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Abstract

Simple simultaneous alkaline extraction (saponification) coupled with HPLC was validated and applied for the analysis
of ten vitamers of A (retinol and B-carotene) and E (-, B-, 7-, and d-tocopherols (T) and corresponding tocotrienols
(T3)) in seafood. Limits of detection for retinol, p-carotene and o-T were 0.380 pg/100 g, 0.602 pg/100 ¢ and
0.0002 mg/100 g, respectively. Analysis precision was excellent for all vitamers (RSD: repeatability <2.4%,
reproducibility <4.5%). Recoveries of vitamers ranged from 92% to 110%, showing good accuracy. Total vitamin
A and E activities varied among seafood types, with ranges of 0.00-311.77 pg retinol activity equivalent/100 g
and 0.01-0.62 mg o-tocopherol equivalent/100 g, respectively. p-Carotene was found in some seafoods such as shellfish
(ark shell, blue mussel and spiny top shell) and crustacean (gazami crab) samples as well as marine algae due
to the presence of intestinal organ containing algae in edible parts. The highest p-carotene content (689.84+29.86
ng/100 g) was observed in seasoned oyster whereas the retinol content was highest in blackthroat seaperch (311.77+7.99
ng/100 g). o-T was found in all samples and ranged from 0.07 to 4.72 mg/100 g. This study provides reliable
vitamin A and E profiles for domestic seafood in Korea.

Keywords : seafood, vitamin A, vitamin E, vitamers, method validation

N B QLA RISl QIek(Ball, 2005). T vlletal 4

H ARG ohe BEAIS 2 okt YR A7

HeEe QlA|e] eyl BAS v HROZ o] wm glom, o] A4 SEow 4 il HAlskL
S oota] W PR 5L the ol Al AFe] Gl A} AREEC) We] Y S22 Pohat Zlo] ¥

*Corresponding author. E-mail : cjyfall@gmail.com, Phone : +82-62-750-3258, Fax : +82-61-750-3258

Received 13 October 2021; Revised 03 November 2021; Accepted 09 November 2021.

Copyright © The Korean Society of Food Preservation.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in
any medium, provided the original work is properly cited.

- 926 -


https://crossmark.crossref.org/dialog/?doi=10.11002/kjfp.2021.28.7.926&domain=pdf&date_stamp=2021-12-30

Vitamin A and E profiles of Korean seafood 927

83}THHan 5, 2018). Y= P} HAEA|FollA 7t
= TRl Y4 AF171E(KDRISs, 2020)2 BEF FY4o]
$19) 7] TAZ SHE5] Sloh 29 8K estimated
average requirement, EAR), EAd 3% (recommended nutrient
intake, RNI), S84 %3 adequate intake, Al) L ATHIF]
(tolerable upper intake level, UL)& Z}2H0] JAFAEZ A
Fo olck 41829 Hlehale] A% 3 M A Aol %
Yjo] 248 op/|F 4 Y A0 YA o] ZhEt
ZF9]7} " Q5}tHBae 5, 2007; Hwang, 2002). ESF H]E]
De} KE A9zt HE HIEI2 A fjollA AAFo s =]
A gponz Tiek A £ BEAE o) A3elof gt
(Shrivas 5, 2018).

HIEHI A= 554 ARl EdEE desd R4 4
AT} 22 AEA] AEolA s 71EE o= FH)
2 Z25}T Yt Tang 5, 2010). 6000] 9] 7}&E]wo]=
% HEPI=E2 vl A9 AFA= 2Rgsh, AfollAl
HIEF AS] B/ LEhdth(Hwang -5, 2019). BEHI A9]
AP FAZRT, N, MM E7 5o S 22
AE IAA 5= 9o 53] At "o A%t &=
HHA1Z 2= 9QJTH(Semba, 2002; Sommer, 2008). H]EM Ex
I35} A9l 4789 EFZH|E(a-, B-, y-, S-tocopherol)i} &
335} G=AQ 4719 EFETo&(a-, B-, -, S-tocotrienol)
2 F4El0] lov], TABE A, Bt L B A5 5
oSt Aee/dE et Chun 5, 2013). 12y, 29
A Bz A79E, £5425 9 g 22 49e 4o
I on, AFEE of#o|e} klloA ARF/de] /L
2 4 QItKDror¥} Allen, 2011).

FUoA= 5= D F5FY 39%E AAIstaL 9l
= 4ol 523t YYTEE T SHHE ol8HT A
ou, 30| HIThE ET4R] o] X2 E4do wzt
QeHRE TRt 279 4418 437} olFolAT 9t
(Lee® Kim, 2003). 53], ufclo] ] A4J8ke ZArgo] ol
Ao 283t o2} 71A] YFE, 5o Tdn 1 35
f1o2 Fa7 oS el 9o o SlolE eyt 7]
EAES ool IthMok 5, 2007). Z] AR

g

o O
o] YFE2 THTAT SO 712 em U7 )
o=

= BFANEAJE H(Composition Table of Marine Products
in Korea)ol|A] FF/d&e] gk Hlol8E Algstal Ao,
AN EEFAEAHEH(2018)0f =5 2|84 HE}
9l P50 2 HEH A(retinol)Tt FE 0] glom, o] ]9
A87d BlEHlo] tigt Holg= ARt Aot

2 A= oA thaiH| == TRt ik B AP
SE= A5kl o]59] BIEI A9} EE #AISHIHE ERL
=7Ho|B o] AR L] T8-S floto] EATH HF 9 24

|

rO

e

Ael2 Saslo] BANT A Hojge] Awg &
waA Shr.

ERTET

NERTPNEES

H]EFT] A(retinol, B-carotene)?} H|EF E(o-, B-, y-, -
tocopherol) £42 3t EFEL Sigma Aldrich Co.(St.
Louis, MO, USA)IA] 74510} ARBalSict. & W 40
AHSE Aoft gl B 9l HPLC 53& AM83tsth

AR ATE, W, Than] SN B BESAEAE
H(Composition Table of Marine Products in Korea, 2018)°]|
wet o}, W, FER, UR, AR, AV ERAEE
3 GPH)OT BRI EHaE 25 olge] SRS
AEYSHTHTable 1). AE & 2059 ARE H7FE
£ AAT 5 ARG AT The ARS] B4
2 HiSEoH, iSE Algs 4 7] 70T Hat
St ARSI

284 M8 FZ(Saponification)

Az 5 g& 78 F=T] FHZ F 6% pyrogallol in
ethanol €M 10 mL H7}ske] & Aolx=E 108 =9t
sonication(8893-DHT, Cole-Parmer, Chicago, 1L, USA) 3}
itk The:0.2 &%l 60% KOH 84S § mL. Yol 7
SRl 3200 430] oS Fslel 271 A2
Aok AA=Z2 XgkE =&310) air condensers HF&oF &
shaking water bath(HB-205SW, Hanbaek Scientific Co.,
Bucheon, Korea)o|A 75T, 100 rpm, 1A|7F 59t HH-S-A]A
ZA8Ksaponification)SFIch. ¥hSo] Tt 22T F33]
210171 F 2% NaCl 20 mLE 7}fe] ¥k S2skict. 2
SloHo]] FZ&-80f(hexane:ethyl acetate=85:15, v/v, 0.01%
2,6-di-tert-butyl-4-methylphenol) 15 mLE 7}ot] 287 &
o & FAolA FAAA A8 dEo] F+EF hexaneFS
oottt 2] hexaneZ2 sodium sulfate anhydrous”}
AR el SHAIA FE2H9 E2 AAT T 50
mL volumetric flasko] =45t} o] FFL F 33] HH=s}
fov], 22802 olgsjo] FUE 2E94L 50 mLE 4
8fo] @ T T B4 ARSI

HIEHI A & E4(HPLC)

H]EHT] A E43.2 Thomas 5(2001)2] ¥lo] wje} HEl=
I HeFIRES SAEA5I3T Saponication HOE &
S F2AS AT 10 mL FHof AR AF TR &
SEEXFI} ok SREA(1:4, viv)Z 1 mL 7lste] A
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Table 1. Acquired region and purchase date of marine resources in Korea

Classification Common name Scientific name Acquired region Purchase date
Pacific herring Clupea pallasii Pohang 19/05
(fllzsg) Korean pomfret Pampus argenteus Jindo 19/05
Blackthroat seaperch Doederleinia berycoides Jejudo 19/11
Crustacean Razor mud shrimp Solenocera melantho Busan 19/06
(n=3) Gazami crab Portunus trituberculatus Busan 19/06
Seaweed Seaweed fusiforme Hizikia fusiforme Wando, Yeosu, Sacheon 19/03
(n=3) Seersucker Costaria costata Wando 19/02
Schoolmaster gonate squid Berryteuthismagister Donghae 19/04
Ce;zgazlg))p od Common squid Todarodes pacificus 19/09
Busan
Common octopus Octopus vulgaris 21/03
Ark shell Scapharca broughtonii 19/06
Shellfish Spi hell Turb Geojed 19/06
(n=4) piny top she urbo cornutus eojedo

Blue mussel Mytilus edulis 19/06

Anchovy sauce -

Dried codfish -

Half-dried Herring -
Processed products Salted mackerel - Market 19/09

(n=7)

Salted oysters
Salted pollack roe

Sliced smoked salmon

2358t & 0.45 pm membrane filter(Futecs Co., Daejeon,
Korea)2 olafet 7 24o] AMgelsich 4o] A8l
HPLC+ Shimadzu(Kyoto, Japan), column= Vydac 201TP
Ci5(4.6x250 mm, 5 um, GRACE, Santa Clara, CA, USA)
o= A8 e D HEPIRE % BES ot of
SAFS methanol, butanol @ DDW(deionized distilled water)
o332 M A(89.5:10:0.5, v/v/v)Q} methanol, butanol %
DDW &gl B(60:10;30, v/iv/v)S AR&3I o, B4 A
AREE gradient AL Table 20| YeRHILE BA A]
PDA(photodiode array detector, Shimadzu)E AM&5}o] Z1Z¢
325 nm%} 452 nmof|A AE3H O™, o]u injection volume
2 20 pL, flow ratex= 1 mL/min, column oven 2=+ 30T
oflA EA= Xgsiqint. AF Al HlEHI A B4 UEl=
QI retinol activity equivalent(RAE)= TS A& AR85}

of Aptelsict

1 pg RAE = pg retinol + 1 / 12 pg B-carotene

Table 2. HPLC gradient conditions for retinol and p-carotene
simultaneous analyses

Time (min) AY (%) B? (%)
0 75 25
8 75 25
50 10 90
55 10 90
57 75 25
65 75 25

YMobile phase A: methanol:butanol:water=89.5:10:0.5 (v/v/v).
DMobile phase B: methanol:butanol:water=60:10:30 (v/v/v).

HELI E 81 E4(HPLO)
B[R] E $4S AEEAKEDA, 2017)] o] e}
AT, 239 2 mLE AlgHo] H3 F Aaw M
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SHFA]7] & hexane(J.T.baker, Easton, PA, USA) 1 mLZ A
23 5}t 1 t2 0.5 pm membrane filter(Advantec,
Tokyo, Japan)& oj¥}sto] FAof ARG HEMI E %
F S Aol A8t HPLC= Shimadzu(Kyoto, Japan),
column< LiChrospher Diol 100(250x4 mm, 5 pm, Merck,
Darmstadt, Germany)< AR&SI3T}. £4] A] FLD(fluorescence
detector, Shimadzu)E ©|-85}o] ExA=285 nm, EmA=325 nm
o|A] H]E}] E 8% homolog(a, B, y, d-tocopherol(T), a, B,
y, &-tocotrienol(T:)S H2] AEIIULE olBAL 0.6%
isopropanol-2 -39t hexane ARE-519] isocratic ZXACZE
EA5191L, o] EAAIZES 504, injection volume 20 L,
flow rate= 1 mL/min®|{t}. B[EMI E AW &S YEh
£ a-tocopherol equivalent(a-TE)= T2 41& o]-&sfo] A
et

-TE = (T x 1.0) + (B-T x 0.5) + (4T x 0.1) + (3T
x 0.01) + (T3 x 03) + (B-T3 x 0.05)
HIEH A%t E EAMel 2K HE
HIERR A} E 24 f-a4ol oe 49 HS52 AOAC
(2002a; 202b)7} AAISAL Q)= single laboratory guideline©]]
Ssiolh 7t Aol JHAS 2izte] HEBNS o
Aoz siafalol 7t w04 35 HEslo] HPLCR 24
siolch, HEgol] T WAz SRS BT APHS
A3 T e Fee] ARbls GRS olgslel 4
A4l §aRE Ik

HIEH A9t E EAMH2| HE3H|(LOD) & FTHAI(LOQ)

HZ
(k=]

gl

1%
o

=9 95t AESHA|(limit of detection, LOD) % =¥
f quantification, LOQ)+= ZA| &M (blank)S HPLC
AL signal-to-noise(S/N)2] Hatgro|l EEFHA}
3 102 ool UL g Hste] AEsiict
o]5}2] ZHS ND(not detected)® HA|SIIT.

=
5
o 0

mlm}m%

S

_I}LJOT‘
o
2

=
@)
O

HIE! ASt E BAMe| HUN U WY A
FAH9] AU (precision)> A Y-8 E-HImperial dream
XO world class 3, Namyang, Seoul, Korea)S A|&& AR5}
of o}Fo] 53] HHe AT A} 5U71 53] vHE AEc 2
9] HFHAE Z2} repeatability(relative standard deviation,
RSD,)®} reproducibility(RSDp)Z WEFHo] 715ttt &
E4(accuracy) NIST(National Institute of Standard and
Technology, Gaithersburg, MD, USA)Ol|A] Jtufigt E&2ar
EX(standard reference material, SRM) SRM 1869(Infant/

Adult Nutritional Foemula II(milk/whey/soy based))S A&
Sk3ich SRM 18699] |Elss, HEI=d 4 B E T
= 245 3 NISTOl| A AARE algi(certified value)y} &
A Z}(analytical value)S H|W5o] 3]4>E(recovery, %) T+
sfol wale] Hekae BrISIc

[e)
| ER7-E vhE E4oto] ZFHA} 5% ool 2= 10
719 Hol8 = AT ¥ ol29] B $EATT =R
(quality control(QC) chart) 2HdS 93t 7|&gko 2 AAst
ot ST ERO] IS (upper control line, UCL)
1} #&js}stAl(lower control line, LCL), ZXJAF5HA (upper
action line, UAL) @ ZX|5|5tX(lower action line, LAL)S
thZatt 2ol 71&2 AAsto] Alm 4 7I7Feet BAEE

ol ARgsH

UCL and LCL = mean + (2 X standard deviation)
UAL and LAL = mean + (3 x standard deviation)

BaUE A

24 SR WS 99 T AEBHATH Department
for Environment, Food and Rural Afairs, DEFRA)O| A 334
ok oA BAS A (analysis proficiency test) Food
Analysis Performance Assessment Scheme(FAPAS)o] o]
sto] ZA3kE vlal B7elgin oldf AleE RAAIE Alae
powdered baby food% oM, HElEdt o-EXHE I &
2 1 Q70]4 A2 BAHS olgsjo] Huakn 4 A
oA IRt AR 74 ARt I z-scoreE B|iLsto]
seEs WS
2 ¥ 2%
2MHo| 1M, HESHA(LOD) & HISHAI(LOQ) AHS

= AoflA] el AfL E EAJ0] et A4, HETHA
4 A= Table 30 YRl A0S 2t #552
5-7709] BE o R A|lfsto] 247} 330 A4 24 2
T, BE A A40] FBARRE 0999 ol4fo] ATASE
Uehfo] 2 a7olA A8 £HEe] Aol S5t A
2 sl

PDA detectorE AME-SHo] 413t ElE =3} HiEI=E 9]
LODE ZH2F 0380 pg/100 g, 0.602 ug/100 g, LOQE= ZHzh
0.996 ng/100 g, 1.402 pg/100 g& YERATE Dominguez 5
(2017)2 HPLC-PDAE ARESto] HEass £45H310H,
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Table 3. Linearity of retinol, f-carotene and tocopherols analyses

Analytes Linear equation (y=ax+b) Correlation of linearity (R%) LOD" LOQ?

Retinol (ug/100 g) y = 95272x — 1,943.1 1.000 0.380 0.996
B-Carotene (nug/100 g) y = 46,919x - 1,519.7 1.000 0.602 1.402
a-Tocopherol (mg/100 g) y = 1,891,611.3x - 86,100.8 0.999 0.0002 0.0006
B-Tocopherol (mg/100 g) y = 1,722,982.4 + 3,950.4 1.000 0.0001 0.0003
y-Tocopherol (mg/100 g) y = 2,177,608.9 + 74,1219 1.000 0.0001 0.0003
d-Tocopherol (mg/100 g) y = 2,015,335.0 - 70,800.6 0.999 0.0001 0.0002

DLimit of detection.
ILimit of quantification.

olzjo] LODL} LOQE 77}t 0.94 pg/100 g7} 2.93 pg/100
go]gkal B 5F3TE UV detectors ARE5o] HERIZES
F43 Karnjanawipagul 5(2010)2 24H9] LODE} LOQ
= Z7F 4 ng/100 g3t 11 pg/100 gol=t Easpict. ofof ¥
Sjo] 2 QT4 AL 44| LODS} LOQE 9F 2,520
o A W 0R ekt 24 A 3 4% B v 38
S S AEksat MEblRE S e Sz 2] 7}
5 Zo&F Rl $HH, HERY E homolog £4-2 FLDE
ARESHo] 241519199 LOD== o, B-, v-, 3-T7F 212t 0.0002
mg/100 g, 0.0001 mg/100 g, 0.0001 mg/100 g, 0.0001 mg/100
g, LOQE 7+ 0.0006 mg/100 g, 0.0003 mg/100 g, 0.0003
mg/100 g, 0.0002 mg/100 g LfERth. HPLC-FLDZ &
A3t Gornas 5(2014)2 H[EH E Z+ AE2S] LOD= 0.0002-
0.0005 pg, LOQX 0.0006-0.0016 pgolet ¥ 15}3=t], o]
of Hlste] 2 Aol A8t vlEr E £4¥Ho] LODS}
LOQ7} oF 108 Fke W Ao Ueht n|gf EAfsh= H]

Table 4. Precision of retinol, -carotene and tocopherols analyses

HIERT] A9} E FATHO] AU/ Table 40 HERSIH:
AOACY| TIATA HA TS 7Ho]=eR1(2002)0] W=
11 mg/100 g4 wf HE/do] vH=E/d} A

AAJ9] -8 U= 22} 6%, 11% o5} $22o0]d, 1 ug/100
g9l &%= 42 8%, 16% oI5t & 7Fset HeE
o WA Uepia lok & A-rollA] HIER] AL Eof tfgt
A A% 2y BE JEolA v Adaswat
RSD,2 0.4-2.4%, AEA0] A FEZHA} RSDpL 1.7-4.5%
£ UERAHE oA ACACA AAIgH TAAF A4 &
Hajlo} & Fu 7EH R B2 208 2 dAoA
283 ZAo] 8 71t MRS SIS ERIT
ASITE BEFIEE SRM 18695 HAI5t0] S73t dl4&
2 E AHOA 922-110.4%2] HE Lefo] £ Aol

Repeatability” Reproducibility”
Analytes
Mean=SD” RSDr* (%) Mean=SD RSD:” (%)

Retinol (ug/100 g) 536.60+9.68 1.8 541.08+14.73 27
p-Carotene (ng/100 g) 123.26+3.01 24 125.2345.65 45
a-Tocopherol (mg/100 g) 8.70+0.07 0.7 8.90+0.15 1.7
B-Tocopherol (mg/100 g) 0.40+0.00 0.4 0.42+0.02 4.2
y-Tocopherol (mg/100 g) 7.79+0.07 0.8 7.93+0.24 3.0
d-Tocopherol (mg/100 g) 2.38+0.04 1.6 2.4440.10 42

YRepeatability refers to the results of independent 5 determinations in triplicates obtained by analyzing a sample five times on the same day.
Reproducibility refers to the results of independent 5 determinations in triplicates obtained by analyzing a sample five times on different days.

IStandard deviation.
YRSDr, Relative standard deviation for repeatability.
YRSDy, Relative standard deviation for reproducibility.
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A A9 249 ool s I 5 2l

(Table 5). AOAC guideline A& 5L %0 w2} 3l+g
o] FEAHR FgTsTt dg MAE Bl weEt |
mg/100 g2 73 80-115%, 1 pg/100 g¥ - 70-125%2
AIABIAL et wIERl A9 EO] EAH O] 9 8 &
o FZEE 3)58(92.2-110.4%)S BHHI0] B ¢I7LofA]
AR BE A2l ditt AT 24| Aol =

ol

F4E Y M JRSEe| HIEHD A B

FARE 2 4 7SROl digt HiElE 2 HEbiRd g
< Table 63} Zo] 4h=0] 778 4 E0l Wt §2 Xjols
e el T2 ofFol &k =& (blackthroat
seaperch)ol|A] 311.77 pg/100 g0 & 7} &2 sl=kg e
Wt HeFIRE2 7RE 5 olg]=3(seasoned fermented
oyster)0] 74 =2 3}K613.10+5.18 pg/100 gy H .0
R0 &2 E(fusiformis)of|A] 52 $155(440.99+18.85 ng/100
gr= UETE 2HH, 4 AR 20F 5 70l (pacific herring),
N5 B XH(razor mud shrimp), Z372]2] 2 %Jo](schoolmaster
gonate squid), HX|MAl(anchovy sauce), BH}TF-E(dried
codfish), AHt150](salted mackerel)ol| A= HEl=3} HEF
Az wE aEsA aspt Meplene A9 22 4%
d Aol EAok=d] £ AtollA A4 208 Solk= &
4 AR TR} AROIA = HEFtER o] 4
FF HEE Q) of= ol50] di2R{et 22 A=A e
<= Ho|= ol-&st ASsta qlo] Wl HietEd oFF
o] &2 thAute} n|gat 22 BolEEo] ZHE o] Qled],
7o} ARt A2 554 AR 5 W 2
sto] Z7HARE o857 fiiZol| &5/ AFdolRRt A=A

Table 5. Accuracy of retinol, f-carotene and tocopherols analyses

A EAfshs HEH=E 2] 9ol 27.17-335.05 pg/100 g =
07 3RqE 4 Q= ACoE HojAt) g, SEA A
Q1 ofgl=Al9 Ao = Wdoll EAcke thAln vt
22 272 JEo] EAks A Qo 7k Al ZrRE
AEEE IZTIRE Qlsto] HEIEE dtgo] 7 =4
UEhE= dlog Abz et ehAl(seasoned pollack roe)
O] ARk 7hs Al ZH|RE H7FEE 1271 ofs) He
712€ gifo] AEE= 207 HojA) vy, £E50} of
FoF o] WS E7HIER Ak AR B8, 4
=4 Helzdo] dEHA gl 5=4 dEHE dET
- HEF A Moon 5(2019)2 ibEg ARSSHo] 22
SfEFUERY Ao FEse] AEEA e,
YH SibE Aol A 9] FElEe] AEEIaL Harst
909, Park E(018)% 4-4k80] Folzh AJeollA Y 4]
o] B4 dlElse] HEHA] Yokt Earsio] Ao
S50l et BE] A o] AlelE Hole 2 & 4 St
TARMAS] FElE HEREEo ok A E%
Z H[EM] A activity(retinol activity equivalent, RAE)=
Table 63 Tt #ElE go] diFor #UH =
(311.77 pg RAE/100 g)7} 7M=& kS H9jom theo
& HePl=d oFgo] =2 o232 3(74.96 ug RAE/100 g),
5= (blue mussel, 37.25 pug RAE/100 g) 1811 &
(36.75 pg RAE/100 g)=C = =A YUeytth 2= 49l 7%
HIERT A FFAHFS o432 650 pg RAE, B3 800 pg
RAEO|THKDRIs, 2020). ARRRS 919] Alttojl A A==
AHEE Ao R oF Fof st vlEl A 3RS A
GF A= 5 U2 AR HojA |, 53] wETiet Z2 4t
AF9] 7B 100 g2 HFH= o442 oF 48%, H/d2 °F 38%
o] LIS SIAE 5 UE 208 Hoith

R TI!

Accuracy
SRMV Analytes Recovery? (%)
Certified value” Analytical value”

Retinol (ug/100 g) 1,927.0+£32.0 1,945.89+12.03 101.0

-Carotene (ug/100 g) 105.0+26.0 96.79+2.80 92.2

a-Tocopherol (mg/100 g) 21.7240.62 21.8040.12 100.4

SRM 1869

B-Tocopherol (mg/100 g) 0.42+0.07 0.47+0.02 110.4

y-Tocopherol (mg/100 g) 9.94+0.51 10.1940.00 102.5

&-Tocopherol (mg/100 g) 3.25+0.29 3.01+0.07 92.7

USRM, standard reference material; SRM 1869, Infant/Adult Nutritional Formula II(milk/whey/soy based).
IThe certified value for the contents of corresponding analytes in SRM provided by NIST.

The analytical value obtained in this study.
YRecovery (%) = analytical value / certified value x 100.
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Table 6. The contents of retinol and B-carotene in marine resources and products

Vitamin A
Classification Sample name Retinol B-Carotene RAEY
(ug/100 g) (ug/100 g) (ug/100 g)
Blackthroat seaperch 311.77+7.99 ND 311.77
Fish Korean pomfret 5.54+0.47 ND 5.54
Pacific herring ND ND -
Razor mud shrimp ND ND -
Crustacean
Gazami crab ND 135.40+7.16 11.28
Fusiformis ND 440.99+18.85 36.75
Marine algae
Seersucker ND 345.20+14.82 28.77
Common squid 9.77+0.78 ND 9.77
Cephalopod Schoolmaster gonate squid ND ND -
Common octopus 5.67+0.64 ND 5.67
Ark shell 23.70+1.84 27.17+2.85 25.96
Shellfish Blue mussel 34.81+0.99 29.30+2.01 37.25
Spiny top shell ND 335.05+£22.16 27.92
Anchovy sauce ND ND -
Dried codfish ND ND -
Half-dried Herring 2.79+0.15 ND 2.79
Processed Salted mackerel ND ND -
products
Seasoned oyster 23.87+0.64 613.10£5.18 74.96
Seasoned pollack roe 32.4240.58 13.36+1.72 33.53
Sliced smoked salmon 2.89+0.25 ND 2.89

DVitamin A activity is expressed as pg RAE (retinol activity equivalent)/100 g. 1 pg RAE = pg retinol + 1 / 12 pg B-carotene.

F4AE L M JHEEQ| HIEH E

FANE 9 A REEo] et BIERT] E9] 8% vitamers $F
2 B4 Ao} H]EH] E activityS a-tocopherol equivalent
(a-TE)Z Table 70l JERQICE & AAFolA BA3F & 205
TN o-T7F B FEEUCH, 8-Tis BE AR
A AEEA Lok ARAEO] 0T Tk 0.07-4.72 mg/100
g9 XS YEglon, Fehslo] 472 mg/100 g0 = 7F
E943L, £[H]F0] 0.07 mg/100 gO= 7 W Aow LE}
W} Kim 5(2021)2 sj2579] vl E 84 A] o-TE A|
Qg UHA] REAlSS HEEA LoithL sialon), 7 A
ToflA 24 289 si27Rl T AWM= -T2} B-T
7 AEHMeH, ZolMe v-T= HAEHUT o= 32 #F
o] Qlojli= AERFIO] MAR|, AE T TRt ASEol o
2} AEE= vitamers ] S5t Tfo] @R 4= 7] Wit

Q1 AoE HojXlrh

Table 79] AAE o-TE= AW} HEH E 8442 LERfH,
y-T:2t 8-T:5 A|ek HIE] E REAEY] AW S4=5
st} AREE QLo $4bAE 2082 0.01-0.629] mg o-
TE/100 g9 "HAE Uelth. 7H# SollAl= Be4(0.62
mg a-TE/100 g), EA¥10](0.52 mg o-TE/100 g, oj2}=A
(0.35 mg o-TE/100 g), “Joja}H|7|(salted dried mackerel,
0.23 mg o-TE/100 g) 02 =2 o-TE g HYoH, H|7}
TE S =E2H(0.29 mg o-TE/100 g), TZ N (ark shell,
0.23 mg o-TE/100 g), 5B AN-XHrazor mud shrimp, 0.22
mg o-TE/100 2)9] ¢ & o-TE $tefo] =4 Uelych 71
F % old=3a g9 v 52 o-TE 32 715 Al
BrAse 271500 otk viekal E aiee] 2719l 571
izl Aog HojRIth Kim 5(2006)2 A4 HIEFI
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Table 7. The contents of tocopherols and tocotrienols in marine resources and products

Tocopherol and tocotrienol contents (mg/100 g)

Classification Sample name
o-T" B-T y-T 5T 0-T5? B-T; v-T; 8-T; o-TEY
Blackthroat seaperch 2.00£0.09 0.17£0.01 0.01+0.00 NDY ND ND ND ND 0.29
Fish Korean pomfret 0.31£0.00 0.10+0.00 0.0140.00 ND  0.02+0.00 ND  0.0540.00 ND 0.09
Pacific herring 0.14+£0.00  0.05+0.00 0.01+0.00 ND  0.01£0.00 ND  0.00£0.00 ND 0.04
Razor mud shrimp 1.71£0.07  0.02+0.00 ND ND ND ND ND ND 0.22
Crustacean

Gazami crab 1.97+0.03  0.05+0.00 0.03+0.00 ND ND ND  0.02£0.00 ND 0.18
Marine  Fusiformis 0.71£0.02  0.17+0.00 0.05+0.00 ND ND ND ND ND 0.16
algac  Seersucker 0.07+0.00 0.01+0.00  ND ND ND ND ND ND 001
Common squid 1.05£0.01 0.04+0.00 0.03+0.00 0.01+0.00  ND ND ND ND 0.13
Cephalopod Schoolmaster gonate squid 1.60+0.04 0.03+0.00 ND ND ND ND ND ND 0.17
Common octopus 1.33+0.01 ND ND ND 0.01£0.00 ND ND ND 0.13
Ark shell 1.34£0.04  0.20+0.01 ND ND ND ND ND ND 0.23
Shellfish  Blue mussel 0.68+£0.02 0.47+0.01 0.06+0.00 ND ND ND ND 0.16
Spiny top shell 0.37£0.02  0.18+0.01 ND ND ND ND ND ND 0.13
Anchovy sauce 0.660.02 ND 0.02+0.00 ND  0.03x0.00 ND  0.1940.00 ND 0.08
Dried codfish 0.55£0.02 0.12+0.00 0.1740.00 ND ND ND ND ND 0.13
Half-dried Herring 0.60+0.01  0.07+0.00 ND ND ND ND ND ND 0.09
Processed  gatted mackerel 2154006  ND  0.19%0.01  ND ND ND ND ND 023

products
Seasoned oyster 2.16+0.13  0.24+0.01 0.17+0.01 ND ND ND ND ND 0.35
Seasoned pollack roe 4.7240.08 0.28+0.02 0.04+0.00 ND ND ND ND ND 0.62

Sliced smoked salmon 1.89+0.02 0.25+0.01 0.48+0.02 ND  0.53+0.01 0.03+0.00 ND ND 0.52

T, tocopherol.

)T3, tocotrienol.

ITE, Vitamin E activity is expressed as mg o-tocopherol equivalent (a-TE)/100 g. o-TE = (a-T x 1.0) + (B-T x 0.5) + (y-T x 0.1) + (6-T x
0.01) + (0-T5 x 0.3) + (B-T5 x 0.05).

“Not detected.

Gemol wigele] £4 ST/ WebAnkn IS, Kin A0 Ojf S8 AAR 13 o) oF % ) ol 37}
S001)S HER) AT ARES TGS ) R SHe AL HofFn] o2 ols) ulehtle 22 GopYRE %
A HEEA] gokoy AxFolA o-T7F HEE I B T Tl ol SV AR AZE, o] F UF HERI
Skoich gRtHo g ik RS AXSHAY A7 2 7R 9 AR S AR 0= QIgh SAE Z0E Hojzl
o] Fd= A7lolo] EEAHEE B A AT 9 o} Avkd oz 2 Ao A% 75 $ARSES] BIE
GRS Tepo] AiHoR wobd 4= glou HlEtdl E®t Wl E 3= 4=Fo] AR Hlote] HlwH A UEht Ao
o] FAskso] e B A 2 7H F Al =E A £ fotle AR ofyRt AP RES B E A
1 o] AaE 4= Urk & AqtollA 45 Hoj= 0.04 T HENl EE AHT ¢ s Zo=E Azt

mg o-TE/100 g, T 717t ARAIA Alx== P RsEe] FhH, 2020 TR0l JPA HF7|1Ro WEW Aol 7|12
g0l 7= 0.09 mg o-TE/100 g2 HoFQH. =7HE HIEH B9 SEAFTS 12 mg o-TECH AFRHdFHT
AFRAAER 7|50 W=2H A HGol9] FETFS 66%, T 540 mg o-TER F|A ITHKDRIs, 2020). 2 oA &
& A2 24%E(National Standard Composition Table, 2021) A5t 2029 SANE U SAPFEES] A9 100 g A 7E
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o7 dYr]E Hd 5% $E7A HlEHl ES AHT S 3
& 7108 Hojxn tIE A4S 15 & ) ol5) 35
FE o T7KE Zo& Holxleh

HIER]] A9} EQ] HAEAT2]= QC chart(Fig. NE 2]
sto] Tk QC chartes 24 717 B2t A5H AW
o7 B4 A Y7 9 QR ¥E g2l o5 EAI7F gl=A
of thet #4199 F4S Aeloh, TRt Bl sl
Hie B A3k 7251 4= 9IthMoon 5, 2019). Fig. 19]
UERT QC chart®] B2 B4 A SAof ZId4s19]om,
#41%k0] UCLY} LCL H9] §fe g Hoju= A%, &4 =
A3} 3 5= AL B4 ARE st 2
2 v|wsioint e 18], HEFEE 33, v-T 13E A
3t BE FAGES B HY ol 201+ A gRlst
Fom, v-TY A% B4 271 AAste HolH=E ARgst
At o= & AollA XY HEl AL E £Ao] B
T8 7Fss 4 oA IPEHAUSS HolF, 2 A+
oA HojXl 284 Aol thet BAFRE AR 9 4
&9 HolgHolAR &8 4= Sl= AEEE YEH

AT G7HE A8 SASAEAIE PT-211249] 3+
ofgt A3}, el 40 gt z-score= 0.1, o-T E40]

565.00 UAL = 563.242 /100 &
555.00

UCL=533.184 pg/l00 g
545.00

535.00 Mean = 533.069 pg/100 g

Retinol Content (1g/100 g)

(a) 525.00
515.00 LCL = 512.953 ug/100 g
505.00
LAL =502.895 pg/100 g
495.00
1 2 3 4 5 6 7 8 9 10 11 12 13
Trials
& 12500 UAL=125.194 ug/100 g
°
g 12
2 12000 UCL = 121.486 ug/100 ¢
3
g oo Mean = 114.070 pg/100 g
b &
O 11000
e
8 LCL = 106.655 pug/100 g
§ 105.00 - =
8 LAL = 102.947 ng/100 g
A 100,00
1 2 3 4 5 6 7 8 9 10 11 12 13
Trials
— =902 /!
@ 5200 UAL=9.254 mg/100 g
= UCL=9.101 mg/100 g
& 9.000 2
g
2 5500 Mean = 8.797 mg/100 g
5
|
© & swo
3 LCL = 8.492 mg/100 g
Z sa00 LAL = 8.340 mg/100
e - /100 g
]
ﬁ 8200
& 1 2 3 4 5 6 7 8 9 10 11 12 13
Trials

Fig 1. Quality control charts of retinol, S-carotene and tocopherols.

A2AEALGETDA AsA A7E (2021)

tf5t z-score Z -1.12 LFERHATHTable 8). z-Scorel= B
HARE TR oto] S7ggko] HtollA Blold =& B7}
3= o=, dulEoR £ ojyfe] el Eojex A%
IAF o2 43t BASHEE BRla 93-S YERL
2 J7Lof|A] Holgk FAPAS AJ&ol| A9 z-score= H]EF A
o} B B4 BE 2 o[y hZ UEio] HSH BANMS
ol gt BAS $3th= £HLL IAFRI $Fo0 7 944

& mojzet stk

I~

2 o

H

E oA FollA] AHEE SARE 9 SAPREE
%0 wjetl A9} E mautolo] gt AlE e F714E
3% HolEHolA F5S Flo) F 1059 vitamer 240
et A 223 WA A AR 4ol e HaE
Qo) 9 SR AW UEE S, B 20% AP
Z9] H|etl A%} E 32 saponification-HPLC/PDA/FLD
& ZAslglon, A4, AERM, AR, A4, A,
in-house LHELT D A BASIE BN S35
t} FEs HEFIRE and o-T B4 HASSH= 22 0.380
ng/100 g, 0.602 pg/100 g, 0.0002 mg/100 g0 Lk} 1l
A7t w2 FHHOR ARI9] HEH AS}HE vitamers

0.460 UAL = 0.461 mg/100 g
0.440 UCL = 0.443 mg/100 g

0.420

d 0.400 Mean = 0.406 mg/100 g
( ) 0380
LCL = 0369 mg/100 g

0.360

LAL=0.351 mg/100 g

0.340

B-Tocopherol Contents (mg/100 g)

10 11 12 13

8.400 UAL = 8.403 mg/100 g
8.200 UCL =8.221 mg/100 g

8.000

Mean =7.857 mg/100
7800 ean my g

©

7.600

LCL=7494mg/100 g
LAL = 7312 mg/100 ¢

7.400

+-Tocopherol Contents (mg/100 g)

7.200

UAL =2.645 mg/100 g
UCL =2.565 mg/100 g

2.600

2.500

2.400 Mean =2.407 mg/100 g

®

2.300
LCL =2.248 mg/100 ¢

LAL =2.168 mg/100 ¢

2200

+

8-Tocopherol Contents (mg/100) g)

-
s}

(a), Retinol; (b), B-Carotene; (c), a-Tocopherol; (d), B-Tocopherol; (e), y-Tocopherol; (f), d-Tocopherol.
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Table 8. z-Scores of retinol and a-tocopherol analyses in a proficiency test (Food Analysis Performance Assessment Scheme, FAPAS)

Analytes Test sample name Assigned value Analytical value z-Score
Vitamin A" (ug/100 g) 492.0 483.94 0.1
Powdered baby food
Vitamin E? (mg/100 g) 11.4 10.17 -1.1

DAs retinol, the sum of cis- and trans-isomers
)As o-tocopherol

£ A% 9 AT 7het A0E Yehth £4 FEHRSD
5% olsh} eI (El& 90% o) HIEH AL} Eofl of
Sto] T 99t Ao = YEth F 2059 pAbE B 4
A71E-E0] HEH] AX= 0.00-311.77 pg RAE, HJEMI Ex=
0.01-0.62 mg o-TES] RIIE LB $4FARAS] 79 &
gof| met ookt 20 8 et A0 FRIE . 4]
=4 AR SiRFoIA B HEREEE(538.16-
689.84 11g/100 g)o] AEHUOH FEA FARFANAE W
&= o8k TR 27.17 pg/100 g, IFEA] 29.30
ug/100 g, 4k 33505 pg/100 g9 AF AZAHEA
186.53 pg/100 g)ollA =2 2] HEI=Y Fdo] A=
At BlEH B BE A AlROA AEEIeH, Hit
A} 2 7HEE A7Ee 27ROl 2s) 207 444
E 304 HIEH A9 E B 7P w2 TS YER
2 AFoIA EAS pARE B AP RSEC] HIEHT A9LE
o] mEnlS & 4 BN 7I5F BT A8 HIEH] Af
EQ| £& Fe4lEo] € & oUE 02 AlmHrh & A9
L= 3 § 2AFETEE sl e AR 24 A
7F AR E =4 SREUR0] ERIEH o SARASHE
oAE 2 A EAGgYo] el Fego] 943t A
2 gRIEI & AFte Ul thiH]EE AbE B AL
&9 HEI A9t E Z2no] tigt JH-E AlEsh o=
27H3E HlojeHo] AR E8E 4 9l 2= HRlth

A =

o] =EO 2021WE YISt AT ATAY
(R2021061)2] A go=z 3= A7uct
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