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Leucopholis lepidophora and Holotrichia fissa are the common white grubs 

found in the sugarcane and other agricultural fields of Kolhapur district, 

Maharashtra, India. Partial characterization of digestive enzymes viz. amylase, 

invertase, trehalase cellulase, protease and lipase in mid gut (MG) and hind gut 

(HG) sections in both the species of white grubs was done. The bacterial 

microflora of proctodial dilation / fermentation chamber of hind gut of L. 

lepidophora was investigated.As scarabaed grubs, L.lepidophora  and H. fissa eat 

roots of plants and decaying orgsanic matter from the soil containing cellulose 

and other soluble nutrients and whether these grubs could able to extract nutrients 

and energy from such diet so as to fulfill the nutritional requirement is aim of this 

investigation.The specific activities, optimum pH, optimum temperature and 

optimum time period values fo the enzymes under study were investigated.The 

measurement of activities of amylase,invertase, trehalase and cellulase was done 

as per the method of Ishaaya and Swirski(1970),protease of Ishaaya et al.,(1971) 

and lipase of Hayashi and Tappel (1970) by using colour reagent of Itaya (1977). 

Thermolability at 600C for MG amylase and invrtase in L. lepidophora and the 

effects of activators like NaCl and KCl and inhibitors like MgCl2 and MnCl2 on 

the mid gut amylase enzymes of L. lepidophora and H. fissa were studied. Km 

values of amylase in MG and HG sections of L. lepidophora were 0.000042% 

and 0.13% of starch respectively and in H. fissa Km values were 0.00012% and 

2.6% of starch in mid and hind gut sections. The Km value of mid gut invertase 

in L. lepidophora was 11.84 mM and in H. fissa was 16.17 mM of sucrose. The 

Km values for trehalase in L. lepidophora were 29.55 mM and 531.38 mM of 

trehalose in MG and HG sections respectively and in MG of H. fissa Km value 

of trehalse was 2.58 mM of trehalose. In proctodeal dilation of hind gut section 

of L. lepidophora grubs showed the presence of symbiotic bacteria flora mostly 

Gram negative and some Gram-negative rods which were found to be starch, 

sucrose, trehalose, cellulose, olive oil and caesin hydrolysing. 
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INTRODUCTION: 

 In strict sense white grubs are the larvae of 

Melolonthinae (Wolcott, 1933). But this term has 

now wider usage embracing the larvae of Rutelinae, 

Cetoniinae, Dynastinae and other families of 

Scarabaeoidea super family (Ritcher, 1966). The 

family Scarabaeidae is one of the largest families of 

the order Coleoptera, whose larvae are 

predominating in grassland soil (Lavelle et al., 

1997). Many of them are highly polyphagus pests 

and among the most troublesome soil insects 

associated with the root injuries of various 

agricultural crops threatening the crop production in 

Maharashtra and various endemic pockets many
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parts of the India (Raodeo et al., 1976; Pal, 1977; 

Yadava and Sharma, 1995; Bhawane et al., 2012 and 

Mane and Mohite, 2014). The fossorial scaraeboied 

grubs are saprophagus and herbivorous (Crowson, 

1981) and feed on the plant roots, organic matters of 

the soil and feces of the cattle and other vertebrate 

animals and their food is diluted one having low 

nutritive values (McQuillan and Webb,1994; 

Gaikwad et al.,1997; Zhang and Jackson, 2008). and 

hence it can be an effective resource in the 

decomposition of varied biowaste in the future 

(Koyama et al., 2003). The white grub species 

understudy, are polyphagus root feeding insects of 

agricultural crops. Holotrichia fissa is having larval 

duration of about 6 months causing moderate 

damage to the roots of the crops, where as 

Leucopholis lepidophora is endemic in the 

sugarcane fields located along the banks of Kumbi-

Kasari rivers of Kolhapur district of Maharashtra 

where rainfall is heavy and soil is alluvial and 

monoculture of sugarcane, existed as main cash crop. 

The larval period of this species is comparatively 

longer duration of 8 to 10 months and condition of 

soil type, soil moisture and availability of food are 

favorable for the multiplication and persistence of 

this species during last three decades and causing 

extra ordinary damage to the sugar cane and other 

crops (Patil and Hapase, 1981; Adsule and Patil, 

1990; Patil et al., 1991; Bhawane et al., 2012). The  

alimentary canal of scarabaeoid grubs have many 

characteristic features and physico-chemical 

properties like long and specious midgut occupying 

the major part of the abdominal cavity, modified and  

expanded HG called proctodeal dilation or 

fermentation chamber, highly alkaline midgut with 

suitably stable enzymes and a specific gut symbiotic 

microflora (Berberet and Helms, 1972; Terra, 1990; 

Li and Brune, 2005; Zhang and Jackson, 2008 ;Wada 

et al.,2014; Bhawane et al., 2016 ;Gaikwad and 

Bhawane 2016 a&b). The white grub species 

understudy are polyphagus root feeding insects of 

agricultural crops and threatening the crop 

production. In spite of this, the basic information on 

their digestive physiology is lacking. Although the 

chemical composition of the roots of the various 

agricultural crops is not thoroughly studied but the 

information available on the chemical composition 

of the grass roots indicates that it contains little 

soluble carbohydrates and much cellulose and other 

structural carbohydrates (Sutherland, 1971). The 

utilization of soluble sugars, structural 

carbohydrates, proteins and lipids present in roots 

consumed is of great importance nutritional 

economy of grubs. If this is so microfiora present in 

the gut may play important role in the process of 

digestion of structural carbohydrates, proteins and 

lipids. This study is designed to study the digestive 

enzymes of xylophagus white grubs understudy. 

 

MATERIAL AND METHODS: 

 Collection and maintenance of 

experimental animals: The third instar grubs of L. 

lepidophora collected from the infected fields 

situated along the banks of Kumbi river, near 

Kuditre, Kolhapur district Maharashtra in the month 

of March and the third instar grubs of H. fissa were 

collected from the fields of paddy, jowar, maize and 

sugarcane in and around Kolhapur city, Maharashtra, 

India in the month of September. The grubs were 

kept in earthen pots containing moist soil obtained 

from the same fields for 15 days under laboratory 

conditions. The roots of jowar, maize and potatoes 

were given as food to the grubs. 

Enzyme Preparation: The third instar grubs of L. 

lepidophora approximately 7 grams body weight and 

H. fissa weighing approximately 4 grams obtained 

from the laboratory stock for the preparation of MG 

and HG enzyme extracts. The homogenates of 

pooled tissue were prepared in cold 0.9% NaCl 

solution which were centrifuged at 10,000 rpm. in 

cold centrifuge at 100C for 15 minutes. Aliquots of 

supernatants were used as enzyme source. 

Enzyme Assays: The optimum conditions for the 

enzymes under study i.e. pH, temperature, time and 

substrate concentration were determined in series of 

experiments in which individual factors were varied 

and all other factors were kept at the constant. 

 Amylase, invertase, trchalase and cellulase: The 

measurement of activities of these enzymes were 

made by using 3-5 dinitrosalicyclic acid reagent 

(DNSA) (Bernfield, 1955) and the method of 

Ishaaya and Swirski, (1970) as described by 

Gaikwad et al. (1997) was followed. The enzyme 

activities of invertase, trchalase and cellulase were 

expressed as µg glucose / µg protein / min and for 

amylase µg maltose / µg protein / min. 

Protease: For the estimation of protease activity 

method of Brik et al. (1962) as followed by Ishaaya 

et al., (1971) and Gaikwad and Bhawane (2015c) 

was followed. The activity was expressed in terms of 

µg tyrosine / µg protein / min.  

Lipase: The method for the measurement of lipase 

activity as proposed by Hayashi and Tappel (1970)  



 
http://jbsd.in 882                                            ISSN: 2229-3469 (Print) 

Bioscience Discovery, 8(4): 880-890, October - 2017 

and color reagent of Itaya (1977) as described by 

Gaikwad and Bhawane (2015c) was used. The 

activity of lipase was expressed in terms of µg 

plamatic acid / µg protein / min. 

Effect of Activators and Inhibitors: To study the 

effects of activators and inhibitors on the MG 

amylase enzymes of both the grub’s different 

concentration (0.01 M to 0.5 M) of NaCl, KCl, 

MgCl2 and MnCl2 in the assay mixtures and the 

enzyme activity is determined. The homoginates of 

MG were prepared in chilled glass distilled water. 

Effect of high temperature exposure of MG 

amylase and invertase enzymes (Thermolability) 

in L. lepidophora: The MG homoginate of L. 

lepidophora was exposed to high temperature at 600C 

and procedure for determination of residual activity 

of amylase and invertase from the homoginates was 

as per Bhawane et. al. (2016). 

Bacteriological Studies: For this purpose, mid HG 

region (Proctodeal dilation) of 3rd instar grub of L. 

lepidophora were used. The third instar grubs were 

cleaned with distilled water twice, blotted and 

surface sterilized with alcohol and dissected under 

aseptic condition so as to obtain HG regions. The HG 

taken in starile salt solutions contains sterile gut 

fluid, yeast extract and sterile sugars under study 

(Hungate, 1966) and the contents were thoroughly 

mixed with the help of sterile glass rods. Two sets 

were prepared for aerobic and anaerobic cellulolytic 

bacteria. For anerobic bacteria melted wax was 

poured over the salt solution. After 72 hours of 

incubation on salt solution contains HG content were 

used as inoculums and culture media used for 

isolating amylolyte, sacchrolyrtic, trchaloytic, 

lipolytic and proteolytic bacteria were prepared by 

following the standard procedures.  

Determination of protein content from MG and 

HG homoginate: The soluble protein contents from 

the MG and HG homoginates were estimated by 

Lowery's method (Lowery et al., 1951). 

 RESULTS AND DISCUSSION: The 

characteristics of digestive enzymes of grabs of L. 

lepidophora and H. fissa are summarized in table 

No. 1. 

Effect of pH: In both the gut sections of L. 

lepidophora the optimum pH for amylase and 

invertase was 7.2; for trehalse was 5.2; for cellulose 

and lipase was 5.6 and for protease was 11. In case 

of H. fissa optimal pH for amylase and invertase was 

7; for trchalase was 5 and for protease it was 11. 

Effect of Temperature: In both gut sections of L. 

lepidophora the maximum activity of amylase, 

invertase, trchalase and cellulose showed at 550C and 

for cellulose and lipase maximum activity occurred 

at 450 C. In case of H. fissa optimum temperature for 

amylase and invertase was 350C, for trehalase and 

protease was 550C. 

Effect of Time: The time period for linear activity 

of enzymes occurred within the 60 min.for amylase, 

invertase, trehalase and cellulase in both the grubs in 

their both the gut sections where studied. For 

protease time duration of 20 min. both the gut 

sections of both the gut sections were suitable for 

linear activity. For lipase of L. lepidophora the 

optimum time of 12 min. was found suitable for the 

linear activity in both the gut sections. 

Effect of substrate concentration: The relationship 

between substrate concentration of starch for 

amylase in MG and HG of both grubs; of sucrose for 

invertase in MG of both grubs, of trchalose the 

trehase in MG and HG of L. lepidophora and MG of 

H. fissa were studied. The Km values obtained by 

plotting Line weaver Burk plots are given in the table 

no.1. 

The effect of high temperature on the stability of 

MG amylase and invertase of L. lepidophora: The 

theoretical duration of high temperature treatment 

for 50% loss of activities for these enzymes at 600C 

was 86 min for MG amylase and 34 min for MG 

invertase was observed in L. lepidophora. 

Bacterialogical Results: The bacetriological studies 

on the hind gut proctodeal dilation of the L. 

lepidophora grubs contain amylolytic, saccharolytic, 

trchalolytic cellulolytic, casenolytic and lipolytic 

bacterial colonies. Amylolytic bacteria were mostly 

Gram +ve motile rods of yellowish colour and few 

Gram -ve rods on starch agar medium. The 

saccharolytic bacteria grown on sucrose agar 

medium were both Gram +ve and Gram -ve rod 

colonies. The trehalolytic bacteria were Gram +ve 

rods grown on trchalose agar medium. In cellulose 

broth containing filter paper contain many colonies 

Gram -ve rods and few colonies of Gram +ve rods 

with few colonies of cocci grown on cellulose agar 

plate. Many colonies of yellowish red colours were 

developed on skimmed milk agar plates and they are 

Gram -ve motile rods. The colonies isolated on olive 

oil agar plates contain mostly Gram +ve motile rods. 

Effect of activators and inhibitors: Both activators 

Nacl and KCl increases the enzyme activity by 17-

22% and inhibitors caused reduction in enzyme 

activity by 65-76% even at their 0.01 M 

concentration in assay mixture of MG amylase 

assays of the grubs.    
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Specific activities of the enzymes:  The specific 

activity of amylase is highest followed by invertase, 

lipase, protease, trehalase and cellulase in 

descending order.  

 The white grubs under study ingest the roots 

of various agricultural crops and the grasses and their 

effects on these crops is of great economic 

importance. But the basic information on their 

digestive physiology is lacking. The present in vitro 

studies indicate that the nutrients present in such diet 

must be extracted with the assistance of digestive 

enzymes present within the mid and hind gut regions 

as the presence of digestive enzymes like amylase, 

invertase, trehalase, cellulase, lipase and protease are 

detected. Overall the food of these grubs seems to be 

diluted one because the roots likely to be contain 

little soluble sugars, proteins and lipids much of 

cellulose other structural carbohydrates and the 

utilization such type of food might be of great 

importance in the nutritional economy of the grubs 

(Bauchop and Clarke, 1975). Observations on the 

chemical composition of grass roots were made by 

Sutherland (1971). If this is so the symbiotic micro-

organisms present in the gut of the grubs probably 

play important role in the digestion of structural 

polysaccharides and other nutrients present in the 

food. The presence of saccharolytic, amylolytic, 

trchalolytic, cellulolytic, lipolytic and proteolytic 

bacetrial microflora is detected in the fermentation 

chamber of the hind gut of L. lepidophora.   

Recently investigations on the digestive enzymes in 

the gut of insects particularly among the insects 

having xylophagus diet as in scarabaeoid larvae and 

adults, has become increasingly important for the 

utilization of biomass resources to produce eco- 

friendly bio fuels for clean environment (Haung et 

al., 2010 and Wada et al., 2014). The digestive 

enzymes in various scarabaeids were investigated by 

earlier workers (Wiedemann, 1930; Schlottke,1945; 

Courtois and Chararas, 1966; Rossler, 1961; Debries 

et al., 1964; Yamane et al., 1965; Soo Hoo and 

Dudzinski, 1967; Bauchop and Clarke, 1975; Mishra 

and Sensarma, 1985; Bhawane and Bhanot, 1989; 

Cazemier et al., 1997; Gaikwad et al., 1997; 

Bhawane et al. 2016, Gaikwad and Bhawane, 2015a, 

b, and c; 2016a and b). 

 The pH value of the MG and HG sections in 

both the species is 7.5 to 8.5 i.e. neutral to weakly 

alkaline. Earlier workers have reported alkaline pH 

for the many scarbaeid larval gut (Soo Hoo and 

Dudzinski ,1967; Rossler, 1961; Schlott ke, 1945; 

Wildbolz, 1954; McGhie, et al., 1995; Lemke, et al., 

2003; Egert, et al., 2005; Biggs and McGregor, 

1996; Ricou, 1958). It is interesting to note that pH 

value for amylase and invertase is 7.0 to 7.2 for 

trehalase, cellulase and lipase was acidic between 5 

to 5.6 and for protease it was highly alkaline i.e. 11. 

Results on the similar line was reported by earlier for 

amylase and invertase in various white grub species 

(Gaikwad, et al., 1997; Bhawane, et al., 2016; 

Gaikwad and Bhawane, 2015 a and b; 2016 a and b).  

However, in other scarabaeid grub’s alkaline pH 8.5 

was reported (Wada et al., 2014), neutral pH 

(Yamane, et al.,1968) for amylase. Schlottke (1945) 

reported the optimal pH range of amylase was 6.5 to 

8.5 which was less alkaline than the pH value of mid 

gut (11 to 11.5) and he ascribe this difference in PH   

due to the neutralization effect of the food ingested. 

But in other beetles like Callosobruchus, Tenebrio 

and Tribolium pH range for amylase was acidic (4.6 

to 5.8) (Podoler and Applabeaum, 1971; 

Abblabeaum and Konijan 1905 and Bounchore et al, 

1976). For the scarabaeid beetle Adoretus acidic pH 

of 6 was reported by Bhardwaj (1986) for amylase 

and invertase. In other insect’s acidic pH, (5.5 to 

6.5), for invertase was recorded by earlier workers 

(Krishna, 1958; Evans and Payane, 1964; Nishide 

and Kusano, 1976). 

 The optimal pH range of gut trehalase and 

cellulase in the white grub species under study was 

acidic. Observations on the similar line were made in 

other scarabaeid larvae and other insects by earlier 

workers (Wharton et al., 1965; Huber and Lefebee, 

1971; Dahalman, 1971; Potts and Hewitt, 1972; 

Ishayya and Swirski, 1976; Gaikwad et al., 1997; 

Gaikwad and Bhawane, 2015 a, 2016 a and b and 

Bhawane et al., 2016). The optimal pH of lipase in 

L. lepidophora grub was acidic (5.6). However for 

other white grubs and in other insects alkaline pH 

was reported by earlier workers (Gilbert et al.,1965; 

Gerring and Freyvogel, 1975; Male and Storay, 

1981; Thomas and Niton, 1984; Teo and 

Woodring,1988;Gaikwad et al., 1997; Gaikwad and 

Bhawane, 2015c). Mostly the protease in majority of 

the insects showed alkaline pH and the same is true 

for both the species of white grubs under study which 

is higher than the pH of the gut (Ishaaya et al., 1971; 

Eguchi and Iwamato, 1976; Eguchi et al., 1982; 

Christeller et al.,1989; Gaikwad et al., 1997; 

Gaikwad and Bhawane 2015c and Zhang and Brune, 

2004). All the enzymes under study excepting 

invertase in H. fissa (35 OC) showed temperature 

optima between 45 OC to55OC. Observations on the 

similar line made by earlier workers in different
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insects including white grubs (Day and Powing, 

1949; Terra et al., 1977; Kusano and Tanabe 1986; 

Teo and Heng,1987; Ishaaya and Swirski, 1970; 

Gaikwad et al., 1997 and Gaikwad and Bhawane, 

2015c Bhawane et al.,2016). 

 The digestion period of 60 minutes found to 

be fit within the linear part of enzyme activities of 

amylase, invertase, trehalase and cellulase in the 

white grubs under study but the protease and lipase 

showed period of 20 minutes and 12 minutes 

respectively for their linear activities. Observations 

on the similar line made in the scarabaeid grubs by 

earlier workers (Gaikwad et al., 1997; Gaikwad and 

Bhawane 2015 a,b andc Bhawane et al., 2016). 

 The Km value for amylase in both the gut 

sections of both the grubs, for invertase of MG 

section of both the grubs and trehalase in both MG 

and HG of L. lepidophora and MG in H. fissa were 

calculated by drawing the Line Weaver Burk’s plots 

(table No.1). The Km values of MG amylase were 

comparitively less than the values of HG amylase in 

both the grubs indicating MG amylase is more 

efficient than the HG amylase. Earlier workers 

reported the Km values for amylase in various 

insects including scarabaeid grubs (Teerra et al, 

1977; Baker, 1983; Bounciore et al., 1976; Poddler 

and Applebaum, 1971; Gaikwad et al., 1997; 

Gaikwad and Bhawane, 2015 a and b;2016 a and b 

and Bhawane et al., 2016). The Km values of MG 

invertase in both the grub species were determined 

which indicates the invertase of L. lepidophora is 

more efficient than the invertase of H. fissa earlier 

workers have reported the Km values for invertase in 

other scarabaeidae (Gaikwad and Bhawane ,2015 a 

and b; 2016 a and b and Bhawane et al., 2016). The 

Km values for the trehalase for the present grubs 

(table No. 1), the trehalase of MG H. fissa is more 

efficient than the trehalase of MG and HG in L. 

lepidophora. In other scarabaeids Km values of 

trehalase were reported by earlier workers (Bhawane 

et al., 1991; Bhawane and Mandalik, 1992; Gaikwad 

et al., 1997; Gaikwad and Bhawane 2015a and 

Bhawane et al., 2016). 

 Homoginates of MG in both the grubs when 

exposed to higher temperature of 600C for different 

time periods. MG amylase of L. lepidophora was 

found to be more heat stable than the MG and 

amylase of H. fissa (table No. 1). The observations 

on the heat stable amylase in other scarabaeids and 

other insects were reported by earlier workers 

(Gaikwad et al., 1997; Bhawane et al., 2016; 

Gaikwad and Bhawane 2105 a and b, 2016 a and b, 

Teo, 1973; Ishaaya et al., 1971). 

 From the data presented in the table No. 1 it 

is very much clear that the mid gut is the major 

source digestive enzymes in the white grubs under 

study excepting the HG of L. lepidophora where 

cellulase activity is 3 times higher than the MG. The 

general view is that the MG is the main site of 

digestion of food in insects (Dadd, 1970; Law et al., 

1977; Engelmann and Geraerts, 1980). But in the HG 

also there is significant activities for most of 

digestive enzymes studied indicating HG also play 

important role in the process of digestion of food. 

Observations on the similar line were made by 

earlier workers in some insects including scarabaeids 

(Bhanot and Bhawane, 1989; Bhawane et al., 1989 

and 2016; Gaikwad et al.,1997; Gaikwad and 

Bhawane, 2015 a, b and c; 2016 a; Thomas and 

Nitan, 1984). The presence of digestive enzymes in 

the HG sections of xylophagus and saprophagus 

grubs under study can be assigned to the bacterial 

micro-flora in the fermentation chamber The 

existence of digestion of food and the presence of 

micro-flora in the HG was reported by earlier 

workers in scarabaeid gut (Ricou, 1958; Soo Hoo 

and Dudzinski, 1967; Bhawane and Bhanot, 1989; 

Gaikwad et al., 1997; Bhawane et al., 2016). Earlier 

studies on the occurrence cellulose digesting 

microbial organism in the fermentation chamber of 

hind gut existed in scaraba grubs like Potisia cuprea, 

Oryetes nasicornis, Costelytra zealandiaca, 

Pachnoda ephibbiate, P. marginate, Melolontha, 

melolontha, Holotrichia parellela, Onitis philemon, 

Seriscesthis germinata  and others (Ricou, 1958; Soo 

Hoo and Dudzenski 1967; Werner, 1926; Bayon and 

Mathelin 1980; Cazemier et al., 1997 ; Lekme et al., 

2003; Egret et al.,2003& 2005; Zhang and Jackson, 

2008; Huang et al., 2010; Gaikwad et al., 1997). The 

cellulase activity in the hind gut of L. lepidophora 

occurred in acidic pH of 5.6 and the pH of the gut is 

neutral to slightly alkaline. However, in the hind gut 

cellulose activity is reported and it is suspected that 

proctodeal content might be responsible for 

maintaining required acidic pH for the digestion of 

cellulose present in roots ingested by the grubs. The 

cellulase activity in the hind gut of the scarabaeid 

grub of Japanase horned beetle, Trypoxylus 

dichotomous by Wada et al. (2014) occurred at 

neutral pH of 7. The digestive tracts of white grub 

species under study equipped with digestive 

enzymes for digesting starch, sucrose, trehalose, 

cellulose, lipids and proteins and microbial analysis  
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of HG showed the structural carbohydrates like 

cellulose and proteins, lipids and other soluble 

sugars present in the food of the grubs must be 

efficiently digested and utilized by the grubs and 

thus helps in nutritional economy. 
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