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Analytical study on citrus vinegar

Yutaka Osajima, Masayoshi Sawamura,
Fumio Hashinaga and Sadaji Furutani

WHDOH L o XEE, ADTDERLZCOBBRT
BHBH, M5 T3 BT LR OBBIL, Bk
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3. o TABETRELAADEFTHELARUIIR
FARELUTEHL D SEHAINTVE H T A, f, B
BOARWREORIICES 2R & & i, ML
ABERORFAZHMHR & UTERIT RS OB 217
zo1z.

EEAN T S TR
L BRI

Marvel &7 DL Y &5 vy av NI 7% #Hh
BEUHED OHFEREZMARDL S ICHAL
1.

QD ASL%&HE #3541 1X35cm, FHEiEY
YAHFL T8, EEM: 0.5N HS0, 4.5ml, ¥
3 ¢ 0.5ml/min., ZEE : 2ml.
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Table 1. Solvent composition.

Chloroform : n-BuOH (v/v)

Amount used

100 : 0 30 (ml)
95 : 5 | ”
90 : 10 ; ”
85 : 15 ! ”
80 : 20 ”
75 H 25 { ”
70 : 30 | ”
60 : 40 50
50 : 50 100

ZNEZYDHEAUETHIBARERI A EINGD
BIIHEICELDMTS. L, ErrviRes ¥
Vo, 7v—VBOL 5 ICRBEHET RO
Tid Bullen %V OFSBEEZPHH RIS 5 220,

Table 2. Recovery data of mixture of acids
on the silica gel column.

|
. i Fraction No. | Recovery

Acid | (Peak No.) %
Levulinic 21-27 (23) 97
Acetic 29-34 (30) 92
Pyruvic 35-39 (36) 57
Fumaric 37-43 (39) 100
Formic 44-47 (45) 83
Succinic 57-65 (60) 99
a-Ketoglutaric 58-66 (61) 87
t-Aconitic 63-74 (67) 90
Malonic 67-72 (70) 84
Glycolic 84-97 (90) 100
Malic 105-115(110) 102
Citric 121-135(124) 98

0.01 Meq. used
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2. O E D TR 1 ERERIZ 3D SIS 7
L30T, HEBROBEI L > TR0, [ERED
{EOERIT OV TR B I ORI Z L& O HE R D
LD THIE A ~IEH U TO B B 2 HET & s
V. o THRERBARHOBRHBIBROEEITHNS
LT, EREOHORARN &3 A HMREE 7
B Y MEREDV T B T ERFRAME UL
BB, COHERELD A ENT 4C- RS &
RUBHERZTT o1, va Vi -1-1"C, any
B -1, 4-1C 13F®AH Y -1C €/ oL,
UFeE s LI YARUIDS, IR
BIO2EHEOBEN (n-BuOH: HAc: H,0=4:1:
2,EtOH: NH;: H;0=20: 15: 1) % H W tz<—,¢
—ouw I BRI OTREL, RSt
W ERHERLUTOLMEAL. TBEHENEIIE
s mr7 h X%+ — (Aloka PCS-2) 5% O° Witk &
VFL—v gAY 2— (Beckman LS-250) % fl
Wiz, YR VI e 5T 4 -3 I-(DIHEL
THI7ew, J/ESH 0.1ml 2HgEeAlEe, 1.9ml
BREEICHNT.

Table 3. Recovery test by malonic acid-1-
C and succinic acid-1, 4-14C

Fraction No. o
pcia | (Peak Nos | Resovery (%)
RI method} Titration RI “ Titration
| _method |method| method
Malonic |67~73(70)l67~72(70)] 83 84
Succinic 57~65(60)|57~65(60) 100 99

ROLHESHIL L SR IBERERICE>THELN
TCMBOBEHAIE, EIRRERFe—B %2R0, {0
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BEBREAREMEIN Y 2~ X b AF. BHE : EBiR
TFRTE L b ATF. BMNADA ¢ SN
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2RO, RS (5°C) THIEHEAMA 2 OTHIL
T2 BONTIRA % S0ml HFOR Y = F L 2 )
ML, —25°C DIERRITIRL . s mr
L oF (% NE-700) 2L,

-2 F # B 595 oaB@ilt 1
F AR kot Tsbb, BFLLFM
U, WEEOAHE (10,000 r. pom., 20 min.) UC/ES
Nz EERO—E % Amberite IR-120 (H) % i

Liz#, Amberite IR-45 (OH) % U THER% W
38, 2N7 U E=VKTHHE UL, BN R
ffi (20mmHg, 40°C) L, LRI #iiE (10N)
BIMAT pH2UTF & UTHBBR 2SI, Ch
RS Y #4700 0.5 8 2 IMA THEER» W% 38,
smv NI 4 = R30I

-3 & @ f  #H7Th: 391 % Amberite
IR-45 (OH) THIRL 2%, ~V 5 Rk hHlE
Uz, ¥ 22 — VTR F R ERE LI
BRIZDNWT T =/ —ov - BiBREIC L b LTz, -3
S F v BEHOBFEY Ko Ttz LIz, 7 X2
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A%l : PEG 6000 (259, #f{k—Shimalite, 60~80
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Table 4. Organic acids contents in the

juices.
(Megq./1L of juice)

: c. c. c. |c
Acid KabusJunos Daidai Unshiu
!

Caproic, n-Butyric | — — — | 0.15
Levulinic 0.10, — — 0.15
Acetic 0.20f 0.60; 0.53] 0.26
Pyruvic, Fumaric — 0.79] 0.88] —

Formic 3.93| 4.12] 3.00 2.00
Unidentified 0.23 1.20] 0.3l 0.10
Succinic, Lactic 1.18] 4.95 1.48  0.54

1.22] 3.29] 3.29 1.98

a-Ketoglutaric, }
Aconitic, Malonic

Oxalic 0.40| 2.03] 0.59 —

Glycolic 1.26] 1.11] 0.46] 0.29
Malic 59. 81| 53.01| 23.19| 21.69
Citric 598. 231529. 90|528. 47| 380. 87
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Table 5. Relative amount of aroma components in the peels,
1 | Peak area percentage
nﬁi?g er Compound . IECF; ; T -
i I C. Kabus ‘ C. Junos | C. Daidai | C. Unshiu
i i
1 air | l
2 ether 34.6 !
3 ether | 34.6
4 o-pinene | 155-156 0.33 1. 03 0.94 0. 44
5 camphene | 160-161 trace trace trace trace
6 A-pinene 163-164 18. 20 3.07 3.81 1. 48
7 unidentified trace 0. 42 trace —
8 limonene | 178 73.35 74. 00 91.25 77.10
9 1, 8-cineole ' 176 — 0. 45 0.15 2.97
10 unidentified 3.04 12. 60 — —
11 p-cymene . 175 | 0.23 0. 45 0. 47 0. 44
12 n-hexylalcohol i 157 0.05 0. 45 0.02 trace
13 unidentified i trace — — trace
14 unidentified trace — —_ —
15 2-ethylhexylacetate 199 ! trace trace 0.02 0.21
16 unidentified | 0.12 0.01 0.10 trace
17 unidentified trace trace — trace
18 unidentified 0.04 trace 0.01 —
19 furfural 162 trace \ 0.07 0.17 ' 0.13
20 citronellal 205-208 — trace — 0. 09
21 n-nonylalcohol 215 0. 04 ' — — { —
22 n-decylaldehyde 207-209 0.56 0.10 0.24 0.98
23 linalool 197-198 0.04 3.80 0.86 2.09
24 unidentified 0.04 — 1.35 —
25 unidentified 0.03 0.06 trace —
26 unidentified 0.22 0.25 0.01 0.35
27 unidentified trace — trace —
28 unidentified | 0.24 — 0.09 6.05
29 unidentified | 0. 60 0.29 trace 0.18
30 unidentified 1. 86 1.31 trace 0.18
31 a-terpineol ' 218-219 0.06 0.25 0.20 0. 47
32 unidentified 0.04 trace 0.01 0.29
33 citral 228-229 0.04 trace 0.01 —
34 borneol 212 0.06 —_ — —
35 unidentified 0.12 0.27 0.09 0.74
36 citronellol i 119-121 0.16 0.92 0.14 4.98
37 n-decylalcohol 1 233 0.17 0.20 0.06 0.83
BN A ARH R OBEHER% 347 U Table 4 OF4HL W Rfieotz. BEESHHERERIC L o,

2R, £RPHU TEEBEIURDIELMNS I
VBRE Y TBTHHIWMER G DY LMD 80%
Ll:Zdn s, 770 U8R, n-BREBIZEMOAI. v
2 UEBRRBAMBCISTREBEIN. v T VBIR Y
TR, BRSNS, B S I3l I g h
Dz, BEERIIAL, BEBIRE K, EVEVER, T b
BizA7 2, BHNTRLNT, FRIIWUELITH
, FHEBICRSERZRUNL. INIEE, FERITM
ICHRINTE L, a-7 NPV 2 — VBB, FEE
HTEWEZRUIZ. VavBIZAICEZ S &EN,
TR, EBOR 4 HFRICEELI.

IIL. &R K%

JES U ToREN (RMEER) 3RS SRS IR U oo
WERR DTV, MHOEE RS, B5h
TEMIEb TR v b 2T 7IRHITERY DY

Table 5 6L L HIC, VERY, -2
EUEORECIE L TEERIEGINTE D, BHKih

DERITH 5. AITR DT “¥— 210" (B
FEAD HBEL, HBERRILELLNSL. AT

T3 B-ERUDFRHTCEHL, RANTE—7 10 Th-
12, —H, n-/ 27 —)udh T ACERENICR
Hah, 1,8—vad—ri@n7Ansi RBINL
otz

IIL. 8k OREERIL

EROBRBCRE S BE, S L b O DREE
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EORMZELE Fig. 1 IRLI. BNTIRREWT
SN TEM, BuTE iy, 11 A%z 11
% (&8 T T AN, T A, MTixe#



158 b ¥k

R

BPEUTCKEZ B, 2% WM iBLI.. —
B, BT REMTONTHERT % &, £F&IEH T2

Spp

TOESERIZ9 AR EE Uz, 2b b, RO
MEBEVFA & & I OBERm 2R T O &k,

¥

DFEDEL 10 A LHEN 2582 R bET 505, # T A TIIMIRBER 2R3 C Mg I e,
2.0
0
o—
— 10.0
£
@) 0
Q 8ot /
[0}
2
3 6.0}
o 4.0 / e
0/0 "o’ )
2.0t e e /
X—S2=l) WAt L
- o= X Y
v B
xomo=="XTTT T4
o —— i s A i i
July Aug.  Aug. Sep., Sep.  Oct. Oct. Nov.
(late) (early) (late) (early) (late) (early) (late) (late)
Fig. 1. Seasonal variation of total and reducing sugar.

—— Total sugar
C. Kabus (»)

C. Junos (x)

Reducing sugar
C. Unshiu (o)

Table 6. Seasonal change of the each organic acids in the juices. (Meq./1L of juice)
. t \ ke~ [ i
Acid | ® o ‘o & PO o
T ‘A 0.9 ot 0 L O.SO .
BBl S I b= =] STE T = i
S£| % £ BS|E B |SE 85EE 2 % 8| g
&2 5 B EE| S5 ¢ SR MES: G| x5 | £
Season ~JOu| A | < e | & | Eidlgw<s| S |5 | 2|35
[ ) : :
C. Unshiu | ; i f
Aug. (early) ~— 10,20 1.75 — 1 15.21, 0.83 | 3.20 2. 66 0.30 | 3.95 | 68. 17| 665.51
Aug. (late) 0.05{ 0.10 | 0.85 — | 12.68] 0.55 | 1.48 2.61 0.55 | 0.68 | 46.20] 407.48
Sep. (early) 1.12 1 0.20 | 0.79 | 0.05 | 11.33; 0.34 | 1.08 1. 59 0.58 | 1.27 | 26.80] 368.55
Sep. (late) 0.05 | 0.15 | 0.58 | 0.39 1.88; 0.10 | 1.03 1. 30 — | 0.15 | 25.92] 384.87
Oct. (late) 0.15]| 0.15 | 0.26 — 2.00{ 0.10 | 0.54 1.98 — | 0.29 | 21.68] 380.87
Nov. (late) 0.49 | 0.56 | 0.43 | 0.15 0.65/ 0.73 | 0.59 1.37 0.39 | 0.34 | 11.76] 264.24
C. Kabus ;
July (late) 0.15 | 0.15| 0.27 | 0.05 0.18] 0.05 | 1. 63 1. 59 0.59 | 0.15 | 73.34| 381.70
Aug. (early) 0.150.15 0.27 | 0.20 0.36] 0.40 | 1.25 2.42 — | 0.20 | 60.07| 735.15
Aug. (late) 0.85|10.10]0.32 | 0.54 0.59 1.37 | 1.23 2.27 0.59 | 0.39 | 43.85] 705.23
Oct. (early) 0.64 | 0.56 | 1.07 —_ 1.60] 0.45 | 1. 40 1.74 0.59 | 0.49 | 71.10] 695,23
Oct. (late) — 10.101]0.20 —_ 3.93/ 0.23 | 1.18 | 1.22 0.40 | 1.26 | 59.81| 598,23
|
C. Junos i % |
July (late) 0.39 1 0.76 | 0.85 | 0.20 1.24) 0.44 | 0.50 | 2.68 0.59 | 0.44 | 32.84 500.51
Aug. (early) 0.44 1 0.25 1 0.64 | 0.20 0.54] 0.45 | 0.85 2. 46 0.30 | 0.15 | 24.12] 443.99
Aug. (late) 0.64 | 0.20 | 0.48 — 0.42 0.35 | 1.34 3.09 0.36 | 0.15 | 20.42] 661.08
Oct, (early) 0.69 | 0.26 | 0.16 — 0.98 — i 1.40 3.25 0.36 | 0.35 | 46.63] 662.55
Oct. (late) - — 1 0.60 | 0.79 4.42 1,20 | 4.95 3.29 2.03 | 1.11 | 54.07| 529.90
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I-(2) FHESROFHNEL 7H B »
5 10 A% E TOM DI RO BIHNEIER
B% Table 6 WRLI.. £BONB0BEEDH I =
CVEBREROEMMNEB R BN TS L, THABII~8H
BHOWDY 3B, FERIEAWINCH T2, WEBHNE
ORfics: L MOEHE Roniz. $7abb, Fig 2
WWART & D, \BMTIE 8 Bty s Bllichir T
TUHERY 0% DU LEIWMTADICHL, »TXT
127 A%~ 8 ABHI ORI 1.9 f#iT, WCiky 7 =
L h IR N T 8 AR o SH®IE wh iy T &L
L fERICELI.. UL LZNEBIIBERIIRA S %
TELRT, #T X, T 650~700Meq/L, BMT
350~400 Meq/L DB ZHikE L1z,

S VBICRSEEBTH D Y T BITONTHS

700 T~

L, THBY~ 8 ABMOMII=ZE L § AT
AH39 Aicis B LRM oW L, 772, #
TEHBOERBRTE L.

FBEBOLEIL® Fig. 3 iIWRLIz. BMHTRED
U A, YT ROO LT I3 E OB THWE
(15Meq/L : 8 HElH) %R3hS, BEMC N TER
T5. —, f, »TROFBERIITIEL, B
KZE>THML, BINO TR EREETS 10 B9
b & M SR g 5.

FORBMEE TS 5 3N 7 BITOWTEHINEL2E
5¢& Fig. 4 oML 5, BN EMBEIE
R OBILRRU, H 7 RITHOHENZ bR &
72h, RHREREEAEELIMERRU.
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Seasonal change of citric and malic acid.

C. Kabus (a) C. Junos (x) C. Unshiu (o)
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a a C, Kabus x x C, Junos o© o C, Unshiu
Table 7. Seasonal variation in composition of the juices, (Weight/100ml of juice)
|
EIPRE ERERIR
EE B B0 omieftn ol fniam b | oW SO |z
FE85 EO|30 R0 30 52 83 cE|mE FE|FE R
B2 EE|ZE |5 SE & & |4
C. Unshiu
Aug. (early) 20 3 94 0.63 | 5.40 | 4.39 | 0.63 8 2 0.18 37 3.0
Aug. (late) 40 12| 93 0.44 | 3.73 | 3.33 | 1.02| 8 1 |o18]| 37 | 3.0
Sep. (early) 56 23| 93]0.3|0.19/(345/|285|1.09| 8 1 |o18] 35 | 3.0
Sep. (late) 74 35 93 0.06 | 2.94 | 2.57 | 1.31 8 1 0.16 32 3.0
Oct. (late) 90 40 92 10.38 1 0.38 | 275|242 1.79 6 1 0.14 29 3.0
Nov. (late) 101 48 90 0.44 | 2.51 | 2.41 | 2.69 7 1 0.16 28 3.2
C. Kabus
July (late) 60 9 91 4,20 | 3.40 | 0.66 1 43
Aug. (early) 85 12 93 0.63 | 5.29 | 5.09 | 0.82 21 1 0. 20 47 3.0
Aug. (late) 92 26 94| 0.61 | 0.38 | 5.43 | 4.71 | 0.78 12 1 0.19 50 2.8
Oct. (early) 120 40 941 0.61 1 0.31 | 5.84 | 5.37 | 0.79 9 ¢} 0.19 48 2.7
Oct. (late) 125 43 94 0.31 | 4.69 | 4.36 | 0.83 9 1 0. 191 49 2.9
C. Junos ‘ |
July (late) | 20 2| 85 4.94 | 3.83 | 2.14 1 47 | 3.1
Aug. (early) | 30 3| 84 3.84 | 3.56 | 2.43 | 52 1 |o22! 43 | 3.2
Aug. (late) | 60 4 86| 0.77 | 0.81 | 5.50 | 5.18 | 1.87 52 1 0.20 42 3.1
Oct. (early) | 85 6 92 | 0.75 | 0.50 | 5.45 | 4.98 | 1.30 32 1 .0.18 45 2.9
Oct. (late) 130 5 93 ‘ 0.50 | 4.81 | 4.41 1 1.29 22 1 0.20 48 2.9
C. Daidai
Oct. (late) 220 ’ 45 91 | 0.30 | 0.38 | 4.98 | 4.86 | 1.26 9 0 0.19 ‘ 51 ’ 2.7
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Fig. 4. Seasonal change in succinic acid,
a C. Kabus x %x C. Junos o o C, Unshiu

OI-(3) Eofthorms i, 788 2 £
RO A TEIRICEIET 5 L HESE XN A & DITDNTEY
W20z, FITENIIZ IR E R 12 h 40~45
ml ERIFEUCTHOIH, BRDICH OBFIHKIZE
M, T2, BE, RO Thotz. OB
10 BB X g0t WRICH T 20 v e VERRIL,
BN TIEEREE & BITDT 50U, T A, fl
TREGINCADTEWAD U lsd>otz. o0
TRBEEEES X FOTYIH» D s Dtc i Ik &
LS, A7 A, R, RRcEM, B & K3Eshg

HEPRTHTADKIENBEDIZOTERNTC EiTD
WTIEH—BITNETDHAS 5.

%. e
J

7N

EBWBO Y A5V AT LI T T 0 -3 1
BRARICD & W8 12 B % BUARTRFED KRk & 750 T
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BERMHTH 5.

RN A A & BERE DA BRI TR 2 5
QEMRDT Eahis, MR EEBBEROZEITL
DTHETIL S THA. MERIRNT 100ml f, &
M 10.68 (1058 i UAI2.88, # 7= 1.4
g (10B#) E2NZNEMD 26.4%, 13.2%iT
TEZV. T UT IEBEIRRMN D 2.4281C
HARTHT % 4.368, Kid.41g, BB 4.868 Lz 1
FREMOK 2 ERPEATV A, —J, BRRKEH
HEORBRBEHBBOMERLICE>TEDONE LS
ThHs. FEBTHS /= U BERIZEE bR
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LTS5, —RITH T ABHITNAKRDIDNA L —
M SBRBR DI, KEEIZ T 2RO % A BRI
EOTHERAIh BN S ORI EERRIC L > TT
12734, PRBCIOTEAHINS LDLHESN
%, 2LBBRPCED D/ PBRBORILERD S &,
FEIIH T RET46.1%. H22.4%, B8 26.5%
Lz, FloansBRZRET 27.0%, #T7213.6
%, B8 14.0% L0, ZhEnh TR, MORH#E
LEALND. BEBOBMIVIEN Oz ERE 2
s BT A, BCHATRHEEICRIT 5 BRIR & O %
ERIWILCREITHAS.

BT R, Z4 54 DFLBRFCONTEFINIES 23
BRIZHHE LT 308, THHEEEE, » I AEEBXOKR
HBR2 & OFWD SAEN TRV S ODOETFOEE
MR Shic.

—F5, BINAPABEROF 2 BUCREBR DR O
A HEALDE 8 A% 5 9 AREIOMICIRET %
T EDEE L. ZORBHOBRMEIT ORI
BHA On T ABHW HIRIIEL . FToEtEd ER
1008 72 30~40ml iz b, BT REIE
DORAIT L > TRIF AP ARG INE% &
DefEINS. LRATUPRBTOREREL % &
h T AR % 5~10% BA LT BMBLE (8 A%

) ORHIEEREIRI>TINe T 2RI &8
M3 EWHETH .

= #

BN ASDAFROFIHZRELE UTBRAMRE (17
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Summary

The characteristic taste and flavour of Citrus Kabus, Citrus Junos and Citrus Daidai were
studied in connection with the use of thined-out fruit of Citrus Unshiu as a citrus vinegar.
1) Silica gel chromatographic method for the separation of organic acids was reexamined

and modified.

2) Organic acids and aromatic compounds in the fruits being in season were inquired and
some of the components were proposed as the character-giving substance.
3) The seasonal variation in each fruit components was studied late in July to late in Oc-

tober,



