& / Jurnal Entomologi Indonesia November 2020, Vol. 17 No. 3, 149-155
2 ‘}% i Indonesian Journal of Entomology Online version: http://jurnal.pei-pusat.org

%L
4 <

s ¥ ISSN: 1829-7722 DOI: 10.5994/jei.17.3.149

Host preference of Tribolium castaneum (Herbst)
on six kinds of flour

Preferensi Tribolium castaneum (Herbst) pada enam jenis tepung

Ludji Pantja Astuti*, Mutala’liah

Departemen Hama dan Penyakit Tumbuhan, Fakultas Pertanian, Universitas Brawijaya
Jalan Veteran, Malang 65145

(diterima April 2020, disetujui September 2020)

ABSTRACT

The red flour beetle, Tribolium castaneum (Herbts) is a major pest of flour from various
grains. The infested flour is discoloured and will emit a disagreeable odour due to the secretion of
benzoquinone from the insect’s abdominal glands. Considering the economic losses effected by 7.
castaneum, new alternative control measures are needed for this pest. This study sought to determine
the host preferences of 7. castaneum from amongst six kinds of flour to assess their vulnerability
to infestation. The research was conducted in the Plant Pest Laboratory, Department of Plant Pests
and Diseases, Faculty of Agriculture, University of Brawijaya. The host preferences of 7. castaneum
were examined using a six-arm olfactometer. Feeding preference tests were performed for a duration
of 12 hours at 200 ml/minute airflow in each chamber-arm, followed by oviposition preference
observations one week later. Feeding preference was calculated for the total pool of adults observed,
segregated by sex, whereas oviposition preference was calculated as the number of eggs laid. Flour
nutrition (proximate composition, phenolic content, and riboflavin content) were analyzed. Our
results showed a feeding preference by 7. castaneum for bran, soy, and tapioca flour was greater over
wheat, corn, and white gelatinous rice flour, while for oviposition, bran flour was the most preferred.
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ABSTRAK

Red flour beetle, Tribolium castaneum (Herbts) merupakan hama utama pada tepung yang berasal
dari berbagai jenis biji. Tepung yang terinfestasi mengalami perubahan warna dan mengeluarkan bau
yang tidak sedap akibat sekresi benzoquinone dari kelenjar perut 7. castaneum. Mempertimbangkan
kerugian ekonomi yang diakibatkan oleh 7. castaneum, maka diperlukan tindakan pengendalian
alternatif baru untuk hama ini. Penelitian ini bertujuan untuk mengetahui preferensi pakan 7
castaneum dari enam jenis tepung untuk menilai kerentanannya terhadap infestasi hama tersebut.
Penelitian dilakukan di Laboratorium Hama Tumbuhan, Jurusan Hama dan Penyakit Tumbuhan,
Fakultas Pertanian, Universitas Brawijaya. Preferensi pakan 7. castaneum diuji dengan menggunakan
six-arm olfactometer. Uji preferensi makan dilakukan selama 12 jam pada aliran udara 200 ml/
menit di setiap chamber arm, dilanjutkan dengan pengamatan preferensi oviposisi pada satu minggu
kemudian. Preferensi makan dihitung dari total serangga dewasa yang diamati, dan dipisahkan
berdasarkan jenis kelamin, sedangkan preferensi oviposisi dihitung dari jumlah telur yang diletakkan.
Nutrisi tepung (komposisi proksimat, kandungan fenol, dan riboflavin) dianalisis. Hasil penelitian
menunjukkan bahwa preferensi makan 7. castaneum lebih tinggi pada tepung dedak, tepung
kedelai, dan tepung tapioka dibandingkan dengan tepung gandum, tepung jagung, dan tepung ketan
putih, sedangkan untuk preferensi oviposisi, tepung dedak merupakan tepung yang paling disukai.

Kata kunci: hama penyimpanan, olfaktometer, preferensi, red flour beetle
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INTRODUCTION

Processed products, including flour, are parti-
cularly vulnerable to pest infestation during storage.
Flour is a prominent food source and animal feed-
stock in Indonesia, deriving from plant ingredients.
The primary flour pest in the worldwide is the
red flour beetle (7ribolium castaneum (Herbts))
(Coleoptera: Tenebrionidae) (Emery & Nayak 2007).

The red flour beetle or T. castaneum attacks
various stored products, especially broken grain
and processed products (Astuti et al. 2020). Red
flour beetles prefer food sources high in B vitamin
content. The infestation of stored products by T
castaneum during storage directly impacts product
quantity and quality. Product losses caused by
T castaneum infestation may reach as high as
approximately 34—40% (Ajayi & Rahman 2006).

Direct effect of infestation by 7. castaneum
include decreased total flour mass, while indirect
effects lead to flour discoloration and disagreeable
odour due to benzoquinone by the pest (Appert
1987; Hodges et al. 1996). Product nutrient
content may also be degraded. In addition, T
castaneum infestation may contaminate the
product with exuviae and dead insect. Altering
normal biochemical processes and preventing
seed respiration. Moreover, biochemical activity
in contaminated grain results in high heat and
humidity, making further contamination by bacteria
or fungi more likely (Lis et al. 2011).

Considering the damage caused by T. castaneum
on various kinds of flour, this study aimed to
determine the relative preference of 7. castaneum
for wheat flour, tapioca flour, corn flour, white
gelatinous rice flour, soy flour, and bran flour.
These flour types were selected flour based on their
commercial availability. The vulnerability of flour
products to infestation by 7. castaneum can be
discerned from the pest’s behavioral preferences, as
it chooses a suitable host as food and for oviposition.
We expect results to inform methods for rearing 70
castaneum and to inspire further research.

MATERIALS AND METHOD

Study site and experimental design

This research was conducted from April
to August 2018 in the Plant Pest Laboratory,
Department of Plant Pests and Diseases, Faculty
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of Agriculture, University of Brawijaya. Our
study used completely randomized design (CRD),
consisting of six treatments (testing types of flour,
namely wheat flour, tapioca flour, corn flour, white
gelatinous rice flour, soy flour, and bran flour) with
four replications. A six-arm insect olfactometer
(Figure 1) was used to observe the preference of
T. castaneum for six kinds of flour. Each of the
olfactometer arm is connected to an air flow meter
and links to one flour type. Insects in the center
of the instrument detect odours through their
chemoreceptors and researchers can observe their
attraction to each arm and flour sample (Brattoli et
al. 2011).

Preparation of test media and test insect

Flour samples were sterilized according to
Heinrichs et al. (1985), to eliminate contaminant
organisms. Flour used in this study was kept in a
freezer at -15 °C for one week, then transferred into
a refrigerator at -5 °C for one week, and eventually
transferred to containers at room temperature for at
least two weeks. Proximate nutrition content of the
flour was analyzed, including protein, fat, water,
ash and carbohydrate; as well as phenolic content
and vitamin analysis for riboflavin. 7. castaneum
insects came from the collections of the Plant
Pest Laboratory, Department of Plant Pests and
Diseases, Faculty of Agriculture, University of
Brawijaya, where they had been reared on wheat
flour and yeast (19:1) (Mostakim & Khan 2014).
Yeast had been added as a nutritional enrichment to
the rearing media (Sacakli et al. 2013). F1 progeny
were separated by sex during the pupal stage, using
typical genitalia characteristics to differentiate the
sexes (Figure 2) (Sreeramoju et al. 2016).

Olfactory test to determine feeding preference
Forty pairs of newly emerged T. castaneum
adults were placed in the central chamber of
the six-arm olfactometer for a total of 12 hours
uninterrupted duration. Airflow in each of the
olfactometer arms was set to 200 ml/minutes. Study
insects were allowed to freely move toward any arm
according to their attraction to the odour emanating
from the flour contained in the arm (Hao & Zeng
2014). The mean number of males vs. females of
T. castaneum attracted to each type of flour was
calculated (Shafique et al. 2006; Din et al. 2018)
with sex differentiated visually by noting patches
on the ventral side of the anterior femur; males 7.
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Figure 2. Genitalia of 7. castaneum pupae. a: male,
b: female (Sreeramoju et al. 2016).

castaneum exhibit the patches but females do not
(Wahedi et al. 2015). This test was repeated four
times.

Oviposition preference

A no choice method was performed to study
oviposition preference. A set number of test insects
taken directly from the feeding test, placed in glass
tubes containing 30 g of same kinds of flour. The
test insects were allowed to feed and lay their eggs
for seven days, then the number of eggs observed
on particles of each type of flour, as seen under a
stereo microscope was recorded (Heinrichs et al.
1985). This test was repeated four times.

Nutritional content analysis

Samples of the six kinds of flour were sent to
Faculty of Agricultural Technology, University
of Brawijaya for proximate and phenolic content
analysis, while riboflavin analysis was conducted
at the Integrated Research and Testing Laboratory,
Universitas Gadjah Mada. Proximate content was
analyzed as follows: Protein was determined by
the Kjeldahl method (Maehre et al. 2018); fat
was measured via the Caviezel method using gas
chromatography (Pendl et al. 1998); water and
ash content was measured according to methods

published in document SNI 01-2891-1992 section
5.1 for water content and section 6.1 for ash content;
and carbohydrate was calculated according to the
formula: (100% - protein (%) — fat (%) — ash (%)
— water content (%)). Phenolic content measured
using spectrophotometric apparatus (Astuti et
al. 2013), while riboflavin was tested using high
performance liquid chromatography (HPLC).
These analysis were used to identify any correlation
between different nutrient content characteristics,
and feeding and oviposition preferences of 7.
castaneum.

Observed variables

The observed variables were the total number
of insects, as well as their proportion of males
and females, found on each kind of flour (during
the feeding test), and the number of eggs laid on
each kind of flour (during the oviposition test).
In addition, nutrition content variables were
analyzed: proximate and phenolic content, and
riboflavin levels.

Data analysis

R 3.5.1. Software was used for analysis of
variance (ANOVA) and Duncan’s multiple range
test (DMRT) at a5% was performed to determine
significant differences in feeding and oviposition
preferences of 7. castaneum for six types of flour
tested. Correlation analysis was performed to
ascertain any relationship between nutrient content
variables and the number of attracted test insects,
or eggs laid.

RESULTS

Feeding preference

Feeding preference is reflected by the mean
number of T castaneum individuals attracted
to each type of test flour during the feeding test.
Results showed that the 7. castaneum regardless
of sex, exhibited significantly greater preference
(P < 0.05) for bran, soy, and tapioca flour than for
wheat, corn, and white gelatinous rice flour (F, =
6,35; P=0,0006) (Table 1). There was no statistical
difference between the number of 7. castaneum
individuals observed to be attracted to bran, soy,
or tapioca flour. Similarly, there was no statistical
different between the number of 7. castaneum
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Table 1. Feeding preference of Tribolium castaneum on various kinds of flour

Mean number of 7. castaneum

Flour Type
Male* Female* Total*

Bran 7.75 £ 0.49 ab 11.00 £0.89 a 18.75+1.29a
Soy 6.50 £ 0.31 abc 7.50£0.33 ab 14.00 £ 0.39 ab
Wheat 3.00£095¢ 3.50+£0.33 cd 6.25+1.28¢
Corn 4.50+0.11 be 6.00 £ 0.41 bc 10.50 +£ 0.45 be
White glutinous rice 5.50 £ 0.44 be 3.00+£0.26 cd 8.50+0.57c¢c
Tapioca 10.50+0.76 a 7.75+£0.42 ab 1850+ 1.17a
No insects chosed 2.00+0.34 ¢ 1.50+0.11d 3.50+0.39¢

*: Mean =+ SE followed by different letters in the same column are significantly different (o < 0.05).

individuals observed to be attracted to wheat, corn,
and white gelatinous rice flour. A total of 3.5 out
of 80 test insects did not exhibit attraction to any
type of flour. Such a small proportion (4.37%) of
non-attracted test insects demonstrates that the
six-arm olfactometer test method was adequate to
determine the feeding preference of 7. castaneum
for various kinds of flour.

Oviposition preference

Oviposition preference was reflected in the
number of eggs laid on each treatment flour by
T castaneum females. The mean number of eggs
oviposited on bran flour was significantly higher
(658 eggs) than all other flour types (F,,, =
8,645; P=0,0002) (Table 2). Correlation analyses
indicate, a positive correlation between number
of eggs laid (r = 0.66) and the number of female
insects attracted to all types of flour treatment
in the olfactory test. A higher the number of T.
castaneum female insects attracted to all types
of flour correlated with a higher number of eggs
laid. The number of eggs oviposited on soy, wheat,
corn, white gelatinous rice, and tapioca flour was
not significantly different. Thus, bran flour was
demonstrated to be a suitable food source allowing
for T. castaneum oviposition.

This study also sought to identify any
relationship between flour nutritional content
and the 7. castaneum host preferences, and to
determine which if any factor was most influential.
Results showed a positive correlation between ash
content (r = 0.4) and total adult feeding preference,
but no such correlation to other factors. There
was no correlation between any of the nutritional
variables and number of males attracted to a
flour; however, the mean number of females
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Table 2. Mean number of Tribolium castaneum
eggs laid on various kinds of flour

Flour types Number of eggs™
Bran 658.00 £69.17 a
Soy 151.50 £20.35b
Wheat 230.50+13.38b
Corn 107.00£9.75b

White glutinous rice 68.50+12.59b
Tapioca 96.25+9.84 b

*: Mean = SE followed by different letters in the same column
are significantly different (0.<0.05).

attracted positively correlated with ash (r = 0.59)
and phenolic content (r = 0.45). This result was
repeated with regard to the number of eggs laid.
Number of eggs laid correlated positively to ash
and phenolic content, i.e., r = 0.77 and r = 0.51,
respectively. Moreover, riboflavin levels (r = 0.46)
also positively correlated to the number of eggs
laid (Table 4). Ash content and riboflavin levels
in bran flour was highest (9.43%) and (0.94 mg/
kg) as compared to all flour types (Table 3), while
phenolic content was greater in soy (0.14%) and
bran flour (0.12%) than four other flour types.

DISCUSSIONS

Host preference of 7. castaneum on various
kinds of flour regarding the feeding and oviposition
preference was influenced by ash content, phenolic
content, and riboflavin levels of flour. The greater
the ash content in a flour, the higher the number
of T castaneum present in the “bran arm” of the
olfactometer (Khaliq et al. 2014). Similarly, and as
expected, female numbers in the olfactometer test,
also positively correlated with ash and phenolic
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Table 3. Nutrient content of six flour types

) Flour type
Nutrient content - - - -
Bran Soy Wheat Corn White sticky rice Tapioca

Phenolic (%) 0.12 0.14 0.05 0.02 - -

Protein (%) 8.27 28.30 9.06 0.91 4.81 1.46
Fat (%) 5.21 17.71 1.68 0.08 0.29 0.09
Water (%) 11.39 5.21 9.89 10.47 10.54 11.44
Ash (%) 9.43 4.45 1.26 0.02 0.20 0.08
Carbohydrate (%) 65.70 44.33 78.11 88.52 84.16 86.93
Riboflavin (mg/kg) 0.94 0.14 0.38 0.19 0.92 0.19

Table 4. The correlation coefficient of flour nutrition content to feeding and oviposition preference of

Tribolium castaneum on various kinds of flour

Nutrition content Total Male Female Egg
Phenol 0.24 -0.01 0.45% 0.51%
Protein 0.03 -0.06 0.13 0.06
Fat 0.17 0.03 0.27 0.12
Water 0.10 0.14 0.03 0.20
Ash 0.40%* 0.13 0.59* 0.77*
Carbohydrate -0.19 -0.02 -0.32 -0.28
Riboflavin 0.01 -0.03 0.04 0.46*

content. Phenolic content in soy flour and bran
flour was higher than in other kinds of flour, i.e.,
0.14 and 0.12 (Table 3). A higher content of ash
and phenolic content will increase the number of
females attracted to flour to feed. This aligns with
Kayode et al. (2014), who stated that because ash
content in millet flour is higher than in corn, wheat,
and sorghum flour, millet flour is more susceptible
to infestation by 7. castaneum. Mehmood et al.
(2018) noted that they found higher ash content
products that experience many pest infestation in
storage. Bran flour, which contained the highest
ash levels, experienced the worst pest infestation,
whereas ash content is lowest in corn flour,
which has little to no infestation. The researchers
postulate that high ash content might capture
odours that attract stored product pests, resulting
in high infestation in high-ash product. In addition
to pest infestation, length of time in storage is
another factor that may cause an increase in ash
content for grain products (Samuels & Modgil
2003).

Results of our oviposition preference test
showed a positive correlation between the number
of eggs laid and the ash, phenolic, and riboflavin
content of flour. Ash content demonstrated a

stronger effect on number of eggs laid than did
phenolic and riboflavin content. The number of
eggs laid on products with higher ash content
will be greater than the number of eggs laid
on products with low ash content (Mahmoud
2011). Astuti et al. (2013) also found that grain
product ash content positively correlated with
the number of eggs laid by a female insect.
Phenolic content of feed was expected to act as
an oviposition stimulant. Sambaraju & Philips
(2008) revealed that the addition of hexane extract
to grain-based feed could significantly increase
the oviposition numbers of Plodia interpunctella
(Hiibner). Similarly, for Lobesia botrana (Denis
& Schiffermiiller), oviposition increased when
methanol was added to the feed. Polar compounds,
both volatile and non-volatile, can be useful as
oviposition stimulants when added to food sources
(Maher & Thiery 2004).

In this study we found that riboflavin content
was highest in bran flour (0.94 mg/kg) (Table 3)
and that 7" castaneum deposited more eggs in bran
flour. Riboflavin is a B vitamin (B2), an organic
compound that is needed by insects in small
amounts. Other kinds of B vitamin required by
insects include thiamine (B1), nicotinic acid (B3),
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pyridoxine (B4), pantothenic acid (BS), folic acid
(B6), and biotin (B7) (Chapman 1998). Riboflavin
plays a vital role in the growth and development
of insects, which has been shown to be especially
true for Tribolium spp. This aligns with Fraenkel &
Blewett (1943), demonstrates that Tribolium more
require riboflavin than Silvanus, Lasioderma, and
Sitodrepa. In addition, Hamalainen & Loschiavo
(1977), reported that the addition of riboflavin to
feed could increase the fecundity of 7. confusum
and 7. castaneum females, although the addition of
thiamine and niacin did not have this effect.

CONCLUSIONS

Flour made from bran, soy, and tapioca
were preferred at significantly greater rates by
T. castaneum for feeding, than wheat, corn, and
white gelatinous rice flour, and bran flour was the
most suitable for egg production.
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