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On the Composition of Morchella esculenta Fruit Body. Wol-Suk Cha*, Hee-Duck Lee and Jong-500
Kim’. Department of Chemical Engineering, Chosun University, Gwangju 501-759, Korea, 'Korea Advanced
Food Research Institute, Seoul 137-069, Korea, ‘Department of Environmental and Industrial Chemistry, Iksan
National College, Chonbuk 570-752, Korea — This study was carried out to analysis the composition of
fruit body of Morchella esculenta (MEF) to determine the possibility of medical and edible use. The
nutritional compositions of MEF were as follows ; The contnt (g%) of crude fat, carbohydrate, crude
protein were 3.8, 43.5 and 29.7, respectively. Potassium concentration in MEF was high up to 3558.0
mg% and Ca, Mg, Fe, Na and Zn were followed. There were 23 amino acids in MEF. The content
of glutamic acid was high up to 1433.0 mg% and leucine, alanine, arginine valine and theronine were
followed. Since MEF contains 25 free amino acids, it will be a favorable food stuff. The content of
Vitamin A, Vitamin B;, Vitamin B, Vitamin B, Vitamin C, Vitamin D;, Vitamin E and Vitamin K; were
2.23 g%, 0.13 mg%, 0.07 mg%, 0.27 mg%, 0.17 mg%, 52.27 ug%, 5.26 mg% and 3.23 g%, respectively.
MEF will have a good anti-aging effect due to content of Vitamin C and Vitamin E.
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Z2A4% 4 & flame and furnace, 4-lamp
turret, Quadline background correction, GFTVZ & €#}
£% 23#47] (UNICAM 989)% o] §3te} 24 ¢ sgm
ANET WA HlESg sgn.

Loading Buffer (Lithium Citrate pH 2.2) 5 mle] ¥1 %
3 F&& 3087 A3 5 045 um filter 2 filtering
10% SSA (5-sulphosalicylic acid) 1 ml3}t $) A]& 1 ml&
T F 40N 102 BA s AHE BuAE AAD
filtrationd} g t}.

o] %10 mg< #3ke] PICO-tag #4[24] & 0|54 PITC
labeling& % 912 A2 400 yl Fojl A 50 i 33k} HPLC
(Waters 510)& o]-&3}o] Table 13} £& ZFALZ F o}y
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Table 1. Analytical conditions of constitutive amino acid by
HPLC

A. Flow rate
o Buffer : 25 mi/hr
o Ninhydrin : 20 ml/hr

B. Pressure
o Buffer : 55 bar
o Ninhydrin : 12 bar

C. Buffer program

No Tl[.ne Temp. | Buffer | Nin | Rec |Pump | Hold | Load
(min)
1 8:00 | 43T 1 |ON| ON | ON | OFF | OFF
2 1 2:00| 45C 2 |ON| ON | ON | OFF | OFF
3 115:00 | 56T 2 |ON| ON | ON | OFF | OFF
4 | 6:00| 57T 5 |ON|ON | ON | OFF | OFF
5 |22:00 | 85T 5 |ON| ON | ON |OFF | OFF
6 | 4:00 8T 6 |ON| ON | ON | OFF | OFF
7] 6:00] 85T 1 |ON| ON | ON | OFF | OFF
8 | 20:00 | 43T 1 |OFF| OFF | ON | OFF | OFF
9 | 5:00| 43T 1 |ON | OFF | ON | OFF | OFF
10| 0:00 | 43T 1 |ON|OFF| ON | OFF | OFF
11 1:00 | 43T 1 ON | OFF | ON | OFF | ON
D. Buffer type

a. Buffer 1: 0.2 M Sodium citrate buffer pH 3.2
b. Buffer 2: 0.2 M Sodium citrate buffer pH 4.25
c. Buffer 5: 1.2 M Sodium citrate buffer pH 6.45
d. Buffer 6: 04 M Sodium hydroxide
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falolo|:zate) 24

Al 200 mg< absolute ethanol 1 mlo] H7}ste] T8
5 F&oM 24717t 5t shaking 3t ol ibe F2
I Egae QARYFG FES 05 mlE k] Dowex
50-X8 resin (200~400 mesh) column (made in a Pasteur
pipette)S E3 A}ZIthS 10X column volumn®] FHF 42
column washing3}1, 10X column volumn¥] absolute eth-

P}

anolZ protein, phenolic compound, carbohydrates, lipid&
A A3, 10X column volumn®] 2N ammonium hydroxide
2 fgotr|itE £ 3t} Column §& 942 rotary evap-
oratorg o]-&38}4] evaporation A|7]3, AZ¥E AE+& pH
2.2 lithium citrate loading bufferZ ©]-8-8}] =<2l & 0.2 pm
filter 2 filtration &4t}

o] 2 20 g 3l HPLC (Waters 510) o] &34
Table 28t £& ZASE &3 ofvj=it £4& A

Table 2. Analytical conditions of free amino acid by HPLC

A. Flow rate
o Buffer : 20 ml/hr
o Ninhydrin : 20 ml/hr

B. Pressure
o Buffer : 75 bar
o Ninhydrin : 14 bar

C. Buffer program

No T1rpe Temp. |Buffer| Nin | Rec | Pump | Hold | Load
(min)
1 |15:00| 34T 1 |[ON|ON/!| ON |OFF | OFF
2 | 42:00 | 34T 2 |ON ON | ON | OFF | OFF
3 |11:00| 34T 3 |ON|ON| ON | OFF | OFF
4 |124:00 | 80T 3 |ON|ON| ON | OFF | OFF
5 128:00| 80T 4 |ON|ON | ON | OFF | OFF
6 |35:00| 80T 5 |ON ON | ON | OFF | OFF
7 | 14:00 | 83T 5 |ON|ON| ON | OFF | OFF
8§ | 8:00| 88T 6 |ON|ON| ON | OFF | OFF
9| 6:00] 88T 1 |ON|ON| ON | OFF | OFF
10 | 35:00 | 38T 1 |OFF|OFF| ON | OFF | OFF
11| 10:00 | 38T 1 |ON|OFF| ON | OFF | OFF
12| 0:00| 38T 1 |ON |OFF| ON | OFF | OFF
13| 1:00| 38T 1 |[ON|OFF| ON | OFF | ON
D. Buffer type

a. Buffer 1: 0.2M Lithium citrate buffer pH 2.8
b. Buffer 2: 0.3M Lithium citrate buffer pH 3.0
c. Buffer 3: 0.5M Lithium citrate buffer pH 3.15
d. Buffer 4: 0.9M Lithium citrate buffer pH 3.5
e. Buffer 5: 1.65M Lithium citrate buffer pH 3.55
f. Buffer 6: 0.3M Lithium hydroxide

E. Column : High Resolution Column Bio 20 PEEK Lithium

F. Sample loading volumn : 20 pl
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H|EHE &

A8 1 g—% HETH vF JEFdE Agelel =t
Aelsta] o] $ 20 pl #3ke] HPLC (Waters 510)2 o]-4-3}
¢} Table 37} 22 2702 g B4S 3Tt

WPt B3 FFS S A AGEF FERH A

£4 3 470] 95 g%, 2AHo] 38
g%, B53HEo| 435 g%, 2 Ao] 297
gholm, x4 J% Eﬂuw 3.1 g% [17], =EteIBIA 20 g%
15180 B, &58Ee FawA 63.7 g% [17], =EteH
A 669 g% [15]5%.ch Z-MI HrHol ot zetmAe e
B4l 181 g% [17], =ere)H Al 12.8 g% [15]8.t} Bo] F
5ol low 53 zuild o] 29.7 gh S A3 9
tHTable 4).

mgl (16|80 Bo] /=YD, 4F- @7 P24, MEe
R FFGRA, AEH 259 AAZE 74, gl ¢
of Bulo] & A= Nal 850 mg% o2 HH Al 250
mg% [18], ElZIH Al 2.0 mg% [16]Kc} Zo] gh&-5of 3l
don, W P4, Y&Z o), vl A §A, g3l E vl
%S vl A= Mg 1580 mgh 2 FaH A 110.0 mg% [18],

Table 3. Analytical conditions of vitamin by HPLC

A. Flow rate
o Solvent : 30 ml/hr
o Ninhydrin : 20 ml/hr

B. Pressure
o Solvent : 55 bar
o Ninhydrin : 12 bar

C. Solvent type
a. Vitamin A: Ethanol : HyO (95:5)
b. Vitamin B: Methanol: 0.2 mM NaH,PO; (35: 65)
¢. Vitamin C: Methanol : 0.2mM NaH,PO, (35:65)
d. Vitamin D : Isopropanol : Hexane (0.4 :99.6)
e. Vitamin E: Hexane : Isopropanol (98:2)
f. Vitamin Ki: Dichloromethane : Isopropanol : [sooctane
(15:0.02:84.98)
D. Column: p-Bondapak Cis
E. Sample loading volumn: 20 nl

Table 4. General composition of Morchella escuienta fruit body
(unit: g/100 g)

Amount  Morchella Lentinus Oyster
Componen esculenta  edodes [17] mushroom [15]
Moisture 95+058" 106 14.3
Crude fat 3.8+0.19 3.1 20
Ash 135+0.70 45 4.0
Carbohydrate 43513.09 63.7 66.9
Crude protein 29.7+£1.72 18.1 12.8

D. Mean+SD of triplicate

“eleld A 150 mg% [16]uTh ol BHuAt 187
A7) WY, AR, SRR ] GE 07 K 3580
mg%2 XIWA 2140.0 mg% [18], ezl Al 340.0 mg%
[16]R T} Bo] FFHAY, AEAZH 2L 2 X f, 1A
oF 4k gAY B G4 FALER] Zng 990 mghzE #
T A 2.3 mgh [18], el A 1.0 mg% [16]8. 0} Zo] &
freo] Aen, e FANE, oA FAHL
2¢) Fe2 1440 mg% 2.2 F 1WA 3.3 mgh [18], =tlaH]
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o] 2% cHTable 5).

& 00| -atdE
°VM A8 tH*iOi il *ﬂﬂ]’i‘iii B3ste Ao

'Ki
=
L)
T
J:-’..
i-
n’.
NE,
rUlo
N
a
aQ
32
oot
o
[ei0
ol
[l
<

2 9,093 mg%hel it o]
& AFAoln AAobu| Akl glutamic acid7} 1,433 mg%
2 714 Bo] g Eoiglon TuHAl 687 mg% [20], =

Al 438 mg% [19]R.0} B, aspartic acid7} 508 mgh 2
T 4 269 mgh [20], SR 4 192 mgth (19]2 k)
o, v]ZA o] 44419 leucineo] 710 mghE F TH A
215 mg% [20], =elel B Al 192 mg% [19]E.c} Zo) 55 %

1, alaine> 641 mg% 2 EWA 224 mg% [20], =ElgH

Table 5. Mineral Composition of Morchella esculenta fruit body
{unit: mg/100 g)

Amount Morchella Lentinus Opyster
Component esculenta  edodes [18] mushroom [16]
Ca 268 +18" 19 16
Na 8514 25 2
Mg 158+8 110 15
K 3558 +249 2140 340
n 9.9+0.49 23 1.0
Fe 144110 33 3.7

Y. Mean+SD of triplicate.



A 272 mg% [19]R.th Behen, valineo] 557 mgh, glysine
o] 478 mg%, prolineo] 370 mg% F-f-& AL A A} o}n]
=2be) A9 FanA20]olu eI H AR T Bo] FH
golgity. 18 o whakE 444 o] =4kl phenylalanine™
459 mgho = HaWA 137 mg% [20], el 124
mg% [1915ch o] &0l Ax, FEF obrl=idel meth-
oine©] 304 mg%, cystineo] 96 mg%E FIH A[20]014 =
R A19] 5.t} Bo] FHs ot 744 opu] il thr-
eoineo] 549 mg%, serineo] 408 mg%, tyrosine©] 344 mg%
2 FuHA20], =er s A19] 1ot Bo] FFEE, F
7)4 o}u] =249l arginineo] 630 mg% 2 F 1WAl 149 mgh
[20), =E}E) A 52 mg% [19]2.t} Bo] FF5 o3, lysine
o] 463 mg%, histidineo] 133 mg% 2 FE I HA[20]°] 1} =€}
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6\[19] B} o] eEol e RoE UERen, o
o 2 Rgs AATe AR gl 42 8
]— ]3=4+9) taurine©] 86 mgh, AAAE EF= &
7 -aminobutyric acid 7} 68 mg%7} FEol Ae&
4 gleh % obrlidt 3 Wolr)mato] 3510 mp%=
60%E &435ta AAcHTable 6, Fig. 1).
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Fig. 1. Total amino acid analysis of Morchella esculenta fruit body by HPLC.
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Table 6. Composition of total amino acid in Morchella esculenta

fruit body {unit: mg/100 g)
Amount Morchella Lentinus Oyster
edodes  mushroom
Component esculenta =1 [19]
Phosphoserine -
Taurine 86+4"
Aspartic acid 508+27 269 192
*Threonine 549433 166 137
Serine 408+ 24 142 123
Asparagine nd
Glutamic acid 1433+83 687 438
Proline 370+23 201 115
Glycine 478 +28 157 53
Alanine 641134 224 272
@ -aminobutyric acid 190+12
*Valine 557 £31 164 163
Cystine 9%+6 14 12
*Methionine 30422 38 41
Cystathionine nd
*Isoleucine 468 +27 142 134
*Leucine 710+50 215 192
Tyrosine 344 +27 77 39
*Phenylalanine 459+28 137 124
B -aminoisobutyric acid nd
7 -aminobutyric acid 68+4
5-hydroxylysine 3412
Orinitine 1027
Lysine 463133 205 66
Histidine 133+8 85 118
J-methylhistidine nd
Carnosine 62+3 nd nd
Arginine 630+39 149 52
Total 9,093+555 3,072 2,271

*; Composition of essential amino acid.
Y. Mean=SD of triplicate.

acid7} 522 pgh e 71 go] TiHL, nE FHse
T2 /4% 59 asparaginine©] 408 ug%, arginineo] 376 ug%,
orinitineo} 208 pg%, alanineo] 202 ng%, y -aminobutyric
acid7} 144 pg%, serine©] 93 pg%, threonineo] 54 g% %59
w05 FFEol Urtk £ &3S 2= histidine©] 22 pg%,
72 ool Bodstelel A2 EE 3-methylhistidineo] 12 pg%
2 gisoislen, F g3 2397 ughol At o} g 2o
25%9 feotrlmite gol $ietn vl WEo FEH
A9 wto] &g wixE)e}t A7hE o] Fti(Table 7, Fig. 2).
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o 2 Aele obF, R 448 ¢ Az, 5 ¢ g
o] Yehli& vitamin A7} W A[18]0)v} et} H A[16]e]
EASA ok 223 ugh o Y, Ml A dAL F
A NAA 715l 43S v A= vitamin Bi& 013 mghE
E A 048 mg% [18], =EF2) B4 0.5 mg% [16]5Th 1A
ol oy, g43 &, gd 9 Auoial 7ie 249
Al 9544, Ted A9 49 FolR o] YEh = vitamin
By= 007 mg%E EIWA 157 mgh [18], e Al 0.8
mg% [16]8 0}t 2 A Ff-Ho A1, ARA WEF, 235
e & vitamin Be= 0.27 mg% 2 T Al 0.45 mg% [18]
Hote o, “eEHA 0.1 mgh [16]H 0} Bo] &5
Atk F54E A8, FoHd Y, HE &2 &5
o2 iAol Fejsta A A 9l H
&%o) el & vitamin C& 1
[16]o0 &A}3t=] Fo 017 mg%h 3
o tiAtel Fag A&sH AP Al T

=
=
%°] YEh & vitamin D Dy 8157 gov Dy

Table 7. Composition of free amino acid in Morchella esculenta

fruit body (unit : pg/100 g)
Amount Morchella esculenta

Component

Phosphoserine 51
Taurine -
Aspartic acid 15
*Threonine 54
Serine 93
Asparagine 408
Glutamic acid 522
Proline 33
Glycine 28
Alanine 202
@ -aminobutyric acid 21
*Valine 21
*Methionine 18
Cystathionine 15
*Isoleucine 10
*Leucine 8
Tyrosine 29
*Phenylalanine 26
A -aminoisobutyric acid 44
7 -aminobutyric acid 144
5-hydroxylysine -
Orinitine 208
*Lysine 23
Histidine 22
3-methylhistidine 12
Carnosine 14
Arginine 376
Total 2,397

*; Compositions of essential amino acid.



Journal of Life Science 2004, Vol. 14. No. 1 87

250! § 1260
| § £ !{ ﬁ
I |
200 ! 9 X 200
. I : 3
1501 ig ‘5 v ;.:ef E E’% 8 E g
S P ey % L% s
. T4 ! ;;';;5 , H ¥ f
8 oobe oy 131 s I R f 2
s o (T - U - | R s
S T I LI R I
& H : ! it e || s ; ;

b e i pf% IR ¥ i o2
o b e
AT IDLNLE B b e ot s 1o nl
- 50 o 700 - . b y‘lﬁol.: -

150 150
125 128
5 d
| l :
| ;1 | 2 *1
I A | 4@‘
1KWWU LA A M A LA s L_Muw...,z\/m
E

50 100 150

Fig. 2. Free amino acid analysis of Morchella esculenta fruit body by HPLC.

5227 ug%AE aa Qe AL Uehdeh AAe) 14 o A5 gEol 2w, 2R AFRL, 4718E AR eE
Hol gastA, 483 Ha, JET B5e AR A Ay pantothenic acid7} 999 mgh2 E1WA 793 mgh (18], =
28 =7} oﬁo}oﬂ e ¥ %‘ 2z guadi7 Jehle gl a4 240 mg% [16]Rch Bol g5 ot
vitamin Ex ¥ 18] A[18]o]1} =

=3 o Asloly e A6l ZANA g

o)
o} 526 mgh 5o} Ak AWA FALT AAL & vitamin C} vitamin E7} Bo] 5o} =hiAe] £o.2
= vitamin Ki-& EaH A[18]e] v} =e} 2| ¥ Al[16]4] %XH 3} 7} A2} e} A1y, vitamin D7} B s A[18]0] v} =Ef WA
A o328 ugh FHH 3, AEA ALK, S5 [16]5Th wol FhHoie =3z JadFol Zas B3

& YEh = bioting 38 A[18]0] v =] H A

AstA ekov) 8729 ugh sl dom, WA FF4,
v & e = niacing 16.60 mg% 2 F a8 4 19.0 mgh 2 %
(18] B} Aou}, “etelH Al 100 mg% [16] Btk Bol

L5o] otk A2PA AN S 7A Q.= folic acid7} 25.81 FHHAE

pg% 2 EAW A 240 ug% [18], ELRlBI A 920 ug% [16]% A, Zoju]wdl, Heo}n 1

_Y“_.
=
2

shedl £g0 @ Aoje} ARH o} Ath(Table 8, Fig 3)
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E
*A. Pantothenic acid, B. Biotin, C. Vitamin A, D. Vitamin D, E. Vitamin E, F. Vitamin K;.
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Fig. 3. Vitamin analysis of Morchella esculenta fruit body by HPLC.
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G. Vitamin By, H. Vitamin C, Nicotinic acid, Nicotinic acid amide, Vitamin B¢, Vitamin B,, Vitamin B;.

zA)¥bo] 38 g%, B3l Eo] 435 gh, 2T 2o} 297 g% 74 w@o| d-§5lo] 9131, asparaginine, arginines 9| o
o)tk #7)8& Kv} 35580 mgh 2 7Hg ol Tl H, & 4L 2,397 ug%hol L, 255 & ¢RI U7 HE
1, Ca, Mg, Fe, Na, Zn9} £o.2 FHHUT & obl=it2 ol 2RMAY o) FFE vl AAE o] A HEHD

%
glutamic acid7} 1433 mgh= 71 wel FHHAJID, o] 7<% vitamin A7} 223 pg%, vitamin B2 013 mg%,
leucine, alanine, arginine, valine, threonineE 9] 2.2 23 vitamin B,& 0.07 mg%, vitamin Bex 0.27 mg, vitamin C
Z 0] oju) Ak 85t 9o r Polr it 3510 mgh = 017 mg%, vitamin D= 52.27 g%, vitamin Ew= 5.26

sh9-g)o] 9o} gelopr)make glutamic acid7} 522 pg% s mg%, vitamin K& 323 ng% A= g3t Atk 53
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Table 8. Vitamin composition of Morchella esculenta fruit body
(unit: mg/100 g)

Amount Morchella Lentinus ~ Oyster
esculenta edodes mushroom

Component  Unit [18] [16}
Vitamin A (ug/100 g) 223 - B
Vitamin B, (mg/100g) 013 0.48 0.5
Vitamin B, (mg/100g) 007 157 0.8
Vitamin B (mg/100g) 027 0.45 0.10
Vitamin C (mg/100g) 017 - -
Vitamin Ds {(ug/100g) 5227 - 1.0
Vitamin E (mg/100 g) 5.26 - -
Vitamin K; (1g/100 g) 3.23 - -
Biotin (hg/100g) 8729 - -
Niacin (mg/100g) 16.60 19.0 10.0
Folic acid (ug/100g) 2581 240 920

9.99 7.93 240

Pantothenic acid (mg/100 g)

vitamin C$} vitamin E7} &850} Qo] kdA ) £0
2g 47,
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