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broth. This method was based on enhance effect of 2-keto-L-gulonic acid on the chemiluminescence reaction between rhodamine B and
potassium permanganate in acid medium. The optimized experimental conditions were evaluated. Under optimum conditions, calibration
curve over the range of 0.2-60 mg L' was obtained. The detection limit of this method was 0.04 mg L. The relative standard deviation
was 3.7 % for 2.0 mg L' 2-keto-L-gulonic acid. The method validation has been compared versus HPLC method for determination of 2-

-
In this paper, a flow injection-chemiluminescence (FI-CL) was presented for the determination of 2-keto-L-gulonic acid in fermented |
keto-L-gulonic acid in fermented broth. |
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INTRODUCTION

Vitamin C is a kind of essential vitamin and antioxidant
in human body and it can be widely used in the medical and
food industry. In the commercial production of vitamin, only
2-keto-L-gulonic acid (2-KLG) is a key intermediate'. The
most popular process for synthesizing 2-keto-L-gulonic acid
is the Reichstein’s method, in which glucose is transformed
into 2-keto-L-gulonic acid through five chemical steps”. Since
Gray’s description of microbial method for the conversion of
L-sorbose to 2-keto-L-gulonic acid, the microbial method has
become attractive and gradually replaced the chemical method
for lower industrial cost and less ecological problems’. “2,5-
Diketo-D-gluconic acid (2,5-DKG) pathway” is one of the
most commercially promising methods for microbial produc-
tion of 2-keto-L-gulonic acid, during the course of preparing
2-keto-L-gulonic acid, 2-keto-D-gluconic acid (2-KDG), the
stereoisomer of 2-keto-L-gulonic acid might be accumulated
simultaneously with 2-keto-L-gulonic acid from other organic
acids in the fermentation broth (Fig. 1)*. Therefore, determi-
nation of 2-keto-L-gulonic acid in fermentation broth was very
important in industrial production and scientific research of
vitamin C.

Methods of analysis for 2-keto-L-gulonic acid were grouped
into microbial fermentation (MF)’, capillary zone electrophoresis
(CZE)®, high-performance liquid chromatographic’®. Although
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Fig. 1. Simple sketch about the transformation of glucose to vitamin C

the microbial fermentation was the most commonly used
method, it was time-consuming were requires great care and
skill. HPLC and CZE methods had the advantage of separating
and quantifying different forms of 2-keto-L-gulonic acid and
minimum interference from enzymes, but they involve set-up
costs, a complex extraction and a purification procedure.
Chemiluminescence (CL) is a powerful analytical technique
that has excellent sensitivity, wide linear dynamic range and
requires relatively simple and inexpensive instrumentation. It
has attracted considerable attention in a number of fields such
as clinical research, biotechnology, pharmacology, environ-
mental chemistry and food analysis’!' However there were
few reports for the determination of 2-keto-L-gulonic acid
based on chemiluminescence analysis system.
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In this study, we found that a strong chemiluminescence
signal was given out when a trace amount of 2-keto-L-gulonic
acid was added to rhodamine B and potassium permanganate
in acid mixed solution and the chemiluminescence intensity
was dependent on 2-keto-L-gulonic acid concentration. Based
on this phenomenon, a new, rapid, simple, sensitive and inex-
pensive method was proposed to determine 2-keto-L-gulonic
acid in fermented broth. It has more widely linear range and
much lower detection limit. The method has been applied to
the determination of studied 2-keto-L-gulonic acid in fermented
broth with a satisfied result.

EXPERIMENTAL

2-Keto-L-gulonic acid (2-KLG), 2-keto-D-gluconic acid
(2-KDG), 2,5-diketo-D-gluconic acid (2,5-DKG) were obtained
from Sigma-Aldrich (St. Louis, Mo, USA). Rhodamine B and
potassium permanganate were obtained from Beijing Chemical
Reagent Company (Beijing, China). HCI, HNO;, H,SO., H;PO.,
acetic acid and other reagents were all of analytical grades.
The fermentation broth was kindly provided by North China
Pharmaceutical Group Corp. All the above reagents were of
analytical grade and used as received without further purifi-
cation. Double-distilled water was used as carrier and for the
preparation of solutions. The diluted working solutions were
prepared and used freshly and daily.

Flow injection chemiluminescence was performed with
an [FFL-D flow injection chemiluminescence analysis system
(Xi’an Ruike Electronic equipment Corporate, Xi’an, China).
The schematic diagram of the FI-CL analyzer is shown in Fig. 2.
It consisted of 2 peristaltic pumps (working at a constant flow
rate of 25 rpm). One channel was used to carry H,SO, and
Rhodamine B solution, the other channel was used to carry
the KMnO; solution, sample solutions and water were then
injected from a sample valve. The enhanced chemiluminescence
signals were produced immediately and were recorded. The
flow cell was a 10 cm-long spiral glass tubing (2 mm i.d.) and
the distance between injection valve and flow cell was 15 cm.
The comparative test carried out by an Agilent 1200 series
HPLC.
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Fig. 2. Schematic of flow injection chemiluminescence analysis. 1.
Rhodamine B solution 2. KMnO, solution 3. carrier flow; 4. 2-
keto-L-gulonic acid; C. Flow cell V. Injection valve W. Waste
solution PMT. photomultiplier tube; AMP. amplifier; HV. high
voltage; R. recorder

Preparation of standard solutions: The standard stock
solution (10 mg mL™") was prepared by dissolving 50 mg
2-keto-L-gulonic acid in a 50 mL volumetric flask and make
up to volume with water. A series of standard solutions were
prepared by quantitatively transferring suitable stock solution
to 25 mL volumetric flasks and made up to the volume with
water.

Preparation of sample solutions: The composition of
the fermentation broth was very complex, which not only
strongly influenced the separation of tested components, but
also would damage the chromatographic column to some
degree. According to the experiences and related references'?,
the fermentation broth provided was taken and mixed with
ZnS0, (72.0 mg mL") and K4[Fe(CN)s]-3H,0 (36.0 mg mL™")
according to the proportion of 1:1:1 (v/v/v) and centrifugal
precipitation for 10 min by 13000 rpm. Then the above clear
solution was filtered through a 0.45 um Millipore membrane
and diluted to three times volume with water and then the
sample solution was obtained and stored in a refrigerator to
be used in the experiments.

RESULTS AND DISCUSSION

Optimization of chemiluminescence conditions

Effect of flow rate on chemiluminescence intensity: The
chemiluminescence intensity increased with increasing the
flow rate, but if the flow rate was too slow or too fast, a suitable
chemiluminescence intensity could not be obtained. A flow
rate of 25 rpm for all solutions seemed to give the best results,
which was therefore employed in all our measurements.

Effect of carrier flow: A number of carrier flows were
tested at these selection conditions: ([2-keto-L-gulonic acid]
=2.0mgL", [Rhodamine B] = 4.0 x 10 mol L"'; [KMnO,] =
8.0 x 10 mol L"), those carrier flows included HC1, HNOs,
H,SO,4, H5PO, and acetic acid solutions. The experiments
indicated that the chemiluminescence emission intensity were
the most sensitive in H,SO, solution. The influence of H,SO,
concentration over the range 1.0-2.0 mol L™ on chemilumine-
scence emission intensities was investigated further and to our
surprise, the use of 1.6 mol L' H,SO, solution as a carrier
flow gave the best result; thus, we chose 1.6 mol L' H,SO,
solution as the carrier flow.

Effect of KMnO, concentration on chemiluminescence
intensities: Fig. 3 showed the chemiluminescence intensities
as a function of KMnQO, while keeping other reactants constant.
Obviously, maximum chemiluminescence intensity was
obtained when KMnO, was at 8.0 x 10*mol L. Above this
concentration, chemiluminescence intensity decreased, may
be due to the inner filter effect caused by absorption of the
chemiluminescence emission by the high concentration of
KMnO.. So the optimum concentration of KMnO, was there-
fore chosen as 8.0 x 10*mol L™'.
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Fig. 3. Effect of KMnO, concentration on chemiluminescence intensity.
Conditions: [PA] = 20 mg L', [Rhodamine B] = 4.0 x 10* mol L"!
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TABLE-1

DETERMINATION RESULTS OF 2-KETO-L-GULONIC ACID IN FERMENTED BROTH

Samples Found (mg mL™") Added (mg mL™") Total found (mg mL™") Recovery (%) HPLC method (mg mL™")
1 71.6 119.8 96.4 70.8
2 69.5 121.4 103.8. 68.6
3 73.6 50.0 120.6 94.0 73.1
4 68.2 116.6 96.8 68.7
5 70.5 118.3 95.6 69.2

Effect of concentration of rhodamine-B on chemilumi-
nescence intensities: The concentration of rhodamine B used
in the reaction was also studied. The chemiluminescence
emission intensity was enhanced with the rhodamine B concen-
tration increasing while keeping other reactants constant. It
was found that chemiluminescence intensities increased with
the increase in rthodamine B concentration (Fig. 4). On the
other hand, the base signal of chemiluminescence generated
by the reaction between KMnO,and rhodamine B also increased.
In turn, the signal-to-noise ratio (S/N) increased as well. After
an analysis of the S/N ratio of the baseline and the sensitivity
of the system, the best concentration of rthodamine B was
4 x 10" mol L.
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Fig. 4. Effect of rhodamine B concentration on chemiluminescence
intensity. Conditions: [2-keto-L-gulonic acid] = 2.0 mg L™,
[KMnO,] = 8.0 x 10™* mol L"!

Performance of the system for PA measurements:
Under the optimum experimental conditions as above, the cali-
bration curve of relative chemiluminescence intensity versus
2-keto-L-gulonic acid concentration over range 0.2-60 mg L
was obtained. A regression equation was obtained as:

1=14.35 + 315.24c (c: mg mL™" r = 0.9987)

The detection limit (306) for the regression equation was
0.04 mg L' and the relative standard deviation (RSD, n=11)
was 3.7 % for 2 mg L' 2-keto-L-gulonic acid.

Study of interferences: Because 2-keto-D-gluconic acid
and 2,5-diketo-D-gluconic acid might be accumulated simulta-
neously with 2-keto-L-gulonic acid in the fermentation broth
during the course of preparing 2-keto-L-gulonic acid, the
influences of 2-keto-D-gluconic acid and 2,5-diketo-D-gluconic
acid on chemiluminescence intensities were mainly researched.
The tolerable concentration ratios with respect to 2.0 mg L™

2-keto-L-gulonic acid for interference at 5 % level were
examined. 20-fold 2,5-diketo-D-gluconic acid and 50-fold
2-keto-D-gluconic acid had almost no effect on the determi-
nation of 2-keto-L-gulonic acid. In order to assess the possible
analytical application of the proposed chemiluminescence
system to samples, the influences of some common inorganic
ions and a couple of relevant organic compounds on chemilu-
minescence intensities were also investigated. 1000-fold Ca*",
Mg*, K*, Na*, Al**, Zn*, 500-fold sodium tartrate, citrate,
fructose, 100-fold glucose, L-glutamic acid, glycine had
almost no effect on the determination of 2-keto-L-gulonic acid,
respectively.

Sample analysis: The proposed method was applied to
the determination of 2-keto-L-gulonic acid in five fermented
broth. The results obtained by the method were shown in Table-
1. The measured concentrations by the proposed method were
in good agreement with those obtained by HPLC?. To evaluate
the validity of the proposed method, the recoveries for fermented
broth samples were investigated. The recoveries were in the
range of 94.0-103.8 %.

Conclusion

In this paper, a flow injection chemiluminescence detection
method was developed for the determination of 2-keto-L-
gulonic acid. Quantitative measurements of 2-keto-L-gulonic
acid in fermented broth have been demonstrated. To the best
of our knowledge, this is the first report on a chemiluminescence
method that has been applied for the determination of 2-keto-
L-gulonic acid in fermented broth. The presented chemilumi-
nescence detection mode is simple, sensitive and efficient.
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