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Analysis of Acidic Tar Dyes in High-Protein Foods: Achievement of Improved Recoveries and
Shortened Operation Time by Loading Sample Extract onto Polyamide Columns at pH 8.5

Asa Osuca, Yoko UemaTsu, Yukiko Yamajima, Shoichi TAHARA,
Hiroyuki Mrvakawa, Mayu Takanasar and Kimio MoNma

Tokyo Metropolitan Institute of Public Health:
3—-24-1 Hyakunincho, Shinjuku-ku, Tokyo 169-0073, Japan;
* Corresponding author

The recoveries of xanthene dyes in the analysis of acidic tar-dyes in high-protein foods were im-
proved by loading them onto polyamide columns at pH 8.5, instead of using the conventional pH
3—4 solution. The experimental scale was reduced to approximately half that of the conventional
method. Furthermore, instead of eliminating the organic solvent in the extract by evaporation, the
extract was diluted with water prior to PA column cleanup in order to reduce the ratio of organic
solvent so that acidic tar-dyes would be better retained on the column. The above two procedures
shortened the operation time and allowed for a simpler protocol. With this method, the recoveries of
erythrosine, phloxine, and rose bengal from salted cod roe were 82, 88, and 74%, respectively. The
recovery percentages were greatly improved compared to those achieved by conventional column
loading at pH 8.5 (26, 44, and 18%, respectively). The recoveries of azo-dyes (Amaranth, New Coc-
cine, Allura Red AC, Tartrazine, Sunset Yellow FCF) were also improved from 41-66 to 79-99%.

(Received June 6, 2017)

Key words: &% 737 Bfhihigh protein food; EEMES — N fa¥ acidic tar dye: FH 7 RfEFE
xanthene dye: KU 7 I Fpolyamide; §93EZA: weakly basic; Hi#{tspeed up; #* %12 Z boiled
fish paste; iXA-2A pounded fish cake; ¥ —+t—sausage: FEFHIAFsalted cod roe with

red pepper

FRER: FHEHR (Fig.81, Fig.S2, Table S1) idJ-Stage® HAERBELMSE (http:/dx.doi.

org/10.3358/shokueishi.59.73) CHIETX 5.

FU®HIC
ERPOBEY - VBZEORETIX, —BWICEYTI
F (PA) ICHIHEFOBRELHRE - BESEIBESE
BHVLNTWEY?,

LaL, »Fi2Z, FFHRTEOES V7 ERICHE
MENLRE3E, FEI1I04AFBLIOHKRBI05F (F¥
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RENTWApH 3~4? X ) 3 E\VpH 6.0~7.0 KT
BT LIiZEY, B U ERFOFY VT VRIBED
EURERB & e 2 L 87205, oty —VviaE
LHARZ EERCEEL MO N o T

—7, Ml % pH 11.0ICHA%L, YRV EVE
Zvea) FUyREAKAIS L HLBY S L) XY
BLLE Y07 URIBEZTO% LD BLFZEIX
R ONT. Z020, TRTOBEIIBWTREFZE
IR ZB 57D EICZIZPAY S A L HLBY 5 A %4
HL7.
SHEbhbhid, PAV S LATOEHEBOpHIZOWT
IR AMER T CTRETAIEICLY, ¥V T UR3ME
ROERFEZMESE, BRIZHEETL2I5L%2PAYS
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LAIFEHICT A E R MART

¥ 72, BMOFED? Tk, RBEX10gE LTV
7o, WBHEE, 77 ABEHEEYPS L, BIECKELE
LTWh, Z07:0, BBOSMEORr— Vo /12X
D BEL % RAA T

E51C, WMBHEEZAGTRLTHIIAREMNTAZLICE
h, BEGEBRETERL, fE{LzE~.

FORRE, XYV T U3BREOENEORE LML, B
MBORELB & OTHELAER SN2 THRE T 5.

EBRAE

1. & £

HINENLAR I, f#O" LA, EIRS, BANR
A, V==Y, BIXUOETHRTEHER L.

2. EERBLUEER

BREERT (—HRERERBHEL 2T ) -
Az AMBI#EO, EAFE25 2B NNEBEHOKER
Wy —aEEES R2s R2), KE35 (RI),
R B405 (R40), 7 1028 (R102), &K ©104%
(R104), Kt 105% (R105), #Kf106% (R106), #
4% (Y4), #HE5H (Y5), H@1F (B1), #ass
(G3)) AW,

B R EREEMEKITEHE L T1,000 pg/mL &
L7

BEEEAN: SEEFERZRAL, KTHRLT, &£
BHE50 ugmL 2 EL KBRS L.

LCHARAEEAR: RABEARETKTHEAMRL
BEFEH0.1~2ug/mLICH 5 L) FARL 2

TR A b - B REERN: AREERAEND
REHBEOMBEICELETI% T V€= 7 K45 mL,
EtOH 32.5mL3 X OUTHF 125 mL% B &L, 356 1C
0.5%EERE 7 v E= 7 ABTES mL & IRAEEBKO0.5 mL
Mz, AKT100mL& L7z,

3. HE HEBKLUHE

PA: HIFE 150~425 um, C-100, FIJEAE3E T2 (Fh) 84

7B, ARy —N (EtOH), B:lEE BEERY v E£=
A, %7 VEZTK AF—N (MeOH), 7kt b=
FYN, FESeFa75 Y (THF) EEiEHS? LR
D% Wz

1% 7 YEZTHK: 25%7 ¥ EZT7 K40 mL &K THR
L, 1,000 mL & L7z,

7 vEZT-EtOHER®E: 1%7 v E=7 /K& EOH%
1:1 (viv) ORREBETRALZ.

7 vEZ7-THFRE: 1%7 Y E=7XKETHF%#1:1
(viv) OIEERTREL..

6 mLZ&) ¥— 35— (HF128mm), 7V v b (R =
FU v, LE220 um, 6mLEYF—1—HH): Y-z N
F 4T A () 8L

50 mLAERLE GRLOE): RUFul v 8 (R,
RYZF LU (F), FLX5y PR

ZOMOREIIFHD? LRLLOFHAV.

4. B

LC: Agilent 1260 Infinity (PDARHEFA),
beFrouY—EOR

E|EN— VB DTCIC, #1457y 7 (BB

pHX—%— : LAQUA, (#)3E35HRIEFTR

ZOMOMBIIFHD” EALLOEA .

5. PANSLDIER

6mLAED) Y —N—DOTFEHICaTy 7 2 WHMTF, ELH
79y V2EHE, 7Yy bEASEOMeOH 7 FWVTCIE
H¥7:t, PAOSgh/KTHRELA 7V v MhrS#lidwy
MIBETCI AL RBET, KTHFICHELZ. PAD
Bk, B 15 #8HY, EH5ICKI0OmMLEHRL
TavF4yva=ryLi.

6. pHEREE

HIH® 12y, BERER (0.01~17 molVL) # W THN®
pHIZHREL /2.

7. WMEROREAR

RAFMULT, Z0O5g%RLEICHIL, REeEHE
BHEZ05mLE 201 mLiENE, IRAELTLD
04 BIMBEL, RMEIEORRE L (FRERER
AR BH720 5 uglg T3 1 pgle).

PEFIZT, FARA, V—t—ToMBTIE, HNEIX
HEB5gIC1% 7T Y E=T7K20mLZMZ, 175EIED
BELHE 80 ToORBHTIOZEMEL 2. XE#,
EtOH 20 mL%#MA CHE% L, 15HFETRYBEZ (8L
T, &L D). Thz80CoikiFHcLr04 EMEL,
4C, 3,000 rpm TH5 & L7 #E L72% (LT, &5
B), LEERWM L BREIC7 e 7-EtOHEE
25mLE A, 108EEE S L, 80CHKEHTI054H
TRL 728, @O0, EFEEFERLAL BRI T7TVE
= 7-THFRE# 25 mLEZ Mz, 148#EsEH L, LT, #
W2l H & RBRICEEL.

B, BUSEE BERYO—IELEFICRE LA
7Yy bEDF260mL Y F— -2 @B E I TEE
L RV

BB L7-EEZE&bE, KTI00mLICERL. 2O
WoBmLEF—NVERY FTED, KEMZTH
90mL &L, COFRLABEZENOpHICHTHEL 25
EHITKEMATIOOMLIZERLE. ZhEPAN S A
AR MBI E L.

FFRRTFOMBTIE, BRb5gl7 Y E=T-EtOHR
W25 mLEMZ 13BIRE 5%, 80COKBFTIONH
MEL7. Zo%E058 L, REFRIMLZ. Hl2m
HURBEOBIERZ, »FIB2%L KT,

8. PAASLICKIDHHRDER

PAD 7 AIZHIIEE AR T2 BREHFTOL T 495
ORTEBIZIDHICHIHE 22 L) ICRELL. Ml
WEH T LIZAMNE, A15ml, EtOH 10 mLCTH#E L
. 7ryEZ7-EtOHREIOmLTE R ZHH L,

TIVLY
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1I0mLIZERELY. #08mLEBERK T80T T2mL
UTICiEmL, BHEOEOHE T Y E=T#K&, KT
5mLICERL-bDELCREBME L.

9. LCEIE

BAERERTE - MY ICEL, BHO Y LRBOSLETH
EL7z ERIEHEPRERECL DT 7.

BREER
1. BEESEEEROPAAS LBRICBITZFTY
T %3BROONEDETERA

WHEY Tld, PAZ S AL OEMBZERHEREL,
BEMEATEI LTHRERE T52, BEBREIFY VT
PREBEPKRCBEFICLVETRIATVWEY, 22T
BIRO ICHEVEISL L 72 pH 3.0~T7.0 D FHEHE AW % PA
BT AAFLTREONZBHE,LSEOHE T YV EZT
#BEET, 20T FTWELEREE Fig. STITRL .
B, FHrFURIAEBLIUVRIOCO4BEDAOR
FiX, AHEEZZOTIMWET L L, LCH T AIRERES
NBVEHAERE— 7 ENPE LB HEAWD 5720, RePxt
BRI FV VT URIBEBIUVRIND4BELL
7.

Y7 URIBEOENEREZ, BHELXFOEINE
L7234, 88~98% CTho7: (FigSl). ZOREDD,
pH3.0~5.0CAMLZF YV F v RIBEDEIVRET
12, BELNPAY I AREBEINLZVOTIRRL, BER
FOEOH &7 Y E=7 2BE L TKICERT 588 Tid
ETWwWHEEZ BN

FHVFURIBEBLIURIBIZOVT, FIEHY 126
WHB L7 pH3.0~7.000 T2 HBE (B#EEE2dL T
T2 10gll5 pglglle 5 X HIZHM) % PAK 7 AIZHEH
LTBSN-BHET F0E ZHE LR (Fig 82). 0
WE U7 vR3AaEOEINEIZ2~89% Th - 7-.
FitR® CIHBHEASEOHE T v E= T2 EELT, K
TEBRLZDOZLCRREE LTHE LY, ZoORD
FH 7 URIBEDOENEIZ11~55%THo71°. B,
R106 DELE L, LCHRABRI TI98~100%, #HE %€
DEFFTWELLBEII8~99% DEINETH D, E2%%
o7 pH 3.0~5.00» IFZMBKOAMTIE, il
HICBB L TR pHRE T L, Zhrsislii
BT TRALT, ¥H U7 UR3IBFEORPT LMY
FPETFLAEZZ SN B#HO Cby vy BLiEs
ENBLHOHEMEEICPAY T L EHICHRL. 208D
K& EtOHIZ & B 3ERECTIRIBM L 2d o 7258, B
CRBEMLARLICA T APLBHBEN. ZOBHEK
ZARTBBRULBIIRELZY, THEBICEFY V7 RS
BENREE LD, FFUFURIBEOEINRIME
TLEEREZZ 5N

P EOERY LBHEE LCRBREOH T2 HET S 2
Ltk ¥V UF U RIBEORMNELRF LS LENS
PELNLZLHFMELEEZ N 20D, HBED

[4.§5EEUTCOA 7 2AMIC L 2 EIPEER ORI
(6. 8% 737 BBICBT 2 RMENAR] <&, W%
LCTllE LB T & LT

2. SEODRT—=ILI I

Betom bz BNEL, §EY " 0&hr5HREE
HMBEORr — VT V2R L

Thbh, WHRY? EBRAEFEIRATEE, B WMl
BWREDE® 1212, PAZFLADYVF—N—%BE0D
56mLic, THEPAE#25508g PAX I AICEWNT
AZUREZHBHEOBED 1205 V4AIZERE L. T0FK
B OHTIZCERBE LSS, WO LEBERAREOR
N (HEFES5 pg/gtH BTN T56~102%) PR LN
¥z, BEIAE (Bf1gHSo) £EES0 g, 11EBAFT
TH550 ug M N®) KRS r— X% BEL, F6F
250 ugk B HBWERW LCHEBICRIELLZLEZ A, §
RCOBETIORL EEINS T (F— % KI\H).

UEoRE S, UBROREHIZORF—VFT U L7
FHETIT- 7.

3. FRICKDMBBER - HSLEFEDHH

EtOH & A BB OFEIZPAICK T 2 AR ORI 2K
TFTEREBLDY, BT ACERNTIBRROEREEE B
£TBLENDVEIHRD? TiE, H 7 LICEFTHENI,
HEEROBEREEL T — 7)) — XKL — ¥ —THEL
72, ZOBERABECEMSERZT) 2 LYV? X ERET
3H5DO00MYOKBEEL, FEOWLELEHIETS
7:0REEOWRELT IVLEVDLEEMETH o 1.
ZFZT, KTHBEEZFRT A LX), AREEEE
ETWC, PAZTACEBHREZREFSESL I EHFTRERLIC
DWTIHRET L7z,

A A D 7 B R IEREBERO 25 mL Z AL
FRLLZVEEIEZFOT T pH 7.01CHEL, 2fF, 451
FRTI2HERIRTHRBZEpH 70ICHELZ. Chok
PAKZ S MCETLERE Fig. 1IOR L. HFRLEW
BAE, —EOBENY T AMEBINTANRE L DI

100

80 _____hi - i 2.
R
o S
A
< 60 —*

Recovery (%)
5
Q

0 & —-&- Bl
-0~ G3
0 : : —
No dilution 2 fold 4 fold
Dilution ratio
Fig. 1. Recoveries of acidic tar dyes in PA column clean-

up using aqueous standard dye solutions contain-
ing the same ratio of EtOH and THF as in the ex-
tract (n=3)
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100

...... o R2
—O—R3
--0-- R40
—¢0-- R102
60 —a—R104
—e—R105
—0—R106
--A- Y4
~&-Y5
20 --4-- Bl
-0 G3

80

40 P

Recovery (%)

2 fold 4 fold
Dilution ratio

Fig. 2. Recoveries of acidic tar dyes spiked into boiled
fish paste (kamaboko) in PA column clean-up af-
ter aqueous dilutions of the extracts (n=3)

W L7278, 17~103% L —EOAaFEOEINRIE ) -
7o, 2R -3 4ERF TR, AEORMBRR AT, H
IR D R105 LA 83% LLETRIFTH o 72

WIZ, PFIZIICBEES uglgl b L HBmML, REF
WRIFIZ 5722/ ME aE/RPROMBIE PAS T 4
TRELZGAIEB L (Fig.2). Z0OHE, 4EHR
DFPERNRDO RIFLEBRIBEZ N Eh L, UTORFET
BHBEEZ K TAERMULTCPAI S ARRARTLIZ L L
L7

4. PFEERTTONAS LEBREICKDEIREGD LD H

PAIZEBERpH42L D THBLETIADOF ¥ —T %D
L, B - NVEFLRIETHLEZLONTWAZ L
5% FBIEEM T CId, AEIFPARBEELICL WEEL
PAD S AICEWT HBWOpHIZOWTIRFRMES & h
HOHHEATHRE L TE -

L2L, pH70ThBENIIRFShEZ L, $/2
PHBEWIZE Y Y7 BONBIRBATLLEZ LR
ZEnD, FEREMBREEY S AIIANTLIEIZDVT
MEt L7z

IR IC A b - B RBEBREO 25 mL 2 HRILL,
KTAEIZHRL72d D% pH 6.0~9.5DHBATHEL
PA S T A OREEBEELITo 7.

LCRABRBZHE L5E, 37 v R3BRITpHT
Bl ZBlzonTENENm LA (Fig. 3). pH 6.0~
7.5 TR3, R104i #80% & B, R1051% #40% £ B T
Hotzds, pH 8.5 ETIZR3, R1041X90% Ll E, R105
X 75%LLETH o7z, pHO.5TXR106 & Bl D EIULEE)S
BT LAA, ZhidpH 9.5 TRARMBEDOPA N 5 ANDF
BB Rl e RREE LN

B, BB TR, HRYWESEMICER R
REhTwae &, BEMRLEBIPRAEHEHIC N> FIRIC
EHEEEEINSY. pH6.0~85TIHEENY T 4 LEIC
BT FIRTHEF IR TWA2AY, pH9.0, 95 Tid/N v
FIRIERDFEDOLNIBRENl Do/, ThbomER
PAILBRBESRIZ(wEE RO, BNEOEL o

~-&-R40
~o=- R102
—A—RI04
—e—RI05
—0—R106
i~ Y4
—*-Y5
--a- Bl
-0 G3

Recovery(%)

)

20

0 T — T T T T v J
6.0 6.5 7.0 7.5 8.0 85 9.0 9.5
pH

Fig. 3. Recoveries of 11 acidic tar dyes in PA column

clean-up of standard dye solutions at pH 6.0 to 9.5

The column eluent was concentrated to remove
ethanol and ammonia before LC injection. Each
solution contained 6.25 pg of each acidic tar dyes
in 100 mL. (n=38)

100 -
—O—R3
—&—R104
80 \ —8—R105
60

—0—R106

Recovery(%)

20

6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5
pH

Fig. 4. Recoveries of 4 acidic tar dyes in PA column
clean-up of standard dye solutions at pH 6.0 to 9.5

Column eluent was directly injected into the LC
system. (n=38)

RI06B X U'B1EZ #ERE /. 4 7y R3BHE,
R106, Bl A o6 aEIZ VT O pH TH BiF & mILE
L7z

—F, BHEZZOEFWEL-HER I 7R3
BRIZVTHOpHIZBWTH 0% EDOEINETH - 72
(Fig. 4).

RIZ, PERRIRAEEBEEZ nggb 25 I ITR
mL, HMHEOPHZ6.0~95ICFHE L CPAY T L% H
WEECRINEER 1T o 72,

LCREMANE L L &, BRI be-BREHE
BROBELAKIC, pHEEL 538 FH 7 %3
BEOEINENH LT 2EmE 2> (Fig. 5). pH 6.0
BB FY 7 U RIBEORPNEIT13~51%TH D,
pHAEEDZIZEREL, pH85U EDOBAIZTO%L EE
Trolz.

—7, BHEZZOIIPETLE, FH T UR3A
FONIEE, pH 6.0 T46~92%, pH 8.0LLETT9%LL
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FLLCHABBOBEINE L Y &HMICE <, EEsE 0w 3NEHEICET, BOHE 7 Y E= 728 ELT
EL7 (Fig. 6). LCREBRM A ER T 2 BICHURHL, ZoREpicaE

CORPNEOER, pHAEBICHHE LAY vy 2ZBELZZEICEA30EEZ LN BHY 2BWVT
MHEBOpH % 6.0~7.0 IZF¥E L 7z & X ICIIAT Y 25829
ENLholds, ARFTIEIpHZ 6.0~T.0ICHEL-L

100 o—R3
—&—R104

-0 - - .
A i g g ; ;
60 —a—R104 30 * —8—R105
/ —®—RIOS / —0-R106
—0—RI06
60 /

Recovery(%)

IS
<
O
.
Lo 4
w
= a
Recovery(%)
IS
<

20 -0 G3

20

6.0 6.5 7.0 75 8.0 85 9.0 9.5

0 - T T T T —r —

Fig. 5. Recoveries of 11 acidic tar dyes spiked into boiled 60 65 7075 B0 8B5S 80 95

fish paste (kamaboko) in PA column clean-up of P

extracts at pH 6.0 to 9.5 Fig. 6. Recoveries of 4 acidic tar dyes spiked into boiled
The column eluent was concentrated to remove 2551 tI())agS t5e in PA column clean-up of extracts at pH
ethanol and ammonia before LC injection. Each ) ’

acidic tar dye was spiked into boiled fish paste at Column eluent was directly injected into the
the level of 5 pglg. (n=3) LC. (n=3)

Table 1. Recoveries of acidic tar dyes from high-protein foods

Spiked Recovery (%) (RSD (%)) n=3
Sample level Injected solution
(nglg) R2 R3 R40 R102 R104 R105 R106 Y4 Y5 B1 G3

LC test solution® 85 (1) 88(2) 98(1) 99(2) 96(1) 71(8) 95(4) 101(1) 98(0) 98(1) 100 (1)

5 Eluent from

Boiled fish PA column 85 (2) 93(5) 79(4) 90(M
t
(kaif:bzko) LC test solution® 82(9) 177(9) 98(4) 92(5) 97(9) 68(11) 99(2) 102(1) 98(7) 94(5) 100 (1)
1
Eluent from
PA column 71 (3) 96 (4) 77(21) 94 (1)
LC test solution® 92(2) 88(3) 99 (1) 98(2) 96(3) 67(2) 97(2) 97(2) 97(2) 98(2) 100 (2)
5
El f
Poundekd fish P: :;’ltu:n;m 84 (1) 92 (4) 74 (5) 89 (3)
cake
(hanpen) LCtest solution® 82(3) 73(6) 95(3) 95(3) 87(1) 56(3) 97(1) 97(1) 98(2) 95(4) 99(2)
1
Eluent from
PA column 78 (9) 81(4) 56(1) 91(5)
LC test solution® 71(8) 95(3) 93(2) 90(2) 99(2) 85(2) 96(1) 98(2) 94(4) 96(2) 100 (1)
5
Eluent from
PA column 89 (1) 96(2) 80(5) 91(1)
Sausage
LC test solution® 63 (5) 86(7) 89(3) 85(4) 96(5 80(4) 97(8) 96(1) 94(2) 94(1) 100 (1)
1
Eluent from
PA column 83 (7) 106 (2) 72 (14) 98 (1)
LC test solution™ 79 (1) 82(3) 99(1) 95(1) 88(1) 74(2) 63(6) 91(4) 95(3) 70(6) 85(4)
5
Eb f
Salted cod b :zltu;‘;m 79 (2) 88 (1) 72(3) 60 (5
roe with red
pepper LC test solution® 77 (4) 71(8) 96(6) 88(2) 84(3) 65(12) 63(3) 93(2) 95(4) 72(3) 87(1)

Eluent from

PA column 68 (7) 86 (17) 57(9) 64(2)

*: The PA column eluent was concentrated to remove ethanol and ammonia.
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EICF VNI ELEEZONDIHWED O XS P VITH
YHREL COLHIICHRATEZZ2EONMY LT
PHAHIH® XV EL L o-0id, HMMKICEtOH & THF
WEINBEZEICEY ¥ VR BEOBRENRL LY,
HLRd kol bEL NI

BRI AL AR BEERB LU TIZCORE
IEBE RS, PAS S A CTHES 2RI OHMEO pH %
R106 ® BlOEIXRDET AW N, »oF 47 R
SEEORIED HEF 2 85ICHETLZ LTl

5. BYVINUBRICHITHRINBUNEGER

PEIZZ, FARA, V—k—Y, EFHAXFEHAO
T, REICXD5E 1pg/lg D 2BE CRMBINEBEE 7o
72 (Table 1).

PEIRIICBNT, 5pg/g®MTORS, R104, R105D
FINER I ZE 2N 88% (2),96% (1),71% (8) TH o7z
(() IZRSD%). IhbOKEREE, #HY oFEZH,
% pH 3.51CFHEL, PAZ S ATHELALEEAOHE
N (2hEn36% (42), 50% (23), 28% (36)) &M
BLTY | ELTHBY, RSDDED AE 7% ) FHMES
W kL7 %3, pH353#AERRE - ERY KRS
TW5pH 3~4DHMETH 5. ZOMOEEDE TR
1385~101% CTH -7z, T2, 1luglgmMO B4, R105
ONILEA68%, FNUNDEEOEMINEIZTT% N LT
Hoz.

FARAZBWT, buglgi®ilTHRS, R104, R105D
XK X, ZhZEN88%, 96%, 67% TH o7z, FDMD
BRI, 92~100% DELETH o7z, 1uglgiZMO %
&, R106D BN HE A356%, € LA O 5 o B =K X
3% L& 72 o7z,

V=t —=TIZBWT, 5ug/gil®MTHRS, R104, R105
OENEE, FhENIE%, 9%, 85% Th o7, Z0Ofl
DEFIE, T1~100%DBIETH o 7. 1 pg/giRiNDO%
£, R274%63%, € DD FEIT80%LL 1o EIZE A5
Y (A

FEFHRTFIIEES —VEROSNIFICHELL, R
BHoTORUTELRVWERANZHS DY, 22T, &
BEOHEEHBMOFEY 2 BT, HlHE % pH 3.5
BL, PAASATERELAEEOEINEEL L7,

5 ug/g @I T O RS, R104, R105 D BILEIE, KR TIX
FNENS2%, 88%, T4%TH Y, pH 35 THEL LGS
DIINFE26%, 44%, 18% LB L CKEICHELZZ. £
DD BEFEIZDOVTIL, RET63~99%, pH 3.5 TRHEH
L7=BA Tk 41~95% Td - 72.

%P, R2OEINER, Fi#” CHVRREEZARTS
&, pH6.0” 3L U35 (Table S1) THEL-BHELD
12, 0% BEETHoW, RETIETI% L XIBIZHEL
72, TR, HIED TIThh KB TOMmE (60~80T)
BLUBHIELZBEN L kol bR X7z, R2
WRTEFEETLILBTONE#EEZ T L THHEL, B
552 EBRHESNTWSAY?, R2Izxt L, EFHATF

HROBRSVETE L AEOERERIZLEEEZLN
7=,

U EOEREYPS, pH8SIZBWTI, F¥ V7R3t
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LCHEBHE O A ZWET T T TH 5 L HM L7z,
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DOEEEHNI-EEZ SN,
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1. WO — V¥ 2k, SCLELRSE
BPBREEIERL, PAY S ABROBRAREL2E
fEL7z.

2. MWHBEEZKTHERL CERBEOMHNBELZTIFS2
EICXh, WHEBEZPAT S LAIZAR LIBOBED
REFWRELZY, INF TiTo TOEMERBES
FIEVDOD Z BB TE, BELHELT S LA
T&E/.

3. PAZTACEAWNT A2MBBOpHESSICTHIL
T, ¥V U TFURIBEQORREIKIBICEEL .
YU EMICEESY - VAR 1IEREE 5 uggii
mLzze EOEINEIZ63~101%, FDH b, FHv
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NRIZEN, POEECRELRBEAER L. AEE
EDRT—- VT IV ETY, ELIZRYT7IF (PA) 75
LAZEMTABOFREL LT, BEEEOBD ) IZHM
WEATHR LUABBREELZ T, E2PAITLL
RESELZLIZEY, BEQHELD X UNRELZERK
L7z, $7:PAASLACTREZRETIE, BWTLIHO
pHZEZHHENSE pH 3~4 5 pH 85T A ET, B
FUNRZERIIBITS, FYUFURBEEORILEIKE
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