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The variations in major aroma compounds in ‘Olinda’ Valencia orange

(Citrus sinensis) during storage
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Science for Southern Mountainous Regions, Ministry of Education, Chongqing 400715, China)

Abstract: [Objective]Valencia orange is one of the major types of sweet orange (Citrus sinensis), but
its aroma character is not well-studied. It is essential to study the variation in volatile compounds in
fresh fruits during storage. For this purpose, we investigated the variation pattern of the major aroma
compounds in ‘Olinda’ Valencia orange during three months of storage. [Methods) Fruit materials
were harvested from a local commercial orchard. The fruit were immersed in mixed preservatives (5 g
bellkute, 5 mL prochloraz and 1 g 2, 4-D dissolved in 20 L tap-water) for 1 minute and dried in air, and
then packed in nano-plastic bags and stored under 7 “C for three months. Non-treated fruit stored at the
same temperature served as the control. Sampling was conducted every 7 days. Decay rate and fruit
weight were recorded during storage. Peel color was analyzed on six points in the equatorial region of
each fruit with a Minolta ChromaMeter (CR-400, Konika Minolta, JPN) and expressed in the interna-
tional CIE 1976 L™ a" b color space, where L" indicates lightness, a” indicates green to red, and b" indi-
cates blue to yellow. Citrus color index [CCI=1 000xa’/(L"xb") ], which was widely used in the citrus
industry, was calculated to express the results. Total soluble solids (TSS) and total acids (TA) content
were determined using a digital refractometer (PAL-BXIACIDI1, Atago, JPN). Aroma compounds were
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extracted and detected by head space-solid phase microextraction (HS-SPME) combined with GC-MS
(2010 Qplus, Shimadzu, JPN), and the relative content of individual compound was quantified by inter-
nal standard method. [Results)Fruits treated with a mixture of three preservatives combined with nano-
plastic bagging showed a significantly lower decay rate and fresh loss than the other treatments. In addi-
tion, a lower CCI value of treated fruit was observed, which suggested that fresh-keeping treatment
might delay the senescence of fruit. At the end of storage, TSS content of treated fruit was significantly
lower than that of the control fruit, while TA content showed little difference. In this study, a total of 73
aroma compounds were detected, which mainly consisted of monoterpenes (16), sesquiterpenes (22), al-
dehydes (11), alcohols (6), esters (4) and other compounds (14). Among these volatile components, d-
limonene, B-myrcene, valencene, decanal, octanal and B-linalool were the predominant compounds.
During the whole storage period, the total content of aroma compounds decreased continuously, and the
peak value (104 741.91 ug- g') appeared at the 7th day of storage. The total content decreased by
68.99% at the end of storage time. We found that the contents of different types of volatile compounds
and their numbers changed during the three months of storage. (£)-Citral, citronellol, terpinolene, etc.
were detected only occasionally, while f-citronellal, a-terpineol, cis-f3-ocimene, etc. existed throughout
the whole storage period. The relative contents of aldehydes, alcohols and monoterpenes decreased sig-
nificantly on the 7th day of storage, and a degradation “turning-point” of monoterpenes was observed
again at day 63 during the storage, whereas sesquiterpenes slightly increased after three months of stor-
age. The variation patterns of the relative contents of the predominant compounds were also different.
After three months of storage, the relative contents of d-limonene, f-myrcene, decanal, and octanal de-
creased obviously, but valencene increased basically and p-linalool was relatively constant during the
whole storage time. The major aroma compounds (except valencene) of ‘Olinda’ Valencia orange treat-
ed by the mixture of the three preservatives combined with nano-plastic bagging showed an opposite
variation trend compared with the cold stored fruit within the first 28 day, but tended to be consistent af-
ter 28 day of storage. After 63 day of storage, the fresh-keeping treatment had no significant effect on
the variation pattern of the major compounds. Besides, d-limonene and -myrcene in treated fruit de-
creased sharply at 63 day of storage, which was consistent with the control. The variation pattern of va-
lencene under the mixed treatment was more or less the same with the control, but the peak value of
treated fruit was observed at 42 day of storage, while that of the control fruit occurred on day 28. [Con-
clusion] The variation patterns of different types of aroma compounds of ‘Olinda’ Valencia orange un-
der storage conditions were investigated systematically in details. A degradation “turning- point” of
monoterpenes such as d-limonene and f-myrcene was observed at 63 days of storage in fruit treated by
preservatives or under cold storage. It is worth further study. Apart from this, we found that a mixed
treatment with different preservatives combined with nano-plastic bagging maintained the basic sensory
quality of ‘Olinda’ Valencia orange during storage, and significantly inhibited the variations in the ma-
jor aroma compounds during the first month of storage.
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Table 1 The rotting rate of ‘Olinda’ Valencia

orange with different treatments during storage

Ji 12 % Rotting rate/% 28d 63d 91d

CK 8.712a 13.3+23a 26.0+4.0a
B 6.082.0ab 87423 b 153+5.0 b
P 47+12bc  6.7£3.1bc 14.743.1b
P+B 2.0+2.0 ¢ 27+12¢ 33+1.2¢

T [ — U RVNG S RER R AL B ) 22 5 . 35 (p < 0.05) . IRl
Note: Different letters in the same column indicate significant differ-

ence at p < 0.05. The same below.
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Different letters indicate significant difference at p < 0.05 between

treatments at the same time of storage. The same below.
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Fig. 1 Changes in fruit mass of ‘Olinda’ Valencia orange

with different treatments during storage
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Fig. 2 Changes in CCI of ‘Olinda’ Valencia orange

with different treatments during storage
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Table 2 The effect of different treatments on TSS and TA contents in ‘Olinda’ Valencia orange

Lb TR o (A PERETEZY)) Total soluble solids content/%

(7] % R) Titratable acid content/%

Treatment () q 28d 63d 91d 0d 28d 63d 91d

CK 10.4+0.07 a 11.6+0.07 a 12.0+£0.07 a 11.8+0.07 a 1.17+0.03 b 1.27+0.04 a 1.37+0.04 a 1.28+0.01 a
P 10.5+0.07 a 10.4+0.00 ¢ 10.3+£0.07 b 10.5£0.21 b 1.10£0.03 ¢ 1.04+0.08 ¢ 1.31£0.13 a 1.10+£0.01 ¢
B 10.4+0.07 a 10.6+0.00 b 10.3+£0.07 b 10.5+0.00 b 1.09£0.03 ¢ 1.17+0.11 ab 1.41£0.12 a 1.20+0.01 b
P+B 10.5+0.07 a 10.3£0.07 ¢ 11.0£0.21 b 9.8+0.00 ¢ 1.33£0.05 a 1.05+0.09 be 1.39+0.00 a 1.27+0.10 a
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Table 3 Aroma compounds in ‘Olinda’ Valencia orange and their relative contents
) 48 Cas B %%Hjl‘m ey é‘?ﬁﬁi)ﬂﬂﬂﬁfrrﬂ i : é%/}*@ﬂ:?ﬁ
Type Code Cas number Retentl.on Compounds ITlrst detected Varlatlf)n range/
time/min time/d (ug-g'
52K Aldehydes 1 66-25-1 6.345  C.fi% Hexanal 0 2.20~25.45
2 124-13-0 16,615 [ Octanal* 0 69.20~733.99
3 124-19-6  21.880 [ Nonanal 0 10.60~108.53
4 5949-05-3 24298  B-FF M B-Citronellal 0 54.90~197.47
5 112-312  26.866 %% Decanal* 0 295.78~669.90
6  106-26-3 28.540 (2)-F7 %58 (Z)-Citral 0 17.07~60.39
7 6544-40-7  30.052  S-HE-2-RHMEI-4-CAGE 0 22.71
5-Methyl-2-isopropenyl-4-hexenal
8  141-27-5 30.072 (E)-Frig g (E)-Citral 35 14.37~47.63
9 112-54-9 36.085 + (k%) Dodecanal 42 13.24
10 112-44-7 31.593 +—(¢)E Undecanal 70 5.51~15.86
11 124-25-4 36.076 VU (kE)EE Tetradecanal 70 14.89~34.93
i3 Alcohols 12 126-91-0  21.649  P-F51&[F B-Linalool* 0 298.71~739.11
13 10482-56-1 26.068  o-fATHE o-Terpineol 0 14.96~37.11
14 20126-76-5 25388  (-)-4-iifi fhl§E (-)-4-Terpineol 7 2.38~11.14
15 17699-16-0 19.874 i -4-(N#1FE Trans-4-Thujanol 42 8.33
16 106-22-9  28.060 [ Citronellol 42 7.85
17 106-24-1 29.981 (E)-# Wiz (E)-Geraniol 70 14.37
fi52% Esters 18 112-14-1 27.266 ETR ~- I Acetic acid , octyl ester 14 4.89~33.97
9 - 17.016 3-AER Pl 3-Chloropropionic acid, heptyl ester 49 8.87
20 150-84-5 33.665 &R 7 2# T Citronellyl acetate 70 5.62
21 97-42-7 22.604  FFEELIRES Carveol acetate 84 1.98
LSRN 22 2867-5-2 12452 o-fl}1%% a-Thujene 0 1.95~17.25
Monoterpenes 53 gq_56.8 12.714  o-JEM a-Pinene 0 121.00~474.40
24 3387-41-5 14.882 i) Sabinene 0 166.69~797.10
25 123-35-3 16.009  B-HH:Jf B-Myrcene* 0 753.49~2 779.62
26 99-83-2 16.528 a-7K 4% a-Phellandrene 0 10.90~31.12
27 13466-78-9 16.821  3-E4% 3-Carene 0 23.65~117.93
28 99-86-5 17.228  o-faiti)# a-Terpinen 0 11.28
29 5989-27-5  18.068  d-F¥#EMi d-Limonene* 0 25 887.21~97 376.61
30 3338-55-4  19.041 Jii=X-B-2 1) Cis-B-Ocimene 0 17.86~166.69
31 99-85-4 19.465 y-1ifi i 45 y-Terpinene 0 10.47~77.31
32 4497-92-1 20947  2-%)d 2-Carene 0 2.54~23.93
33 29050-33-7 17217 4-#4# 4-Carene 7 3.24~9.59
34 1461-27-4  18.539 R4 A kM Isocarvestrene 7 22.69
35 586-62-9 20.966 i i 747 Terpinolene 7 8.53~29.60
36 99-86-5 17210 o-ifi 4 o-Terpinen 14 6.43~15.46
37 29548-02-5 18.535 i =M Artemisiatriene 42 314.78
e 38 17699-14-8 33391 a-EEVEAI a-Cubebene 0 9.37~33.71
Sesquiterpenes 39 27469.52.9  33.991 (#H)-HE M (+)-Cyclosativene 0 3.84~9.66
40 3856-25-5 34502 H[EU Copaene 0 40.11~73.73
41 13744-15-5 35.151 B-EEVE At 7 B-Cubebene 0 76.71~150.56
42 33880-83-0 35229  PB-Hif /5 B-Elemene 0 17.21~30.72
43 3650-28-0 35353 (- 75} (+)-Sativen 0 4.62~11.25
44 158848-19-2 35878 ) Zingiberene 0 4.75~9.35
45 87-44-5 36.330 Fi11J# Caryophyllene 0 47.82~111.18
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#=3(4) Table 3(continued)

. i Ve eI Qo= A eA i
1 BB Cas B 1%%ijIHJ wam ﬁ()\ﬁu\JEJHTIHJ *HX. & AR Ak
Retention First detected Variation range/
Type Code Cas number . . Compounds . B
time/min time/d (pg-g'>
46 6753-98-6  37.759 a-f1 77} a-Caryophyllene 0 5.86~10.52
47 18794-84-8 38.055 B-i2:Je 4 B-Farnesene 0 24.14~57.04
48 3691-12-1 38740  o-fBIANE a-Guaiene 0 5.73~11.07
49 4630-07-3  39.414 LB Valencene* 0 85.69~663.12
50 10208-80-7 39.754 a-A< =M% a-Muurolene 0 4.64~22.16
51 523-47-7  40.669  B-FtEANE B-Cadinene 0 18.07~97.78
52 1460-97-5  38.755 (-)-y-HEF2 M (-)-y-Cadinene 7 8.75~18.03
53 502-61-4 40.208 a-1%:JeJ#i a-Farnesene 7 8.16~35.71
54 56633-28-4 40.384  o- NS (-)-0-Panasinsen 7 15.36~38.48
55 28387-44-2 39.878  (-)-KARAFMU A (-)-Germacrene A 14 19.28
56 54324-03-7 35.154  RAARFAAKTIE 28 24.47~29.96
(+)-Epi-bicyclosesquiphellandrene
57 6813-21-4  38.659  Fitki-3,7(11)- % Eudesma-3,7(11)-diene 28 5.66~11.23
58  55123-21-2  35.885 Trans-B-ffF- MMM Trans-B-Bergamotene 49 5.29~6.96
59 116-04-1 37.653  B-UERME B-Humulene 56 13.79
HAth Others 60  1195-92-2 23449  FrEM%E Y Limonene 1,2-epoxide 0 8.30-26.92
61 - 37769 (Z,2,72)-1,5,9,9-WUH 31,4, 7-FF+— =4 7 6.13~11.26
1,4,7,-Cycloundecatriene, 1,5,9,9-tetramethyl-, Z,Z,Z-
62 17627-30-4 39.021 2-5F I KE-4a,8- T 1 JE-1,2,3,4,4a,5,6,7- )\ & %% 7 14.52~47.84
2-Isopropenyl-4a,8-dimethyl-1,2,3,4,4a,5,6,7-octahydro-
naphthalene
63 - 39.887 8- Ui 2k-1,5- - F L 1,5- - I 28 0t 7 14.29~28.88
8-Isopropenyl-1,5-dimethyl-cyclodeca-1,5-diene
64 15402-94-5 18512  5-Z.3E-1-FIIEIR BN 21 34.32
S-ethylidene-1-methyl-cycloheptene
65  55123-21-2 35866 e \-6-F -2 B L -6- (4- HIE IR -3- 0 55D - R 21 477
[3.1.1]5% %5
(1R,5R,6R)-6-Methyl-2-methylene-6-(4-methyl-3-pente-
nyl) bicyclo[3.1.1]heptane
66 - 40.180  4,8,11,11-PUH R —3{[7.2.0.0(3, )]+l 21 6.72
Tricyclo[7.2.0.0(3,8)Jundec-4-ene,4,8,11,11-tetramethyl-
67 - 38.074 (E, E)-7,11,15-=HI 53 1 JE-1,6,10,14- 755 0S5 28 38.76
(E,E)-7,11,15-Trimethyl- 3- methylene- hexadeca- 1,6,10,
14-tetracne
68  16728-99-7 41.009 1,6- - H - 4-(1-H 5 2. 55)-(1,2,3,4,40,7) /N A 28 28 4.81
1,6-Dimethyl-4 - (1-methylethyl)- (1,2, 3,4,4a, 7)hexahy-
dronaphthalene
69  1743-61-9  18.330 1,4- P42 IF R O 35 8.49
1,4-Dimethyl-4-vinylcyclohexene
70 3760-14-3  18.565 1,5- " H B 1,5- 3R R 56 11.78
1,5-Cyclooctadiene, 1,5-dimethyl-
71 2153-66-4  18.531 2,5- -3 20 1,4- 0 56 6.12
2,5-Dimethyl-3-ethenyl-1,4-hexadiene
72 7320-37-8  36.134 1,2-3 581+ 75%¢ 1,2-Hexadecylene oxide 84 22.73
73 1120-72-5  43.497 2-FEIR KR Cyclopentanone , 2-methyl- 84 432
R RN BUMGE TR RS2 2 TR AUNY + - R s R AR B U
Note: “*” represent the major aroma compounds of Olinda Valencia orange; “-” means not available.
R A G T - 91 d J5 A& & BTN 757.64 pg- gt AH LR A

5w PG SO R 2L BT 80 1 77.62%.  FUAB MR AR A R S b &
R 28 dIN & R (1 337.26 pg-go W7 HiRFE MW A RE T 200 R A BT
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Fig. 4 Effect of preservatives on major aroma components during postharvest storage
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