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Abstract Biotin exists as free or covalently bound to protein through a lysine residue. Therefore,
the extraction of free biotin form is difficult in foodstuffs. Thus, the aim of this study was to
investigate the extraction method of biotin in animal-derived foods by enzymatic hydrolysis (pepsin)
using autoclave extraction or sonication extraction. Biotin contents of animal origin foods such as
meat (beef, foreshank), fish and shells (mackerel), and egg (yolk, raw) were significantly higher
in the autoclave extraction method with pepsin treatment. Therefore, these methods were selected
for further applications in this study. As a result, pepsin-assisted extraction methods showed
significantly higher contents of biotin compared with non-enzyme-treated samples in most of meat,
fish, shellfish, and egg. The performed extraction methods in this study were validated according
to AOAC guideline. An excellent linearity of biotin standard was observed over R?=0.999. All
analytical methods for biotin showed the acceptable accuracy (97-101% recovery) and the precision
(1-4% RSD for the repeatability, 0-4% RSD for the reproducibility). The limits of detection and
quantification for biotin analysis were 0.009 and 0.024 pg/100 g, respectively. These results may
be useful for providing reliable data about the biotin contents in commonly consumed foods in
Korea.
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5} biotin ureido 12|} valeric acid 245 E3FSt thiophene 17]
1ot FE 2 EA|5HH vitamin H T+ vitamin B;2 2% EHTHGropper 5, 2018). X0 A]
biotin A}-§-F ot lysined} A3t FEIQI biocytin FEIZ EAob, DA} Ast Fej= A
ol %7 Y3 biotinidaseo] o]t E5fj7} Q3 A o7 AejA Qlch(Eitenmiller 5, 2007).
ESE, biotin 47]9] carboxylaseof Tjs] HZQAAIZE 23ttty GE| A Qlth(Said, 2012). ¥l of
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2 Bt O, 24 9 Ae] cloke il 982 2BSHE AR HiLElo] SITWolf 5, 1997),
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Biotin extraction from animal-derived foods

V5 ES B9 o] 3RS FFT 4 UhKNS, 2015). ¥
LH9 Fg FY AFoR FEI 7 4, I&F, tiF, A%
£ 50] 9lom, AlZ Yof|A biotin 2|3 T lysine 27|

o] e-amino”|7} A%t AER 2ASIHGropper 5, 2018).
Biotin®] 2B A4 Aglo] Ql= SoloA| vhAst £ 9Jom,
23, 9, A4S 59 34 YRS o= QckEitenmiller 5,
2007). 1 AU Bl Q™ 320 o5 e o] FAEH o
BR0) %0 g 2SR 2Y 24| A9 e o
= Aog IHA Qlth(Pacheco-Alvarez 5, 2002).

AEe Her, g, T, A, Ve ol Sk 5o

St Eg=EA, B4t she AR FE5he

L 25, U, 289 2 204 £& 5ol Ak o] F 2

ot 352 AF0 iE BEY &4 2& A 55 &0

=t golgt W o= A#fA lrk(Chemat 5, 2008). 4E]

A QB2 FE PR oyt B Sdde 3l 9l
o

onl, $29¢ 225 AL & JepeE AR
Sth(Lahely 5, 1999). 7L Qo= 8 HIEMI] &2 95)
A BAAYE sP7]|% Btk o] AtolA HIEW] B9 &2
913} takadiastase ¥ papaine Ziﬂ(Blake 2007)5}7| = o,
Pakin 5(2004)2 H]E}Y] Bs $2&9f pepsin, pantetheinase L
alkaline phophataseE AR5}
of2] AFofA BB B 7IHAY ¥ AHEolAE <t
AL FABHE ACRE R Qltt. Teaguel 5(2004)°]
95t 20°CoA] 270 Bt ¥54]E9] biotin g2 ¢
oty Aolgtal 5}t ESE biotine F7F9] presoaking @ &
el 1% Aol Wil 9 103 1l oppne
@} Lampi, 1993). 4% Wjof] ZA|5l= biotin Z2]o]] 2|3t
A A9 el n A FEHE EA 5] wZo] v\ﬂ‘é
9] biotinThg FEoh= AL ol Aot 19700 7}
9H avidin-binding assay+ avidin¥} biotin®] £0]4 A3
o183 biotine] HHYOZ, 27|k UL BHE 5
AY & 22 59 Y AFo] T2 AREEHUOY, AF AT
o= Zgo] o]z e Aog LA rH(Eitenmiller 5, 2007).
Ate =4 AF U biotin®] &2 35 WS AT
I 7)E FUE | Aok SISl ol Ao
2 (beef, foreshank), o] 3| & (mackerel) E FF(yolk, raw)S
S —— IS AT FEPY % Ba
A7) 0] BE R 32 202 Bl biotind] L ]

LTS

L rf

¢

2. Mz U gk

2.1 NB TYE 2 AJoF

2 A7l ARRE A= F 57 SR eI A

838

Yo, ojujF= FARFG Al HFUtEA A Fste] 4
o ARg-stltt. EEAEHNA AT F7} G ’\li
< taE 3 E}HJE AEFe der A" Amg, Al
Adste] dA ALz S5 F nkafste] #iSEH U EH
FUIESA U 01141% Al ESE AlA & EoE A5
A8t o, HE AR 20°ColA] Hasto] ZAJo] ARES
At Biotin®] AW 452 HsiA= Vs SHEEIEAE
(National Institute of Standards and Technology, NIST,
Gaithersburg, MD, USA)2] ¥5&72(standard reference material,
SRM)Sl SRM 1849a(lnfant/adu1t nutritional formula)E <]
slof ALgBIGITh. Ea, YREHEADLE gt Ant A%
of iz XG(infant formula, Imperial dream XO,
Namyang, Seoul, Korea)S JLHj|5to] AFE-3}qich B419] Ay

£ FQI5}7] Yol ARESE biotin®] EFE-L Sigma-Aldrich
AKSt. Louis, Mo, USA)OlA FLufiatom, Alg HA]zof A&
3} sodium phosphate monobasic monohydrate, sodium phosphate
dibasic dihydrate, sodium hydroxide:= Sigma-AldrichA},
methanol(Cat. No. 34860)2 Honeywell Burdick & JacksonA}
(Muskegon, MI, USA)o|A] FLufs}ict ESE o]5Ato g2 A}
25 o-phosphoric acid 85%(Cat. No. 1.00552)%} acetonitrile
(Cat. No. 1.00030)2 MerckAK(Darmstadt, Germany)of|A]
ujste] Agdo] ARgsH

22 == &Y 2 0[54 HZE

AAATE A Y2 & FHL sodium phosphate monobasic
monohydrate 8.07 g} sodium phosphate dibasic heptahydrate
18.36 g2 34} 540 €3A]7]1L 2 M sodium hydroxideE
omoﬁ pH 7092 274 7 1 L2 485to] AL} Pepsin

A o] AFRE ZZLMLS (.15 M sodium phosphate
buffer 1 M HCIZ 0|83 pH 4.008 243l | L2 &3t
3 A3o] A3l o] 5At e 2 AR EE 0.1% phosphoric
acid® volumetric flasko]] o-phosphoric acid 1.176 mLE o]
37 ZRSE B T 1 L2 H8&5t] AU 0.1%
phosphoric acid®} ©]5A1Q] acetonitrile?} 32} SH4= 739} of
7} & high performance liquid chromatogram(HPLC)/ultraviolet
detection(UVD)2] BAof AM&5}9ct.

2.3. 2% autoclave) & == (sonication)dlf 2/3+
biotin £

2 AFolA AR IAEH7E ©]83 biotin FEHL
Joseph 5(2016)9] A= 3-&5to] Attt WA 43}
H A& 0.5-5 g& 50 mL conical tubed] Aol F&2uf
25 mLE 7}5F & 527} sonicationS 35T o] 179hd
7] (autoclave) S 0]-8510] 121°Co|A] 2587 &5l Wy
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K71 kg 2280 25 mLE o] 1,610 xgol4] 1087 ¥4
pelsign QuReE Ami A5 oz (Whatman
No.2, GE Healthcare, Amersham Place, UK)Z o¥}5}o] -2
2918 olo] A7) ABAIAT

Z217)E 0]8%h biotin $EH-2 Shin 5(2016)9] A1E
HEsto] AAsteict. #E3ME AR9 FYS &= 50 mL
conical tubeo] A&Fslo] 2Z81) 50 mLE 715F9] 60 Hz &
29 230715 ol-&3te] 80°ColA 3027 FZEolGith &
2 WHAIRL T 1,610 xgoA 1087 Hil&Eesto] A5
& TR ofThe ke B S0 ATo) A8

o

2.4. 82AX/2(0f O3t biotin F=E]

A1F Wol o2 sRHET} 23t bioting FEA17]7] S8l
A pepsin 8N A eoto] &S ZPotATt. Pepsin &
B2 pepsin 0.15 M sodium phosphate buffer(pH 4.0)°] =
ol 540,000 U 552 Axsto] Aol AL8aigiet. 3339
A& 0.5 g-5 g& 50 mL conical tubeol| A5} pepsinS A
28 MRS pH 409 287 24 mLE 7R ¥ ngE
FEH B 220 FEHS o180t &8 APt &
& Fof= AlofA BhgA7|TL 2t B4 NS | mLA 7}st
of 37°CE] FLRROA 3T HGAI] T SHIF FEAL 2
=3 A2stoiet. ¥REAIRE F& Foli= pH 7.09] 58S
25 mL 7H8H3L 1610 xgol 1087F YA Relsgick. ARel
H A2 A oAz ofdfsto] Ao ARSI

2.5. Biotin &= % ZA/

o2 F29 F bioting 55 9 HAE H3f biotin
immunoaffinity column(Easi-Extract Biotin, r-Biopharm, Glasgow,
UK)S olgstglon] A3E AHeue S8sto] Aasielrh
Immunoaffinity columng ARE317] A AW oA 30&E7H
2] & column W9 NS &3] AASHT}. Phosphate
buffer saline(PBS) 5 mLE &85 & IUE#7] ¥ 2817
FEHol et 42 g2 229 10 mLE 2.5 mLA Y| ¥

AA 29 25 39 bioting column] SZAAT. E4¢E

AAZS 93] PBS 5 mLe} 3% 284 5 mLE THEQch
Column©] Z2H4 biotin 8&-2 methanol 4 mLE FJ5}o] A]
AL olgstol 2. 24H LA AABET|(MG-
2200, EYELA, Tokyo Rikakikai Co., Tokyo, Japan)Z 3]4A|
711 33 SRS 0.5 mLE Agsfeto] 240 ALgIsich

2.6. Biotin B=&%9 XX

Biotin #3523 34 S50 &5fsto] 96 pgmLo] s==
A|Zsto] o] EEYUNORE ARSI HFA A4S 6l
biotin®] FZ YHL 33} 2= 5|45} 0.015-0.960 pg/mL
o] L= A Fsto] EAo] ARESHIH.

2.7. Biotin® HPLC/UVD 7[7] 24

Biotin £4]0jl= HPLC/UVD(Chromaster 5000 series, Hitachi,
Tokyo, Japan)E ARE5}9Th HPLC/UVD &4 A] ARESH
column Kinetex Phenyl-Hexyl(150x4.6 mm, 2.6 um,
Phenomenex, Torrance, CA, USA)°]31 2™ column oven <
T 40°CE AA3H ). Detector= ultra violet detectors A}
25}0] 200 nmoj| A HZE3F 2 M injection volume 100 pL
2 AP}, o)A gradient 272 Table 13} 2.

2.8, Biotin 248 ZZ

£ AFo A AHEH biotin A gt HEA 9 FEA
A2 AOAC(2002)0] F=sto] AAISHIT LA A5 Hl=
2 HZF7|&A(National Institute of Standards and Technology,
NIST)9] ##UZE4Q SRM 1849a(infant/adult nutritional
formula)E o|-&5to] AAJE ST} £4% 7S Hlwg =
(%)=& AEsto] ERIskSinh AU ASS St UFEE
AEFATYELS AR ER/E ARSstalon, AtiEs HA
(relative standard deviation, RSD)E- AR50 W2/ (repeatability)
2 @A (reproducibility)= B7FHIth HETA(LOD)= Al
2 % ZAoHE BAGAREe) 43 /5T Aae Yol
HIALOQE ol 7158 HA FEE i A4
A9t HeFsHA = signal to noise(S/N)Q] Hatghol] BERHAES

=

il

Table 1. Gradient condition of mobile phases for biotin analysis by HPLC

Time (min) Flow rate (mL/min) 0.1% phosphoric acid (%) 100% acetonitrile (%) 80% acetonitrile (%)
0 0.6 90 10 0

18 0.6 90 10 0

21 0.6 0 0 100

26 0.6 0 0 100

29 0.6 90 10 0

32 0.6 90 10 0

https://www.ekosfop.or.kr
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Z¥z¥ 333 1022 F3t g4 tloto] AREsiqlt.

E3L 2 Aokl 4% 37 S YobHgkon, AOAC
(2002)01 4 AAIgH W] wat HEoHnt. WREAEETE]
E29] Al 99 biotin & 8HS 0.1 pg/ed HE& A7}t
sto] &3 F & (%2 ARSI ™, AOAC(2002)90A4]
ATz & 7FsSt #9lol S50lk=A] Zelste] HEsHlth

2.9. 84 &4

Biotin %2 HHg+REHAE HERGIom SAS 9.4
(Statistical Analysis System, SAS Institute Inc., Cary, NC,
USA)E BA A& Z138519itt. DAHE4(one-way ANOVA)
T 51 Y47 H(Duncan’s multiple range test)= ©]-&5}0]
p<0.05 SN RIS ABIAAT
3. Zn Y 1%
31. E=4 AET0INC] 24 J/+EoH0f LE biotin 25
- /imj

&4 AF U biotin®] BEHQ FEHZ gelstarat
&, ollF 2 IR F 44 1579 AES AAste] 4714
S0l i3t biotin®] S FASISITE EA o AMGEH AlEE
biotin FF0] 2 F o0& A AEOF(MEXT, 2015), &
2L A317)9) grhEl4t(foreshank), Wi &9 Wak(yolk),
oiflf= L5 O0l(mackere) = At AEH Al =
o] W biotin $FF Table 20 YEFHSITE. Pepsin 4
AP aEdt 299 biotin Fg 211719 oA
1.523 pg/100 g, 11501 2.130 pg/100 g, USRS 124.435 ug/100
gO & GOlAO0F =2 biotin TS HHTE Pepsine tHE
o] peptide ATE AT % U= A YA o], 52
A ABolA] ThaT} A9 He By 0] A8E AT
7} BaEo] QlckBlanco?} Blanco, 2017; Mun &, 2018).
Lahely 5(1999)9] AollAlE= A11719] 7kl A 2|3 biotin
2 247 Si9) Dgraw Aet Basihn Xusia o

4o o

e £ ATOIA] FBA AEl pepsin H2 Al biotin FFol
) Rt A TEF Tl 6213 biotino] 8EHY
7 el Ao HerEt tebd 23 Adel4E &5, of
w9 Geol okt R0 1YUF 22US Heslel &
& §20] T2 biotin T AolZ ¥@aYH

3.2. g2 J[+E0) IE SF0fAS/ biotin 25 Hfu!
&5 7% ti3t biotin T B k= Bh A A3
£ IYEd 52 HAISH Table 30 eI 4117

9] Yt (foreshank), £-4l(chuck), AMEfl(shank)e} Hal7] o2

(leg)?] biotin FHFZ pepsin A4 A5 T B9 242+ 1.523

ug/100 g 1.038 pg/100 g, 1.101 pg/100 g, 1.979 pg/100 gO.

=, B9EE 54 A M%) biotin T {22 Aol

UeEtf ltt. Hj#1127]19] Stte(ham), H4(tenderloin)¥} Hal

719] 7Is5(breast)> BAaA 2] 3o ©pE po|E UEhfA] &

gfom, Kwon 5(2020)2] biotin 5F dtof w2 A117]9]

il 0.225 pg/100 go]oH, AMElE 0.223 pg/100 gO.2

Hasto] £ Aol B3 biotin FEFo] 7]E Aol H]5|

=7 vehutth deld ko] =2 524 A% 5 HIE] B

£ T 2t PR EA5H7| wfEe] Teld Eojas

Ql pepsing ©]85to] EA5t= Ao LA SItHMun 5,

2018). ¥ A 23} 5 GF A=A pepsin A= Ql5to]

biotin 9Fgo] A YEELT Pepsin tEZAQ] THd 714

ol GARA PFF opu|iAbS xjtol= S AHFoR

Hofol= Aol Yot thFEC] 49 EE peptide o= &

dflol= A& I A QlckBlanco?} Blanco, 2017). WeEtA £

Aol A S5l 23 FlATL biotin®] Aol pepsin E4

o] sl /23 biotin Q& FH AR YZFE|H, pepsin A

2E o]gste] FZEok= HHo] FE3h biotin FFE BATH=

o T3Fo] E ACE Almgrh

3.3 B JI~E6H0) IS O{IE4AIS biotinEl2F bl
ofulg 6ol o) HaAE ojxo] we TR 2

Table 2. Comparison of biotin contents in animal origin foods using different extraction methods

Samples Biotin (ug/100 g)"

Autoclave extraction Sonication extraction

Non-treated Pepsin-assisted Non-treated Pepsin-assisted
Meat Beef, foreshank  0.779+0.013%” 1.523+0.126" 0.853+0.023° 1.128+0.058"
Fish Mackerel 1.684+0.023° 2.1300.023" 1.007+0.003" 1.210+0.028°
Egg, hen Yolk, raw 111.293£0.318° 124.435+3.194° 78.606+0.175¢ 89.778+0.030°

DAll values are meantSD (n=3).

IDifferent superscript letters (“%) in the same row mean significant differences by Duncan’s multiple range test at p<0.03.
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Table 3. Comparison of biotin content in meats using different extraction methods

Samples Biotin (ug/100 g)"
Non-treated Pepsin-assisted
Meat Beef, foreshank 0.779+0.013%2 1.52340.126
Beef, chuck 0.944+0.012° 1.038+0.015°
Beef, shank 0.977+0.005 1.1010.028"
Pork, ham 0.632+0.028" 0.796+0.053*

Pork, tenderloin 1.058+0.024"

Chicken, leg 1.094+0.013°

Chicken, breast 1.188+0.111°

1.151+0.060°
1.979+0.087°
1.11740.061°

YAll values are meantSD (n=3).

IDifferent superscript letters (*°) within a row of each same food group under biotin are significantly different by Duncan’s multiple range test at p<0.05.

O 2 biotin THFE EASH AIH= Table 40 e T 4
A1}, 11%5-0](mackerel), ZA](hair tail), F0](giant octopus),
T 9H(cockle)®] biotin TEFO] pepsin G4 AT A| FoJH o7
A YEFETh MEXT(2015)0] THEH 115-019] biotin &
4.9 ng/100 g0 & HyEQlom, Zx| Fof 9 xuko] gk
A ottt B @l BHE 1S0je] P 2,130
ug/100 g0 & MEXT(2015)0]4 E13t ek} jo]7} Qlovt,

ol YA 9 Ado] whE Aol = Qlsf WAYRE Ao w ke
o E3, 5ol 515—91 ohget o177 7] W2l o1F

o U 3 Ao]st Y Aoz WL ojuFt SR} o}
WAZ i Ho] £ AFo FoiA Ow], MEXT
(2015)] TEW TE0]= 20.6 g/100 g, ZA= 16.5 g/100 g,
BolE 164 /100 9] SUEL FLAT P A0 B
of 9ick. 19} o] B ol & oFN pepsin
peptide 2T Haelol 23 ofHF2] biotin 30| $09]
A gl 2713 A0 ARHLh v o2 biotin ¥
F= 2457 HSiA= pepsindt 22> THE Esfaio] A

ook

34 EA JI+E50) M2 L2049 biotinglEF Hlid

W 2o Usk(raw, boﬂed), A2H(raw, boiled) E Mg
9] Agk(raw, boiledyS IIB+ FE319] biotin TS EA
5to] Table 591 YeFfiAct. 9 kﬂr%(yolk}— JAT 2 A
H% pepsin E4E ATSIIS o ZF 124.435 pg/100 g,
127.722 pg/100 gO & YEY} §-92 07 =2 biotin THFS
H 9T} Kwon S(2019)0] BA8h U3} /\147)-1_,] SEkC. 72,938
1g/100 g0]%.01, MEXT(2015)= 65.0 pg/100 g, RDA(2016)
= 4274 pg/100 g€ 2 H 5}t 18y ddlo] 4o Ql=

9] ATk (raw, boiled)Z} H|F2]2] Hh(raw, boiled) pepsm
A2 4] Qoke W] 22 oS tehy otk Machado
2007). 7020] OF 58%% AAFH S oF 11%9] SIAS
mFHkT 9lon, oj2lgh thi] B AL pH 8.09.09] &L o
ZHe] pHolA o] &2 &oi=F Ustlle 222 HiEof gl
CHSponton 5, 2017). & ALl A ARESF pepsin®] 2|2 2

Table 4. Comparison of biotin content in fish and shells using different extraction methods

Pepsin-assisted

Samples Biotin (ug/100 g)"
Non-treated
Fish and shells Mackerel 1.684+0.318"
Salmon 0.932+0.004*
Hair tail 0.604+0.010°
Giant octopus 0.610+0.028"
Oyster 0.868+0.037°
Cockle 1.163+0.035°

2.130+0.023*
0.965+0.033"
0.670+0.014°
0.723+0.010°
0.883+0.061°
1.610+0.029°

DAll values are meantSD (n=3).

IDifferent superscript letters (*°) within a row of each same food under biotin are significantly different by Duncan’s multiple range test at p<0.05.
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Table 5. Comparison of biotin contents in eggs using different extraction methods

Samples Biotin (ug/100 g)"
Non-treated Pepsin-assisted
Egg, hen Yolk, raw 111.293£0.318"2 124.435+3.194*
Yolk, boiled 121.102+2.412° 127.722+0.501*
Whole, raw 40.629+0.302° 34.312+0.022°
Whole, boiled 46.236+0.018" 43.087+0.173°
Egg, quail Whole, raw 22.81340.138" 18.047+0.083"
Whole, boiled 20.6890.103* 14.841+0.075"

YAll values are mean+SD (n=3).

IDifferent superscript letters (*°) within a row of each same food group under biotin are significantly different by Duncan’s multiple range test at p<0.05.

pHE pH 2.0-4.091 2102 A&A Qle}. T2u 3ol ARgH
o] Z3HE Mol A= pH 4.09] 2 Euli7F AR, o]
Z Qs A= pH7} 4353kl pepsin &40 B/4do] Aste
202 AZHEch B3, 927 F biotin 9| avidind} H|
7t Q1 A3t sk A 0R HaEo] glof, @ZoflA biotin®]
F25 WA 4 U A0E WHHTh(White?t Whitehead,
1987). o] 23t pepsin®] L4 Aot X avidin?to] E3HA F4
& oA biotin®] FE& WL Aog FAHH olF ¢
g F7h A7 Do 210 ' AYZhErh Dhakal 5(2020)9] A
ol W S 19 stof] A E SFH avidindt biotin®]
A oUAIE A4AIA avidin-biotin 23S FAAIXITHAL
o} o]t s 2EE A gF2 AR v H F&0f 83
& S AoE AmH.

E 2 Aol AAl AHRRS] AlRbe AFlske P
£ utodsto] gk Ao vlod FFE o et B
AolA] &2 AT v QE FFE pepsin AP Al HoJH O
2 F7lote A& Uegtow, WS g 93l ALolE vl
Q" o] &F A4S FEUTHOIA W =71

ZAEARIRDA, 2021)0] T2, HEe Az H3)

A
Retention Time Biotinstandard

500 +

250
«©
w
~
o~

0 |
T T T T
0 5 10 15 20

Minutes

o152 ) uloelo] shego] Hasieion, ol 1 A Avel
AR ACE Uehrh £ A Au] maw, Aue v
2ol B3 v 28 Fol %I, A A9 vl G| F7h
StoE Q4 AololH veE A0l §8F 202 B2,

3.5, Biotin 2418 ZZ

2 AN Eolde ASsH7] flsto] biotin EEEI}
SRM 1849a peak®] retention timeZ H|1W5}o] Fig. 10] Lte}
W ltt. Biotin 5% peak?] retention time 12.453E20F
UERF O™ SRM 1849a peak= 12.4575-0] AZE 0] 0.0045
Zolg Y =HYS IAT 4= Ui Biotin EEEES 3
2} Z540 9.600 pg/mL HE2 A Z5k] 0.960, 0.480,
0.240, 0.120, 0.060, 0.030, 0.015 ug/mLo] 77] =2 323
3 =Asto] Aoz Vel 9thFig. 2). Biotin I2ER
9] FL9} area 71 ATFA 42 y = 651461.13941x -
1131.303640] 3, AHEHA|ZRY)= 0,999 o]4Fo @ Z44o] &
23 AL Bt Bd 2 AFHE JHES B

=2
o5 E2FTEZ(SRM 18492)] biotin IS BA35Hg0

)

(B)

400

Retention Time SRM 1849a

200+

12.457

T
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Minutes

Fig. 1. The chromatograms of biotin standard (A) and SRM 1849a (B).

842

https://doi.org/10.11002/fsp.2024.31.5.837



Food Sci. Preserv., 31(5) (2024)
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Fig. 2. The standard curve of biotin.

o, 84 A7 A9 35S 100.369%, T4 A 59 34
&2 98.752%% LFERU ItK(Table 6). AOAC(2002)0] w2 H
ANEEAY &7t 10 pgg 8L 4% 2% s W
9= 85-110%2H1 xﬂx]:qq Qlom, B oijtoA AL8H
SRM 1849a°] biotin g QI5gko] 1.99+0.13 pg/gQl A& i
2 o, 2 439 54#%2 AOAC(2002)9] 7]%g 555t
H, +8 7Fs% I4e W9 Ul &she AoE YEth

2 AdolA ARSSE AR O] A ASS flsto] Al &
FE ol&sto] olFo] SYH R 53] 3RHEH FAlSto] vhE
A(repeatability)S Fo}¥.oH, 5U7E 5} 15]4 3uHEo 7
A35to] 2 E A (reproducibility)S AlAFsto] Table 7°f LEf
Wtk AOAC(2002)014 AAIZE 1 pg/g SIollA] wHEA 9 )
A9 & 7155 At FEEH A (relative standard deviation,
RSD) &L 717} 8%, 16%=, & A9 UL 243t A

Table 6. Accuracy of different extraction methods for biotin

o7 moEdh ke 2 A9 AEFHA (limit of detection,
LOD) ¥ AZF5HA|(limit of quantification, LOQ)+= Table 89|
UERdom, 7} 0.009 pg/100 g7} 0.024 pg/100 go|Qltt. A&3t
A2} F7FsHA= baseline noise@} 549 peak ATHH|Z Ak
E3he signal to noise H|E ©]-§5to] Folgith. WY XsHd 2
HES ARE5Ho] bioting £415F Kwon 5(2020)2 A&%H] ¥
ALIAZ 0.007 ng/100 g7} 0.023 pg/100 gO.& K540
o, ol 1 @79 22T 2 HIASt RAFAT £,
Wolf 5(1997)9] AollA AETA 9 HFeHA= 242+ 0.08
g/100 g, 0.5 pg/100 go]lth, o] A= HWSHAES o
2 AFo)A o83t FAM g FEQ bioting F55H]
A2 & g A0 Ardd.
H|QE] BX9] A% H7} 3|4 (spike test)>
o]%s o] 35} THTable 9). Spike tests HEZ 431 9
240) B2ES Aol 2522 Austel HHuS Wt
S A0, & AEIAE pepsin A2l A7) TE ZAEE
o 0.1 ng/g =9 EEES F7Isto] 1L

}_Xﬂ‘:‘oe

Table 8. LOD and LOQ of biotin

LOD (limit of detection)” LOQ (limit of quantification)”

0.009 pg/100 g 0.024 ug/100 g

YLOD=3xsignal/noise.
YLOQ=10xsignal/noise.

Sample Extraction methods Biotin (ug/100 g)" Recovery (%)
Reference value” Analysis value”
SRM 1849a Autoclave Non-treated 199+13 199.735+6.313 100.369
(Infant/adult nutritional formula)
Pepsin-assisted 196.516+4.762 98.752

YAll values are meantSD (n=3).
YReference value is the true value provided by NIST.
9 Analysis value is the experimental value obtained by immunoaffinity-HPLC/UVD assay for biotin.
Table 7. Repeatability and reproducibility of different extraction methods for biotin analysis of infant formula
Sample Extraction method Biotin (ug/100 g)"

Repeatability” Reproducibility”

Mean+SD RSD (%) Mean+SD RSD (%)

In house quality control Autoclave Non-treated

Pepsin-assisted

31.924+0.572 1.793
31.957+1.029 3.222

32.265+0.180 0.556
31.394+1.161 3.698

DAll values are meantSD (n=3).

JRepeatability refers to the results of 5 independent determinations carried out on a sample by analysing 3 replicates of the sample on the same day.
JReproducibility refers to the results of 5 independent determinations carried out on a sample by analyzing 3 replicates of the sample at each day for

5 days.
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Table 9. Spike test recovery of different extraction methods for biotin

Sample Extraction methods Spike biotin content Observed biotin content Recovery RSD
(ng/’®) (rg/e)" (0 (7o)
In house quality Autoclave Non-treated 0.096+0.001% 95.322 0.873
control 0.1
Pepsin-assisted 0.096+0.000 96.212 0.025

DObserved biotin content is the value obtained by subtracting the biotin content of the in house quality control.

YAll values are meantSD (n=3).

bl
o

-

IeEs gRlstlt. 1L AT 3452 pepsin 2] A

o)A Z+7} 95.322%, 96.212%F YEFGTE. HPLCS 0]]3
bioting E4]5F Kwon 5(2020)2] S04+ spike test 5T
of et 3l&0] 95-105% WA= HEFon, LC-MS/MSE
0] 23t Shin 5(2016)2 99-104%2] 3482 H Y}t E3L
Holler 5(2006)9] 970 w2H HPLC-MS/MSE ©]&3}o]
spike testE AP o 92-101%9] 35S UeEgich
wreba] 2 o)A 283t spike testo] ATH= 7|20 B1E
A1t fAbelglom, 2 Ao HHPFt 5L biotin F
Zo] AYst 2o yZHrt

4. 29
HPLCE ©]&sto] aaxz] 4 F5He
7HA] Al E-9] biotin e BASITh TEA AE9
(beef, foreshank), oJ35&(mackerel), UF(yolk, raw) & Z- 1
= AAsto] E4S APt on BE pepsin A E XY
o 1 Ed FEHA FYHOE & biotin TFFE HI
ok 33 AdoA= &7, oHF, doll tsf pepsin 22 &
a £ ©]&3F biotin FEHZ 0]-&3tUth Ao ARG
3t S5 AFE & 2717]9 gohE(foreshank), 24 (chuck), A
Ell(shank), ¥1.7]19] th&](leg)= pepsin A &|of| w2} biotinO]
Qolm 0z Zrlstgon), Yl AZolHE SoHel Zol7t
UERHA] 98ttt o379 11-5-0f(mackerel), ZA](hair tail),
Foj(giant octopus), Z(cockle)> pepsin A Z|Z 215}
biotin®] ogo] A UEHth d79] B%, 59 dolA=
FAA o] T2 biotin FFo] JojH oz 2yl ot Tl
et | S2]9] o= mAA ol we} biotin Tk &
7¥stA] ekgtth. & AtolA AREE biotin 5 AW
AZS 23519t Biotin EF2Z3} SRM 1849a9] retention
timeo| YX|ot= AE & & AN 2H, biotin EEEFS] TH &
g BAoto] ATARRY7E 0.999 ol4Fo= velgth =gt
by @ AUA HAZS AOAC2002)14 AAIGH HYo =
Eoh= A gelstltt. A& 9 FF%H A= 0.009 pg/100
g} 0.024 pg/100 gO 2 Ueh t|ZFo g ZA5l= biotine
oA HES A0 E AlmdHnh EAH A5S B0 2 A+

T

844

o] o185 biotin $% 3 LAl NS G2 4 9
fom, A% % v A8l bioting FEel= 4 71
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o 2z87] YA 2 AE0) maixo] THE TAH 7}
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Y ¥89 5 A Ao /|g=t

Funding

This study was carried out with the support of “Cooperative
Research Program for Agriculture Science and Technology
Development (project no. RS-2023-00229794)” Rural Development

Administration, Republic of Korea.

Acknowledgements
None.

Conflict of interests

The authors declare no potential conflicts of interest.

Author contributions

Methodology: Park E, Choi Y. Formal analysis: Kim N, Yu
J. Writing - original draft: Kim N, Yu J. Writing - review
& editing: Kim YJ, Kim YH.

Ethics approval
This article does not require IRB/IACUC approval because

there are no human and animal participants.

ORCID

Naeun Kim (First author)
https://orcid.org/0000-0002-0217-9337
Jihyeon Yu (First author)
https://orcid.org/0009-0002-8529-2315
Yoonjeong Kim
https://orcid.org/0000-0002-1328-5354
Eunji Park

https://doi.org/10.11002/fsp.2024.31.5.837



Food Sci. Preserv., 31(5) (2024)

https://orcid.org/0000-0001-8691-7546
Youngmin Choi
https://orcid.org/0000-0002-8633-4671
Younghwa Kim (Corresponding author)
https://orcid.org/0000-0003-4186-887X

References

AOAC. AOAC Guidelines for Single Laboratory Validation
of Chemical Methods for Dietary Supplements and
Botanicals. Association of Official Agricultural Chemists
International, Rockville, MD, USA (2002)

Blake CJ. Analytical procedures for water-soluble vitamins in
foods and dietary supplements: A review. Anal Bioanal
Chem, 389, 63-76 (2007)

Blanco A, Blanco G. Meidcal biochemistry. Acdemic Press,
Cambridge, MA, USA, p 251-273 (2017)

Chemat F, Tomao V, Virot M. Ultrasound-assisted extraction
in food analysis. Handbook of food analysis instruments,
11, 85-103 (2008)

Dhakal S, Shafaat H, Balasubramaniam VM. Thermal and
high-pressure treatment stability of egg-white avidin in
aqueous solution. J Food Process Eng, 43, e13481
(2020)

Eitenmiller RR, Ye L, Landen WO. Vitamin Analysis for the
Health and Food Science. 2nd ed, CRC Press Taylor &
Francis Group, Boca Raton, FL, USA, p 535-560 (2007)

Gropper SS, Smith JL, Carr TP. Advanced Nutrition and
Human Metabolism. 7th ed, Cengage Learning, Boston,
MA, USA, p 335-341 (2018)

Holler U, Wachter F, Wehrli C, Fizet C. Quantification of
biotin in feed, food, tablets, and premixes using HPLC-
MS/MS. J Chromatogr B, 831, 8-16 (2006)

Hoppner K, Lampi B. Pantothenic acid and biotin retention
in cooked legumes. J Food Sci, 58, 1084-1085 (1993)

Joseph G, Devi R, Marley EC, Leeman D. Determination of
biotin by liquid chromatography coupled with immunoaffinity
column cleanup extraction: Single-laboratory validation,
first action. J AOAC Int, 99, 1110-1112 (2016)

KNS. Dietary Reference Intakes for Koreans 2015. The
Korean Nutrition Society, Seoul, Korea, p 45-46 (2015)

Kwon JH, Cheon W, Lee SH, Choi Y, Kim Y. Monitoring of
biotin content in frequently consumed foods in Korea.
J Korean Soc Food Cult, 35, 278-284 (2020)

Kwon JH, Lee SH, Choi Y, Kim Y. Biotin analysis in
selected agricultural foods consumed in Korea. J Korea
Soc Food Sci Nutr, 48, 1366-1372 (2019)

Lahely S, Ndaw S, Arella F, Hasselmann C. Determination
of biotin in foods by high-performance liquid chromatography

https://www.ekosfop.or.kr

with post-column derivatization and fluorimetric detection.
Food Chem, 65, 253-258 (1999)

Machado FF, Coimbra JSR, Rojas EEG, Minim LA, Oliveira
FC, Rita de Cassia SS. Solubility and density of egg
white proteins: Effect of pH and saline concentration.
LWT-Food Sci Technol, 40, 1304-1307 (2007)

MEXT. Ministry of education, culture, science, and technology.
Available from: http://www.mext.go.jp/en/policy/science
_technology/policy/title01/detail01/1374030.htm. Accessed
Jun. 11, 2024.

Mun GJ, Choi YM, Chun JY. Validation of pepsin-assisted
extraction and immunoaffinity-HPLC/DAD analysis for
vitamin By, in seafood. J Korean Soc Food Sci Nutr, 47,
168-175 (2018)

Pacheco-Alvarez D, Solorzano-Vargas RS, Del Rio AL.
Biotin in metabolism and its relationship to human
disease. Arch Med Res, 33, 439-447 (2002)

Pakin C, Bergaentzle M, Hubscher V, Aoude Werner D,
Hasselmann C. Fluorimetric determination of pantothenic
acid in foods by liquid chromatography with post-
column derivatization. J Chromatogr A, 1035, 87-95
(2004)

Rural Development Administration. Korean Food Composition
Table. 10th revision, Rural Development. Administration.
Wanju, Korea (2021)

Rural Development Administration. Korean Food Composition
Table. 9th revision, Rural Development. Administration.
Wanju, Korea (2016)

Said HM. Biotin: Biochemical, Physiological and Clinical
Aspects. Subcell Biochem, 56, 1-19 (2012)

Shin YW, Lee HJ, Ham HS, Shin SC, Kang YJ, Hwang KM,
Kwon YK, Seo IW, Oh JM, Koo YE. Establishment of
biotin analysis by LC-MS/MS method in infant milk
formulas. J Food Hyg Saf, 31, 327-334 (2016)

Sponton OE, Perez AA, Ramel JV, Santiago LG. Protein
nanovehicles produced from egg white. Part 1: Effect of
pH and heat treatment time on particle size and binding
capacity. Food Hydrocolloids, 73, 67-73 (2017)

Teaguel AM, Sealey WM, McCabe-Sellers B, Mock DM.
Biotin is stable in frozen foods. FASEB J, 18, Al143
(2004)

White 3rd HB, Whitehead CC. Role of avidin and other
biotin-binding proteins in the deposition and distribution
of biotin in chicken eggs. Discovery of a new biotin-
binding protein. Biochem J, 241, 677-684 (1987)

Wolf R, Raith K, Neubert R, Huschka C, Wohlrab W. Rapid
quantification of biotin in human skin extracts after dermal
application using high-performance liquid chromatography-
electrospray mass spectrometry. Anal Commun, 34,
335-337 (1997)

845



