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Calcium Absorption and Growth Characteristics of
Agrocybe cylindracea Mycelia in Submerged Culture

Shin Park®, Ji-Won Gong, and Kyoung-Seok Lee
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Abstract The present study examined the effects of different calcium (Ca) sources and concentrations on the growth and
Ca absorption of Agrocybe cylindracea mycelia grown in submerged cultures. The dry weights of the mycelia were not
significantly different (significance level of 5%) according to the type of Ca added, and increased with increasing Ca
concentration until 500 mg/L, and then decreased at concentrations of 1000 mg/L or greater. The Ca contents of groups
were significantly different according to the various concentrations of the Ca source, in which the Ca content of the control
group cultured without added Ca was 198.3 mg/kg, and in the treatment groups, Ca content increased to a minimum of
273.7 mg/kg (1.4 times) and a maximum of 67246.0 mg/kg (339.1 times) the Ca contents of the groups generally increased
with increasing Ca concentration. According to the number of culture days, growth rates were highest during days 8 through
12, and remained relatively high until day 16. In addition, Ca contents per unit dry weight were higher in young mycelia
with a shorter culture period than in mature mycelia with a longer culture period. According to pH, the most active growth
and highest Ca content occurred in MCM liquid medium at pH 7.0. In conclusion, in order to produce Agrocybe
cylindracea mycelia with high Ca content, it is considered most efficient to culture them in MCM liquid medium without a
pH adjustment and containing 1,000 mg/L of Ca-lactate, which is commonly used as a Ca additive in food, as well as to use

mycelia between 12-16 days of culturing.
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E AR o, wieks- WA 2 mushroom complete medium
MCMYE ARE-3H T MCM9] 2742 glucose 20.0, peptone 2.0,
yeast extract 2.0, KHLPO, 046, K,HPO, 10, MgSO, 7H,0 0.5g/
Lol®, wix 2] pHE 602 ZAsIHth ZEU2Z CaCo,,
CaCl,, Ca(NOQ,),, CaHPO,, Ca-acetate, Ca-lactate, Ca-citrate=
Samchun Pure Chemical Co.(Pyeongtaek, Korea), Ca-EDTA+
Junsei Chemical Co.(Tokyo, Japan) A|&-2 ARE-5l%iT}

7 S

BRI 797t whkE A 7R E Smm cork
borer2 37 F3le], MCM HAHIA] 100 mLol] FHE3i90m, 28°C
oA 150pme= 747 R & AT e FFO=E A
et AR Mg A 1%9] FFE FEEAT

EEde 2z

7t g4 $IEE SFFY MCM HiR|AA 2 245
Ath22). 7, = MCM HX 15mL7t 971 AR 3] 2
4 AEE Ao A HER FEI) €I 25°CoA 302 F
oF 2814171 & AR (2,000xg, 15 min)3tATh o)m] £-8419)
TS AZRAA EAE 243812, oA AR FAZRE W

AR ek

HESo] FAHY 45T T T nXe Zede 9F
< A7) 93 ZEUSR CaCO,, CaCly, Ca(NO,),, CaHPO,,
Ca-acetate, Ca-citrate, Ca-lactate, Ca-EDTAE A}&-3l¥ o, 44
d9 F=w IFE JIEeE Z7 0, 100, 500, 1,000, 10,000
mg/L A7IBIAT 4S8 MCM AR 200 mLel| 2 Z
F9E FEEE skl viRE ZAEIeH, 28°ColA 150 ipm
o2 3537 AGguYE & FAR AERH Ca TS 245
Ak Wgdgol] WE FARRY wYg AP MCM gAEA
200mLe] ZEHoE CalactateE 1,000 mg/L F7F3l.on, ul
ST 4, 8, 12, 16, 20944 FAAE et AEHH Ca T
Bg FAsh w9 pHel wWE ZAK 9% AldE MCM
AAHNA] 200mLel] ZFYUOZ CalactateE 1,000 mg/L H715HA
on, R pHE 40, 5.0, 60, 7002 ZAs WY 357 &
AR Y AEFS Ca FHS AN

UEY 59

A A AEE FAs] S AEFE P A
Y A7 v viEde] A idE ¢3A) (Whatman
No. HE ARS8l SRFE 38 AlFstar Ateistata, 80°C
ol el @ w7hA] Azt FAHAT

Ca &4

EFo] FAKY Ca TS Kim 5(23)3 Lee 5249 1
W S83sle] EA8ITh AlE 129 EFES|Y (HNO,:HCIO,
H,80,=10:4:1) 25 mLE 7}t & 197k WIS hot plateor] &
3 atAT) Hot plates HZ 100°CA A 2A1 7+ T2 AAE]
2000C7H1 & JBIAL 4tslh @bAE] BUE 58 300°0C71A]
£ F 3087 71Eesitt. #ale o)A (Whatman No. 2)& &
ek ¥ 50mlE FEAT g A B4 108 2 1008
sl gl g AN HFRAE oatE 9AE Tz A}
88} ICP-ASE(Varian Inc., Mulgrave, Victoria, Australia)® Ca
& A

Table 1. Solubility of calcium compounds in distilled water and
MCM broth

. Solubility (g/100 mL)
Calcium compound —
Distilled water MCM broth
CaCO, 0.60 0.40
CaCl, 72.10 71.60
CaHPO, 0.04 0.04
Ca(NO,), 126.10 120.70
Ca-acetate 36.10 30.90
Ca-citrate 0.40 0.30
Ca-lactate 6.20 7.70
Ca-EDTA 112.40 119.30

o3 g

ZEelo| ez Hl

Zg Sel=e e AW 580 9L vAe FoE 2
aolty, Wb BEdo] #AY AS3 dg Fd PXe
299 TS AP DA FFF E MCM HiR o4 ¢
253 EY SAEE 243G 2 e Teble 19 WERd
e} 7+o] Ca(NO,),9} Ca-EDTAY] S8i=7} 742} 126.10, 11240
¢100mLE 714 ¥tk CaCO,, Ca-citrate, CaHPO,®] &3 =&
wo oz Zkz) 060, 040, 0.04 g100mLE JERIATH F
F49k MCM #iR)ellxe] B3l= Xfole FA] &3}kOH CaNO,),
9} Ca-acetates ZF54, Ca-lactate?} Ca-EDTAE MCM HJA]
oM SI=st Bk, 7zt wEsiREst wix] A& &9t
Hhg-o] xlol| ojgt o g FZHHEM

il mE ZARe] M| 5

2] FF 2 o WE A HESC] FARES A
& EAE AR 98l A AEFF pellet FHE A}
stk Table 2& Zwd £F ¢ ¥=2 A A% B
2 AFoE Yk AQH ZEdY FR ©E HESC] &
ARG AEFE FATE 5% HJ AFE HolA] 4%k
o} A ZAAS pellet FElE ZHEITES] Szl w2t
o2 ke EYEd], CaCl, CaNO,), Ca-acetate, Ca-lactate,
Ca-EDTA 5 &35t 2 Z5dY 4% 353709 Wiyt &
St pellete] Z717F 93 2mm BEe 272 Apon,
CaCO,, CaHPO,, Ca<citrateS A& Z-2oll= oA pellet 2
717} 2-10mmZ ety BFYsATHEe 1). ol °l§ %
Bo) ¢ fmrt Yol ZgsiRtEe] WA Wl A FH
2 2Agozn FAR Bads EFAE oIF AHA 7]
3 Ao = AGEL. ZEdd F=d TE dAH AEE B
W % S00mgl7HAle AEFC] dAZ FUtete AV
1,000 mg/L oVdeiMe AEF] gadke AEFE 2k Ca
lactate®] 73-$ 1,000 mg/L7HA ZEFe] F7lske A#H7F UstA
9 CalactateZ A 93t FAMA] Aol oA ZdE3EES]
A F=E 500mgL TIFelH 238 1,000mgL ©13¢ 3F
T LS MCM A Aol FA] ASE Asfste ado=
yebth. 53] 10,000 mg/LAA S @A ASe] AzsE,
Ca-acetate$} Ca-EDTAS) 7% 79 AF3A] A4siel. el
TEo wWE FAS pellet FEIE 2AVP] fl8) 357 Wigd
TAH) pellets ARo 2 H} pellet H-] HEiE 8] &
A3}, 1,000 mg/L o)slollA] 2} pellete] WF-= tiF-E Bl F3¢



S50l A 24 5 421

Table 2. Dry weight of Agrocybe cylindracea mycelia grown in MCM broth with various concentrations of calcium compounds

(Unit: mg/mL)

Calcium compounds Dry weight (¢/200 mL)
0 100 500 1000 10000

CaCoO, 1.60+0.13 1.88+0.16 1.67£0.15 1.26+0.17 1.10£0.66
CaCl, 1.60+0.13 1.89+0.11 2012005 1.19+£0.27 1.16£0.13
Ca(NO,), 1.60+£0.13 2.01£0.04 1.96%0.30 1.54£0.23 0.821+0.10
CaHPO, 1.60+£0.13 2.01£0.09 1.98+0.02 1.59+0.15 1.09£0.06
Ca-acetate 1.60£0.13 1.74£0.35 2.01£0.03 1.76+0.12 nd”

Ca-citrate 1.60+0.13 1.98+0.11 2.23+0.07 1.80£0.09 1.27+£0.27
Ca-lactate 1.60£0.13 1.82+0.16 1.99+0.23 222+0.15 1.50+0.21
Ca-EDTA 1.60£0.13 1.75+0.10 2.17+0.09 1.41+0.01 0.181+0.02

Values represent meantstandard error of double replications.
UNot determined.

A

B

Fig. 1. Comparison of two pellet types. A, CaCl,, Ca(NO,),, Ca-acetate, Ca-lactate, and Ca-EDTA; B, CaCO,, CaHPO,, and Ca-citrate.

°] §lo] ©HFom A% FHE VeI, 10,000 mg/Lo]
ZEE ZEstEoA AT pellete] WF-= Wl F7ho R ©2o]
filer ek vre) FER =77 Bjoidt HRAAR] dee o
ERARIT.

a0 WE RFAFC| Ca &2
Zgelel 7 2 o) wE gAY Ca @9 243
e Table 33 2} Zu9e H7iekA 43 vjoker o=

AR9] Ca %L 1983 mg/kgol AT HIE] g H7FskaL vl
F 7AE A 2737 mg/kg(14)el A HTH 67,246.0 me/kg(339.1
H7HA] Sbetelvh g dgele) SR F=ol weh dA
9] Ca T2 Z Aolg nied dAHLR e st
Folgel Wt ARG Ca FHFE moe A7 visith o
T Ca-acetate®] A% 1,000 mg/L ogellM= 238 7Zasiedn).
Ca(NO,),%} Ca-EDTAS] 7% 10,000 mg/LolA Ca 83Fo] F43]
F7ked Soldelta & & ik olw @AM ARelA

Table 3. Ca content of Agrocybe cylindracea mycelia grown in MCM broth with various concentrations of calcium compounds

(Unit: mg/ml)

. Ca content (mg/kg)
Calcium compounds
0 100 500 1000 10000

CaCo, 198.3 2808.7 9245.7 18716.1 20330.2
CaCl, 198.3 2681.9 6890.3 9468.4 12162.3
Ca(NO,), 198.3 11124 1454.0 4127.6 67246.0
CaHPO, 1983 1366.6 5885.3 121754 21961.8
Ca-acetate 198.3 8455 8203.3 58723 nd”

Ca-citrate 198.3 273.7 1511.0 2564.7 7820.3
Ca-lactate 198.3 455.2 3703.8 8580.5 7272.8
Ca-EDTA 198.3 618.6 728.7 5470.7 47221.9

Agrocybe cylindracea was cultured at 28°C for 3 weeks.
DNot determined.



422 H2E A A 40 A A 4 5 (2008)

Culture day

Fig. 2. Effect of culture days on dry weight and Ca content of
Agrocybe cylindracea mycelia grown in MCM broth with Ca-
lactate. @, Dry weight of mycelia; O, Ca content. Values are
mean t standard error (n=3).

Ca(NO,),%} Ca-EDTAS] 7§~ &3 =7}t o2 ZAFsgEol v
R E9kO™(Table 1), FAMY ZAEF2 10,000 mg/LollA I
Fx9 ZAEslgEe] fEHo] ISR A 23)F A3
SU(Table 2), o]¢} H&o] 3h& Ao=R F2H), 53] CaEDTA
9] 7% Zgo] EDTAS AH S AT EN =& 3=} &
2 F5EE Bl Ao AlsH FF oo gist £ ZHol3l
E 4wt g€

A0l e DAl W] Y Ca B

Aedre] =2 F5EE U8 ZFREAE Bo| 2= Ca-
lactater= <UA T35t 849 fr1dFgoes AT E9A
LEAFL, ATF2E, W 5 = VSN FriEE ok =
g geljAle] AFoA AHE vl Calactate= 2 S8I=H AL
Ao ALol 1,000myLe] F=7HA] & Aehs WS B m
2N ZFEYOZ CalactateE 1,000 mg/l. 2718 MCM Hix] oA
A kslAA widU<F 4, 8, 12, 16, 2097 FAHAIE 343}
of FAAIS AEFH Ca FHE SHAT. FAHY] AEF
< Fig 29 viephd nie} o] W 4, 8, 12, 16, 2045 247}
0.2755, 0.6231, 1.5018, 2.0433, 22114 200 mLE WEPth. o)A
& =9 71879 ASEre B8 Al 04 Ale)e] A
FEEE 0069 gday, 4822 0.087 g/day, 8-12%-L 0.220 g/day,
12-162< 0.135 g/day, 16-208-2 0.042 g/day= ZFzF VYERY ok
8-12% Aol #ARRS AEETr) I wgem 164 %
A =& Z8E 2 16Y o3 EE 7180 343
A&tk WA 2] WESe] AR At 284 @
Fo] B9l 12-16% Alele] #AAIE o)&shes Aol 7Y B&
Aozt AlsdTh vlgdeLE FAA Y Ca FFE 370054,
237570, 12175.0, 9891.6, 8798.8 mgkegl & WjAd7|7ko] He o
HFARAY A5 wjgr|be] 71 AR FAR b8 @9 A
B F Ca TFol w9kth o] AFHE #AAY F Ca F5FS
2 2k B9 102, 14.8, 183, 20.2, 19.5mgC & 16437k =
FIAIE Holtrt o] Rl & Wbt glsdoh

iix[e| pHOfl (e ANl 4] H Ca ¥

Hix]2] pHell whE AAiG HESC] FAHS HEF 2 Ca
TS 2AEY] A8 ZeY9oR Calactate 1000 mgLE d7H3h
MCM HiXle] pHE 4.0, 50, 60, 7022 43l 337F Hx)u)

_ 4 40000

i)

E

= 4 35000

je]

3 B

3 430000 &

o g

8 125000 T

g 3,

5 120000 §

=

5 {15000 8

£

Z 4 10000
5000

~ 25} 4 12000
€
= 4 11000
< = .
% 20 = o E)
~ ey
@ | 1# | 10000 P
EREL & =
g ] {0000 &
- [ 1 g
S 10t - o
5 4 8000 8
f9]
205} .
S 7000

0.0 6000

4 5 6 7

pH

Fig. 3. Effect of pH on dry weight and Ca content of Agrocybe
cylindracea mycelia grown in MCM broth with Ca-lactate. @,
Ca content. Values are mean + standard error (n=3).

%3t F FAHAQ AEFH Ca FFHES AT pHOl =2
ZAEZFLS pH7t 40, 50, 60, 7049 ZHZF 1.895+0.033, 2.045
+£0.050, 2.040+0.035, 212440061829, £4HEa A3} pFro]
00572 veldth webr o955 s%olAe pHoll WE A=
o] oty & F f oy, FIFE 10%M = s
3 4 9Igich pHYl W& Ca TS Fig 304 He nie} 7o
pHZE 7029 7P Eh=d] MCM A wix] &}xe] pHZL 7.0-
72 o128 MCM iz A9 pHE 23R ¥ 2ui2 wjed
e o] £ A= wddr

2
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A ] ABEL T2} 500mgL7AE AR S7Hhe A
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mgkgelRedl HlF Zeg Hrbet wige A9 A 2737
mg/kg(l4oollA] A 67,246.0 mgke(339.15)7HA 718k T
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FARS] AEL vl 8-129 Ale] @AY AeE=rt M =
kom 16AAAE HlwA & F7HS BATh wgdso
WE FARAS Ca T wjdr|to] #e ofd A Ay
wjd)zke] 21 A58 FARC] v B9 2EF B Ca Tikel
E9kt}, pH| WA= pH 7.09] MCM AulA] o4 A&o] 7}
A Bason Ca FRE 7P BUvh A8HoR 2y o
o] & MEHo] FAAE ALt fEA AW FEol F
3 A2 AFY AEH/HE Bol ol&HE Calactate 1,000 mg/

E A7V MCM AAA A pH 27 fle] kst 12-16Y
zte] FAAIE ol8she Ro] 7P a&F o)zl deHEr)
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