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Abstract: Polysaccharides and free monosaccharides are important active components in Cistanches Herba,
which have functions of anti-aging and immunological activity regulation. The study of monosaccharide
composition in polysaccharide and free monosaccharide can lay a foundation for the study of primary structure,
spatial structure of Cistanche polysaccharide and biological activity of Cistanches Herba. In this study, a method of
water extraction and alcohol precipitation was used to extract Cistanche polysaccharide. Trifluoroacetic acid was
selected as the hydrolytic acid for polysaccharide hydrolysis. An orthogonal experimental method is established.
Three levels of acid concentration, hydrolysis temperature and hydrolysis time were selected to investigate the
optimal hydrolysis condition. The optimal hydrolysis condition was 0.08 mol-L™" trifluoroacetic acid hydrolysis at
100 °C for 3 h. The free monosaccharides of Cistanches Herba were extracted by water extraction. The established

ion chromatogram integrated pulsed amperometry method can efficiently separate 11 monosaccharides in a short
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time. The method has good repeatability and high sensitivity, methodological experiment results meet the

requirements of quantitative determination. It can accurately determine the monosaccharide composition of

Cistanche polysaccharide and free monosaccharide content. lon chromatography does not require derivatization

operation and the pre-treatment steps are simple. This method can measure fructose, but PMP derivation-HPLC

method can't. The monosaccharide composition of Cistanche polysaccharide include fucose, arabinose, rhamnose-

galactose, glucose, xylose, mannose, fructose, ribose and glucuronic acid, among which the contents of glucose and

fructose are relatively high. The free monosaccharides in the water extract of Cistanches Herba include glucose,

fructose and mannose.

Key words: ion chromatography-integrated pulse amperometry; Cistanches Herba; monosaccharide

composition; polysaccharide; free monosaccharide
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Table 1 Cistanches Herba sample information

No. Name Harvest site Harvest time Processing method
1 Herb of Cistanche deserticola Alxa Ejina Banner, Inner Mongolia 2019, autumn Dry in the sun
2 Herb of Cistanche deserticola Bayannur City, Inner Mongolia 2019, autumn Dry in the sun
3 Herb of Cistanche deserticola Bayannur City, Inner Mongolia 2019, autumn Dry in the shade
4 Herb of Cistanche salsa Si zi wang qi, Inner Mongolia 2020, spring Dry in the shade
5 Herb of Cistanche salsa Sonite Left Banner, Ximeng, Inner Mongolia 2020, spring Dry in the sun
6 Herb of Cistanche salsa A zuo qi, Inner Mongolia 2020, spring Dry in the sun
7 Herb of Cistanche sinensis A zuo qi, Inner Mongolia 2020, spring Dry in the shade
8 Herb of Cistanche sinensis Alxa Left Banner, Inner Mongolia 2020, spring Dry in the sun
9 Herb of Cistanche deserticola A Meng, Inner Mongolia 2020, spring Dry in the sun
10 Herb of Cistanche deserticola A Meng, Inner Mongolia 2020, autumn Dry in the sun
11 Herb of Cistanche deserticola Ba Meng, Inner Mongolia 2020, spring Dry in the sun
12 Herb of Cistanche deserticola Ba Meng, Inner Mongolia 2020, autumn Dry in the sun
13 Herb of Cistanche deserticola A Meng, Inner Mongolia 2020, autumn Dry in the sun
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Table 2 Waveform of carbohydrates

Time/min Voltage/V Integration
0.000 0.100
0.200 0.100 On
0.400 0.100 Off
0.410-0.420 -2.000
0.430 0.600
0.440-0.500 -0.100
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Figure 1

Chromatograms of monosaccharides (A) and uronic acid (B) in sample. Fuc: Fucose; Ara: Arabinose; Rha: Rhamnose; Gal:

Galactose; Glc: Glucose; Xyl: Xylose; Man: Mannose; Fru: Fructose; Rib: Ribose; Glc-A: Glucuronic acid
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Table 3 Linear ranges, regression equations, correlation coefficients, LOQs and precisions of the 9 monosaccharides and 2 uronic acids.

Gal-A: Galacturonic acid; Y: Peak area; x: Mass concentration, ug~mL"; LOQ: Limit of quantitation

Compound Linear range/pug-mL" Regression equation R LOQ/ug'mL" Precision/%
Fuc 0.5-20.0 Y=0.21x+0.2920 0.997 6 0.008 3.7
Ara 0.5-20.0 Y=0.267 5x +0.320 1 0.998 0 0.015 3.8
Rha 0.5-20.0 Y=0.178 5x + 0.078 6 0.999 4 0.012 33
Gal 0.5-20.0 Y=0.271 1x+0.534 1 0.999 7 0.014 3.9
Gle 0.5-20.0 Y=0.430 9x + 0.057 9 0.999 8 0.014 2.6
Xyl 0.5-20.0 Y=0.457 6x + 0.067 6 0.999 8 0.020 2.1
Man 0.5-20.0 Y=0.3189x + 0.062 6 0.999 5 0.030 3.4
Fru 0.5-20.0 Y=0.238 9x - 0.000 7 0.999 8 0.077 4.1
Rib 0.5-20.0 Y=0.3511x-0.057 1 0.999 5 0.060 2.5
Gle-A 0.5-50.0 Y=1.129 5x+0.347 3 0.999 8 0.040 3.0
Gal-A 0.5-50.0 Y=0.529 4x + 0.087 7 0.9999 0.080 3.1
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Table 4 Spiked recoveries and RSDs of the monosaccharides after hydrolysis of polysaccharide and the free monosaccharides in Cistanche

Cistanche Compound Total/pg-mL" Background/pg-mL" Added/pg-mL" Recovery/% RSD/%
Monosaccharides Fuc 18.02 0 19.80 91.0 3.0
after hydrolysis of Ara 107.36 33.68 74.73 98.6 2.8
polysaccharide Rha 34.43 16.08 20.02 91.7 6.6

Gal 25.77 7.64 20.00 90.7 43
Gle 583.20 101.08 563.22 85.6 1.4
Xyl 9.34 1.24 7.55 107.3 3.0
Man 11.17 3.07 7.80 103.8 7.0
Fru 444.46 148.43 255.20 116.0 2.1
Rib 1.79 1.11 0.73 93.2 7.1
Gle-A 3.09 1.39 1.89 89.9 2.0
Gal-A 1.94 0 2.03 95.6 3.2
Free monosaccharides Gle 79.59 34.77 49.60 90.4 9.3
Man 2.88 1.67 1.30 93.1 1.6
Fru 94.51 43.73 52.69 96.4 4.8

Table 5 The content and molar ratios of monosaccharides after polysaccharide hydrolysis in 3 kinds of Cistanche

Herb of Cistanche salsa

Herb of Cistanche sinensis

Herb of Cistanche deserticola

Compound 5 - N ; 1 .
Content/pg-g Molar ratio Content/pg-g Molar ratio Content/pg-g Molar ratio

Fuc 60.34 1.00 36.25 1.00 45.60 1.00
Ara 1679.35 30.43 1547.45 46.67 1 875.56 44.97
Rha 1 479.66 22.10 2 676.81 66.54 1595.74 31.53
Gal 343.41 5.19 287.51 7.23 347.40 6.94
Gle 11 555.63 174.49 5596.14 140.66 12 800.92 255.78
Xyl 305.59 5.54 350.04 10.56 190.60 4.57
Man 163.23 2.46 89.97 2.26 169.15 3.38
Fru 7316.44 110.48 3196.96 80.35 9435.65 188.53
Rib 71.50 1.30 65.70 1.98 78.88 1.89
Glc-A 68.70 0.96 59.70 1.39 56.60 1.05
Total 23 043.84 / 13 906.53 / 26 596.09 /
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