in hot-
pepper fruits were studied:

1. Carotenoid pigments were fractionized into six fragments by means of column chro-
matography and each of six were applied to the TLC. By these procedures 30 kinds of
carotenoids were identified among 54 kinds of different separations.

9. Total carotenoids increased very rapidly in cli. stage. And when compared group
by group, Diol showed highest in amounts as well as in increasing index.

3. Decrease of phytoene in post-cli. stage and notable increase of capsanthin, capsoru-
bin and violaxanthin amounts in carotenoid, as major pigments; were remiarkable one.

4. Total amounts of chlorophyll a and b showed decreasing tendency during after-
ripening and, finally, disappeard at the post-cli. stage.
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(1) Carotenoid 23] #lh

Curl &99] Hkel wet =5 RE 40~80g o
MeOH : PE (petroleum ether) (2:1) &¥% &
Bo] MgCOs & ¥z {EHTo)A homogenize 3}
o M- PES T 2 BEE A 2L HEReE
Hhi - A BES Bl ezl 44 9%
o 7tA 5ol Ak, ol hhiHEEel %ES) ether
o 3% & 20% NaCl @ st caro-
tenoid & PE-ether Bl &7, o BE ZHEK
24 MeOH 7 gloiA= 7= Rl olet®.

(2) Carotenoid 39 #1t

22 ether [Ee] 20% KOH-MeOH soln. € <
1in#l A magnetic stirrer 24} 6 Bl BEgo=
A Biess, AL FEEAAd A FEe
ether &} 20% NaCl soln. & st ¥ Boz 4
WA A ether §L alkali 7} QojA 7] A FHiEK
2 24254 Ao g ol A& kY NaSO,
2 RAAN = BRE B A

(3) Carotenoid 38 4k

Cook™, Cholnoky 4®89] kel #Este] 300°C
of A 4FR HHd CaCOs & 15%30cm =&
o] PB(petroleum benzene) 2 RAXFHES S Far
L HEE BEY AME PBt RS etherd
4] column Lifdl HA 34t BEHHE=ZA PB,
5%AC in PE, 20% AC in PE-& a2z FA &
o 24 o] hydrocarbon & B35 column
A= K] 5@ fractiong B - S8 ¥ -
Q. BHEE &6 hydrocarbon & UV-lamp
o 9]& green-blue ] #¥ FWhoz WMIRH
column & H# #% frartion & #HF[3 spatula B
A GEEHAGY. column o] A e A hydr
ocarbon ¢} HH3 & fraction #E ether &

Table 1.

acetone 0 £ HHiEZ o] B £% BE BHL
# acetone o ¥ wAsted TLC plate o #iko
219 spot ahe] BAE - AR olH o] % frac
tion #¢] TLC system & Table 15} 7t}

a8z AN GEEE % fraction & SR W
=32 F4 REE ol E
solvent & HH3le wATA .

(4) Carotenoid fa 4] F%E

TLC ol A 45Et=l &K< carotenoid &
matographic base £} spectrophotometric &=
o}-&2] chemical test o &3l FEA . L
2 £ absorption spectrum & Hitachi EPS:
—3T type recording spectrophotometer 4] 220
mp~600mp 77 FiEste] Davies? @ Curl® &f

o
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chro-
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Chemical test 2 41 3= epoxide test & s} =4,
] A2 Karrer' DaviesVe] o] fkoigdeh. o
AL FHEA 6FRT absolute alcohol o] o).
340~550my &) spectral absorption - {Es
2- conc. HCl 1—2 {52 cuvette o jndtd 345
oA HlEste]  speetral
absorption max. 7} #; 20mg short wavelength
Z o 2 shift &% mono-5.6-epoxide, 40my shift:
et diepoxy group ] FEEE sHEI)m ol o
FHEW S W Zko] o] & carotenoid 4HiEE Ve
= BES FHT Ao

(5) Carotenoid 5359 E&

Davies!V¥zo]l {f3le] FTE BEE EHT £49
¥ OD & WiwEstd M e
9] extinction value & ® A &Ko) gt &

spectral absorption -&

carotenoid soln. of

H sl =t
x __ ExY E:OD
e="_ ¢
Eicﬂé X100 Y : Volume

{8 REIEHH = capsanthin ¥ F-carotene & Z A’
HEHis o =t

Details of TLC procedure for carotenoid separation in each fraction

Adsorbent

; Solvent system

Fraction 1(eluted),2 Ca(OH),—SilicagelG(6 :1)

Fraction 3 Aluminium oxide G -

Fraction 4,5 Silicagel G

Fraction 6 Silicagel G

PE—Benzene (98 : 2)10
5% Ac in PE 9

20% Ac in PE : PE—ethylacetate
isopropylalcohol (95 : 10 : 5)(1 : D@

40% Ac in PE : PE—ethylacetate-
isopropylalcohol [95:10:5] (1: 1)1
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(6) % fraction & total Cartenoid

column o) A ZpBEdt 4% fraction & ZHuste o
A& hydrocarbon, monol. diol. polyol 2 43t
= o] 59 total carotencid & capsanthin 2 24
B3ty e

(D) Chlorophyll & &

Bz Skt 10g ol DESY MgCO; 3t acetone &
EEE et 440 blending 3he] glass filter
2 W@t B E chlorohyll o] WA &-&# 7t
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229 carotenoid 3k Y WREA Polgar
.0 Paprike 239 EEF aF7t capsanthin o}
2} 89z, Zechmeister HWL capsanthin, cap-
sorubin LI4}o] g-carotene, cryptoxanthin, zea-
xanthin & RS 2w, Cholnoky %% L&
carotenoid [A4el
antheraxanthin, violaxanthin, mutatoxanthin 2]
TS am BEdgd. =28z CulPE coun
tercurrent distribution 3 MgO column & # A
Red bell pepper & carotenoid & 31 & by ik aey
o, EEE EHd =E & stage 9 aF Bid
carotenoid GEE S - FE dgEd o ¥
B4 $A 522 AEE postcli. stage 4l F
e ERERT 7HE 719 Table 2 9 2

UV lamp el 93td #&¥Xe @t HHS
hydrocarbon group ¢l fraction 12 TLC= 4B
&}z max. spectra & F&E el 1—2 % phytoene
o2 @EE taer 1—1, 1—39 % band &
2atA 2atge. fraction 2& yellow color 9
hydrocarbon group 24 ©]A& TLCd] 9 &< 5
9] band 2 FEEs sl oI F FHEEIA fcaro-
tene(2—1) C-carotene (2—2) a-carotene(2—3)
o] Ed g e 2-4, 2-5,& trace 24 RES
A B89}, fraction 3% pink color ¢ monol
group 24 o)A& TLCo) 9% 5 band =

crytocapsin lutein epoxide,

ke 2

olEE K&
cryptoflavin-like(3—2)  hydroxy-a-carotene(3—
3). cryptocapsin(3—5)c 2 REHAL. zdx
crpytoflavin-like = epoxide test ¢] 4] positive &
el ok, fraction 4 &= orange-red 9 diol (D.
o]u} fraction 5 orange color & diol (ID¢lu}
o} &L £4 TLC| & 3te] fraction 4 & 10 fEY]
band, fraction 5 & 13 {8} band 2 ZEis Qo).
fraction 4] 10 {#s) band 7}&¥l A  zeaxanthin
(4—1) mutatoxanthin(4—2) violaxanthin(4—3),
capsanthin(4—5), capsolutein(4—7)¢] FEEH Y
=, antheraxanthin(4—4) luteoxanthin (4—8)
o] EE P om 4—6, 4—9, 4—102 REEA
Zaleiel. fraction 59 13{E¢] band F1--¥ll A
hydroxycapsolutein(5—1) capsorubin(5-12)°] {dl
€59 o isolutein(5—4), lutein(5—5)°] HEE=
A3 52, 5—3,5—6, 5—7, 5~8, 5—9,5—10,5—
115 FEstA 289 5. 28 3 fraction 4,5 o A
A, #E$A 719 A mutatoxanthin, violax-
anthin, antheraxanthin, luteoxanthin. isolutein-&
epoxide test o] 4] positive v}, I 4—9, 5—2 &
o} $- =33 band & o] Fx REWE RAEIHA £
stgdl ool KFEY wFEs ordA HF
Bl dEdaz A}, fraction 6 & red
color 8 polyol 24 TLCol ¢&te] 9@ band
7} sl gl = o] 718 Al neoxanthin(6—6),
hydroxycapsanthin-like(6—9)7F REHAZ 5
3] neoxanthin & epoxide test o] A positive o] &
¢, zelz Yol A band = FESHA It

1962 4£Curl® =  countercurrent distribution <f
9%}l Red bell pepper ol A 31789 ARET S8
AEstz gled Hatd g&x bist Zol 2
$s TLC o 93] ®EE F# 234 45
e SEataor] KREAES carotenoid o Eet
BHE A5stezAd A2E carotenoid 7+ R
g Ao g, &S post-cli. stage LIfHe]
& stageo] A AET F AE AE BEIA
rw Talbe 3. 7 Zt}.

Cli. stage o] A& cryptoxanthin-5,6-epoxide
(C—1) capsochrome (C—3)% EATEFALH a-
zeacarotene (C—2), p-482 diol (C—4), reticulata
xanthin (C—5), trollichfome(C—6)-& HREs G =

cli. onset stageol A&

cryptoxanthin  (3—1)

mutatochrome (0—1),
pre-cli. stage o} 4 & mutatochrome-like (P—1),
chloroxanthin (P—2)% #%& REY <+ At
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Table 2.

Separation and identification of carotenoids obtained at the post-cli. stage

TLC Spectral characteristics k Epoxide test
No | color A max i solvent} color J?grﬁ?s(;hci?t dentification
Fractionl. 1 blue fluorescence 223, 245, 267, 273 hexane — — unidentified
hydrocarbon 2 ” (273), 286, 295 ” — — phytoene
(colorless) 3 ” 275, 260, 270 ” — —  unidentified
1 yellow 342, 428, 452, 475 " — — p-carotene
Fraction 2. 2 yellow 375, 395, 423 7" — — & 7
hydrocarbon 3 yellow 431, 456, 486 " — — a~ M
(yellow) 4 pink trace ” — — trace
5 orange-pink " ” — — ”
1 vellow (355), 418, 447, 472 ” — e cryptoxanthin
Fraction 3. 2 pink-orange (380), 400, 425, 455 " blue — cryptoflavin-like
monol 3 pink (422), 444, 473 ” — — hydroxy g-carotene
(pink) 4 yellow trace benzene  — — trace
5 orange-yellow  (355), 445, 472, (495) " — — cryptocapsin
1 yellow 424, 452, 483, " — — zeaxanthin
2 pink-orange 440, 438, 466 ” blue e mutatoxanthin
3 pink-orange (340), 425, 450, 484 7 green blue 38 violaxanthin
Fraction 4. 4 orange-red (340), 432, 456, 484 " blue 18  antheraxanthin
diol (D 5 pink-red 460, 483, (518 " — — capsanthin
(orange-red) 6 red 450, 480, 510 17 — — unidentified
7 red-orange 430, 456 485 %4 — — capsolutein
8  red-orange (320), 408, 436, 464 ’” blue — luteoxanthin
9 red 364, 496, ” — — unidentified
10 yellow trace ” — — trace
1 yellow 340, 432, 455, 485 1" — — hydroxycapsolutein
2 red-orange 355, (410), (435),462,486 7 — — unidentified
3 pink trace ” — — trace
4 orange 455, 483 1 blue 18 isolutein
5 pink-red 422, 443, 475 7" — — lutein
Fraction 5. 6 orange trace ’” — — trace
diol ) 7 red (350), 435, 485, 512 " — —
(orange) 8 red-orange (368), 455, 486, (510) ”" — — k
9 orange 430, 456 ” — — unidentified
10 yellow 435, 464, 488 14 — —
11 orange-red (412), 437, 464 4 — —
12 red 455, 482, 520 ” — — capsorubin
13 orange 340, 420, 465, 492 ” — -— unidenified
1 yellow-orange  trace " — — trace
2 orange 435, 465, 492 ” — — 1
3 red 364, 475 ” — L are
. . . unidentified
Fraction 6. 4 pink 455, 482, 524 ” — —
polyol’ 5 ' orange 425, 458, 496 ” — —
(red) 6  orange (340), 420, 445, 478 ” green 20  neoxanthin
7 red 364, 484 " — . e
8  pink-red 459, 489, 549 " = | unidenified
9 orange-yellow ~ 358, 478 ” — — hydroxy-

capsanthin-like
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Table 3. . Separation and identification of carotenoids obtained at the other stages than

post-cli.
i ] epoxide test

No. carotenoids A max | solvent color hyposochromic

J - shift
P—1 mutatochrome-like 451, 428, 402 hexane blue —
P—2 chloroxanthin 415, 440, 475 4 — -
0—1 mutatochrome 426, 456 ” blue —
C—1 cryptoxanthin-5,6~epoxide 470, 440, (415) " blue 20
C—2 _a-zeacarotene 395, 420, 445 ” — —
C—3 capsochrome (480), 455, (427), 340 benzene — -
C—4 P—482 diol 480, 450, 520, 340(320) 7 — -
C—5 reticulataxanthin 460, 487 hexane — —
C—6 trollichrome 424, 450 Et-OH blue —

Zo g AR BEEZ IF carotendid &2
max. spectral absorption curve & #%R3%ld  Fig
13 2=,

= epoxide @] spectral absorption

curve & shift & 3ty Fig 29 72k

Fig. 1. Characteristic spectral absorption curves

of the several carotenoids.
4—4: antheraxanthin, 2—1: p-carotene
3—5: cryptocapsin,
6—2: unknown,

C—2: a-zeacarotene
4—5: capsanthin

2. BE0 = Cartenoid &S ES L

252 BB carotenoid kel B
Bges= u]$ Aol A Cholnoky? = REFE SEEE
9} carotenoid gl #¥idtel BE Iz Curd =
Green bell pepper!® 2t Red bell pepper®$ Caro-
tenoid a5 FEE Pt £E: BRE

e e, ]
=

Fig. 2. Shift of waves influenced by the epoxide

test.

4—4 : antheraxanthin

4—A4—F : 2max [HCIJ

C—1 : cryptoxanthin-5, 6-epoxide
C—1—E : dmax(HCD

FHRER Y BPBEE 4 stage 2 Vo) caro-
tenoid 39 B} group Flo] 4E8ML, =
3. carotenoid A% &BEMLE HIE-E%A
o},

(1) Carotencid 1329 #E group j| ZHEE
1t.

ﬁ%}!@] w2 carotenoid #E9 BLE AES
Al o #ERE Table 4 90 v

’ carotencid B3] M E L cli. onset stage ] A =



Table 4.
after-ripening period.

Variations in group by group & total carotenoid levels during the

post-cli. cli.

w
items )

cli. onset

hydrocarbon 5260.4(11.13) 4430.7. (18.82)
monol 2787.5(5.91) 4670.4(19.84)
diol 34529.4(73.20)  13578.4(57.70)
polyol 4600.0(9. 76) 857.5(3.64)
total carotenoid 47177.6 23536. 5

286.4(28.67)
24.5(1.45)
496. 4(50. 90)
189.6(18.98)
996.9

1340. 2(40. 08)
908.4(27.15)
896.4(26.79)
200.5(5.98)
3345.5

() demonstrates percent total carotenoid.

pre-cli. stage 9] # 3.5f%, cli. stageodlA =
95 f% post-cli. stageol A= # 4752 st n
A4E £ T A
o 4] 2 4:88R06] A carotenoids &= Fig 33 #o]
2-Phosphoglycerate Glucose
enolase

-

Phosphoenolpyruvate Pyruvate

HN{G Co A Acetyl CoA

{
l

MVA

[P-PP(C-5)
|

Ceranylpyrophosphate (C —10)

Farnesylpyrophosphate (C —15)
Geranylgeranylpyrophosphate (C —20)
i X 2

Carotenoids

Fig 3. Diagramic phthway of carotenoid

biosynthesis
EMP %% — HMGCoA — mevalonic acid — IP-
PP Geranylpyrophosphate — Farnesylpyrophos-
phate 9] ‘el & Hx C# 209 ‘geranyl geranyl
pyrophosphate 7} ] 3 o] o] tail to tail = #&&
Bted carotenoid 7} &K Ak Aol ¢l A Yt
117 g3 . Reichel® %2 Phycomyces blackesle-
eanus o) NaF & #Rindle] enolase 2| fEH-& il
3t carotenoid AREol § BEE ETs &
&9 pyruvate & FHpmsls &% HEE 85%7t
A PEeE Ao @Ede Jo. EEE WH

Vel A s@@hel oE NaF o JHEHES HEsY
cli-stage off A} JHERRY 2A veid g B o
= enolase WFHHEETF FobAl & AL AFsA vt
o] A& AEEp A cli-stage LI
& o] &M 3 4ol Reichel &9 EHEFEES M
&= = Aozt Ao

h&-& group Bl G EBMLE Table 40]4 X
hydrocarbon & cli. stagedl sl =A stz
post-cli. stage o 4] EFH el oo, polyol 2 B
ol whel 23883, diol & pre-cli. stage o H38}
o] post-cli. stage ol Al = ¢k 70f% 2V st
9 29, monol & cli.-onset stage 28] =4 MWinst
<] polyol 2=} ol A th7b post-cli. stage ol Al ¢
88 WAdeed polyol Bk gEo] Ao grh

(2) Carotenoid 438 MEIE S & EEMb

BFte] & carctenoid &1 EAIE SEBML
£ WEd REE Table 59 2t

a9 open-chain hydrocarbon ¢l phytoene o]
cli. stage o) Al g3} s post-cli. stage o} A &= ¥
e g KEA =59 BEI} @38 4

carotene, violaxanthin. capsanthin,

carotenoid 2}

capsorubin
% 1 carotenoid 7} post-cli. stage o] 4] =LA
Binstz v Reol #HHEZAt  Porter 9
phytoene o] B-carotene, ]yéopene% FEE caro-
tenoid ¢ FiEMHH Btz HEIFZ Jdoy 99
Hpe o #EN Wasts Aot 444w, =
hydrocarbon ¢} {-carotene % cli. stage 7}#] &y
stt}7} postecli. stage ol 4 #HF FWhsz %S
2 U

8] i cli. onset stage ol A 2A] Einste A
cryptoxanthin ¢] 3 cli. stage o] 41 =LA HEhnst

L.
o
- A0
N

cryptocapsin, capsolutein, zeaxanthin.
luteoxanthin, capsanthin %% & 4 zlod ol7}
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Table 5.

Variations in each carotenoid levels during the after-ripening period.

(pg/100g-FW)

7\\ Stages S
No. e { post-cli. cli. ‘ cli. onset pre-cli.
Carotenoids |

1—2 phytoene 825.0 1657.6 192.0 74.6
2—1 B-carotene 3215.5 2050.0 850.2 125.4
2—2 {-carotene 415.8 440.5 125.4 7.4
2—3 a-carotene 64.5 51.4 40.6 30.3
-3—1 cryptoxanthin 1215.9 1014.9 700.0 9.6
3—2 cryptoflavin-like 49.5 728.4 — —
.3—3 hydroxy-a-carotene 156.4 111.6 90.5 7.4
3—5 cryptocapsin 1120.0 1433.0 11.4 L
4—1 zéaxanthin 749.5 567.8 115.4 20.4
4—2 mutatoxanthin 1279.2 974.0 — -
4—3 violaxanthin 3440.5 401.5 230.0 147.5
4—4 antheraxanthin 567.6 134.2 — —
4—5 capsanthin 13299.6 6612.8 54.1 —
- -4—7 casolutein 1109.9 931.1 43.5 —
-4—8 luteoxanthin 465.5 444.1 116.0 52.5
5—1 hydroxycapsolutein 302.6 — — -
5—4 isolutein 131.1 186.7 — -
5—5 - lutein 27.3 35.2 217.7 224.5
5—12 - capsorubin 6193.9 889.1 - —
6—6 neoxanthin 195.2 173.2 172.5 167.5
6—9 hydroxy capsanthin-like 752.8 — - -
p—1 mutatochrome-like — — — 2.1
p—2 chloroxanthin — — — 1.1
0—1 mutatochrome — — 23.5 0.6
C—1 cryptoxanthin-5, 6-epoxide — 474.2 — —
C—2 a-zeacarotene — 514.9 - -
C—3 capsochrome — 94.5 — —
C—4  P-482 diol — 416.0 — -
C—5 reticulataxanthin — 447.5 — -
C—5 trollichrome — 406.0 - -

v Al capsanthin 5} crypotcapsin & cli. onset sta-
:ge ol A HE vehvr] fAfFete] i stage 38 &
g Wing olF 3 gl v} capsanthin & &) $ &
<+ FEE& 29 T34}, = violanthin & post-cli.
stage ol Al =A] EiNst= 9l neoxanthin # a-
‘carotene & E#el @ =g @instz Qo
lutein & £ 2 HoS AL £ & 9.
3t cli. onset stage Al ¥ 24 BEHEE AL
«cryptocapsin, capsolutein, capsanthin ¢} 7 cli, stage
A w24 HEE AL cryptoflavin-like, mu-

tatoxanthin, antheraxanthin, isolutein, capsorubin
o]u} post-cli. stage 7to]] M= = A& hydroxy-
capsolutein, hydroxycapsanthin-like o] =}. £ pre-
BHAERAL
chloroxanthin o] 32 pre-cli.® cli. onset stage wto]
B e 218 mutatochrome o] cli. stage ‘ﬂ-ﬂ]
BHHEE AL cryptoxanthin?S,6—epoxide, ' a-

cli. stage ®lo] mutatochrome-like

zeacarotene, capsochrome‘, P-482 diol, reticulatax-
anthin, trollichrome %&-& = < gt}

3. E#0i w2 Chlorophyll 88
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Table 6. Variations in chlorophyll levels during the after-ripening period.
(mg/g—DW)

stages .
post-cli. cli. cli. onset pre-cli.

‘items ‘ e
chlorophyll a — 135.5 460.5 585.4
chlorophyll b — 55.5 210.0 234.0
total chlorophyll — 191.0 670.5 819.4

sEghel w2 chlorophyll &8 #LE WES &
B2 Table. 6 8 #t}. Table 49 carotenoid £
£ S8 RIS
S8 b o] F T FHA3 postcli. stage o]
A &= chlorophyll o] 5g&:38] J§kslo] Sl &4k
S EEe £ 99

chlorophyll a,b, total ¢}

= #

FREFY EFd W& carotenoid &S}
chlorophyll o} #{LE PE-EEY HHEE dLF
Figo R

1. 5 59
chromatography 2 6 fraction &% Z#fs o1&
% fraction & oA TLCol 9)8te} 5458
st A 30 e FEEstE .

2. carotenoid 3 #ME -2 cli. stage oA g

%=z group Hlz 2y diol 7} AR &Fo] &3
BEC W& SEEmEe] A FUd.
3. carotenoid fF EFIE A8 #kdA #H:A
5 £ Z-& phytoene o] post cli. stage. o 4] D
BtaL 3] BEY carotenoid 3¢l f-carotene,
capsanthin, capsorubin, violaxanthin & 4 &o] =
A & 9+t

4. chlorophyll & a,b, total & &e] =}go] B
ol W} Wide postcli. stage o A 4t
<}

carotenoid #EE column
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