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ABSTRACT

The sawtoothed grain beetle, Oryzaephilus surinamensis (L.), is a secondary pest causes great damage to
cereal grains, commodities, and packaged food all over the world. Beyond cereal grains, this species is a concern
because it may be differently impacted based on variation in temperature. Therefore, development time, larval and
pupal survival, and adult emergence of O. surinamensis were evaluated on various substrates at different
temperatures regimes (22, 28, 32, and 38 °C). With highly significant differences, the larval stage duation of O.
surinamensis ranged from 19.2 + 1.26 days on rice grains to 25.6 + 0.98 days on white maize grains. The insect
exhibited the highest rate of larval survival (95%) on rice grain followed by oat (90%) and wheat grain (89%). The
shortest larval stage duration was measured at 38°C (12.1+ 0.98 d), followed by 32°C (16.4+1.03 d) with highly
significant differences. The total immature stage durations ranged from 22.9 days at 38 °C to 54.2 days at 22 °C.
The percentage of larvae that survived varied from 62% at 38°C to 91% at 32°C. The average number of adults
that emerged at a temperature of less than 38°C was 5.1 + 1.12 individuals, which was the lowest recorded
value. Therefore, the grain type and temperature range plays a significant role in determining sawtoothed grain

beetle infestation, which might have future implications for controlling this insect pest.
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INTRODUCTION

sawtoothed grain  beetle, Oryzaephilus
surinamensis (L.) (Coleoptera: Silvanidae) is an extremely
prevalent and destructive insect lives in warehouses and feeds
on the commaodities and goods that are kept there (Mahroof
and Hagstrum, 2012; Kitys and Przystupinska, 2015). This
species is a global nuisance that can be found in a wide range
of goods and environments. It is very prevalent in stores,
warehouses, and mills (Rees, 2004; CABI, 2019). Although
if feeds on the germ of whole kernels (Hill, 2003), it also feeds
on frass produced by damaged kernels as a secondary pest of
cereals (Throne et al., 2003; Hotling et al., 2014) .Because it
causes allergies in people, this species may pose a risk to the
general public's health. Oryzaephilus surinamensis has
antigens from various sections of its life stages that have been
identified as causing allergic reactions in humans, so they can
be dangerous when found in products that have been stored
(Jakubas Zawalska et al., 2016).

The quality and quantity of food that insects consume
have an impact on their ability to grow and reproduce, among
other things (Papachristos et al., 2015; Kavallieratos et al.,
2019). It is well known that the nutritional value of food can
affect an insect's life history in various ways (Jalali et al.,
2010; Papachristos et al., 2015). Different types of food have
an impact on adult longevity or/andreproductive capacity
(Jalali et al, 2009), population growth, orfand the
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development and survival of immature stages (Kalushkov and
Hodek, 2005; Papachristos et al., 2015).

The sawtoothed grain beetle is a pest insect that is
widespread and has a broad thermal range, allowing it to
survive in temperatures that may be unsuitable for other stored
grain pests (Arthur, 2000; CABI, 2019). According to several
studies (Fields et al., 2012; Papanikolaou et al., 2013;
Ramadan et al., 2020; L et al., 2021), temperature plays an
important role in determining many biological characteristics
of insects, including lifespan, survival, progeny production,
and fecundity. Thus, the behaviour and life-history
characteristics of insects are influenced by temperature
changes over time. Insect survival at various temperatures is
also influenced by additional variables, including exposure
intervals, species, stage of development, acclimation, relative
humidity, and gender (Fields, 1992; Ramadan et al., 2020).
Only 5% of the adult sawtoothed beetles lived at 2 °C for 21
days after exposure (Mathlein, 1961), but there was a rapid
temperature-mediated decline below 10 °C (Donahaye et al.,
1995). Compared to other stored-product insects, O.
surinamensis larvae, pupae, and eggs are more vulnerable to
the cold-hardiness (Evans, 1983 and 1987). Although most
studies considered one or two of these factors with one or two
life stages at most, there is little research on the roles that
temperature and living substrates play in determining insect
population abundance. This means that there are knowledge
gaps related to the control of pest species (Arthur, 2000, 2001,
Arthur et al., 2004; Nika et al., 2020). Therefore, it is essential
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to comprehend growth of this species on alternative
commodities and how it is impacted by various temperatures,
which could result in various degrees of damage. The current
study therefore is designed to ascertain how different
substrates at various temperatures affected the sawtoothed
grain beetle's life history traits, possibly resulting in differential
substrate loss. These variations were expected given that this
species performs differently in various host substrates and that
temperature affects insect development and population
expansion (Ramadan et al., 2020; Awadalla et al., 2021).

MATERIALS AND METHODS
Test insects and commodity

At the Stored Products and Grain Pests Department of
the Plant Protection Research Institute (PPRI), Agriculture
Research Center (ARC), in Sakha Station (Kafr EI-Sheikh,
Egypt), the sawtoothed grain beetle colony was reared. Before
beginning the studies, this insect population was kept at the
Department of Economic Entomology at Mansoura
University (Mansoura, Egypt) on cracked rice at 30°-1°C and
65°-5° relative humidity (r.h.) and constant darkness for three
generations. 500 adults were allowed to ovipositinal L jar
with the aforementioned diet in order to get the necessary
insect population for the subsequent tests. The adult insects
were removed after one week of egg-laying, and the F1 adults
that were created after 60 days were transplanted to the
commodities under test to be used later in the bioassays.

For all trials, the feeding substrates—Wheat, white
corn, yellow corn, rice, and oat—were kept free of pesticide
residues, bug damage, and infestation. All grains tested were
kept in cold storage at - 20 C for at least two weeks prior to
the study's commencement. By heating the substrates in an
oven at 50°C or by adding distilled water in accordance with
the commodities' original moisture content, the commodities'
moisture contents were changed to 13.5 0.5% for all grains
tested (Athanassiou et al., 2016). The moisture was tested
with a calibrated moisture meter.

Experimental protocol

Twenty grams of each grains tested were added to a
Petri dish that was 10 cm in diameter and 2 cm high. Twenty
adult insects, ranging in age from one to four days, were then
released into the dish and permitted to mate and deposit eggs
for five days. The freshly hatched sawtoothed grain beetle
larvae were moved to fresh Petri dishes with 20 g of feeding
substrate (20 larvae/Petri dish); ten replicates of each grains
tested were used, and they were tested at four various
temperatures: 22, 28, 32 and 37 °C, and at 65% r.h. The length
of immature stages interval, larval and pupal survival rates,
and adult emergence rates were recorded (daily). By weighing
the substrate in an analytical balance both before and after the
tests, feeding substrate loss was also measured (i.e., when the
adults emerged). All experiment was carried out under the
same controlled conditions of the insect rearing under suitable

environmental chambers (30 £ 1 °C, 65 + 5% r.h.,, and
darkness conditions) (ST 5 COM F/S, Pol-Eko-Aparatura,
Wodzislaw S1” aski, Poland).
Statistical analysis

Data of Incubations period, Larval stage, pupal stage,
Total developmental time, survival and effect of temperature
on Incubations period, Larval stage, pupal stage and survival
of O. surinamensis, were reanalyzed separately by one-way
ANOVA, and the means were separated using Student-
Newman-Keuls Test (Costat Software, 2004). The chemical
analysis of cereal grains was estimated in Soil, water, fertilizer
and plant analysis laboratory - faculty of Agriculture -
Mansoura University.

RESULTS AND DISCUSSION
The graminaceous grains

The obtained results in Table (1) show the effect of
different graminaceous grains on development of the
sawtoothed grain beetle, O. surinamensis at conditions of
28+1°C and 60+5 RH%. The incubation periods were the
same on the all the graminaceous grains and presented by 6.2
+0.52 days with no significantly differences. The larval stages
for O. surinamensis were ranged between 19.2 + 1.26 days on
rice grains and 25.6 + 0.98 days on white corn grains with
highly significant differences. It can be noticed that, the longest
larval stage duration was recorded on white corn grains
followed by the yellow corn grains and wheat grains and
represented by 25.6 + 0.98, 25.4 + 1.01 and 24.5 = 0.81 days,
respectively. Meanwhile, the shortest larval stage duration was
recorded on rice grains and presented by 19.2 £ 1.26 days.

According to the pupal stage periods, the results in
Table (1) show the pupal stage periods that ranged between
12.9+0.59 days on rice grains and 13.8+0.74 days on yellow
corn grains with no significant differences. With respect to the
total development, data in Table (1) demonstrate the longest
total development for O. surinamensis was recorded on
yellow grains followed by white corn grains and oat and
represented by 45.4+1.08, 45.0+1.02 and 43.8+0.91 days,
respectively. While, the shortest total development was
recorded on rice and presented by 38.3+0.83 days.

Our findings showed that the sawtoothed grain beetle's
overall developmental time was mostly influenced by its larval
stage. According to Naseri & Majd-Marani (2020), the larvae
time directly correlates to the overall development period
because, in contrast to the non-feeding sessile stages, this stage
is most affected by changes in the environment. (i.e. eggs and
pupae). The larva is also the stage that feeds the most actively.
(Beckett and Evans, 1994; Nika et al., 2020). It's interesting to
note that this stage may be able to survive in unfavourable
environments and influence the characteristics of later insect
stages (Throne et al., 2003; Govindaraj et al., 2014).

Table 1. Effect of different @i_rﬁ/minaceous grains on immature stages of Oryzaephilus surinamensis at conditions of
0.

28+1°C and 60+5 R
Graminaceous grains Immature stages (days) Total development
Egg Larval Pupal (days)
Wheat 6.2+0.52a 245+0.81b 13.0+0.83 a 43.7+0.98 b
White comn 6.2+0.52a 25.6+0.98 b 13.2+0.66 a 450+1.02a
Yellow corn 6.240.52 a 254+1.01a 13.8+0.74 a 45.4+1.08a
Rice 6.2+0.52a 19.2+1.26 ¢ 12.9+0.59 a 38.3+0.83¢
Oat 6.240.52 a 24.3+0.79b 13.4+0.88 a 43.8+0.91 b

Means followed by the same letters in a column are not significantly different at 5% level of probability (Duncan’s Multiple Range Test).
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The presented results in Table (2) show the effect of
graminaceous grains on the survival percentage of the
immature stages for the sawtoothed grain beetle O.
surinamensis under laboratory conditions. The highest
survival percentage for the larval stage were recorded on rice
grains followed by oat grains and wheat grains and presented
by 95, 90 and 89 %, respectively. Meanwhile, the lowest larval
survival percentage was recorded on yellow corn grains
followed by white corn grains and presented by 66 and 79 %,
respectively. Furthermore, the pupal survival percentage was
in the same trend and ranged between 62.3% on yellow corn
grains and 92.6% on rice grains (Table 2).

Table 2. Effect of different graminaceous grains on
survival percentage of different stages for
Oryzaephilus surinamensis at conditions of

28+1°C and 605 RH%..
Graminaceous Larval Pupal Total survival
grains survival %  survival % %
Wheat 89 89.3 79
White corn 79 75.6 61
Yellow corn 66 62.3 38
Rice 95 92.6 88
Oat 90 914 82

According to the different graminaceous grains, the
total developmental stages survival percentage for the
sawtoothed grain beetle O. surinamensis were the highest on
rice grains followed by oat grains and wheat grains and
represent by 88, 82 and 79%, respectively. While, the lowest
survival percentage for the total developmental stages were
recorded on yellow corn grains followed by white corn grains
and presented by 38 and 61%, respectively (Table 2).

Data in Figure (1) show the effect of different
graminaceous grains on the average number of the adult
emergence of the sawtoothed grain beetle O. surinamensis
under laboratory conditions. The highest average number of
the insect adult emergence were recorded on rice grains
followed by oat grains and wheat grains and p2<lresented by
8.84£0.29, 8.1+0.43 and 7.9+0.38 individuals, respectively.
Meanwhile, the lowest average number of the insect adult
emergence was recorded on yellow corn grains and presented
by 3.84+0.41 individuals.

10
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wheat white corn  yellow com rice oat

Graminaceous grains
Fig. 1. Effect of different graminaceous grains on the
average number of the adult emergence of the
sawtoothed grain beetle Oryzaephilus surinamensis
at conditions of 28+1°C and 60+5 RH%...

Data given in Figure (2) show the weight loss
percentage in different graminaceous grains resulting to the
Feeding of the insect pest larvae under laboratory conditions.
It can be noticed that, the lowest weight loss percentage were
recorded on yellow corn grains followed by white corn grains
and wheat grains and represented by 8.4, 10.1 and 11.7 %,

respectively. While, the highest weight loss percentage was
recorded on rice grains and presented by 13.2%.

Another crucial observation is that the identical
regression model worked well for all rearing substrates tested,
with little variance in emergence until temperatures above 30
°C but rapid decline at 35 °C. These variations may be
partially explained by the type and/or size of kernels, which
influence how insects develop and also offer a place for them
to hide or flee. LeCato and McCray (1973) found that wheat
kernels with particle sizes greater than 2.36 mm support 3.85
times more adult sawtooth grain beetle offspring.
Additionally, according to Fleming (1988), the sawtoothed
grain beetle population should be reduced by using wheat
kernels with a particle size of less than 2.68 millimetres (grade
8). Fleming also noted that the production of these insects'
eggs and offspring is influenced by the milling grade of the
wheat kernels. (Beckel et al., 2007). Although this beetle
grows readily on damaged wheat kernels (Weston and
Rattlingourd, 2000), it's possible that there is an ideal size for
broken wheat kernels that would prevent this species'
population growth. As seen in our wo<lrk at 35 °C, the big
kernel or particle size may also mitigate the impact of rising
temperature up to a point where development is hindered.
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Fig. 2. Weight loss percentage by the larvae of
Oryzaephilus surinamensis fed on different
graminaceous grains at conditions of 28+1°C
and 6015 RH%...

The results arranged in Table (3) show the chemical
analysis at the different tasted graminaceous grains. The
moisture percentage ranged between 11.37% in rice and
13.11% in Oat. The total carbohydrates percentage ranged
between 68.11% in oat and 81.56% in rice. The protein
percentage ranged between 6.64% in rice and 12.73 % in oat.
The fat percentage ranged between 1.15% in rice and 6.24 %
in oat. The total phenol percentage ranged between 18.16 %
in rice and 162.94 % in yellow corn.

According to our findings and those of earlier research,
the majority of secondary pests do better on a richer diet than
they do on cereals solely high in carbohydrates. (i.e., a diet
containing additional components such as proteins, lipids,
vitamins, yeasts, etc.) (Fraenkel and Blewett, 1943; LeCato
and McCray, 1973; Beckel et al., 2007; Locatelli et al., 2017).
Astuti et al. (2020) emphasised that other predictors (such as
water, ash, phenol, and riboflvin concentrations) significantly
affect the developing period in addition to protein and particle
size variation. This finding is consistent with earlier research
by Sokoloff et al. (1966), which shown that other nutrients,
such as minerals and vitamins, are also necessary for the
development of T. castaneum in addition to protein. These
investigations  support earlier findings regarding the
sawtoothed grain beetle. (Beckel et al., 2007; Mallah et al.,
2016; Awadalla et al., 2021 Latifin et al., 2020).
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Table 3. Chemical analysis of the different graminaceous grains.

Components Rice White corn Yellow corn Wheat Oat
Average Percentages
Moisture% 11.37 11.98 12.19 12.54 13.11
% Total Carbohydrates 81.56 73.18 72.92 76.23 68.11
Protein % 6.64 9.82 9.97 12.26 12.73
Fat % 1.15 3.41 3.67 1.72 6.24
Average Minerals (mg)
p 95.41 291.12 288.44 141.65 475.18
K 91.17 251.46 255.17 126.11 299.18
Ca 10.13 21.78 22.16 25.11 51.21
Fe 3.46 3.07 3.19 1.05 291
Zn 423 5.93 6.14 1.99 11.92
Mg 69.17 48.97 4851 0.73 108.11
Total Phenol 18.16 161.07 162.94 90.18 81.76
Effects of different temperature temperature regimes. It can be noticed that, the total
For the life of ectotherms like insects, the development ranged between 22.9+0.18 days at 38+1°C

temperature unquestionably has significant impact on
biological features at all levels of organisation. (Kramarz et
al., 2016). Constant temperatures are used in the majority of
thermal biology research. Therefore, results from such
experiments might not be as applicable to evolution and
physiology as those from experiments that account for
temperature fluctuations. (Hochachka and Somero, 2002).
Although data on the individual impacts of temperature and
substrates on insect lifetime are available (Fields, 1992;
Fields et al., 2012; Nika et al., 2020), little is known about
the relationship between live substrate and temperature,
especially when different substrates are taken into account.

The present results arranged in Table (1) showed
the effect of the different temperature degrees on the
immature stages of the sawtoothed grain beetle O.
surinamensis. The incubation period was the longest under
22+1°C and was the shortest under 28+1°C and presented
by 9.4+0.75 and 3.7+0.39 days, respectively. Statistical
analysis revealed that, a highly significant differences in
the incubation period according to the different
temperature degrees.

Regarding to the larval stage results presented in
Table (1) showed that, the shortest larval stage recorded in
temperature degree 38+1°C followed by 32+1°C with
highly significantly differences and presented by
12.1+0.98 and 16.4+1.03 days, respectively. Meanwhile,
under temperature degree 22+1°C the larval stage recorded
the longest duration and presented by 30.6+£1.47 days.
With respect to, the pupal stage was the shortest period
under 38x1°C followed by 32+1°C, while the longest
period was under 22+1°C with highly significant
differences and presented by 7.1+0.51, 8.8+0.63 and
14.2+0.82 days, respectively.

Table 4. Effect of the different temperature regimes on
development of Oryzaephilus surinamensis.

Temperature = Immature stages — 'Il'otal t
09 upal velopmen
degrees (days) Larval (days) (days) (days)
2241°C 9440.75a 306+147a 1424+082a 542+199a
28+1°C 6.24052ab 192+1.26ab 12.9+059b 383+1.07b
3241°C 51+046b 164+103b 88+063c 30.3tl12c
38+1°C 374039d 121+098c¢ 7.1+051d 22.9+0.18d

Means followed by the same letters in a column are not significantly
differences at 5% level of probability (Duncan's Multiple Range Test).

The obtained results in Table (1) demonstrate the
development of O. surinamensis under different

and 54.2+1.99 days at 22+1°C.

As a conclusion, the shortest incubation period,
larval stage, pupal stage and the total immature stage were
recorded with the highest temperature degree 38+1°C and
presented by 3.7+0.39, 12.1+0.98, 7.1 £0.51 and
22.9+0.18 days, respectively. Moreover, the longest
periods were recorded with the lowest temperature degree
22+1°C and presented by 9.4+0.75, 30.6+1.47, 14.2+0.82
and 54.2+1.99 days, respectively. Statistical analysis
revealed that, a highly significant differences for each
insect stage according to the different degrees.

Data illustrated in Table (2) show the survival rates of
immature stages of the sawtoothed grain beetle, O.
surinamensis under different temperature regimes. The larval
survival percentage ranged between 62% at 38+1°C and 91%
at 32+1°C. The pupal survival percentage ranged between
82.3% and 96.7 % at 38+1 °C and 32+1°C, respectively.

Table 5. Effect of the different temperature degrees on
survival rates of the immature stages of
Oryzaephilus surinamensis

Temperature Larval survival % Pupal survival%o Total survival %

22+1°C 75 90.7 68
28+1°C 87 94.3 82
32+1°C 91 96.7 88
38+1°C 62 823 51

The data arranged in Figure (1) demonstrate the
effect of different temperature regimes on the average
number of the adult emerged of the sawtoothed grain beetle
O. surinamensis. It can be noticed that, the highest average
emergence adults number were recorded under temperature
degree 32+ 1°C followed by 28+1°C and 22+1 °C and
represented by 8.8+0.63, 8.2+0.89 and 6.8+1.04 individuals,
respectively. While the lowest average number of the
emerged adults was recorded under 38+ 1°C and presented
by 5.1+1.12 individuals.

The presented date in Figure (2) show the effect of
different temperature regimes on the weight losses
percentage by larvae of the sawtoothed grain beetle O.
surinamensis. The Lowest weight loss percentage was
recorded at 38+1°C followed by 22+1°C and 28+1°C and
presented by 7.8%, 9.6% and 13.2%, respectively.
Meanwhile, the highest weight loss percentage was
recorded under temperature degree 32+1°C and
represented by 19.4%.
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Fig. 3. Effect of the different temperature regimes on the
average number of the adult emerged of the
Oryzaephilus Surinamensis beetles.
25%
19.40%

20%

13% 13.20%

9.60%
10% 780%

3%
0% H

2H1°C 28t1°C 32t1°C 38t1°C

Weight loss %o

Temperature degree

Fig. 4. Effect of the different temperature regimes on the
weight  losses  percentage bylarvae  of
Oryzaephilus Surinamensis beetles.

As a result, the goal of the current study using the
sawtoothed grain beetle was to evaluate the effects of
temperature-mediated substrate differences on development
and survival, which were anticipated and noted despite the
fact that there was little interaction between temperature and
substrate. One of the study's most intriguing findings was how
the insect's reaction to living substrates was directly impacted
by the rise in temperature, particularly in dry dates with a
comparatively higher moisture content than rice and sesame.
This finding is in line with earlier research on the sawtoothed
grain beetle. (Latifin et al., 2020; Mallah et al., 2016).
Additionally, temperature influences the nutritional
parameters (such as digestive physiology, feeding indices,
enzymatic activity, and others) as well as the insect life history
by affecting the physical characteristics of living substrates
like moisture and starch contents. (Rees, 2004; Sahito et al.,
2017; Nurul and Noor, 2019).

As a conclusion, the total immature stages of the
sawtoothed grain beetle O. surinamensis were recorded the
highest percentage under temperature degree 32+ 1°C
followed by temperature degrees 28+1°C and 22+1°C and
presented by 88%, 82% and 68%, respectively. Meanwhile,
under temperature degree 38+1°C the total survival immature
percentage was the lowest and represented by 51%. Our
findings also demonstrate that the sawtoothed grain beetle can
extend its developmental period in less nutritionally adequate
meals in order to obtain the required level of nutrition for
further development. In addition, regardless of the substrate
utilized for grain beetle rearing, the survival until the adult
stage, depicted as adult emergence, resulted in a continually
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increasing in substrate loss. Therefore, the management of
this species is impacted by the relationship between substrate
and temperature as major determinants of sawtoothed grain
beetle infestation and substrate loss.
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