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ABSTRACT

This study compared the ash and mineral contents in different types of mushrooms (Pleurotus
ostreatus, Pleurotus eryngii, Lentinula edodes, Auricularia auricula-judae, Agaricus bisporus,
and Sparassis crispa) with different cooking methods. The samples were mineral contents
using a microwave oven and analyzed by inductively coupled plasma optical emission
spectroscopy (ICP-OES) and ICP-mass spectrometry (ICP-MS) to determine the ash and mineral
contents. Agaricus bisporus had the highest ash content, followed by Lentinula edodes, Pleurotus
ostreatus, Pleurotus eryngii, Auricularia auricula-judae, and Sparassis crispa. The ash content
for each mushroom cooking method was the highest during natural drying in all mushrooms
except for Sparassis crispa (p{0.05). In addition, there was no significant difference between
the raw and blanched mushrooms except for Sparassis crispa (p<0.05). Mineral contents showed
a significant difference overall depending on the variety of raw mushrooms, with K and P
accounting for most of the minerals in all mushroom varieties except for Auricularia
auricula-judae (p<0.05). For each mushroom variety, P and K accounted for 12.06-25.58%
and 43.93-77.88% of the total amount of minerals, respectively. Regarding trace minerals,
Mo showed significant differences according to the variety (p<0.05), and I was not detected
in Pleurotus ostreatus, Lentinula edodes, and Agaricus bisporus. Depending on the cooking
method, when blanched, the content of most minerals did not change or tended to decrease.
During natural drying and machine drying, the mineral contents of mushrooms tended to
increase significantly compared to raw ones. These results provide basic data on the mineral
content during the processing and cooking of mushrooms.
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AlgTo] et ugh TR 5
F9Y 2H7} F7VeHHA S dolu A
A, T, 1AY T WIS A
EA7F =L det. olof wEt AR gk
| gk Thilo] AL Qlom &7 A H =
Ax, B, WA 59 HFH7F 2o Aeolth
(Kim 2010; Shin et al. 2011). £3] HAlL 4
HAY FHIE Hi A9 EEL T Y7
= AA ﬁ%‘%}hﬁl ze] Bl wet 1
4 JFgEo| FFE R %E}(Sanchez 2004).

T4 A 47 fAsk=E 5Ad
FLEAR ofglo] ¢ wol5oA APo] WA}
e Ag =24 OJ 2 oA Aol
A o ek A FERA] T2 2,
A2 euet Fvlo] ARt og RESHA M3
M= JG40ltHOh et al. 2021). F71& E3t
Zgof s JFE A =Hed 2E2 A
g gEo] Aoy AU 471 5 2ol
A AT EAEEE 2 AHo] o2 o ¥
Slof| gt B4o] I a5t (Kang et al. 2021).
F7142 RYE of AA|NE, BEA] HA4AI
A 7152 fASH=Tl EA7F EAska ok
Aol FAES 2HT 5= Ak = A=l
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FASH = 7F371&9] WHlo] Fasitt.
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=2 JHKim et al. 2013). E3SF E5HE,
A, A4, 7714 9 HEl 5ol S5t 9
stx 0 2 @45l (Rathore et al. 2017) ©Y
Z7(Wong et al. 2010), 2L, 8L
A2y} gHAESIEA(Shin et al. 2007; Hong

et al. 2012)9= =22 &t ¢8A Ut
el A (Pleurotus ostreatus)S FESHA
&, el Aslate] &5h SejuetolA 7154
o] =2 HAl F shioltt. ZE7} wff- F
9, Aiaet 2 FHA 5 SULEHE -+
Ag FFe E2& T 25 oAty o
FE TRt Qo '] otk Manzi
et al. 2004). “EFIHALS 410 F2]o] AsA]
F2 FAYR SHAY 4obA AFR & L
WAl(Pleurotus eryngil)S FEHAE, “ElEH
Aol “EHHAL &of &ote HACE Ut
glollA= 4T “AlSolHAl ol 2 A AHRyu
et al. 2007). & LEHHALE AHAA Q] AR A]
o] A1dstar fA7o] FHojuw, thE HAlo H]sf
Fehgo] W2 E4o] ItHKim et al. 2004).
ESE BRI C7F A9 gl thE B4l Bls] H]
ERYl Bg, C7F 5575t o] leite 115 She
3}l QthLee et al. 2018). FIWA(Lentinula
edodes)~ AT FEHAE e o] &5t
= S79 o %o QIS 7157t &2 WAl
% siuolth(ang et al. 2015). EVHA F9] of
Aol 5 SHAHEN 9 Lyi'—zrb c%ﬂ
Z stof rgYPolut FHAI} ool Ee=
®(Enman et al. 2007) Y[ By, B, & B127]-
o= Aol YAt (Bisen et al. 2010). Eyqt
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d&R1 FordAkS RSk QlEd ARAlC]
2ot g B9t ofy g} HlEtlo] &/dstE]o] JF
T Zoldtta BRI EAHJung & Joo 2010).
Eo\M X (Auricularia auricula-judae)S
olf, Foli}, Fol&o &k HAlow REY
ZA%F A He o] Aol Aoldfa
ol % #1 7 Fgo] Hoju AU =
HE 2 =54 HjEo Fold &5°] Tk E3h
HIEIRID7} 55k QIFHE H&S ot
0] S dutetal 7F BEo =S Frt o
Aoz ZAxsto] ARGEM Ea Aol Frh
(Rural Development Administration 2021).
FEolH R (Agaricus bisporuse AN 7+
de] AH|EE HAR 5 STUE FEHAE, 5
WA, FEEAEG0] S3tth HA 5 S
o] 7Fg Wil HEglom Aol f, F7]Ho]
FRS} 3L o2VAHE, His SlgHEo] &
FoHA SEof Qo AT} A FAkS} 7]
5°] 25t Aoz AHA UthFeeney 20006).
BEHoIY ARAIA A7IXE At ol=et A
Z FEolHsle EEdtelo] Al 7] 5ol A
THLee & Jeong 2009). 20| WAl(Sparassis
crispa)e NFEWAE(Aphyllophor-ales), Z
o] WAIIH Sparassidaceae)®l] &= WA O R
HARES HEst 7P s £ BYs ok
AU}, mFo] mhx| SAHo] ZokifjSa} Hlsoh 2
2%t 1 e F3o] Fof AEo=2A ZHA|7}
QItHShin et al. 2007). E3H I 9 5F &
W7E AHaL 4Rl B-1,3-glucan #7F obdz}
(Ohno et al. 2000) H=
acid®} Z-& benzoic acid AE9] A¥Ho| tf=
ORGHAlof H]3| Y53] AL HilEo] okgo
2L 540] JSEHIHKIm et al. 2008).
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Agstlon, HA A4E o83t HX|7] A=
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$EL A EZH(Ministry of Food and Drug
Safety 2021)°] @&} JJA7HEAERHOE 105C
Cgto] Q E(NDO-400, SUNIEYELA, Sungnam,
Korea)ollAl & & SAso] S &
“gotgirt. el et 42 Fhgo] Aol
utet & 9 271 FFS AR Hud 4 gle
o SRS ARt e FEL B3 SE g
TS o]&sto] AxFFdry weight basis) 7%
o= IE 9 F7d TS ettt

4.

|
B2 A& FH(Ministry of Food and Drug
Safety 2021)°l wet LAz ofuEelE #
2 & 600TC 9] 3]3t2(B180, Nabertherm Co.,
Lilienthal, Germany)ollA 213 3|sloto] S
o7 S5t JE FFE o E AFE BAS

o % Y Tk
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i
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Z<, nils, ZF, 9, QL 97 o, &
2 B2d], dlelE 42 4583 (Ministry of Food
and Drug Safety 2021)3 Kim et al.(2017) &
Hwang et al.(2020)9] ®#Hol w2t &75H
A& 9F 1.0 goll ZAHelectronic grade, 69~
71%, ChemiTop Co., Seoul, Korea) 8 mLe}
TSl (electronic grade, 30~32%, ChemiTop
Co., Seoul, Korea) 2 mLE 7}5% microwave
digestor(Multiwave ECO, Anton-paar, Graz,
Austria)2 ARESRE & SFFE 085t 50
mLZ 85It o]& oFA|(No.41, Ashless,
Whatman, Maidstone, UK)Z oj1}slo] A|8-&
Ao JlPCF QT EAL Fecher et al.
(1998)°l oJsfi Ate =HH-& Wadsto] S45H3A

t}. Perfluoroalkoxy(PFA) 5EO] 2F 0.5~1.0 g
o] 25% tetramethylammonium hydroxide
(TMAH) 1 mL% $5%< 4.5 mLE 7Fsko] 90T
Egto] R E(NDO-400, SUNIEYELA, Sungnam,
Korea)oll 3AIZF E3fst3itt. A7l & /=
50 mLZ #-83lo] oJi}x](No. 41, Ashless,
Whatman, Maidstone, UK)Z oj1}5to] A|Sl&
Ao = It ojuff S| Eof=A| g2 AR
gol Q1= A2 3000 rpmoflA 158 59 YAl
glste] ASHS oAl ofFfsto] AlFHow
ARESITE B 771491 g, <L, vidlE, 2
5, g, 97 oFd2 Inductively Coupled
Plasma Optical Emission(ICP-OES, Avio 500,
Perkin Elmer, MA, USA)Z 43} B4z
72 Table 13+ Zt}. b £7]4Q1 Z2EH,
AdE, 22EE inductively coupled plasma
mass spectrometry(ICP-MS, Nexion 2000,
Perkin Elmer, MA, USA)Z EA35}%omn HA
71L& Table 29t Ztt.

Table 1. Instrumental parameters of ICP-OES
for determining the mineral content

Parameter Operating condition
Power(W) 1500
Use gas Ar, Ny, Air
Pump flow rate(mL/min) 1.0
Nebulizer gas flow(L/min) 0.7
Plasma gas flow(L/min) 10
Aux gas flow(L/min) 0.2
Ca 317.933
K 766.490
Mg 279.079
p 213.618
Wavelength(nm) Mn 259.373
Cu 324,754
Zn 213.856
Na 589.592

Fe 259.939
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Table 2. Instrumental parameters of ICP-MS Inc., Chicago IL, USA) software package &
for determining the trace mineral Zo|A] 7|SEAS AAste] Haat BE

content

SR Foiel Lshitiond SAEHANOVY)
Parameter Operating condition ° o] ol o

= S = o] Duncan®
Isotopes(m/z) Mo®, Se®?, 1177 = Al Frefdel s Al o=
Measurement mode Standard mode 49188 (Duncan’s multiple range tesH=
RF power(W) 1500 ol&sto] Al&7te] FAE HASIATHp0.05).
Plasma gas flow(L/min) 15
Nebulizer gas flow(L/min) 0.99 0L 7‘5?_3,} ]:7,_1 .'1172'
Auxiliary gas flow(L/min) 1.2
Dwell time(ms) 50 _ _

1. WA 5 & X2| LHE 32 oF

Sweeps per reading 30 ’ =
Replicates 3 HA SS(EEHA, ZLEHA, FaH
Sample fush () 10 A, Bolua, FoluAl, EolHA)o] T 3]
Read delay(s 0 £ st zegEEA), Aadz, 71712
Wash(s) 35

X) 37 S E4% 3= Table 33 2t
A FEEE SR A 0.28~0.88%2] A
= B3tk HE E3501A4 §9ZRl Aolg HIlo
H(p<0.05) FEoIHAY 2l& ol 0.88%=
Relative standard deviation)S &1t 9 7P el SR 0.77% SEERIA 0.76%
SRS WOIFE B9 ALAS AT B SO 3 O
AMS= 33 R ZA3 7 SpSS 240 A0.28% <02 Yyt o webi=

AZFAAZ 4 71710 FYHoz F&

(Statistical Package for Social Science. SPSS B}
8 ol 7S & = AT EEoIHAE AlY

6
& Ad2¥e 339 HiEsto] St 3ol ¥
ARESIRAL 24 HlofEle] AEZHAH%RSD,

F
fijo

Table 3. Contents of ash in mushrooms according to six cultivars and cooking methods

Proximate Pleurotus Pleurotus Lentinula Auricularia Agaricus Sparassis
composition ostreatus eryngii edodes auricula—judae bisporus crispa
Raw 0.76 + 0.017"< 0.73 + 0.02° 0.77 + 0.01°® 031 £ 0.0 ™ 0.88 + 0.01® 0.28 + 0.00*

+

Blanching3) 0.70 + 0.008 0.67 £ 0.01¢ 0.56 + 0.02° 0.27 + 0.01® 084 + 0.01°¢ 0.11 + 0.00°
Ash? Natural

dying? 030 % 0231 809 % 032 602 + 020" 406 + 009" 1198 % 021° 271 + 009"
gf;fn};ge 6.07 + 005" 736 + 0.11° 472 + 001° 408 + 001* 752 + 0.30° 568 + 0.04*
Yg/100g

2All values are expressed as the mean + standard deviation of triplicate determinations

PBlanching: 100 C, 1-2 min

“Natural drying: nature state, 72 hr

SMachine drying: 45 C, 24 hr

ADDifferent letters in the same column mean significantly different at p<0.05 level by Duncan’s multiple range test
“IDifferent letters in the same row mean significantly different at p<0.05 level by Duncan’s multiple range test



206 SRXAMSMBTISIEX| H36H 25 2025

St HE HACIA A ARA] 7P gl
EoME A 0® UERETHpC0.05). S EEo]
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UEE, 3 ¢02 Uegtt 308 ZEo
77.88%, 91°] 16.53%% F F7|AE Yehgon
olQlo] Z, wtvlE, YEF o= UETh
HAo 5 F71d TS AR, FolHA
< ALet B HA FFoNA ZEI Qo] AA
7149 RES AAshe AoE YEtor
olE F7|F L HAl EFHR ol Aol B
AH(p<0.05). & AFo|A Q] AT Lee et al.
(2018)9] Aol ZETt lo] HiA F9 £714

T tiFEe AL dEo] FEOIHA,

and

S A, LERHA 08, Q19 FRF Q
Lol A, LetEHA, ZLElEHAEoR UE
el Ad ARE 23S A v 7= A
= Ef|Hdo] E5HE FoFQl XjolE HYOo
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o] Zlo|g Hol= A2 AR AHFHFA, AHFHAI
59 Fol2 7" ZHoE AZtHErHlee &
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93.88%, 93.76%% AAISHIL et e HA
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Uz 271 A E A F9-et 27
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Table 4. Contents of minerals in Pleurotus ostreatus and Pleurotus eryngii according to different cooking methods

Pleurotus ostreatus Pleurotus eryngii

Raw Blanching” Natural drying” Machine drying® Raw Blanching Natural drying ~ Machine drying

Ca 0.54 + 0.056¥ 0.55 + 0.02° 0.59 = 0.04° 0.00 £ 0.00° 0.62 + 0017 0.68 + 0.00° 6.46 + 0.23° 3.05 £ 0.15°

Fe 0.89 + 0.01 © 0.74 + 0.03° 11.73 £+ 0.09° 931 £ 0.95° 0.35 + 0.0I° 0.21 + 0.01° 371 £ 0.09° 336+ 0.1°

P 10474 + 415> 9851 + 0.03° 961.28 + 10.01' 954.71 * 15.76° 81.75 + 0.45 8638 + 0.49° 890.31 + 10.60° 772.00 + 6.62°

283.58 + 0.92 ¢ 257.69 + 0.99¢ 2,016.51 + 13.48°2,037.76 + 5.92%299.31 + 2.19° 271.82 + 2.05° 2,745.19 + 66.46* 2,696.32 + 60.31°

Minerals”  Na 3.47 + 0.05° 2.61 + 0.28 18.81 + 1.39* 1894 + 0.30* 5.52 £ 0.01° 536 + 0.53° 4452 £ 0.60° 41.80 + 1.23°

Mg 1512 + 060 * 1400 = 0.11* 15651 = 0.36° 156.67 = 048 11.62 + 0.02° 11.06 + 0.26° 11388 + 092" 111.33 = 0.52°

Mn 0.07 + 0.00 ° 0.05 = 0.00° 0.80 £ 0.01° 0.79 £ 0.00* 0.08 + 0.00° 0.05 + 0.00° 090 + 0.00° 0.73 £ 0.07°

Zn 0.94 + 0.01° 1.02 + 0.05° 9.17 £ 0.86 8.69 £ 0.29* 0093 £ 0.01° 0.94 + 0.02¢ 8.99 + 0.11* 752 £ 050

Cu 0.08 £ 0.00 © 0.08 £ 0.00° 0.52 + 0.00° 0.54 = 0.00° 0.08 = 0.01° 0.06 + 0.01° 0.06 £ 0.01° 0.81 £ 0.04°

Mo 0.78 + 0.02 © 0.64 + 0.03° 502 £ 0.24° 548 + 0.01* 0.21 + 0.02° 0.41 + 0.00° 3.60 £ 0.07° 282 £ 0.15°

Trace o S 049 + 018 ° 032 + 002° 5128 + 207 5164 + 244 141 + 0265 172 + 043 1587 + 068 1328 + 1.50°

e 0.00 + 0.00 © 0.00 = 0.00° 7.53 + 0.05° 415 £ 0.00° 222 + 043 0.71 + 0.13° 0.00 = 0.00° 0.00 £ 0.00°
Total minerals? 409.43 375.26 3,175.97 3,187.46 400.25 376.56 3,814.64 3,636.93

Ymg/100 g
24g/100 g

YAll values are expressed as mean =+
“Blanching: 100C, 1-2 min
9Natural drying: nature state, 72 hr
9Machine drying: 45 C, 24 hr
ADDifferent letters in the four cooking methods of the same mushroom mean significantly different at p<0.05 level by Duncan’s multiple range test

standard deviation of triplicate determinations

“dDifferent letters in the four cooking methods of the same mushroom mean significantly different at p<0.05 level by Duncan’s multiple range test



Table b. Contents of minerals in Lentinula edodes and Auricularia auricula—judae

according to different cooking methods

Lentinula edodes

Auricularia auricula—judae

Raw Blanching? Natural drying® Machine drying® Raw Blanching Natural drying ~ Machine drying
Ca 563 + 0147 423 + 027° 3300 + 057° 2838 + 1.85° 40.72 + 0.87°* 37.22 + 0.46® 601.84 + 14.62° 625.97 + 10.22 *
Fe 0.60 + 0.02¢ 0.48 + 0.00° 336 + 0.10° 1.85 + 0.06° 040 + 0.01° 032 = 0.04 722 + 057° 887 + 0.13°
58.69 + 0.82° 5459 + 0.03° 57520 + 2.33% 42442 £ 299° 2004 + 0.09° 17.2 + 30.09° 317.38 + 9.32* 316.62 = 9.26 *
K 333.54 + 545 24514 * 4.38Y2279.47 £ 0.32° 1,797.23 + 27.42° 72.98 + 0.32> 6535 + 0.03" 1,003.54 + 23.91* 979.41 + 13.29 °
Minerals”  Na 395 £ 005 218 + 0.00' 1636 £ 054 1515 = 0.22° 13.92 + 0.08" 1138 + 0.77° 156.83 + 0.92* 153.08 + 3.88°
Mg 17.75 + 0.31° 1327 + 0.01° 1323 + 84.59° 107.08 = 0.44° 16.41 + 0.02° 1508 + 030" 247.61 + 574° 24250 + 0.82 *°
Mn 0.29 + 0.00° 0.20 + 0.00° 1.96 £ 0.06" 1.82 £ 0.10° 150 = 0.0lc 145 + 002 2051 = 0.11° 2213 + 0.89®
Zn 0.57 + 0.01° 049 + 004 508 £ 013 343 £ 009 016 + 0.00° 013 £ 000" 231 £ 021° 222+ 0.09°
Cu 0.06 + 0.00° 0.05 £ 0.00° 0.36 £ 0.00° 024 = 0.00* 0.00 + 0.00° 0.00 + 0.00° 020 £ 0.01* 0.19 £ 0.01°*
Mo 0.87 £ 0.04° 1.28 £ 0.03° 1403 =+ 0.67° 984 £ 0.16° 061 + 001° 043 £ 001° 738 £ 0.01° 741 £ 0254
Ei?lceerals” Se 1.20 £ 0.23¢ 0.54 £ 0.19° 8.03 £ 0.18 507 £ 097° 059 + 0.15° 070 £ 0.01° 549 £+ 038 49 = 0.18°
I 0.00 + 0.00¢ 240 + 0.01° 470 £ 0.49° 123 £ 0.02° 1.75 £ 021° 1.08 = 0.19° 13.81 = 055" 1832 = 2.14°
Total minerals” 421.08 320.64 3,047.19 2,379.60 166.14 148.17 2,357.48 2,351.03

Ymg/100 g
2ug/100 g

YAll values are expressed as mean + standard deviation of triplicate determinations
#Blanching: 100 C, 1-2 min

9Natural drying: nature state, 72 hr

9Machine drying: 45 C, 24 hr

ADDifferent letters in the four cooking methods of the same mushroom mean significantly different at p<0.05 level by Duncan’s multiple range test

“Different letters in the four cooking methods of the same mushroom mean significantly different at p<0.05 level by Duncan’s multiple range test
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Table 6. Contents of minerals in Agaricus bisporus and Sparassis crispa according to different cooking methods

Agaricus bisporus

Sparassis crispa

Raw Blanching? Natural drying®  Machine drying®” Raw Blanching Natural drying  Machine drying
Ca 147 + 0.11%¢  1.29 + 0.10° 14.4 £ 70.58 821 £ 005" 4.18 + 048" 168 + 0.01° 355 £ 009" 1881 + 087
Fe 0.37 + 0.03° 0.35 + 0.03° 372 £ 0.12° 3.74 £ 0.10° 0.18 £ 0.03¢ 0.09 + 0.01° 1.11 + 0.04° 191 £ 0.07°
99.67 + 0.42°  97.80 + 0.50° 1,464.64 + 53.60°  800.08 + 31.69° 27.83 + 0.47° 19.97 + 0.18* 269.61 + 243" 52753 + 3.57°
K 372.44 + 1.69° 363.96 + 3.08 5305.17 + 27.91* 2,964.631 + 18.29° 131.12 + 2.89° 61.96 + 0.38! 973.46 + 2.91°2,301.03 + 35.04°
Minerals”  Na 480 £ 0.17° 458 £ 0.05° 7218 £ 0.21° 39.18 £ 0.36° 1.50 + 0.03*  0.77 = 0.12¢ 325 + 0.18® 11.52 + 0.26°
Mg 9.78 £ 0.16° 9.49 £ 0.06° 144.07 = 7.46° 79.05 £ 0.72° 3.02 + 0.15¢ 1.60 + 0.12¢ 3371 + 10.16" 62.50 + 0.52°
Mn 0.04 + 0.00° 0.04 + 0.00° 0.70 £ 0.01° 0.44 + 0.00° 024 + 0.00° 0.19 + 0.01° 022 + 0.00 0.93 £ 0.01°
Zn 0.40 £ 0.03° 0.38 £ 0.01° 7.83 £ 0.05° 435 = 001° 024 + 0.00° 0.16 = 0.00¢ 153 + 0.01° 2.76 £ 0.02°
Cu 0.23 £+ 0.00° 0.21 £ 0.00° 483 £ 0.06° 251 = 0.06° 0.05 = 0.00° 0.04 + 0.00° 029 + 0.01° 0.58 = 0.00°
Mo 1.79 £ 0.00° 1.76 £ 0.01°¢ 2821 £ 0.62° 14.84 + 0.02° 0.00 + 0.00° 0.00 = 0.00° 021 + 0.04° 1.10 £ 0.11*
;rijlceials” Se 1470 + 0.35¢  13.75 + 0.42° 140.63 + 1.89° 10344 + 123" 0.42 + 0.08° 0.38 + 0.01° 819 + 1.17° 1298 + 0.25°
I 0.64 = 0.02° 0.45 = 0.01° 423 £ 1.20° 0.85 £ 0.02* 0.00 + 0.00° 0.00 £ 0.00° 1.10 £ 0.07° 097 £ 0.01°
Total minerals” 489.22 478.13 7,017.78 3,902.31 168.35 86.45 1,286.74 2,927.59

Ymg/100 g
24g/100 g

YAll values are expressed as mean
“Blanching: 100 C, 1-2min
9Natural drying: nature state, 72 hr
9Machine drying: 45 C, 24 hr

ADDifferent letters in the four cooking methods of the same mushroom mean significantly different at p<0.05 level by Duncan’s multiple range test

+

standard deviation of triplicate determinations

*dDifferent letters in the four cooking methods of the same mushroom mean significantly different at p<0.05 level by Duncan’s multiple range test
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