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Validation of a trienzyme-Lactobacillus casei method for folate analysis in
fishery resources consumed in the Korean diet
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Abstract

Fishery resources have been widely consumed as protein- and vitamin-rich food sources in the Korean diet.

However, information regarding their vitamin levels is extremely limited. In this study, trienzyme-Lactobacillus casei
method was validated and used to determine the folate contents in fishery foods. The trienzyme-L. casei method for folate
analysis showed excellent accuracy (85.2 to 95.3% recovery) and precision (repeatability 1.4% RSD and reproducibility
2.4% RSD). Folate contents of 20 fish foods (4 fish, 3 crustaceans, 3 sea algae, 3 cephalopods, 4 shellfish, and 3 others)
ranged from 1.75 to 97.98 ng/100 g. Furthermore, we found that the folate content in seaweed fusiforme was the highest,
followed by gulfweed (69.73 ng/100 g). Folate analysis using the trienzyme-L. casei method was determined excellent
based on the z-score of —0.3 in the Food Analysis Performance Assessment Scheme test. Analytical and method validation
data generated in this study could be used to update the national food composition table on vitamin B, in Korean fishery

resources.
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olg o] A% gH7t Fa3k A8 a7olzt sl

2F W GAR dFE 2 Feiv w9 oherste] Hee »E
Aol o AoE 4HA U] enzyme protein binding assay
(EPBA), high performance liquid chromatography (HPLC) %
microbiological assay & TF¥eh w4l o] o] &= 2 th(Tamura,
1990). EPBAT @Akl ¥17h3tal 4 Aj7ke] Fh2 o] o
U 124 7129 {573 B di-9} poly-glutamates HO=2 &
Ashs FGAF B0l AHgskA] ekom, A3t wet Aol
dBE Apolg Hele Aoz BiHol JtHArcot 5, 2005).
H, HPLCHS 2t o] ddAe gt =2 5ol4S 7KK 9
S} 21Fo B marixZ Q1ste] mlAYESHY EA W s
oF 30-40% A= W 24 AdE Ueilie ZAes BiEe] gl
THKariluoto 5, 2001). ¥HH, FAike] Fof ¥hEsle] A sl=
MAES o] &3 ARHe] A9 7171 Hlste] 4 A7
o] A EA4Ate] wdErt aFglE EShaL vl @ F
o PAF sRAx wAEe] WIZSHA ¥hg-3te] mono-F-E
polyglutamate7b<] A = o] 7 EHQ B4 o=
LHA SUtHArcot 5, 2005). @A AF T Gate] F A #
A3 AgtEo] 9lo] protease®} amylaseE ©]83F FE3}
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AEgo] & T84 WP R Hiwo] riTamura, 1990).
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AlgF & Y=

QAk(folic acid) FAoll AMEE EFE-S Sigma-Aldrich Co. (St.
Louis, MO, USA)PIA T43t3eH, 94t 45+ ATCC (Manas-
sas, VA, USA)NA Lactobacillus casei subsp. rhamnosus (ATCC
74695 FYsted AMEEATE Fab B4 Al AREE ZA
protease, a-amylase= Sigma-Aldrich Co.olA TY31512H, folate
conjugase= Pel-Freeze Biologicals (Rogers, AR, USA)IAl T

so] AMgSlgich. 71k AMEE A1k 2 §uls GR B 2 HPLC
S5 ol Fustel AbgSlich. Al 33 AFS 9

NIST (National Institute of Standards and Technology, Gaithers-
burg, MD, USA)IA Q15 E =54 (certified reference materials,
CRM) 1849a (infant/adult nutritional formula) % 3290 (dry cat
foodye TYU3le] ALgHATE BDY AFS AT BAEADY
(quality control, QC) A&+ FAt 7rst = 7HF(Rogers, commercial
folate fortified flour, premium hard wheat flour, Armstrong,

Canada)S AME-3FSITH.
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AR 05-1.0gS 100 mL A2FEeksae] AFetaen, 5% o
o AL FHE A5 9 hexanes 7hete] AWES A A
o ARSSISTE AlEE A AZFEEtT0 phosphate buffer
(pH 7.8) 20 mLe} FF/S 30 mLE 718 ¥ 100°C &3 (WB-
20M, Jeio Tech, Daejeon, Korea)oll A 1587+ <& X&ldk & 2
202 WZRAIZAT. WZHAIZ] AtzbEet2==100] phosphate buffer
(pH 7.8) 10 mLS} protease &2 mg/mL) 1 mLE 713 & 37°C
shaking incubator (HB-201SF, Han-Baek Scientific Co., Bucheon,
Korea)ell A 3A17F ¥H&-A1Z1 & 100°CY] F2F=00A 1087 4
Ag st protease W8-S FAAZ T HZtERtAAE Hd20R
WAl o toluene 0.5 mL¥} a-amylase (20 mg/mL) 1 mLE
7kt & 37°C shaking incubatorol|X] 2417+ &<t HH-S-AIFTE Con-
jugase (Smg/mL in pH 7.8 assay buffer)E 4mL Z7}3 &
A 16A]17F 59 37°C shaking incubatorol 4] ¥H-A1Z{T}. 100°C
FepzoA 57 d' MEs ¥ deo® WA zen,
713 N g FE2UL pHE 452 23 F 100mLE 32353

QAt FHF EHL At FE) Wt ¥hgEe Locasei’t A5
3= AE Egse nAESH WS o83152H, microplate
reader (Eon, BioTek Instruments, Winooski, VT, USA)Z =743}
AT L. casei= microplate assay =74 Tl depletion media
(Lactobacilli broth:folic acid casei medium=1:1)°ll &3t oF 6
AlZF &9 37°C incubatoroll Al BlFEATE. AlFE FE9, L-ascorbic
acid} G4t EFEYES 045um membrane filter (Advantec,
Tokyo, Japan)= I3} ¥ ARS-3}%1th. Microplated] Hd SHTE
olgste] Alg FEA50uLyS AR A3 F folic acid
casei WA 15mL, L-ascorbic acid 150 uL3} depletion media 75
puLE &3t viXE 72 wellol]l 150 ul 7Fshed 37°C incubator
of| A1 18-20~17F w8 th. vl microplate®] ZF well o
Al £33 U2 microplate readerE ©]-&-31] 595 nmol|A =4
gk & HA AXEO)(Gens, BioTek Instruments, Winooski, VT,
USA)E AH&38te] JAat EF8 Lo WE L casei B4 =
A& vepllen, 4t S ug100 g YERSITH

LOD, LOQ, B % A ARE #A8t Hrisiach |
A, GAF BAHe it ol Ui L caseid] 37 Wk
FAAE B AEZEY Y] Gens, BioTek Instruments)d A3} o}t
3] (polynomial regression)?] y=4-1.132/((1+X/0.0502)'*}+1.26=
AAom AFAAFRY) w2 1000002 Fxol gk vt vl
T =22 1T 4 AtK(Table 1). 8 2F 5 Gt 22

Table 2. Accuracy of folate analyses

Table 1. Regression model and limits of detection and
quantification for folate analyses

Parameters Results
Range (ng/mL) 0.0006-0.2000
Regression equation” y=4-1.132/((1+X/0.0502)%)+1.26
Correlation coefficient, R 1.0000
LOD? (/100 g) 0.562
LOQ (1g/100 g) 1.057

Dy and X of the regression equation for folate indicate UV absorbance
value at 595 nm and the concentration of folate (g/mL), respectively.
JLimit of detection.

JLimit of quantification.

P MRS uEoR e B £EoR EAS] uE

= ()
of A&sle BAHe] o= T FEIA AEA AE B4
7Fe8A] LoD} LOQ #4158 F3ll Hrisldth g4t 1589
9 TEE =4 7Id WA GA M5t Fxo| wet L

casei®) =S =33 A3} LODS LOQE zH2t 0.562 pg/100
g9} 1.057 pug/100 g2 YUEPTH(Table 1). HPLCE ©o| 83t 4
P IFRS] AAHS EAE Alaburda 5(2008)S EA1H 9
LOD9} LOQE ZHz}F 6.000 pg/100 g9+ 19.000 ng/100 g2
ALk olo vlste] 2 AFNA L caseis 0183 B
o] A& 9 AT FEo] Hol Qate] wFoR EAlghe 213
AFEN = Bola AL & UL ASoZ Ryt A
L caseis ©-&3 Gt AR A 4TS Hld dsH

EZ SRM 1849a(infant formula)2} 3290(dry cat food)S 29
o] NISTAAM AAEH 91Z74(229.3423, 600.0+100.0 g/100 )=t H]
et} BFES A& A3 77t 85.1%% 953%= UERTh
(Table 2). HPLC A1 ©]&3le] folic acid7} ZFHE multivi-
tamin tabletS 23 Kucukkolbasi 5(2013)2 88.3%%] IJ+&S
YehfQit) o]g 35E 52 AOAC 7o =2191(2002)00A4]
AA s E A1 pg/100 g w 70-125%) ol TFE= A
S g = qlglen, B AFoa BAF SEEFEES NIST
oA AABIAL = AFHES HE ol XFEE AR +§
7beet 84S Uitk stk 2 AT L caseis 0183
Qak BAH o] HUA HEL AOAC 7H|=E4e1(2002)0014 #A]
S wrEAd I AdAd o] A EFEH A (relative standard deviation,
RSD) ®loll F3t] 718t} Chend} Eitenmiller (2007)= 5
71X12] CRME AEZ 319 trienzyme-L. casei EAHOZ 4
Sk A3} intra-9} inter-day2] RSD (%)= 2+t 3.6-102%S}F 4.7-
13.8%2] WS JeRAn. roj=ale AU 5899 E &
AR T FEo] 1nuged wl v AEFe] 47 8%
o} 16% ol3t2 A&8 4 Ukl AL U=, 2 ATellA
AREE L casei FAF EAWH ] wEEAS QY 4 Ade 7
Zb 14%SF 24%2 JeRY Ao HJEAgo] 55

T U3 THTable 2).

Folate contents (1g/100 g)

Sample" Recovery (%
i Reference value? Analytical value” Y (%)
SRM 1849a 229.3+23.0 218.4+1.6 95.3+0.7
SRM 3290 600.0+100.0 510.9+4.4 85.2+0.7

DSRM: standard reference material, SRM 1849a: infant/adult nutritional formula, SRM 3290: dry cat food.
IThe true value for the contents of corresponding analytes in SRM provided by NIST.

9The analytical value produced in this study.
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Fig. 1. A quality control charts of folate analysis. Upper and lower control lines (UCL and LCL)=mean+2xSD, upper and lower action lines
(UAL and LAL)=mean+3xSD, SD: standard deviation.
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Fig. 2. z-Scores of folate analysis by twenty international laboratories participated in a FAPAS proficiency test 21118. Data with
laboratory number 27 was obtained in the present study.

=MEE R o] AdalA AL U=AE Hrt FYste= Aol WS T8
AOAC 7te|=21R12002)004 & dlolE] AEe SdRE H3) #F E}E‘r. £3], & A7} 7‘°] “l*@gi o] &3t BAH S A 8&sh=
A& =¥ (quality control chart, QC chart)ys &&= WS A nAES TOFEE H“Z}—J st B4 77 5]t
AlBIAL Qith, 2 dAteM = BAFAARE S8 AdEE Gt **Oﬂ AHEEE AR A8 54 ’G‘O] B2 Ao G v
st RE FAHE AEE AAs, 84 2719 QC chart A HEZ UdRkAQl 7171‘“* | 9% FrEs BYEds
£ TE AF FHEE oF Y B AIEE BAE o Heske A 2] vAES olgse BE AU #MEE
nih FA3E] ARE S 48l 53 QC chartll plotting ANEE A Bk Ao mAEoe] AdHoR ¢t w=e ut
sto] EAEFEAES RUHHSIAHFIg. 1). 4 2719 5% QC S JEAE BT & A "ot olgist EAEFH A o
chart®] HFZHE 199.00 pg/100 golRNL %ﬁ%@%ﬁ]—% gt ]HL HoAgeA BAE U AR AR GAF EAH olE
et WMel= 189.12-208.88 ug/100 g, =21/F3keHd w9 o A HoAFE Aoz FF S7IdFIT vlolemlo]
= 184.18213.83 ug/100 gtk AlE &4 Al &4 E4€E & 2 35 2 g9 VAR €84 § IS Fo= AFH
A AEE B4 717 5 BF FEAdste el 45
= AR Yeht 2 AFeA A" F 2059 FAE H 5 EMSHE HIL
AWHEES] QA BAo] BR oA 5o EAREE fAEHH AR =R AT A 27 FAPAS PT21118(%8= &
AYEAS AT 5 AAck AAFsE )l Fodste] 207 Hue] BA7IAET G B4
A dolHe ARk FRE faA e A7IZE E4]0] A&y e vwete zscore® WUERH A= Fig. 29 2T} z-Score=
= AT AE F A B4 3, BH% T o sIER HFAUAE DRIR sl BAgle] HH g 7IEoR "ot A=
8l WslEs ARE A&HHoE RUEHsle] A5H B4 E Wrkehs Ao duk¥og 12 o] HEE UEpH =
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Table 3. Precision of folate analyses

Folate contents (11g/100 g)

Sample ” o
Parameters Repeatability” Reproducibility”
C ial folate-fortified fl Mean+SD? 195.86+2.75 202.14+4.77
ommercial folate-fortified flour VI %) 14 4

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

(once a day).
dStandard deviation.
“Coefficient of variation (%)=100x(SD/mean).

Table 4. Folate contents of fishery resources in Korea

Classification (n=20) Roman name English name Scientific name Folate content (ug/100 g)
Cheong-eo Pacific herring Clupea pallasii 10.34+0.14
Fish Chamdalang-eo Pacific bluefin tuna Thunnus orientalis 4.85+0.05
(n=4) Deogdae Korean pomfret Pampus argenteus 3.11+£0.04
Nunboldae Blackthroat seaperch Doederleinia berycoides 1.7540.04
Gaetgajae Japanese squillid mantis shrimp Oratosquilla oratoria 36.24+1.05
Cr"(lrslzgf an Kkochge Gazami crab Portunus trituberculatus 30.50+1.06
Daelongsuyeomsaeu Razor mud shrimp Solenocera melantho 20.96+0.82
Tot Seaweed fusiforme Hizikia fusiforme 97.98+3.27
Si?lig%ae Mojaban Gulf weed Sargassum fulvellum 69.73+£2.43
Soemiyeok Seersucker Costaria costata 12.94+0.38
Chammuneo Common octopus Octopus vulgaris 3.32+0.06

Cephalopod .. . .

(n=3) Sal-ojing-eo Common squid Todarodes pacificus 3.16+0.09
Galgolihuin-ojing-eo Schoolmaster gonate squid Berryteuthis magister 2.234+0.03
Honghap Mussel Mytilus coruscus 45.54+0.17
Shellfish Jinjudamchi Blue mussel Mytilus edulis 41.42+0.79
(n=4) Pijogae Ark shell Scapharca broughtonii 39.13+1.38
Chamsora Spiny top shell Turbo cornutus 9.10+0.28
Mideodeog Warty sea squirt Styela clava 33.85+0.37
?r'il;zr)s Meong-ge Common sea squirt Halocynthia roretzi 25.27+0.21
Haesam Black sea cucumber Stichopus japonicus 2.284+0.03

A FEo BASEUEE 7M. Qe A0 & Uk, zscore?t 0

o 7k o 3 Ayt Jre 5
Aok B AFolM AST L casei QA BAHE o]83le] AJY
AFE 59 Faks B4 A3= 141.509 pg/100 g Z z-score
-0.300] sk S AUk ol £2 o WS oviE T3t
00l 7M7he- Fo = B AFolA AMgH E
=AE 2] HolHE A 5 e

sltkw 7N 4 ik,

b s

Trlenzyme =% 2 L casei Y{EE 0831 E]-"hﬂ 2 2}
do] gt s BT A Table 49 2ok T 2059
b 2] FAb R 1.75-97.98 ng/100 g = Hl;ﬂq He
A= Yehlle™ o] F(1.75-10.34 ug/100 g), 7F2+7(20.96-36.24
ng/100 g), BZF(12.94-97.98 ug/100 g), FZ7(2.23-3.32 ug/100
g), HF(9.10-45.54 ng/100 g) 2B 7|EFF(2.28-33.85 ng/100 g)
o] FAAtde] & ﬁ%ﬂ me} Gk ol 2ozt yebds &
A & Atk L F slEFel &8s F£(97.98 pg/100 g)°] 7t
FES QA FEe BaleH I v EAK69.73 ng/100 g)

2 vttt slzRiel &she 4v|9S A4t ol 12.94 pg/
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_”%_ME} 712 E G S EE(2017)00 LrJr
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AT \__
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FAF ol 153 ug/100 g & o SHH e w2 @it §
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Table 5. Recovery of folate from various fishery resources by trienzyme extraction coupled with L. casei assay

Representative samples for recovery

Classification Roman name

English name

— Recovery (%)
Scientific name

Fish Cheong-eo Pacific herring Clupea pallasii 86.6+3.1
Crustacean Daelongsuyeomsaeu Razor mud shrimp Solenocera melantho 105.1£3.9
Sea algae Soemiyeok Seersucker Costaria costata 103.3+0.9
Cephalopod Chammuneo Common octopus Octopus vulgaris 104.7£2.3
Shellfish Chamsora Spiny top shell Turbo cornutus 108.1£5.9
Other Meong-ge Common sea squirt Halocynthia roretzi 94.2+2.0
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