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Determination of Soluble Carbohydrates in Soybean Seeds Using High Performance
Liquid Chromatography with Evaporative Light Scattering Detection
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ABSTRACT In the present study, a new analytical method was devised for the simultaneous determination of soluble
carbohydrates in soybean seeds using high performance liquid chromatography/evaporative light scattering detection
(HPLC/ELSD). The limit of quantification (LOQ) for soybean soluble carbohydrates ranged from 5.6~7.6 mg/kg
using the HPLC/ELSD method and from 16.2~33.9 mg/kg using the high performance liquid chromatography/refractive
index detection (HPLC/RID) method. Therefore, the HPLC/ELSD method was more sensitive than HPLC/RID. The
precision values for retention time and peak area of the HPLC/ELSD method were evaluated by inter-day (n=5) and
intra-day (n=10) assays using a standard solution. All precision values (CV<2.5%) for soybean soluble carbohydrates
were acceptable and fulfilled international acceptance criteria. All linear calibration curves were obtained with a correla-
tion coefficient of R”>0.999. The contents of soluble carbohydrates for the "Shingikong" (yellow soybean) and
"Cheongjakong 3" (black soybean) samples were analyzed using the HPLC/RID and HPLC/ELSD methods. The differ-
ence in carbohydrate contents between the two detection methods was significant. Carbohydrate contents in the HPLC/
ELSD method were higher than those in the HPLC/RID method. Overall, the HPLC/ELSD method showed satisfactory
resolution with a favorable LOQ and reproducibility. Therefore, these results indicate that the HPLC/ELSD method

may be applied to determine the contents of soluble carbohydrates in soybean seeds and related food stuffs.
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Fig. 1. Chromatogram of major soluble carbohydrate standards using RID (A) and ELSD (B).

80% Agvl= 4333
3ol 84 BpslEe] 3k

T2 g3llske] 1~400 mg/Lﬂ
zlﬂ?‘?}oﬂ Oui 1E‘r AEETF A

1=
.

=
it
o e
1%
o
>
>

B o
HLNB
Sy Ay o

flo

fo & Hi
ox L
4 £
ol 1
® s
(LR B
NN

o

7l H

off
e

s
=
O
roty =
oL I
w2 orE oo e to ol

M
oI
=
it
i)

m pe
o
i
&
o
_|>_4‘
i
ol

AE
EAHRedmond, WA, USA)¢]

H
m
12y

|St HPLC/RID & ELSD

40

M
>
o B

My o

H» fo fo

o\

2
[0
o
32
=
~~
<z

BN
i)
o
"

EEERE
HPLC/RID
Q73 o] 2

51—?_] 3) 2=

Elr"ﬂ(baseline)
T AN, o] 59 &g A= AFFHQ stachyose,
ArF-9l raffinose, ¢3¢l sucrose, ©3F<! glucose
2 fructosed] =22 & HAH(Fig. 1(A)).

## HPLC/ELSD =A18"= AAst7] flste] maA
oS o R FEles HES A7 HH Y o) d 2L
OVHE‘/]E%(A&HH)J% THTFBEE A, Fx 0

1 80% AEW, 0~20%: 50% Agvl, 218: 80% A&,

218~275: 80% ASv=2 FHAHo SmjzAS dAsAY
(Fig. 1(B)). Fig. 1(B)2] AZvlE1A Hi= nje} o)
AEo] 437 baseline ¥27F F%

A A& 1
HE S Fd% 4 9lon, 88 ¢A4& HPLC/RID +
A= Ahtd kA golsk 4= )1tk HPLC/ELSDY 4

%782 === nebulizer AA7F20] obel @ A7) =
w7t 2 AU AR v F A= (symmetry) L
= (sensitivity)oll A2 th2A #Fofst= AL Qs 5=
UM em(Fig. 2), AE7] =% 2 A7t 449 #AE
% arEste] #HA o] HEx7E nebulizer 47140 49
S B 1.0 bar®, A&7 FRLEE 45°CE A A8
i A

- 1 2 3

000 1 ] ! 4 5

= |

=1 45°C 1.0 bar :

- |

| |
=1 85°C 1.0 bar |
= 1 ]
B I
1

2000 |

“1 35°C 1.0 bar - |

. L S, T 6 SR o DR, COSRRIRI
o, I It I' I

“1 35°C 2.5 bar | /)

o0 R = L R T A T, __j
Fig. 2. Comparison of peak resolution and sensitivity with dif-

ferent evaporation temperature (A) and nebulizer gas pressure
(B) using ELSD. Peak 1, fructose; peak 2, glucose; peak 3, su-
crose; peak 4, raffinose; peak 5, stachyose.
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Table 1. Calibration coefficients of soluble carbohydrates using RID and ELSD
RID method (range: 20~1,000 mg/L) ELSD method (range: 1~400 mg/L)
hydrat - -
Carbohydrate Slope Intercept Correlation (R’) Slope Intercept Correlation (R’)
Fructose 0.0141 0.1892 0.9998 1.6094 1.8274 0.9995
Glucose 0.0135 0.1928 0.9998 1.5779 1.8534 0.9993
Sucrose 0.0141 0.1072 0.9998 1.5707 1.9516 0.9993
Raffinose 0.0187 0.0965 0.9997 1.5244 19111 0.9992
Stachyose 0.0182 0.2964 0.9998 1.5394 1.8757 0.9993
F ¢ F84 BsiEel B2 918 HPLO/RD o a0
ELSD $¥ o2 7 4ol ¥ 7 ¥QE £ A4S S i
24 ek A= Table 10 VERQITE Table 19] 2 T}el A %0 f
7t AE71E #25 A9 A4 (inearity) S 13 2 2 B 216
¥}, RID ¥ ELSD R 7} A#9 0.999 o]/de] amwe] 24 LY 171 16.2
A& A en, 9] x5 o2 RIDO| AdAdo] =5 Sy
o 2 Ae 30T 5 oy TAF Aol A E A o 0T |es 76 56 67 66
gket. d |
0
Stachyose  Raffinose Sucrose Glucose Fructose

I} RID9] 4§ 0.014~0.019 &+ = ELSDe Z3}
1.52~1.615t} ¢ 100W] A& v Fd& e
°]:= RID7} ELSD thH] 3] 4] =7t @5s 13
T A (Table 1).

A7 HAESA 9 AHAE AES 29 A 1
z}ol= 9l o}k, ELSD7F RID thH] raffinosed] 7% 2
i, fructose®] 7-9- 519 7 =7 ¥ 2 FdE HE
ol ELSD 4 o] RID &4 thy] £4A =9 &S H
172914 AW 1/5 ¢ 24y dozn A 2 A 7
o] 7}&sstl oM (Fig. 3), oF&2 ELSD #H&7]9 4§
F e dEe] A 2 AFgEAdE g8 28498
18 = A

HPLC/ELSD &A% ¢] 28 A 4% 99 &
A ZH(retention time, Rt.) @ W2 (peak area)?] A&
(repeatability) A5E 93l intra-day(z=10) % inter-
day(s#=5) A& HEE AAEAtHTable 2). 7L A3} 7}
T84 B53E 939 Rt 9 area 7 7HA AP B ¥

72t F=89 Ao 4 712 7]Glope)E HER 2
!

(3]

A

Soluble carbohydrate

Fig. 3. Calculated limit of quantification (LOQ) for each soluble
carbohydrate using RID and ELSD.

Alg(coefficient of variation, CV)7}
2.45%% 53] 2 A AdEE g9
D

T84 @55k £4 A HPLC/ELS

HPLC/RID %! ELSD

=2 &2 gt

0.05%, &
Aol F 3
AqHe A

THE FAT FTA AT Enkg o AR Ty
5 7 HAAF FEA AAF 385 e HPLC/RID
9 ELSD 49 S A&3te T & 784 ®gstEe
S H7HeAtH(Fig. 4). 3 & 584 953889 %
Fg MG o] R3lo] Rt. |1 & spike testE 338l 7+
F84 S53E S $48% .00, HPLC/RID] 7 $- sta-

Table 2. Repeatability assay of each soluble carbohydrate for intra- and inter-day using ELSD

Parameter Fructose Glucose Sucrose Raffinose Stachyose
Tntra-day Mean 5.33 6.40 7.48 9.18 10.64
(n=10) SD 0.02 0.04 0.04 0.00 0.01
Retention CV (%) 0.34 0.64 0.47 0.05 0.11
time (Rt.) Inter-day Mean 5.46 6.29 7.40 9.13 10.61
(n=5) SD 0.02 0.04 0.07 0.13 0.17
CV (%) 0.44 0.65 1.01 1.37 1.56
Intra-day Mean 40,166 38,609 42,150 33,389 35,589
(n=10) SD 609.31 824.62 730.32 446.82 298.31
Peak CV (%) 1.52 2.14 1.73 1.34 0.84
area Inter-day Mean 39,258 40,143 43,885 32,269 34,529
(n=5) SD 963.75 956.28 820.66 490.68 344.94
CV (%) 245 2.38 1.87 1.52 1.00




1066 A8t 2

o
o
i

@
@
2
S
H

@

Stachyose

Raffinose

Glucose

nnnnnn

nnnnnn

Sucrose

nnnnn

nnnnn

Raffinose

nnnnn

Fructose
Glucose

w

Fig. 4. HPLC chromatograms of soluble carbohydrates in Shingikong using RID (A) and ELSD (B).

Table 3. Differences of soluble carbohydrate contents in soybean using RID and ELSD

Content (mean+SD, %)

Cultivar Detector Stachyose Raffinose Sucrose Glucose Fructose Total
Shingi RID 1.79+0.07 0.60+0.06 5.35+0.23 0.18+0.02 — 7.92+0.22
kong ELSD 3.15+0.04 1.34+0.03 5.80+0.12 1.09+0.04 1.05£0.00 12.424+0.18

Cheongja RID 1095006 08120.06  6.05:041  0.15£0.01 - 8.10+0.54
kong 3 ELSD 2.16£0.12 1.53+0.04 7.33+0.14 1.07+0.01 1.05+0.00 13.13+0.30

chyose, raffinose, sucrose % glucosed] ¥ aE A% B AL Al7|Z W HxFE 35 BF oF 1.05%9] fruc-
I AR 3L HPLC/ELSD®] 74 %- HPLC/RID 249l A 54 tose7} 5o = Aoz ZAEAN T glucoses] &
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a5 4 7Fssiglen, 34 T & 7 ANk ARE T 3, &2]a1l stachyose ¥ raffinose?] 7-9-ol %= ELSD
I Zrg o= A EE HAAT e AERnEIRH Y 5o & Al RID thH] 2vf o] S7Fe 4, 71l sucrose™
P g+ gsdh ELSDol| A 9] &efo] A% F7ld s JeEhusien, &
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EH o, o5 F 4~6% Aloldd HEH 279 2 E o]& & WA ELSD #41Ho] €53 o} RID 419

FolA RuE v} G TE R £84 BrHRIE
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3= 3¢l R &ttt HPLC/RID 49 ¢ ¢
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Ji-o] 243 baseline H#]¢F =& 7+ |
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H(HPLC/ELSD) ¥ #4&4EHMHPLC/RID)Y 4 &
4, 494 9 AdAd S 45 v, Frtete] F 3R 8
& A3z} s+ eh HPLC/
e slE 9 Xé%‘qﬂ.ﬁ]
(LOQ)—E‘ stolsl A3} 5.6~7.6 mg/kg HYS UERA
RIDE 16.2~33.9 mg/kg B =S Yelo] HPLC/ELSD 5
Aol RID 49 v vt ds s 3lsela,
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vz wFE AIZHRE) 2 HA (peak area) BF FHU|
2.5% w|Rte] WolAleE UEho] 2 A AdEE el

o 5 AT TS FEH ETA RS o] 85te] HEA
Addg B1g A BE Aio] aEe] AHA(R>0.999)
o] fA= o A %@1 01 7bedhs stk &
S84 g4stE o 3-8 HPLC/ELSD ¥ RID WY o &
A& n e 4w PLC/ELSD EAHS A8l AT
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HAGE 52T AFAAH R AE:
3}l F°9 metabolomic 7|¥F T, AF
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