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A Study on the Flavor Constituents of the Citron (Citrus junos)
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Abstract

To accept basic data of utilizing of citron (Citrus junos) as a raw material of industrial products, major chemical
components of citron were investigated Weight ration of peel, flesh and seed of citton were 44.7, 42.9 and 12.4%, respectively.
Comparing proximate composition of peel and flesh of citron, peel showed higher in crude protein, crude fat and
crude ash than flesh, but lower in moisture, carbohydrate and soluble solid. The major free sugars of citron were
fructose, glucose and sucrose. Peel contained higher in sucrose than flesh, but lower in fructose and glucose. The
contents of K and P were 309 and 15.9 mg% in peel and 175 and 22.4 mg% in fresh, respectively. The main
organic acids of citron were citrate, malate and oxalate. Total organic acid content of flesh (6.6%) was higher
than that of peel (4.6%). Total amino acid contents of peel and flesh were 671.9 and 315.7 mg%, respectively.
Free amino acid contents of peel and flesh were 324.3 and 280.7 mg%, respectively, and the major ones were
proline, serine, glutamic acid, aspartic acid, and histidine. Total 49 volatile compounds were detected and 26 of
these ones were identified in citron. The major volatile component of citron was limonene, which consists of 80%
among the total volatiles in peel by all extract methods.
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Table 1. Conditions of operating HPLC in analysis of free sugars

Tiems Conditions
Instrument Waters associate M244, M410 RI detector
Column Sugar Pak Column(8 mm id. x 30 cm)
Column temp. 80C
Mobile phase Water
Flow rate 0.5 mL/min
Chart speed 0.5 cmymin
Injection volume 30 pL
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Table 2. Conditions of operating amino acid autoanalyzer

Items Conditions

LKB 4150, alpha autoanalyzer
Ultrapac 11 cation exchange resin

Instrument

Buffer solution pH 3.2-pH 4.25-pH 100, sodium citrate
Flow rate Buffer 35 mLjhr, ninhydrin 25 mL/hr
Column temp. 50~80°C
Chart speed 2 cmymin
Injection volume 40 uL
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Table 3. Conditions of HPLC in analysis of orgnic acid

Ttems Conditions
Instrument Waters associate M244
Column u-Bondapack C18, 3.9 x 30 em
Mobile phase 0.05M phosphate buffer(pH 2.4)
Flow rate 1.0 mLfmin
Injection volume 30 uL
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7571 SRl &% 2L 80 gE 7710 B 7T
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Packard 5970 MSDE A}-8-8l31 o™, 7} g o] 3 &l
GC-MSel 2]%l mass spectrum EU] 2 computer library
file-Wiley 275. L3} H] £33t}

Table 4. The operating condition of purge & trap concentrator
(Hewlett Packard Co., USA). in analysis of volatile flavor
compounds

Method parameter Value
Line temp. 120C
Valve temp. 120C
Mount temp. 0T
MCS temp. 40T

Purge ready temp. 30T

Turbo cool temp. 0T

Sample heater OFF
Purge time 11 min.
Drypurge time 4 min.
GC start option Start of desorb
GC cycle time 0 min.
Cryo focuse OFF
Desorb preheat temp. 175¢C
Desorb time 4 min.
Desorb temp. 225¢C
Sample drain off
Bake time 10 min.
Bake temp. 230C
Bake gas bypass ON
Bake gas bypass delay time 2 min.
Purge time 11 min.
MSC bake temp. 300C
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Table 5. Proximate composition of peel, flesh and seed of citron

Composition Peel Flesh Seed
Moisture (%) 86.1 873 420
Crude fat (%) 14 0.8 170
Crude protein (%) 19 0.8 9.1
Crude ash (%) 08 05 16
Carbohydrate (%) 6.7 105 324
Soluble solid (*Brix) 6.1 92
Acidity (%) 46 6.6
pH 24 24
Vit.C (mg%) 734 702
Proportion (%) 447 429 124
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Table 6. Contents of free sugar of peel, flesh and seed of citron

(%)
Sugars Peel Flesh
Fructose 339 362
Glucose 0.81 431
Sucrose 202 1.30
Total 6.22 923
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ALY B B8] gk Table 7ol vEbd vhot
7o) K, Ca ¥ Mg< 37} 309.15 mg%, 61.58 mg%, 76.58
mg% 2 7-5-9] 175.78 mg%, 25.12 mg%, 29.56 mg%ell H|}
o] wol drgxlo] gl ¥, PE 3-{o 224 mg% = 2]
9] 1590 mg%Erh 6 EA Jeyth Fr AT 353
9]0l K, Mg, Ca & P9] Fo2 F7 Yeth 4 ¢
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2 Mg7} 1825 mg%2| M Z A Vet #&3 799
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Table 7. Contents of minerals of peel, flesh and seed of citron

(mg%)
Minerals Peel Flesh Seed
K 309.15 175.78 143.69
Ca 61.58 25.12 46.86
Mg 76.87 29.56 18.25
P 1590 244 12821

Boly §7]AkS Table 8o UEltl. HPLC)
e AZH 714 F 7F0] EYHJL 2F 650
oyt B f714ke] g A e Huo 73
O 2 714be] FEe 46%01H, 0|5 HA f7lake] 24
Hlg2 BE FAAto] 62.3%, SAto] 16.6% 2 Alztatol
81% o2 zizh vehyth. WA 382 FR714te] gk

Table 8. Organic acids and relative rations of peel and flesh of citron
(%)

Organic acids Peel Flesh
Citric acid 623 56.4
Oxalic acid 16.6 102
Malic acid 8.1 185

Succinic acid 35 14

t-Butylacetic acid 53 0.5

Citridic acid 04 9.1
Unknown 38 39
Acidity(%) 4.60 6.60
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B3, t}20 F= serine, glutarmic acid, aspartic acid,
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Table 9. Contents of free and total amino acids of peel, flesh and
seed of citron
(ing%)
Total amino acid Free amino acid
Peel Flesh Seed Peel Flesh Seed
Aspartic Acid 10658 5008  479.52 3448 3B 4217
Threonine 2432 1143 21064 0.00 0.00 0.00
Serine 5146 2418 36552 5484 4522 3354
Glutamic Acid  75.41 3544 86876 4116 3443 4292
Proline 8721 4098  349.86 13448  98.18 3645
Glycine 2996 1408 31711 1.51 174 128
Alanine 3304 1553 19634 9.89 16.03 6.94
Cystine 1.52 071 18.56 0.04 0.41 0.00
Valine 2172 1302 266.66 3.95 297 353
Methionine 746 351 69.09 L15 2.14 142
Isoleucine 18.88 8.87 170.30 1.99 1.73 243
Leucine 39.67 18.64 357.70 3.07 237 3.09
Tyrosine 16.39 770 13233 335 227 327
Phenylalanine 1922 9.03 23324 1.50 272 444
Histidine 5085 2390 19998 1735 2188 1636
Lysine 4292 2017 17975 292 2.63 3.80
Arginine 39.29 1846 37524 12.62 12.25 12.21
Total 6719 31573 47906 3243 28071 213.85

Components
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2571% % 2715589 A8 &Y E ol v A2
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FEHe osiA HAEE P19 ES B et AFoM 19
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¢t Hlu 2% E3o] =t #ui= limonene 78.15%,
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Table 10. Volatile compounds of citron extracted by three
different methods

(peak arca%)
Compounds disst;leﬁxltlilon Purge & trap Methanol extract
Peel  Flesh Peel  Flesh Pecl  Flesh
a-Thujene 040 - 045 - 0.17 -
a-Pinene 152 - 098 - 058 015
Camphene 001 - - - -
Sabinene 023 - 041 - 0.19 -
3-Pinene 077 063 072 - 050 oM
Myrcene 1.95 - 274 257 170 022
a-Phellandrene 0.54 - 0.59 - 051 061
p-Cymene 022 060 0.60 021 012

Limonene 7978 21.03 84.13 8119 7815 4052

Carene 0.26 - - - 0.30 -
Terpinene 929 336 798 877 1038 723
Unknown - 0.50 1.36 - - -

Terpinolene 048  0.62 - - 064 023

Linalool 118 2858 - - 249 3523

unknown 002 053 - 1.49 - 0.50
Terpinene-4-ol 007 227 - - - 373
Unknown - 048 - - - -
a-Terpineol 011 1485 - - - 10.85
Unknown 003 047 -

Unknown 001 229
Unknown - 3.55
Unknown 004 177 - - -

Thymol 011 206 - - 027
6-Elemene 0.12 - -
Unknown 0.01
Unknown 0.03
a-Elemene 0.05
Unknown 001 - - - -

B-Caryophyllene ~ 0.18 - - - 022
nknown 0.02 - - - -

Elixene 007 - - - 0.37

3-Famnesene 059 076 - - 0.85
Unknown 0.07 - -
Unknown 0.01

y-Muuroene 0.17
Unknown 0.02 - - - -

a-Himachalene 072 051 - - 0.86
Unknown 0.02 - - - -

6-Cadinene 0.14 - - - 024
Unknown 0.01

Wffgﬁ’fy?“ 012 06l
Unknown 001 086
Unknown 001 051
Unknown 003 054 - - -
Cedrenol 008 185 - 598 0.28
Unknown 017 062
Unknown 001 09
Unknown - 548
Unknown - 2.09
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