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Abstract

This study was performed to investigate the effects of different cooking methods (boiling, roasting, stir-frying,
and deep-frying) on folate retention in 6 kinds of mushrooms (Beech-, button-, Juda’s ear-, oak-, oyster-, and
winter-mushrooms) frequently consumed in Korea. In order to assure reliability of analytical data, trienzyme
extraction-L casei method was verified and analytical quality control was also evaluated. Folate contents of mushrooms
varied by 6.04-64.82 g/100 g depending on the type of mushrooms. and were significantly affected by cooking
methods. Depending on cooking methods, folate contents of mushrooms decreased by 22-48%, 2-31%, and 17-56%
for Juda’s ear-, oak- and oyster-mushrooms, respectively, while 17-90% of folate was increased in Beech mushroom.
Overall, the largest weight loss was found in boiled mushrooms, but the lowest one in deep-fried samples. True
folate retention rates considering processing factor were less than 100% for all cooked mushrooms except for Beech
samples. Overall, folate loss was the largest by boiling with water but the smallest by deep-frying. Both accuracy
and precision of trienzyme extraction-L-casei method were excellent based on a recovery close to 100% and coefficient
variations less than 3%. Quality control chart of folate analysis (n=26) obtained during the entire study and an
international proficiency test (z-score=-0.5) showed that trienzyme extraction-L casei method is reliable enough
for production of national folate database.
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Table 1. Cooking conditions of boiling, roasting, stir-frying, and deep-frying
Boiling Roasting Stir-Frying Deep-frying
Samples wy! cr cT ov? CT ov cT
(mL) (min) (min) (mL) (min) (mL) (min)
Beech mushroom (Lyophyllum ulmarium) 3,000 30 8.0 60 6.0 3,000 L5
Button mushroom (Agaricus bisporus) 3,000 25 30 100 40 3,000 20
Ear mushroom (Auricularia auricula) 3,000 30 45 60 35 3,000 05
Oak mushroom (Zentinula edodes) 3,000 1.5 3.0 100 3.0 3,000 1.0
Oyster mushroom (Pleurotus ostreatus) 3,000 2.0 2.5 100 25 3,000 1.0
Winter mushroom (Flammulina velutipes) 3,000 1.0 30 60 25 3,000 20

YWV, water volume.
ACT, cooking time.
90V, oil volume.
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phosphate buffer(pH 7.8) 20 mL¥} 5/ 30 mL< 2 2
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& ¥ #3115 (standard reference material, SRM)
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Institute of Standards and Technology, Gaithersburg, MD,
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(QC chart)el] 2Hd31th QC charte] 7] 71E402 Jh

THAZE 5% o]l H A& 10719 HolHE AMg-ste] A%
st o, #e] /-3t (upper and lower control line,
UCL, LCL)¥} 23] “3-3}3HA (upper and lower action line,
UAL, LAL)S th53 2o] A3 sisith. d77F xlad A
717F kel FAF B itk BAEA S e 3 2X|5

Atk

UCL, LCL (ug/100 g)=mean of folate content in QC
sample+2xSD

UAL, LAL (pg/100 g)=mean of folate content in QC
sample+3xSD

UCL, LCL : upper and lower control line

UAL, LAL :upper and lower action line

SD : standard deviation

A BYEAVE SAske] 4T AANF YL
(Department for Environment Food and Rural Affairs,
DEFRA)I A #she AR = $45eiAg =2
1391 Food Analysis Performance Assessment Scheme
(FAPAS) Proficiency Test(PT) 21961 37}ste] njAEH o
2 wgE 9 B £39 HUmg Yok,
FAPAS PT A& 2 $]3 A] 5 & breakfast cerealo| 1 o™
Wg e A% A8 A 70T Bakan A A8
stk &4 SEE AR g ke A AAH R
FAPAS PT 2196¢] 2713 A@dle] g4t 24 A32 &y
2 AF=3) zscoreS H|w H7Fe T

718AI=(processing factor) % ZEE(true retention)

7} Al 4= (processing factor)$} 7HE-E(true retention)<
Kim 5(22)°l wa} ALttt 7HATE 383 Fol
A7l A8 % e FIo HlE Alllels A X2
Azl z Ay Fo| TS S7ste] o3} ol ALt

SF.

Processing factor (%)=WVc/WVrx100
WVc : weight of cooked food
WVr : weight of raw food
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x| A3} 7o FHFE sk
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True retention (%)=100x(Nc*xGc)/(NrxGr)
Nc:nutrient content/g of cooked food
Gc : g of cooked food

Nr : nutrient content/g of raw food
Gr : g of raw food

£ 24
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FAl 2] SPSS(Statistical Package for the Social Science,
Chicago, IL, USA) program version 245 ©|-8-5}o] #213}9]
L2 2o gl P FRARS Fetgon,
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Table 2. Accuracy of folate analysis by trienzyme extraction-L.
casel

Folate content (11g/100 g)
Certified value? Analytical value? Recovery (%)
SRM 1849a 229.316.2 230.3£2.8 1004

UCRM, certified reference materials; SRM 1849a=Infant/adult nutritional formula.
The certified value of folate by NIST (National Institute of Standards and Technology).
IThe analytical value obtained by microbiological assay.

Sample (CRM)"
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Table 3. Precision of folate analysis by trienzyme extraction-L.
casel

Folate content (11g/100 g)

Parameters”

Repeatability? Reproducibility”
Mean+SD 180.39+3.91 183.64+2.69
oV (%) 217 147

n—5 in triplicates; SD=standard deviation, CV (coefficient variation)=100%(SD/mean)
Repearablhty refers to the results of five independent determinations (triplicates each)
of folate in a QC sample performed in a day.

IReproducibility refers to the results of five independent determinations (triplicates
each) of folate in a QC sample performed once a day for five different assay
days.
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Fig. 1. Quality control chart of trienzyme extraction-L. casef assay for folate in commercial flour.

UCL and LCL (upper and lower control lines, respectively)=mean+2xSD; UAL and LAL (upper and lower action lines, respectively)=meant3xSD. Each trial was the mean

of duplicates analysis performed with every batch of test sample analysis.
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W $99 FAvA RS BAAF 20 WS BE
FEA A BN A2DE AU G 48 AR
AES] BAZEE AT AAISEL Azw HH ol F
FABeN R glol Beld W9l el Bol oA it 3%
thi AlRe] $4 A9tk Fig 194 HelFo] w

S

E A8 £43 A 2gE FHAAYA R BAR%S
QC chart®] ¥e]aF ¥ 91(172.58-188.20 1ig/100 g) ©|viel
Solzkom, ol= AE7F EAE BE VIR B B4 4
o] & #Fo] AP AT U= o2 Als 4
tolHe] NS HolFe Aoz wudch

gh, oA o2 ENELS QNS F e A4 &
A 4 A% Al (FAPAS PT 2196)°] trienzyme extraction-L
casei A o B ZoJdlo] A|E A] Q] breakfast cereal S
EAGE A3}, NIST7 | #el| A AlA g 9154k 151 ng/100 g
B} ohh W 139.927 pg/100 g9 S Ao o]
3t z-score’= -0.5% TH(Table 4). THH, 22 AJd o) Frolgh
Ao Aol 22 nAEHS 23ste] HPLC,
ELISA, LC-MS/MS®} & 717] BAHE o] &3t

L g

PT-2196°l ok & 167 Aol JaF 24 3=
95.6-211 1g/100 g¢] M9 = 43| W G FF HAE

Table 4. z-Score of trienzyme extraction-L. casei assay for
breakfast cereal test sample in the FAPAS Proficiency Test 2196

Folate content (ug/100 g)
Test sample - N - > z-Score
Certified value”  Analytical value”

Breakfast cereal 151 139.927 05

UThe certified folate value of breakfast cereal was provided by NIST based on analytical
results of 16 laboratories participated in the FAPAS (Food Analysis Performance
Assessment Scheme) proficiency test 2196.

The analytical value was obtained from trienzyme extraction-Z caser assay for folate
of breakfast cereal.

YUeERQITE dubA 0 2 zscore”} +20] W <ol &3
u B4 SEE7F 58S YER) 22 Fig. 204 z-score
7t 2 9} ool &k 140 Ao B e &=
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o] &3t 1 AE A zscorer +0.5% & Aol A]
ol v A E3HA B2 9] zscore(R @4 W5-29)9 F
AU ats Bt ©]& trienzyme extraction-L casei
Hol B& 7171 BAHT 3 &8 + U= F =Y
Ao ot B sddS UeleE A4S UE
Aoz FAtE.
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o, 2] § o]59] i1t ghafe] Aol M= AR FFH

ZEHel upgt gE2A vedt Fol, 11, 9 =elglHAl
o RE zEYoA A g Hste] Ak Freko] zhzt
oF 22-48, 2-31, 17-56% = 7HA s}l on], winkgolniAl L
BE oA it gel oF 17-90%7H] SV sk A
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Fig. 2. FAPAS PT-2196 result and z-score for folate in breakfast cereal test material.
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Table 5. Folate contents in raw and cooked mushroom (1g/100 g, wet basis)”

ok

Sample Raw Boiled ™ Roasted” Stir-fried" Deep-fried™
Beech mushroom (L wlmarium)” 15.52+4.16® 18.082.67"® 24724131 25392047 29.4620.64™*
Button mushroom (A bisporus) 20.0926,75™ 16.88+6.19° 212240.13° 19.50£3.73® 24.8745.94°
Ear mushroom (A auriculy) 6.0410.20° 3.17+1.48° 439:2.1% 4324189 4724153
Oak mushroom (L. edodes) 28.609.30™ 19.872.00™ 2337:127° 26.12£0.37° 279146.19°
Opyster mushroom (2. ostreatus)’ 64.82+24.98** 28.28+2.59° 39.25+12.60*® 49.35+13.04*® 53.53+7.44"8
Winter mushroom (£ velutipes)™ 38.7245.56" 25.70+7.20°™" 37.56+10.82"® 40.42+8.54"8 218.72+35.89*

"Mean+SD, Means with different capital letters in the same row and small letters in the same column are significantly different among groups at ‘p<0.05, “p<0.01,

level by Duncan’s multiple range test.
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Table 6. Processing factor of cooked mushroom

Processing factor” (%)
Raw Boiled Roasted Stir-fried Deep-fried

Beech mushroom (L w/marium) 1000 864  76.8 731 68.0
Button mushroom (A bisporus) 1000  68.6  62.0 64.6 520
Ear mushroom (A auricula) 1000 1092  8L.1 85.8 80.2
Oak mushroom (L edodes) 1000 1088 738 78.8 749
Oyster mushroom (2. ostreatus) 1000 80.7  73.9 783 54.5
Winter mushroom (7. welutipes) 1000 814 795 85.7 215
PProcessing factor (%)=weights of cooked food/weights of raw foodx100.
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Folate true retention (%)
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Fig. 3. True retention of folate in six mushrooms affected by different cooking methods.

True retention (%)=100%(NcxGce)f(NrxGr).

Ne=nutrient content/gram of cooked food; Ge=gram of cooked food;, Nr=nutrient content/gram of raw food; Gr=gram of raw food.
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