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Effects of Edible Insects as Ingredient in Sabouraud Dextrose Broth and Culture

Media on Growth of Gold Cordyceps, Cordyceps militaris (L.) Link
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Abstract: Gold cordyceps (Cordyceps militaris (L.) Link) contained of cordycepin and adenosine as bioactive
compounds, which described as a medicine and functional food. It can grow on several insect species,
especially edible insects in order Lepidoptera, Orthoptera and Coleoptera. The objective was to study the effect
of edible insects as an ingredient in Sabouraud dextrose broth (SDB) and the culture media on the growth and
the bioactive compound of C. militaris. The four tested edible insect species were pre-pupa and pupa of
silkworm (Bombyx mori), adult cricket (Gryllus bimaculatus), bamboo caterpillar (Omphisa fuscidentalis) and
mealworm (Tenebrio molitor). The result revealed that the SDB mixed with cricket yielded the highest viability of
3.5x10° cfu/ml. Then, the media were blended with two kinds of media, Riceberry rice + all tested edible insects
and Khao Dawk Mali 105 (KDML 105) rice + all tested edible insects. It was obvious that C. militaris culturing on
KDML105 rice + silkworm pupa gave the maximum fruiting body length of 3.14 cm whereas the average highest
fresh and dry weights, 5.56 and 1.17 g, obtained from Riceberry rice + silkworm pre-pupa medium. The content
of bioactive compounds, cordycepin and adenosine, in the fruiting bodies and the media were analyzed. The
highest cordycepin content (1,266.74 mg/100 g) was found in fruiting body culturing on KDML105 rice + cricket
medium while the highest adenosine content (94.91 mg/100 g) was found in KDML105 rice + cricket medium.
The result of this study will be a guideline to develop the technique of gold cordyceps culture for farmers and
researchers in the future.

Keywords: Culture media, edible insects, Cordyceps militaris, Sabouraud dextrose broth
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AnenAnan3in Cordyceps militaris (L) Link 1@ a3 o3 Fafhumaslulnsiau 194 protein, yeast extract
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(Sato and Shimazu, 2002) H@33WAMNINENES AN Wim d9UUUAIANTUBY 1Y adenine, adenosine,
ﬁﬁmﬁi%IuVlNﬂ’]i‘LLWVlﬁ u?au?‘llnmﬁaﬂ%ummmw glucose, glycine, L-aspartic acid I & ¢ L-glutamine
Wuvxliwuu AN ] maim’mmm ﬂqwuumiw BN T2Ld3NE5194NT cordycepin Tudindadndnes (Mao
WmATANNSINAEiadadn Wenaniuneniia et al., 2005; Masuda et al., 2007) andayadinasiu
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SNHNANAATBITNNNY 413 adenosine TIYTEADAINN SadnAnaadnllusnus v (Bombyx mor) WRAA
582 cordycepic acid FaeninmumUeaTIARR ¥qupanifingu uas Sato and Shimazu (2002)
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et al, 2011 ; Dong et al., 2012; Khan et al., 2010; I3 lumuenun (Tenebrio molitor) 3ve1zAmnug venani
Zhang et al., 2010) IngLan1e@ns cordycepin luans  JAn1sAns Lﬁmﬁ’umﬂ%ﬁ”ﬁyﬁmﬂui’mwaz W90
fihBunmgaludiadedndnes uaziiyadmenein  dalsfwdinandnudiva wazdinnananenuza 105
AMNNNIANENU8Y Zhang et al. (2016) WL NTiA3EY pananus i Huu i lwamnduiasmizin
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waredade lHun maﬁuﬁ:mmﬁ”ﬂm N30T muﬂi:ﬂ@ﬂumma‘mmm‘mﬂﬁ,t,mﬁmf?mﬂﬁ”u (van
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experiment in CRD A114914 2 1 datlsznaudiag 3
flade [Fu Taded 1) 'j"ml,qul,ﬁmﬁ\mﬁﬁmm 2 G
A0 $1091908nuLA 105 wardinglafiues Tased 2)
wuasiulFfinanTan iz inauunas 791 6
WL uaztladed 3) ﬁmmfﬂnLﬁmﬁ\‘uﬁﬁﬁm\ulmim
e ddindadndnesauuiicunazian 1 nFu U0
AR PANIEETNNAY LAY methanol atineas 5 TaAaAs
anttidesumtes (centrifuge) La¥NIANLAT
lannzansaiale et lAmasiiunuansean
qw’éﬁwﬁmhmmﬁmﬁmﬁqLfﬁﬁ‘wm Fauiad high-
performance liquid chromatography (HPLC) (Huang
et al., 2009) LASVINNNFIALHAIN AT A

NANTTANELAZIANTDY

nan1siadyrandasiiindusi@nasluaims
WA LA ANNUNAIAN TR AT
AT esn C. milltaris NNz 1R 19l
819117 SDB M NANUN AR TR ATY W51 3 T
WAIANLUEIN BIWMNIWAWNNIIHNGT AIANNHTIATiae
uazldifiansas1eatled Tn1swanyuuy turbid tne
awnavasildnuniguduaniies derull 6 s nn
nesuABRd Nz unNTY s Bannmesaes
uazidulaluaimnaivan Imat%ui&éuﬁuﬁuﬂun@iu
m ﬂ'aumﬂ 7 Liﬁmmimimuuuum flocculent &
dwindenanas uazuarbidireated isedinsilen
wsiiderinuly 921 $u uniaseyuuy pelicle Aedl
weindule 119 7 AeEegHIULBRUITNAY ViFERNA
W3nuaaufudieresnanaiung Aansueuud

wazAFaULL AHRMNIWAMNNTSAAAT I HAN LA
uAnAnfuNssAERELa el uNAN F9a1vaivan
Plinannuasiianeuzguiion wazududuled
FnEurunendn denmanuildinaesde
C. militaris WUIN ¥84LaEIN 3-6 J1 WA1ANNNTRI AT
Nnnssudntiaandn 2.5x10° wianlalati/ladans
VAINNLEN O T nenABTNaNAWEA e lvn ey
Endnud uazsnud v st 3.5%102% 3.1x10% waz
2.8x10° winelnTatlrefiadans AuAIAL Laziile
el 12 $u Siawminsesdesfindudnties
LALIVNIAIHANAMT AT F a9 LazANARY
fiiingefiqn Ae 0.34 n¥u uaz 3.5x10° mianlalail
feflaaans ANATAY sa9aanluns AR Nay
yuaulyuneudnAnuA wazanud N JAmuRTdan
Wiy 2.5x10° uaz 9.5x10° nuaalalallreladans
wdFIanunLdn EesilArauiidananasien I
LazEausnIzae (Table 1, 2)

ANINNZIEENERT C. miltaris TuR MN9IMAY
SDB TiHaNUNAs TN T WL Tugaausniinisdin
vanalnailes (blastospores) waznne LA e
$&uleansenannuanalngles wazifiniBuno
Wna v‘iﬂﬁmmimm%ufu WA A Luiw,‘flw,wiu
ABLALLUNIDINIIUAY videRFaniudn snaadn
eﬁ\mm:rmvmmfawmimmmﬂuiﬂ”luw FW]’NL@?;I"JT]‘LI
N13ANE1284 Shrestha et al. (2006) wmmmmmm
@991 C. militaris e wnswal 1neTeusniinnsiAn
Tatlwe Wulauazududulamuansu v%q?:mm?cy
reedasnludneniziinanann Tuegfuunasiia
ping 7 Adlansanvnsuansineiu anArA A nes

Table 1. Viability of Sabouraud dextrose broth mixed with edible insect after inoculated with Cordyceps militaris

Viability of C. militaris (cfu/ml)

Edible insects

3 days 6 days 9 days 12 days 15 days 18 days 21 days
Silkworm pupa <2.5x10° <25x10° 2.8x10°  9.5x10° - - -
Silkworm pre-pupa  <2.5x10°  <2.5x10°  3.1x10°  2.5x10° - - -
Cricket <2.5x10° <2.5x10° 3.5x10°  3.5x10° - - -
Bamboo caterpillar  <2.5x10°  <2.5x10° <2.5x10°  4.0x10° - - -
Mealworm <25x10°  <2.5x10° <2.5x10° <2.5x10° - - -
Without insect <25x10°  <25x10° <25x10° <2.5x10° <2.5%x10° - -
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Table 2. Dry mass of Sabouraud dextrose broth mixed with edible insect after inoculated with Cordyceps

militaris

Dry mass of C. militaris (g)

Edible insects

3 days 6 days 9 days 12 days 15 days 18 days 21 days
Silkworm pupa 0.17 bc'  0.06 b 0.10 ab  0.10 bc 0.20 ab 0.19 ab  0.11 bc
Silkworm pre-pupa  0.25 ab 018 ab 0.10 ab 0.29 a 0.21 ab 0.08 b 0.05 ¢
Cricket 0.28 a 0.14 ab 0.18 a 0.34 a 0.25 a 0.27 a 0.16 ab
Bamboo caterpillar  0.19 ab 0.24 a 0.18 a 0.29 a 0.14 ab 0.24 ab 0.13 abc
Mealworm 022 ab 0.08 ab 0.06 ab 0.17 b 019 ab 0.18 ab 0.24 a
Without insect 0.07 ¢ 013 ab 0.04 b 0.07 ¢ 0.10 b 0.09 ab  0.08 bc

' Means within the same column followed by the same letters are not significantly different at £20.05

291 C. militaris WUFN BN FNAIN AN LN AN LE
doensehuneaisuaalnadeinieluamamas vin
WIHANANNNTINGIIUFT ] AUNTiIuaINI9L2e
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1 $% £ e R
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11 asfansudnszansaadule luanunnside wang
NRNIDIMTHALIZELIAINITALTDIN RINARDNNT
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v o =« o P
fatii A9aen1ie1117 SDB HaNAMTA NHTzezan
Angein 12 Julunmaasssa liiflasaniuen

v

> R ] ANaa A
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msAnsnsiasyraniasufindusndnauy
Fanwnzflassansanuaua AT iang
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wnzdinaananenuzd 105 uazdnalsfiues uanunas
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2 fulnnef ynnasniadduleananaquiiadan iz
fianunizy uazednyasluifiuaan de g 24
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(Figure 1) BATWL4N mum@ﬂmmummmw AN
veulunnewdnsnud 8 uumuﬂmmmmmmu 3.12
5 el T panuansnedneilednAynieadf
(P20.05) TUN390AR R Il nan uuas nanfnudluy
A0V uaznuewield uillpanuuanAtsatned
ﬂﬁﬁwﬁmmmaﬁ (P<0.05) ANNN3THAR ANANMLALLN
faurinsninuiie wudn mum@ﬂmmummmwmmmu
veulunnewdnanud 8 uuwunmmwmmqﬂu 0.77
5 delifaanuansiedneiledndyniead s
(P20.05) FUNIMAA AHANANWE 118l WAT AN UANFNg
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Figure 1.

Characteristics of gold cordyceps on KDML105 rice mixed with edible insects after 5 weeks in

light condition: silkworm pupa (a), silkworm pre-pupa (b), cricket (c), bamboo caterpillar (d),

mealworm (e) and without insect (f)

Table 3. Growth of Cordyceps militaris on KDML105 rice mixed with edible insects

Fuiting body No. of Fruiting body weight (g) Weight loss
Edible insects

length (cm) fruiting body Fresh Dry (%)
Silkworm pupa 3.14 a' 22.0 a 245 ab 0.69 ab 71.84
Silkworm pre-pupa 2.80 ab 228 a 3.12 a 0.77 a 75.32
Cricket 242 b 20.8 ab 2.07 abc 0.61 b 70.53
Bamboo caterpillar 249 b 26.8 a 1.71 ab 042 c 75.44
Mealworm 240 b 132 b 1.01 bc 0.28 d 72.28
Without insect 2.83 ab 240 a 2.84 ab 0.58 b 79.58

' Means within the same column followed by the same letters are not significantly different at P20.05

FMFUNANILIE T 091 C. miltaris Tu
877 SDB HaNAdEA Uuinalef e nAN L ATTa
AN ] Heliiuasnsy 5 &las wudn Aumaenisiali
Vlﬂﬂﬁ‘ﬁ‘uaaﬁ“ﬁlLW’]&LEEQIH%]’]Q“H’]’J@@HN%@ 105 HAN
UNAITHUAR ) ﬁmma;\m?a‘ﬂvlaiLus»mﬁmﬁ"ummaﬁ
(P20.05) WA R AN ULANANNAE 19N Tad1 ATy nean s
(P<0.05) aNNaTuAR T inALLLAY daudiuaaniiia
vuSagunsinalsfiainaumenlinaudndnug
MLaULN UaYANWE I uoufinuseniinedels
WANFINNNADRA (P20.05) RANWINAY 14.60, 14.60
LAY 14.20 BIUABIIAINIY WA ANWANF1IBENaH
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AMNHANIIANENNILATIYLBUTAT AR UEN
Aneasuudag iz i ansanmnsanuNass NN Y
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N193LATIERANTRANANE AIATYTBUT ARILEN
ANDILUIAALNIZNANUNAIFWNTUANY
anmstidiadainaneseuudillataans
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Figure 2. Characteristics of gold cordyceps on Riceberry rice mixed with edible insects after 5 weeks in light

condition: silkworm pupa (a), silkworm pre-pupa (b), cricket (c), bamboo caterpillar (d), mealworm

(e) and without insect (f)

Table 4. Growth of Cordyceps militaris on Riceberry rice mixed with edible insects

Fruiting body No. of Fruiting body weight (g) Weight loss
Edible insects

length (cm) fruiting body Fresh Dry (%)
Silkworm pupa 161 a' 14.20 a 413 ab 0.84 b 79.66
Silkworm pre-pupa 1.73 a 14.60 a 556 a 117 a 78.96
Cricket 1.60 a 11.80 ab 4.02 ab 0.94 ab 76.62
Bamboo caterpillar 1.36 ab 9.80 bc 3.86 b 0.79 b 79.53
Mealworm 1.58 a 14.60 a 5.02 ab 0.89 ab 82.27
Without insect 110 b 7.00c 348 b 0.75 b 78.45

' Means within the same column followed by the same letters are not significantly different at £20.05
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Table 5. Contents of cordycepin in media and fruiting body of gold cordyceps (mg/100g)

KDML 105 rice

Riceberry rice

Edible insects

Fruiting body Media Fruiting body Media
Silkworm pupa 1172.32 a' 262.07 h 440.29 fg 179.21 hi
Silkworm pre-pupa 974.06 bc 293.19 gh 601.62 ef 171.30 hi
Cricket 1266.74 a 312.91 gh 1136.78 ab 183.23 hi
Bamboo caterpillar 805.49 cd 293.19 gh 257.84 h 145.65 hi
Mealworm 715.68 de 44.94 i 887.52 cd 34.27 i
Without insect 843.82 cd 65.42 i 535.99 f 27.76 i

' Means within the same column and row followed by the same letters are not significantly different at P20.05

Table 6. Contents of adenosine in media and fruiting body of gold cordyceps (mg/100g)

KDML 105 rice

Riceberry rice

Edible insects

Fruiting body Media Fruiting body Media
Silkworm pupa 30.20 bed' 43.86 bc 21.64 bcd 15.93 bcd
Silkworm pre-pupa 24.72 bcd 51.90 b 19.26 bcd 13.18 cd
Cricket 31.45 bcd 9491 a 34.09 bcd 21.40 bcd
Bamboo caterpillar 23.80 bcd 11.59 cd 16.21 bcd 13.50 cd
Mealworm 22.09 bcd 21.24 bcd 19.48 bcd 16.64 bcd
Without insect 16.50 bcd 6.33 cd 21.91 bcd 15.97 bced

' Means within the same column and row followed by the same letters are not significantly different at £20.05
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