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Effect of Storage Temperature on Carotenoid Content of ‘Cara Cara’ Navel Orange (C. sinensis Osbeck)

WANG Chang-feng, TAO Neng-guo*, HUANG Shi-rong

(College of Chemical Engineering, Xiangtan University, Xiangtan 411105, China)

Abstract: Carotenoids affect the external fruit quality and nutritional quality of citrus fruit greatly. In present study, effects
of storage temperature (20 ‘C and 4 “C) on carotenoid contents in fruit of ‘Cara Cara’ navel orange (Citrus sinensis Osbeck)
was investigated. Results showed that the storage temperature affected the carotenoid contents in peel and pulp of ‘Cara
Cara’ in a tissue-specific manner. Room temperature (20 ‘C) showed a positive role in pigmentation in peel of ‘Cara Cara’
only before 5 weeks of storage, but the total carotenoids remained a nearly stable level as time progressed. Low temperature
(4 'C) could maintain carotenoid contents in peel before early storage, but the contents were lower than those under room
temperature. Except a slight increase in contents of S-carotene, lutein, a-cryptoxanthin at 10 weeks of storage, carotenoid
contents in the pulp stored at 20 ‘C was not influenced. In contrast, the contents of carotenoid in the pulp under low
temperature reached the peaks at one week of storage, and then remained nearly stable levels.
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Tablel Chromatographic and spectral characteristics of the identifed
carotenoids in ‘Cara Cara’ fruit
et KilE bR SRR K
[il/min gy A MR SEH
521 AL RAKE R 437 414442472
7.05 PSR AT 399422451 400,424,450
8.53 A% 5 i 5 5 413,436,466 412,436,464
9.66 Htk it Ma A Fa 306418445 397,419,445
10.66 Ey i LU 396,418,445 397,419,445
12,07 Te 2y i i 44TATZ 420447475
12.48 HEE — 427453 423 449
13.28 — TRH R 426,454 423,455
14.80 PR bR — 443,470 444471
15.64 M M E 443471 443 474
19.78 EV/ N3 FAKHE 447479 424449482
21.28 NAFHLF NATMLE 286 276,287,298
22,04 — o-FiiE 447475 447477
23.98 BRsE pREEE 455478 452,479
25.11 CHE N E — 400426 377401425
28.39 oW M a8 MR 447476 449,476
3248 B N SIS N 456,480 429,454,479
44,97 — B EMA SRR 464493 438465493
57.66 — LS 446,473,504 448,474,506

S

=T ORI

2.2 PR LT L1 A RS SR B SR S AL (K5
METAT AR, s TS A, WA A T4 A

2013-2-22 11:29:18’7



| T T

W 03-fu%07i2-04. indd 257

(T

MAUB IS =T 2013, Vol.34, No.04 257
IR SRR B R N RS N RA IR, b s} _maC
NN NPT . s iy o0
RN TR, PP R T IR U . W AR T, D 24f
ARGzt e SN VIR R s et B R ] ﬁ 20
W BT, XA A T [A] PR A K TR ES H 2 R 161
BT, ELRFIALS thBL A B (i T 22 B R 3¢ E |
ORI MR \ABMAE. fE MR a1 T01 23 4 56 7 8 9101
b fehBoi. R, R T TR S 3 A I /)4
B, SRS WA (464.70£45.37), (212.88+£25.28).
(3.73£0.57). (2.39+0.35). (10.48+1.91). (59.99+3.99)
F1(159.42+9.66)pg/g(LA TR i1, F); M kK#E 3
i1 B- e 395 35 I 45 L 7 e 0 4 PSR U5 5 1, 4 ) %
J(1.39+0.18)ug/gM(14.15+2.83)ug/g; MR K& EE E
T, FHBRBERT IR . HRICKOE 4T B R R =
. s — . N v e 0 1 1 1 1 1 1 1 1 ]
WS DRSNS bR A IR E . XKL R 01 234567 891011
(TN L2 e S A LA SIS ST s FESRIN FL/
Oy BE IR R AT . IR MR AR
ML a-THE MERL p-Basa g, SaCUE TR 5 o
SR BT RGO FIA B, 409k (327.18 £58.59). C,
(123.63+£19.43). (1.784+0.20). (42.45+6.45). »f:;
(28.47+6.48)ug/gfl1(120.64 +23.69)ug/g; M HE. p-1E i
NEE L RORBEFERIE 58 ) W H IAE R s S i, &
B RIA(1.1140.22) (1.91+0.13). (1.6040.19)pg/gHl 00772 34 5 6 7 8 91011
(5.10+0.54)ng/g; AW A ORER:, E2KHIE N EM B T/
FH B R IEARFEAAL o
) —=— 4T
600 5 >
2 sk —=—4C > 20
yfg 400 - we %13
A £ 10
s 300 X
= Ho05
200
%}’( 0.0 1 1 1 1 1 1
B 100 - 01 23 456 8 9 10 II
01 2 3 4 5 6 7 8 9 10 11 i o )/ )
JE SR i
Lk —m—4C
& 240F —=—4TC ) —Oo—20C
2 200} —o—20C 2 9t
HE( 160 ﬁ%\
A {6
5 1208 R
\%GI 80 ﬁ—J 3 H
lﬁq 40_ 1 1 1 1 1 1 1 1 1 1 1 1
= 0 1 1 1 1 1 1 1 1 1 1 1 ] 0 1 2 3 4 5 6 7 8 9 10 11
01 2 3 4 5 6 7 8 9 10 11 SN
JE SR i/
= 5T —m—4TC ~ 6ok —=—4C
. L0
g 4 F —O—207C g
% 3k EE\: 45 -
B 27 § 30 -
=L =
Q. X 15+
001234567891011 012I,7I»4I15I6I7ISI9I1011
g T/ S5 5 i/
E; 2013-2-22

11:29:2(‘



| T

— [ — . | -
258 2013, Vol.34, No.04 SR XALBEN" 38
— 160} —=—4C
on o —_
% —o—20TC %g
= 120 2 6
X B (4
2% 80 ij;
= I
E 40
1 1 1 1 1 1 1 1 1 1 1 ] 0 1 1 1 1 1 1 1 1 1 1 1 ]
01 2 3 45 6 7 8 91011 01 2 3 4 56 7 8 91011
VI 1/ ) VR I 1/ J)
A1 EREEMTARERERAY FRSEYW
Fig.1  Effect of storage temperature on carotenoid contents 40 —m—4C
@ 32F —o—20T
N, Y S [ it ]
2.3 AR XA RS R RS b S A 1 RS S o4l
®O16f
= 400 - 4C @
E‘i 0 20C s 0.8[
< r 1 1 1 | | | | 1 1 1 1 |
% 05T 2 3 4 5 6 7 8 9 1011
2200 F T T/ J)
=
5 100
pia) B
) 1 1 1 1 1 1 1 1 1 1 1 ] 4C
01 2 3 45 6 7 8 91011 _60F o 9o
L0
VT 1%/ ) & 450
& 40t Tomeac w 0
2 1ot ©—20TC = 1sh
;“-h_‘% 100_ 00 1 1 1 1 1 1 1 1 1 1 1 ]
L sof 001 2 3 45 6 7 8 9 1011
§ 60 - e S i)/
¥ st
=
20 1 1 1 1 1 1 1 1 1 1 1 ]
01 2 3 45 6 7 8 9 1011 w4
ETREIN []/ 2 091 o 20C
=
200 m—4T W06
% —o—20C #®
E: 160 ﬁ 03k
& 120
’QT\‘ 00 1 1 1 1 1 1 1
E 80 Y0 1 2 3 45 6 7 8 9 1011
‘%ﬁ 40 1 1 1 1 1 1 1 1 1 1 1 I):I‘:ﬁuq‘rﬂ/)}ﬂ
0 1 2 3 4 56 7 8 9 10 11
T 5 IS )/ o=
Ik BN 1)/ ) sok 4°C
= 25k —m—4C % —o—20T
= —o—20C S 45r
S 20f !
B st ® 3.0r
v &
® 10 RSP
E? -, 1 1 1 1 1 1 1 1 1 1 1 ]
= 005 T 2 3 45 6 7 8 91011
0 1 1 1 1 1 1 1 1 1 1 1 ]
01 2 3 45 6 7 8 910 11 i s )/ )
SE I i) )
—=m—4C = 60 —=—4C
2 o0st —o—20C ?ﬁ —o—20C
< g 457
= =
Booar ® 30f
® %
B 03F 2 oush
s X
1 1 1 1 1 1 1 1 1 1 1 ]
0250123 4 5 6 7 8 9 10 11 o234 s 6 7 8 9101

03-fu%0r7iz-04. indd 258

eI i/

I 1/

2013-2-22

11:29:22




W 03-fu%07i2-04. indd 259

——

E5oiltl =

2013, Vol.34, No.04 259

—=— 47T
16 —O—20C

01 234567 8 9101
R 1
M2 PR BT AR RS PR AR

Fig.2  Effect of storage temperature on carotenoid contents

20T LA H s ARG R 120 R R SR A 2 2
FIMBR . RN, AR R RIS b
. N\AFMAE. TMLE. a-HE NEL p-HE B
. L-RRB I B R TR G A L RA B, SR
HQR780012185). (125031+723). (18533+1457). (040-004).
(11.79+2.63). (5.11+1.03)ug/gf(3.98+0.90)ug/g, H &
R E TR IR (P<<0.05), B A K, b
WYy & mIEARMRFRE . WIHAUT, SRFBREA
B-THE NFE. a-THE NHR. o-fRIE R, B-BRTTEAIN B
RO LT, W0 A 20 {H (24.56 £ 2.56)
(0.5540.03). (3.7140.05). (3.5540.21) F1(5.55+0.07)
nglg, B FRER RN K WAL RS & TG 5H3
JH3E FIEA(105.88 = 14.03)uglg, BEJGZET T, 211
JEV I S AR I 5 o TR R 5 4D 20 A A
TR AR 24 38 T AR A AL, 3 B OA U
(4.4940.63)ug/gf(5.35+0.3)pg/g, HPiF R &ELE
FEZEF(P>0.05), Bl G2 AR 0 ek I 21 A A
SR PRI 28 B IR e SR BT AN AN =, 40k
VS A LRI AN S 10 J] 5 T I HE I B 1 1 PR e S PR %
B TR sz 258 S50 A v D6 R SR PR s 1 ) 43 310 Ay 25 1 R
5104

33 #

kS8 A SR SR I A A X SR SE i R )
R R 71 SR8 b 32o0h i BE A LBk, i 24 e
TR G L 1C A AT LR RS 6 A 2 mat™ e e Alt
R R SSOPEN &, 15~257C Rl B AT 3 5 o (0,25
B NRMR, EMERATHIRNE SRS EEAR
FrfasE,

AWEFL AR, K5 20 A R R B AR SR
FHIRIAEE W] 220 WU (20°C) AL SERE LT PA iR
B ERE R RIRR, iy HE Refle 2t )\ 8 il 40
RAFLMIRNY PRIOPR, WERRNEY FREE
B 3K R AT A OG T R (20 °C ) H AT A i N
MRS D R@B-IHE bR, p-REER. KR
FIEHTO AR, AT RS2 G A e %5

S

PRI, 20 PR A L Bz BB B Z2 A Ik 1 ) il /b 1 19
B J5 PR FF AR /K, B D N ) S K 23 5 ) J S0
R B, AT RN (1 B B (P<<0.05) . HELIX I
S BE S SRR G, Van WykZ"BFSTR L, 20°C
fiE T BPalmer 8 JE Je 25 (0 5 0 5 TELIE SR 41 A
JFers ARSI MR, MR, o REESETREH
10JE 28 LTRAh, HAR S N & & LRI 18 A
NTERE N, B S PR AR KT

ST ARIEA, I, (R4 C)REIEA
PRFFL0 PRI SR B A S N RS A 1 5 =, (HBf
FI G T IR, 415 IR I, R
& \E ML 2% MB-Fa TR & BALK G S G 2 m 3%
TN AR (4 CHI R T 20 A SR VLT A 41 2%
TR - MR, B-Fadi s, mhsk FREE S
MR R AR T AN, 7o 40 3 10 d o U FE
15~25C, 5CIHGHGE S EMBIFRAML FZ AR K
Ub, G AR AF T 2 1A A6 R PR R 50 20 25 11 B R 0 T il
FAMLLEM LWERAR T KR 3. eI MR
g, NAFMOENE B LB —, 2\
AT F A R (PSY)HE H (st AL s, 1IR3k
IR AT S b B R W A R
AT, aRBENEARHL RSB NTRS
RIS SPSY RN LRI K. X—RBH B
MRS RMBMLE PR DWA-AE b F. p-Fas
F AV I I A

4 4 ®

AT FCEE R, et B o 21 1A I 8 2R B AR P
FKE DRI BIEAAAE A SR . FIRQ0°CHRAL
PRI e SR R € RO AR AT P R Al R AE I R T RS )5 IR
(4O RESEATRFF AR SR b, HE
T HARIE R . BRI IO I B- 1A% b 3. M ER . a-f
SR A/NMERE AN, H T2 AR AR A 2]
LSS AR NN (e S EAN) g N AP VR
NERGETRIG VAR, bS5 EEA R RE .

EEP U

[11 4. USRS P2 RS O PEYF A S 41 A I 5 (Citrus sinensis L.
cv. Cara Cara) & A 2t HLEAHRD]. sl Hr Al K2z, 2002.

[2]  FANCIULLINO A L, DHUIQUE-MAYER C, LURO F, et al.
Carotenoid diversity in cultivated citrus is highly influenced by genetic
factors[J]. Journal of Agricultural and Food Chemistry, 2006, 54(12):
4397-406.

[3] MOULY P P, GAYDOU E M, LAPIERRE L, et al. Differentiation of
several geographical origins in single-strength Valencia orange juices
using quantitative comparaison of carotenoid profiles[J]. Journal of

Agricultural and Food Chemistry, 1999, 47(10): 4038-4045.

(T

2013-2-22 11:29:23’7



260

2013, Vol.34, No.04

E6miltl Z

[4]

(3]

[8]

[9]

[10]

(1]

[12]

03-{u3¢M7iz-04. indd

MATSUMOTO H, IKOMA Y, KATO M, et al. Quantification of
carotenoids in citrus fruit by LC-MS and comparison of patterns of
seasonal changes for carotenoids among citrus varieties[J]. Journal of
Agricultural and Food Chemistry, 2007, 55(6): 2356-2368.
DHUIQUE-MAYER C, FANCIULLINO A L, DUBOIS C, et
al. Effect of genotype and environment on citrus juice carotenoid
content[J]. Journal of Agricultural and Food Chemistry, 2009, 57(19):
9160-9168.

FRASER P D, BRAMLEY P M. The biosynthesis and nutritional uses
of carotenoids[J]. Progress in Lipid Research, 2004, 43(3): 228-265.
LEE H S. Characterization of carotenoids in juice of red navel orange
(Cara Cara)[J]. Journal of Agricultural and Food Chemistry, 2001,
49(5): 2563-2568.

XU Changjie, FRASER P D, WANG Weijie, et al. Differences in
the carotenoid content of ordinary citrus and lycopene-accumulating
mutants[J]. Journal of Agricultural and Food Chemistry, 2006, 54(15):
5474-5481.

TAO Nengguo, HU ZhiYong, LIU Qin, et al. Expression of phytoene
synthase gene (Psy) is enhanced during fruit ripening of Cara Cara
navel orange (Citrus sinensis Osbeck)[J]. Plant Cell Reports, 2007,
26(6): 837-843.

ALQUEZAR B, RODRIGO M J, ZACARIAS L. Regulation of
carotenoid biosynthesis during fruit maturation in the red-fleshed
orange mutant Cara Cara[J]. Photochemistry, 2008, 69(10): 1997-2007.
FANCIULLINO A L, CERCOS M, DHUIQUE-MAYER C, et al.
Changes in carotenoid content and biosynthetic gene expression in
juice sacs of four orange varieties (Citrus sinensis) differing in flesh
fruit color[J]. Journal of Agricultural and Food Chemistry, 2008,
56(10): 3628-3638.

LIU Qin, XU Juan, LIU Yongzhong, et al. A novel bud mutation that
confers abnormal patterns of lycopene accumulation in sweet orange

fruit (Citrus sinensis L. Osbeck)[J]. Journal of Experimental Botany,

260

[13]

[14]

[15]

[1e]

[17]

(18]

[19]

[20]

2007, 58(15/16): 4161-4171.

TIETEL Z, LEWINSOHN E, FALLIK, E. Importance of storage
temperatures in maintaining flavor and quality of mandarins[J].
Postharvest Biology and Technology, 2012, 64(1): 175-182.

YOUNG L B, ERICKSON L C. Influences of temperature on color
change in Valencia oranges[J]. Proceedings of the American Society
for Horticultural Science, 1961, 78: 197-200.

WHEATON T A, STEWART I. Optimum temperature and ethylene
concentration for postharvest development of carotenoid pigments in
citrus[J]. Journal of the American Society for Horticultural Science,
1973, 98(2): 337-340.

MATSUMOTO H, IKOMA Y, KATO M, et al. Effect of postharvest
temperature and ethylene on carotenoid accumulation in the flavedo
and juice sacs of Satsuma mandarin (Citrus unshiu Marc.) fruit[J].
Journal of Agricultural and Food Chemistry, 2009, 57(11): 4724-4732.
RODRIGO M J, ZACARIAS L. Effect of postharvest ethylene
treatment on carotenoid accumulation and the expression of carotenoid
biosynthetic genes in the flavedo of orange (Citrus sinensis L. Osbeck)
fruit[J]. Postharvest Biology and Technology, 2007, 43(1): 14-22.
VAN WYK A A, HUYSAMER M, BARRY G H. Extended low-
temperature shipping adversely affects rind colour of ‘Palmer Navel’
sweet orange [Citrus sinensis (L.) Osb.] due to carotenoid degradation
but can partially be mitigated by optimizing post-shipping holding
temperature[J]. Postharvest Biology and Technology, 2009, 53(3):
109-116.

JAVANMARDI J, KUBOTA C. Variation of lycopene, antioxidant
activity, total soluble solids and weight loss of tomato during
postharvest storage[J]. Postharvest Biology and Technology, 2006,
41(2): 151-155.

KATO M, IKOMA Y, MATSUMOTO H, et al. Accumulation of
carotenoids and expression of carotenoid biosynthetic genes during
maturation in Citrus fruit[J]. Plant Physiology, 2004, 134(2): 824-837.

2013-2-22

11:29:23






