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ABSTRACT

A smple and fast HPL C method for s multaneous determination of 2-keto-
L-gulonic acid and 2-keto-D-gluconic acid in fermentation broth was de-
scribed. Separation and quantitation were achieved on a shim-pack CLC-
NH,, column (150mmx6mm, 5pm) using 0.015mol/L. ammoniumdihydrogen
phosphate solution (pH 4.1 adjusted by phosphoric acid) as mobile phase.
Detection was by UV absorbance at awavelength of 210nm, and the flow
rate was 1mL/min. The elution of the analytes was achieved in less than
19.0min. The linearity, accuracy and precision of the method were found
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to be good and acceptable over the concentration ranges from 10 to
600ug-mL-1 for both 2-keto-L-Gulonic acid and 2-keto-D-Gluconic acid.
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INTRODUCTION

Vitamin Cisakind of essentid vitamin and antioxi-
dant in human body and it can be broadly usedinthe
medica and food industry. Inthecommercia produc-
tion of Vitamin, only 2-keto-L-gulonicacid (2-KLG) is
akey intermediate. Themost popular processfor syn-
thesizing 2-KLG is the 70-year-old Reichstein’s
method, inwhich glucoseistransformedto 2-KLGin
fivechemicd stepsl. Since Gray’s description of mi-
crobial methodsfor the conversion of L-sorboseto 2-
KLG theuseof microbial methodshas becomeattrac-
tive and gradually replaced the chemical method for
lower industrial cost and lessecologica problemg?3,
2, 5-diketo-D- gluconic acid(2, 5-DKG) pathway”” is

one of themost commercialy promising methodsfor
microbia production of 2-KLG“, during the course of
preparing 2-KL G, 2-keto-D-gluconic acid (2-KDG),
the stereoi somer of 2-KLG might be accumulated si-
multaneoudly with 2-KL G from other organicacidsin
thefermentation broth(seefigure1). Thus, S multaneous
identification and quantitative determination of 2-KLG
and 2-KDG infermentation broth wasvery important
inindustria production and scientific research of vita:
minC.

Inthe past years, theidentification of 2-KLG was
usualy performed by paper chromatography method®,
but this method could not be used for the quantitative
determination of 2-KLG The quantitative determina
tion of 2-KLG was usually performed by iodometry

Erwiniasp. 2 5-diketo-D- Corynebacterium sp.
B —

D-glucose gluconic acid

Figurel: Simpleschemeabout thetransfor mation of glucoseto vitamin C

{ 2-KLG— Vitamin C

2-KDG (byproduct)
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method, but themethod could not be used for theiden-
tification of 2-KLG. In addition, both above methods
were complicated to be operated.

A recent literature survey reveal ed that literatures
about the s multaneous determination of 2-KLG and
2-KDG werevery lessto our knowledge. Eero® had
applied HPL C with acolumn packed with sulfonated
polystyrene copolymer resinto theanalysisof 2-KLG
and itsrelated organic acids, thismethod had alower
theoreticd platesyieldingrelaively overlgoping pesks,
long runtimeand poor resol ution, which was not good
enough for quantitativeanalysis. Qiao et a.["n demon-
strated aHPL C method to determine 2-KLG inwhich
therefractiveindex detector wasemployed and there-
sultsobtained presented poor senditivity, resolution and
low recovery. The best method reported wasthat pre-
sented by Choi et d.®, which described acapillary zone
electrophoresis method to determine 2-KLG and its
related organic acid simultaneously. In our paper, a
simple and fast HPL C method was described, which
could beused for the s multaneous determination of 2-
KLG and 2-KDG that wereformedinthefermentation
processfor synthesisof ascorbic acid using an ordinary
NH,, column and asimple mobile phase at detection
wavelength 210nm.

EXPERIMENTAL

Apparatusand reagents
Apparatus

The chromatographic system consisted of a
Shimadzu LC-6A liquid delivery pump(Japan),
Shimadzu SPD-6AV variable UV/VIS detector(Jgpan),
Shimadzu CR-3A dataprocessor(Jgpan) and Rheodyne
7125 model injector(USA). PERKIN-ELMERAD-6
autobalance(USA) was used for wel ghing substances.

Reagents

2-KLG, 2-KDG standards were purchased from
sigma(St. Louis, MO, USA), ammonium dihydrogen
phosphate, phosphoric acid and other reagentswere
al andytica grades. Thefermentation brothwaskindly
provided by Agricultural University of Hebel. Triple-
digtilled water wasused to prepared| the standard and
samplesolutions.
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Chromatogr aphic conditions

Final chromatographic conditionswereanisocratic
elutionwith 0.015 mol/L NH,H_.PO, solution(pH 4.1,
adjusted by phosphoric acid) on a Shim-pack CLC-
NH, chromatographi ¢ column(150mmx6mm, Spm).
Theflow ratewas 1.0mL-min, Thedetectivewave-
length was sel ected at 210nm. The mobile phasewas
filtered through a0.45pum membranefilter and degassed
before use. Separation was at ambient temperature.
Under these chromatographic conditions described
above, theretentiontimesof 2-KLG and 2-KDG were
14.3min and 16.2min respectively. The chromatogram
of standardsfor themwasshowninfigure 2.

Prepar ation of standard solutions

Thestandard stock solution(1mg/mL) wasprepared
by dissolving 25.0mg 2-KLG and 25.0mg 2-KDGina
25mL volumetric flask and make up to volumewith
mobilephase. A seriesof standard solutionswerepre-
pared by quantitatively transferring suitable stock solu-
tionto 10mL volumetric flasksand madeup to thevol-
umewith mobile phase.

Prepar ation of sample solutions

Thefermentation broth provided wastaken and
mixedwith ZnSO,(72.0mg/mL) and K ,F&(CN):3H,0
(36.0mg/mL) according to the proportion of 1:1:1(v/v/
V), and centrifugd precipitationfor 10min by 13000rpm.
Then theabove clear solution wasfiltered through a
0.45um Milliporemembraneand diluted to threetimes
volumewith mobile phase, and then the sample solu-
tion was obtained and stored in arefrigerator to be
used intheexperiments.

] :1 S 1l12 llﬁ ZID t/min
Figure?2: Chromatogram of standardsof 2-KL G and 2-
KDG1,2-KLG; 2,2-KDG
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RESULTSAND DISCUSSION

Thetreatment of thefer mentation broth

Asweal know, the composition of thefermenta-
tion brothwasvery complex, which not only strongly
influenced the separation of tested components, but so
damage the chromatographic column to some degree.
According to the experiences and somerel ated refer-
enceg®™, theflocculants(ZnSO, and K ,F&(CN)-3H,0)
was added into thefermentation broth to eliminatethe
interference of theimpurity, varying concentration and
proportion of the flocculantswasinvestigated in our
experiments, and the results obtai ned showed that the
volumerate of the fermentation, ZnSO,(72.0mg/mL )
and K F&(CN),-3H,0(36.0mg/mL) was L:1:1 asare-
sult of optimization.

Thesdection of column and themobilephase

We have been engaging in the separation work by
HPLC, alot of experienceswas collected inthisway.
Cong dering thesolubility and the propertiesof 2-KLG
2-KDG, webegan with CLC-NH,, column and amo-
bile phase of ammonium dihydrogen phosphate solu-
tion as mobile phase with phosphoric acid adjusted to
keep themobile phasein acidic condition. Varying con-
centrations of NH,H,PO, solution (0.05-0.4mol/L)
werestudiedin our experiments, and theresultsshowed
that theretentiontimesof 2-KLG 2-KDG weregradu-
ally shortened with the concentration of NH,H,PO,
solution increased and the basdline resol ution between
them could also be obtai ned before the concentration
of NH,H,PO, solution increased to 0.015mol/L, but
when the concentration of NH,H.PO, solution was
higher than 0.015mol/L, theresol ution between 2-KLG
and 2-KDG was not very good. Besides above, the
effect of pH(from2.9to 4.9 inincrementsof 0.4, ad-
justed with phosphoric acid) ontheseparationwasa so
investigated, and the results showed that the retention
timeof both organic acidswasobvioudy shortened with
the pH value decreased, solower pH valuewasin fa-
vor of fast eution of thetested materials, therefore, re-
duced thetotal analytical time. However, thebasdine
resolution between 2-KLG and 2-KDG could not be
obtained if the pH value was|ower than 4.1. There-
fore, taking al thingsinto consideration, 0.015mol/L
NH,H,PO, solution with phosphoric acid adjusted to
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keep pH 4.1 was sel ected finally asthe optimum mo-
bile phasefor the separation of the organic acids.

Theselection of detection wavelength

Therefractiveindex detector had ever been used
to determine 2-KLG, but poor sensitivity was ob-
tained. In this paper, UV/V IS detector was used to
determinethem. Initid studieswerecarried out at sev-
eral wavelengths (190 nm, 193 nm, 205 nm, 210nm,
215nm, 220nm.). It wasfound that both 2-KLG and
2-KDG had strong absorbance at 210nm, so adetec-
tion wavelength of 210 nmwassdlected findly.

System suitability test

System performance parameters of the suggested
method were determined by analyzing standard work-
ing sol utions. Chromatogrgphic parameterssuch asnum-
ber of theoretical plates(N), resol ution(Rs), and capacity
factor(k) were determined. The number of theoretical
plates were 5438 for 2-KLG and 3890 for 2-KDG,
theresolution between 2-KLG and 2-KDG was 3.28,
and the capacity factor determined from theretention
timerelativeto the dead time(t,,=2.2min) were 5.50
for 2-KLG and 6.36 for 2-KDG, respectively. Also,
the resol utions between the peak of analyte and the
adjacent pegk of impurity wered| >2.0. Fromtheabove
data, it could be seen that the described method showed
adequate column efficiency, well-separated peaksand
good resol ution from other pesks and thevoid volume.
Besidesabove, therepeatability of thesystemwasdso
determined by six replicateinjections of the standard
solutionsand the RSD cal culated from the peak areas
were 1.69% for 2-KLG and 1.87% for 2-KDG(n=6),
indi cating that the described method showed good re-
peatability.

Linearity

Thelinearity studieswere generaly performed by
preparing sandard solutionsof six different concentra
tionlevels. A proper amount of the standard stock so-
lutionwasaccuratdy transferred toa10mL volumetric
flask and diluted with mobile phaseto volume, then
varying concentration of 2-KLG and 2-KDG(10ug/
mL,50pg/mL, 100pg/mL, 200pug/mL, 400ug/mL and
600ug/mL) was obtained. 10uL of those above solu-
tionswereinjected in sequencefromlower concentra-
tion solution to higher concentration solution and the
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TABLE 1: Linear regressive equations, linear rangesand
correlation coefficients(r) of thetwo components

Linear regressive Linear ranges
Components Egres 9

equations (pg/mL)
2-KLG ~ Y=2301.2x-355.5  10.0-600.0  0.9999
2-KDG  Y=2202.1x-1321.5  10.0-600.0  0.9998

TABLE 2: Theaveragerecoveriesof 2-KL Gand 2-K DG(n=3)s
The added mass

of 2-KL.G and 2- 2-KLG 2-KDG
KDG (ug/mL)
Recovery RSD Recovery RSD
2-KLG 2-KDG %) %) %) %)
32.8 65.6 95.7 2.73 96.5 3.04
49.2 82.0 96.4 2.49 95.2 2.68
65.6 98.4 96.8 3.01 95.4 2.87

L i 1
o 4 =

Figure3: Chromatogram of ssmplesolution 1, 2-KL G; 2,
2KDG

i

L} 20 t/zmin

corresponding pesk areaof both anaystswasrecorded,
each concentration wasanayzed threetimes. Thenthe
regressive curveswith the peak areaof thetested com-
ponents as ordinate(Y) and the corresponding
concentration(ug/mL) as abscissa(x) were achieved.
TheresultswerelistedinTABLE 1. FromTABLE 1, it
could be seen that those parameters showed a good
linearity with correlation coefficients>0.999 for each
component.
Precision

The precision study mainly included two parts: in-
tra-assay precison andinter-assay precison. Theformer
was determined by repeatedly anayzing ten diquots of
the standard solution(10uL the standard solution with
200ug/mL 2-KL G and 200ug/mL 2-KDG) inoneday,
and the RSD(n=10) for 2-KLG and 2-KDG were
1.71% and 1.84%, respectively. The latter was per-
formed the same experimentsastheinter-assay on dif-
ferent days(3 days) with newly prepared mobile phase
and samples, and the RSD(n=3) values obtained were
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2.58% for 2-KLG and 3.04% for 2-KDG. From the
results, it could be seen that a good precision was
achievedinthismethod.

Limitsof detection and quantitation

Limit of detection(LOD) wasthelowest concen-
tration of analytein asample that could be detected
under the stated experimenta conditions: typicaly three
timesof thenoiselevd. TheLOD of each activegradi-
ent wasexperimenta ly determined by six injection of it
at itsLOD concentration, and theresultswerefound to
be2.7 pg/mL for 2-KLG 3.1 pg/mL for 2-KDG Mean-
while, Limitsof quantitation (LOQ), whichwasthelow-
est concentration of thetested componentsinasample
that could be determined with acceptabl e precison and
accuracy, was established at asingal-to-noiseratio of
10 and experimentd |y verified by Sx injectionsof each
organic acid at its LOQ concentration, theresultsob-
tained was 7.8ug/mL for 2-KLG and 9.1ug/mL for 2-

KDG respectively.
Solution stability

Thegtahility of both standard and samplesolutions
wasdetermined by monitoring the pesk areaof thestan-
dard solution of 2-KLG and 2-KDG and sample solu-
tion over aperiod of three days. Theresultsindicated
that peak areaof 2-KLG and 2-KDG of these solu-
tionsremained almost unchanged and no degradation
was observed within thegiven period if these solutions
werestored in arefrigerator at about 4°C, indicating
that these solutionswere stablefor at |east three days.

Deter mination of samplesolution

Thesampl e sol ution was obtained accordingto “the
preparation of the sample solution” in experimental,
10uL of above solution wasinjected and the peak area
wasrecorded, theresultswereshowninfigure 3. The
concentration of 2-KLG and 2-KDG were cal cul ated
tobe82.0pug/mL and 417.3ug/mL respectively accord-
ingtothelinearity regression equations.

ACCURACY

Theaccuracy of amethod wasthe closenessof the
measured va ueto thetrueval uefor thesample. Inour
experiments, an amount of standards of 2-KLG and 2-
KDG wereaccurately weighed and added into above
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known concentration sampl e sol ution, and then shaken
up. 10uL of those solutionswereinjected in sequence
and the peak areas were recorded, then the percent
recovery and RSD vaueswere cal cul ated, each con-
centration wasanayzed threetimes, and themean val -
uesfor bothwerelistedinTABLE 2. From TABLE 2,
it could be seen that the accuracy of this method for
determination of both productsin thefermentation was
satisfactory.

CONCLUSION

Anisocratic HPLC method has been devel oped
for the determination of 2-KLG and 2-KDG in fer-
mentation brothin lessthan 19.0min. All the param-
etersobta ned from the experimentsfor vaidation show
that the proposed method hereisreliable and accurate,
thereforeit not only can be used in the analysis of 2-
KLG and 2-KDG in the fermentation process synthe-
Sizing ascorbic acid, but aso can be extended to the
qudity control and the monitoring of fermentation broth
inbiological and biosyntheticlaboratories.
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