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[ Abstract] The methodology of determination of small molecule organic acids such as malic acid in
the fermentation broth of different fermentation stages of phosphate-solubilizing microorganisms via
high performance ion-exchange chromatography was studied. And it is indicated that under the selected
chromatographic conditions, the organic acid concentration and peak height showed a good linear
relationship and precision, with linear correlation coefficients above 0.996 and relative standard
deviations between 1.07% -1.81% of all organic acids under studies. The average recoveries of the
organic acid under studies in the fermentation broth sample were between 95.76% -110.13%. The
results suggested that the total amount of the five kinds of organic acids exhibited an initial increase
and a subsequent flattening trend during the fermentation period, and attained a maximum of

609.03mg/L after 12 days’ fermentation. It is suggested that the method is a fast and effective way for
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qualitative or quantitative determination of small molecule organic acids in phosphate- solubilizing
microorganism fermentation liquid.

[ Key words] organic acids; ion chromatography; fermentation broth; trends

HAT, WTHLBEED) N T8 s i 2 -+ R ) 5 AR BERE TR Sl 18 W S/ E ik e
VUL Z PO, ZHWIRF NN, HEANIE L ER S WA VRS AR R i, TH#
TAVBERLAE ) 3 Wb A MURR IR EE N T- PN BB e 0 RAT + 40 BRI . B3 T AT HLRR RIS
[, HMETELAEREMER, GakE, AHRONEEEEA LR 2k
PR EIEEL. mTaE. SRR BITRE, SEAERR, ITEKRMNHRERD.
MLl HERR BRI —Ma B TFR, WESBESRNANRYRA RN
0T S #2E N AR T, RIS SHEIEMPHRE, (BIXFR IR Bl
PIRMER R, FRZTRERRA", B el 2imE kN HgE—Ma807%, 2k
ST RE R AT AL IR 8 B, R U 3, T 2 41 43 R E , a8 4T 3 R E T Bl ), R EE e R
25 BN IR 845 &, R s/ T SE LM, A4 HT 45 SR AKORS 5 B IHE R B A AR .
HAT, KRB FABER NIRRT /N F ARG TES GRS . Bk, 1%
K H B A R B ) R D H LR/ 2 TR MRS B MERIE BHE, B8 TiE
BUR, BRI &AL FANRK S BANEANH LRt —E 5%,

1 ¥R57A%
L1 X885 E A

ICS-2000 & Ff4i%{X (Z£[H Dionex /A 7l), AL IonPac ASII-HC A B 43 B 4+ (4mm), lonPac
AGI-HC B P (4mm), Dionex-ultra(dmm) (k2 H B MGISE, ED40 thib2FHrm s,
ED40 Mt R 2% . 0.45um JEHE.

AR AERE . Z R (acetic acid). B¥ MM (succinic acid). ¥R (malic acid). HLfE(oxalic
acid). PR (citric acid), BIAMT4L. FrAWHEEH 18.2 Q HA/KALH.

1.2 REEEF

B EFRERET R GOK IS REVIR R4, KRB INEREG L E R, i 4
PSRRI 2 BRET 4 PR AR AL B TR
1.3 REFEFRE ORI

REEREIRIL: HWEFE 10 g,(NHg)2S0;4 0.5, MgSO4 1H,0 0.3g, NaCl 0.3g, KC1 0.3g, FeSO,-7H,0
0.03g, MnSO,1H;0 0.03g, W %) Sg, pH 7.0-7.2, Z&4E/K 1000mL.

REEFZA: UAEERERAXT R, € 55C. 1200/min &4 F, #IKEEFR.

1.4 €83 &4
EA KOH %A B2 — kB, 1 EDAO WRBEMUR A2 28N 18. 2 QB Al /K AL 2=, YR 2h 40mM,
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JWH A 1mM/min, BEAEED 10uL, HMHIESFH SMIK ML
1.5 AYLERFRHEfhZ A RI1E

HERFRIX 0.2000g SERFR. BHHRE. FRR. ER, FNKRIRZE 0.2000mL, #FHELIK
VR, SERZE 1000mL ARMF, HHET 02g/L HENHERE. EMTHHHES. 10, 15, 20,
25. 30. 35. 40mL T 100mL &M+, EA 10mg/L. 20 mg/L. 30 mg/L. 40 mg/L. 50 mg/L.
60 mg/L. 70 mg/L. 80 mg/L AIARHE RV . LUREIRAEMNBEALER, WA A AL bRz Hl bt
gk, BVHK.

1.6 FFE AL E

ZAIEUEE 04 54 94 124 17, 21, 27 REVEBER A RBEREFRE (a4 Fou Fsy Fou Fion
Fi7s Fais Fpp)y 0 ERBEEAN RIEFE, T 10000r/min FIFEHE L 10min, BUEEBEZ 0.45um
MALIERE I I8, R 50 55 EHEH .

2 FR51E
2.1 BIgEIFIERR RARHE E

BT R TR B FRE A S 1 2 TR B S A R I 34, S T BRI A
e RERBE TR FNAHRERRNS. RORRG/DFHEVBRK 2 B N %E 58 Mkt
BT, WHMNSHEETFHE HCOy . OH%, B3 OHRW TERF COLRH &M COs, COy
WRPEIR B HCOy M OH K™Y, RAEMRBEIM OISR L, ffuk CO, %% OH M T4 I, &
BT A XARERELRERS B HEMRIRHEE S RATRAKRKIT TR, XA
THERMRGER LASI AR R ZE S F CO, BIFHR, RN HERR i T e BC HlS R b ) A A B PR
SRR 2, 8500 B2 3 407 45 IR 5 A A e ),

N TS AR 2B AR, BT ARSI S R AR R AT BB ke . W T
M VRN ERITNNE, FIES 5 FinRFTEEH YT Z2RR%, BERBEESR
i, BERRRARAE & A HIER A : RishiHk 40mM KOH, &4 ImL/min, 34484 (8] 15min.
FEIZMBEEAT, S HEIRT AR RELSH.

Pligmie s, USANASMRENEEE, KRB, CWsHER AN E G,
e AR A AR AR HE B2k . IR SRR HE IR I RIS (1omg/L) WK 1.
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B iR B F IS E (10 mg/L)

Fig. 1 The iron chromatogram of the standard curve (10mg/L)

H: 1. 4 (10mg/L); 2. 3R (10mg/L); 3. FRME (10mg/L); 4. % (10mg/L); 5. ¥ (10mg/L)

2.2 bR ARHE B2 R EPENIR . St e

HMEMICRE KA R

X 5 M PR S ARERBN 3 CFHTIE, [AEETRAHTIR, JFES O
PEVE RN TS S AR ALBR A 2 ARG R 3. HOPRHE | A (50mg/L) JEZERERE 5 Ik, W
WL R AR E OFER)  BUR/DRE (10 mg/L) RO AERILENE 5 X, 5
brfEfm 2, LARRHERZE) 2 5o FAR IR (SIN=3) , IAGRUE 1.

RNSHAPRMEHTERH. LHTE. KEHXRE. HERERHR

Table 1 Linear ranges, equations, correlation coefficients, precision and detection limit of the 5 organic acids

i Lk T T 2P AE % RSD(%) R iR (ng/L)
1Pl (mg/L) KR 2 () (1=5) (SN =3)

2% 10--80 y=0.0431x +0.5787 0.9968 1.62 0.015
IR 10--80 y =0.0956x + 0.8704 0.9984 1.81 0.017
R 10--80 y =10.0026x - 0.0168 0.9989 1.17 1.024

R 10--80 y=0.1161x + 0.4267 0.9996 1.07 0.397
g 10--80 y =0.0677x + 0.1906 0.9996 1.21 0.143

5 MMM IR R IR CR, S RENIL 099 UL b, KA HLRAR X
PRt N 1.81% (T 2%), SRR 28 B Ar. friliBR7E 0.015-1.024pg/L L[],
2.3 REERH AR HAZER

WRIB RS GIE MR X R, &G bt TTHLER ISR RAE R ARREAT A, BT RIH 2
S EIEE N E FTLL L 7 AAERE R R BERAE D S M ORISR, WK 2.

2 BARBBESD S HAENRNSE

Table2 Amounts of the five organic acids in each fermentation broth(mg/L)

i L% BRI VIR L T oot
Fo 0 0 12.56 89.52 15.72 117.80
Fs 0 192.76 79.02 47.85 219.63
Fo 67.30 89.46 219.37 68.65 98.07 542.85
Fi 93.55 129.93 234.60 57.60 93.35 609.03
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Fis 118.30 175.15 160.30 43.07 66.40 563.22
Fy 111.90 181.00 154.10 31.43 99.37 577.80
Fa; 128.78 203.40 122.30 22.68 79.55 556.71

B2 #d F, W TRIERHE
Fig.2 The iron chromatogram of sample F,

W LK 2R 3ERM: 45K 5. FPEE

MEVR S BRBEMLE (B 3) BITTUEY, £REIEPENBHSERE L
THEFE TRES, ERBEEFE 12d NNRAEERS, 1X609.03mg/L. XAAESHBER
MR B R RERX, EREE 124, AEREKREKRIES, SETEEEREER, BT
FHRERRL . RN SARBER N BAMALL, TR BB R NEKEH S8 N (&
MR EIZIEIN 3 52D, RO T HAERN IR SAEM.

——EH —a— R

ANEASR (ng/L)

0 : . R L =
0d 5d 9d 12d 17d 21d 21d

REERHE (d)

B3 KEhANRB RN AR
Fig.3 Trends of total amount of organic acids in the fermentation broth
2.4 REERAVRPIWERTHE
ELEREFAEMIK, BPBEELRESRTFHEFRE, REERRESPIIATRRENS
H LRSFAEVUIRR RN HEREE, LN R WM B A HLBRIK BE3IK,  BUT- B 1 b Sy,
HARVMERE. 2&RMEIFR, FEEIRERES.76%-110.13%2 (8], ] WAL J7 ik
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LA RAZT TR TS Bkl i R0 24 T HER
® 3 BTOMEKIE FHERPRAIRKEKE (n=3)

Table 3 Recoveries of organic acids in sample Fs determined by ion chromatography method (n=3)

ﬁrﬁgt FROATT R (mg/L) ki (mg/L) MITEE (mg/l) o[ (%) V- 10 I (%)
10.000 10.8093 108.093
7.1 0 20.000 20.3364 101.682 103.54
30.000 30.2530 100.8433
10.000 11.7146 117.146
il 0 20.000 22.3011 106.5055 110.12
30.000 32.0177 106.7257
10.000 13.0972 94.52913
R 3.8552 10.000 13.5530 97.81887 95.76
10.000 13.1533 94.93403
10.000 11.1577 96.34987
5 s 1.5804 20.000 21.6002 100.0917 98.30
30.000 31.0929 98.45632
10.000 10.7843 98.42384
Frisie 0.9570 20.000 20.9817 100.1179 99.59
30.000 31.0241 100.2168
3 it

7 H B (154X 1CS2000 3 1% L A vk 7 A ATLRR 1 1T SE MEAINE stk R B2 b, 0008 T I
{ERIREEL AT, AT 3R R T AR R AR ) A B [0 MURR IR ARG o, 19 30 TR R 1%
THiE AT A B Rl PIRCRR . S RE RERR . AR Rl R AR A, X T AR v o A i
AR B P AT LR ST 5 BT R IR A I S B N (. BRI, 5 62 1350 5 AR 634 161 R e 1)
N FATHLR A — R E AR . tREE. HERRRO BT TR
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