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ABSTRACT: Objective To establish the qualitative and quantitative methods for water soluble sugars in Cyperus
esculentus meal, and to analyze the effects of producing areas and climatic conditions on the kinds and content of
sugars in Cyperus esculentus meal. Methods High performance liquid chromatography equipped with a refractive
index detector was performed to analyze maltose, raffinose, sucrose, D-glucose, D-galactose, and D-fructose in
Cyperus esculentus meal. Aminex® HPX-87C (300 mmx7.8 mm) sugar-analyzing column was used with a column
temperature of 85 °C and a mobile phase of pure water at a flow rate of 0.3 mL/min. The D-galactouronic acid in
Cyperus esculentus meal was analyzed with high performance liquid chromatography equipped with an evaporative
light scattering detector. XBridge™ Amide 3.5 pm amino column was used with the column temperature of 40 °C. The
mobile phase of 0.2% triethylamine water-acetonitrile (20:80, V:V) was used with the flow rate of 0.6 mL/min, and
the gas pressure was 40 psi, drift tube temperature was 82 °C and the gain of 800. Results An analytical method for
7 kinds of water-soluble sugars in soybean oil was established, which had good accuracy and precision. The limits of
detection of the 7 kinds of water soluble sugars were 0.02—0.05 pug and the limits of quantification were 0.06—0.10 pg.
The content of 7 kinds of water-soluble sugars, including maltose, raffinose, sucrose, D-glucose, D-galactose,
D-fructose, and D-galactouronic acid in 186 samples from 11 Provinces and regions were analyzed based on the
method. The total sugar content in the Cyperus esculentus meal samples ranged from 11.10% to 25.51%, with
significant differences among different regions. Samples from Northeast, North, and Northwest of China were higher
than those from Southern China. The water soluble sugars in Cyperus esculentus meal were mainly sucrose,
accounting for 65.48% to 75.85% of total sugar. In addition, maltose, raffinose, and D-galactouronic acid had high
content, ranging from 1.01%-2.93%, 0.37%—1.09%, and 1.94%—2.53%, respectively, accounting for 9.11%—12.73%,
1.62%—6.37%, and 7.95%—17.75% of the total sugar content. The content of D-glucose and D-fructose was
0.01%—-1.07% and 0.02%—0.78%, respectively, accounting for 0.07%—-4.21% and 0.17%-3.28% of the total sugar
content, respectively. Except for the samples from Heilongjiang Province, a few amount of D-galactose was also
detected in most of other samples. Conclusion This study establish an analysis method for sugar content in Cyperus
esculentus meal and investigated the content of water soluble sugars in samples from different producing areas. This
provides a basis for breeding and planting research of Cyperus esculentus, and also can offer the guideline to the deep
processing of Cyperus esculentus and the preparation and application of carbohydrates.

KEY WORDS: Cyperus esculentus; water soluble sugar; high performance liquid chromatography; D-galactouronic acid
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Table 1 Producing areas and climatic conditions for
Cyperus esculentus
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Fig.l1 Content of the water soluble sugars obtained by
different extraction solvents
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#: P1. Malt, P2. Raff, P3. Sucr, P4. D-glc, P5. D-gal, P6. D-fru; PIP2, P2P3, P3P4, P4P5 /34y P1 5 P2, P2 55
P3. P3 5 P4, P4 55 P5 Z RIS ESE .
Fl 2 6 R M MIRR VA I HPLC-RID €435 ] (a) B Malt 2 D-gal 22 i) 5 4~ 35 05 1) 43 B BE (b)
Fig.2 HPLC-RID chromatograms of 6 kinds of water soluble sugar standards (a) and separation degree of 5 kinds of
chromatographic peaks from Malt to D-gal (b)
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Table 2 Investigation of the analytical method of 7 kinds of water soluble sugars

RN LAk Bl /g FEEE /% HEBAEE /% Kt B/ pg R R/ T a3 /%
Malt 7.00~70.00 3.31 3.01 0.05 0.10 101.50
Raff 7.00~70.00 2.66 2.50 0.02 0.08 98.90
Sucr 21.00~210.00 2.00 2.12 0.02 0.06 110.32
D-gle 7.00~70.00 1.83 2.01 0.02 0.08 101.23
D-gal 7.00~70.00 1.79 1.63 0.02 0.06 99.80
D-fru 7.00~70.00 1.35 127 0.02 0.06 105.60

D-gal A 7.00~70.00 1.21 1.22 0.02 0.06 100.41

22 AREFAMHFERKAEEIEST

11 48 DR IHVB SRR S K I TR & i W26 3. b e
PR 7K VRS P A S o S ) SR S b DX ) i rh 22 AR,
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65.48%~75.85%, 5 3CHk[24, 28141 —5, AR, Wik
7 D-gle Fl D-fru & #4570, 1fi Malt il D-gal A J& 7 F
b R BR Sucr A R R K IR HERE, A 54 B ik F
1.01%~2.93% Fl 1.94%~2.53%, 4% 9 (& & ¥ & & i
9.11%~12.73%1 7.95%~17.75%. Raff &R LE 3 #
ZAMERTE E KB R, R 0.37%~1.09%, i BB =
B 1.62%~6.37%. TEFTAREEMFES T, BoA ki SbhE
B WS B D-gle Al D-fru &, 85N
0.01%~1.07% F1 0.02%~0.78%, 4% & 5 & ¥ & & w0
0.07%~4.21%F1 0.17%~3.28% . KR SBIp VT (R SR AL, HoAtr:
wb ERREAR I i D-gal, {H2IEAERTE SMEE =M 1%L
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0.05%% 0.47%2 ], S HIX D-gle F M2 i5E] 0.16%.
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i Suer, Malt LSS 5 5 5 T R 7 Hb X (= B e ) o
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MyB F AR NS BEAEE B Y R R H
R, AT AT I P SRR SR [ 8 RO [ A0 45 1
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IR F] 22.87%. FURI A 2 T 2Kkt = RS0
R P ¥ 22.77%), 5K BE 2R KU CF 1
21.91%) . il ZE KU CF- 48 21.81%) Fi A KRtk T 5=
BECE 20.76%) 73 Ai AL PE LB IX (6 DR - R
T BB ZE R A N ST (T35 2.53%) LT #4
WKL 2 RS A CEY 2.42%) . T 19 30 R 25 XS
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Table 3 Content of the water soluble sugars and the total sugar in the Cyperus esculentus samples produced at different areas (%)

g Malt Raff Sucr D-glc D-gal D-fru D-gal A psyid
# 2.03+0.99 0.56+0.39 14.98+3.50 0.64+2.89 0.06+0.10 0.19+0.24 2.30+0.30 20.76+3.14
3 2.47+0.50 0.97+0.43 14.83+1.57 0.12+0.13 0.19+0.05 0.09+0.12 2.13+0.17 20.80+2.53
B 2.37+0.56 0.97+0.42 16.71£2.27 0.27+0.23 0.12+0.11 0.17+0.13 1.94+0.14 22.55+2.93
“ 2.93+0.47 1.09+0.42 16.08+2.12 0.29+0.23 0.03+0.08 0.31£0.18 2.27+0.16 23.00+2.63
il 1.01+1.14 0.71+0.43 7.27+1.60 0.01£0.02 0.12+0.10 0.02+0.03 1.97+0.21 11.10+2.14
T 2.69+0.57 1.03+0.49 15.94+2.41 0.13+0.11 0.02+0.08 0.14+0.11 2.46+0.25 22.4242.99
= 1.55+1.05 0.67+0.48 11.46+4.03 0.39+0.49 0.04+0.08 0.41£0.52 2.40+0.15 16.91+4.77
5 2.68+0.73 0.95+0.40 16.11+1.48 0.22+0.16 0.02+0.07 0.25+0.10 2.53+0.17 22.77+1.60
2.49+0.66 0.59+0.62 12.81£2.80 0.60+0.43 0.00+0.00 0.42+0.20 2.23+0.24 19.14£3.70
iL 1.66+1.29 0.57+0.54 19.35+7.44 1.07+1.50 0.06+0.11 0.78+0.89 2.03+0.13 25.51+8.68
H 2.40+0.41 0.37+0.41 15.99+£7.19 0.87+1.06 0.19+0.11 0.75+0.60 2.30+0.14 22.87+8.55
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Table 4 Water soluble sugar content in Cyperus esculentus meal samples produced under different climatic conditions (%)
S Malt Raff Sucr D-glc D-gal D-fru D-gal A K
T AT
" . 2.03£0.99  0.56+0.39 14.9843.50 0.64+2.89 0.06+0.10 0.19+0.24 2.30+0.30 20.76+3.14
A
WA R 2.56£0.54  1.00£0.42  15.64+2.03 0.200.20 0.13+0.10 0.17+0.16 2.1240.20  21.81+2.78
Hh I et e
e 1l A 1.01£1.14  0.71+0.43 7.27+1.60 0.01£0.02 0.12+0.10 0.02+0.03 1.97+0.21 11.10£2.14
e WA
A A i 2
- 2.42+0.83  0.79+0.57 15.55+4.34 0.47+0.73 0.02+0.07 0.35+0.44 2.30+0.28 21.91+£4.99
A
PO g A
e 1.56+1.11  0.53+0.49 12.26+4.47 0.53+0.51 0.05+0.09 0.56+0.53 2.3940.11 17.89+5.25
A
TR L 1.51+1.03 1.05+0.18 9.24+0.40 0.00+0.00 0.00+0.00 0.00+0.00 2.4240.26 14.21£1.09
7 RS . . . . . . . . . . . . . . . .
TR P
2.68+0.73  0.95+0.40 16.11£1.48 0.22+0.16 0.02+0.07 0.25+0.10 2.53+0.17 22.77+1.60
i P 2 XA
SRR L N i
e 1l £ 2.40+0.41  0.37+0.41 15.99+£7.19 0.87+1.06 0.19+0.11 0.75+0.60 2.30+0.14 22.87+8.55
e WA
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