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ABSTRACT

The gut regions of  are endowed with multiple Epilachna chrysomelina
enzymes that aid digestion of host plant tissues. Digestive enzymes present in 
the gut regions of during various developmental stages were E. chrysomelina 
studied in the laboratory to determine the most destructive life stage of the 
beetle for proper management measures. Cellulase, -glucosidase, amylase, α  
lipase and proteinase activities were observed in the guts. The mid-gut 
recorded significantly higher ( <0.05) enzymes than other gut sections except p
amylase where higher activity was observed in the foregut. Lipase (38.24 bs A
per min -glucosidase (25.65 bs per min) and proteinase (28.70 bs per min) ), α A A
activities were significantly higher in the immature stages while cellulase 
(19.46 bs per min) and amylase activities (16.62 bs per min) were higher in A A
the adult stage. The 4  instar larval and the adult stages recorded higher th

enzyme activities and thus can be regarded as the most destructive stages of 
development.  

Keywords: Gut enzyme, , post-embryonic, development, Epilachna chrysomelina
digestion

INTRODUCTION

The African melon lady beetle  is a destructive pest Epilachna chrysomelina
which inflicts major economic damage on cucurbits and solanaceae crops (Pitan 
and Filani 2013). The adults and larvae feed on leaves and fruits of the host plant 
and cause damage which is characterized by the presence of skeletonization of the 
leaves as well as grooves, scarification and patches on fruits which adversely 

Digestive enzyme activity in the guts of Epilachna 
chrysomelina (Fabricius) (Coleoptera: 
Coccinellidae) during post-embryonic 
development

1National Horticultural Research Institute, PMB 5432 Jericho, Idi-Ishin Ibadan, Nigeria
2Department of Crop Protection, Federal University of Agriculture, Abeokuta, Nigeria
3Department of Pure and Applied Zoology, Federal University of Agriculture, Abeokuta, Nigeria  

* National Horticultural Research Institute, PMB 5432 Jericho, Idi-Ishin Address: 
Ibadan, Nigeria; mail:E akinkunmikemi1@gmail.com

80

Received:   20   |  Accepted: 9  2020                               26 May 20 2 December

© V Philippines isayas State University, Baybay City, Leyte,



affects both quality and quantity of crop output (Pitan  Esan 2013, Katoh et al and
2014). The beetle, as reported by Vishav et al (2017) and Akinkunmi (2020) 
undergoes complete metamorphosis (holometabolous) with distinct egg, four 
larval instars, pupa and adult stages. The third and fourth instar larvae were 
reported to be more destructive and voracious (Hossein et al 2009, Akinkunmi 
2020). Infestation primarily begins from just after hatching of the egg mass (Murata 
et al 1994). The adults in addition to leaf-scrapping eat up chunks of cucumber 
tissues and make grooves on them rendering the fruit unsightly and unmarketable 
(Pitan  Filani 2013). Digestion of host tissues takes place in the digestive tract and
which is a continuous tube running from the mouth to the anus of the beetle and is 
divided into the foregut, midgut and hindgut (Chapman 1990). Insects are endowed 
with multiple enzymes which aid digestion in the gut regions (Adedire et al 1999, 
Ademolu et al 2013). Earlier studies identified the adults and larval stages of the 
beetle as the most damaging stages (Pitan  Esan 2013, Katoh et al 2014). and
However, little or no empirical data had been documented on the digestive enzyme 
activities in the guts during post-embryonic development. This information will help 
in the understanding of the digestion process and utilization of nutrients during this 
period. This study therefore aimed at identifying the enzymes present in the guts of 
E  chrysomelina.  during post-embryonic development and to identify the gut region 
with the highest digestive enzyme activity.

MATERIALS AND METHODS

Insect Collection and Rearing

The experiment was carried out at the Department of Pure and Applied Zoology, 
Federal University of Agriculture, Abeokuta, Ogun State, Nigeria. The initial stock of 
adult  was obtained from field populations infesting cucumber E. chrysomelina
plants. The beetles were collected and later released into wooden cages 
(65cm×65cm×70cm) where cucumber was planted. The adult beetles were 
removed 10 days after introduction into the cages after which time they should have 
mated and laid eggs. Insect culture was maintained under ambient temperature 
25 C-28 C and relative humidity 75-90%. Emerged larvae and adults were used for o o

the study.

Insect Preparation for the Study

Twenty (20) beetles per developmental stage were collected from the culture 
and asphyxiated in a deep freezer at -4 C for 30min, after which their guts were o

carefully dissected out. The alimentary canal of each beetle was partitioned into 
foregut, midgut and hindgut. This was later homogenized separately in 50mL 0.05M 
KCl and centrifuged at 500rpm for 30min at 5 C. The enzyme extract (50mL) o

produced from each gut was decanted in a centrifuge tube and stored in the freezer 
at -4 C until use.o  

Determination of Enzyme Activity in the Guts

Enzyme activities were determined following the method described by Adedire 
and Balogun (1995) and Ademolu and Idowu (2011). All the enzyme assays were 
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carried out in triplicate according to the method of Ademolu and Idowu (2011).

Determination of Cellulase Activity (Abs/min)

A 0.5mL sample of the initial enzyme extract was pipetted into a 25mL test-tube 
into which 0.5mL of 1% carboxymethyl cellulose solution had been added. The test-
tube was incubated for 30min at 50 C, after which 1mL of DNSA (dinitrosalicylic o

acid) reagent was added and the mixture heated to 100 C in a water bath for 5min. o

The mixture was cooled to room temperature after which 10mL distilled water was 
added. Cellulose and glucose standard solutions were prepared and treated the 
same way. The absorbance of the treated sample extract as well as the cellulose 
standard were measured after 1min using a 600 spectrophotometer at 540nm 
wavelength.

Determination of Activity (Abs/min) -glucosidase  α

A one molar solution of para-hydroxyl benzoic acid was mixed with 0.5mL of the 
enzyme extract after which 5mL of 0.1M sodium phosphate buffer at pH5.5 and 1mL 
of distilled water was added. Later, DNSA (dinitrosalicylic acid) reagent (1mL) was 
added to the mixture and the mixture heated to100 C in a water bath for 5min. The o

mixture was rapidly cooled to room temperature after which 10mL distilled water was 
added. A standard solution of glucosidase enzyme was also prepared and treated the 
same way. The absorbances of the treated sample extract as well as the glucosidase 
standard were measured after 1min using a Cecil 600 spectrophotometer at 530nm 
wavelength.

Determination of Activity (Abs/min) Amylase  

A 2mL sample of the enzyme extracted was mixed to 1M potassium hydrogen 
phosphate buffer (pH6.9) and 1mL of a 1% starch solution. The mixture was 
incubated for 1h at 40 C. DNSA reagent (8mL) was later added and the mixture o

boiled in a water bath for 5min which was later cooled in a cold water bath. The 
mixture was then diluted with 18mL distilled water. The absorbance of the sample 
was read on an SP 6250 spectrophotometer at 540nm wavelength and compared 
with that of the standard solution. 

Determination of Activity (Abs/min) Lipase  

A 7.5mL sample of the enzyme extracted and 0.2M sodium acetate-acetic acid 
(pH5) was added to the reaction medium containing 0.4g of sodium taurocholate, 
1mL of 0.1M CaCl  and 6mL of sodium acetate mixture. The mixture was incubated 2

at 35 C for 1h and the reaction was then stopped by adding 40mL absolute o

methanol. A standard lipase solution was also prepared using distilled water. The 
absorbance of the sample and standard was read at wavelength 415nm on a Cecil 
600 spectrophotometer.  

Determination of Activity (Abs/min) Proteinase 

A 5mL sample of the enzyme extracted and 0.1M sodium hydrogen phosphate 
(pH6.9) were added to 10mL of 2% casein solution and incubated at 35 C for 30min. o
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The reaction was terminated by adding 10mL of 10% trichloroacetic acid solution 
and then filtered through a Whatman No 1 filter paper. A standard proteinase 
solution was also prepared and the absorbance of the samples was read and 
compared. Proteinase activity was measured as the amount of proteinase capable 
of catalyzing absorbance Change of 0.01 in 60s at a wavelength of 275nm.

Data Analysis

The data collected in the study were subjected to one-way analysis of variance 
(ANOVA) and significant means were separated using Student-Newman-Keuls 
(SNK) test.  

RESULTS AND DISCUSSION

E.chrysomelina possesses a well-developed digestive system containing 
digestive enzymes with which the beetle digests the different host plants that it 
feeds on. Cellulase, -glucosidase, amylase, lipase and proteinase were the α  
enzymes present in the gut region of both the immature and adult stages of the 
beetle in this study. Earlier studies by Adedire and Balogun (1995) as well as 
Ademolu and Idowu (2011) showed the presence of the same enzymes in kolanut 
weevil,  and  respectively with which Sophrorhinus insperatus Zonocerus variegatus
these insects hydrolyse or digest consumed food substances. Secretion of 
enzymes in the gut region is determined by the kind of food or nutrients provided to 
the insect during the rearing process (Terra et al 1996). The beetle in this study was 
exposed to cucumber plants during the rearing period and proximate analysis 
showed that cucumber contained 95% water, 3-4% carbohydrate, 0.7% protein, 
0.12% fat, 0.4% fiber and 0.4% ash (Ekwu et al 2007).

In addition, the age of the insect during post-embryonic development had a 
significant effect on the enzyme activities in the guts. Cellulase activity in the guts of 
E  chrysomelina p.  was significantly higher ( <0.05) in the adult stage of the insect 
development as compared to the immature stages of which the 4  instar larvae th

recorded a significantly higher cellulase activity (Table 1). Cellulase activity in the 
guts as reported by Pigman and Horton (1970) and Ademolu et al (2013) are for the  
digestion and utilization of various carbohydrates consumed by the beetle. Activity 
of -glucosidase which was responsible for the breakdown of the product of α
cellulose hydrolysis was observed to be significantly higher in the 4  instar larvae th

relative to other stages of development and lowest in the adult stage (Table 2). 
Amylase which is for starch hydrolysis recorded significantly higher activity in the 
adult stage (Table 3). Lipase and proteinase activities were highest in the immature 
stages relative to the adult stages (Tables 4  5). The 4  instar larvae recorded and th

higher activities of proteinase and lipase activities relative to the 1 , 2  and 3  st nd rd

instars, this observation agrees with an earlier report by Mandal and Chaudhuri 
(1981) that proteinase and lipase activities were more significant in the gut of the 
later instars of a large cricket . As the insects developed Schizodactylus monstrosus
from the 1  larval instar to the 4  instar, there were increases in the size of the guts st th

and increases in enzyme activities leading to more food consumption (Ademolu & 
Idowu 2011). More enzyme activities were observed in the 4  larval instar and the th

adult stage which implied more digestion and more consumption of the host 
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tissues took place at these stages of development and thus can be regarded as the 
most voracious and destructive stages. The midgut region of E. chrysomelina 
recorded significantly ( <0.05) higher cellulase (19.46±0.3Abs per min),p
α-glucosidase (25.65±0.1Abs per min), lipase (38.24±0.1Abs per min) and 
proteinase (29.70±1.1Abs per min) activities relative to other gut regions in the 
study. This corroborates the findings of Ademolu and Idowu (2011) that of the three 
gut regions in the digestive tract of  , the midgut had the highest Zonocerus variegatus
enzymatic activity. The midgut has been demonstrated as the major site for  
digestive enzyme secretion in insects due to its simple structure composed of 
columnar and regenerative cells (Dow 1981, Terra 1990). The foregut recorded the 
highest amylase (16.60±0.1Abs per min) activity; this must have been as a result of 
enzyme's movement from the midgut to the foregut since digestive enzymes can 
flow forward as well as backward in the alimentary canal of the insect. An earlier 
study by Hill and Orchard (2005) revealed significantly higher amylase activity in the 
foregut of orthopterans despite the actual release of the enzyme from the midgut. 

Table 1. Cellulase activity (±SE) in the gut regions of during post embryonic Epilachna chrysomelina 
development (Abs/min)

Stages Foregut Midgut Hindgut 

1st instar  2.50±0.1d   3.50±0.1d   2.70±0.1d 

2nd instar  5.20±0.1c   6.52±0.2d   4.00±0.1d 

3rd instar  7.15±0.1c 13.40±0.1c   11.1±0.2c 

4th instar 11.32±0.2b 16.10±0.1b 14.65±0.2b 

Adult 18.67±0.2a 19.46±0.3a 17.50±0.3a 

 Means in the same column with the same letter are not significantly different ( >0.05) using Studentised Newman Keuls (SNK)p
Abs/min = Absorbance per minute

Table 2. (±SE) in the  gut regions of  during post embryonic α-glucose activity Epilachna chrysomelina
development (Abs/min)

Stages Foregut Midgut Hindgut 

1st instar 15.20±0.2b 18.45±0.1c 13.24±0.1b 

2nd instar 15.75±0.2b   20.81±0.3bc 14.32±0.1b 

3rd instar 19.00±0.1a 23.38±0.2b 16.20±0.2a 

4th instar 20.62±0.2a 25.65±0.1a 17.00±0.1a 

Adult 14.00±0.1b 16.25±0.1b 10.45±0.1c 

 Means in the same column with the same letter are not significantly different ( >0.05) using Studentised Newman Keuls (SNK)p
Abs/min = Absorbance per minute

Table 3: Amylase activity (±SE) in the  gut regions of  during post embryonic Epilachna chrysomelina
development (Abs/min) 

Stages Foregut Midgut Hindgut 

1st instar 16.22±0.1a 13.25±0.2b 9.20±0.2c 

2nd instar 16.34±0.1a 15.00±0.3a 12.02±0.1b 

3rd instar 16.25±0.2a 15.32±0.2a 12.75±0.1b 
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Table 3 continued

Stages Foregut Midgut Hindgut 

4th instar 16.60±0.1a 16.25±0.1a 14.30±0.2a 

Adult 16.62±0.2a 13.25±0.2b 14.30±0.1a 

 

 

Means in the same column with the same letter are not significantly different ( >0.05) using Studentised Newman Keuls (SNK)p
Abs/min = Absorbance per minute

Table 4. Lipase activity (±SE) in the  gut regions of  during post embryonic Epilachna chrysomelina
development (Abs/min) 

Stages Foregut Midgut Hindgut 

1st instar 19.70±0.1c 19.80±0.2c 18.00±0.2c 

2nd instar 23.00±0.2b 25.11±0.2c 20.16±0.2b 

3rd instar 25.45±0.1b 32.25±0.2b 20.28±0.1b 

4th instar 35.91±0.2a 38.24±0.1a 22.57±0.2a 

Adult 13.46±0.1d 14.10±0.1d 14.21±0.1c 

 

 

 

 

  

Means in the same column with the same letter are not significantly different ( >0.05) using Studentised Newman Keuls (SNK)p
Abs/min = Absorbance per minute

Table 5. Proteinase activity (±SE) in the  gut regions of  during post embryonic Epilachna chrysomelina
development (Abs/min)

Stages Foregut Midgut Hindgut 

1st instar 12.10±1.1a 15.63±1.2c 10.20±1.0a 

2nd instar 20.43±1.0c 20.92±1.1b 12.45±0.9a 

3rd instar 22.45±1.2b 26.43±1.0a 15.30±1.1a 

4th instar 23.62±1.0a 28.70±1.3a 16.00±1.1a 

Adult 15.40±1.0d 16.25±1.1c 10.50±1.1a 

 Means in the same column with the same letter are not significantly different ( >0.05) using Studentised Newman Keuls (SNK)p
Abs/min = Absorbance per minute

In conclusion, the 4  larval instar, as well as the adult stage of development in th E. 
chrysomelina contained more enzyme activity relative to other stages indicating that 
more digestion took place at these stages. This indicates that the beetle is more 
voracious and destructive at these stages so management measure should be put in 
place before the stages are attained.
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