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Quantification of Organic Acids in Foods by Flow Injection Analysis
Using Immobilized Enzyme Reactor
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Organic acids affect the taste and flavor of foods, influencing our perception of sourness and freshness in harmony with sweetness
and bitterness. Thus, a method for the quantification of organic acids in foods by flow injection analysis (FIA) using an immobilized
enzyme reactor was developed. FIA systems for L-malate, D-malate, L-tartrate, citrate, isocitrate, succinate, D-gluconate, pyruvate,
L-lactate, acetate, v -aminobutyrate, and L-glutamate were established and applied to the quantification of component in the foods.
The results obtained by the proposed FIA systems were in good agreement with those obtained by conventional methods (HPLC or
F-kit method). The proposed FIA systems are useful flow methods for the quantification of organic acids in foods and are useful in
judging the quality of food and quality control of the fermentation process.
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Fig.1 Schematic diagram of FIA system.

P: micro-tube pump; AD: air damper; I: injector (multi-way
switching valve); MC: mixing coil; Reactor; immobilized
enzyme reactor; D: detector; R: recorder; W: waste.

Open sandwich method (10-way switching valve)
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Fig.2 Arrangement of 10-way and 16-way switching valve at
load and injection position (a), and the arrangement of each
solution in the tube before and after injection (b).
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Fig.3 Calibration curves for the quantification of L-malate
using various immobilized enzyme reactors.

Enzyme reactor: NAD-L-MDH (<), NAD-L.-MDH - GOT (),
NAD-L-MDH + NOD (A), NADP-L-MDH (@).
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Fig.4 Schematic diagram of the FIA system for sequential
quantification of L-malate and D-malate.

P: micro-tube pump; AD: air damper; I: injector (10-way
switching valve); MC: mixing coil; b-MDH:
D-MDH reactor; L-MDH: immobilized NADP-L-MDH reactor;
V: switching valve (6-way switching valve); FD: fluorescence

immobilized

detector; R: recorder; W: waste.
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Fig.5 Typical FIA peaks for sequential quantification of
L-malate and pD-malate.
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Fig.6 Calibration curves for the quantification of L-tartrate
under various stopped-time conditions.
Stopped-time: 0 (O), 30 (@), 60 (A), 120 (A), 180 ()s.

Tablel Comparison of the results (L-tartrate) obtained by the
proposed FIA with those obtained by HPLC.

L-Tartrate (g/l)

Sample

FIA (A) HPLC (B) Bias (A-B)

White wine 1 1.94 1.97 -0.03
White wine 2 3.81 3.88 -0.07
White wine 3 3.23 3.10 +0.13
White wine 4 2.89 2.93 -0.04
White wine 5 1.95 1.95 0.00
Red wine 1 3.98 2.03 +1.95

2.21 2.03 +0.18
Red wine 2 2.07 1.99 +0.08
Red wine 3 2.05 211 -0.06
Red wine 4 1.91 1.89 +0.02
Red wine 5 2.21 2.26 -0.05
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CL
Citrate = acetate + oxalacetate (5)
obDC
Oxalacetate ——— pyruvate + CO, (6)
POD
Pyruvate + HsPO, + O; + H)O —

Acetylphosphate + CO, + H,0,  (7)

L2rL, 20 FIA 3 25 A TIEBIERTREREDA S 0.1~
1.0mM TH Y, KREFER COMENRETH T, &
ZC, CLEBEEILLEZYVT 7 X —%f 1L, FIAVAT
A~DEAERLT D, FIA & 27 AT Fig.1(A) & v,
CL % (' ODC [AFEE EfL Y 77 #— & POD [EELY 727
A —HHEETD & CRIGERDZ N ICRET D &8t
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Table2 Effects of concentration of citrate on the stability of the
CL+ODC reactor.

Citrate concentration

Potent number of injection®

(mM) (nmol/50ul)
0.05 25 194
0.10 5.0 116
1.00 50.0 11

& Before activity decreases.
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Fig.7 Schematic diagram of the FIA system for simultaneous
quantification of citrate and isocitrate.

P: micro-tube pump; AD: air damper; I;: injector (16-way
switching valve, 80ul); I,: injector (sample injection valve,
1ul); MC: mixing coil; AsA-E: ascorbate-eliminating reactor;
ICDH: immobilized NADP-ICDH reactor; CL<ODC:
immobilized CLeODC reactor; POD: immobilized POD
detector; POT:
multichannel potentiostat; REC: multichannel recorder.

reactor; ED: multichannel electrode
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Fig.8 Typical FIA peaks for simultaneous quantification of
citrate and isocitrate.

Table3 Comparison of the results (citrate, isocitrate) obtained
by the proposed FIA with those obtained by the F-kit method.

. . Citrate (mg%) Isocitrate (mg%)
clusfult —FA  Fkit___FIA__ Fkit
Valencia orange 950 942 9.8 9.7
Navel orange 1051 1081 10.4 10.1
Grapefruit 1223 1200 12.8 13.5
Satsuma mandarin 817 890 7.5 7.7
. . Citrate/Isocitrate
Citrus fruit FIA  Reference
Valencia orange 97 o
Navel orange 101 80'12013)
Grapefruit 96 67-110
Satsuma mandarin 109 —
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ICL
Succinate + glyoxylate ——— isocitrate 9)
NADP-ICDH
Isocitrate + NADP* =—
2-oxoglutarate + NADPH + H* +CO, (8)
K FIA AT B3 F 5 U7 =S 7 ) A% VR
ZUYIML TR E L LI NADP 2EAT 5721 D
YINVBRMERTH Y | GERD SCS & I &3 D MR
R Y L—RCIIEATE oo anZBBO FIA 213
CLOTARRE LIV AT LA THD, KFIA VAT LER
BHPAABEROaNIBER~EH LIcE 25, BHEN
SHTiE (F-kit 1) 12 K DR & BRAFIZ—B L7z (Tabled) ,
ICL & NADP-ICDH DE#s# Y L —R%a MW AKFIEIT
FIA DB 6T, Ny FRICBT D a7 BopEERH
E~DMEARGETH D72, Ml LRECRE SO MEE I
~OFMABIFFTE D,

Table4 Comparison of the results (succinate) obtained by the

& TR AERA T (Schemel0&11) ¥, FIA ¥ 27 AT
¥ Fig.1(B)& AV, 3L 33 (ATP XU NADP) i34
—T Y R v FIETREEALE,

D-Z N gl DU va )T hATEEBRICH Y
BRI B Tl D-Z v 2 2 57 N AR R % 5
TR 22 D-Z v avig~Afsnsg, €2 7T, B0
pH Z7 /v Ul (pHI0)ZF 5 Z & TTXTD p-7 /b=
)T Mo ED- TN UEEA~EBR L TR D-Z v a R E
ELTHIE L. & FIA 27 5% AW CERBHI T
HEMENGRER 21T o728 Z A, Wb 100%F(# o]
INENG ST (Tables) , S 61, EREIOWUEIZBIT
BREDEIEERRETT 720, Kk F-kit O RIERE
REHLZE 2 A, MEIIXRF 2 —BNRRO bz,

DEORERL D, KFIA AT A2 L0 &5 OR b-
TN BEORERERNDFAGETH D Z ENRBRINT,

Table5 Recovery of D-gluconate in sample spiked with
standard solutions.

roposed FIA with those obtained by the F-kit method.
prep Y - Sample Present Added Found Recg) Very
Sample Succinate (%)
FIA (A) F-kit (B) Bias (A-B) Honey (g/kg) 3.42 1.00 4.48 106.0
Shellfish (mg/100g) 2.00 5.49 103.5
Arkshell 127.1 127.9 -0.8  Vinegar (g/l) 4.43 2.00 6.38 97.5
Clam 162.3 159.2 +3.1 4.00 8.50 101.8
Corb shell 389.7 370.3 +19.4 Noble rot wine 1.96 1.00 3.00 104.0
Short-neck clam 283.0 276.7 +6.3 (@ 2.00 4.14 109.0
Japanese sake (mg/100ml) Mearl 103.6
Sake 1 379.1 391.7 126 SV _ 3.4
Sake 2 400.2 418.6 184 & Coefficient of variation.
Sake 3 290.1 294.8 -4.7 . . B
Sake 4 281.1 277.2 +39 3-6. EVETEL, FFER. L-FLER
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GK
D-Gluconate + ATP ——
6-phosphogluconate + ADP  (10)
PGDH
6-Phosphogluconate + NADP"  ——=>

p-ribulose-5-phosphate + NADPH + H" + CO, (11)
D-ZVa VERIY D-Z v a v —E (GK) KU 6-
RARI NV BT e K —+F (PGDH) [RIKFEE(L
V77 B2 —%HWTARKT D NADPH 2 E=4—75C

—EICE LBV BOBRIIIEICT CRLEBT e Fa
#F—+F (L-LDH) AWV H TS (Schemel2) 9,
ZOFEHEFZTIEI NADH O #F & (B &) 2 E5=4%—7
DT &I DN, FIA ~OEHAZE LI-GE, @iRE
D NADH 2T 5720y 7 7 Z 7 KO EFIZO7
DY FERE L CERIEELRRECRD B2 bR,

L-LDH
Pyruvate + NADH + H" ——==L-lactate + NAD" (12)

FZT, EAEUVBTFHILRFLT—F (PDC) KON
TAT e RF e Fasr—E (AIDH) REEEY 77
H—% B IZBR L, BA&EEMTH D NADH ZHitd
% FIA ¥ A7 LS LT (Schemel3&14) 2,

PDC
Pyruvatet ——— acetaldehyde + CO, (13)
AIDH
Acetaldehyde + NAD* + H,0 =——
acetate + NADH + H"  (14)

FIA > A7 AIZiX Figl(B)& MV, alkh & iR 1A
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VAT LAEHWEELEVBO FIAEY—27ThHY | 1tk
O L-LDHEE(LY 7 7 # —Z AWz FIA > AT A & ik
LT 6 15 D ALY FIBRIC 72 o 72,

3 min

1.00

Peak height

0.70

¥

— (mM)
Scan

Fig.9 Typical FIA peaks for quantification of pyruvate.

X 512, PDCeAIDH RIKRE@EE LY 7 7 # — 0 Eyicfh
OEEEERY 77 X —%FELET 5 Z & THOHFKEED
ME AR, FEREO T EIZIT PDCAIDH [FR;E &1L Y
T U A —OERNIHEEX T —F (AK) KOE/LE U EEF
F—+ (PK) [RFEEEIY 77 ¥ —%EA L7 FIA VA
7 L& M- (Schemel3&14&15&16)

AK

Acetate + ATP  ——— acetylphosphate + ADP (15)
PK

ADP + phosphoenolpyruvate ———= pyruvate + ATP  (16)
F72. PDC-AIDH RIFREEY 7 27 # —DEANT L-FL
WA #—¥ (L-LOD) BEELY 77 % —%BAT 2D
Z & T L-ALERORE M FIEEIZ 72 o 72 (Scheme 13&14&17)
L-LOD
L-Lactate + O, —> pyruvate + H,0, 7

3-7. ZDHDEE

v-7 2 Wl (GABA) 1dffkx 7o EBRe A FF> 2 & C
MBNTEY ., WREMERMFEM L L THEASA TS, ¥-
TR BRBIIMAEME Y A E I B BRI S
THEEINDZEND, -7 JHBEDY -7 V7 IV
EDOHEIIREERELYE=2 Y /T4 L THEETH
By y-T X EEER O -V 2 S U I A R
FEDFIRICIIA DRV, 22T y-7 2/ BEER LY L-
TIVE I BOBRERM FIAIZOWTHIEMN Lz 2,
y-7 2 BEEOERICIE y-7 X R — B I R

TI)NTURART TG —RBEans@EeEITATE KT
b a7 r—YoRAHETHD GABase & EHElL LK
U7 o2 —%&Hv, ARk L7 NADPH % Htiiliss ¢
=#—17- (Scehmel8) . —FH. L-ZVEZ I VEEIL -7
NEIVEBEFFH—E (LGOD) KA H T —E

(CAT) [RKsfEE(NY 77 % —% GABase [EEY 727
X —DEANCEA L TER L7z (Schemel8&19) . L-GOD
ORGTHE U iis bk i1 GABase OIEMEE A TXT
SHDHZ END, CATIZL W ERE L (Scheme20)

GABase

GABA+ « -ketoglutarate + NADP* + H,0 =——
L-glutamate + succinate + NADPH + H* (18)
L-GOD
—_—>

a -ketoglutarate + NH," + H,0,  (19)

L-Glutamate + O,

CAT
2 H202 % 02 + 2H20 (20)

RIT, L-GODCAT [RIFf[@EE(LY 77 #—& GABase
EALY 77 #— % RIS ESNTE A L NADPH % #
FERET S FIA VAT L& LT (Fig.10) .
1 MC [R]
L-GOD/CATH GABase w

Carrier
solution

Sample ﬂ
Reagent 1 \{
Reagent 2 ‘I' ﬂ

Fig.10 Schematic diagram of the FIA system for sequential

quantification of GABA and L-glutamate.

P: micro-tube pump; AD: air damper; I: injector (10-way
switching valve); V: switching valve (6-way switching valve);
MC: mixing coil; L-GOD/CAT: co-immobilized L-GOD and
CAT reactor; GABase: immobilized GABase reactor; FD:
fluorescence detector; R: recorder; W: waste.

A FIA A7 L TE, REOTEAZTV KX LI
KV T -7 I VB L -7 NVE I VR BRIRE
BT 25 ENAREICAR o7 (Figll) . v-7 2/ BEEDTE
BEHITBRED o -7 k7 X VERE NADP K& ORREL &
RAEAT S Z L2k v, Schemel9d D& TiEH O L-
TN I VIS a-7 NTVEIVERRNAEEINTH, £
DB R/NRICMZDZIENTED, ZHITED
Schemel8 D GAS y-7 2/ BEBRIRFEEIKTEN & 720 | y-T
R B A ERINICHIET 5 2 LN TE D, — ., LTV
& I UBROEERHIRRIED -7 2/ BiEEE NADP &
URBFERATEATLZ LIk, REFD v-7 3
RO EMHI T2 Z L TE D, 2T LY Schemel9
D 18 ~DUSH -7V H IV ERBEERF L 720 | L
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Reagent 1
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Reagent 2

3min e c

Peak height

WL UL

_—

R LJLLL:‘“

Fig.11 Typical FIA peaks for sequential quantification of
GABA and L-glutamate.

Sample: a, none; b, 0.5 mM L-glutamate; ¢, 0.5 mM
L-glutamate and 0.5 mM GABA,; d, MRS medium incubated
with lactic acid bacteria; e, 0.5 mM GABA.

Reagent 1: 10.0 mM GABA and 1.0 mM NADP".

Reagent 2: 15.0 mM « -ketoglutarate and 1.0 mM NADP*,

U

A FIA VAT MIFLBEIC L D y-7 2/ BB O T
Boe=4V7IZ@H SNz, -7/ BBED -7
VB X REORR L EIRE L HPLC 12 X 2MH & BAFIC
—H L., RFIA VAT LAOFEMENRENT (Fig.12) .

L-Glutamate concentration (g/1)

0 20 40 60 80 100
Time (h)

Fig.12 Comparison of the results obtained by the proposed

method with those obtained by HPLC in the course of the

fermentation with lactic acid bacteria.

L-Glutamate: @, FIA; O, HPLC. GABA: N, FIA; O, HPLC.

4. BBHYIZ

ARTIE, EEOPBEB L CEEEEEY 77 ¥
—Z W= FIA S 2T DTOWTHEI Lz, M4 '
t— (BEFEE—) OMGEnE 2D L ERSBETO
FHDEETH Y | BTN EIUTHN TV D,
BITE, Bipiilats BRI L LB S e o — T 7 —
AUVE—DF U TAT=E Y T RAREREESR T —

(=]
GABA concentration (g/1)

VAT ALHRENDE LI TEY ., FORAITIA
BYVO2HDL, Al WERNGE L-AHEEBED 7 v —
AR o —IZOWVWTIR-THD &, MEMC L 5%
BETRCB U 2EMMBOT=2 1 IR ERHARO L S
ThbD, 5th. BETERIUIOKL RSBV T2
—REER P —NFHSND Z EEH/H LI,
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