832 4 A B} 81 9] X|

Korean Journal of Fisheries and Aquatic Sciences

KFAS

3H 2] 59(4), 429-439, 2026

Original Article

Korean J Fish Aquat Sci 59(4),429-439,2026

[—— I OFAIH H o O] HAJHH OSA 7=
=LA ISF 550 JUME EAM U H|E[D] EMHHo| R HAS
stol% - AL - 0/R0] - BLIY - YT

UL NTSE TS TS ABOMUIZY, YL HSshaMoITA

Validation of analytical methods for vitamin determination and evaluation
of the nutritional composition of five gastropod species

Ye-seul Park, Young-Sang Kim, Yoon-Mi Lee, Na-Young Yoon and Jin-Woo Yang'*

Food Safety and Processing Research Division, National Institute of Fisheries Science, Busan 46083, Republic of Korea
! Southeast Sea Fisheries Research Institute, National Institute of Fisheries Science, Tongyeong 53085, Republic of Korea

In this study, the proximate composition, including fat-soluble vitamins (retinol, tocopherol, and -carotene) and
water-soluble vitamins (vitamins B, B,, and B,), was analyzed in five gastropod species. The accuracy and precision
of the analytical method were evaluated using Standard Reference Material (SRM 1869). The method used to quan-
tify fat-soluble and water-soluble vitamins demonstrated acceptable accuracy (z-scores) and precision in accordance
with official validation guidelines. In addition, vitamin recovery rates ranged from 83.4% to 106.2%. Among the five
species, Neptunea cumingii exhibited the highest retinol content (3.95+0.53 pg/100 g), and Tristichotrochus unicus
showed the highest B-carotene content (336.82+0.97 ng/100 g). The highest a-tocopherol content was observed in
Neptunea constricta (3.83+1.36 mg/100 g). For the water-soluble vitamins, the highest thiamin and nicotinic acid
levels occurred in Fusinus perplexus (20.18+0.53 mg/100 g and 15.32+0.00 mg/100 g, respectively). The vitamin B,
content was the lowest in F. perplexus (0.08+£0.00 mg/100 g), whereas the other four species showed similar levels,
ranging from 0.21£0.00 to 0.35+0.02 mg/100 g. These results provide reliable analytical data on the fat-soluble and
water-soluble vitamins in gastropod species.
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3
A= A Y o] Fo] 2| 2] Attt

2 Aol A= =l Akl AABEAY o glE)= T AQl
5% 155, & AN E1%5(Neptunea cumingii), 7!
(Fusinus perplexus), 821 &115(Neptunea constricta), %]
115 Tristichotrochus unicus), 3% 115-(Rapana venosa)=- T
Ao 2 53l o] & T2 FEeHE S A4 gH o] Aolst
H, YF= A SAREE AvlEE B, o E 9P e 28 e
7FRAY AYF LR BRE7E ek mebs 5F 5RO
ARG, 2, 22 9 o] 7)) BlEHel (]84 H
T-879) TS vla FAe 2 ZF F o] JdA EAS
ok, Lolrh 244l E 0 24 9] FhA9} AR BHE 7R
= AlASFaLA} et

ERETETT
M2 2 Al

B Aol AR 5/ AW =31 5(N. cumingii), 71
I15(F. perplexus), §FlEI5(N. constricta), A 115(T.
unicus), I¥I1G(R. venosa)©|H, 711152 20194 39 4
A, WA E2 20199 39 e, WnlEalsat 2wl
E 2021 3¢ g, w52 20214 4 oo A
27 RIS 2 A R0] PR E L 1TE 19.84%, BF
WE350] 54.30%, 2 Ea50] 49.50%, WA1150]
40.74%, 9)¥i150] 38.50%0|ct. BE AlgnE sl & ogf
%8 ohsiglon, 80C A-LTo] mslel HHo] AHgS
itk & Aol AHgT el Ul HlEbY B, 2 5L Sigma-
Aldrich Co. (St. Louis, MO, USA), HlE}7}2E 4 ExHE
EFE2 Merck KGaA (Darmstadt, Germany)of| 4] <Fufja}%
o, % W B4 A 4§ Aok HPLC 5 o4 74
shol Abgalgich. £4u0) 48k A5E Sla) A8 EE
=2 (standard reference materials, SRM 1869)= National
Institute of Standards and Technology (NIST, Gaithersburg,
MD, USA)oi| 4 F-Sdst3ict.

AW AOAC (2016) ol wheh EA1k3ITh 24 o
AREE AlF= 32) 59 BI7HA RS Al A S 7HA RS
23t & 9A7]E o] &sf FAZ}sI o, o] Unt
Aof| ARgSHTE 2 AU RS ol-&ste] S5t
Ak Al7E AZX7)(VENTICELL® 222; MMM Medcenter
Einrichtungen GmbH, Planegg, Germany)ol| 4] 105°C= &
o] & wj7HA] Ax3t =, x HL9| Fif Aol & o|-gsto] 4~
= FE ARSIt 2l a2 A g (Kjeldahl method)o]|

LS - RS

e} A5 AAEA 7| (Kjeltec™ 8400 Analyser; FOSS Ana-
Iytical A/S, Hillerod, Denmark)& ]85} & A4 TS =
Aot &, Al A 6.255 A-8-5to] ARSI
A &S FEHS o]0l Gl F%71(Soxtec 2043;
FOSS Analytical A/S)Z o[ 25 Al-g3}o] 253+ 5 g5
A AL ZH A ] FAE 574510 T 4hEshal 3
2 ARE E7kol FHsto] 3]8k2(TMF-4200; Tokyo Ri-
kakikai Co., Ltd., Tokyo, Japan)ol 4] 550°C= 3ls}slo] afeF
ol & wj7A] 2|3t &, A7 7= FAE SAs dE=
SOFQUTE s 2412 33] vk pafskgl o, Avbe et
FEEHAR e Sl

gzl gat

H+

A A= 5 g FE3el FI7t %, 6% pyrogallol in etha-
nol M2 10 mL #7}5}al 221} % 7|(Branson Ultrason-
ics Corporation, Brookfield, CT, USA)& 1057t %35} ch.
FZol 60% KOH 8§92 8 mL 7l & 2027t A4s
Tt 3715 AAHT T2 75°C, 100 rppm 2712
shaking water bath (LSB-045S; Daihan Labtech Co., Ltd., Na-
myangju, Korea)ol| A 147t 52t AH3}sgict. whgo] £t &
23] YzHA 7] F=310] 2% NaCl 89 20 mL 2} 2,6-di-tert-
butyl-4-methylphenol (BHT)7} 223+0.01%)%¥ hexane:ethyl
acetate=85:15, v/v 10 mLZ #7}5}o] 287F 2535 £33t &
hexaneZ-o| 23] 22]= =5 101+ WA|51ct 45
sodium sulfate anhydrous7} 7 &-2]3hof] Za}A|A 2o
T2 AAR 50 mL 48 Sefaae] Al ol =&
A2 43] BEESFSI AL S0 mLE 7g-8-5ko] & et £ vlEty]
o B4 of| ARg-SF3IT

oo T
gEls # HEIZE 24

etz e FR E 42 Kim et al. (2022)] o] what
FAEA ST e A4S $)9l sonication o2 &3

hexane 1 mL 7}5o] A-8-3l5+aL 0.2 um PTFE syringe fil-
ter (Whatman, Cytiva, Marlborough, MA, USA)Z o] 75 &
high performance liquid chromatography (HPLC, €2695; Wa-
ters Corporation, Milford, MA, USA)E o]-&-5}o] 435150
], HPLC £-4 272 Table 191 A A8t ch. HE7FR Rl 24
& 2200 smLS A @] 3 A oS 95 A7
11, acetonitrile?} chloroform &3 8-94(6:4, v/v)< 1 mL 7}5}
o 2|-8-3l13F & 0.2 pm syringe filter (Whatman PTFE; Cytiva)
2 o1gt & HPLC (€2695; Waters Corporation)E ©]-83}o
#AEEgl e, HPLC #4]2712 Table 1] AlA5F3{CH



1 mLE Aol Faff d4g GuliE 2bd3s] AAstAL, hex-
ane< 1 mL 7}sto] 2-&3)1gt & 0.2 um PTFE syringe filter
(Whatman, Cytiva)2 oJ2}3+ & HPLC (€2695; Waters Cor-
poration)& ©]-§-5to] EA451% o n], HPLC £4 %712 Table

L]l A A5t

HELD! B, U B, B4

HEFY] B, £4]-2 Jeong et al. (2021)9] Hiof| w2} 45}
Aot #ASHE Al= 5 g& conical tubeo]] FgH 5, 5 mM so-
dium hexanesulfonate bufferS 25 mL 7|52l 40°C ZA |
A 3087 22k FE3HITE o] % 1587 14,800 go. 2 ¢
A1 E2]3F & filter paper (Whatman 110 mm; Cytiva)2 A&l
< o731t o5 50 mLE A-8-3F F 0.2 um syringe filter
(Whatman PVDF; Cytiva)2 {23t & HPLC (e2695; Waters
Corporation)& ©]-&5to] HA51¢1 o, HPLC EAZ27AS
Table 19]] A A8} L}

HlEfal B, 24

el B, $41& Jeong et al. (2021)9] HrH o] whel £4]
St Ak Al& 3 g& conical tubed] #3t 3, HPLC
waters 10 mL 3 7Fs}aL 2ol A 1027+ 253} =3t
20 mL2] waterE F7}2 75t 3 80°C, 100 rppme] Z7 0]
A] 15871 913k, 0% WZHAIZL §] 12,000 pmol A 15
1 skt el A4S HS 0.2 um syringe filter
(Whatman PVDF; Cytiva)= o] 7}8t 2 ultra performance lig-
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uid chromatography (UPLC, ACQUITY UPLC H-Class Plus;
Waters Corporation)& ©]-8-5}o] H4]3141 0™, UPLC 4=
12 Table 10 A|A|5F3ATE.

Ale

= 4=
— 7I:IO

A8 9 4873 vlepnlo] A H3-2 218 AOAC &4
A% 7to|E2kI(AOAC, 2016)0]] whe} 2414 (linearity )2}
SHd(accuracy), 78 U/ (precision) ZRISHATE 7} Ad+2
S Z47He] FE RN TAA O B S, 7 5
thalf 33] RHEste] HPLCE #4190 24 7ol #-8
Hof| gk = HA I} FEE H42 5ho] H A (calibration
curve) A3 5Fql om, 2 El HRFA O] A (R?) 4= ©]
ool 2449 FraidS Elskaitt EA HE5 el 4
Z=3HA|(limit of detection, LOD) & A =FakA|(limit of quanti-
fication, LOQ)= A& H(blank)S HPLCZ HA5k0] &
signal-to-noise (S/N) H|E o83} 4t&atict. 2F A9
peak=HE ¥ S/N gto| Batoll =HAke] 30 H 108(=
717} A-g-5ko] LOD2F LOQE A4ttt A2Hd-2 NISTO|
A Yt EFEZ SRM 18695 ARg3lo] H7ls3iTh
SRM 18699] #|-&4 B 84 BlEmle] ghfa £ARE &5,
NISTof| A AAISE 915Gk (certified value)} E49 ¢} (analytical
value)2 H] 1 5}10] 3|4=E(recovery, %) X z-scoreS AHE513
o}, A48 o] A A(precision) T£3F SRM 18695 A& =2 AR
sto] 7tskelet. W (repeatability )2 -5 4 gt 21104 5}
ol 53] HhE A sko] grtekgl on, T TS At H At

d
11

o
0

X o o

Table 1. Analysis conditions for the determination of retinol, tocopherols, -carotene, and water-soluble vitamins (B , B,, and B,)

Retinol and tocopherols

B-carotene

Vitamin B, and B, Vitamin B,

Instrument HPLC (e2695; Waters Corporation, Milford, MA, USA) UPLC (ACQUITY UPLC H-Class Plus; Waters
Corporation, Milford, MA, USA)
Column Merck Lichrosorb 100 Diol ~ CAPCELL PAK C,, YMC Pack ODS-AM Acquity UPLC BEH C .
Detector FLR detector PDA detector UV detector FLR detector
Flow rate 1.0 mL/min and 0.6 mL/min 1.0 mL/min 1.0 mL/min 0.1 mL/min
Injection volume 20 uL 20 uL 50 uL 10 uL
Column temperature 25°C 25°C 25°C 25°C
Mobile phase Retinol:5% isopropanol in Time (min) A B Time (min) A Time (min) A B
'rl]'c?():(ggﬁerolﬂ .3% isopropanol 0-35 100 0 020 100 0 0-20 75 25
in hexane 3.5-22.0 0 100 20-35 50 50
22.0-285 0 100 35-45 100 0
28.5-30.0 100 0 45-55 100 0
30.0-40.0 100 0 A5 mM sodium hexane A:10 mM NaH,PO,

A:acetonitrile:methanol:di-
chloromethane=70:20:5

(VIviv)

B:acetonitrile:methanol:di-

sulfonate solution:acetic B:methanol
acid:trimethylamine=1
L:7.5 mL:200 pL

B:methanol

chloromethane=70:10:30

(Viviv)

HPLC, High performance liquid chromatography; UPLC, Ultra performance liquid chromatography; FLR, Fluorescence; PDA, Photodiode

array; UV, Ultraviolet; A and B, mobile phase solvents A and B.
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of dlojel 2he AT T, ol=e] BRge REHAIE QC
chart 443.& 9lat 717k 2 AAIoiTh B AT i)
2| A}t (upper control line, UCL)Z} ¥H2]3}gH4 (lower con-
trol line, LCL), Z*]4}$HA (upper action line, UAL) & %%
354 (lower action line, LAL)S AOAC 2411 A5 7o =
Z}RI(AOAC, 2016)0f| whe} Al4kste] A shiet. ESH A& &
A 77k 9k U B4R ARE ASH0R WAsle] QC
charts 2k s Vel 2o BB F)H e
SERSRLE Y

SAX

HIEMT] A QlutAd BLo) B A= IBM SPSS Statistics (ver-
sion 20.0; IBM Corp., Armonk, NY, USA)Z AFg-3}0] B4 4]
glstgon, A& 7F-594 H%2 Duncan’s multiple range
test (P<0.05)& A A3to] &ls}Sict.

o s
Zn 9 D3
2AY 25

e - e

Mo

(B, B, % B¢ &4 52 S8l A4, A=A, 424
= 7F5t] Table 20 e ST 2444 5-T70 % 4+
O EFENE A x25o] 2t 33] o] 4f HhE 24 T HFA S 2
gsto] Hlslet. s 24 A9 AA(RY)= 0.9997-
1.0000 ® 915 vepo] & EAR o] 93k A4/ e S st
3L Sl ER%I5HI th(Table 2).

HEl=2 o-, B, y- S-EIHEL fluorescence detector
(FLR detector)E AMg-31o] 45131 9 LOD+ ZH2} 0.0086
ug/100 g, 0.0115 mg/100 g, 0.0035 mg/100 g, 0.0274 mg/100
g, 0.0112 mg/100 g, LOQE Z}2+ 0.0261 pg/100 g, 0.0350
mg/100 g, 0.0106 mg/100 g, 0.0831 mg/100 g, 0.0341 mg/100
go & Uehth FLR detectors ARE-to] #|El&s 24T
Shim et al. (2012)& LOD, LOQZ}o] 2t} 1.48 ug/100 g, 4.50
ug/100 golzt HarsteiTt. oo Hlsf & kol A A8 #4]
2] LOD2F LOQ+= oF 45741 -2 gh2 vehfof, 44k &
9 AEof e IRk ElElsS ppb 7o Aol E
AUsHA AT 4= 9l& Ao = wetE) gk, Shim et al.
(2012)2 E39E2] LOD7} 0.0001-0.0041 mg/100 g 45
olgfal Huslglon, & A-toA EAH EXHE ok A
A LOD % LOQ gt 23] 2 ¢Fo= Uehd 41
A Q= Aol 7t Ao m HrhE o] 2Rl Aol= &
A71718) A, A" 54 T8 EA4x1 Zolof 7]l Ao
Z AREHH, &2 H-Lof| A= Merck Lichrosorb 100 Diol 2
S ARE3E B, Shim et al. (2012)2 reversed-phase 7]512]
RP-CI8 UPLC 2% AHelo] 1A & Salol 5 29 54
o] zpo)7} 91917] wjEo 2 FreEl T Bell et al. (2014) fluo-
rescence detection®| -2 sensitivity2} selectivity S A|5-51H,
chromatographic separation efficiency 3Alol o8 ¥& 4=
o] H&o] 7Pssitkal B sk} E35F Armbruster and Pry

Table 2. Linearity and limits of detection and quantification for fat-soluble vitamin and water-soluble vitamin analyses

Linear equation (y=ax+b) Correlation of linearity (R?) LODY LOQ?
Retinol (ug/100 g) y=1,804,343.1x-2,584.4 1.0000 0.0086 0.0261
B-carotene (ug/100 g) y=80,282.1x-7,725.4 0.9999 0.3297 0.9991
a-tocopherol y=12,889,800x-894,675 0.9997 0.0115 0.0350
B-tocopherol y=18,984,555x-674,406 0.9998 0.0035 0.0106
Tocopherols (mg/100 g)

y-tocopherol y=14,016,343x-374,465 0.9999 0.0274 0.0831
d-tocopherol y=23,566,613x-293,360 1.0000 0.0112 0.0341
Vitamin B, (mg/100 g) Thiamin y=62,258x-4,471 0.9997 0.0192 0.0580
FAD? y=12,311,757x-202,165 1.0000 0.0123 0.0371
Vitamin B, (mg/100 g) FMN®# y=44,511,352x-97,311 1.0000 0.0055 0.0167
Riboflavin y=45,540,731x-772,360 0.9997 0.0381 0.1155
o Nicotinic acid y=56,163x+4,501 1.0000 0.0147 0.0444

Vitamin B, (mg/100 g) L .
Nicotinamide y=57,674x+2,314 1.0000 0.0462 0.1400

DLOD, Limit of detection; 2 LOQ, Limit of quantification; ¥ FAD, Flavin adenine dinucleotide; ¥ FMN, Flavin mononucleotide.



(2008)+= LOD % LOQ~} signal-to-noise ratio2} 4] A| A H]
o] Aeoll daFe d=rta Arstal). weba] 2 Ao 24
He s @ EREE 240 o] St AEE 7= A
© & gihE )

HPLC-photodiode array detector (PDA)E AM&-31o] £4%F
HE}ZF2E 9] LOD2} LOQ+= 2+t 0.3297 ug/100 g, 0.9991
1g/100 go 2 YERHTE Andrés et al. (2014) HPLC-PDAE
ARgato] Weph el 2A s o, ojule] LODSFLOQ:
242}'5 ug/100 g, 7 ug/100 golekan wsgiek. olo] ulaf &
Ao A ARSE B4l o] LOD2F LOQ oF 7-168] WA b
EfL}, Ak AR 9 A Eo]] - w| o] HE R RS Hek w
2 5% A A AT 4= S A o= weE T o]
ejgt Ajoliz H41717]9] 5, o4k 4], gradient 271 52
2927 2polof 7]elat Aoz AR Andrés et al. (2014)
9] E-4of| A= methanol, tetrahydrofuran %! water”} o] &
2 ARS-E HHE, 2 o] A= methanol, acetonitrile 2 di-
chloromethane-& AM8-810] #-4181917] wjitof| o]F/d2] 2]
S0l 2kl 7k AUNH A O = FeE T} Tetrahydrofuran- H|
ephzEle] Sol W AISALS AN e B8 b))
o5h= ¥4, dichloromethane-2 -2 §-&8-& F3l 11454
carotenoid9] retention time 7140 kS |2 = A o072 Ay
A Ak wheba] o] g ol AR 7718 O] T E 24 Zfo]
7hHErRE o] B A FEdee] dFS vRl des
ghkEl el Snyder et al. (2010) HPLC 2404 chromato-
graphic separation efficiency%} baseline noise 4250] A&7
ol H71%9] GgEe |2tk 5 115490 0, Dong (2006)2
PDA detectors 0|83+ 4o A Z23}1H chromatographic
condition®| peak resolution & sensitivity &FAkol| 7| o gt
Argstaiet. weba] 2 dAtoll A A gE A et R
A0l Qlo] St et A RS 7= A o= Tt

=84 vlElY1 9] -2 UV detector= £-413F thiamin2] LOD
ok LOQE Z+7F 0.0192 mg/100 g7} 0.0580 mg/100 go]2]
S, nicotinic acid2} nicotinamide?] LOD+= Z}Z+ 0.0147
mg/100 g} 0.0462 mg/100 g, LOQ= 72} 0.0444 mg/100 g
7} 0.1400 mg/100 g& & =53t} ©]+= Yoon et al. (2019)
o] X 313} thiamin, nicotinic acid & nicotinamide®] LOD (Z}
7} 0.0951, 0.0190, 0.0361 mg/100 g)2k LOQ (22} 0.1904,
0.0284, 0.0732 mg/100 g)2F GAFat 2202l o]2|at 2jo]
= 2471719 B, AR AR W 5o £424 Aol
7118k A o 2 ke Jeong et al. (2021)¥} 5243 HPLC-
DAD % FLD 4312 285151 ol 27313 £4igt0] 3}
o7k upehdt A Al =9 F57+ X matrix 5/ Z}olof 7915k A
© & gotEtt -8/ vlEhil o, Akt 3 &2 7o vigtst
o, Rt} phal 0 4 24 5o AR B4l et 2
ZaE ol debd 4= s A o= A Sltk(Belitz
etal., 2009). T3+ 2 o17L9] 9|57 A|E2} Yoon et al. (2019)2]
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TARF AR 7 S B4 Afolof ofsf BlEpel gk 3
HE EA] AJo]7} vhAYsE A o 2 AR F ). Taylor (2020)=
HPLC-DAD 4] A baseline noise®} signal-to-noise ratio
7F STl A3 A Q1 Gk v FIThAL Ha161%] 0, detec-
tor wavelength setting ¥ chromatographic condition 37}
noise 0] FE & ¢ vkl Askanh 1y &
TN AE 24 vebn GRS 25 LOQ olte] 45
oz yeht AR Sle ol 7hseh Ao deE Y ®
3t 2 Lo Al HPLC-FLRE ¢]-8-35}0] £413} flavin adenine
dinucleotide (FAD), flavin mononucleotide (FMN) 2 ribofla-
vin®] LOD+ 217+ 0.0123, 0.0055 2 0.0381 mg/100 g&. = 1}
Bl o, LOQ= 2+ 0.0371, 0.0167 ¥ 0.1155 mg/100 g
2 3FolE|Q]t). o]+= Yoon et al. (2019)0] HPLC-FLDE o|%-
3to] B11%E FAD, FMN ¥ riboflavin®] LOD (ZZ 0.0189,
0.0177 ¥ 0.0086 mg/100 g) 2 LOQ (Z+Z} 0.0202, 0.0387
2 0.0314 mg/100 g)°F H| Wt S wf AR 02 FAlRE 4=
22 e Qi) o]83t A}= fluorescence detector®] =2
sensitivity2} selectivityol] &J3l ¥ 452 HE0| 71534
7] o2 etE ) Lakowicz (2006)= B HEH0l =
< signal-to-noise ratioS A|5-5F0] mlEF A4t Aol A atA]
olgtal Rustg o, B2 A9 2|43= chromatographic
separation efficiency Y detector response &FAtof| G o]
2 2 itk stk webd & Aol A8H 2ay
2 FAD, FMN 4 riboflavin £49f Qlo] 9=t 7o} 41

e 7= Ao ® wekEh Zh el il tigh 4
Ho] o= JISEEEAR SRM 18695 o]&-ato] 3l
& 7|Ee 2 HIeloitk(Table 3). #El=2 49 2492
1,856.90+37.14 ug/100 g, 5]%=&-2- 96.36%, z-scorel= 1.89
2 yepgton, HEZIR2E2 108.36 +5.25 ng/100 g2 E4
ZXo 2 106.24%2) 3+&1) -1.219) z-scoreE YE AT
o-, B-, v-, S-EXHES] EAZE 27F 22.29+3.71 mg/100
g, 0.40+0.06 mg/100 g, 8.54+0.77 mg/100 g 2 2.73+0.26
mg/100 g& 2 SA %% o™ Z+2f 102.62%, 94.79%, 85.87%
2 83.92%2] 3lp&2 YERH I z-score W9l AUGE 2
OIS tehfol QkEE soldle. 484 vlEule) A
thiamin, riboflavin & nicotinamide &4 7}to] 2+2F 1.40+0.13
mg/100 g, 1.27+0.03 mg/100 g 2 10.33+£0.95 mg/100 go]
glon 3482 105.58%, 93.40% 2 104.98%, z-score=
-0.56, -0.04 ¥ -0.522 e AOAC 710 =81 (AOAC,
2016)°fl wh=H 1 ug/100 g 2] g+l thaff o]-8-5]= 3l
& J9= 70-125%2 A AH o o, & Ak oY 7l
= T5%ts Aoz yehgth AW AEAS AOAC 7t
o] ZZRI(AOAC, 2016)°] whe} 71w, A& 5 A 8faLA}
St AR A ol 1 mg/100 g 79wk v A
9] relative standard deviation (RSD)+= 2+2} 6%2} 11% ©]3},
1 ug/100 g F<EollM= 212} 8%2t 16% o|st= +4skaL 9l
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Table 3. Accuracy of fat-soluble vitamin and water-soluble vitamin analyses

Analysis value”  Assigned value?  Recovery® (%) z-score®)

Retinol (ug/100 g) 1,856.90+37.14% 1,927432 96.36 1.89

[-carotene (ug/100 g) 108.3645.25 102120 106.24 -1.21

o-tocopherol 22.29+3.71 21.72+2.60 102.62 -0.15

Infant/Adult  Tocopherols B-tocopherol 0.40+0.06 0.42+0.07 94.79 0.37
Eg:mgﬁ: (mg/100 g) y-tocopherol 8.5410.77 9.94+0.51 85.87 1.83
(SRM 1869) d-tocopherol 2.73+0.26 3.2540.29 83.92 1.99
Vitamin B, (mg/100 g) Thiamin 1.40£0.13 1.33+0.03 105.58 -0.56

Vitamin B, (mg/100 g) Riboflavin 1.27+0.03 1.36+0.15 93.40 -0.04

Nicotinic acid N.D.9 N.D. N.D. N.D.

Vitamin B, (mg/100
s (Mg 9 Nicotinamide 10.33+0.95 9.84+0.22 104.98 -0.52

D The experimentally determined value.

2 The assigned value provided for the reference material.

9 Recovery (%)=(analysis value/assigned value)x100.

4 z-score=(assigned value-analysis value)/standard deviation of analysis values.
9 Each value is presented as mean+standard deviation.

9'N.D., Not detected.

Ch. Table 40f] AJAJE 2 A Z4W Q) AT} A2 2t £ R hFig. 1). HEl=9] Hatgh 1,843.28 ug/100 g

7}0.9-6.0%2} 0.3-7.2%2] M 21E LElY AOAC 7ol =kl ol9lom, UALT LAL-S 7+7} 1,920.24 ng/100 g, 1,766.31
(AOAC 2016) 58S SFalo] B o] Ay io] 94 ug/100 go]¢lal UCL¥ LCLE 7Hz} 1,894.59 ng/100 g,
Sk S EIE 4= it 1,791.97 ug/100 goloitt. Hept=d o] 4> 108.36
o — ug/100 golglom, UALT LALLS 77+ 124.12 ug/100 g,

92.61 ug/100 go]%lal UCLY LCLL 77+ 118.87 ug/100
A FATE = W F48E A E(SRM 1869)E o] &3t g, 97.86 ug/100 go| it} EFHE0] AL ¢-EFF 20 I
QC charts 53l 735t on, o] 5 Foff £4] Axto] Al=® T 22.29 mg/100 go|glom, UALY} LAL-L 7Hz} 25.02

Table 4. Precision of fat-soluble vitamin and water-soluble vitamin analyses

Repeatability" Reproducibility?
Mean+SD? RSD* MeanzSD RSD.?
Retinol (ug/100 g) 1,837.65+17.57 1.0 1,840.37+34.01 1.8
B-carotene (ug/100 g) 107.01+2.89 2.7 109.7247.01 6.4
a-tocopherol 20.32+0.69 34 22.26+0.81 3.6
Tocopherols B-tocopherol 0.45+0.03 6.0 0.35+0.03 7.2
(mg/100 g) y-tocopherol 7.94+0.32 4.0 9.13+0.60 6.5
d-tocopherol 3.08+0.11 34 3.08+0.09 28
Vitamin B, (mg/100 g) Thiamin 1.42+0.01 0.9 1.39+0.04 3.1
Vitamin B, (mg/100 g) Riboflavin 1.4610.03 2.3 1.34+0.03 2.9
o Nicotinic acid N.D.® N.D. N.D. N.D.
Vitamin B, (mg/100 g) o )
Nicotinamide 9.84+0.04 0.4 9.83+0.03 0.3

D Relative standard deviation of five replicate analyses within one day.
Y Relative standard deviation of five replicate analyses over five days.
9 Each value is presented as meantstandard deviation.

9 RSD,, Relative standard deviation for repeatability.

» RSD,, Relative standard deviation for reproducibility.

9'N.D., Not detected.
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Fig. 1. Quality control charts of fat-soluble vitamins (A-F) and water-soluble vitamins (G-I) analyses. A, retinol; B, p-carotene; C,

a-tocopherol; D, B-tocopherol; E, y-tocopherol; F, 3-tocopherol; G, thiamin; H, riboflavin; I, nicotinamide; UCL, Upper control line; LCL,
Lower control line; UAL, Upper action line; LAL, Lower action line. Upper and lower control lines (UCL and LCL)=mean+2xstandard
deviation, upper and lower action lines (UAL and LAL)=mean+3xstandard deviation.

mg/100 g, 17.56 mg/100 go] )31 UCL¥} LCLS Z+2F 23.78
mg/100 g, 18.81 mg/100 gollt}. B-ERHEL] Hatgh
0.40 mg/100 go]2lom, UALZ} LALS Z+7} 0.57 mg/100
g, 0.22 mg/100 g©]2 3 UCLY} LCLS -7} 0.52 mg/100 g,
0.28 mg/100 go|¢itt. y-E A HZ9] Hagh2 8.54 mg/100 g
o]9lom, UALY} LAL-L -7} 10.84 mg/100 g, 6.23 mg/100
206|913 UCL¥} LCLS ZH2F 10.07 mg/100 g, 7.00 mg/100 g
o]2lt}. 5-E ¥ E0] HFFH 2.73 mg/100 go] 9.0, UAL
I} LALL- 72} 3,51 mg/100 g, 1.94 mg/100 go] 93 UCLT}
LCLL 77+ 3.25 mg/100 g, 2.20 mg/100 go]$ich. S84 H)
EH19] 79 B, 9] HatghS 1.40 mg/100 g, UALTH LALS 7}
7}1.80 mg/100 g, 1.01 mg/100 go] 13 UCLY} LCL-S Z}7¢
1.67 mg/100 g, 1.14 mg/100 go]| t}. Nicotinamide 2] 4k
29.83 mg/100 go| .21, UALZ} LAL-2 742} 9.93 mg/100
g, 9.73 mg/100 go]13 UCL¥} LCLL- 72+ 9.90 mg/100 g,

9.77 mg/100 go|2itt. B,o] Hghe 136 mg/100 g, UAL
I LAL2 2t} 1.65 mg/100 g, 1.08 mg/100 go] 3L UCLZ}
LCLS 212} 1.55 mg/100 g, 1.17 mg/100 go]gie}. B4 7]7F
B U FAH AlRE 283 QC charts 53l 43z
£t A} s, B2 E, Het= e, HE B, B, %
B,o| #4I3ES 25 UAL 9 LAL 9] o|tho] E3hsiglo.

Fol 2 Aol 4 A4 dlo]el 7} 4l

= S 2 0] 2

=0 LT T T
FAS gl
UEE g

IEF 550l el Yy 2 Table 59 2tk 4%
e WA 1155(76.64£0.07)01 4 7P a1 ZAjuu S a1
5(69.92+£0.36)0l1 4] 7Hd ko m(P<0.05), =i g
2o ZEAT o EI15(20.06+0.72)1 A 7P B3 W E
(16.39£0.12)0f| A 7} WIth(P<0.05). AR gHake W



436 Wl - PG4 - olg] -

Table 5. Proximate composition of five gastropod species

Proximate composition (g/100 g)”

Moisture Crude protein Crude fat Ash
Fusinus perplexus 71.51£0.19° 18.70£0.15' 0.41£0.02° 1.61£0.05"
Neptunea constricta 71.210.22° 17.7810.49° 5.90+0.09" 1.38+0.01°
Neptunea cumingii 69.920.36" 20.06:0.72° 4.89£0.06" 1.330.04°
Rapana venosa 73.25:0.15 17.23:0.41° 1.24£0.01° 1.70£0.05™
Tristichotrochus unicus 76.64+0.07" 16.390.12° 2.1240.08° 1.74+0.06°

D Superscripts indicating different letters depict statistically significant differences as per P<0.05 by using Duncan’s multiple range test. Each

value is presented as mean+standard deviation.

o 2 315(5.90+£0.09)0) A 7H 231 71315(0.41 £0.02)0] Al
7P Eekon, E AR 7F5-9) % 2ol 7} YERETH(P<0.05).
S|4 S WA 151,74 £0.06)0 4 71 1 HuiELL
E(1.38+0.01) 2 ZAw] o] B315(1.33 £0.04)0) A 714 w-&
2229 YR THP<0.05). Mok et al. (2007)2] K 10| w2
A Z 350 48, 2ehiz 9 3|8 gepe 77} 754,
17.5 2 2.0 g/100 go] Q.00 TS o) A= 247} 73.9, 16.8
2 2.6 2/100 g2 2 Rt B A A3} T3} o] 9} FAleE 7
S Yepch Ty 2 Aol A 2o 25} o) ¥
o) A Rl 7171 4.89 E 1.24 g/100 g2 2, A elto]|
A HE 0.4 9 0.1 /100 gl v}t A UebgTh o2 gt Zfo]
AR A A7), A4 34, wol 9l 3 Ae] A Abeje] Zfo]
of 7]Q1%t Ao & gt 53] S4B A4 g Akt
7] 7 2 A- A a9lof whet 2 WskE el Aoz o
A 1o|(Li et al., 2007), & Aol AP A 7he] 229 o
Zolof kS vl A o2 gekEch

dEl= A HEIFIZE ofF

HlEbyl AL BAPES1 217} 7]

il

olr

Aol B AT 5

Table 6. Fat-soluble vitamin content of five gastropod species

St Ao oA glow, W] 24 9 Al A 2ot
83 A 5= 222 A2 A QUeH(Combs, 2012). HER7E
€2 g F2] 9] provitamin A carotenoid= AW of| 4] v]E}T]

4= Qlom, ket 2482 Sal @At E AA S

18
i
tlo
o

I

A0 2 elA glou], BYALE AAs L 2

r

>
Jo rr & U ofy
o
righ
i ﬂ.lﬂ

o) Z-E SATHE e BAE Bl AR AEYAS
HaA7]= A0 2 defA Qlok(Stahl and Sies, 2003; Krinsky

and Johnson, 2005). 1155 5% 7Fo] 284 vjebyl 2 e
=4 2 Table 62 Ath. e ohf2 A&l
(3.95+0.53 ug/100 g)i} P2 ETE(3.91+0.74 ug/100 g)
o 4 714 9om, T 3 7ol fol g ol 7} glgl ot u)
THE(1.174£0.29 ug/100 g), HA1E(1.15+0.07 ug/100 g)
2 2105022 £0.01 ug/100 g)uth f-oI5HA] & 3 thek
WATHP<0.05). B, w801, WA AL 9 7100 7hofl= f-2

gk 2to] 7} Glglet. Hle7 2§ ghehe WA 115(336.82 +0.97)
oflA 71 wekon, el s (158.46£47.45) 9 w&1
5(150.02£9.14)Ec} -9]5HA -2 42 UEFATHP<0.05).
B el 9 ¥y el f-olgk Aozt glalom, &4
A o B 115-(46.00 + 6.05) 3} 71 1145-(30.16 +0.88)2 714 v

Fusinus perplexus Neptunea constricta Neptunea cumingii Rapana venosa Tristichotrochus unicus

Retinol (ug/100 g) 0.22+0.01°" 3.91+0.742 3.95+0.532 1.17+0.29° 1.15+0.07°
B-carotene (ug/100 g) 30.16+0.88° 158.46+47.45° 46.0046.05° 150.0249.14° 336.82+0.972
RAE? 2.73+0.08¢ 17.12+4.69° 7.78+1.03° 13.67+1.05° 29.22+0.15°
a-tocopherol 0.94+0.08° 3.83+1.36° 0.54+0.10° 1.61£0.04° 0.57+0.04°
B-tocopherol N.D.» N.D. N.D. N.D. N.D.
(Trfl;‘;fggg’)'s y-tocopherol N.D. N.D. N.D. N.D. N.D.
d-tocopherol N.D. N.D. N.D. N.D. N.D.
a-TEY 0.94+0.08° 3.83+1.367 0.54+0.10° 1.61£0.04° 0.57+0.04°

b Superscripts indicating different letters depict statistically significant differences as per P<0.05 by using Duncan’s multiple range test. Each

value is presented as mean+standard deviation.

2 RAE, Retinol activity equivalent; vitamin A activity is expressed as pg RAE/100 g. 1 ng RAE=1 pg retinol+1/12 pg B-carotene.

JN.D., Not detected.

4 o-T, a-tocopherol; a-TE, a-tocopherol equivalent; a-TE=0-T+f3-T+y-T+3-T.
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I e IR E TR 7|HES 2 AFESE retinol activity equiva-
lent (RAE) ¢4 A a5l A 29.22= 71 =7 Uehst e,
glEalst EIEo] 1 thy s Elch vh 2
rfEals oAl A es e ghero] 2lw gl
oh & Aol A AR A5 e R HE LR o
o] RAE gtell B & F3= nlA]= Aol Rl= it 5o
45052 el Thepol Al A 0.2 Rorg ol 25t 7
S HEEY S UEl o] 254 0% 7MY =2 RAE
S BT} o]+ HElZI2E 0| provitamin A carotenoid 2 4|
HIER A 2]l 7]0f51917] wE o= ke, Fisher et al.
(1956)2 AA| 5=l 4] carotenoid®} retinoid”} $HA &Rt
aL Huskglon], & Aol HEltRE o] & AR
oA =& RAE & UEh o] carotenoid”} HIEFI A 249
71018k 72 Eelskeinh. 1y dA7A] e s o
O = fEE 9 HEHEE S SAlof vl EARE A=
A o2 HaEo] 9lof, 2 = = iLE 72 A8/ H
Rl 24 EAS AlAsHI T dellA 997t Sl

ETNHZE szt

=
‘]

AL} vlEbT © 2 free radical
scavenging 2/d& -3l A& 2HikelE oA skaL A s2uke] 4hst
A &S a7l qEE sk Ao r g A glon, it
52 8- Fol Al o) RESAPALS AR E B ESH:
Ao 2 H 1T ckBrigelius-Flohé and Traber, 1999; Traber
and Atkinson, 2007). H|E}] EQ] 8% vitamers % 42| $1=F
S EA%F A9} v]EM E activity S a-tocopherol equivalent
(0-TE)2 Table 60 L Ick. 2 Q1204 BAJSE 155 5
FToA o-ERHES B FEEHAO, B, 1-, S-ERHES
H2E A G 0-E RS PR EIE(3.83+ 136 mg

Table 7. Water-soluble vitamin content of five gastropod species
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0-TE/100 g)ol|l A T} 4] ]38l F2JstA =2 HFs YE}
WO H(P<0.05), Y A] 4% Zholli= -9l 2tol 7} glelet. =
7VR A EAEE(NIFS, 2020)0] 931, 1155 2315t i
o] ExH| = kS 04-2.9 mg -TE/100 g&. &2 Hi1E o] §)
ch. ESF Lee et al. (2005)2] Lol A 2] ofulj 72| v]eldl E

2k o) 0.0]1-4.38 mg 0-TE/100 g & B %]},
HIEIRI B, & B, &&

HIEHY] B2 AW o[ | A] thAbel] F4=2Ql 2H AR 2485}
o, AAA 715 A D AIE AF 28] Fas 4TS 43
3= Ao & oe A ¢lthKennedy, 2016). Thiamin &+4=3}
& A 2ol A 2EAR Z-g5to] oy 2] A4 9 A1 75
Aol 83 4T-Z ok Ao R de|A] 91, riboflavin
2 FMN 4 FADS] A2 2-g-5to] AW Ats}-2hed gh-g-at
ol x| ehAtell BA 2l 7]5-2 =3 gtet. Niacin> NAD 4
NADP2] 14 /d&0 & 2H-8-51o] A 22 U o A] A/ 2} 4FS}
3 vhgofl 583t 93hS sh= 20 R HalE gl ch(Powers,
2003; Combs, 2012). 1155+ 55l gk =84 BEtTI(B,, B,
4 B,) £4 A7H= Table 70 YR Sict vlElY] B, 9 B &=
71315420.18 mg/100 g 2 15.32 mg/100 g)2} ¥4 115071
mg/100 g 2 11.01 mg/100 g)oll vt AEE o, & A&
T 1354 FolohA =2 FeFs UEITHP<0.05). o] 2
Sk 1 Aol = T tiAF B4 B Hol e 249 Afolef 3t
dd 7ol o, Al ES] BlER S Hold, A
A, A7 9 AR A 5 oheket 2919 FES e A
o2 de#y A QltiOhwada and Taga, 1972; Fridolfsson et al.,
2019). whaha] 2 A5tefA] ElE F1F Apol= ol gt 22E
o] Bt o g 2hget A3 7hs/do] Qlom, ' Ao R
1 U1 eS| et o= eAIZE Qlk. g =84 HlE}
-2 A ARAgo] B g A acle] FS AA W= AL

Fusinus perplexus Neptunea constricta Neptunea cumingii Rapana venosa Tristichotrochus unicus

Vitamin B,

Thiamin 20.18+0.532" N.D.2 N.D. N.D. 0.71£0.01°
(mg/100 g)

FADY N.D. N.D. N.D. N.D. N.D.
VitaminB,  FMN® 0.05+0.00° 0.100.08° 0.15+0.00° 0.1110.00° 0.15+0.012
(mg/i100g)  Riboflavin 0.0320.00° 0.1240.13° 0.06+0.00° 0.24+0.00° 0.20£0.01°

Total 0.08+0.00° 0.22+0.21% 0.21+0.00® 0.35+0.00° 0.35+0.02°

Nicotinic acid 15.32+0.00° N.D. N.D. N.D. 11.01+0.00°
Vitamin B, -\ otinamide N.D N.D N.D N.D N.D
(mg/100 g) D. D. D. D. D.

Total 15.32+0.00° N.D. N.D. N.D. 11.010.00°

b Superscripts indicating different letters depict statistically significant differences as per P<0.05 by using Duncan’s multiple range test. Each

value is presented as mean+standard deviation.
2N.D., Not detected.

3 FAD, Flavin adenine dinucleotide.

4 FMN, Flavin mononucleotide.
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A Qlon], 53] ety B2 &, Ak} 9 pH w3t 7l
woz okl glol A4 w AAE I 5 A &4
AN 7= B A 4= §lth(Voelker et al., 2021; Luo

HIEIDI B, ofg

252 2h(B,)2] -, FMN 9 riboflavin Fef= wE 315
F AROJA HEE ubE, FADE A A|Ro|lA AEEA] %
t}. 2luk2] 0 2 FAD:= A Yol A whal2la) Asts zgia
)= Z2)5}H (Gregory, 1998), AA 2] B 32 144 & 7}
3= &3l FMN %= riboflavin Fej = Aghd 4= 9l= A Oi
&4 lek(Ball, 2005). wHepA & oA FAD7} & %4
ok31 FMN g riboflavin?t A&H 2L Al & ] 24 Fe)2 2}
o]g} 61—7}]] == \:!l l:l/d _L]_;H FAD—/] —r“OHOﬂ 7] 15t 74 o=

ket ofefet B4 Ars vhg e s wERE HET A E
4 B2 et et 7HI7E Qe AR LR H7E
o, AT ARAEC] YRR dlolElo] A 5, 7]

42 A 8 PR i 288 AR 1aAR e
289 5 92 Ao 7|hEth
Ab AL

O] =2 Ay ARFEh AR AEAR (R2026056) 2]
Aol ofaf 4=2Y % =Fo|u, At Aol AAF=H YT
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