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Separation of the Volatile Amines in Sake by Gas Chromatography

Masahiro Umezu and Aya Shibata

(Department of Industrial Chemistry, Faculty of Engineering,
Tottori University, Koyama, Tottori)

Optimum conditions for the separation and identification of the volatile amines in sake

by gas chromatography were investigated.

About twenty amines were separated, using three types of column: 5% KOH-10%
Silicone DC 710 on Chromosorb W; 5% KOH-59% tetrahydroxyethylethylenediamine-~15 %
tetraethylenepentamine (TEP) on Chromosorb W; and 10% (TEP-1% KOH) on porapak-

Q.

This method was applied to the separation of the amines in various kinds of sake,
and ten volatile amines were identified; methylamine, ethylamine, iso-propylamine, ters-
butylamine, iso-amylamine, 7-butylamine, trimethylamine, dimethylamine, triethylamine, and

sec-butylamine.
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A. A1 FVREERICX 208, BE HET IV
DOEFHEERT E Scheme 1 OBV TH 3. T75b
% Amberlite IRC-50 2% lcm, £X 30cm OK
ERE LT, 2N-NaOH 120 ml—->7#/K 150 ml->N-
acetate buffer (pH 5.0) 250 ml—-7#7K 300 ml DIE
T, Wi 1~2ml/min. THEWEHILL-OL, HHE
300ml % 1~2ml/min. DEFE TEL THEDOEK
EERAY-HIECRE € 5. Chi7ERKI50 ml
T, D Fic N-HC 120m] 2B L THBERR
AMEEH L, ZEEK 150ml THY, ZoEBEE
KUWHEEAT S, ALUKEREE X UMK 50ml
EEICRIEEAM L, 30% Na,COs-10H:0 % EMmMLT
TR YHEL, KEE 50+1°C iIcfEb, 50 ml/min.
DOFET OFMRABREITIE, TORME 1/20
N-HCI 120 ml thicBL T, #ERMT I VEEZ#EL
1.

Saké
adsorbed on Amb. IRC-50 column (pH 5.0)
A 2
Adsorbed fraction Filtrate
eluted with N-HCI
Effluent
alkalized with Na:COs, aeration
Volatile matter Residue
acidified with HC, (Non-volatile
dried i7 vacuo amine fraction)
Dried residue

(Volatile amine fraction)

Scheme 1. The method for separation of amines in
sake using an ion exchange column.
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ZhEhWBEREL, EEYE T 2/ —VTHRE,
BLTABYERE, BURBRELZELT, AROT 3
VIEREAL B, Bonl T IVERED BXEE
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Table 1. Column Packing.

No. Column Packing

1 5% KOH-5% THEED®-15% TEP®»
on. Chromosorb W

2 5% THEED-15% TEP
on Chromosorb W

3 5% KOH-15% Diglycerol-5% TEP
on Chromosorb W

4 15% Diglycerol-5% TEP

on Chromosorb W

5 5% KOH-10% Carbowax 400
on Chromosorb W

6 5% KOH-10% Silicone DC-710
on Chromosorb W

%: wt% on Chromosorb W 60~80 mesh.
»> THEED, tetrahydroxyethylethylenediamine.
® TEP, tetraethylenepentamine.

Table 3 @ ConditionI, I, W, IV, V, VIic#
JEEETIVEDIu< b 54D n- BXU iso-
alkyl amine QREKERERBDOEFE%E Figs. 1, 2,
3, 4,5 6 IT/;RL:.
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Table 2. Retention time of amines.
Condition*

e I I v v VI
Ammonia 1.6 1.6 1.9 3.15 1.9 2.0
Trimethylamine 1.6 1.4 1.4 1.9 1.85 2.3
Dimethylamine 1.9 1.4 2.1 3.3 2.8 2.4
Methylamine 1.9 1.4 2.1 3.3 2.8 2.4
Triethylamine 2.3 1.55 1.45 2.1 2.3 2.9
Diethylamine 2.5 1.6 1.8 3.3 2.5 3.9
Ethylamine 2.3 1.45 2.45 4.5 3.6 2.9
iso-Propylamine 2.3 1.45 1.8 4.1 2.65 2.9
tert-Butylamine 2.3 1.45 1.65 3.3 2.25 2.9
iso-Butylamine 4,05 1.55 2.5 5.6 5.7 4.6
iso-Amylamine 8.55 1.6 3.6 9.5 11.2 8.65
n-Propylamine 3.48 1.55 2.9 5.6 5.1 3.65
n-Butylamine 5.9 1.7 3.6 8.1 8.0 5.8
sec-Butylamine 3.4 1.5 2.1 4,95 3.45 4.3
n-Amylamine 11.0 2.15 4.05 11.6 11.7 11.8
n-Hexylamine 20.4 2.4 5.1 16.85 19.7 25. 05

* Shown in Table 3.
Table 3. Conditions for the gas chromatographic separation of amines.

Condition I I I v A VI
Column packing No. 1 2 3 4 5 6
Column dimension 3mm X4.5m | 3mm X4.5m | 3mm X4.5m | 3mm X4.5m | 3mm X4.5m | 3mm X 4.5m
Column temperature 63°C 61°C 99°C 75°C 95°C 65°C
Detector temperature 98°C 148°C 148°C 119°C 148°C 108°C
Injection temperature 150°C 248°C 250°C 240°C 249°C 248°C
Carrier gas flow rate 60 ml/min { 60 ml/min | 60ml/min | 60 ml/min | 60 ml/min | 60 ml/min
Carrier gas He He He He He He
Detector T.C.D. T.CD. T.CD. T.CD. T.CD. T.CD.
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Fig. 1. Gas chromatographic data for n- and iso-

alkyl amines.

(Condition 1)

Fig. 2. Gas chromatographic data for n- and iso-
alkyl amines. (Condition II)
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Fig. 3. Gas chromatographic data for »- and iso-
alkyl amines.
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* Fig. 4. Gas chromatographic data for 7- and iso-
alkyl amines.

(Condition IV) —O—: n-alkyl amine

— x —: iso-alkyl amine
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Fig. 5. Gas chromatographic data for »n- and iso-
alkyl amines.
(Condition V) —O—: n-alkyl amine

— x —: iso-alkyl amine
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Fig. 6. Gas chromatographic data for »n- and iso-
alkyl amines.

(Condition VI) —O—: n-alkyl amine

iso-alkyl amine
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12, FEE#1 (5% KOH-5% THEED-15% TEP on
Chromosorb W) XU FI&#6 (6% KOH-10%
Silicone DC-710) @ 2 B VWAC ticLi.
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Table 4. Conditions for the gas chromatographic
separation of amines.

Condition I I
Column packing 5% KOH-10%5% KOH-5%
Silicone DC-710{THEED-5%
on Chromosorb{TEP on
\%% Chromosorb W
Column dimension 3mmX9m SmmX9m
Detector F.ID. F.1D.
H. 60ml/min | 60 ml/min
Air pressure 1 kg/cm? 1 kg/cm?
Carrier gas N. N,
Flow rate 30 ml/min 30 ml/min
Temperature
Column 80°C 80°C
Detector 230°C 230°C
Injection 140°C 140°C

ThopT Ehd, BT I VEBLUHERHD
7u= b5 AMEROIVKIR, HT7LEXE 2D
9m & U7z, TOBAE, # 7 LEEH 50°C LTI
3%, BRDH S LRCBEERERLTEY— 7285
EWTEN M7, FI12120°C Pl EiTis B LKtk B
EErnsobh, T, REBBEOEMKCIDE—7
DRRREIIR L 18- THEENEL 18- 72,

ENODOEUEER LT, HRUBIFEOME LU
SRR ON D 7 AREELT, 80°CARAL
72 A5 A4EX 9m, »5LEE 80C TELSNSE
= b/ 7403, 77 LEBX 4.5m, H T AEES0C
DOHEEE— 7 OEILD DREIIKRZEILODS, Dk
MIZPPEN. F, PPBROBVT I VEICOW

TIIREER .

TVE=TBIUOKCHTZREDCRE, HEAM
OT IVEBESHRETHE LD, BET IVH
Drsaw bS5 h BLUOBEREDO/ v 7 A
PERRD ZWVITiE, KFELA F VitaiEL AV,
3. EE7IVEI/INTITSL  BEHEEELT
BRO—& 7 I VERELZRAV . BRoAs% Na
OH K THMLTH R 7 u= b7 7 7ICHRAL KBS
Z, B—oE— /BB on3 s THEREEZ DML
THERI U, BT 3 VidERENA TEBEEL,
RRICHER U TRV .

Th oo BET I VEO FiERE% Table 5 1T,
s a= s 5 4% Figs. 7, 8 ICRT.

Table 5. Retention time of the volatile amines.

Bl | Condition® I
% | Amine
1 | Trimethylamine 4.14 6.84
2 | Dimethylamine 4,27 6.29
3 | Methylamine 4.27 6.29
4 | Triethylamine 7.89 8.10
5 | Diethylamine 5.77 8.69
6 | Ethylamine 4.45 8.10
7 | iso-Propylamine 4,74 8.10
8 | tert-Butylamine 4.98 8.10
9 | iso-Butylamine 6. 88 14.25
10 | iso-Amylamine 11.10 27.04
11 | n-Propylamine 4.98 11.73
12 | n-Butylamine 8.11 19.46
13 | sec-Butylamine 6.42 12. 28
14 | n-Amylamine 13.55 33.85
* Shown in Table 4.
§. AFNTIVESAFNTZIVONRE  Figs. 7,

8 TROLNZXIIC, COREOHN T ATIE, *F
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pak-Q WV RIBIIC X B A FNT IV EI A F NV
7 IV ONERRA. TOKREL Fig. 9 1T, BfE
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6 Table 6. Condition for gas chromatographic sepa-
ration of methylamine from dimethylamine.
8 Column packing 10% (TEP-1% KOH)
i on Porapak-Q
Column dimension 3mmXx2.25m
Detector F.1D.
H. 60 ml / min
7] Air pressure 1 kg/cm?
% Carrier gas N:
Flow rate 50 ml/min
° Temperature
12 Column 80°C
Detector 200°C
132 Injection 180°C
10
4
NH31 14 3
5 10 2
Retention time (min) 6

Fig. 7. Gas chromatogram of amines.
(Condition 1)

2,3

4

Retention time (min)

Fig. 8. Gas chromatogram of amines.
(Condition II)

125°C Tk, 10N-NaOH # %% [EIFEA L TER
T IVEEBORL, U5 LRELE 80C LLT,
SEORKEBTEA L. CTOWRRE, BHAL-ZZEEHO
HREEOVWITNICHS X FuT I YOFENRIES N,
TV A FUT I VRIEROBEICOWTEENR
EFa¥Nhi, £07u= 75 401 Hl% Fig. 10 TR
3.
5. HBEPCEEINIMRME7 = VEOSEE, RAE
RREITHR _BEZER L. ZBEOBHEICD
WT, #hEFhA 2 v R Y, BEEREOZEOOD

6

75

- 11 12

& I3 9 10
N‘t ' M
5 10 i5 20 25 20

N

10 15

Retention time (min)

Fig. 9. Gas chromatogram of a mixture of methyl-
amine (3), dimethylamine (2), ethylamine (6),
and trimethylamine (1).

(10% (1% KOH-TEP)/Porapak-Q)

FHETHELLEREN R 7a= 77 7 KA L.
Bohtfcrsu= 77 ,0H% Figs. 11, 12, 13 TR
T. FhEhhoE— 27 KHOWTZEHOA 5 22 A0
THRIMETEEL, ASEAFNTIVEIXFNT
I VIEDOWTIR, 10% (1% KOH-TEP)/Porapak-Q
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Retention time (min)

Fig. 10. Gas chromatogram of the methylamine and dimethylamine in sake B.
(10% (1% KOH-TEP)/Porapak-Q)

NH .

3 4678

NH3
2
3
NaOH U\/\J
10 15
Retention time (min)
2 Fig. 12. Gas chromatogram of the volatile amines
31 in sake A. (Condition 1)
8 .
12 10
NH;
5 10 5
Retention time  (min)
Fig. 11. Gas chromatogram of volatile amines in
sake A. (Condition 1)
IV, ZFNTIV, AT uNT IV, tert-T T
WT IV A VT INT L YBEEL, —BoREED . .
A . 7

FOWTHM)ZTFNTIY, n-TFLT IVOFEEDR 12 10
Stz Fi, A FVRMETHELLIFAMDD B, A
28K, VAFNT I VORAENRELh, o 1R

5 10 5
Retention time (min)

BRC Y A FUT SV Esec-TFNT I ¥ OFAENR Fig. 13.- Gas chromatogram of the volatile amines
Sht. Thbp7IvDdIb, AVTINTIVE

in sake C. (Condition I)
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Table 7. The volatile amines in sake.
Sake A B C
Amine Ion Vacuum Ion Vacuum - Ion Vacuum
exchange | distillation exchange | distillation exchange | distillation
Ammonia (@) o o @) o) o)
Trimethylamine e}
Dimethylamine o) )
Methylamine O e} 0O e} 0 e}
Triethylamine O O 0
Ethylamine O - O o} e} O O
iso-Propylamine o) O e} e} e} o
tert-Butylamine e} o] o o) o O
iso-Amylamine 0 o O e} e} O
n-Butylamine O O e} e} o}
sec-Butylamine e}
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