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citratus Stapf) 41 (Al [pinia ealanga L.) 94 (Zingiber officinale Roscoe) afiu (Curcuma longa L) kazugnga (Citrus
hystrix DC) Nia@fnseul ALTUTY 10% (w/v) VLUW*LJUﬂW;J@iJﬂ@WﬂﬂLﬁmlm 1 3 wﬂ'ﬁumiwmm% IHUNT
NAABILUY CRD WU mueufilesuasataanneins 11 39 uwaveiiy Ssvezvueuduniinssuisou 4 (18-19 ) wazvueu
mimumiaﬂmmﬂwumLﬂail,suumﬂaaﬂiamwam (18.19%) SNMﬂ’ﬂ,ﬂaLﬂENLLa‘”hJLLGlﬂGI”IWI’NaﬂG] (P>0.05) fivasannaINn

1(17.74%) Lua‘mmLLawuuumaﬂmmamLLaVLamaLLaaﬂaaaa (70%) Fimududu 5, 10 way 15% w/iv WUIEIANAN
Pruazaiiy fatasaei eududu 5% wa) IMUWMUﬂNaG}MWﬂMﬁ@] Wi 0.8680 N3 uaw 0.8719 n¥u suddu waed
Aty 15% (w/v) Tiedidusiudenssgean it 20.58% uay 18.43% nuadu luvaigiiadndgiefiaueanesed
Aauidudi 5% ‘1/NGU’1LLﬁJUiJuIWﬂEJSLGZIuGIL‘Uﬁ@ﬂiﬁﬁﬂﬂﬁ(ﬂ WU 16.68% wag 15.83% AUaRy muumum&amuﬂwn
nsuAsHAlLAneAUN9ada (P>0. 05) mﬂmiﬂﬂmuawlmwmsaﬂmmﬂmLauwuwaﬂmmammmmmmu 15%
(w/v) warlofiaweanasad 70% (w/v) inanandudu 5% (wa) denusmmgadlunisilvldduumadunisdaaduns
wigAulanaznananvesivudely
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ABSTRACT: Herbal plant extracts were selected to evaluate the effectiveness on growth and productivity of Thai
hybrid silkworm. Eight herbal plant species, garlic (Allium sativum L.), basil (Ocimum tenuiflorum L.), onions (A.
cepa L.), lemongrass (Cymbopogon citratus Stapf.), galangal (Alpinia galanga L.), ginger (Zingiber officinale Roscoe),
turmeric (Curcuma longa L.), and bergamot (Citrus hystrix DC) were extracted with water. The 10% (w/Vv)
concentration of the extracts were sprayed on mulberry leaves then fed to the 3™ instar larvae silkworm and kept
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rearing until the worm entering pupa stage. The experimental treatments were subjected to completely randomized
design (CRD). The results showed that silkworms treated with basil, galanga, ginger, and turmeric extracts had a
shorter period of the larval stage than other methods (18-19 days). Besides, the worms treated with turmeric extract
showed the highest cocoon percentage (18.19%), which was similar and non- statistically different (P> 0.05) to
galanga extract (17.74%). Galanga and turmeric were extracted with either water or ethyl alcohol (70%) at
concentration of 5, 10, and 15% (w/v). With water extraction, fresh cocoon weight was higher at 5% (w/V)
concentration with 0.8680 ¢ and 0.8719 ¢ of galanga and turmeric extracts, respectively. However, cocoon shell
percentage had increased as 20.58% and 18.43%, respectively, at 15% (w/v) concentration. Moreover, galanga and
turmeric extracts gave the highest cocoon shell percentage as 16.68% and 15.83%, respectively, with 5% (w/v)
ethyl alcohol. Furthermore, the fresh cocoon weights were no statistically different (P>0.05) among all treatments.
This study concluded that the galanga and turmeric extracts from water at a concentration of 15% (w/v) and from
ethyl alcohol 70% (w/v) at a concentration of 5% (w/v) were suitable for future use as a guideline for managing
silkworm growth and production.

Keywords: Thai hybrid silkworm; productivity; herbal plant extract; mulberry leaves
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19 (9-10 Yu), vuou (18-22 Yu), Fnud (7-12 Su), navdufiuTe (6-10 Yu) Insluszoznuaunssuiafinugieaisatnan
nssufin newae 91 vy uarluugnga wuevlnudisvesnanduniasatniidu q Tnsvueulnuladuiindomdded 18
Fu luvarinssuiBmuauitlinuasle o lnnsugndided 19 u waglfinandrdesunuada 4 3u (19 - 22 fu) e
Wisuiftsusunisldansadaainneins 91 39 uasaiiy nudrdevmanielu 2 Tu (18 - 19 Tu) aeandasfununaaes
984 Chandrakala et al. (2001) uag Krishnaprasad et al. (2001) is18a1uinnsliasadnaniivayulnstisanszoznsg
aonATULAYSEEy oLt 5 Jsdwmareszeyuouiiduniinisliniuansataainiie WuwieItu Gobena and Bhaskar
(2015) Fienuimawuansataanivagulinsisaliueulndfaunsuazmaaiyiiitulaevueulmuiimsaenasu
g felndldiSaimsiudetindu Tnsansasnonivayulnsusdadauansilunislunssdumahauresesluud
\Aateatunisasnasu (phytoecdysone/phytoecdysteroids) 1 20-hydroxyecdysone TWintuludon deansiias
nszfunsaonas Ul tudsdmalimeuiimaaiauiulnfistu (Schmelz et al, 2002) Weldlutimufisadntosay
fTuasenisiasyivlnlasnandnvosseluy (Rajasekaragouda et al., 1997; Chandrakala et al., 1998.; Srivastava and
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\inulaiaiiaveuazvhimdondu Ssazdmadonisinnisiunsifusandndilug Ussnda nan waglddlvudidaaam
fanmae (Amirmohammadi et al., 2013)

Table 1 The life cycle of silk worm (Bombyx mori L.) reared on mulberry leaf with different plant extract

Treatments

Development

Do not spray Water Thai Kiffir
stage (Days) Garlic Onion Lemongrass Galanga Ginger Turmeric

(control) (control) basil Lime
Eggs 9-10 9-10 9-10 9-10 9-10 9-11 9-10 9-10 9-10 9-10
Larval 19-22 19-22 18-21  18-19  19-20 19-21 18-19 18-19 18-19 18-21
15t instar 3 3 3 3 3 3 3 3 3 3
2" instar 3 3 3 3 3 3 3 3 3 3
34 instar 4 3-4 3-4 4 il 4 4 il 4 3-4
4" instar 3-4 3-4 4 4 4 4 4 4 4 4
5% instar 6-8 5-8 5-7 4-5 5-6 5-7 4-5 4-5 4-5 5-7
Pupa 7-10 7-10 8-12 7-10 7-10 7-10 7-10 7-10 7-10 8-12
Adult 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10 6-10

Eggs-Adult 41-52 41-52 41-53  41-49  41-50 41-52 40-49 40-49 40-49 41-53
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Tususadn (Table 2) usulnuiitulumiouiinudsasafanssifiodliiminangaiian 0.9858 n¥u) unansinemeadin
funslaviuansle 9 (P<0.05) luvalansatarliimdndnuduasiminiudonssgaiian whiu 0.8066 n¥u uaz 0.1748
n$u Mgy waransaaneiiufivesidudiudonssasian (18.16%) sesasnfeasataaind (17.74%) Fslaifiannm
uANA1eYSERin (P>0.05) uiuansinemeadii (P<0.01) fugamiuasiiliniuansla q (12.21%) WeRnsumiminidonuay
Wesiduddensudasiuiasataoneiiuiirnusnzalunailuiflunsfucandavedinunniigasesasnieas
affatn denndoeiu Raju et al. (2012) fisnenuinmsidasainaneiiy 1% fnalunsifisdmindmueuuasnandnsal
Imﬂmsﬁﬁmmﬂﬁuﬁuﬁiﬂﬁwaﬁiaiwmmwawwé’wu Tnganasunisvhauveseules phosphorylase a way b Faludwaste
AsyuIunsderdane glycogen Tidundseu wuLfendu Karthikairaj et al. (2013) fseeimeiiuinasenisiiia
Unasslvald Snifsansatnainud udedaaaudilunindu prebiotic ifidmraelunaaiyventeqdunidlumaiu
o sdniledne (Yazdi et al, 2019) egdlsfnmiilofiansanlassuudaziiiuinnsnusis ansafnainiivasulngd
wunltiluandnsing 9 fadniinsan dwiindnud wasdmdndenssganiinguaiuan (undeulsiviuansla 9) wide
Wisuifleuszrinsviaayulwsty wandasns q darlauandafunaadd (P>0.05) adniindsan dndndnud divin
Waends wazesifudiudents eilidesnnansataanayulnsiidumeasuiufiauautfmunisnssfunisiueimsves

yuaulny dnvedadamalyvuaulnuiinisihormsinudnluloleeg1eiivsednsnim (Gobena and Bhaskar, 2015) 8nviaans

v
]

afnniivayulnswadsluiiulszansnmn1sgaduvesansennis, N15geyammskaensldndnuaIINaITomMITIINTY

a a

Jiinalaunsssonissgiulanaznanan (Hipparagi et al., 2001)

o

Table 2 Effect of different plant extracts on weight and cocoon parameters of mulberry silkworm

(Bombyx mori L.)

parameters?
Weight of mature
Treatment larvae (g+SD) Fresh cocoon Pupa weight Cocoon shell Cocoon shell
weight (g+SD) (g£SD) weight (g+SD) (%=+SD)
Do not spray (control) 2.0793 + 0.06" 0.6522 + 0.048 0.5725 + 0.04¢ 0.0712 + 0.01¢ 12.21 + 1.498
water (control) 1.7353 + 0.058 0.9789 + 0.09* 0.7759 + 0.06"® 0.1574 + 0.03"8 15.91 + 1.45%
Garlic 1.7140 + 0.12° 0.9858 + 0.11# 0.7904 + 0.04%8 0.1570 + 0.01"® 16.11 + 0.83*
Thai basil 1.5323 + 0.128¢ 0.9740 + 0.08" 0.7915 + 0.05"8 0.1665 + 0.02/8 16.99 + 1.517
Onion 1.5666 + 0.17° 0.9325 + 0.00* 0.7713 = 0.01"® 0.1588 + 0.00"® 16.16 + 0.70"
Lemongrass 1.6873 + 0.168 0.9515 + 0.05* 0.7894 + 0.02/8 0.1620 + 0.01%8 16.65 + 1.98"
Galanga 1.5215 + 0.185¢ 0.9784 + 0.06" 0.8066 + 0.04* 0.1748 + 0.01# 17.74 + 0.43*
Ginger 1.6516 + 0.108 0.9204 + 0.02* 0.7418 + 0.04"8 0.1471 + 0.00"® 16.04 + 1.04%
Turmeric 1.0881 + 0.10° 0.9165 + 0.01* 0.7455 + 0.01"® 0.1676 + 0.01"® 18.19 + 0.944
Kiffir Lime 1.3053 + 0.17P 0.8747 + 0.02° 0.7241 + 0.028 0.1426 + 0.00"® 16.17 + 0.24%
P- value <0.0001 <0.0001 <0.0001 <0.0001 0.0007
CV. (%) 8.52 6.86 5.40 10.86 7.29

Y Means + SD in the column followed by the same common letter were not significantly different (P>0.05) according to DMRT

SD = Standard deviation
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2. nswWSeudisudaviazansuazanududuvasarsainanivayulnsdonandnvadiumsiou

mnmsdndenarsataayulneia 8 wlin nud1 arsadeayulnsiifnadenisdaaiunsaigivinwasnananes
uvalou Tnefinnsanaininsdin dviinFents wesedidududenss IWud ansadauiiuuazansafing danadade
ndulaziofianoanssed Usuadudulily 3 susu fe 5, 10 uay 15% (Table 3) wuinnnsldhndudusvhazasiiu
arsartnuiu anadudu 5% ddwdnuuoulnufiladiad (To 5 Yuil 5) widy 2.2305 ndu delaifauunntamisadn
(P>0.05) Auansartnanng1 anuidudu 15% uasiitmindsangaiian wiriu 0.8719 n3u Tnevutingaslifauunnsis
y3adn (P>0.05) Auansasaaindilunnarududu luvmsfithmdndnud arsadaainds anudutu 5% derunniign
(0.7425 n3u) sesasuagldunninevnsadd (P>0.05) fuansatnainuiiu arundudu 5% (0.7382 n¥w) Tudauvesiiniin
Won3s wazedidudivdenss nudasadnuiiufieaududu 15 % (wa) Wiergean wifu 0.1465 n3u wag 20.58 %

o o

MNEAU Bedlanuwansniuiungualunteg1slleddavneadis (P<0.01)

Table 3 Effect of different aquatic plant extracts on weight and cocoon parameters of mulberry sitlkworm

(Bombyx mori L.)

Weight of Parameters?

Treatment mature larvae

(g+SD)

Fresh cocoon

weight (g+SD)

Pupa weight
(g+SD)

Cocoon shell

weight (g+SD)

Cocoon shell

(%=+SD)

Do not spay (control)

Water (control)
Galanga 5%
Galanga 10%
Galanga 15%
Turmeric 5%

Turmeric 10%

1.8770 + 0.03%¢
1.7732 + 0.11F

2.0565 + 0.055¢
2.0190 + 0.15P
2.1710 + 0.09"8
2.2305 + 0.10%

1.9804 + 0.04<C

0.7368 + 0.015¢
0.6391 + 0.07¢
0.8680 + 0.03
0.8149 + 0.09%8
0.8008 + 0.05"8
0.8719 + 0.04*
0.7299 + 0.075¢

0.6325 + 0.015¢
0.5303 + 0.03°
0.7425 + 0.02*
0.6780 + 0.06"8
0.6944 + 0.03*8
0.7382 + 0.024
0.6241 + 0.025¢

0.1066 + 0.005¢
0.0890 + 0.02¢
0.1368 + 0.02/8
0.1426 + 0.024
0.1362 + 0.00"®
0.1265 + 0.00"8
0.1183 + 0.01"8

14.17 + 0.578%¢
12.53 + 1.70¢
15.61 + 3.08%¢
18.04 + 2.85"¢
18.43 + 2.94%8
13.96 + 0.825C
17.99 + 3.2748

Turmeric 15% 1.9686 + 0.07<C 0.7064 + 0.055¢ 0.5883 + 0.05C 0.1465 + 0.024 20.58 + 3.38"
P- value 0.0004 0.0013 <0.0001 0.0005 0.0081
C.V. (%) 4.67 8.40 6.37 15.43 16.13

Y Means + SD in the column followed by the same common letter were not significantly different (P>0.05) according to DMRT

SD = Standard deviation

Turagildiofianoanesedifuiviazas (Table 4) wudmuoulnafinulundeufiiudsarsataufiudvmn
vuaulvue 5 gefign (2.3796 n3w) ualiifiauunnsinmneada (P>0.05) fuasataviunnudutudu 1 waransataaind,
ALY 5% dunananduimiinSanlifiauuanssiunnsada (P>0.05) Tunnnssuis Tugutmingnud, dhnin
Waenss uaziesidudiudenss ansatmanntn (arandudu 5%) lsiedsnangedign Wity 0.6685 n3u, 0.1143 n3u way
16.68% n1ua1au uanaeiueg 19l deddgynisadf (P<0.01) Aunislawuansle 9 (gaaiuau) wazn1swumle
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Table 4 Effect of different ethylic plant extracts on weight and cocoon parameters of mulberry silkworm

(Bombyx mori L.)

parameters?

Weight of mature

Treatment Fresh cocoon

larvae (g+SD)

Pupa weight

Cocoon shell

Cocoon shell

weight (g+SD) (¢+SD) weight (g+SD) (%=+SD)
Do not spay (control) 1.8770 + 0.03° 0.7368 + 0.01 0.6325 + 0.01"® 0.1066 + 0.00"® 14.17 + 0.57%8
Ethyl alcohol (control) 1.9490 + 0.02° 0.6120 + 0.01 0.5345 + 0.01¢ 0.0459 + 0.01¢ 8.01 + 2.73¢
Galanga 5% 23343 + 0.12°8 0.7599 + 0.09 0.6685 + 0.07A 0.1143 + 0.02* 16.68 + 2.49*
Galanga 10% 2.1785 + 0.078¢ 0.7033 + 0.04 0.6203 + 0.03"® 0.0957 + 0.01%8 15.23 + 1.33/8
Galanga 15% 2.1708 + 0.165%¢ 0.7298 + 0.04 0.6346 + 0.03"8 0.0935 + 0.01"8 14.56 + 0.80"®
Turmeric 5% 2.2931 + 0.05"8 0.7288 + 0.00 0.6345 + 0.00"® 0.1004 + 0.01%8 15.83 + 1.78*
Turmeric 10% 23092 + 0.12°8 0.7220 + 0.07 0.6292 + 0.05"® 0.0838 + 0.01"8 13.21 + 173
Turmeric 15% 2.3796 + 0.074 0.7563 + 0.06 0.6522 + 0.04%® 0.0862 + 0.018 13.14 + 1.8278
P- value 0.0007 0.0565 0.0384 0.0059 0.0011
C.V. (%) 4.36 7.85 7.25 19.46 13.70

Y Means + SD in the column followed by the same common letter were not significantly different (P>0.05) according to DMRT

SD = Standard deviation

FadlallSouisusvnazanenldatawalrvziiiuinnisanasetnduunlduveswandassluunaimiingean dndn

o o
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USu1adas phytoecdysteroids (Chandrakala et al., 1998; Srivastava and Upadhyay, 2017) Fanulglufionaneviinlaeans
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