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Abstract

This study was aimed to determine the changes in vitamin Bs and Bs contents compared to fresh
materials after parboiling treatment of the main vegetables consumed in Korea. The specificity
of accuracy and precision for vitamin Bs and Bs analysis method were validated using high-
performance liquid chromatography (HPLC). The recovery rate of standard reference
material (SRM) was excellent, and all analysis was under the control line based on the quality
control chart for vitamin Bs and Bs. The Z-score for vitamin Be in food analysis performance
assessment scheme (FAPAS) proficiency test was -1.0, confirming reliability of analytical
performance. The vitamin Bs and Bes contents in a total of 39 fresh materials and parboiled
samples were analyzed. The contents of vitamin Bs and Bs ranged from 0.000 to 2.462 and
from 0.000 to 0.127 mg-100g™,
2.462 mg-100g" in fresh fatsia shoots (stem vegetables), and 0.127 mg-100g™ in fresh spinach

respectively. The highest contents of vitamin Bs and Bs were

beet (leafy vegetables), respectively. Moreover, the vitamin Bs and Bs contents for parboiling
treatment in most vegetables were reduced or not detected. In particular, the contents of vitamin
Bs in parboiled fatsia shoots and vitamin Bs in parboiled yellow potato and spinach beet were
decreased 20- and 4-fold compared with fresh material, respectively. These results can be used
as important basic data for utilization and processing of various vegetable crops, information
for dietary life, management of school meals, and national health for Koreans.
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B2 A1 7140 I, A5 S AIISI0] o1t RS 4w 271 A 70 1 TAISlol ol 5] 0 o
65Ol et ARk TRt A2 A FI3ItHKim, 2006). 9 -5 A1E 7141 A ARolls B, S Al
S, S8 AR 5 of2] 57 1L, 0] F AUHEAS 0] B STIoA 58] 510l Sah and Yeo
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E7b e Alaroll tieh vhefRt G R o] Alge] AltA|o]H, 53] HIEH Bs(pantothenic acid) 3! Bs(pyridoxine)] Tt
T E = FERM Aol
HER Bst= Aol 4] CoA(coenzyme—A)2F ACP(Acyl—carrier protein) 2] -4 5.0 2 285kt CoA: thitol] 71
50727 % IR S8R, T 0 X200 S0 3l B9l 2ol 3, ofF S o] Sk
5f|, 212 aL ofj 2] {20l CoAZ} ] Toftth(Fox, 1984),
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GABA)®] o] ofstal glrh= 7401 1514 CHChoi, 2009). TRF HIEN Bs 29 A] 1.4, 15, U, T2AEE, &
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A0l oot 2 AAE U CR) 2{2(0f] [ HIERR! Bs 2 Bs e Hat

o227 Z2)8 ANISISLT, 4R o] W At 4|2 2020 BB alton] 3R] 49 Al YA 1500
ol £ 1,500mL 2 Z5k0] 100°C T o] 271 7] ZekS AT} Aol Wl 30273 2|59,

H]EM Bs & B 240]) AR5 A|2F 2 HPLC-§ 255 555 W acetonitrile-2 J, T, Baker (Phillipsburg, NJ, USA)Z £
B] 1sto] ARgseint. HEARFO] 79 HIEF Bs= 425k 99% ©)42] D-pantothenic acid hemicalcium saltZ, H[EFY] B
=45 98% ©1] Pyridoxine hydrochloride(Sigma—Aldrich, USA)E, 7|EF A9k EG-S AFE5ISITE BAH Ao AR
= 30152 (SRM, Standard reference material)-2 2]=- NIST (National Institute of Standards and Technology)=-5-€
1849a(infant/adult nutritional formula)& 7-¢J5}o] A8t

=
A4 Fhf- HIER Bs O] 2R Woollard et al.(2000)2] HIH-S- 0|85ttt &, w82} & A <F 1-10g-S 50mL cap
test tubeoﬂ Y 2 225 00mLE 7Iolo] 55| 5 2 40°C 29] 22af FZ7](JAC 4020, Kodogiyeon) = 105

oko ol

2RI, FE00] 3% 241 2mLE F7itel Th) 585 S50l £ S AH0°C A0 287 55712 10877
2519}, 0] ZZolo]| 2dd ZEAZ H7)5l0] 40mLE HLT T, 0] Z2201S 1057} YAIEE](15,000rpm, 1730MR,
Gyrozen)s}al, Aol 2mLE HoJUjo] 045um 4-80[-& syringe filter(Whatman Inc., Maidstone, UK) 2 ]7}$F & HPLC/
DAD(high performance liquid chromatography/diode array detector) £-412] A|& gl O 22 A|-85}9ic}.

1

AT B3 HIERI Bo| 22 Y M2l

HIER Bs©] 73 Kim et al.2014)2] = o851 E} , 75} 244 9F 1-10g:2 50mL cap test tubeo] g3, 50mM

CHyCONa(pH 4.5) 25mL 7} 5 40°C Z70] 2-91} 2272 3057+ 2251900} 2200 2a2s 2222 Hrlslo]
40mLE -85}, =8NS 1xWhatman No. 1) I 220 45um 5808 syringe filter) ]7} & HPLC/FLD(high
performance liquid chromatography/fluorometric detector) F410] A|&-go © & 118519},

HPLC/DADZ 0|23 {42 313 HIELI BsO| BHateA

A2 He HIEH] Bs] HPLC/DAD 412 Agilent 1260 infinity HPLC(Wilmington, DE, USA)E AR5} 11, 2418
ZFS YMC-Pack ODS-AMQ50x4.6mm 1D)S AR5ttt ZEer 30°C, o34 8= AQlE2 50mM
KH2PO4(pH 3.5)&, B-81f}+=acetonitrile2 AF85}] 95% A : 5% B (v/v) -S1& 581 22 (isocratic elution)& A A5
I, BF 920 |m, AZTFEL 200nm 2 A Asto] B3-S AAGHTHTable 1), HIER B 0] HF H7} A] 38 ofo]
F0.5-20mg L) 2Pt o, s X9 faiA(Y5)2 A7 Aol 2-85to] A28 mEdd419
A/ (linearity 2 SFQ1IRE AN R = 0.999** o0 = 1k O 24145 SRISIGIAL, 7|71 Al HERMAI(LOD) B Awet
ALOQI =042 1 3mgL ' & RAEL]

UJ.4
0

HPLC/FLDE O| &%t 2|47 e HIEHD Bs2| SthEA]

42 351G H]EF Be2] HPLC/FLD £49-2 Agilent 1260 infinity HPLC(Wilmington, DE, USA)E Al25191 1, 2448
ZF.2 YMC-Pack Pro RS Cis250 x4 6mm D) ZEE o] 859t ZEr=30°C, o)5AF Sufi= A-Quj2 20mM
CH5CO:Na(pH 3.6), B-81}+= acetonitrile AF851 97% A : 3% B (v/v) 811 5-871-8-2 (socratic elution)E Aot
I, B 5452 ImL, B4 12 of7]abg (excitation) 290nm, ®ET 4 emission) 396nm IOl EA4S AAJeICH
(Table 1), H]EN B0] G 17} A] EZ8N 0] 558 AeFA(0.01-10mg L) 2HJ519.00, A 2= (XE)2} n 2]
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Table 1. HPLC operating conditions for vitamin Bs and Bs analysis.0

Vitamin Bs
Column YMC-Pack ODS AM (250 mm x 4.6 mm, 5 pum)
Detector UV detector (200 nm)
obiephas B AL (o, tlaon.
Flow rate 1 mL/min
Injection vol. 20 uL
Column Temp. 30°C

Vitamin Bs
Column YMC-Pack Pro RS Cis(250 mm x 4.6 mm, 5 um)
Detector FL detector (Ex A =290 nm, Em A =396 nm)
Flow rate 1 mL/min
Injection vol. 20 uL
Column Temp. 30°C

(Y21 IR 2§10l A 32 HapA10) 204 lincarity) 2 SQIGH 2} R =0.999** o0 2 0] 241
y OD) 8 HeHALOQ)E= 0006 L 0.02me L 2 ZAElo] a4 Al SolAl e

HIEL2 Bs U Be2| L - 2| F EMZH 22|

H|EF Bs @ Be2] 4] A U B4 2742 (in—house control) 2] 74-¢- ZA 7] &t H (quality control chart)=S ZH4J5}o] 5
718 A TS ARSIk AT A 5 B0 0 Ve Bl A GRS 158 M 25 9 B 5 ujeu B,
9] reference value S 75111, o5 FAK 0 = B7Tolo] 5183HA| 95% 2 *SD)o M A IHAIE, 518344 99.7% %
(*SD)elx] EAE A gste] 714 A TelE AXAsIGITt Eot 24 2] e (accuracy) B 2482 HESH |
Sto] EEZIEA(SRM)R] 1= NIST 1849a(infant/adult nutritional formula)E 0]-&6}o] EAqHRH o] Aok Wl 514~8-5
iy

T o AR 2101 B 9 B R0 5 A 4052 37} TRIR) FAPAS (Food Analyss
Performance Assessment Scheme) proficiency test 21810 Frofolod EAJHEH 9l B3 =2 o] Al 5 HZ=51911 FAPAS
g 730 2 vitamin Bsi= F7} Z 2 730] §lo] vitamin Bsol| §HYS10 redsiict.

A2

EA| B4-2 SAS(Statistical Analysis System, V 94) SA| & 7218 AR8611 11, ZF A AF0] A= D g7 2] & 2]

771 H] W= Duncan’s multiple range test (p €0.05)% 5~345139c}.

HIEL2 Bs U Be2| L - 2|7 EMZH 22|

AT FTHLA R 248 FH O T, 47 1719] 2ol B iAo A2 5 Rt 2R 4= Ak
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6.100 A Warning Limit - - - - 5.339-5683mg100g" 0920 B Warning Limit - - - - - 0.874-0.895mg-100¢"
’ Control Limit —— 5.252-5.770mg-100¢" 0910 Control Limit —— 0.868-0.901 mg-100g"
5.900
o0l _ _ _ _
_ 57001 e ) _ . 0.885
‘O . .. i - . 5511 U!O‘890 u . [ I | L] -
85'500 . . " L) Ll LI 80880 n ....I..l.l
g>30 0870
5.100 0.860
A D@ eSS O &S 0 o D @ @O &GS s
FEELLESE T TP ‘v@i@@ﬁ FFe FEELLEEIIILL LSS S0
SESEFE TG SIFPLEEEE FPSFLF ST PISFFFES
Date Date
Fig. 1. Quality control charts for vitamin Bs (A) and Bs (B) analysis.
Table 2. Recovery and RSD of vitamin Bs and Bs contents for SRM (Standard reference material).
Reference value Analysis value
Component Sample - Recovery (%) RSD (%)
mg'100 g
Vitamin Bs SRM 1849a 6.820+0.190 6.785+0.055 99.5+0.8 0.79
Vitamin Be (infant formula) 1.346+0.093 1401 +0.016 103.7£0.6 1.14

“The values are mean =+ SD of 3 replications.

TenE Clefat BARA] ot 24 058
control chart) & 2MHJ5}o] 2elsliTt,
Vitamin Bs %
5.511mg-100g™'-; vitamin Bs2] 73-9- 0.885mg-100g -
95% A Z|0] 51-85HA|2 *SD) 2l 74 115HA|2199.7% Al=4Z
A= reference value S 7|50 2 24T SF3-HIEF Bs 2

& olgetel 220139 7713 x&ﬂﬂ%@ﬂa
oty

2181(breakfast cereal)of] 95| 0.241mg-100g™' 2] 7314——
ZHO\(Z < +2)2 EZ3l0] B4 ATe] AlF)A 1l 04~

Lo
r+

A5 Z H[EPDI Bs L Bs SHEF LIt

5 o] Ao

Ol

ZF F1HE2.167 £ 0.008mg-100g1)0] 7 -2 ke
HIER] Bs7F e A= o2 LRI, 2] 78‘%

S Ak of 7ol 47 vek By 2

11 B4 9] reference valueS- 474517 | Yol Al XA ASHE-8-5 153] HHE & W Aok B

7J o o].Q_

OQ(TableZ Fig.2, and 3), 27} 3]4~& 34

70 A8 viamin B, {4919 KIS 3200 Sle] 9

295 = e 22 5 el
Lo

Bs 1249] H 2] e (quality

5} vitamin Bs+=

T= X

2 reference value= AA519IT AAH reference valueE ©]-86

2] 31 83HA3*SD)3
o1 B, 24 1 U B B

ZAAS At
R REEPCEES P EE

a1, 71 A3} vitamin Bs W Bs 5 A& B reference value©] 45},

A7 19 AR A= e R Aol AATHAL Sleer

oﬁ]—
=

LGRS WA AL A
2 9ok A o] Wa

ftﬂ

ME=23]Q1 FAPAS proficiency test
Z-score’} —1.0= H7}=]o] FAPAS test

Il‘

EEo19, 0] 25}

r

et A s e B EITHFig. 4).

O] e A o = BrIsHirh(Table 3), HIEH Bs©] 7]

aLﬂE LA 5 S A et Efﬂﬂiﬂﬂ
AAaohs FFS et 2 55 5 Qe S A9
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Fig. 2. HPLC chromatograms of vitamin Bs standard solution (A) and SRM 1849a (B).

i A

< Vit. Bs

0 5 10 15 20 25 30min

0 5 10 15 20 25 30min

Fig. 3. HPLC chromatograms of vitamin Bs standard solution (A) and SRM 1849a (B).
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Fig. 4. Result of FAPAS proficiency test 2181 (breakfast cereal) for vitamin Bs (as pyridoxine).
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Table 3. Comparison on vitamin Bs contents in vegetables.

o . Raw material Parboiled material
Classification Vegetable (Cultivar)
Mean S.D. Mean S.D.
Platycodon (Etteum) ND* ND
Whole green garlic (Namdo) 0.099¢g 0.005 ND
Garlic clove (Namdo) 2.167a 0.008 ND
Young radish (Cheongdabok) 0.256¢ 0.015 ND
Turnip root (Ganghwa) 0451b 0.023 ND
Root Turnip whole (Ganghwa) 0251¢ 0.023 ND
vegetable ) )
Carrot (Sinheukjeon) 0.186 f 0.000 ND
Potato (Superior) 0.110¢g 0.004 0.063 0.004
Potato (Dejima) 0348 ¢ 0.030 ND
Purple potato (Bora) 0.336¢ 0.019 0.465 0.020
Yellow potato (Rose) 0293d 0.010 0253 0.016
Cabbage (Copenhagen market) 0484 f 0.011 ND
Spring cabbage (Native species) 0212h 0.001 0.076 0.003
Curled mallow (Chima) ND ND
Pohangcho spinach (Native species) 1.743 a 0.010 0419 0.020
Seomcho spinach (Native species) 0515¢ 0.006 0.511 0.020
Leafy Spinach (Indian) 1.530b 0.004 ND
vegetable Wild leek greens (Unknown) 0.781d 0.005 ND
Turnip leaf (Ganghwa) 0512¢ 0.001 ND
Bok-choy (Unknown) ND ND
Perilla leaf (Unknown) 0255¢g 0.004 0.063 0.002
Spinach beet (Unknown) 0.1831 0.000 0.183 0.000
Sweet potato leaf (Juhwangmi) 0.846 ¢ 0.029 0.172 0.002
Celery (Unknown) ND ND
Udo (Native species) ND ND
Fatsia shoots (Native species) 2462a 0.058 0.128 0.007
Anise greens (Unknown) 0.194d 0.006 0.059 0.005
it:thable Toona greens (Unknown) 1.702b 0.032 1302 0.029
Garlic scape (Namdo) 0.176d 0.004 ND
Lesser sea-spurrey greens (Unknown) 0.067 ¢ 0.000 ND
Sweet potato vine (Juhwangmi) 0.175d 0.002 ND
Hooker chives (Unknown) 0.340¢ 0.002 0.143 0.004
Red tomato (Unknown) 0.070d 0.001 0.121 0.004
Red sweet pepper (Unknown) 0292b 0.016 0226 0.013
Frut Green sweet pepper (New wave) ND ND
vgglet able Red papril.(a (Cupra) ND ND
Orange paprika (Calgary) 0.188¢c 0.014 ND
Yellow paprika (Romeca) ND ND
Pumpkin (Native species) 0363 a 0.006 0.351 0.004
“Not detected.

“"Mean with different letters are significantly different by Duncan’s multiple range test at p < 0.03.

R SpuigA] A 22 F vk Bot AefolelE EAfkOL, Uit gike) ol vk B} R

o

FhH £50251 +0.023mg-100g )9} F50.256 + 0.015mg-100g )= H]EF Bs 2] g HolA] g0 22l o] 7} 014 5]
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2] ¢43%0™, Lee(2004)°] ofslH <7 H2]7} HIER By, By, E 3! fATE] GHefo] -7irt 1.3-3 64 5Tl H sl olet], 2
Aol A $-F B2] (0451 + 0,023mg-100g™)7F5025 + 0.023mg-100g ") r} oF 28] A d=2 olefo] AEH o] &
Hrh 5] A Al E B o) BlER BsE AT 4 Sle 2l o & SRIERInh 2AF 5 etol = vl Bs7H
& HEWA AL, Frbs, vhs, B, &, 87 B YAl B HIERI Bs7F A oL, Bl 2] A 1 A
Asf=Zlo s ARSI

AT Follre g5 Tl Aele Aelis Al 221743 +0.020mg 100g")7H 71 2 7 LiE
Hilem, Elid 2] A] HIERT Bs 9501 0419 £ 0.010mg100g " O 2 oF 1/4 2.0 2 A= P e SIT. Park et
al(1994)2 ZF=27} thE AlS 212t vl s ohe 2 HIEh C ke LR Sletal sty ow, 2] Ajgtof| wfet ok
o] A5k, AFAlE 2ol BARE 7FEshs Aol Wi C gt HE oA 7P Frial Barghel Qirk. 3he ek Alg
Z7F1530 + 0.004mg-100g ™ 9] ke Hehfilom], I3kx thao 2 2 fhehe Lehiqlet R mefilo] FRsirta
A QL HIBA B A & A A%0] 790515 + 0.006mg-100g ' 0 & YAE Al FA] Fol e 7P e gleke 1t
ERfiglo, 7B AR A S the o= B 2] Fol e o Ao] Ao AE A ottt e dlol £ S
ol ke Aok 2] bl 22 A] 22] ohajof ofgt o] daH e 7Fsde 7550 &4 Slck

7Bl ©] BRI Bs 2 501 2462 + 0.058mg100g™ 0 2 7F w2 s HERiglo, HiR 2] Fof gefe]
120 0 2 FAF, F5UE, v, Uiha7| 52 B Ui 28] Al A0 o] Al =T A o s v £
&) A ol sk S ERSIE.

TR S EPFE0.070 + 0.001mg-100g )= HI 2] A] 23] HIeR B; gl S7Ishe & HetliSk=d), ol=
ErtES o] A5 Blehd C o] S71RITHKim et al, 2010)= A8 AR P oz 25 A4 HEZ}
S R v Aol MRk vk Bs 7 AEE AL, mhe)rt Sl e A mhelrlel At Blet Bs7H A
=590t

U oha] A2 39%0] Ble B, A A= Table 491 2 HER Bo©] 734 vl 2] A] 9F 30-45%°] 3t
EAo] o7tk A% A1) AT Woo, 2002)9F o], 719] tiiF-2] faFoll A b 2] A] g o] st Lt

A 5 50,020 £ 0.001mg-100g )2} 73-- HIEH Bs@FnEd7EA] = <5 B12(0.036 + 0.001mg:100g")ofl A HEFR]
B 9] o] | AL OH, A0 79 AHFAH0.022 + 0.000mg-100g™)7t7F - oFe VRIS, ZAPzR}
(0.005 £ 0.001mg-100g )7} 7 e =2 s et 3ich.

I EHREC] 759 v 22|15 st gell A <] wish A= 7] ehoket. mhza}zte] 749 A4 nhar e}y s A <]
SH7|ep A o] ah a7 s S 2] A] HIE BeZ FAVA =] 91, 0 mhat )7 g of A= 2 n T 2]7H0.008 +0.000mg-100g™)
7F7VE = TS RS

2 AT o) w2 o] =] hAH] ARl B3] A2 Al A& ohH] H]ERRI Bs 9 B2 Sgo] AAs om,
O]:=Selman(1993)2] B 19} o] g 2= 2ol A 48 HefRlo] YR Ze|4-= 8551 Hofl Ofsf mj] =] 1] whel A
O 2 ekt Kim et al.2014) GA] Gof| D17 487 HIERT] AJR-2 A0 v A2 A] 7hge] 2t 2] et ¢1gto]
Ofaf) 2|42 484 HIER] J2o] §& F|EE 48/ vletq] gefo] 7hAgh Ao 2 yhehethy B ughHl ¢lo v Kim et
al.(2012)2 <% Hwang et al.2012)2 1135 A= &2 ARg-oto] HIER] CO] lekg BAeH Akt A=) A] gA= oijH] H]
BRI CO| g ghaZo] 311 ZE|A|Tto] Aod4-5 37| Aty Harstolct.

E5H HIER BeO] 739 71t G7te] 27004 4] ohj=|Ba FAfe] oA A1E 5 HIE B, ] o] ZHaE|m
(Namgoong etal., 2006), H[EFY] Bs JA] ol BFgsto] 71 A| Gitalirt dolub=Z1 0 & B vl QltiHeldman, 2006).
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Table 4, Comparison on vitamin Bs contents in vegetables.

Raw material Parboiled material
Classification Vegetable (Cultivar)
Mean S.D. Mean S.D.
Platycodon (Etteum) 0.009h 0.000 0.013 0.000
Whole green garlic (Namdo) 0.012f 0.000 0.007 0.000
Garlic clove (Namdo) 0.075a 0.000 ND*
Young radish (Cheongdabok) 0.010 hg 0.000 ND
Turnip root (Ganghwa) 0.036b 0.001 0.021 0.001
Root vegetable Turnip whole (Ganghwa) 0.020d 0.001 0.035 0.000
Carrot (Sinheukjeon) 0.011f 0.001 0.017 0.000
Potato (Superior) 0.017¢ 0.000 ND
Potato (Dejima) 0.022¢ 0.000 ND
Purple potato (Bora) 0.005i 0.001 ND
Yellow potato (Rose) 0.012f 0.001 0.003 0.001
Cabbage (Copenhagen market) 0.002 g 0.000 ND
Spring cabbage (Native species) 0.016e 0.000 ND
Curled mallow (Chima) 0.013 ef 0.000 ND
Pohangcho spinach (Native species) 0.011 f 0.000 ND
Seomcho spinach (Native species) 0.015¢ 0.000 ND
Leafy Spinach (Indian) 0.050¢ 0.001 ND
vegetable Wild leek greens (Unknown) 0.096b 0.001 ND
Turnip Leaf (Ganghwa) 0.014 f 0.001 ND
Bok-choy (Unknown) 0.026d 0.000 0.028 0.001
Perilla leaf (Unknown) 0.014 ef 0.000 ND
Spinach beet (Unknown) 0.127a 0.005 0.034 0.000
Sweet potato leaf (Juhwangmi) 0.029d 0.001 ND
Celery (Unknown) 0.001 £ 0.000 ND
Udo (Native species) 0.009¢ 0.000 ND
Fatsia shoots (Native species) 0.031¢ 0.000 ND
Anise greens (Unknown) ND ND
Stem vegetable Toona greens (Unknown) ND ND
Garlic scape (Namdo) 0.053a 0.001 ND
Lesser sea-spurrey greens (Unknown) 0.029d 0.000 ND
Sweet potato vine (Juhwangmi) ND ND
Hooker chives (Unknown) 0.046b 0.000 ND
Red tomato (Unknown) 0.031a 0.000 0.030 0.001
Red sweet pepper (Unknown) 0.006d 0.000 0.007 0.000
Green sweet pepper (New wave) 0.007d 0.000 ND
Fruit vegetable Red paprika (Cupra) 0.008 ¢ 0.000 0.008 0.000
Orange paprika (Calgary) 0.006 d 0.000 ND
Yellow paprika (Romeca) 0.006 d 0.000 ND
Pumpkin (Native species) 0.009b 0.000 ND
“Not detected.

“"Mean with different letters are significantly different by Duncaris multiple range test at p <0.05.
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