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Abstract: A reversed phase liquid chromatography-evaporative light scattering

detection, combined with solid phase extraction method was developed for the separ-

ation and determination of sugars in tobacco leaf. Separation was performed with a

Hypersil NH2 analytical column and the mobile phase 75%:25% acetonitrile-water.

In the range of 0.1–4 mg/mL, the method showed good linearity, with the correlation

coefficients exceeding 0.99. The limits of detection of xylose, fructose, glucose,

sucrose, maltose, and raffinose were 2, 2, 3, 2, 4, and 4mg/mL, respectively. The

relative standard deviations of peak areas for these sugars were in the range of 2–

3%. Recoveries of fructose, glucose, and sucrose were between 96 and 117%.

Finally, determination of sugars in tobacco leaf, before and after bio-catalysis, was

performed with this method.
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INTRODUCTION

Sugars are significant constituents of tobacco leaf. They contribute to smoke

flavor and have a positive influence on tobacco quality, and they appear in

higher concentrations in desirable leaves. Sugars and amino acids can form

Maillard products that can be broken down into flavor related compounds in

the tobacco leaf mellowing process. They can also be combined with

alcohols, phenols, polyphenols, and sterols to form glycosides which contrib-

ute to smoke flavor. Among the soluble sugars, fructose and glucose are the

most important, and they are known by a common name, i.e., reducing

sugar. In general, the leaf with a greater concentration of reducing sugar is

regarded as the one with a better smoking quality.[1 – 6] By the application

of a biocatalyst, oligosaccharides and polysaccharides can be transformed

into the reducing sugar to improve the quality of tobacco leaf. Therefore,

reliable determination of these sugars in tobacco leaf is essential for the

classification of tobacco crude materials.[15]

Some authors determined sugars with a colorimetric method,[7] thin-layer

chromatography,[8] and gas chromatography.[9,10] Many authors used high-

performance liquid chromatography (HPLC) for rapid characterization

of sugars.[11 – 22] Sugars can be detected directly within the range of

185–192 nm using a UV detector. But, the sensitivity has been poor, due to

the absence of a strong chromophore. After appropriate derivatization,

fluorescence detection was used.[11 – 13] The most common method for the

quantification of sugars by HPLC analysis has been refractive index (RI)

detection.[14 – 16] But, RI detection cannot be used in combination with

gradient elution, and it also lacks high sensitivity. Electrochemical

detection, in particular, the common PAD, was also used in analysis of

sugars.[17] The evaporative light-scattering detector is a universal detector

and it has high sensitivity for non-ultraviolet absorbing compounds, and it

is sensitive for non-volatile solutes in a volatile liquid stream.[18,19]

Here, we describe an SPE-HPLC-ELSD method for analysis of sugars in

tobacco leaf. The content of sugars, before and after bio-catalysis of tobacco

leaf, was analyzed to test the usefulness of the method.

EXPERIMENTAL

Instrument

All chromatographic experiments were conducted using a Shimadzu LC

system (Shimadzu Scientific Instruments, Japan) incorporating an LC-

10Atvp pumping system, an SIL-10Advp auto-injector (with a 20mL loop),

an SCL-10Avp system controller, a DGU-12A Degasser, and an ELSD

2000 evaporative light-scattering detector (Alltech, USA). The analytical

column (4.6 mm � 250 mm) was packed with 5mm Hypersil NH2 (Elite,
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Dalian, China). The solid phase extraction system used was from J&W Scien-

tific, USA and rotary evaporator was from Shanghai, China.

Chemicals and Tobacco Leaf Samples

Sugars were analytical grade (Shanghai, China), pentaerythritol was chemical

grade (Dalian, China), methanol and acetonitrile were HPLC grade (Tedia,

USA). Water was deionised using a Milli-Q water purifier.

Sucrase was prepared in our lab. Maltase, cellobiase, amylase, complex

cellulose, and complex pectinase were obtained from Novozymes in China.

The tobacco leaf samples used were obtained from Chuxiong Cigarette

Company (Yunnan, China).

Preparation of Standards and Samples

The stock solutions of all sugars (4 mg/mL) and pentaerythritol (5 mg/mL)

were prepared by dissolving 200 mg of sugars and 250 mg of pentaerythritol

standard in Milli-Q water.

Pretreatment of samples: The dry leaf was ground to pass a 40 mesh

screen prior to extraction. A 10 mL volume of the extraction solution contain-

ing 0.5 mL acetic acid, 2 mL methanol, 0.5 mL of pentaerythritol, and 7.0 mL

Milli-Q water was poured over 500 mg of sample, and extraction was carried

out in an ultrasonic bath for 5 min at room temperature. Sugars were analyzed

in 1.5 mL aliquots of extract.

Acetonitrile, 8.5 mL, was added into the 1.5 mL extract solution and the

sample was passed through an NH2 cartridge, preceded by activation of the

sorbent with 5 mL of methanol and 5 mL of acetonitrile-water (4:1, v:v).

Sugars were eluted from the cartridge with 3 mL of acetonitrilbe-water (1:1,

v:v). After evaporation, the residue was redissolved in 1 mL Milli-Q water

and was then injected into the LC system for analysis.

HPLC-ELSD Conditions and Quantification

The influence of the tube temperature and gas flow rate setting on the detector

signal was investigated. First, the tube temperature was set to 81.38C and the gas

flow rate was set to 2.1 L/min), according to the mobile phase. The flow rate

was fixed and the temperature was changed until the baseline was steady and

the noise was within a very narrow range. We found that 81.38C was the best

temperature. Then the temperature was fixed and the flow rate was changed.

The largest signal response was achieved when the flow rate was 1.9 L/min.

Chromatographic separation was carried out with an isocratic elution

mobile phase of acetonitrile-water (75:25, v:v). The flow rate was 1.0 mL/min
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and the volume of the sample injected was 10mL. Column temperature was set

at room temperature. Peaks were identified by both retention time and the

standard addition method. Peaks were quantified by an internal standard

method.

RESULTS AND DISCUSSION

Selection of Extraction Solvent and SPE Condition

Water and alcohols have often been used in the extraction of sugars, but these

methods are time consuming.[20] We found that addition of some weaker

acids, such as acetic acid, into the extraction solution can quicken the extrac-

tion of sugars. The extraction was completed after only 5 min of sonication at

room temperature.

Many kinds of organic compounds in tobacco leaf can easily be extracted

with sugars and are very likely to interfere with the subsequent chromatographic

analysis. Hence, a selective isolation procedure for sugars is necessary.

Solid phase extraction (SPE) is widely used in pretreatment of complex

samples. In this work, an NH2 cartridge was used to isolate sugars from

tobacco. By testing the proportion (0%, 25%, 50%, and 75%) of acetonitrile

in the sample, we found that the peak area of 75% was four times the

others. With an eluent of 50:50 acetonitrile-water, not only all sugars were

eluted from the cartridge, but also less interference was found.

Selection of LC Conditions

For the determination of the sugars by the LC method, silica gel derivatised

with amino groups is the most widely used stationary phase. The selection

can be adjusted by changing polarity and composition of the mobile phase

to obtain the desired separation. By testing the mobile phases in the proportion

70:30, 75:25, 80:20, 85:15, and 90:10, we found that, with a 75:25 of

acetonitrile-water, the sugars from the tobacco leaf were rapidly eluted and

the peaks were separated well. Typical chromatogram of sugar standards

and a tobacco leaf sample are shown in Fig. 1.

Analytical Characteristics of the Method

Linearity

A linear relationship between the concentration of sugars and relative peak

area (sugars to internal standard) was found. For all these sugars, the R2

values exceeded 0.99 at eight levels (Table 1).
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Figure 1. Chromatograms of mixed sugar standards (a) and tobacco leaf sample (b). Mobile phase-

acetonitrile-water (75:25, v:v), Column temp. is at room temperature. Peaks: 1, pentaerythritol (internal

standard); 2, xylose; 3, fructose; 4, glucose; 5, sucrose, 6, maltose; 7, raffinose.
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Sensitivity and Recovery

To check the sensitivity of this method, the limit of detection (LOD) was

studied. It is clear that ELSD is more sensitive than RID.[16]

Recoveries were obtained by adding sugar standards to sample before

pretreatment. The results are shown in Table 2.

Repeatability

Six consecutive injections were carried out, both in the same day and between

different days, to evaluate the repeatability. The results are listed in Table 3.

Table 1. Linearity of sugar determination by

SPE-HPLC-ELSD method

Compound R2a Calibration curveb

Xylose 0.996 y ¼ 0.001x 2 0.126

Fructose 0.998 y ¼ 0.0015x 2 0.1425

Glucose 0.997 y ¼ 0.0017x 2 0.1944

Sucrose 0.999 y ¼ 0.0029x 2 0.1274

Maltose 0.997 y ¼ 0.003x 2 0.2974

Raffinose 0.999 y ¼ 0.0038x þ 0.0113

The concentration of the standards was in the

range of 0.1–4 mg/mL.
aLinear coefficients of working curve.
bThe linear correlations were obtained by eluting

the eight standard aqueous sugar solutions with

different concentrations. y is the relative peak area

of sugars to internal standard, x is the concentration

of sugar standards.

Table 2. Detection limits and recovery of sugars

by SPE-HPLC-ELSD method

Compound

LODa

(mg/mL) Recoveryb

Xylose 2

Fructose 2 109 + 6

Glucose 3 117 + 5

Sucrose 2 96 + 3

Maltose 4

Raffinose 4

aCalculated based on three signal to noise ratio.
bFructose 3.00 mg, glucose 3.75 mg, sucrose

3.75 mg were added.
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Determination with Tobacco Leaf Samples

It has been known that some chemical components of tobacco leaf, such as

starch and protein, have a negative influence on tobacco and smoke quality.

Through bio-catalysis, these components can be decomposed into reducing

sugars and amino acids that contribute positively to tobacco quality.

A certain proportion of enzymes were added before the mellowing process

to facilitate tobacco fermentation. To test the usefulness of the SPE-

HPLC-ELSD method, analysis of sugars in tobacco leaf, before and after

bio-catalysis, was carried out.

The results are listed in Table 4. The content of reducing sugars increased

while the level of sucrose decreased after bio-catalysis. The effect of multi-

enzymes was better than that of single enzymes.

The smoking quality of tobacco (treated and untreated by biocatalyst) was

also evaluated by the organoleptic method. All the members of the expert

Table 3. Repeatability of peak area for standard sugars

Compound

Intra-day

meana (105) RSDb (%)

Inter-day

meana (105) RSDb (%)

Xylose 131 2.54 136 3.28

Fructose 161 3.16 167 3.75

Glucose 101 2.89 106 3.62

Sucrose 127 2.53 132 3.82

Maltose 105 2.80 109 4.05

Raffinose 89 3.33 92 4.17

aMean value of peak area.
bRelative standard deviation of peak area.

Table 4. Determination of sugars in tobacco leaf before and after bio-

catalytic reaction

Enzyme Fructose (%) Glucose (%) Sucrose (%)

None 9 14 6

Sucrase 10 16 4

Maltase 9 13 6

Cellobiase 10 16 4

Amylase 10 16 5

Complex cellulase 10 17 4

Complex pectinase 10 16 5

Multi-enzyme1 11 17 4

Multi-enzyme2 11 18 4

Multi-enzyme3 12 18 4
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panel deemed that the taste and the quality of the leaf had significant improve-

ment after bio-catalysis.

CONCLUSIONS

An SPE-HPLC-ELSD method for the determination of sugars in tobacco leaf

has been developed. The method shows good sensitivity and repeatability, and

it is suitable for routine analysis of sugars in tobacco leaf. The content of

reducing sugars was determined before and after bio-catalysis. All reducing

sugars had increased by 15–33% after bio-catalysis.
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