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Changes in Volatile Constituents of Satsuma Mandarin Oranges
during Canning and Storage of the Products

Hidehito Takahashi, Hidenobu Sumitani, Yumiko Inada,
Daizo Mori and Kiyoaki Tatsuka®

The volatile constituents of fresh peel, fresh vesicles, canned Satsuma Mandarin oranges
(vesicles and syrup) and the stored preducts were investigated. Volatiles were isolated by
simultaneous distillation and extraction under reduced pressure, and analyzed by a capillary
column GC-MS. Total volatile contents of peel and vesicles were 1.36% and 0.00038%.
respectively. A 98.5% of volatiles in peel was terpenoids. The volatiles in fresh vesicles were
mainly composed of terpenoids (60.7%), paraffin wax (28.0%), alcohols (6.5%) and
aldehydes (0.9%). The volatiles with relatively large log odor unit in fresh vesicles were
limonene (2.2), linalool (0.8) and (Z)-3-hexenal (1.7), and those in the fresh canned oranges
were limonene (1.3) and linalool (0.7). Quantitative and qualitative differences in volatiles
between fresh vesicles and canned products have been observed. The terpenoids may mainly
contribute to the flavor of canned Satsuma Mandarin orange. The some volatiles considerably
disappeared by canning, and gradually decreased during the course of storage. The deterioration
of flavor quality of the canned Satsuma Mandarin orange during storage is considerably small
compared with that of the canned Satsuma Mandarin orange juice. The following two reasons
could be proposed. The first, the tin plate can is commonly used for the manufacturing of the
canned Satsuma Mandarin orange. Reductive condition inside of the can was rapidly formed after
canning by the reaction of plated tin with enclosed oxygen. The second, the terpenoids. of which
hydration could produce undesirable flavor compounds, were contained only little amount in the
canned Sasuma Mandarin orange.

Key words : Satsuma Mandarin QOrange. Citrus Unshin MaRrc. cv. Miyagawa-wase, Canned
Satsuma Mandarin Orange, Volatile Constituents, GC-MS, Limonene, Linalool,
Aroma
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Table 1 Volatile compounds of peel, vesicles and canned products of Citrus unshiv MARC. cv Miyagawa-wase

Concentration, ug-kz' *

Canned Product, Sworage Time b

_ Kl Fresh Fresh Room Temp. 37T
Pzak No. Constitugnt (DB-Wax) Peel Vesicles 0 3 months 3 months
Terpenoids
4 a -Pinenz 1020 140062 = = = =
5 a-Thaojens 1026 49325 = = = =
10 £-Pinene 1106 64075 5.5 = = =
11 Sabinene uaL- 23467 = = = =
16 Myrecene 1163 243805 26.4 3.2 29 24
17 a-Tempinene 1179 3491 21 24 28 26
pi:} Limonens 1197 11622463 1532.3 196.3 163.4 1365
2 F-FPhellandrene 1723 ¢ 40353 - = = =
24 y-Terpinens 1245 724648 072 271 23 188
7 p-Cymene 1271 52013 I8 21 20 20
28 a-Terpinolens 1284 33739 5.1 = = =
42 &-Element 1477 ¢ 21884 &2 i5 o= =
4 Copaene 1501 < 6242 97 = - =
48 F-Cubebene 1547 © 6720 - — = =
54 B-Elemene 1600 © 140585 162.8 = = =
55 f#-Caryophyllene 1606 10873 6.9 = = =
B0 a-Caryophyllens 1680 17971 16.2 = = =
67 GermacrengD 1722 © 35301 431 337 18 =
2 a - Farnesens 1754 © BER 8973 < = =
74 v-Cadinene 1768 10934 19.7 25 L8 36
49 Linalool 1552 64273 369 33.2 207 4.3
56 Terpinen-4-al 1611 3008 124 11.9 82 87
65 a-Tempingol 1707 46891 319 378 277 H“3B
75 Cirronellol W2 3290 - = = =
78 Nerol 1808 661 = = == =
80 { E)-Carveol 1845 - - 75 149 186
81 Geraniol 1% 674 = = = =
83 (Z}=Curveo] 1876 = == = 27 7.7
91 SF-Elemol 2090 © 3601 - = = =
43 Citronellal 1453 42 - = = =
62 Citral 1850 1892 = = = =
v Perillaldehyde 1797 2696 = e = =
34 Citronellyl acetate 1666 1847 Le = = =
73 Geranyl acerate 1762 8101 6.0 = ’ = =
sl UK (MY=154) 1358 2068 = = b =
a3 UK (M* =204} 1587 9311 47 = = =
o7 LK (IM* =204 1647 2178 2h = - i~
(21 UK (M7™=204) 1702 = B3 73 2 7.0
68 UK (M*=204 1727 2316 43 - - -
69 UK (M*=204] 1731 8458 152,89 1192 433 746
70 UK IM™=204) 1737 = 174 6.2 22 33
7 UK (M~ =204) 1747 312 2.9 - - -
78 UK iM*®=2M) 1776 1943 a4 22 02 =
79 UK (M*=24) 1845 3961 et = = ==
13494512 2315.7 500.2 3203 3291
Alcohols
2 Ethanol 937 = 176 12,6 = =
[ Propanol 1042 = 6.3 = = =
7 2-Methyl-3-buten-2-ol 1044 = 290 i} 1193 137.1
8 2-Methyl-1-propanal 1095 - 206 9.3 0.0 85
14 1-Buanol 1148 = 23 = 15 25
15 1-Pentepn-3-ol 1162 = 8.7 7 356 25
20 2-Methyl -1-butanol 1210 = 238.1 8.3 130 s
21 3= Methyl-1-butanol 1711 o 66.1 56.9 306 478
25 1-Pentanol 1255 = in = - ’E
31 {Z1-2-Penten-1-ol 135 244 a7 L9 14 L7
32 3-Methyl-2-buten-1-ol 1328 - *7 4.0 179 230
33 1-Hexanol 1338 4286 9.6 2.2 23 21
34 (Z)-3-Hexen-1-ol 1389 12001 43.5 122 124 112
ag I-Heptanol 1461 = 1.4 ¥ - -
3l 1-Octanol 1563 4615 29 25 31 35

21146 248.2 5.6 2371 2516
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continued
Aldehydes
8§  Hexanal Loz 3876 75 - - -
12 (E)-2-Pentenal 1129 - 23 - - -
13 (Z)-3-Hexenal 143 4694 132 - - -
18 Hepianal 1185 = 14 = = =
22 (E)-2-Hexenal 1219 - 8.6 - = -
30 Ocranal 1281 3000 E = = =
35 Nonanal 1399 758 15 - - ==
40 Furfural 1465 - 2.1 22,9 130.1 10517
45  Decanal 1503 5084 = = & =
32 5-Methyl-2- furfural igig - = = - 2.9
66 Dodecanal . 3530 = = = =
75032 356 22.0 130.1 1054 6
Paraffin Wax 166
ad Nonadecans = 1.8 = &= =
8  Eicosane 2000 - 125 11.3 9.2 12.9
8¢ Hydrocarbon 2054 - 237 20,1 23.] 31.8
9z Heneicosane 2100 = 721 89.6 78.4 196.1
93 Hydrocarbon 2152 - 19.8 20.2 18.3 212
04 Hydrocarbon 2167 - 20.8 195 19.1 22.1
9%  Docosane 2200 - 886 90.9 86.0 9.8
99 Hydrocarhon 2252 - 2339 258.6 2626 2845
101  Tricosane Z300 - 72,7 2024 309.9 3381
102 Hydrocarbon 324 - 442 45.2 32.0 6.0
163 Hydrocarbon 2340 - 26.2 189 20.6 20.8
104 Hydrocarbon 2366 - 1086 1044 117.1 118.1
106 Tetracosane 2400 - u7 425 49.4 489
106 Hydroearbon 2449 =, 45.8 388 454 424
107 Pentacosiune 2500 — 50.1 49.2 3.1 (2.9
0 1068.6 1100.5 11342 1247.2
Others
I Acatone 813 - 221 274 454 352
3 Chiloroform 1018 = 0.2 8.0 6.7 .0
26 Dihydro-2-methyl-3(2H) -furapone 1266 - = - - 6.8
20 3-Hydroxy—2-butanone 1288 - 39.4 423 51.6 367
46 2-Furyl methyl ketone 1508 - = = 1.7 39.8
58 Furfuryl alcohol 16565 - = = - 28
0 917 TTT 1054 1273
Unknowns _
3§ UK 42 2115 - - - -
7 UK 1445 20 = - = -
38 UK 1465 2787 - - - -
4 UK 1472 3042 = = -
47 UK 1547 - - - - 6.7
61 UK 1685 1044 33 - - -
63 UK 1699 ~ 5.0 - - =
2 UK 1867 1725 - = - =
85 UK 15;?3 608 = - - -
54 2007 - = = = =
# UK 2018 o 2 : = -
0 UK 2003 1002 = = = =
95 UK g 623 = = 5 =
7 WK adfla = - : 197 172.0
98 LUK nd 578 = = = =
100 UK 2267 1247 241 53.8 22.8 LLE
108 UK i - 102 17.4 55 7.3
we UK 3565 - 15.1 30.7 27.1 16.4
17741 577 102.0 5.1 2147
13563431 38176 2006.1 20122 @29d5

Concentrations were calculared from towml ion intensity by internal standard method (IS =cyclahexanol) without
FESPOnSE cormection.
Coneentrations based on the weight of canned vesicles.
Sakamoto et al. (1897) &',
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CBVOMERHEEICL > THETERSAMEIEF—HT 2L vbATWER. IH¥0OBL
FFBLUIAVEHEOFNIFESTINGTHEET DD, EEREENTVRIIBVWOHE
EBrRwTAF—o2=v O EFRD. TOEFE F5V—2=y rOHENEEZRLELD
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