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Flow injection analysis of organmic acids and amino acids in Sake
(Japanese rice wine) was developed by using a pH-sensitive glass elec-
trode and acid-base buffer solutions. For analysis of organic acids,

a sample solution was injected into a water stream and was merged with a
neutral phosphate buffer solution (HpPO, - HPO,2-). The acid-base re-
action between the organic acid and HPOs2- results in the change of the
composition of the buffer solution. The analysis was based on the de-
tection of pH change accompanied by the composition change of the buffer
solution by the flow-through type pH-glass electrode located downstrean,

For analysis of amino acids, the reaction of the Formol Titration was

used. The sanmple injected into the water stream was merged with the

solution of formaldehyde, The amino acid sample was converted as a
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stronger acid. The stream of the formaldehyde solution was merged with
alkaline phosphate buffer solution. The change of the composition of
the buffer solution was also detected by the pH-glass electrode. The
correlation between the developed FIA method and the conventional neu-

tralization titration method was good

1. 8

BEBRZEZFATNI-NRHEOEDL, INTBRPUBLEDOFRER Y
PV EUEBLOELTLEBET S/ ESETEINRTWE, Ihbid. BFEDPORHEERE
HDEZEELRNTHEDS. FORSH/FGEBRTHEDLTHIENSTE (HEHK
E) THFLALTVWEY, BENWERHIBEERBEORARLCLIONTEE LR
LU PER+HTRL, BHEHOII ZEIRERBCRIDBEL HHTED
gghTwa,

EHELQHENNEOREMLEEAM L LT, HEROFNEFFAT 3 RN
WEEEFRL, ®#ELTWE2-T, Flid, s HEHRLEHNEG T I VBRUR
BELBREEORF D 4BA AV BERBEREAVLITALLY LEHEREA A
VRESGBEAA VORI RUBELEXLBVETERETAVWIRAERA A M
THOBHS VL ETH B,

A, TTERRLAB-BEEFHROBRNELI-FIAE/REAVDLE.
EENHFELFBEFOBBOBTRBRAV 7 I /BORALEEECERALLLD
THd, THbLbbEBRBEOERRELCIIFH) VEEGEROTRE, T/ BOEER
REHRERLRY Y2 E0T7 VAR VEBREFEREAY,. AL Z20RER
EORBILTIIZBHEHROERETRICE S pH OEAZVIAEGTRY, ER
TH5LDTH2, AELLIAFTEIORRERBERV T I /VBOSTERLES
FORMERHELLI2BEENINOBER L EBRALLLIALINW—HEROLD
THET 5.

/.

2. RB
.1 HE
Y CEBERER: VBT MY YA (2KIE) 15.60 g LY VEBEI MY
7oA (12 KIE)35.80 8 ERAA U ACERLEEZ T L L L2, (0.10 M
Nal,POs - 0.10 M Na HPO,) MERA A KA THKRLTHWR,
ThHAJHE) VEBRE®R: VCB=Z b YA (12 ki) 38.01 ¢ LU VBT
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FRUYA (12 KiE)35.80 ¢ #MAA Y kCBERLERE 11 LLE,
(0.10 M NaHPO, - 0.10 M NasgHPO,) MEBKA A Y KTHERL THWL,
BRI Y VEH: TERORL Y Y HICOKRERL T MUY AW R LT
BrlinbBEHERLTHWR,
KEEF MY T AKBE: KBEELF Y7 LABTBEBRERVRAREL DS,
ShE Sul EOBAACAKICERL 11 LLE, ¥ECIVEZLLZOLRE
DEBBRT I /BOBERE VL. o |
EHRE, TI/BOKBBETESRABER ALV KRCERLTHV,
WEREETRME BV,

2.2 %E |
BEBRY7RURABEAZETICBERALEFS (DKK) HBF I ARE
FICS 10 ¥ W, #IACEBREBCRYAI 70vBIO— 2 Vit I RAEE
RUBHEELEELAWL, /7 2EBLBREBMOENWE WDKK
BAA L A—2 10C-10 ZH WA, EHFFICITEDRFILE SRe52 2 AW,

2.3

ERBOTE: D10L3 4 " HRBFIARO—Fldly) VBBEHH
(NaHoPO, - NaoHPO,) %, #iFBA AV kEHT. REOHERE (HB) ko
WHhICEAT 2L, PHTHEY VBBERL WL

HPO.2- + HB — HoP0,” + B - - G

NDREHBIOEEROMBRSE/AL, o0 LT 2, ThHETRIERELL
PHAS ZABBTRHL, SHEHTEMERIHAUCTLINEE -2 RESLLT
R ICHET B, | -
TIJBOER: 20X 3% HBFIAROERBICHERL Y v ER
TIAUHEY CEBEH (NaHP0, - NasP0,) RUBA A REFHES, REO7T
S/BEROWNLCEAT S, RBBEFFHERLCY Y LAH L, AR
BIZVL v DBEOEDORERIEAES D, Z7UL vtk NiBVE L %2,

HoNCH, COOH + nHCHO — - HOH.CNHCH.COOH or (HOH,.C).NCH,COOH (2)
ERLUCE HA) BILET7VaVH8) VyBEEHEELAHL
PG, + HA — HPO,2- + A (3)

@KEﬁE:Dﬁﬁ&@ﬁ&ﬁ%ﬁ?é.:hﬁ&@&ﬁ@%ﬁ&@%ﬁkﬁ&
Th b, '
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Fig. 1 Flow diagram for determination of organic acids and FIA peaks
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for succinic acid
Coil length and diameter: S-P 40 cm, 0.5 mm i.d.,
P-D 50 cm, 0.5 mm 1i.d.

V.V A IV WLy uHG

0.83—7 0.05 M Na‘,gHPO4 - 0.05 M NayPQ,

4.0
0.85| |7+4% Formaldehyde T
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mi/min sample (130 ub) 0
JUYUULUL
<10 min -
Fig, 2

Flow diagram for determination of amino acids and FIA peaks for glycine
Coil length and diameter: S-Py 38 cm, 0.5 mm i.d., P,-P, 90 cm, 0.5 unm
i.d., Po-D 70 cm, 0.5 mm i.d.
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3. MRLER

3.1 FREOEE |

WHO THRL LS C. FEOHFBEEREROMR S T 0B EL T HE
OHREEOBRBEER L BERCAVLRORBEER L ORTMA S S TE
25, FROLICHRBERL T S /BOIIABROTELENE T 2B, %
LAV RERROBORERERORRUEELEBTF Th2, REOBOBMN
BEBE Kowe. EHAOBOLINE Koown LT2E. NROHEMRD S
SOBMBEROL Kuove/Ka o #5 10° DEOBEUHMOBMBMEEMI L 5
TRRABEOBEEFT, HEPCSINLEIAARBBLIUT S /L 2h
LOBMEERERLIZFT,

Rl WEFLEINLGELHABBELT I VB

FRE & & (ng/100 ml) pK,»’ VAR R (g/1) K.
Bl 5.7-12.0-31.2  4.75 FNE S B 0.26-0.66 4.28,9.67
ANZE 12.0-92.0 4.21,5.64 XU v 0.13-0.54  9.72
78 23.4-34.1-157  3.86 B4 vy 0.21-0.53  9.74
svavE 15-45 FAFEIY  0.39-0.48  9.13
2TV 0-13.2 3.12,4.76,6.40 7 U ¥ & 0.14-0.36  9.78

A)XH L bEER KT 2 BA{ZLE p95 (1975)

HETRARRL IS AR TRBBROEROLERBBLU 7 S/ BOHN ¥ B
MELTWRDT, TEALETENLEABETHHTLILHFEE L, HE
FOFBED pK,idRIWERT IS 3 -5 BETHLNDT HP0,- & HPO2-
LT BEEY VEESHAELTVWLEEL SRR, MIG) I EEEE LT
Y CBEAY., aNBERBLLTEALLEORERE -2 THE, ® 2
BEE. LBMRUVINIBORERTHS, BELABOREMIZIZZ—KLT
W3, 2, INIBORERE (REROMSE) GHBRVLBOZAOH
BTH2, CRIBANIBP EEBTHELENBLTVE, o7, HHl
BEL LTHIZEL bARKEORES =¥,
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Fig. 3 Calibration curves for organic acids.

The flow conditions are shown in Fig. 1.

3.0 HBEROERBOER
HEPOBEROLEERBRBOEBTOMENRETHE. 7ToAFET LT IV—¢&
Za—bINLy REEAETELLTABALF YD ARRRBERL->TY
3, COMENFETHUEL A HBERORBOL T HRBE £ Ao FIA HiCLD
WELREPh L OMMEREN 3 27T, FIA B CTHE 3 DaN2BORER
FAVWR, BRHLLTUWEORE ¢ BELIASHBEO—DIaNs BE—F
BEMARLORUWEEEHRAA Y ATHER LR LOEA WA, B 4 2RTLI
FEGAEARELROEABBEGESHZ S LXbD 5,

x 1072

Sake Sample
1:Sake A °
ola:

X NP
Mmoo W
©

40 586

FIA method

8

7./° 7,88 + H,0
9,10:F + succinicacid

0 ' ' 3
0 1 2 x10°M

Conventional batch method
Fig. 4 Correlation between the conventional titration method and FIA

method for determination of organic acid in Sake(Japanese rice wine).

The flow conditions of FIA method are the same as shown in Fig. 1.
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3.3 VI/EBOER : :

73 /ﬁdﬁﬁéwiﬁﬁtwaﬁﬁéﬁﬁﬁﬁ4ﬁ/1%%@<®ﬁéﬁ
BWOT., 7I/BPFEEANTIHE, RVATLFE RERIGEEEELS
HWhEE, IDHWELLT, F@EECINEEINS., Wb S Serensen
DENVE~LVEREELTHLSATWES, R 2 LELT I/ BOKFRUF BRI

VYR THOBBBERERT.

£2 TE/BOKFRERNVT Y VETOBRMEEER

VAR BREEH (pK)
K RN Y v
7 vy 9.73  5.92°2(9%) 5.70° (9%)
L= v 9.72  7.47°(9%) T7.25b) (9%)
B-T =y 0.87  6.96 (9%) 6.86%" (9%) 6.4° (16%)

L-7 V% 2 VB 4 28 4.2° (16%) 6.839(10%) 6.91° (9%)
| 9.67 . 6.8 (16%) ” |
a) M. S. Dunn abd A. Loshakoff, J. Biol. Chem., 113, 359, 691 (1936).
b) M. Levy and D, E. Silberman, J. Biol. Chem., 118, 723 (1937).:
¢) L. J. Harris, Proc. Roy. Soc. London, Series B, 95, 440 (1923-24).
d) M. Levy, J. Biol. Chem., 99, 767 (1932-33).
e) {LEMERE W 2R BEAZEKE p996-997 (1975)
BRAOBFIE RV Y V‘?%‘E

KBTI pKe A 9 - 10 EJ‘*'CZ’)Z)?J‘ 10 % Ef"”d)ﬁwb?') YRTIEHREEIC L
S TRRWEBIIR L LN Ko 2 6 - 7T BELLB, HoT. KELL->TR
ZBBENT I /BEAREOBE TR T 320 oK, T3 BEAEL
PRy BHOTAHUMY VEEERABL IV LEZ bR D, UEDSREE
N, B 2(a) DE3%7a—REHRLL. B 20) BZUVYYORERE—7
R, 20 B 5 CRZVYY. TISVBIU LAYV BORER?
FE, JUVLYRUTISZVOREBEA—THY. 7V IV BOREROM
UM EON ETHE, TRIE. ZAN S IVEARALLATAFE KERISLAE
RGBS %%&T%é_tkﬂmbfwé EoT. TS/BEELTRE
HLLABEDORE Y RT, |
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Fig. 5 Calibration curves for amino acids,
Flow condition: Buffer solution, 0.010M NapHPO, - 0.010 M NayPO, (0.50
mi/min), neutral formaldehyde solution, 0.7 % (0.50 ml/min), water,
0.60 ml/min. The flow conditions are the same as shown in Fig.

3.4 HFEHRDNET I/ BOTER
HEBPRCIEWWBEHEOTI /BIPDHEY, TRLDET I /BORNEBINET
B, HFEFOBBOFBBERRALILOL, KN KRLE—IVEEEICLD
FRTE, XL, TAXZURY Y VLR YEBBEELIPP>TI W, XY YD
BREBETAWTHBERDET7T I /BEAERLIDVDERLL, REL QENTER
LA THHLAERLoBEBEREZEECTRY. ABL LTR=BomBEL &
RERLENY VERMLALOKRVBEBLERA S ARTHERLECLDERWLE,
Mo RTIILCHFERZIAENHEL RWHRRBRIDEZ DN B,

-2

X 10 T T T
Sake Sample f
3 1:Sake 8¢/ -~
2:B
3:C + H20 o4
© 4-6:C + L-valine
[=] o
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P4
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Conventional batch method
Fig. 6 Correlation between the conventional titration method and FIA

method for determination of amino acids in Sake(Japanese rice wine)
Flow condition of FIA is the same as indicated in Fig
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WEEOLBEERBRVLT S /BOBETEEAML LT, o BHEDOH
NEHTREBERVTIARSFEC L~ HRBERV 7 IV BO 70—
YV r oV s Y ANERERLL, AEEARINTHIMEE L LV —KE R
L, 3B THRBORNE 202 s BERLAKSCRIEETZSY v
FLMETHE, CoTik. BOLBATPEM L LTEGHEERLLHN &
EORESBER LB OBBESROZ L 5 2 L 2 AT E BEGOBRE
HEBEBROBRMERLTRTHL LE L LN D,
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