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Abstract

Given that Korea is surrounded by water on three sides, fishery resources are abundant and consumed nationwide.
To assess the dietary intake of micronutrients, reliable analysis should be performed. However, there is no verified
method for the analysis of vitamins B; and By, in fishery resources. In this study, the immunoaffinity-high performance
liquied chromatography (HPLC)/photodiode aray-detector (PDA) was validated and applied to analyze microvitamins
B; (biotin) and B;, (cobalamins) in fishery producus. The specificity of the immunoaffinity-HPLC/PDA method
was good for biotin and cyanocobalamin. The analytical quantitation limits for biotin and cyanocobalamin were
0.028 and 0.014 pg/100 g, respectively. The recovery of vitamins B; and B;, ranged from 99.0% to 101.3%, indicating
a good accuracy. The repeatability (CV 3.6%-3.8%) and reproducibility (CV 4.9%-6.1%) of immunoaffinity-
HPLC/PDA assay for vitamins B; and B, were acceptable, indicating good precision. Vitamins B; (1.06 to 10.55
ng/100 g) and By, (0.36 to 36.13 pg/100 g) were detected in all fishery products (n=28) including 4 fish, 3 crustaceans,
3 marine algae, 3 cephalopods, 4 shellfish, 3 others and 8 products. The highest vitamin B; and B, contents were
found in gazami crabs and ark shells, respectively. In conclusion, our data could be used for establishing national
vitamin database on Korean fishery resources.

Key words : method validation, immunoaffinity-HPLC, biotin, vitamin B;;, marine resources

N B

ol AR TR Tl FE] 39%E 3
ROLL e S8 FEETFY T =, fEvEE el
A2 E/gol wtet o 2HE Thgst AEo] o[- &EL )
Om(Lee®} Kim, 2003), =91 109 41 A3 32 584
kg/d o2 AIA 1915 A6k Sl A& Hilklo] glrt

(Norway Seafood Commission, 2017). =Ujojl A= P44k
oA F7|H 02 BEPANE HRES WHISte] 4
= A AR o't 4% RS AlSstal o, Al
7] W BN EH(2018)04 -84 BIE
o] thgt HlolE= HE By, By, B, C HJEYHE $E510L
Ao SHE FUNFFEA 82 A= o] 9 84
HIEFIof ot dlojefHjo] A F5o0] AlERt Aol
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HIEH (vitamin) PIFEFFIAE FREIL, AA Ho
A AA 7152 2ETHE B4 B 2EA0 4R E
ke, A, ©d, 7714 diAle] ojsh, A9 Al A|
W Jes tiAtell A A Hok BlEIR= IA] HollA
A=A 7] iEe] AlFolu BERAE B9 BrHor
AFBloF ke ¥AE, FT WA7154E Hiet /4%
7F oA mgFdAa AF ol Wit WAl F7st
1 IthKim 5, 2005). 3|, ¥] &l (biotin, B]EMI B,)I} I
] (cobalamins, B|EFT] B2} o] AE & W2 3
o= EA5tal Sl nFHERIRE 24 Al dE 9 F90l
ojzlE BA44 A, SEYAHA S At nldEel
tigt tlofEHo]A9] 5 BRA High Q14 = 5=
Qlste] a3t =7 3 HlolEH|olA 15 oA =
grlo] gt HE, SHE FUIYEAFY =4S 99) o
23t v|gRElE 235t Sitjd dlojHo|lA 152 ]
/go] ShitElA m|gmlEIe] EAHO] fa4d A E °f
£ B2 TRt A=Y TlofEHo|A H50] Al=EIL 9
thKwak 5, 2012; Mun 5, 2017; Shin 5, 2016). A& &
H| Qv el o] #42 3] HEsH] ol R
TR AP fiEol & ¥ d4E 4 AT ¢ ol
2 550]| =agh, o] oA EAof TME 4ol &
=L W 555 AZ 7] Slo 5ok 24 dua
AEd o g F55= o] BRSITE I o] 8HIL U=
H 25144 2 H (immunoaffinity column)S H| 2 €]} Alofi
e 22 nlgF RS Y e Hazlshd dxt
ol A% F=AZIL, 78 B4 IHEEES 89t
Ao AATOEN HHSH= iS55 A clean-updh=
o] A-83F 4= 9lof v eI} TR} T2 ]
ERY] BAof] -85 11 QIti(Cheon, 2019; Senyuva?} Gilbert,
2010).

H|QE2 H[ENI B, Ex= H[EF] HE 484 Q= -84
HIEMIC 2 d-biotind} d-biocytin®] FE|E EAHH} v Q€
< A AEiolA fEg 2R UrH, ag8d2 4
FolAe deda ZgEo] Q= ZoE d#A Ut
(Lahely -5, 1999). H| 2 &2 Aol A "gsk= 4490 Al
2 75 2 Aol 20l FUAE ZEohH F2 AU
oA F=rElo] o]-8Ftk(Said 5, 1990). H| &S] A +
8 v s X AKY M, AL @M, ofm| Al o
AFE Pk ofP] carboxylase?] £84 AT Sk
(Pacheco-Aluarez 5, 2002; Holler 5, 2006), 23 A] A&
4, =25, 2499, g1, 0578 59 A3Z opIsHA|
gt B9 Aof sl ALY EaE vt glow, drt
E-8of tigt FA-8: A7 L=l Bt glth(Bellows2}
Moore, 2012; Zempleni®} Mock, 1998).

:

FEEHIFR= cobalt corrinoid 5 HIEM By, 752 UE}
Ui IR SihEe SAsket, A AEFolMe o
ARt = EA5taL HIEH] By, A9MAEL] B ERE
S AlofiTebyl o 2 ZA S Martens 5, 2002). 5
Mol AF 3 S Agslel glo] 42 A Sl
HA0] oJ9) ShbE et Rel T o] ZApsR 1
Qg s Aol 29 SgolH U9 FOR ofF
%31, o]F transcobalamin [[°] ZgE o] 7} T2 5
H F Soladelo] o) HojE = AR EH
(Petrus 5, 2009; Swain, 1995). ILEHIE= F2 FEA
AlE AR SERet HAROIT A6k, AE4 Al
Ae IEEA @71 diZol Aol 524 AF A3t
ol k=915, 9 Al 4 2 E5 AoVt e A=
Al el B, 2¥o] FF W5k Aor HiFo] gl
(Andres 5, 2004; Carmel, 2000). A3 A] A8k A4}
(Healton -5, 1991), A4 Eu ¥1E 59 A<= 05t
W, £5) WS Hel B, 289 /b E3 A9l % ht
£ B25)3 QIrKStabler, 2013).

2 Aol FUollA ol &E= Tt AR wigH]
EfTl glojeHjolA ERE 8] immunoaffinity-HPLC/PDA
SRS ASdhl F 7N Se =R 28F0] Almo] 483t
of AR B QR EtIR HolEHo]A 15 ¢
Holele] AIES St sk

ERTRT

NERIVERET

HI QB TR EAHTFS AT biotin I cyano-
cobalamin ¥5E7} &80 A 2o ARES} sodium phos-
phate monobasic, sodium phosphate dibasic hepta-hydrate,
phosphate buffer saline2 Sigma-AldrichAK(St. Louis, MO,
USA), sodium acetate trihydrate®} acetic acid= WakoA}
(Osaka, Japan)oflA] F-dsto] ARESIRILE. 0]9] 7]Ef AJefF 5
$ul 53 2 HPLC & 7Ysto] A8leirk

Alge s, Waed, tar] A § B de
2018 B5wo] W o}, W, $55, 4%, 2T,
7Iet ik B P RE(RRE, 98EeE £
FibE Rl e i ARE AFsIReH, 24 Alg=
HI7PAES A AT H wtdsto] -70CoA 542 Hasts &
A Algz ARSI

B A2 95t #2152 SRM 1549a(Whole milk
powder), SRM 1849a(Infant/Adult Nutritional Formula), SRM
3290(Dry Cat Food)= NISTAKGaithersburg, MD, USA)°{|A],
EAEAHE] ARz ARSH Y8 <= Namyang(imperial




746 AARALRESA] A7 AoS (2020)

dream XO world class 3, Seoul, Korea)ol|4] F+5}Sitt.

HIQE % -?'-HE*EI‘E'J-rEr FE
2 Joseph 5{(2016)9] S W5}

AN, A, Ak aTo] A AR S g8 %

% 0.15 M sodium phosphate buffer(pH 7) 50 mLE 217, 1L
?J%‘_—?Fﬂ(autoclave ES-315, Tokyo, Japan)ol|4] 121C = 30&
7t 7fgete] 2351900 25 ARE AL0R W
Y455t & Whatman No.1(GE Healthcare, Amersham
Place, UK)2 = ojasio] Mo 2 ARGSIG T eyl
2 220 mAlo] 9k 100 mL ZapAT| AJRE 0.5-5.0
2 A3 H 1% sodium cyanide 0.5 mL2} 0.2M sodium
acetate trihydrate buffer(pH 4.0) 49.5 mLE 7}5fo] 1087+
%-21K8893-DHT, Cole-Parmer, Chicago, IL, USA) A2 &
100T 6(}L’r—_%(WB 20M, Jeio Tech CO., Daejeon Korea)
ol 1A7E B3t FE019Tt 2N Y2 T buffer= 50
mL -85t F Whatman No.1-S ©|-85to] o7}o}tt.

HIQY 2 Aot3d2D 55 & 24

Hed FEAS 93t 55 %
column(Easi-Extract Biotin, r-Biopharm, Glasgow, UK)<
ARgotaitt. WA B35S immunoaffinity column A& A
4e ero] gz 5 2 o) 8912 AAslr 89
A|# & phosphate buffer saline(PBS) 3 mLE F¢I5}9] con-
ditioning & &M 10 mLE loadings}o] H| €l AES ¥
QISP Aol BHAAT. ol BB AAN S
PBS buffer 3 mL2} Z£5Z55(deionized distilled water,
DDW) 6 mLE st} E-E-S AAT F AUAE ol&
3 3715 FYste] Folle = AlASIIT oF test
tubeo]] 1Y A]A methanol 4 mLE FUsto] ZAHPof| S2
of Sl= H|IeH AHES &EAIX F 70CA disE7]
(EYELAMG-2200, Tokyo Rikakikai Co., Tokyo, Japan)=
e EAZTE 1 3 DDW 0.5 mLE 7I5ko] 83411
% 0.45 um membrane filter(cellulose acetate, Adventec,
DISMIC-13CP, Osaka, Japan)Z oJ3}st 3 vialof &4 £4
ol AHgslsict

AE 5 IEHF= 5 F 5589 359 cyanide]
ofs} Aok itetele] Pehz A Bk Ml Ao}
L7219 A= immunoaffinity column(Easi-Extract
Vitamin Bj,, R-Biopharm Rhone Ltd., Glasgow, UK)S A}
8310] A% U Ao Szo] HES S3eleick WA, 4L

oA FAFAIZ] 1mmunoafﬁnity column?] Y& 8-S A
Aslal, water 3 mLE Y5} conditionings}Htt 1 &
FE2H 9 mLE —:—?J“}Oi Alohe Tkt RS S

M
] A= immunoaffinity

—

g o] ELE AAE 3] water 9 mLE FUo1Hck A
A Z o]&3}o] ool £2S A At T test tubeo] 114
AlA methanol 3 mLE FYUslo] Alof-FEH] AERS &
SAZ. 1 000N QasE7IE olSalel A it
& & water 0.5 mLE 7}t ABSgt F 045 pm
membrane filter= oJ3}5}0] vialo]] &4 F4o] ARESFT]
H Q€ 9 Alopi-Fieiyle] el 9 A £412 HPLC
Agilent 1260 infinity(Agilent, Santa Clara, CA, USA) A2
HlS 0] 8519t H| 28 B2 AY Kinetex Phenyl-Hexyl
(4.6 mmx150 mm, 2.6 um, Phenomenex)& ARE-5}3 O,
UV detector(PDA, G4212B, Agilent, Santa Clara, CA,
USA)E ol-&sto] 1 200 nmofA FE5ITh 28 2

= 25T, 942 0.6 mL/min, $YZF 100 L 2A0= B
45199t HPLC o] 54+ (A)-0. 1% phosphoric acid, (B)-
100% acetonitrile, (C)-80% acetonitrile 31 H]-E& A:B:C=
90:10:0(v/v/v) 2 &2 %7] 188 59 S-X|5} tfe 18.5—1:77]'11
C&H17F 100%7} B =5 §F & 242714 FA51310H o]%
24550 A:B:C] H[go] THA] 90:10:0(v/viv)o] HEE 5}
T ol 278717 gAISe 270 R RS Alohed
ulllo] B9 i ACE 3 AQ(3 mmx150 mm, ACE,
Aberdeen, Scotland, UK) AH-& ARE5IH 0™, UV detector
(PDA, G4212B, AgilentyZ AF83}0] 361 nmol|A] AZ519
ot AY L= 35T, 942 0.25 mL/min, FUFE 100
uLo]3let. /\]O}},;_,_tga}qlq 225 913t HPLC o]5/d
(A)-water®} (B)-acetonitrile2 A8 0, 0EoA A &
o 100%= AASH] 11804 A%} B7F Z2+2F 85%%2 15%7}

HEE 5k, 1989 22 75%2}F 25%, 20890] 242 90%2}k
10%, 2650 A€1i7} 100%7} === 3t o2 355714] A

& ASlE 202 BAsll

_E_A_'Ill:é"l %II%(EOIA'l 7-|=/ '| |-7.'"’ Z!ﬂ A 1'|§|-A‘| 1'||:||k|)

Y A5 FAE B 12 WS AN o
AOAC(2002)2} ICH(2005)9] A% 7Io|=gilo] uwhah =3
sttt ZF QB9 Eo|A(specificity)S HEN1} 27,
SRM 1849aE PDA AHZ7]E 0]8€35k] 200-600 nmoj|A] S
Fg 24ojo] B8 AR tgt 24 42| PDA
spectrumz H|WSHC W] Q€T Aokl FEtEtylo] HEgt
Al(limit of detection, LOD)?} ZJ&FSHA|(limit of quantifi-

cation, LOQ)+= 5-A|&(blank test) A| 25 4%t & S/N B
ol EEHAES 217} 333} 1002 B g2 clsfo] At

N

i3l #3959 24 429 5T i 29 3
FA JRgof tigt A (linearity)2> 7t 58NS s
& A|Z3t9] HPLC 24 ﬂﬂ}ﬂa‘oﬂfﬂ—J sk "é—?—
9] T H(peak)2] WA (area)x y5, FE2H 5 HAGES
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I (concentration) 5 xZ0 = HAHFASZ 451 0H, o]&9]
ARIAS Bastel BAel JUAS Brisick 2y
9] A& (accuracy)> HEFI-EZ2AQ SRM 1549a, SRM
1849a, SRM 32902 ©|-&-slo] H| @&y} IR obsf
S EA%H T SRME A|ZESH NISTS 2FaZM(referencce
value) o} EATHS 2-E5A A2 HASghS vasto] 34
= Rtk J2d(precision)> A& 75 FEHEA
22 ARESlg o, 515 sHME A35}to] repeatability(intra
day, RSD,), 547t A35}9] reproducibility(inter day, RSDg)
2 eIt

2z
MEETEE AOAC(2002) 7Hol=gielof whet 8¢
2] ¥ (quality control chart, QC chart)Z ©o]-85}o] 72|51
o EUVNRAIE BT W BT 7| B
5% oz Sl 3t 10742 Alsio] of5e] B
QC chart®] 7|&gto = AgsISitt. TPl 3 we|siet
Al(upper and lower control line, UCL and LCL)2 HaH(2x
HEHA}), ZRASHA 9 ZX]51SHX(upper and lower action
line, UAL and LAL)S HA+(xEFHAHZ AA5FHC) Al
2 BHEs A 717 B9 AR B4 Ait QC AR
25}, o] QC charo] 7]S5}o] Beld szat0] 24
o] A3 GIA BHelsion, Lago] T HelE
o= 790l B4 AA AR ARSSHA] g A &
74 ¥ 220 4ste] £40] e 1Y Well E01e= A&

Hr
Me 4x
1]

200 nm standard

Biotin 30 |
20 20
(A) (B)
10 101
0 - 0
-10
. 0 5 10 15 20 25 mi 710'; 5 10
mAU mAU
361 nm 361 nm standard
25 g . 25
CRM (SRM 18492) Cyanocobalamin
20 20
15 l 15
o n ®)

747

Relet & HA £42 skt

23 2 13

HIQE A IUNNFT EME AS
Hje® 9 FehlRo] HEEF(biotin, cyanocobalamin)

I+ A E(ZA, SRM 1849a)S HPLC-PDAE EA3t 320}
ETIE Fig 13} 2l #3893 £49] HPLC A 2AE
7138 ]2 peak?) retention time 21.5%-0% AX|5IH O
™, PDA spectrum™= UA|oh= A RIS 5= oIt E3h
IS HE-8MN(cyanocobalamin)@} SRM 184922 &
A%t HPLC F=2rHE"13(Fig. 1D, E)ollA AloR=3deial
peaki= BT 30.2804 AZE 9L, 200-600 nm H oA
3%l PDA spectrum 25 GA|oh= S Hol= AS &
Q1513

v 98 @ Aol Faehyle] LoD, LOQ I 2414
M= Table 13} Zth H]QEIQ] LODE} LOQE 2+ 0.011
ng/100 g9} 0.028 pg/100 go]th.  Shin 5{(2016)2]
LC-MS/MS EAHo] 95t B]QE2] LOD 0.10 ng/mLet
LOQ 0.31 ng/mL, Huh 5(2011)9] HPLC-UV EA%of 9]
St B] Q€ B4 LOD 22.5 ppm¥} LOQ 68.3 ppmo| H]5}o]
H oA H-83t immuoaffinity-HPLC/PDA £4 LOD
9 LOQ7} Hr} Wol FAH O] W7 = (sensitivity) 7} 2= A
o5 HojZth g, FAH O] A4S B8RS of7] 5=
+9] T2 A|lRoto] A4S F 24489 5% HPLC

433

Nom. ]
200 nm swimming crab 200-600 nm
6]
5]
rrrrrrrr standard
4]
swimming crab
- 3]
Biotin (C)
! *]
i 110
A -
0d T et = e s
T T T T T T
15 0 25 m 0 300 350 400 450 500
Nom
. 200-600 nm
Cyanocobalamin
l 3]  —— standard
F) 1 ——— CRM (SRM 18492)
3 A
/
\/Aﬂ—/ L,
T T

T T T T T
250 300 350 400 450 500 550 nm

Fig. 1. HPLC chromatograms at 200 nm for biotin and 361 nm for cyanocobalamin (A, B, D, and E) and PDA spectrums (C and F)
at 200-600 nm of standards (A and D) and samples (B and E) for biotin and cyanocobalamin analyses. (A)-(C) and (D)-(F) are for biotin

and cyanocobalamin analyses, respectively.
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Table 1. LOD, LOQ and linearity of immunoaffinity-HPL.C/PDA for vitamin B; and B, analyses

Analytes LODY LOQY Linearity equation Correlation 2coefﬁcient
(ng/100 g) (ng/100 g) (y=Ax+B) (R

Vitamin B; (biotin) 0.011 0.028 y=1119.7x+0.6929 0.9998

Vitamin By, (cyanocobalmin) 0.005 0.014 y=2092.7x-10.461 0.9996

YLOD, limit of detection.
2)LOQ limit of quantification.

Mol HE ks WA IAES BAY 2 y- vl ey FdhlE 2AHO Jed AS5e sl &
1,119.7x+0.69299] TAA T A R*=0.9998S @0l 2] HZEZ(SRM 1549, SRM 18492, SRM 3290}9 i
AAo] =88 Folsigitt. 3, Ao FdEwlo] LOD ¥ = Table 29t Zth H|QEY] BEWEEAH BA At
LOQE 7k} 0.005 pug/100 gt 0.014 pg/100 g0 & LFERATE 15226 pg/100 g(SRM  1549a), 140.605 ug/lOO g(SRM
(Table 1). Mun 5(2017)9] H11oA= HPLC-DAD =415 3290)9] gh2 UERRITh NISTOIA AAShs A58 2
9] LOD € LOQ:= ZH2} 0.01 pg/100 g} 0.03 pug/100 0] Z+ 15.200 pg/100 g(SRM 1549a), 142.00 pg/100 g(SRM
or, Jeong 5{(2018)> HPLC-PDA EA4Hof| 2J3F LOD Z 3290)°.& 100.2%, 99.0%2] 31482 Lehfigict. Fatetl
LOQE 77} 0.012 pg/100 gt 0.032 pg/100 go|Tk Bl 7o) EETE E4) A7} 4848 pg/100 g(SRM 1849a),
Sttt olof Hlsto] 2 AL Alo}}r_i‘*ﬁ}u] LOD ¥ 9628 pg/l00 g(SRM 3290)9] #S Yehfiglow zizt
LOQ Zro] Yol EAHo] Hiztwr} =2 Aoz EO#ZIE} 100.6%, 101.3%2] 3]58-2 JERITE AOAC 7Hol=g}el

HN

J

& G7OUS] dohlh ABE B0 b 2 o A Sk S8 TS0 i 8]
A W] ATF y=2,092.7x-10.4612] A1 d= E&’i& —’ﬁ)i YeERH, & A& 25 o] S5t deeS

o] AR R*=0.99969] 38 UEhY 2 2444S YR g e sk

2 31T 4 AUt} AU H7H= WHEA(repeatability) 2 A E A (reproduci-

Table 2. Accuracy of immunoaffinity-HPLC/PDA for vitamin B; and B;, analyses

Analytes Samples” Reference value (ug/ 100 g)”  Analysis values (ug/ 100 g)* Recovery (%)”
SRM 1549a 15.20+£1.60 15.23+0.89 100.2
Vitamin B (biotin)
SRM 3290 142.00+23.00 140.61+2.63 99.0
SRM 1849a 4.82+0.85 4.85+0.07 100.6
Vitamin Bj, (cyanocobalmin)
SRM 3290 9.50+2.50 9.63+0.17 101.3

1)SRM (standard reference material) 1549a, 1849a and 3290 indicate whole milk powder, infant/adult nutritional formula and dry cat food, respectively.
IThe reference values for the contents of corresponding analytes in SRMs provided by NIST.

3)The analytical value obtained in this study.

YRecovery (%)=100x(analysis value/reference value).

Table 3. Precision of immunoaffinity-HPLC/PDA for vitamin B; and B, analyses

Repeatability" Reproducibility”
Analytes
Mean+SD® (ug/100 g) CV? (%) MeanSD (ug/100 g) CV (%)
Vitamin By (biotin) 33.00+1.19 3.6 32.79+1.63 49
Vitamin By, (cyanocobalmin) 5.73+£0.22 3.8 5.60+0.34 6.1

YRepeatability refers to the results of independent 5 determination in triplicates obtained by analyzing a QC sample five times on the same day.
YReproducibility refers to the results of independent 5 determinations in triplicates obtained by analyzing a QC sample five times on different days
(once a day).
Mean indicates the mean contents of biotin and cyanocobalamin in analytical quality sample, SD: standard deviation.
“Coefficient variation.
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bility) 7 72| 2 S0 Table 3). ¥ 2" Ao tigh vt
BT AP 2} 3.6%, 4.9%2] HEASE VEhich
IR 9L 573 pg/100 g, AL 5.60
g/100 gO& ZHzZ}o] WEAsE 3.8%, 6.1%% YERULE
AOAC 7lo|EgRRlIofA AAJsk= AL Hel= 8%, 16%
O5HE AABRAL M (1 pg/100 g), wAgk 27 8H S
o[ste] gk YEhl S5t AU ERlsirh

MEH
v Q&7 IR EAFAREE QC chartg o&
ofo] 3olglom 11 Adk:= Fig 29 Zth HoH 24
QC chart®] 27| 73t g 32.89 pg/100 go] o,
] A - SRS 247} 3559 ng/100 g2} 30.20 pg/100 g,
ZA] A} - SRS 742} 36.93 pg/100 g3} 28.85 pg/100 go]
At FAHA RS B4 F3, v "9 BL- 155 Al
Qg HE EAgko] TeEAA Hel Wl Solzto] ERlE
Rom HFAA HY] Y] B4 42 B AA B4
< St B4 3 9 2% AES o]F 43 A
29| AEA Fro] TEHAA HY ko= Eo7HA =HA A

Zaka)

[

Hr

749

A BA8E tA] Aot om, ojgA Teld AeolA 24
H AE EAZTS et AR ARgotglth ZEE
3= QC chart®] BHZES 5.664 ng/100 g& VR o, e
A} - BlEHL 6221 pg/100 g, 5.107 pg/100 gO =, 23

A} - 5154 6.499 pg/100 g, 4.828 pg/100 g & UERdth
el Ro] YRS B 24 o] Y TAA

Qo] S} HAo] SuwAeL epik
SAMEO| HIQHID TR B HA
A Wl ZhREe] Hlod W eha R B 24 4

5

o
2

Y= Table 49} 2t} & 28F2] AbE 9 HAPSE2] H]
Qe IR I 47 1.06-10.55 pg/100 g3t
0.36-36.13 ug/100 g2 RIS Hefto] FTEeRlF7E 4t
AU F5o] Wt Bek W BF RS ehfs A
21T 5 STk A B 7FEE mRo Blod g
o] FEEom, oS0 YL vwe| v YztRe T
(Gazami crab)ollA] 10.55 pug/100 gO & 3}=ko] 7k &=9kom
o207 7ZFR9] ZU7FA(Japanese squillid mantis shrimp)
5.40 pg/100 g} 0]=9] Etj(Korean pomfiet) 5.07 pg/1005

37 UAL =36.932 ng/100 g

36
e UCL = 35.585 ug/100 g
= 35 r Q °.
= .., . .
DA o . L
z ¥ - 3. - - = Mean=32.892 ug/100 g

(A) CRE e ae®

| ¢ . g :
S 31} B @
'§ 30 F o LCL =30.198 pug/100 g
B 20 L LAL =28.851 ug/100 g

28 . .

1 2 3 4 5 6 71 8 0 11 12 13 14 15
Trials

6.5 UAL = 6.499 ug/100 g
o 6
=3
S UCL=6.221 ng/100 g
z .
E S ~mase o T e T - Mean =5.664 ug/100 g
g 55 et Tegeenes o, .
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=
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9

Trials

Fig. 2. Quality control charts of vitamin B; and B, analyses.

Upper and lower control lines (UCL and LCL)=mean+2xSD, upper and lower action lines (UAL and LAL)=mean+3xSD.
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Table 4. The contents of vitamin B; and B, in marine resources and products

Classification Samples Scientific name \(ﬁtgz}lllgg 5)7 \(/:fga/%% 252
Blackthroat seaperch Doederleinia berycoides 1.370.12Y 1.40+0.09
Fish Korean pomfret Pampus argenteus 5.07+0.07 1.45+0.10
(n=4) Pacific bluefin tuna Thunnus orientalis 1.29£0.10 5.82+0.34
Pacific herring Clupea pallasii 1.34+0.12 11.8840.18
Razor mud shrimp Solenocera melantho 1.72+0.06 1.30+0.04
Cr‘(lfltjg;’a“ Japanese squillid mantis shrimp Oratosquilla oratoria 5.40+0.15 9.24+0.43
Gazami crab Portunus  trituberculatus 10.55+0.14 13.29+0.29
Gulfweed Sargassum fulvellum 1.55+0.03 1.07+0.03
Maréﬁi;;lgae Fusiformis Hizikia fusiforme 1.240.07 0.36+0.03
Seersucker Costaria costata 1.44+0.10 0.99+0.08
Common squid Todarodes pacificus 1.59+0.07 4.14+0.23
Celz?lazlg)p od Schoolmaster gonate squid Berryteuthis magister 1.92+0.08 1.64+0.05
Common octopus Octopus vulgaris 1.61+0.03 1.13+0.07
Ark shell Scapharca broughtonii 2.03+0.09 36.13£0.47
Shellfish Blue mussel Mytilus edulis 2.2540.07 17.8840.77
(n=4) Mussel Mytilus coruscus 5.020.09 21.66+2.02
Spiny top shell Turbo cornutus 1.27+0.05 1.09+0.07
Black sea cucumber Stichopus japonicus 2.1740.11 4.74+0.31
(()r?;%r)s Common sea squirt Halocynthia roretzi 2.03+0.09 6.15+0.21
Warty sea squirt Styela clava 1.98+0.14 1.82+0.10
Anchovy sauce - 3.25+0.13 2.11+0.14
Dried codfish - 4.2240.04 0.61+0.01
Half-dried Herring - 2.07+0.14 25.83+1.43
Processed Salted mackerel - 1.92+0.12 6.50+0.31

product
(n=8) Salted oysters - 2.26+0.11 9.2840.15
Salted pollack roe - 4.89+0.28 8.00+0.28
Seasoned eel - 1.06+0.05 2.7240.16
Sliced smoked salmon - 1.33+0.08 2.58+0.22

YMean=SD.
AAslale B S ug/100 g oJste] g 22 HEIUATE 52 5 e A2= ATA ok SRS HiA= v

QHe: AOIA HloBhe T 4 9] uhmo] A 1
FA) 5 Sl gHslor sk, ele] vlow I
A1 30 pg(MHW, KNS, 2015)2 cefst 2102 7438
grole] Qbalel Ajete] A9 ulow WP S5

&l ghgfo] W AjFolA|ut Atk &oflx] HFHsHA H= HH
Fa} WIE47 o) v Q' HFHF] FESE 71998 o= A
o= 4#A 9rhBall, 2005). Kwon 5(2019)2] o] w
2y 250] FF 9 QiR o] w2} B @ H o] Fgo] gt
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Al 5HA0H, Frigg(1984)= 5= AHY] 4% AFA]
7= Ak O] B Q" o 9 HF o] et 5EAREY] HR
9 ghgo] EefRls A0E Kotk Hsigirt & Ao
A AR b0 B Bl ot e EE =S HERY
T, ol 54 Qo FAA|, A, Al 5 Tt A
< 2730 wet Bl E dtgo] debd 4= Q1S A0E AlmH
ok

SHH, AN | 7S] el Rk B of
2 1.40-11.88 pg/100 g ZZHE 130-13.29 pg/100 g, 22
0.36-1.07 pug/100 g, $=57 1.13-4.14 pug/100 g, T|F 1.09-
36.13 pg/100 g, 7|EF 1.82-4.15 pg/100 g, 7FEE 0.61-25.83
ng/100 g0 2 77 FEE G HAE YEHth dutae
g IR A8 ARole Ak ¥ 5544 &
ol F=2 B3I e AR A UrkKuhne 5,
1991). SHARE A5/ Al F A8 siEFolA ZEER
7F AR HalEo] §l=H|(Watanabe 5, 2002), &
TolA = Aol o] &H AL Sl siE[e AR gulf-
weed), S{(Hizikia fusiforme), #]0]%(seersucker)s E4I5H
23, F24 AR Blske] Aidow wout S
AlZo EAfske TURIFE Rl e Ao= Ye
Wk o= A siEF Aol AAFIASoA= A=
HgolH Haet Qe TUURE BET 5 ot 2L
39 %0 B 4 %8 A2 wekAr: 1Y e T}
912 Bleke Hol AR MZ(ark shel)E 36.13 ug/100
g& UER o, o] foj|x Z9A](mussel) 21.66 ug/100 g,
Z1F](blue mussel) 17.88 pg/100 g9 %2 Ho HAA
02 wiRojlA TR o] thE 2ol Hlste] w2 A
07 HojAt}, sRATE iR & 24K spiny top shell)2] 7
S= FEEIR AFO] 1.09 pg/100 g FEo8 27O
LA RARE o20] SR UERATE Petrus 5(2009)9]
B0 29 H[EH] B g nlE] s dHdE o]
SHETAL slRoH, 7572 4% v7H] B9l W
AAsE] HAF AN 372 B9 U= 2ol dFlshe 4
7t @ot 7MY 2 Aok EE o Uehd Zow
ARREICE Jeong 5(2019)9] Hio] W2 SANES = Alm
T AR = 2 AR A ARE AR = 9 A
FEO &2 HEW] B, S WERIHAL s13ioH, E5
HW7E AR = H ATNoIA 7HE =& HIE B, S
LERTE ol iR AP TR Fo =S €
U= Ao Holw, Bt YAkl 2.0 pg/dE FE0] 45
o s Aor At ¥, ofFolA Aol(pacific
herring)= 11.88 pg/100 g, AZFFoIA= ZA(gazami crab)
13.29 pg/100 g, 7FEEoA = Hol& Y= T 7|(half-dried
herring) 25.83 pg/100 go] & FI=IF TS Ueilch

AG7HA] el 7bE BESAREAREQ0I8)0s
Hlo gl RS el it HEot 2 gdoro.
U, B QY] S 4k 9 A ER ] o Hled
et e AN 4% 9 o) 483 BA Hol:
BEFASHRES] doleHlols S T3] B8P &
92 Ao Holdth B A S4Ee] vod U 3
TehlR A HARANS A3 AR FF Tl
O18EIT G SERE bRl That A& 2l HolelH
ol P2 SAShHE AR} B18-S BT 5 UOHAE
SaARle] Bt matrixe] 285t0] A=y Y 2
P 5 ol B AP Ul 4F ATE Wed Aow B

|

o
S

o OF
= =

Aol = AR Bl eE R el o
Asto] AFE Qe FEFAREAEIE TlofEHo]A
S17] 918 BHUE AZFL A 2850) 4
4 W BAERRE AN, vod Tue
A2 immunoaffinity-HPLC/PDAHS AR5l Z+z}
QET Aok TS 24 Aot 2R AE
Al, =R, A4, A, AEAol it £YES
A% Ay}, = A 7olEERIofA AAshe He -8R
Aoket A SIS o= ATk Ao ARG HMES &
28%9] ARE B AVRSES T MY ERTOE Lo
A% A, H|QEZ ofF 1.29-5.07 pg/100 g, 25
1.72-10.55 pg/100 g, S|RT 1.24-155 pg/100 g, S
1.59-1.92 pg/100 g, TE: 1.27-5.02 pg/100 g, 7€} 1.98-2.17
ug/100 g, 7F5F 1.06-4.89 ug/100 g2 o= HLIE LEH]
o™, ZA|(10.55 pe/100 g)ollA 7HE =2 o= UER
o, S 24 AT, ofF 1.40-11.88 ng/100 g, T2
130-13.30 pg/100 g, SRT 0.36-1.07 pg/100 g, T25
1.13-4.14 ug/100 g, TJE 1.09-36.13 ug/100 g, 7|EF 1.82-
6.15 ug/100 g, 7FEE 0.61-25.83 ug/100 go] SHraiol= 1
Fom, 327M(36.13 ug/100 g7t 7HE =2 S UE
oh AR BA7IZE B9t BAEEE QC chartZ TSIl
H, A 24 7I7FEE A2 Qs E40] X E IS el
SIQit}. 2 Aol = TRt ARl 28 4= QL
= H e FEIT EAHS S0 ol 28F9Y ¢
ARE 3 ARSE] 2-85te] v Qdat FERIRo] ok
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A =

o] =2 20209% IHpibed A AATFARY
(R2020053)9] Aoz 8= 9o, oo ZA=HY.
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