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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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Al&e] A AR Aste] EHAIR 1~2 g& AR
& tubeol] AE3HAl FH 3L petroleum ether(Sigma-Aldrich,
St, Louis, MO, USA) 25 mL< 7}sfe] 2 442 %, 4,000 rpm
oA 5E7F A4 E-2](LABOGENE, 1580R, Seoul, Korea)d}
Atk D42 E petroleum ether %GS5 & A A &, zhaF
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A& W f8g &S HPLC(Waters 2690, Milford, MA,
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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
Column Asahipak NH,P-50 4E
Instrument (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 () 70
Gas pressure (psi) 50
Nebulizer cooling
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of Standards and Technology, Gaithersburg, MD, USA)9]
SRM(Standard Reference Material) 2383a(Baby Food Com-
posite)2} 3233(Fortified Breakfast Cereal)2 #2]3le] SRM
A5A el kel digh Al E4%ke] 3]s A&tk
olelgk gkl wigk EA g =S Uehie g
3 87)|5=L B FE 90~110%, T EFZHIHRSD) 2% ©| &t
2 @%sta ok Shin JA & 2015).

3) FAPAS
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Fig. 1. HPLC chromatogram of sugars standard.
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galactose©] 1 o1 HESHA 9k A FEHA kel 0.198 mg/g¥}
0.601 mg/gl 2 71 =4 A=E Ut

3) EMEE e
T A dlolE Y S AT Het] EEUSE
Aol fructose, glucose, sucrose, lactoseS A5t} & 2
= AHESEA

2}
Ao e Q1522 2 SRM2383a, SRM3233
SEZo] Hgkel gk AA GF AR
S AFE3I3ITE SRM2383a2] 3|&-2 fructose 98.20%,
glucose 99.03%, sucrose 97.64%, lactose 94.50%°]%} 2™
SRM32339] 3]4&2 fructose 94.84%, glucose 98.21%,
sucrose 98.33%, lactose 96.10%°|%t}t. RE EAAFE 3
T 90~110% oW W= 7 EAdole e &S &
1319 tH(Table 3).
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Table 2. Calibration curve equation and coefficient of determination (Rz) 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

D LOD: Limit of detection.
? LOQ: Limit of quantification.
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Table 3. Results of certificated reference material analysis

FobAloh kiR

Hl—;(]

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 3.5740.12 3.49+0.02 97.64
Lactose 0.5+0.10 0.4740.00 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

) MeantS.D. (n=3).
? Recovery (%)=Mean value/reference value x 100.
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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 0.405+0.001 0.251+0.004 N.D N.D N.D
Water spinach, leaf, blanched 0.228+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 0.18540.001 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 0.70240.003  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 0.9484+0.023 0.983+0.010 1.504+0.041 N.D N.D
Liiz:tfsg Zd Brussels sprouts, blanched 1.098£0.017 1.51940.014 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 1.34740.009 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 0.21140.001 0.217+0.003 N.D N.D N.D
Crown daisy (ssukgat), blanched 0.20440.006 0.195+0.005 0.168+0.001 N.D N.D
Curled mallow (auk), raw 0.14440.001 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 (yangbaechu), raw 2.445+0.017 1.953+0.014 N.D N.D N.D
Cabbage (yangbaechu), raw, boiled 2.014+0.031 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 1.20740.007 0.997+0.005 0.472+0.003 ND N.D
S;“g:tsa;gsi Egeplant (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
g/100 g
Balsam pear, raw 0.157+0.001 0.165+0.001 N.D N.D N.D
Balsam pear, bag pudding, raw 0.14440.001 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  yympkin, ripe raw, steamed 0.985+0.004 0.776+0.009  1.990+0.036 N.D N.D
Pumpkin, kabocha squash, raw 1.0844+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 1.59440.047 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 0.3454+0.006 0.306+0.003  0.194+0.001 N.D N.D
Potato (gamja), 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
Sstiv;geg"tam (goguma), dry and firm type, 0.338£0.001 0.376£0.006 2.767+0.078 12.020+0.187  N.D
Sweet potato (goguma), beniharuka, raw 0.23340.006 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, o r¢.0012 0.620:0.005 3.849:0.081 1722860605  N.D

baked
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Table 5. Continued
Fructose Glucose Sucrose Maltose Raffinose
Classification Descriptions
g/100 g

S’;V;;tegmaw (goguma), moist and SOft type. 15,0010 047420009 2.557+0.000 1533340194  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 1.3310.024 N.D 2.55140.100 N.D 1.45540.016
Balloon flower (dorgji), 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 2.9454+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 1.443+0.020 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 ND 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 0.228+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 1.94040.025 N.D N.D
Ae BY A BAAME sucrose”t HEHA sttt Z45dl, o B2 £AE YRS kel B 24 8 e A
52 39, daul olgut Ao B4 A of aukS A< 718 Al FA IS FE 29007 fructose} glucose 5
gt BE Al8ol|A fructose, glucose, sucrose’} E5F HZEF 9L o} 22 AT A v A S ddele A3 2
o} ol Zuke AR A sucrose’} AEEA] ko) 5AL, THRoe MA & Faulks RM 1990). #21E 10} &5 Fof
Bol7d, AAEE & AlRoA BF HAEHEUT hed A WIYSHEIbE maltose7t AEHA] @gkont 7 A A
kel A5 e Al 2 Ik B kel 2 Wst ] sucrose $Fo] WarTekel suluuie] oFFE T of
 UEhA 2t Baaute A6 viele) 2 Am 2] o4 Be o yehdth ¥ npvke 5 npull
7} fructose, glucose?] T2 kO™ sucrose T FAF A maltose”’} AEEA L AR =HFET 3 A A A

A F23Ek2 A vlste] Zo|AY AAEE g Al
29 fructose9} glucose] a2 FAFSIA AL sucrose2] &

o] Aol Hste] BAF F7Ht Ao vehge.
AT AFshe A B e F gl Aot

e A gasgon g A 2okl suerosed]
gol e Ao dehdth BAgAE Bt A=

fructose, glucose, sucrose &&o] 2% F7letln A=k
= AT % A9 fructoses} glucose?] T2 ARSI
o AR B e dAG o2 2ERe] T s

.

o] o] AA 3] S8, Lee HW 5:2021)2] Aol
A kel SAA Bl 2 maltose o] S7ISFATHE Bl
9} Jang GY 5(2013)2] Aol A Fa27ule] maltose o]
AR R E=okvhe B fAke AEe VeIt 1
s wAY e wf gute] FrlskE arkE 7FE A E
S g-amylase]] ©]3te] o] YrEAC R Falw] 1, B-
amylase©l] 23l maltose® F3 5 o] YelU= dJolzt AR
FthShen MC & Sterling C 1981).

A=Y FF Z raffinoses= AFHe] A3lgAE HajEA]
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%o L] (Baik SH 2000)C.2 ¥4 A8 F 23 F< ¢
4, Eg}A], o2 Mt AEE ). oS AR FA A
oAl fructose, glucose, sucrose, raffinose”} HEH 1 7S
A 5ol glucoseE A|&]eta BF SVt AdS BIch
gy AR} 2 AdA glucose’} AEHA] 2k &
Z19] fructose, sucrose, raffinose gF&o] thih =& Zlo 2 |}

Eluth =2kx]e] A$- AAA fructose, glucose, sucrose,
BT AEHAoy LAY HiF ARdAME
AZEHA] St

raffinose

FRE T Toto] A5k Tl
AP 2B A9 7 Fq=FE vwstdth AT, dEF, Hol
2F, &5 25 T A 2 ANA sucrose”t HEESR
31 3221 729 sucrose o] HolAE AL delgk 4= 20
o} 22 A F 7HdEL fructose, HolE] TS glucose, &F

4l

fructose?} glucose”7} AEHA 2korm AHF9

glucose= T&l A7 FQl A BFoA HEHA] drh
TRl W slvbt Ao o A% T F2 54Jung
HS 201903 ¢ TRE 2 dd e F4 54
(Yang MO 2009) AT-ellA 7183 A %ol AHg-H =
Foll me B, dr, A% B4, 7aE 5o xE
Hlw B8 Q4P 7ol Azl Slo] & FRel e
F2384 E(Song MR 5 2010) 52 A<l sucrose,
glucose, honey 2 fructose 5 4% TS Hrlste] A=
AT thate] HAlieAtel= 3 B 9 e 55
Brrtath et AT5 Bot T Ax A AREE
T el wet FH o7t itk S & dem
o, 2 AFolA HAH F9 B S mE
o A © AR 9 S vl HoleE Fot
o L ARE AU A= 59 v AHld o & g
o] zfolE & = ULk
2 AT Ao mE SRS 9 247 & vlolHe
T FAE 7 Al FAS A F e 7]1E dolH
AHEE T lom, STEEAEAEE RS B
Al Fo7t a7 e I 5 o
St JHAE R AT S22 AH8E F & Aol

Hoh

=0
o T

AU A U

2 AT E FAEENFYEE DB THE Adte] T
g B0ES gaon IR AR B4

E b 1o IR B R B o R R P A Ry S e i R e

oA oF BAETREAERS

0.999 o]toz 3t AHAde Jepl e A&
0.026~0.198 mg/g, & ZFA = 0.073~0.601 mg/ge] A

fr

o

EAdolg e F2#EE 93] CRM 4= 331
fructose, glucose, sucrose, lactose2] kel gt 3]=&S 4+

23 A3} 9450~99.03% % EF 3FE 3875 90~
110% HE WS =3l gAv|usds 2207
(FAPAS)ol| sl AlE dE9Ql sucrose, glucose =5F
z-score £ 1 U2 EolFo] J&E BAMo] XS FR5kY
o} oA AHEE FANE GAlEe AP b2 F
e 7k $5AlE AT, A, SR FRE S
3l ARl BRE 243N er 8 AEIELS fructose,
glucose, sucrose®] L lactose®} galactose= T A RolA

HAEEHA &

= A7 (= A A2
£ DB & API014536))9] A7H] AL
7} A EwdrIede] A YR o] Foiz]l A AR
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