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Abstract: Laboratory studies were conducted on the preference and extent of deterioration of differently

processed cassava chips caused by A. fasciculatus. The trials were carried at temperature of 25-30 C ando

relative humidity of 61-92%. Statistical analysis of insect preference to the processed chips in a choice

test  revealed  that  adults of A. fasciculatus significantly (p< 0.05) preferred fermented and sun-dried

chips  to  parboiled  and  plain  chips. A susceptibility test and insect developmental study were

conducted to further understand the factors responsible for the differences in the processed chips. Weight

losses  caused  by  A.  fasciculatus on plain, sun-dried and fermented chips across varieties at 79 days

of  storage were 20.6%, 16.3% and 16.9% respectively. However, parboiled chips sustained lower loss

of  2.6%. Adult population density was also significantly lower (P<0.05) on parboiled chips (36.8±2.3)

than  on  fermented  chips  (108.5±8.6)  at  79 days of storage. The developmental period of this pest

was similar on all the different processed chips, although it was slightly prolonged on sun-dried chips.

The study has shown that parboiling of cassava chips before storage reduces their susceptibility to A.

fasciculatus infestation. 
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INTRODUCTION

Cassava, Manihot esculenta (Crantz) and other root

and tuber crops such as yams and sweet potatoes are

important staple food crops in the tropics. Cassava

plays a major role in the efforts to alleviate food crisis

in Africa because of its efficient production of food

energy, its year-round availability, tolerance to extreme

stress conditions and suitability to the peasant farming

system in Africa . The major limitation in the post-[5]

harvest utilization of cassava is the rapid perishability

of the tuberous roots. Traditionally, this problem has

been overcome by various processing methods

practiced by farmers, such as fermentation, parboiling

or cooking prior to sun-drying. These processing

methods could enhance the storability of cassava chips

when effectively done.

Cassava chips are vulnerable to insect infestation

and as many as twenty-one insect species have been

associated with stored chips . The shape and form of [1]

chips are quickly lost due to insect infestations which

subsequently reduce the chip to powdery mass.

However, susceptibility and resistance to insect attack

vary with the varietal characteristics of the produce and

the post-harvest processing methods which modify the

physical hardness, gelatinization and rheological

characteristics . The hygroscopic nature of most[9 ]

cassava products increases their susceptibility to

damage by insects . It has also been found that the[6]

methods  of processing have influenced on the amount

of  weight  loss  and the index of susceptibility in

most produce. For instance, blanching of yam before

drying was found to reduce the intensity of damage by

insect . In a related manner, it was found that the[10]

harder texture of parboiled cassava chips resulting in

partially gelatinized starch make them less susceptible

to insect damage .[13 ,15]

Beevi et al.  reported that Araecerus fasciculatus,[3]

Sitophilus oryzae and Tribolium castaneum caused

lower damage to parboiled chips than to raw chips.

Similarly, Rajamma et al.  found that parboiled [16]

cassava chips of local varieties studied were resistant

to both A. fasciculatus and S. oryzae compared to

improved varieties. In a comparative study on insect

infestation of fermented and unfermented cassava chips,

Rajamma et al.  again, showed that unfermented[16]
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cassava chips reduced infestation by A. fasciculatus

while S. oryzea, Dinoderus minutus and Lasioderma

serricorne caused equal or more damage to fermented

chips. In a similar study conducted in Tanzania,

Hodges et al. reported that adult of Prostephanus[8] 

truncatus  preferred  fermented  to unfermented

cassava chips, thus fermented chips suffered greater

weight loss. This study therefore aimed at evaluating

the preference and extent of damage with attendant

nutritious changes in several processed forms of

cassava chips infested by A. fascisulatus in the

laboratory.

MATERIALS AND METHODS

The investigations were carried out in the

Laboratory (temperature of 25-34 C and 61-92%o

relative humidity) at the Plant Protection and

Regulatory Services, Pokuase, near Accra, Ghana.

Proximate analysis was conducted at Ecological

Laboratory,  Nutrition and Food Science Laboratory,

and Department of Biochemistry, University of Ghana,

Legon, Accra, Ghana.

Processing of Cassava Chips: Two cassava cultivars,

Afisiafi (an improved variety) and Yebesi (a local

variety) were collected from one-year old farms near

Accra. The tubers were peeled, cut into chips and

subjected to four different processing methods prior to

drying. These included fermentation by soaking in

water for 48 hours , parboiling for 2 minutes at the[4]

boiling  point  of water (100 C) with continuouso

stirring of the mixture. The ratio of cassava chips

(kilogram)  to volume of water (liters) used was 1:3

w/v (modification  of  method by . The third methods[17]

was sun-drying of chips for 48 hours and later pre-

heated in a ventilated oven to kill any insects that

might have infested the chips during sun-drying. The

fourth batch of chips was dried immediately in the

oven at 70 C. The dried samples were later conditionedo

for 2 weeks in a room before they were used. This was

done to equilibrate the chips with the experimental

room conditions .[7]

Laboratory Trials:

Choice Test: To establish the preference of A.

fasciculatus adults to processed chips, a simple choice

test was performed. Four Petri dishes were arranged 8

cm from each other in a circle in a transparent trough,

and 10g each of the processed cassava chips was

placed in each of the Petri dish. Ten adult A.

fasciculatus were released into a Petri dish placed at

the center of the trough, 4.2 cm from the other Petri

dishes. The setup was monitored for 12 hours at 2-

hourly intervals. This experiment was replicated four

times. The number of adults found on each processed

chips were recorded. Preference was assesses based on

the total number of adults recorded on each processed

cassava chips.

Susceptibility Test: Fifteen pairs of unsexed adult A.

fasciculatus were used to artificially infest 75, 100, and

150 g of cassava chips in glass jars and left to stand

for 59, 69 and 79 days respectively. The glass jars

were covered with heavy duty wire gauze to ensure

ventilation. Each treatment was replicated four times

and kept in ambient laboratory conditions (25-34 C, 61-o

92% r.h). At the end of each experimental period,

susceptibility of cassava chips to A. fasciculatus attack

was assessed based on the total adult count, percentage

weight loss and weight of frass produced.

The weight loss was determined by sieving the

contents of the jars with sieve of 3.2 mm mesh. The

pieces which remained on the sieve were weighed and

the weight difference from the original weight

classified as loss. The fractions that passed through the

sieve were classified as insect frass and were also

weighed. The total numbers of both dead and newly

emerged adults were counted.

Development Period: Twenty newly emerged unsexed

adults of A. fasciculatus were placed inside each of

Petri-dishes  containing  30g of each processed chips

of  the two cultivars. They were allowed to lay eggs

for  one  week  after  which  they  were  removed.

The samples were kept at room temperature of 25-34 Co

1and 61-92% relative humidity for emergence of F

adults. The newly emerged adults were counted daily

and removed. The minimal time needed for insect

development was calculated from the third day after

insects were introduced until the first day of

emergence . The mean weight of five newly emerged[7 ]

1F  adults was taken using a sensitive Mettler balance

(model: Kern 870).

Proximate Analysis: Samples of the differently

processes chips were taken and milled for

determination of the following nutrients composition of

cassava flour: protein, sugars, starch, ash,  fat, crude

fibre and moisture content using methods of  for[2 ]

Assessing quality characteristics of Non-Grain Starch

Staples (NGSS). Infested samples were analysed for

their composition at the end of storage.

Data Analysis: Data collected for insect numbers were

10transformed using log  (x+1) and percentage weight



J. Appl. Sci. Res., 4(8): 939-944, 2008

941

loss using arcsine and then analysed statistically using

simple factorial ANOVA model. Means were separated

with LSD, after assessing the level of significance

using F-test (á=0.05). Paired t-test was also performed

on the changes in the nutrient composition of the chips

after infestation. 

RESULTS AND DISCUSSION

Adults of A. fasciculatus showed definite

preference for chips of different forms (Table 1). A

cursory look revealed that more adults were recorded

on fermented chips and least numbers on parboiled

chips. Statistically, however, numbers recorded on

fermented and sun-dried chips were significantly higher

(P<0.05) than on plain and parboiled chips. Analysis of

variance showed that insect preference for processed

chips was not influenced by cassava variety used, as

interaction was not significant (P> 0.05). The reason

for this preference is not certain, although fermented

material has slightly lower density and may be easier

for the insect to penetrate. Olfactory cue emitted by the

chips may be responsible.

The development of A. fasciculatus was strongly

inhibited on parboiled chips (Table 2). Plain cassava

chips generated the highest number of adults (59.9)

compared to that recorded on sun-dried chips (48.5),

fermented (42.4) and parboiled (30.0) at 59 days of

storage. As the storage duration prolonged, number of

adults produced by all processed chips increased with

fermented chips recording the highest number of adults,

(108.5). However, parboiled chips consistently recorded

the lowest number of adults, 36.8 at the end of 79

days. The number of A. fasciculatus population on the

chips had a clear influence on losses (Table 3). Highest

amount of losses were recorded on plain chips

amounting to 15.9- 20.6%. On parboiled chips losses

ranged from 1.3 –2.6%. The variety and processed

form interaction was significant, although Afisiafi

generally sustained the highest weight loss. In this

study, the frass produced in plain chips ranged from

8.9 – 21.7 (Table 4).The varietal characteristics of the

chips did not play any significant role although Yebesi,

the local variety seemed to sustain more damage than

the improved variety, Afisiafi. Various factors ranging

from the nature of the substrate, moisture contents and

temperature could be responsible . The mean[13 ,16]

developmental period of A. fasciculatus monitored

under temperature range of 25 – 34 C and humidity ofo

61–92%  is  shown in Table 5.Significant difference

(P< 0.05) was found between the developmental 

periods on sun-dried chips and parboiled chips,

although differences were not observed in the weights

of the newly emerged F1 adults. 

The impact of parboiling in reducing infestation

and losses due to A. fasciculatus was similar to

findings of Rajamma et al.  and Rajamma et al. .[17] [16 ]

After 9 weeks trial, Rajamma et al.  found that [17]

weight loss due to A. fasciculatus was high on plain,

which was 17.8%, compared to parboiled chips, where

weight loss was 2.5%. The smooth structure and lack

of protective covering of the fermented, plain and sun-

dried chips compared to the hard texture of parboiled

chips, could have favoured the boring activities of the

insect and the subsequent losses caused by the pest.

Earlier work by Rajamma et al.  reported that weight[16]

losses due to A. fasciculatus on plain chips at 13

weeks trials was 8.9% whereas on parboiled chips,

weight loss was quite reduced and ranged from 0.6 to

2.6%. In the present study, after 11 weeks, weight loss

on plain chips was 20.6% compared to losses on

parboiled chip, which was 2.6%.

Insect infestation caused some major changes in the

nutrient composition of the processed chips of the two

cultivars. In this study, reduction in the level of starch

due to A. fasciculatus ranged from between 81.7%

(sun-dried)  and  74.4%  (parboiled)  in infested

Afisiafi to between 79.0% (plain) and 72.73%

(Fermented) in infested Yebesi (Table 6). Statistical

analysis using paired t-test showed significant reduction

in the starch content of the samples due to infestation

(Table 7). The sugar content of the infested sample

also changed due to infestation. The reducing and non-

reducing sugars decreased in infested samples.

Although reduction in sugar content was observed in

infested  plain, sun-dried and fermented chips, there

was increase in the sugar content in parboiled chips

(Table 6). The crude fiber content in all the samples

underwent reduction with insect infestation. This ranged

from  between  1.0%  and 1.51% in infested samples

to between 1.61% - 1.41% in uninfested samples.

There was increase in the protein content of the

infested sample.

Altogether, the changes in nutrient content were

observed in the significant reduction in the starch, fiber

and sugar contents of the chips and increase in the

protein and ash contents. The observed reductions in

the starch, fiber and sugar in some chips, might have

resulted from the utilization of these nutrients by the

insect feeding on the chips  and Rajamma et al.[12] [16]

reported that insect infestation caused substantial

reduction in the quality characteristic of cassava chips.

The  sugar content of the infested chips also changed
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Table 1: Preference of A .fasciculatus for processed cassava chips of two varieties.

Processed form M ean (±s.e) number of A. fasciculatus adults

Plain 1.2 (± 0.2) a

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parboiled 0.8 (± 0.3) a

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sundried 2.7 (± 0.6) b

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fermented 3.0 (± 0.7) b

Variety

Afisiafi 1.8 (± 0.4) a

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Yebesi 2.1 (± 0.5) a

M eans (±s.e) followed by the sam e letter vertically are not significantly different from each other (P > 0.05) by LSD. 

Table 2: M ean number of A. fasciculatus adults recorded on processed chips of two cassava varieties at three storage periods. 

Processed form Length of storage (days)

---------------------------------------------------------------------------------------------------------------------------------------------------

     59      69      79

Plain 59.9 (± 2.7) c 76.3 (± 6.9) b 99.1 (± 2.5) b

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parboiled 30.0 (± 0.0) a 31.8 (± 1.1) a 36.8 (±2.3) a

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sun-dried 48.5 (± 2.5) b 84.3 (± 14.4) b 97.0 (± 9.8) b

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fermented 42.4 (± 2.4) b 76.3 (± 3.2) b 108.5 (± 8.6) b

Variety

Afisiafi 43.6 (± 6.2) b 81.9 (± 19.0) b 84.8 (± 19.3) a

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Yebesi 47.6 (±6.9) b 51.4 (± 8.4) a 85.9 (± 18.7) a

M eans (± s.e.) followed by the same letter vertically are not significantly different from each other (P > 0.05) by LSD.

Table 3: M ean weight loss (% ) caused by A. fasciculatus adults to processed chips across two varieties at three storage periods.  

Processed form Length of storage (days)

----------------------------------------------------------------------------------------------------------------------------------------------

     59      69      79

Plain 15.9 (± 0.9) c 20.2 (± 2.3) c 20.6 (± 1.5) c

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parboiled 1.3 (± 0.3) a 1.9 (± 0.2) a 2.6 (± 0.2) a

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sundried 4.5(± 0.8) b 9.3(± 1.5) b 16.3(± 3.7) b

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fermented 9.8(± 0.9) b 12.3(± 1.5) b 16.9(± 1.5) b

Variety

Afisiafi 8.1(± 3.6) a 12.4(± 5.2) b 17.5(± 6.1) a

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Yebesi 7.7(± 3.1) a 9.7(± 3.4) a 12.0(± 4.3) a

M eans followed by the same letter vertically are not significantly different from each other (P > 0.05) by LSD.

Table 4: M ean weight of frass (g) produced by A. fasciculatus adults from processed cassava chips stored for three periods. 

Processed form Length of storage (days)

-------------------------------------------------------------------------------------------------------------------------------------------------

     59      69      79

Plain 8.9 (± 0.8) c 18.0 (± 3.4) c 21.7 (± 4.6) c

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parboiled 0.4 (± 0.1) a 0.4 (± 0.2) a 0.6 (± 0.2) a

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sundried 4.5(± 1.3) b 11.1(± 3.1) b 14.4(± 1.9) b

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fermented 4.7(± 0.3) b 8.4(± 1.2) b 15.3(± 3.0) b

M eans followed by the same letter vertically are not significantly different from each other (P > 0.05) by LSD.

Table 5: Developmental period of A. fasciculatus on processed cassava chips and weight of F1 adults

Processed form Developmental period (days) Weight of F1 adults (mg)

Plain 58.2 (± 2.0)ab 3.98 (± 0.12)a

Parboiled 55.5 (± 1.5)b 4.05 (± 0.08)a

Sundried 61.7 (± 1.3)a 4.09 (± 0.09)a

Fermented 57.4 (± 0.9)ab 4.33 (± 0.11)a

M eans (± s.e.) followed by the same letter vertically are not significantly different from each other ( P > 0.05) by LSD.
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Table 6: Nutritional content (%) of infested and uninfested cassava chips of two varietiesab

Variety Starch Reducing sugar Non reducing sugar Protein Crude fiber M oisture

Afisiafi

Plain 80.6(82.62) 1.3(3.4) 3.6(3.97) 1.62(1.49) 1.51(1.61) 10.64(9.30)

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parboiled 74.4(76.3) 10.1(7.1) 2.7(0.98) 1.40(1.23) 1.32(1.41) 10.05(8.00)

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sundried 81.7(83.1) 1.3(2.4) 3.11(3.40) 1.94(1.64) 1.00(1.78) 10.58(8.60)

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fermented 75.8(76.8) 3.9(4.9) 3.3(2.87) 1.98(1.52) 1.15(1.68) 10.62(8.75)

Yebesi

Plain 79.00(84.66) 1.39(2.78) 3.02(3.17) 1.27(1.27) 1.27(1.54) 10.20(8.95)

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parboiled 76.28(79.82) 8.14(7.13) 1.94(0.44) 1.31(1.25) 1.16(1.56) 10.95(8.65)

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sundried 77.09(84.53) 2.03(2.14) 2.66(3.44) 1.53(1.36) 1.29(1.69) 10.90(9.20)

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fermented 72.73(78.75) 3.41(3.83) 1.45(2.48) 2.23(1.08) 1.62(1.86) 9.30(9.25)

Values in parenthesis ( ) are for un-infested samplesa

M eans of four replicatesb

Table 7: Changes in nutrient levels of two differently processed cassava varieties after infestation by A. fasciculatus .ab

Process form Starch Reducing- sugar Non-reducing sugar Protein Crude fiber M oisture 

      Afisiafi

Plain 2.07** 2.00** 0.33ns -0.13* 0.1* -1.34ns 

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parboiled 1.87ns -3.00** -1.68* -0.18ns  0.09ns -2.05*

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sundried 1.40**   1.05** 0.3ns -0.3*  0.78*  -1.95*

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fermented  4.70*   0.79* -0.43ns  -0.46* 0.53*  -1.87ns

      Yebesi

Plain 6.08*  1.39*  0.14ns 0.00ns 0.27* -1.25* 

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parboiled  3.53** -1.01* -1.51* -0.07* 0.40* -2.3*

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sundried 9.11** 0.41** 0.79** -0.17*  0.41* -1.70ns

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fermented 6.02ns 0.41** 1.03* -1.16** 0.25ns  -0.05ns

Paired T- test values quoted are either not significant (ns), significantly different at 5% (*) or at 1% (**).a

Negative sign indicates that there was an increased change.b

due to infestation. Although reduction in sugar content

was observed in infested plain and sun-dried and

fermented chips, there was increase  in  the  sugar

content in parboiled chips. The large increase in

reducing sugars observed in infested  parboiled  chips

might have resulted from the increased hydrolysis of

the gelatinized starch present in parboiled chips by the

salivary enzymes of the  insect. Compared with native

raw starch (present in plain dried chips), the gelatinized

starch is acted upon easily by hydrolytic enzyme . It[14]

is also known that  gelatinized  starch  is  more

readily digested (both  in  vitro  and  in  vivo) than

native raw starch . Although large quantities of free[10]

sugars are released  in  parboiled  chips, the insect

consumed only  a  small proportion; as a result, the

residual sugar  content increased in the remaining

powder. There was increase in the protein contents of

the samples. Wright et al.  observed that the[18]

nutritional quality (in terms of proteins) of chips is less

likely to decrease due to pest infestation; instead, some

nutritional variables might be enhanced. This, it is

suggested, was probably caused by the addition of

protein to the damaged chips by cast skins and insect

bodies, which remain in the chips. 

Since the annual production of cassava in

especially Africa is considerably high and is commonly

stored  as  chips  without insecticide treatment, this

pest poses a severe threat. Also dried cassava is

probably an important reservoir host for A. fasciculatus

between  cocoa  harvests.  So the extent to which

cocoa  becomes infested both in the field and store

may depend partly on the infestation rates in dried

cassava. In order to limit this source of infestation, it

may be worth considering parboiling of chips before

storage and storing in water proof containers to avoid

moisture uptake.
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