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Total Folate Contents of 15 Edible Plants Consumed
in Korea Using Trienzyme Extraction Method

Bo Min Kim, So-Min Kim, Ji Yeon Oh, Young-Sook Cho, Se-Na Kim, and Youngmin Choi

Functional Food and Nutrition Division, Department Agro-Food Resource, National Academy
of Agricultural Science, Rural Development Administration

ABSTRACT Trienzyme digestion (AOAC Official Method 2004.05) procedure using protease, a-amylase, and chicken
pancreas conjugase was evaluated to determine its usefulness in the microbiological quantitation of total folate in
foods. Folate values obtained by alkali hydrolysis (Korean Food Standards Codex) were compared to those obtained
by the trienzyme method for four certified reference materials (CRM) representing diverse matrixes. Trienzyme treatment
increased measurable folate from most CRM compared to levels found after alkali hydrolysis. The largest increases
were observed with CRM 487 (pig liver, 5.8-fold) and CRM 121 (whole meal flour, 3.1-fold) after trienzyme digestion.
Using trienzyme digestion method, total folate contents of raw and blanched edible plants were determined.
Eleutherococcus senticosus (146.9 ng/100 g) showed the highest total folate content, followed by Aster glehni F.
Schmidt (142.8 ng/100 g) and Ledebouriella seseloides H. Wolff (140.4 ng/100 g) on a wet weight basis. Blanching
of samples resulted in an insignificant decrease in folate content for five samples and 11~63% reduction for nine
samples. Our finding suggests that trienzyme digestion method is accurate for the determination of food folate in

leafy vegetables.
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caser’} AE2 Jaks tiale] o] & § UEE FEA
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glutamyl hydrolase)?] A}-8-¢] 44 o|th(8).
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FAA L] 1559 A% BUE [VSYE(Ailanthus al-
tissima(Mill.) Swingle), 58 (Aralia elata), 275
(Ledebouriella seseloides(Hoffm.) H. Wolff), 27}
(Eleutherococcus senticosus(Rupr. & Maxim.) Maxim.),
Griseb.), &

(Cirsium setidens Nakai), W& (Taraxacum mongol-

ME Y5 (Spergularia  marina(l.)
icum), ILEW7|(Crepidiastrum keiskeanum(Maxim.)
Nakai), FX|7o|(Aster glehni F. Schmidt), &vvg
(Oenanthe javanica(Blume) DC.), A= X|(Spinacia oler-
acea L.), % (Artemisia asiatica), V&Y= (Amaranthus
viridis L.), o15=2l(Heracleum dissectum Ledeb.), 33
(Aster scaber Thunb.) ]2 FHA 99 Oy A 4 =
FAHE T Aol A 2013 490l 45k AL8-3FSI T
UE A= olgds AlARY] S/l 29 AF
st 71 eSS o] g3t BV1E AASIULE AlE F2 3
= Q& ¢F 1.5 cm ©|3t= AE % 5 »}af(1,500 rpm, Ro-
bot Coupe Blixer 6, Jackson, MS, USA)s}laL &4 2138}
o] =70°Cell Bste] ARgatgint i s A ss A
F A= AL 108 F3 o] FRHelA 100°Col A 307k
3 & SFTE ol&ste] Wt 7|3 e &S o] &3t
E715 AAS 7 YA Ee} FUsHA T2 3lete] -70°Cel
st} Folic acid 5% (F8798)% 4t &0 A&
% protease(P5147, ca 3.5 units/mg solid), a-amylase
(A9857, ca 150 units/mg protein)i= SigmaAH(St. Louis,
MO, USA)Al A F+438F3 3L, conjugase(0.0015 nmol/min/
mg) a4 & Y s471F 42 Pel-Freez Biolog—
icals(Rogers, AR, USA)olA 43t Ag-3}5t)

Trienzyme FEHo0| oSt HAt A

MAZg g B4 A8 °F 1 g¥ 0.1 M phosphate
buffer(pH 7.8, 1% ascorbic acid) ¥ =HF+2 247 78}
3 100°Coll Al 153 €48 2 W3Z8eleh. A8 A vt
A 23 protease & N(2 mg/mL) 1 mLE 7}8ke] 37°Coll A
3AIZF HES-A17] a1 100°Cel A 533F 9 =28k protease
& BN Y E8F2=T0) a-amylase & (20
mg/mL) 1 mLE ¥al 37°Coll A 2413 w58 A3 5
conjugase N4 (5 mg/mL) 4 mLE 7}8to] 16A17F 7148
gttt NS AAAI717] $138 100°Col A 53T
gxg] &a FENe pHE 452 FA3 5 100 mLE A
&ote] A AR AMSSSiTH FEEY A A2 L
casef(spp. rhamnosus, ATCC 7469)& o] &3t n| A& &}
A e ofa] AAISHATHE).
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9.1(SAS Institute, Cary, NC, USA) SoftwareZ ©]-83}o]
(paired f-test) 94T 5%= AA3S T

FE A 9)o] trienzyme He
protease, a—amylase, conjuasesS zZ+7} Alg3l= o
= protease®} a—amylaset 2372 WA} g3E 2
Aol dgro] e Gt FEAE A7V 98 AHeE
oh6). A A A5 = GAHS pteridine ¥ %9l para-
aminobezoic acid$¢} glutamic acid 717} 271ell A1 10717}
A A%E polyglutamate FEjo|t}. Conjugase= poly-
glutamate F 2] A4S mono- =2 diglutamate HE| =
7t oz A A ALEE = v AER] L casel
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CRM 121(wholemeal flour), A%, Eujifg] Al 5olA
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Table 1. Comparison of trienzyme extraction to alkali hydrolysis method

(unit: pg/100 g)

Samples Certified value ;l;reftr:jz:tlg hy(igiz;lslisz) Fold increase
CRM? 485 (mixed vegetables) 315.0+28.0 281.5+10.8 234.16.1° 1.2
CRM 487 (pig liver) 1,330.0+£130.0 1,373.0+15.2 236.0+9.1" 5.8
CRM 121 (wholemeal flour) 50.0+7.0 39.8+1.5 12.7+0.4° 3.1
SRM” 1849a (infant/adult nutritional formula) 229.3+6.2 239.64+2.3 231.5+1.3 1.0
Spinach - 119.042.9 97.145.5" 12
Wild parsley - 71.2+0.8 2243434 32

)Trlenzyme extraction method: protease 3 hr, a-amylase 2 hr, conjugase 16 hr.
“Heat treatment at 121°C for 15 min after alkali hydrolysis (10% ammonia).

JCRM=certified reference material.
4)SRM standard reference material.
*Values are not assigned.

"Mean values are significantly different from those of the trienzyme treatment (paired ¢-tests: P<0.05, n=5).
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Table 2. Precision and recovery for spinach samples

Parameters” Precision Accuracy
Repeatability Reproducibility Recovery (%)

Mean 109.3 115.5 102.8

SD 1.0 17.5 7.8

CV (%) 0.9 15.1 7.6

YMean, n=3 (ug/100 g); SD, standard deviation; CV, coefficient
of variation.
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A o] WMol AIG(CV%, coefficient of variation):= 5% ©] 3}
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Trienzyme FEWHZE M5t LIS2| g4t &t

Trienzyme FEHE 483t #2488 HUHEMAA,
2709 44t g Table 3o WERARITE 15702 B4 A
8 & % 7]F(wet weight basis) W& AR 4
7} (146.9 1g/100 g), §-*78°1(142.8 ug/100 g), 2715
(140.4 pg/100 g)o] ¥ A4t =S YelAde) vhd A
& 7]%(dry weight basis)S 283t A& vluoA= 1
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(720.05), A71EUES AL UmA 97 AlsddA= o
b &eFo] 11~63% HASIPATHAE ]% vl ). A7) & vk
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