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ABSTRACT

This study analyzes the sugar components of domestic agricultural products to establish a national standard food composition
data-base. Seven sugars were simultaneously analyzed through HPLC-ELSD. The linearity, detection limit, and quantification
limit of the standard solutions were calculated for verifying the analysis method and data quality control. The R* (coefficient
of determination) of all seven sugar standards was above 0.999, showing good linearity. The LOD (limit of detection) and
LOQ (limit of quantification) ranged between 0.026~0.198 mg/g and 0.073~0.601 mg/g, respectively. CRM (Certified
Reference Material) analysis was performed to determine the quality control of data analysis. The recovery ratio for the true
values of fructose, glucose, sucrose, and lactose was calculated and confirmed to be in the range 94.50~99.03%. In addition,
results from FAPAS (Food Analysis Performance Assessment Scheme), confirmed that the z-scores of sucrose and glucose
were within £+ 1, thereby verifying the reliability of sugar analysis. Raw agricultural materials and simple processed agricultural
products consumed domestically were then subjected to sugar analysis. Samples for sugar analysis were classified into
light-leaved vegetables, fruits and vegetables, root vegetables, and pulses. The primary sugars obtained in the samples were

fructose, glucose, and sucrose.
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Table 1. HPLC analytical condition of free sugars

Classification Condition

HPLC (Waters 2690, USA)
Mobile phase ACN:d-water = 75:25

Asahipak NH,P-50 4E

Instrument Column (4.6 x 250 mm, 5 pm)
Column temp (TC) 40
Flow rate (mL/min) 1
Injection volume (uL) 10
ELSD (Waters 2424, USA)
Gain 100
Detector ~ Drift temp (C) 70
Gas pressure (psi) 50
Nebulizer Cooling
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of Standards and Technology, Gaithersburg, MD, USA)2]
SRM(Standard Reference Material) 2383a(Baby Food Com-
posite)} 3233(Fortified Breakfast Cereal)2 ¥4]3lo] SRM
AFA kol U AA BAge] H5ES A2,
oleld Fgel vid BARe 2HES Uil EEd
31871 F2 B5E 90~110%, FHEFZHAHRSD) 2% ©l st
2 @48t JtkShin JA 5 2015).

3) FAPAS

FAPAS(Food Analysis Proficiency Assessment Scheme)
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(11.630%), lactose(12.852+%), maltose(14.036%), raffinose
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Table 2. Calibration curve equation and coefficient of determination (R®) of sugar standards

Compounds Calibration curve equation R LOD (mg/g)” LOQ (mg/g)”
Fructose y=18,378x—366,520 0.9908 0.035 0.117
Galactose y=837.63x—489,560 0.9914 0.198 0.601
Glucose y=17,054x—1,054,315 0.9999 0.045 0.137
Sucrose y=31,875x—2,528,762 0.9999 0.026 0.079
Lactose y=11,405x—3,383,064 0.9999 0.124 0.375
Maltose y=14,801x—2,050,174 0.9999 0.024 0.073
Raffinose y=21,835x—2,109,850 0.9999 0.072 0.218

Y LOD: Limit of detection.
2 LOQ: Limit of quantification.
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Table 3. Results of certificated reference material analysis

75

Determined value (g/100 g)

CRM Compounds Reference value (g/100 g)
Mean+S.D." Recovery (%)”
Fructose 3.96+0.09 3.89+0.06 98.20
Glucose 3.80+0.11 3.76+0.10 99.03
SRM2383a
Sucrose 3.57+0.12 3.49+0.02 97.64
Lactose 0.5+0.10 0.47+0.00 94.50
Fructose 0.81£0.39 0.77+0.01 94.84
Glucose 1.04+0.36 1.02+0.02 98.21
SRM3233
Sucrose 13.42+0.75 13.20+0.20 98.33
Lactose 0.46+0.09 0.44+0.01 96.10

D Mean£S.D. (n=3).
D Recovery (%)=Mean value/Reference value x 100.
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AbEstaL ol

© ZHE z-scoreE

=
AF2E z-score LB Fod7| o] BXASEa) goly 4lF
=5 #H7kK(Chun JY 5 2019). EE85Etas she 2z

score= Z}7te] S gko] FEFHAMIONA Hakat ekt
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F ARz HEFAY. 7R BAL fructose®} glucose

0]04
L5 fructose®} glucose”} =

_u_ °

He
T BAE dAE e} e R e BAE glet 3R 7F A& ¥ F(dried)©] fructose, glucose, sucrose ¢t
BA A3 Table 59 2tk FolA 2HlEE RS ol @A w3kom A9 w7tk (baked), HIAIAY A A
AT, BAFH, ZAF, FHE Bty 5242 A5 2|2 3 AlF Alo]9] fructose, glucose, sucrose TFHFe] 2 2}
v slgAEel he ARel BR A4S B AR ol Ui stk oiFek £ suke g3lel v
o] F82 BFHE fructose, glucose, sucrose©] AL lactose?} A2 WIAAY EQl AI59] fructose®} glucose FaFo] Sk
galactose = BE AlRoA HEHA] & o AR JLEAE g A9 sucrose®= BT HEHA &
AAANTF = PNFY fructose? glucose ol 7 = skth of = El AL AlZeA sucrose’} HEE AL T
Table 4. z-Scores of analyzed values for sugar contents in FAPAS test

Proficiency test Compounds Analyzed value Assigned value z-score

Chocolate 25186 Sucrose (g/100 g) 39.37 38.40 0.8

Orange juice 0881 Glucose (g/100 mL) 2.06 2.16 —0.6
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Table 5. Sugar contents of domestic agricultural products
Fructose Glucose Sucrose Maltose Raffinose
Classification Descriptions
2/100 g
Water spinach, leaf, raw 0.4054+0.001 0.251+0.004 N.D N.D N.D
Water spinach, leaf, blanched 0.2284+0.003 0.153+0.002 N.D N.D N.D
Water dropwort (minari), wild, raw 0.359+0.006 0.279+0.004 N.D N.D N.D
Water dropwort (minari), wild, blanched 0.282+0.001 0.225+0.001 0.117+0.003 N.D N.D
Manchurian angelica, raw 0.456+0.011 0.691+0.015 N.D N.D N.D
Manchurian angelica blanched 0.375+£0.001 0.514+0.002 0.164+0.001 N.D N.D
Dureup, young leaf bud, raw 0.185+0.001 0.292+0.006 N.D N.D N.D
Dureup, young leaf bud, blanched 0.107+0.001 0.100+0.001 0.135+0.001 N.D N.D
Butterbur (meowi), stem, raw 1.320+£0.036 0.962+0.008 N.D N.D N.D
Butterbur (meowi), stem, blanched 1.104+£0.022 0.717+0.019 0.111+0.001 N.D N.D
Butterbur (meowi), petiole, raw 0.702+0.003 0.458+0.004 N.D N.D N.D
Butterbur (meowi), petiole, boiled 0.369+0.002 0.272+0.003 0.079+0.001 N.D N.D
Brussels sprouts, raw 0.948+0.023 0.983+0.010 1.50440.041 N.D N.D
Lviig;;ve Zd Brussels sprouts, blanched 1.098+0.017 1.519:0.014 0.726:0.005 N.D N.D
Brussels sprouts, steamed 1.359+0.023 1.760+0.034 0.813+0.019 N.D N.D
Chinese chive, yeongyangbuchu, raw 0.970+0.015 0.716+0.008 N.D N.D N.D
Chinese chive, yeongyangbuchu, blanched 0.978+0.010 0.713+0.021 0.260+0.010 N.D N.D
Chinese chive (hobuchu), raw 1.550+£0.009 1.236+0.005 N.D N.D N.D
Chinese chive (hobuchu), blanched 1.347+£0.009 1.144+0.026 0.225+0.004 N.D N.D
Chinese chive (hobuchu), steamed 0.603+0.005 0.630+0.009 0.163+0.002 N.D N.D
Crown daisy (ssukgat), raw 0.211£0.001 0.217+0.003 N.D N.D N.D
Crown daisy (ssukgat), blanched 0.204+0.006 0.195+0.005 0.168+0.001 N.D N.D
Curled mallow (auk), raw 0.144+0.001 0.157+0.002 N.D N.D N.D
Curled mallow (auk), raw, blanched 0.109+0.001 0.115+0.001 0.096+0.001 N.D N.D
Cabbage (vangbaechu), raw 2.445+0.017 1.953+0.014 N.D N.D N.D
Cabbage (vangbaechu), raw, boiled 2.01440.031 1.603+0.040 N.D N.D N.D
Cabbage (vangbaechu), raw, steamed 2.2044+0.026 1.804+0.026 N.D N.D N.D
Eggplant (gaji), raw 1.021£0.019 0.887+0.010 N.D N.D N.D
Eggplant (gaji), dried 10.073+£0.144 7.075+0.104 8.619+0.140 N.D N.D
Eggplant (gaji), raw, baked 1.207+0.007 0.997+0.005 0.472+0.003 N.D N.D
5 :;i;sa;‘;g Eggplant (gaji), raw, blanched 0.967+0.003 0.827+0.005 0.462+£0.003  N.D N.D
Eggplant (gaji), raw, steamed 1.079+£0.011 0.901+0.002 0.476-+0.002 N.D N.D
Pumpkin, spaghetti squash, raw 0.541+0.021 1.239+0.044 0.476+0.014 N.D N.D
Pumpkin, spaghetti squash, boiled 0.342+0.007 0.707+0.026  0.452+0.001 N.D N.D
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Table 5. Continued
Fructose Glucose Sucrose Maltose Raffinose
Classification Descriptions
2/100 g
Balsam pear, raw 0.157+0.001 0.165+0.001 N.D N.D N.D
Balsam pear, bag pudding, raw 0.144+0.001 0.140+0.001 N.D N.D N.D
Balsam pear, dry, raw 1.716+0.018 1.355+0.021 0.540+0.016 N.D N.D
Balsam pear, dry, boiled 0.165+0.002 0.157+0.005 N.D N.D N.D
Zuniki pumpkin, raw 1.168+0.012 1.173£0.010 N.D N.D N.D
Zuniki pumpkin, boiled 0.693+0.003  0.660+0.006 N.D N.D N.D
Pumpkin, ripe, raw 0.984+0.011 0.792+0.004 0.680+0.009 N.D N.D
Fruits and  Pumpkin, ripe, raw, boiled 0.908+0.012 0.715+0.018 2.470+0.091 N.D N.D
vegetables  yumpkin, ripe raw, steamed 0.985+0.004 0.776+0.009 1.990+0.036 N.D N.D
Pumpkin, kabocha squash, raw 1.084+0.006 1.235+0.006 4.705+0.026 N.D N.D
Pumpkin, kabocha squash, raw boiled 1.015+0.013 1.146+0.021 4.450+0.126 N.D N.D
Pumpkin, kabocha squash, raw steamed 1.054+0.003 1.184+0.007 5.037+0.031 N.D N.D
Pumpkin, young, raw 1.594+0.047 1.270+0.032 N.D N.D N.D
Pumpkin, young, raw, baked 1.885+£0.042 1.409+0.023 0.645+0.006 N.D N.D
Pumpkin, young, raw, boiled 1.298+0.011 1.023+£0.019 0.600+0.007 N.D N.D
Pumpkin, young, raw, steamed 1.394+0.008 1.081+0.002 0.603+0.006 N.D N.D
Potato (gamja), starch type, dooback, raw 0.482+0.006 0.371+0.002 N.D N.D N.D
Potato (gamja), starch type, dooback, baked 0.616+0.012  0.652+0.002 0.280+0.006 N.D N.D
Potato (gamja), starch type, dooback, boiled 0.345+£0.006  0.306+0.003  0.194+0.001 N.D N.D
Potato (gamyja), starch type, dooback, steamed  0.399+0.002 0.352+0.002 0.190+0.001 N.D N.D
Potato (gamja), waxy type, sumi, raw 0.097+0.001 0.121+0.001 0.176+0.002 N.D N.D
Potato (gamja), waxy type, sumi baked 0.096+0.001 0.123+0.001 0.224+0.003 N.D N.D
Potato (gamja), waxy type, sumi, boiled 0.092+0.001 0.102+0.001 0.136+0.002 N.D N.D
Potato (gamja), waxy type, sumi, steamed 0.093+£0.001 0.109+0.001 0.169+0.002 N.D N.D
Root Sweet potato (goguma), dry and firm type, raw 0.384+0.008 0.456+0.10  2.879+0.074 0.615+0.024 N.D
vegetables  Sweet potato (goguma), dry and firm type, baked 0.364+0.006 0.450+0.011 3.079+0.093 12.866+0.463 N.D
Sst‘;v:;:egomo (goguma), dry and firm type, 0.338£0.001 0.376+0.006 2.767+0.078 12.02040.187  N.D
Sweet potato (goguma), beniharuka, raw 0.233+£0.006  0.205+0.005 1.086+0.007 N.D N.D
Sweet potato (goguma), beniharuka, baked 0.271£0.001  0.299+0.002  7.430+0.035 N.D N.D
Sweet potato (goguma), beniharuka, boiled 0.237+£0.003 0.234+0.003 6.564+0.126 N.D N.D
Sweet potato (goguma), beniharuka, steamed 0.226+0.001 0.258+0.005 7.063+0.137 N.D N.D
Sweet potato (goguma), moist and soft type, raw 0.693+£0.006 0.724+0.012 3.319+0.016 0.332+0.013 N.D
Sweet potato. (goguma), moist and soft typee, ) 56,0012 0.62040.005 3.849+0.081 1722840605  N.D

baked
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Table 5. Continued

Fructose Glucose Sucrose Maltose Raffinose
Classification Descriptions
g/100 g
Sweet potato (goguma), moist and soft type,
steamed 0.425+0.010 0.474+0.009 2.557+0.090 15.333+0.194 N.D
Deodeok, root, domestic, peel off, raw 3.247+0.022 N.D 3.194+0.016 N.D 7.592+0.133
Deodeok, root, domestic, peel off, baked 4.043+0.061 N.D 3.455+0.047 N.D 7.702+0.075
Root Balloon flower (doraji), root, raw 0.513+£0.010 1.894+0.012 1.086+0.024 N.D 0.418+0.017
vegetables Balloon flower (doraji), root, dried 1.331+0.024 N.D 2.551+0.100 N.D 1.455+0.016
Balloon flower (doraji), root, blanched 0.243+0.008 N.D 0.303+0.007 N.D 0.210+0.008
Yacon, raw 2.184+0.015 1.510+0.036 0.386+0.007 N.D 2.298+0.018
Yacon, boiled 2.340+0.003 0.738+0.016 0.738+0.021 N.D 2.945+0.032
Kidney bean (gangnangkong), dried, raw 0.475+£0.018 1.893+0.018 1.860+0.019 N.D N.D
Kidney bean (gangnangkong), dried, boiled N.D 0.971£0.015  0.680+0.001 N.D N.D
Lentil, brown, dried, raw 0.379+0.003 N.D 1.44340.020 N.D N.D
Lentil, brown, dried, boiled 0.185+0.001 N.D 0.591+0.004 N.D N.D
Lentil, red, dried, raw 0.272+0.006 N.D 3.059+0.040 N.D N.D
Pulses Lentil, red, dried, boiled 0.185+0.001 N.D 0.439+0.006 N.D N.D
Chick pea, dried, raw 0.366+0.005 0.2284+0.002 4.766+0.019 N.D N.D
Chick pea, dried, boiled 0.215+0.001 N.D 1.072+0.003 N.D N.D
Pea (wandu), dried, raw 0.813+0.001 0.766+0.001 4.656+0.033 N.D N.D
Pea (wandu), dried, boiled N.D N.D 1.940+0.025 N.D N.D
A B ABAE sucrose’t AEFHA BiTh T, o R FAE RIS 2ol F 24 3 g wA
52 38 g5Ek o sHF A A A of HFS- A 7FE Al F-of| S F= 2919 F fructose} glucose &
gt BE A]RofA fructose glucose, sucrose’} =5 HAEFH I 2 G A e A4S *ﬂr‘ﬂro}_ AE7F 4
t}. o U WA A sucrose”’} AEEA] Ekor} FALY, tH(Roe MA & Faulks RM 1990). &A% n} EE o
ZolAu, AAHEE 3 AR BT HEHA Hadt A HMYSHEIlE maltose”F HEEA] &3 ‘_H‘ T A A

3} dsule] AL T lEA e 2 93 o ko] = W)
= YehA 3t S ARl Hlste] #
7} fructose, glucose®] e Fgtom sucrose THEFS A}
sttt HFesuke YA Hlsle] 3
29| fructose®} glucose2] TS F-AFSFSI AL sucrose] 33k

o] AR el WA 274 Aow epdt,

27l Sgeke

L]—L: 74&.

E AR e
o, A7

Zo] A ®

Zol A A E § A

e EE| W & el 2olv}
st on e Aol oJste] sucrose®] 3
ol —7]'75‘}35 Ao w Uehytl BEAZAE F= Aen
fructose, glucose, sucrose &r#e] ¥ F7etn A0k
A9 fructose9} glucose] eHF-S A
T T dAH o FAAAe] & SR

219 sucrose FHgo] Wrargwiel sHlaitate] gheFH ) of
28 o]’ =& B o= et W mgtekel S8F 3tul
A maltose”} HEE AT Y31 TRy 78 A3 A A
o] ko] AA 3] S7IeFA=H, Lee HW 5(2021)9] &7
A a7ete] SR maltose FiFe] ST
o} Jang GY 5(2013)9] A7ellA T77}+e] maltose FHEko|
AZ R Eokthe Bue) Ak A3k YeEAth 17
ke AV S o ©te] Srtstkedl aTekE 7HE A e
S g-amylase©l] 2]3te] M Eo] dlrE- o R EafE 1, B-
amylase©l] 2]3fl maltose® £3llH o] UYelhe ddole} AR
FtiShen MC & Sterling C 1981).

&Y G7F = raffinoses AVHe] 4384 EaE A



=7HEEA Y

s
-

33(1): 71~70 (2023)

%2 28] 1 (Baik SH 2000)C.& 24 A|8 & 2 F<] ¢
9, E21x], ofZo| A et AZH Y ofEL AR EQ A
oAl fructose, glucose, sucrose, raffinose’} AEE U1 2
A 8ol A glucoseE A&t BF F7lele A3dE BT
Uy YA T FA glucose”t AEEA FUAL T
A 9] fructose, sucrose, raffinose 3r&Fo] thah H& 2o 2 1
el =e2kx|e] A$- AANA fructose, glucose, sucrose,
Holov dejAY "I AlgdAM=
glucose”} HEE|A] ket

raffinose 25 A=

THE 8 AL YA o FFEete] EAsiglon Tl
AP #A A9 & Fq=FE vusii AT, dEF, Hol
2T, 457 BEF 2 A 3FA ANA sucrose”t HEF
3 32 A9 sucrose _}%}CO] wolr]= AS FRIE 5 U
o BA A T AT fructose Hole] -2 glucose, &5
T2 fructose®} glucose’} HEFHA| kom EFo

glucose= T A7} 23 3 EFolA HEHA] &%

g TRl e slvirt Ao A T F2 E*é(Jung
HS 2019 2o SRS 223 dd oo ¥4 &
(Yang MO 2009) oA 7HE-F Al Zel| AHgE = 2] &
ol e g%, 9%, A%, 24, 7I5% 59 FEAEE
Hln EA3A T QI o] Az o] & TR e
=48 E“(Song MR & 2010) 52 AllA] sucrose,
glucose, honey 2 fructose 5 4%F2] TS Hrlste] A=
Q1378 ol thoteq %‘1*1]5:*}0]5 a4 B 2 e 55
Brretanh tkdt A5 ot THE AE A AMEE =
g gl wheh FE o7t Atk Ae & e
3 B Ao A B9 2 5o 2 el AR
o} @A e @ gk §R I Blud vlolHE Fot
o T4 ARE wAY A= 5o I A o & g

=]
=]
Qelel BATE sl EEges] 04, 45

=
FEAE AEsGth SR 7% AZEFY RS BT

o

DB F5E 9% T el ¥R

ox
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0.999 ooz gt AdAdS el e HESA=
0.026~0.198 mg/g, % ZFeAI= 0.073~0.601 mg/gel ATt
EAolEe] FAHAE st CRM EA4S F33to]
fructose, glucose, sucrose, lactose2] Zrgkel] gt 3|4=&-8 4F
23t A3} 9450~99.03%% EF 35 38752 90~
110% & WSy =3, TAnusdE 2203
(FAPAS)ol] Fosle] Al&E 391 sucrose, glucose =5
z-score = 1 oJU| 2 ERIE]|o] GF FA] A SRS
ok oA AH|EE FiHE dAsS) Aol WE F
2hE 7 853 E AA R, AR, 2AF FRE 2R
ato] Al2e] BRE BAs e 8 HEFES fructose,

I la = BT AlRlA

=
glucose, sucrose®| ) ctose$} galactose

AEEA &t

5= SATIA|(FY A Uz
I7IREAEAAE DB &8 A74(PI014536))2] 4] x|
I AAEFdrIEde] BARYeR o] Fojzl AF AR
o]
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