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gut microbial flora and somatic f.':iﬂié;f
uscles, fat body and haemolymph) metabolites
& {gﬂ;ﬁ-’?ﬁ Z’ Twae hundred and fifty (250) Z. variegatys indj
< eonQUEIEY.

L E domly divided into five graups A-E base
coran

. progressed with the midgut recording the

wm“« to determine the influence of starvation op the

d on the starvation dura
coloaty forming units (cfu) of the gut microbial flora decr
- The colcx

highest valyes, Na® and Cr w
4 fgnificantly (P<0.05) affected by starvation as the
‘:‘.:‘ ;ukﬁj’dtis}g;gfimnt!y during the 96 hours starvation.
ﬁ;‘:’f between glucose concentration in the fat b

W AR ¥ o

of adult male <onocerus variegatus was
viduals were collected from the fiald and,
tion (0, 24, 28, 72 96 hours)!

eased as the starvation perfod
ere the only inorganic

ir concentrations in the tissued|

Similarly, a strong positive m.f.ztiansfx.(p4

; : L
ody and starvation period (+0.61), The tissyss
' glucose concentrations dropped during the 96 hours sta

. dropped from 25.0mg/dl" at O hour to 20.0mg/dl at

vation (in fat body glucose concantraticdj

96 hour) while tissues’ lipid and protein!
. concentrations were not significantly affected, Glucos

 ulifized metabolite during starvation in Z. variegatus

@ can then be concluded to be the most

Keywords: Starvation, tissues, metabolites,

microbial flora Zonoce

rus variegatus

« INTRODUCTION : T
- dencwus variegatus (L) Is a tropical Africgn
- grasshopper  occuring In areas -with warm climate
- (Yondeowsl, 1974). It feeds on a variety of plants and
s an impertant pest of crops in West Africa. Chiffaud
cand Mestre  (1990) reported  that 2 variegatus
- oasumes more than 250 “plant spedies among 71
. [emilies. However, it has been shown that pot all the
'+ kod plants eaten by it is adequate for survival and
. Gevelopment (Bernays et af, 1975 and Tamu 1990).
. The condition of the host plant significantly
. aftects the feeding,. development and fecundity of the
o nsect that feeds on it The excislon of a leaf results in
- Nter doss,  chemical degradation and mechanical
- Seterioration, Continuous enzymatic activity in cut and
- Wited teaves resuits in 3 considerable loss of soluble
_ Wbehydrate and conversian of proteinous nitrogen to
- Solle mtrbg&g‘ s well as changes in the chemicals
S WM water  stress (Brandy, 1960).
g?é@h WO, growing cassava leaves produced
(Rl hydrocyanide when eaten by Z variegatus
S eal 1978y Rl
P, SORUSE {Locusta migratoria) and Fruit bettles
o P s o A&
-:;.( w‘f} fﬂwta}t ‘metabolize  glycogen  stores
S90S Of Starvation, then switch to lipid
§ memmism when carbohydrates are gone
b sworthy, 1970) Rankin dnd. Riddiford
S ;f‘ﬁ’ that the removal of food from
nits 1o DS Caused a decline in the activity of
Yeraq.g ;m@“ﬁ OH) secreted by corpora aliata
U period, »

. Idﬁ\m and

‘Ci@n i gl o ! S
’.’s‘émh?ﬁ'a- Fositive impact on the altraction of 2.
e TS 4y the  different food  lures.
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©stage.

fhinsete (2000) reported that insects were ysed for the starvation il

NTves T

Likewise, starvation affects the volume of repeﬂaﬁg;
gland secretion obtained from 2 variegatus {Idowy
and Idowu, 2001), Recently too, )
(2004) observed a significant influence of short term!
starvation on the proximate composition and fat b
Scores of Z. variegatus. However, the impact.;¢f
starvation on the sematic tssues. is yet to be
documented In literature. The focus of this present
study is to investigate the Ganges in e somatic
tssues metabolites during  starvatin, thereby]
revealing the utifization of food reserves during the]
process in this insect, :

Ademolu and Tdowd!

MATERIALS AND METHODS
Collection and Maintenance of Insects
Five hundred (500) newly hateh 6 instar pympt
Z. varegatus were collected from uncyltivated
land ¢n the Campus of University of Agricut
Abeakuta (UNAAB), Collections were made with
net very early in the morning at about &
7:30am  from  Seplember-December, 2007
collected insects were kept and maintained
mesh cages {40 x 30 x 30cm) in the insec
Department of Biological Sciences, Lni ‘
Agriculture at the temperature of 29+ 2°C and :
umicdity of 79-85 % unti they reached

Starvation Experiment e
Cnly the adult males were selected for

o e T
because of the reproductive ;mﬂ.&?:s;«‘-_?“ﬁg
and oviposition) in tha female adults. A 02
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~andamiy divided into five groups (A-E) of
- aach {each reatment has 5 replicates with
each), based on the starvation durstions

; The waights of
‘vesore and after the starvation process using the
| giacic balance (Meltler Tq!ed-n AE, 250).
8 1) Gutmicrobial examination ol
- 4 Twenty fve (25) adults of Zvariegatus
2 pead for this experiment ( 5 insects for each
=ion perod and the conbrol ).Before dissection,
g o r:::—;: was surface sterilized by swabbing with
Bz Slowad by 70% ethanol LS ;
e The dissaction of the insects for the qut
el -rinzton was carried out following the method
054 oo t2d by Youdzowei (1574). The body cavity was
peed by ventrel longitudingl cut and this exposed
8 te Zimentary cana! system. The gut was separated
18 zdicining Hssuss like fat body and malphigian

gut was partitioned into 3 parts namely:
3 i wiggut and hindgut by a flamed forceps. The
I 1t matents of the various parts were emptied into
g coeled peTi dishes while the wall was washed
"qu;;,h%; with distifed water to fée it from any
zhering material.  Using a sterile pestle and mortar
Ssuizh water.. They were decanted with labeled
st containing 9 mil sterilized water.1 ml of the
-8 <rmrles was homogenized in 9 mi sterile diluted water
o 4 6 foid serial dilutions were made. 1 mi aliquot of

£ :_5 ilution were plated In duplicates by pour plate -
~=¥UGue using the following media : Potato Dextrose

:ﬁi“’w‘-} was used for Fungi enumeration,
=t Agar (MA) and demann Rogoss Sharpe

§y -2Ceri 0 2 b f ¥ . 7
i a:;,d iactobaciilus enumeration respectively.
£200 c;ﬂﬁbstg Dextrose Agar plates were incubated

e or S a\ (4 5 %.Ei e = %

;?‘batf-'d g 70/3, wiille Mubrient Agar and MRS were

Jm 3 " .

'{fcﬂ?fng units (cfu) were determined by visual
urified colonies were grouped according to

. %K

al

4 °Cance (1576,

Rer Starvation:.process by . the.

uret
Y elal:1974 Was

gt and Emi.rctmrt;f. Sciences Journal for the Troplcs 8

- standard methods of AOAC (1990)

el 34,48, 72 and §6 hours respectively

Coltection ‘

- 2) Weight Wk |
the insects were taken both

=y gut section was homogenized in 1 mi of sterile .

47U (MRS} (Oxford, England) were used for
_were significantly higher than starved

C for 48 hours. After ¢8 hours the

_ Zvarfegatus during starvation. fon d L,
" significantly (p>0.05) affect the concentrations of the ;7
' ‘ femoral muscles (except -
* Na*.and Ci). The concentration of CI in the femoral ¢
. muscles dropped -from 80.1 mmol/l .in the control.

: o '
A Veset o . MOrphology. and cell characteristics. -
i agg} mould were identified after staining with
8 core a{; j_a;topnengx,' Further identification .was .
d St 00 to  Kreger-venrl]  (1984) . by:

fermennpe UM _formation and . pattern . of ‘sugar: -

1%' (95”:95‘3# galactose, . maltose cand
Bergey's e, Pacterial isolates were identified using
S i et Bactedclony (Sned;

i ' the methods: of Harigan and. . 4 10 Starvation. is shown'in table 5. Na and
i "L yere significantly affected by. starvation process, fﬂ_‘ls
- concentrations ‘of .Na*: and €T in the. haémolymph -
" dropped from 90.0mmol/t and 55.2
" 40.0-mmol/t and 11.1mmol/t

S e el L
hation f"_ ' P“P’E‘*.."?,; _‘and "‘.’.“.‘.""?‘ﬁ

mlymat, oL Content of the tssties (fat body,
® ang aa 1emoral muscles) was determined .

(1), March, 2011 IS5 0794+ 8057

AN

determined by  colorimetric "method '(Baumntgér,;

1974). The lipids assay was done. following the'
method of Grant (1987). The tissues’ sodium (Na*), =
Potassium (K*), Calcium (Ca?*) Phosphate (Po") and -

Chloride (CF) composition. were determined

d) Statistical Analysis '

separated by Student Newmen-Keuls (SNK) test.

RESULTS

A) Weight ; ; L i -
Results from the study. shows that there was a
decline in the weight of Zvariegatus as the
starvation period “progressed from 0-56 hours, -
The weight loss by insects starved for 96 hours

by the.

At data collected from the above experiments were
analyzed by One Way Analysis of Variance (ANOVA)
-and where significant difference existed, means were

was statistically (P<0.05) more than weight loss .

by the insects starved for 24 hours (Table 1).
Gut Microflora ; i -

B)

The gut microbial flora load (bacteria) of male -

adult Z variegatus starvEd Tor different hours ‘s

shown in table 2, The colony forming units of the
bacteria decreased as the starvation period

increased (except in the fore gut at 24 hours),

The comparison of means showed that the midgut

had the.highest colony forming unit out of the
three gut ' regions.

Same observation . as

mentioned above was observed for the gut = :

microbial floral (fungi) (table 2). 2y

C). Inorganic Substances of The Tissues
i) FatBody ' -

' The concentrations of inorganic substances in
the fat body of Zvariegatus during starvation period.

are shown in table 3. Of all the substances analyzed

Na* and C were significantly affected (P<0.05) by =
the starvation process. The concentrations of Na*and - - .-
"~ CI in the fat body of the control (0hr) insects -~

b fSECHS,

) Femoral Muscle

inorganic substances in the

(Ohrs) to 10.3 mmol/1 after 48 hours of starvation... -

Sty Haamolymph T LS T D
4 ) - The concentrations of i_p_cjrga_nic_:-’s:gtl:.;t:_an;‘gs.-__in ,
“the haemolymph of adult male - 7 variegatus

mmol /i &t Ohr &
espectively  after

F

96 hours of starvation..

" Table 4 shows the concentration of inorganic -~
ubstances in the femoral muscles of adult male.. ~ .-
Starvation did not




ﬁmg,gw and Lmhammnnl uchmgg}mm | W
: “'mﬂhﬂm e
plcs 5(1) Mareli, 20
¢ ¢ €01}
A J
3 B mtewe:lhy that Na* l‘ecurdu! the,
R pwation - i the  three somatic
s Nmmad durlng starvation,
3 " Qrganic Substances
.g" - Fat BOdY ;
& Table 6 shows the concentrations of organlc
- gbstance in the fat body of the adult ‘male 7
s during  starvation, - Glutose and  ipig

13 S e 13
: gn:;%nlramns were significantly (P<0.05) affectcd by

hlghért
AL existed |
Vesine n the concentrations
8168 ;wlnd Proteln during starya 'O{;W(,;Jélrfl%rml/mphI
ll’ramm lMu..clw" :
. 1€ concentratio
the ns of arganie substane
o I{;ﬂ?;?ral muscles of adult male of 7 vdr?agé
i K Aarvatlon are presented In table 8, Stk
reveal that the concentration of ghict
<0,05) from 20.4mg/d 2t o
10mg/dl at 96hrs of starvation, Ho%r‘v;'t

| ation as glucose concentration drooped from

oo ftfl\ g/dl at Ohr to 20.4mg/dl at 96 hrs. On the other ?5’3‘!23?2,% ot e was observed Iy 42

&8 haﬂd the concentration of lipid in the fat body uscle duﬂ?n of liplds and protein In the f "a

a:.ed during s;arva;notg (2-1l 2 )mg/dl at Ohrs and T‘nc:g iﬁ;\{fgfm, : /

; tion - p. between  the tan
3b7n\g]dl after 96hrs of starva erlod an 5 ./a
i |i) Haemolymph fhe fat bgdcyo?sc esnhtg:ﬂsir? r}s (}‘f Wi Lok
o2 The concentration of haemolymph glucese relationship existed beé1 igure 1, A strong postiye
: ranged from 17, 2mg/dl at Ohr to 13.8mg/dl.at 96  glucose and starvation w?e(? tge P g
- hours of starvation. No significant difference (p>0.05) by lipids (0.537).” period (R* = 0,6099) foliodd
A £
- Tablod: The bod}:’ weight of 7—;"”“” us variegatus during starvation process (n=20) - '

- [Starvation period (t f() 7 ot 24 ] 48 73 3¢ ,

| Final average weight (g . : - 0.91£0.5 0.86%0,1c¢ 0.7740,22¢ 2l

~ | Initial average weight (@) 0.97£0.01 1.02£0.1 1.02+0,5 0.95:&0% 8 ggfgéi : :

- | Average weight loss () 0.00%0.01 0.1140.04°  0.16£0.14>  0.184023°  0.25+0.20' * |

. “+mean values in the same row having the same superscript are not signircantly different (p>0 05)

E 'Tabte 2: The gut regions microbial Ioad (cfu x 10°) of adult male Z. variegatus durmg starvatlon g
Starvation Bacteria |, ' Fungi B A :
period (hrs) ' - 3. & £ 7 R I : !
Feane Foregut - Midgut - Hindgut Fore gut Mid gut Hind gut

400 20£0.3° . 32+0.25° '+ 27#0.14°  27%£035"  290.74° 27£0.14% 12l
. SR 29£0,2* .7 30£0.6 17£0.26°  23x0.8°  25£0.1% . 21x0.1° i
4§ . toneo 45RO 2640.1° . 15207° - 1620428 . 17£0.01° . 1520 @M
72000 12403%  17+0,65° 112045 . 1320.15°  15%0,1° 11£0.5¢ i
90 ~13+0,12¢  13£0,12¢  8+£0.23° 84036 . 14%0,05 10+0.8° i

ean values in the same column having the different superscrlpt are ssngcantiy dlfferent (p<0.05)

1 Tabte 3 Concentrations of inorganic substances* !n the fat body of adult male Z vanegatus during
starvation (mg/dl )
?:awaﬂcn period 0 - .- 24 48 | 72 o TRB ot

kL rs) ; P ; i - "

e 2.9£0.02 30405 o 2FH0.0L e S 2gROLL & S (302000 v

b P Tag 0400 97,0503 ¢ 100,50.26% . * 117060400 - 114,02 008

g LK 20%02 195012 2.1£0.36 - 300,48 1 1 27%0,20:5.
Cr el b c 2% 82,120,625 : 5
L + 5024005 82.0%0.42 e

700 014 ﬁcantly d|fferent(p<0 05) SRS e

Mean vaiues in the same row hav:ng the: dlfferent superscrzpt are sngnl

S i
' M&an Valueg in the

same row having the different superscrlpt are S
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Table 4. Concentrations af inorgamc eubsta-nces in the femaral muscles of adult male 2 V‘,””.?Qf’tf”". :
_&‘ﬁiarvatwn (mg/dl) : : ' 6 o e
b Starvatmn penod 0 8 LY. 2 48 o " 72 Tt ot .fv" # S LT
{hrs) e LS o S SR g i e, : 2'7'.:.0 01 i
GBS gk 00 L iy 26401 2 9*208_2_9 . 105.0£0.5
o2 a2, 020443 916,040,528, 111042 0*01 2l * 83:0 14,
237023 3,040,955 09402 :
G TeR0.45 ) e LA0AT L T iossiiooséf :
-80.1£0.01% +* = . 75.3£0.6° ‘ gniﬂcanﬂ)’ di




5. : o |
, e:a!ogui znd En-nru.fmenta! Sciences Journal for the Tregics (1

yYmph of adult male Z Varfégatu?

) ”8"“} 2014 16588 0754 » Gf'h?

: Concentratlons of inorganic substances in the haemot
wrvahon (mg/d')

period 0 29 48 72 Y
©34#023 264071 144009 . 36inin By,

- i 6£0, %001
90.0£0.57°  100.30,19 90.0£0.58°  119,0£023°  40.0:0.12% ..
2.5£0.52 35201, . 2.9£0.87 29£0.14 2.0£0,14
0.1£0.19 0.2£0.58 0.240,17 0.2£0.02 0.740,3

" 55,2+0.25°  80.1£0.84 452001 7204056 112097

values in the same row having the different superscript are significantly different (p<0.05}
4 1able 6 Concentrations of organic substances in the femoral muscles of adult male Z, variegatus |

M_tarvatlon (mg/dl)

siarvation period (hrsy O 24 43 7z 96

1 protein o 11,2£0.01. 13.5+0.45 13.0£0.14 10.5%0.35 £.0£0.02

; wd e 30.1£0.09 :%0.1%.0.28b 30.1£0.01 - 3024048 30,0£0.3
Glucose 20.4+0.12° 10.3+0.16 10,2+0.16° 10.2+0.15° 8.1£0.71%

A7 Mean values in the same row having the different superscript are significantly different (p<0.05}

; Tab!e 7: Concentrations of organic substances in the haemoiymph of adult male Z Varlegatus
- during starvation (mg/d!)

Starvation period (hrs) 0 24 48 e 56

it Prtitein p P 7.540,22 8.040.28 9.2:0.01 - 10.4%002 _ 10.1%095 -
U tpid 2334045 23,1207 15.7£0.1 2352075 2358052
<! Glucose 17.24£0.3? 20.1£0.12° 17.3+0.01° 8.6%0.18° o 13.8x0.087

; *Mean values in the same row having the different superscript are significantly different (p<0.05) AT
4 Table 8: Concentrations of organic substances in the fat body of adult male Z.. vanegatus durmg_ :
starvation (mg/dl)

Starvation period (hrs) 0 : i 48 .. it TR o 96

Prokedn o iy 15.0¢0.04  9.1£0.1 10.2£0.1 12.2£0,12. 14003
Lipid v 2402404 T 24.340,5° 40.5£013* 32.1x001° 2822027
Olucose -~ 28.1+£0,2°  22.1£0.6° 22.6£0.5° 15.4%0.27 20.4%0.1

*Mean values m the same row having the different superscﬂpt are significantly different (p<<} 05)
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& D;;c_l{ﬁsifgg a significant effect on the body welght
o glanvd »“5 gatus a5 it experlenced welghit losa (.hn‘ij“yg
b c of & vt ti’on'P‘ﬁ'i"d‘ Also the welght lass lnerua:sm'
Lo e _";’;Wamn perfod Increased, This obsevation”
&

d a‘ _ R
Pa{aﬂtb mintak.e significantly Influenced body - welght
K i (Chaprman, 19903, foad deprivation will
a0 h}fcpmdmad welght loss, ‘ "
Rl The colony -forming unit (cRi) of the gut
. decreased during the starvation perlods,

= > mang

C o, thelr food plante, thus, as no food  was
L eamed durdng starvation, the colony forming unit

: g?rt;\a gut was not unexpectedly reduced._

1 The comparison of the cfu means ﬁl*\(ﬁWﬁ}(‘i
. hat the midgut of Z varlegatus hadl the highest ctu
© (poth Fungl and bacteria) out of the three gut reglons,
- Midgut of Zonocerus had been described Lo have the
. bighest enzymatic activities and the major site for

dgestve enzyme  secretlon in Orthoptera  (Terra,
190). The presence of these microbes I the gut
wskts In degrading  cellulosale  food  materials
- woneumed by Z variegatus (Tdowu et af, 2009)
The concentrations of Na* and CI° were
- significantly  Influenced . by - starvation (as thelr
- wncentration dropped. during  starvation. “Thig “had
- sweng implication on the Insect because Na* and CI
o vital lons In the osmotic pressure regulation ang-
wnduction of nerve impulees In Insects (Ademoly et
% ‘?f", 2007). This means’ that the .somatic tissues!
- ides of Z varfegatus pight be reduced uring
b Savation, et T e ‘
. The concentration. of glucose In the somatic

b 1es dropped significantly <urlng starvation perlod

L REFeRences.

v

2onecerus variegatus (L), Proceecings of the

e ( nversity of Agriculture, Abeokuta, Nigerla

L}

My, g,

s varfegatys” (1) (Orth
S ama o8 - Varley, ) optera
b ﬁi’-"wﬂ‘?fphmm) tuting- post embryonic

~ (1980

AOforg peor 20 Analytical ' Bl
PSS London, b g3.85

pilagval and EmTouental Seences SANnAl for U fupls o

at of Muse (2003) and Samuel ef a/(1903),

:'rﬁi;rarﬂ;ﬁd Edema- (2004) earlier obseved that gut
3 -;f;:‘(im; of Z varfegatus are horizontally acquire -

L Memoly, KO and Idoww, A (2004), Effect of
o Manation on some aspects of physiology of

st Conference on- Sclence  and Natlonal -
:U‘*Wﬂ(?ﬁmunt‘ by College of Natural Sclences,

X ?%"Q{ms:e!e,‘ 1.C, and 'Axﬁ()wom,' 0. éds ) Pp7S:
b ldowu, AB and Amusan, AAS.
- 007y, Chegcar nalysis of tissues of

N .‘ L ‘, ‘V 3 t i
e -mgf’.""."'mf_ 10 Abeokuta,  south-westerm,
b oy g 2i2aq, T Joumal of Entomology

B i, g a0 - AbtiCAl - Chemist: 120
Mm&}‘sty AR SV b el e
heralstry. . &

B, Mseh,

Wi

of carbohydrates

food, Adult

(loye, 1082

a8 Rl for jumplag/

f:a_xflicr thatare,

The concentiation of Bpkls 1y the tat [
rose Wp while glucose concentration dinppedd i
the 96 hours starvation | :
compliments well with the report of Justsuin @ '{ i
(1975) that the concentratios
adult male and fem
curing food depriv

varlegated grasshopper, 2 varfegatus _

Bernays, EA; Chapman, RF, Cook A, G,, Mevelgh,
and Page, W.M. (1

- While proteln and Hpids cogeication
ks in - femoral s
reported o |

o) Cinhthye

bis {ha predaminant et
turing lnitial slage of stary
Locusta migratoria
and Lea 19H0),
St nitalboll
stages of slarvall
metabolisin, The
Auring the starvation FUAK, s
Varlegalus saggeats U

abloh i (s _
CHI and Goddaworthy 49 20
Shiacly, Frait beetls, i
05 glycogen worstl g
OE T sk R 1 il s (1
nOR-Ulilteation of protely ards
, B the adult gl
b thern are enough feseR
b et v with tie deyyivati
slage of £ vargat ts dispersal T
and Youdeowsl, 1924), thile pesdd
accumnlate food reserves iy the tetvies 1) he OHieRE
hopping, unlike e gregariigs

serion. This obsevalBie

1 OF hagnolymph lipkle bEE
dlo Lovusta mdipatocia we clovatdlR
ation, This suggests mobllicationbil
lpld reserves of the haetnolymph g starvatk
The comparison of meany of the thisuies metabolit
showed that lipid bad highest concentration tn al thd B8
tlssves and fat bodly had the hlghest concentration ot I8
proteln and carbohydrates, The fat body as bebiys
. reported to store plycogen, fat, proteliy and ot

substances  brought Inte 1t by the haeinolymph
(Chapman, 1990), Tt can be conciudedt that ghicosa B
tha most wtilized metabolite durlng - starvatic

975). Foxd Plants It the
survival - and . development  of  Zomxens s
i - vartegatus (L) Acarida sy 338,
Brandy, CJ (1960). Redistribution of nitregen gas §
C o legumes fodder plants during witing - and 8
- enstlage. Jowndt of  Scieoee  Fod
o Agefeuftuee 311276284
Chapman, R. (1920} The Insect: sttute
oo function: . The English Language. B
e -Soclety and U Hodder

"

Stoughton, Great Britain 968pp - " -

satle (N
mg methods
London,

Chiffaud ), and Mestre . (1990). te Groque
e Logecerus varegatis (Uinng; 1788): £
U synbhese biblographipie. G LRGN

A30) Oy Pridirag oo oo it b Rl BOAGS Montgedlige: 1900y
O ot Tehod of analysis Assoclation - Grant, G (1987).  Fundanmiental
11149 T B Saunder Company,
WE, at McCance, MES

- foads
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