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Improvement and Verification of a Cholesterol Analytical Method to
Analyze Cholesterol Content in Seafood

So Hee Jung, Yu Rin Jeong, Hye Young Shin, Yeon-Kye Kim and Na-Young Yoon*

Food Safety and Processing Research Division, National Institute of Fisheries Science, Busan 46083, Republic of Korea

Cholesterol is an essential component for maintaining health; however, excessive consumption can lead to diseases.
Thus, continuous monitoring of cholesterol content is important in food research. The cholesterol analysis method
used in Korea follows the Korean Food Standards Codex. As this method uses gas chromatography, derivatization of
the sample is required, and analysis time is more than 30 min. Kim developed a new method using liquid chromatog-
raphy; however saponification by the non-heat saponification method is insufficient. To address these limitations, a
new cholesterol analysis method was developed and verified. The correlation coefficients for the cholesterol standard
(STD) were maintained above 0.99. The limit of detection and limit of quantitation of cholesterol STD were 2.41
pg/mL and 7.31 pg/mL, respectively. The accuracies for cholesterol were 92.21-99.02%. The developed analytical
method was also verified using three standard reference materials, and their accuracies were 93.71-97.09%. In addi-
tion, the cholesterol content of fishes was analyzed, and the values were compared with those recorded by the United
States Department of Agriculture. Our results suggest that this method could be used as a new analytical method for

cholesterol in seafood.
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FHAHES AEd= AT, QIS 233t 5 =
Aotz AEH|RO|E ALY 7SR, 55 P45k Azt
AJzzake JLAEHs 4= Ao w(Kim et al., 2011), B]EF D
ot 4719 7|5 L A E AR A8k AR E 52
LS sk AR R o & Ent oh et SAE ] A%
o] Q3 ko] a2 r ARRELE S AuUo)A] Zast
o 3HS- ghth(Hanukoglu, 1992). AW thAtel] 4= E2Q1 23
2HE2 AW olA TR, AARS fAI517] fleiA=
Ao &2 27FAdF ok sk dgaelth 1y 59 STt
of Al 5e] H3tE SF7E E33 T =4 A5 Aan7E STt
shaL, AlFARY O M 0 & theFst T2 7Aool i E
HA 7FE-A 3 48] T3 F4 8] S7FskaL Qlth o] & AlEol o

o THRElo] Gl EIAY} Fel 2 B2 3 4] A 3
255U stoL 28 A ABS §UE 4 YrkKim

et al., 2011). 2020 =21 G4 A137)=(KMHW and the
Korean Nutrition Society, 2020)0f| wf2 2|z} Ale] &
YAHE HF 7152 300 mg/day= A3l Q1AL 0]=2 1%
o]] 200-300 mgS 415 A& HAsEAL QItHUSCDC, 2012).
g}, 23 o]okEek 4] SJOEA] 7}o] = 2kl (KMEDS, 2020)
oA BelAHES AHgAEe] oA 0% FA ok S 9
7K AR % IR A glol, B AH S 2 2
& §ASH BaA ol Ag, 1) 417 A 7ol 2R
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o SeAHE 2H]ERS 19994 30.7 kgol A 2012 53.8 kg, 2019
9 69.8 kg O & 204 Tk ¢F 127%7} Z7}3to]| wlzl(Statistics
KOREA, 2022) =719] A7} Ao B3t AR ol I AH|
= T 55 23R pARE GUAEE HlolEH o] A E 55
o] JHE A5t Zo] Basirt
Sejutete] A Aol g El o] e Tl aH E T SH
W2 AESHA(KMEDS, 2021)0f =55 S| A8 & A4S
oyl B o2 ALgST glon, o] whel M /)4 A2
= 12| )(gas chromatography, GC)& £4] 7|7| 2 0|83t
A¥HA o= GCE AHE38H7| flaliAle B E 242 9
Mol 242 Adekstr] 913k = A|gh 2ol B asith(Lee,
2018). &49] £ wtet o 27kA] A3} B (methyla-
tion, silyl derivatization, acetylation, esterification)2 A1 E}gh
T UATHKnapp, 1979), S| 2HE 240l silylHS AR
Sty Silyl -4 3 of] ARE-E= A2k methylation®} acety-
lation Al2Fol u]&} €14 S M|, Alko] bl G|
AA|7F 571 5 2ol ol 23l =] 7] wi<zoll whE AlIZE U 24
o] @ tEH, 3l4=go] EHF o 4= Jltk(Lee, 2007). #HE of
Uz}, GC= M A 2 2ok T8 3 (liquid chromatography, LC)
of ulgl| 7]7] 2&to] Exdstar, £4 AJ7to] 71 wo] Qirt.
Kim (2011)2 LCE o]-&3t 3} 71 A1%9] 9| 2H & &4
W& st o, w7 As & ARES ] wisell 3t 7F
3 AlEo] obd A A3 F58] o] Fo R A| Y= A 0]
U= AR dHA ot
2 Ao A= 7129 AEFH 59 Y AHE B
g
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ZY2EE 242 flol AREEE 1059 SARES 202149
S5 on, RSN Crangon hakodater), 3 ©1(Clu-
pea pallasii), Y|7-(Gadus macorcephalusy= ‘g3l A, 4274
o}(Todarodes pacificus)®} 2| 71440 (Pleuronectes yokoha-
mae)= Fofloll A Aok AdeAbe SESHGC
A X|(Paralichthys olivaceus), Z3)&2(Sebastes schlegeli)=-
AAA], %0(Mugil cephalus)= 3l-g<*, <:1(Oncorhynchus
masou)} Betu] oK Tilapia mossambicay= A 2] FA1AF
o Zk2t Lglato] ALgakgl). Al Fuleh 100k o] 4 sk
stol )i, Auele, W, Wy, 4 52 AAT 7, AR e
FAssto] -S0°CoA B3k F AL,

BHooqtof] AN ZHAHE EZEE(5-Cholesten-38-0l,
C-8503)+2 Sigma-Aldrich Co. (St. Louis, MO, USA), Potas-
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sium hydroxide (KOH), Sodium sulfate anhydrous, of|€H--, |
EFE-2 Merck (Darmstadt, Germany), 3391552 (standard
reference material, SRM 1546a, 1549a Y 1845a)2 NIST
(National Institute of Standards and Technology, Gaithers-
burg, MD, USA), &= J.T.Baker (Radnor, PA, USA), Isopro-
pyl alcohol (IPA)2 Honeywell Burdick & Jackson (Muske-
non, MI, USA), £32l-& DUKSAN (Ansan, Korea)ol| 4 2+
SERLEE

AE M=

ZY2HE #2E2ES 5571 1.0 mg/mL7t = =5 [PAY
o] HEUN O Algatg o, Wejho|d g s
[PAZ 343t HFEENE A SHALE A FEd ARE ¢
sto] AbE A= H F2EASEA 2.0 gof ol§hE 40 mLet
50% KOH 8 mLE 7}3l & 85°Col| 4] 60571 Ag}alict. of et
& 60 mLE 97, 244]7F 13 &, S 100 mLE YL Z
g3t 5, 1 MKOHE 2o 2333t A5 Het 3, 0.5
MKOHE ¥ 2239t 455 2 5 7239 5
AlstaL of7sto] F=SFAtHKMEDS, 2021). 2|F 5552
[PAY] 550 77| 248 A| 2 &2 AFgs3t.

SHAHEZE 24

= = "1

Y 2HE 242 C18 column (1.7 um, 2.1 X 50 mm, Ac-
quity UPLC BEH; Waters, Milford, MA, USA)2 AR&-3}o]
UPLC (ultar performance liquid chromatography; Acquity
UPLC H-Class Plus; Waters)& 24519t} o] AR H|eh-2,
ofehg, 52 4.5:4.5:1 U] &2 &35} isocratic O 2 24514
o} HE&94-2 210 nm (PDA Detector) & AR5, 452
0.3 mL/min©.2 44 s}e] A-8-5F¢chKim, 2011).
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sHol SEY A

SR EEREDES ¥ R e COR e
o] A(selectivity)> Fe| AHE EF8-9(100 ug/mL)TF SRM
1546a, o], Defzlofe] Alggohg Z4ah 2 zulE 1o
A 2281 512 9 Q12 249] 729 TS A|7Hreten-
tion time)3} TS H| st S| AEHES A4S EE
o8 T 4 0.2 514810 % 57(0,5, 10,50 L 100 g/mL)
o) 5= 2 ZAalo] 83] ykisto] UPLCE HA6}3i). #28
olo] o} WAL W AAE Le T, A gl
2 AXA 0 &AL Holstglth A A 3HA|(limit of detection,
LOD) ¥ A=FstA|(limit of quantitation, LOQ)= H=FA 7]
7] Bt 4] BE QA o] §5to] LODE HEOAE 3
o & UhE gholl 3.3 wsto] AlAbskglen, LOQ= ¥+

g B o &2 Wi ol 102 F3te] A4kettH(Cho et al.,
2020). F-A41% 9] AU = (precision)= A #FAS BFEFO 2 LOQ
oJAke] AI7HA] (10, S0 B 100 pg/mL) 2o 28| S E2
8012 742} 33] BA1510] YUhHUE (34, repeatability) S
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Cholesterol standard (100 pg/mL)
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Fig. 1. Chromatograms of cholesterol standard, SRM 1546a, Clupea pallasii and Tilapia mossambica for specificity.
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oA ZY AHE 93 5.1-5.2 min AO]
AZb el Sl AEHE Qo] Yehue 54
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29| wEF AREY F ARE ol S4E T
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GCE o] &3 4534 4o A HE== 16-18 min 2o}
104 o) w2 A7 Hioll ZE|2EHE 927t A& 0] 30&
o £QEE 77|EAS A 10802 TEE 4= glo

Axeol| A F=A3t 2Hy& st = 9long a§

AP

o] 31, frERISHE Q19 AlF G B AT 4 ot
(Lee, 2007).

AREE AE Y 2459 s vlEshs dyE 7]

3t 58S S7 5= 4.2 2 (Shirley and Michelle, 2010), A3+
Al(R?) gel 10l 77her5 244+ 7HIvkaL T skal Q)
TtHKMFDS, 2008). A8 A¥} 5749 H& 521 0-100 pg/
mL M 9jo| 4] 83] HhEa} mE Z2kA o] R20] 0.993-1.000 A}
o] 2ES Lrehtfo] A1) 38 SHeItelc. 83] Haalo] e 5
= WAL Waslo] gE ATAS UERyolon], tiE Fek
A9 R22-0.9999%, AR 9] 2| AH | E 3Hef 24 of 285}
StH(Table 1).

LODE 48] 1&0] 7R3t 27 558 ou]akn, LOQ
= ekl AUaA) Ao 4 Qe TP e SRS ol
ot A 7187 Bt 758.5301‘34, W] mEe A=
554.650|t}. o] & o]-§-5to] 43 LOD=2.41 ug/mLo| 3l e

Table 1. Linearity, limit of detection (LOD) and limit of quantita-
tion (LOQ) of cholesterol standard (n=8)

Compounds (Eg;]ngf) Regression equation Liraaé)rity
Cholesterol 0-100 Y=758.53x+167.66  0.9999
LOD (ug/mL) 241 LOQ (ug/mL) 7.31

Table 2. Accuracy, intra-day repeatability and inter-day reproducibility of a new cholesterol analytical method

(A) Accuracy and precision of cholesterol analytical method

. Precision

Concentration of standard (ug/mL) Accuracy (%)
Tested value (ug/mL)’ RSD (%)

Intra-day (n=3)
10 9.90+0.13 1.36 99.02
50 48.41+2.86 5.90 96.82
100 95.81+2.47 2.57 95.81
Inter-day (n=3)
10 9.2240.72 7.82 92.21
50 48.94+2.21 4.50 97.89
100 92.4116.58 7.1 92.41
(B) Accuracy and precision of cholesterol analytical method by SRMs (n=3)
SRM? Certified value (mg/100 g)' Tested value (mg/100 g)' RSD (%) Accuracy (%)
SRM 1546a 71.70£2.20 69.49+2.13 3.06 96.92
SRM 1549a 98.10+7.10 91.93+1.80 1.96 93.71
SRM 1845a 1,767.00+29.00 1,715.65+28.45 1.66 97.09

'Meansstandard deviation. 2SRM 1546a, Meat homogenate; SRM 1549a, Whole milk powder; SRM 1845a, Whole egg powder.
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Table 3. Cholesterol contents of Korean fisheries comparison with values of USDA (2022)

Common name

Cholesterol (mg/100 g)+SD Reference (USDA, 2022) Common name Cholesterol (mg/100 g) RSD (%)

Common squid 242.24+42.67
Hakodate sand shrimp 157.70+3.66
Korean rockfish 54.97+0.58
Pacific herring 54.81+0.93
Bastard halibut 54.75+1.61
Flathead grey mullet 53.84+0.54
Pacific cod 53.63+4.11
Trout 53.29+0.82
Tilapia 48.17+3.11
Marbled sole 47.79+4.41

Squid 233 1.94
Shrimp 161 1.04
Rockfish 50 4.73
Herring 60 4.52
Flatfish 45 9.77
Mullet 49 4.71
Cod 47 6.59
Trout 58 4.23
Tilapia 50 1.29
Halibut 46 1.91

LOQ: 7.31 ug/mLE LpeR}th(Table 1). ©]
0|85 Moon et al. (2019)2] o1 A¥}tECE B WA H2
Uetfigloh A= o] ZeAE & e #7115 ‘'mg/100 g
Skl glom, of 7o) Pt | AHE ool 20.8 mg/100g ©]
FUE LSS o, 2 Aol AE Wi EeEl2HE A
S Aol oj 5ol gl& 2= Helth(Jeong et al., 1998).

Jeong et al. (1998)2] 15 At W=t A A of 4t Zef 2
HlE ol 20.8 mg/100 g, 55 2ol Hat ST 2HE
o] 45.5 mg/100 gl AL SHAS wf, Al 822 10-100
ug/mLe| FE 2 A x50l BASH Aito] S AujE -85}
H 6-60 mg/100 g H91¢] | 2HE o vk 4= ]l o]
S rtge s AN AU A s Hrtskr] fiske] 10
ug/mL, 50 pg/mL, 100 ug/mLo| F&=2] A[H-g& A|=s}
Pom, o]Z9] UL A= A relative standard
deviation, RSD)7} 1.36-5.902 Uel, A7 == RSD
4ol 4.50-7.829] W92 LrERGTE AOAC (2002) 4
S 7tel=eielo] M, w = 0] 1 mg/100 g o)<l 78
WA EE 6%, AU EE 11% o]8F == RSDE
345111 9121, Dyson (1992)+= RSD %to| 10% o|3}¢l 739
AU SRt Ao = A oJstal §lof, & EAH o] Bl-8R%
Wofl szt o] glof St S Felstiltt. s He
== 10 ug/mLojA] 99.02%, 50 ug/mLol 4] 96.82%, 100 g/
mLoJA] 95.81%= LEFLE 90% o)/d9] =& He s LEh)
S tHTable 2).

3 Aot e 2HE o AEES OO e #55E
A 35 ARESo] FadS ASSHth #22d5EEE 33
uhE =793t A3, Bt 95.91%= 90% o142 & TS
UeEtli o, £3915E4 35 tiet RS 1.66-3.06
W2 Uepyith(Table 2). #5329 5= el #34
FEA | Atz AOAC (2002) 7ho]=2tele] =81 919l
80-115% Woll T2 2 Aol A AAIRE 241 o] A=t

E7h 94T Felshnh

I
1

K
ol
rN

o & ok
fu o no

<]

w)
)
flo

- o
&3to] ml= FFF(USDA,
2022)001 4 FHAEE FFPRE AL = AT 7
AREEE(10F)S BA8ISIT o] & A= 9] Fef AH & T
AL9 A o] 242.24+42 .67 mg/100 g, TFEAEA$- 157.7043.66
mg/100 g, 2122t 54.97+0.58 mg/100 g, Ao} 54.81+0.93
mg/100 g, |2 54.75+1.61 mg/100 g, %] 53.84+0.54 mg/100
g, - 53.63+4.11 mg/100 g, 401 53.29+0.82 mg/100 g, © e}
ujo} 48.17+3.11 mg/100 g, F-2]7}Ak0] 47.79+4.41 mg/100 g
o] =02 yelton, 11 AvH= Table 30 LeR et 24
O] A Aol Yol, HAISHY, A, s, A7) 5 thekst
A- 2] 27 27 of whef kS = M-S 11 5HH(Moon et
al., 2012), USDA ] 7t} 54170 RSD7} 10% 1] ehe & e}
U -ojugt AkE vrehfi it

whebA] 2 Aol A P A 28 S AEHE 2ATHS A
stglom, o] & o] &5to] AR FeAHE TRFE A
SEoRN, B EAHo| AR ZY AHE B Y A

BE AFSHY B8 4 UL AT ArEt,

i

Al AL

o] =2 LA A E A RAFI (R2022066) 9
Aoz 3 dotoln, 8] Aol A= YT
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