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Full Length Research Paper

Physiological performance of heat stressed growing
rabbits fed diets supplemented with vitamin
anti-oxidants and bicarbonate buffers

Anoh K. U.*, Ayuba D., Ozung P. O. and Udayi M. A.

Department of Animal Science, University of Calabar, Calabar Nigeria.

Received 7 July 2021; Accepted 8 September 2021

The aim of the study was to evaluate the physiological performance of heat stressed growing rabbits
fed diets supplemented with vitamin anti-oxidants and bicarbonate buffers. A total of thirty (30) growing
rabbits (New Zealand White crosses) of two months old were used in this study. There were six (6)
rabbits per treatment in a Completely Randomized Design (CRD). The treatment groups consisted of:
control, sodium bicarbonate (NaHCO3) and potassium bicarbonate, (KHNO3) solution respectively,
Vitamin C, and baobab fruit pulp meal (BFPM) as supplements, respectively. The experiment lasted for 9
weeks. Five milliliters of blood were collected from five rabbits (through the ear vein) chosen randomly
from each group of rabbits, respectively at the beginning and the end of the experiment for serum
metabolite and thyroxine hormone evaluation. Physiological performance of the rabbits was also
evaluated. It was found that environmental conditions were stressful to the animals; Vitamins (Vit C and
BFPM) significantly (P<0.05) reduced rectal temperature, heart rate and triglycerides compared to other
treatments. The buffers recorded significantly (P<0.05) high feed intake, calcium and thyroxine. It was
concluded that ameliorating heat stress with the antioxidants were helpful to improve the performance
of rabbits and was recommended to be included in rabbit diets during the hot period.

Key words: Antioxidants, buffers, heat stress, thyroxine.

INTRODUCTION

Rabbits have been identified as a micro livestock with in cholesterol. Rabbit as a micro livestock can play a vital
high economic potentials that can be used to bridge the role in solving the world problem of deficiency of animal
gap for dietary protein intake in Nigeria. Rabbit meat proteins (Daader et al., 2016) because of their high-
poses a lot of health benefits by supplying micro nutrients quality protein, short generation interval, prolificacy and
which are deficient in leguminous grains and it is also low fast growth rate (Lebas et al., 1986). Improvement and
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increasing rabbit population have a significant role in the
mitigation of poverty in the developing countries, where it
is raised. Rabbit enterprise has also a main role in
employment of rural communities’ population.

Heat stress has been a major challenge in tropical and
subtropical countries on rabbit production leading to
impairment of both productive and reproductive
performance (Marai et al., 2004, 2001). During stress, the
endocrine system suffers (Chauhan et al., 2014). Adrenal
corticosteroids are secreted during heat stress. High level
glucocorticoids accelerate the metabolic rates and
increase free radicals especially reactive oxygen species
(ROS) (Ross et al., 1985; Sivakumar et al., 2010;
Chauhan et al., 2014). Although low levels of ROS are
essential for many biochemical processes, their
accumulation due to over-production or a decreased
antioxidant defense, leads to damage of biological
macromolecules and disruption of normal cell metabolism
(Spurlock and Savage, 1993). During heat stress, the few
antioxidants in the body are depleted and induce
oxidative stress (Abou-Ashour et al., 2004).

Vitamin C (ascorbic acid) and E are vitamin
antioxidants that have been widely used to alleviate heat
stress in rabbits and poultry (Yassein, 2010; Arafa Mervat
et al,, 2012). Vitamin C is prominent in the defense
against superoxide ions, singlet oxygen and other free
radicals. It also neutralizes RNA. Ascobic acid has the
potential of dissolving in blood and cytosol and can act
quickly before cell damage occurs. Plants and their parts
could serve as a phytobiotics and antioxidants to the
livestock (Dhama et al., 2015; Valenzuela-Grijalva et al.,
2017) because of the presence of vitamin C and other
phytochemicals in them. Some phytochemicals in plants
improve antioxidant, anti-microbial, feed flavour and
palatability which could result in increased feed intake
and performance in animals (Valenzuela-Grijalva et al.,
2017). These tropical plants are available because of
their rapid growth which is enhanced by the prevailing
and environmental factors. Baobab has been described
by Williams (2002) and Phyto Trade Africa (2009). The
fruit pulp was reported to contain high amounts of vitamin
C (Sena, 1998), it was reported to increase feed intake,
weight gain and was effective in alleviating heat stress in
rabbits (Anoh, 2017). NaHCO; was found to improve
oxidative stress and heat tolerance by immune-
modulation. Sodium bicarbonate in feed or water was
reported to improve growth performance (Ahmad et al.,
2005; Khattak et al., 2012; Peng et al., 2013), egg quality
(Kaya et al., 2004; Jiang et al., 2015) and improve blood
profile (Kurtoglu et al., 2007) in poultry birds and rabbits
that were affected by heat stress. The chemical is cheap,
easily available and easy to handle, therefore, can be
safely used to ameliorate the adverse effects of heat
stress.

This study was designed to evaluate effect of vitamin
anti-oxidants and bicarbonate buffers on physiological

performance and thyroxine secretion of heat stressed
growing rabbits.

MATERIALS AND METHODS
Experimental site

This study was carried out at the Rabbit Unit of the National Animal
Production Research Institute (NAPRI) Shika, Zaria. Shika lies
between 11° 12’ 42” N and 7° 33’ 14” E at an altitude of 691 m
above sea level (Ovimaps, 2014). Zaria has an average rainfall of
1100 mm which starts from late April and early May to mid-October
and an average temperature of 37°C and average relative humidity
of 75%.

Preparation of buffer

Potassium bicarbonate, sodium bicarbonate and carbonate
anhydrous salts were purchased from a laboratory equipment and
chemicals vendor in Samaru-Zaria Nigeria. Distilled water was
prepared in the Multiuser Laboratory of the Department of
Chemistry, Ahmadu Bello University, Zaria. The buffer solution was
prepared according to the methods of Chandra (2006) at a pH of
7.5 in the Department of Biochemistry, Ahmadu Bello University,
Zaria.

Experimental animals, diets and design

A total of thirty (30) growing rabbits (New Zealand White crosses) of
two months old were used in this study. There were six (6) rabbits
per treatment in a Completely Randomized Design (CRD). The
treatment groups consisted of: control, sodium bicarbonate
(NaHCO3) and potassium bicarbonate, (KHNO3z) solution,
respectively, Vitamin C, and baobab fruit pulp meal (BFPM) as
supplements, respectively. The basal diet composition (kg) was as
follows: maize 30, groundnut haulm 20, groundnut cake 10,
soybean meal 15, rice bran 15, bone meal 9.2, common salt 0.35,
mineral-vitamin premix 0.25, dl-methionine 0.1 and lysine 0.1. The
basal diet was formulated to meet the nutrient requirements of
growing rabbits according to the recommendations of NRC (1994).
The calculated analysis of the nutrient composition of the basal diet
is shown in Table 1. The buffer solution was offered ad libitum but
changed daily in the morning. All recommended managerial
practices were duly observed and the study lasted for 9 weeks.

Housing

The animals were housed in perforated metallic hutches measuring
75 x 75 x 75 cm and raised 80 cm from the floor level in a naturally
ventilated building. The hutches were thoroughly washed and
disinfected with a locally made disinfectant and allowed to dry for
one week before the animals were brought. Feed and watering
troughs which were made of burnt clay were provided in each
hutch. The rabbits were placed individually in clearly labeled cells.

Meteorological data of rabbit microclimate
The microclimate (ambient temperature and relative humidity

values) within the rabbit house was recorded twice daily at 08:00
and 15.00 h during the study period using a digital thermometer
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Table 1. Calculated composition of the experimental diets.

Nutrients

Composition

Metabolizable energy (kcal/kg) 2200
Crude protein (%) 18
Crude fiber (%) 10
35 -
-
30 . bl . .
< L-i - B T—s
|:'_—: 25 = - =g=Norning
Ld=Afternoon
20 T T T 1
Feb Mar Apr May Jun
Months

Figure 1. Monthly temperature humidity index of the pen house.

(Cocet, Shenzhen-Guangdong, China). The data collected was
used to compute the temperature-humidity index (THI), an indicator
of the thermal comfort level of the rabbits. The THI was calculated
using the modified formula for the rabbit by Marai et al. (2001) as
follows:

THI =t - [(0.31 — 0.31 x RH) (t — 14.4)]

where RH = relative humidity /100 and t = ambient temperature.
The values of THI obtained were compared to that classified for
tropical regions as follows:

1) <27.8 = Absence of heat stress, 2). 27.8 - 28.9 = Moderate heat
stress, 3) 28.9 — 30 = Severe heat stress, and 4) above 30 = Very
severe heat stress.

Physiological performance evaluation

Measurements of rectal temperature (RT) and heart rate (HR) were
taken at 14.00 to 15.00 h of the day. Rectal temperature was
measured with a digital thermometer and HR was measured by
counting the heartbeat of each rabbit representing their treatment
for 1 min with the help of a stethoscope. Weight gain and feed
intake was determined weekly.

Serum evaluation
Blood sampling was done every two weeks at 10.00 h. Four rabbits

were randomly selected from each treatment group and 5 ml of
blood was collected from their ear veins into sample bottles without

anticoagulants. The blood sample was allowed to clot and the
serum was harvested after centrifuging the samples at 3000
rounds/min for 15 min. The serum harvested was stored at -10°C
untii when analyzed. Serum thyroxine concentrations were
determined by using commercially available ELISA Kits (Diagnostic
Procedure Corp., Los Angeles, CA, USA) according to the
manufacturer’s instructions. Serum glucose, total protein, albumin,
and cholesterol concentration were evaluated using an auto-
analyzer and Chemical Commercial Kits from Stanbio Laboratory
Inc. San Antonio, Texas, USA, according to the manufacturer's
instruction. The detection range of the T, was 26 to 58.4 g/mg.

Statistical analysis

Data obtained from the study were subjected to analysis of variance
using the general linear model procedure of SAS (2002). Significant
differences among treatment means were separated using the
pairwise difference (Pdiff) in the SAS package.

RESULTS
Monthly temperature-humidity index (THI)

The monthly temperature-humidity index (THI) inside the
rabbitry during the experimental period is as shown in
Figure 1. THI in the mornings averaged 26.44°C while the
afternoon THI averaged 28.74°C. This graph also shows
that the THI values kept increasing from the month of
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Table 2. Effects of vitamin anti-oxidants and bicarbonate buffers on physiological performance of growing rabbits

treatments.
Parameter Control KHCO3 NaHCO3 Vit. C BFPM SEM
Rectal temperature (°C) 37.68° 36.56" 37.27% 35.87° 35.73° 0.31
Heart rate (beats/min) 141.03" 143.36° 143.19% 141.35" 141.29° 0.53
Feed intake (g/day) 30.76° 30.93" 42.39° 37.59° 36.77° 1.88
Weight gain (g/day) 13.96 16.99 14.58 13.37 15.28 1.82

Means within rows with different superscripts are significantly different: p<=0.05, SEM= Standard Error of Mean, Vit. C = Vitamin

C, BFPM = Baobab fruit pulp meal

Table 3. Effects of vitamin anti-oxidants and bicarbonate buffers on serum metabolites of growing rabbits treatments.

Parameter Control KHCO3; NaHCO; Vit. C BFPM SEM
Glucose (mg/dl) 3.50 3.30 3.60 4.80 5.00 0.12
Total Protein (mg/dI) 66.67 65.67 72.00 69.67 72.67 0.38
Albumin (mg/dl) 34.67 36.00 37.67 37.33 38.67 1.38
Cholesterol (mg/dl) 1.33 1.30 1.33 1.43 1.43 0.04
Triglyceride (mg/dl) 0.97° 1.00%° 1.00%° 1.30%° 1.40° 0.08
Calcium (mg/dl) 2.39% 2.31% 2.30% 2.33% 2.26" 0.01
Phosphorous (mg/dl) 1.08 1.13 1.31 1.16 1.09 0.01

Means within rows with different superscripts are significantly different: p<=0.05, SEM= Standard Error of Mean, Vit. C = Vitamin C, BFPM =

Baobab fruit pulp meal.

February with a peak in May. There was a decline in THI
in the month of June.

Physiological evaluation

Vitamins (Vit C and BFPM) (Table 2) significantly
(p<0.05) reduced rectal temperature and heart rate
compared to other treatments. The range values were
37.68 (control) to 35.73 (BFPM). Feed intake significantly
(p<0.05) increased in the treatments with NaHCOs3;,
Vitamin C, and BFPM (42.39, 37.59, and 36.77),
respectively compared to KHCO; (30.93) and the control
(30.76).

Serum metabolite evaluation

There was a significant (p<0.05) increase in the values of
triglycerides (Table 3) for the Vitamins (1.30 and 1.40)
compared to the buffers (1.00) and the control (0.9).
Vitamin C recorded significantly (p<0.05) higher calcium
compared to BFPM which was the lowest among the
treatments.

Thyroxine secretion evaluation

The result in Figure 2, shows that Initial thyroxine levels

were generally low compared to final thyroxine
secretions. The trend in the values of the final thyroxine
secretions was a reflection of the trend in the thyroxine of
the initial secretions. The buffers recorded significantly
(P<0.05) higher thyroxine levels (67.12 and 66.92)
compared to treatments with vitamins (65.45 and 66.10).
Going by the difference in initial vs final thyroxine
secretion (3.46 vs 3.60) of NaHCO; and BFPM,
respectively, it was observed that the difference in the
increase was higher for BFPM treated rabbits than
NaHCO; treatment.

DISCUSSION

The THI value of 27°C (February) indicated that the
month of February had absence of heat stress in the
rabbit house, while the THI values of 28°C (March),
29.5°C (April), 31.2°C (May) and 28°C (June) are
indications that the rabbit house was moderately
thermally stressful, severely thermally stressful, and very
severely thermally stressful (Marai et al., 2001) in these
months. The averaged THI 28.74°C during the
experimental period indicated that the rabbit house was
thermally stressful and may have had adverse effects on
the rabbits (Marai et al., 2001). Overall data obtained
indicated that THI in the afternoon was higher by 1.24%
than THI in the morning.

The increase in feed intake in KHCO3; treatment agrees
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Figure 2. Effects of vitamin anti-oxidants and bicarbonate buffers on thyroxine levels in

growing rabbits.

with the findings of Yassein et al. (2011) who reported
that NaHCO; and KHCO; can serve as appetizer
supplement to rabbits diets which may stimulate the
appetite, increase fiber digestibility and improve feed
efficiency (Abdel-Samee et al.,, 2003). Sodium
bicarbonate in feed or water has shown potential benefits
on production performance (Ahmad et al., 2005; Khattak
et al., 2012; Peng et al., 2013), egg characteristics (Kaya
et al., 2004; Jiang et al., 2015) and blood profile (Kurtoglu
et al., 2007) in poultry birds and rabbits exposed to heat
stress.

Marai and Habeeb (1994) found that 1.25 or 2.5%
NaHCO; improved growth performance, rectal
temperature, respiration rate and blood components due
to correcting acid-base balance disturbances, such as
under stress conditions. Vitamin C has been reported to
be effective in the growth performance of rabbits
especially during heat stress (Rao and Sharma, 2001).
Antioxidant vitamins were effective to alleviate heat load
in rabbits (In-Surk et al., 2014; Prabsattroo et al., 2012).
The administration of ascorbic acid (Mckeeand and
Harrison, 2013), glutathione supplementation (Sahin
etal., 2003), during exposure to high environmental
temperatures reduces the body temperature in chickens.
In heat-stressed sheep, selenium injection decreased
rectal temperature and body weight loss (Alhidary et al.,
2012). The presence of the phytochemical compounds in
plants, vitamins may facilitate the ability of animals to
maintain their body homeostasis including body
temperature by provoking endogenous cellular defense
mechanisms to cope with oxidative stress and
inflammation induced by heat stress (Akbarian et al.,
2016).

The values in final serum metabolites in this experiment
followed the trend of the rabbit's growth performance
records (feed intake, weight gain and final body weight) in
this study. For instance, BFPM recorded a significantly
high serum triglyceride which was similar to the
treatments with vitamin C and bi-carbonate buffer
compared to the control. It should be recalled that these
treatments were the ones that showed a better feed

intake and weight gain compared to the control.
Triglycerides are an important component of the body’s
adipose tissue. Ambient temperature-induced heat stress
was shown to reduce fat oxidation in different species;
rodents (Sanders et al., 2009), pigs (Pearce et al., 2011)
and dairy cows (Shwartz et al., 2009). Moreover, heat
stress down-regulates lipolytic enzyme activities, as seen
in chickens and swine (Geraert et al., 1996). Lebas et al.
(1986), Chiericato et al. (1996) and Marai et al. (2001)
reported a reduction in live body weight and daily body
gain weight due to heat-stress conditions and were
attributed to the negative effects of heat-stress on
appetite and consequent decrease in feed consumption.
Low feed intake might have affected the low serum
metabolite noticed in the control group. The blunted
lipolytic activity of the adipose tissue seems to be an
adaptation form to limit heat generation in heat-stressed
animals.

The marked differences in initial and final thyroxine
levels can be attributed to changes in age and body
metabolism of the rabbits. It should be known that body
metabolism increases with age; T, have been reported to
increase with increasing age in chicks (Leenstra et al.,
1991). In the present study the buffers recorded a high
thyroxine secretion; the buffer might have triggered the
activity of the thyroid gland to increase thyroxine
secretion. On the reduction in T, at the final stage by the
treatments with vitamin C and BFPM meal diets agrees
with the fact that thyroid the hormone increases the
guantities of many bodily enzymes and because vitamins
are essential parts of some of the enzymes or
coenzymes, thyroid hormone causes increased need for
vitamins (Guyton and Hall, 2006). Therefore, a relative
vitamin deficiency can occur when excess thyroid
hormone is secreted, this will lead to a consequential
depletion and the need for more vitamins to maintain
homeostasis and will, in turn, reduce thyroxine secretion,
unless at the same time increased quantities of vitamins
are made available. Serum concentrations of T4
increased by increasing dietary Vitamin C or Vitamin E
levels of heat-stressed Japanese quails (Sahin et al.,
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2002) and rabbits (Daader et al., 2018). Thyroid
hormones are the key hormones in the regulation of
metabolism and adaptation of animals to stress (Brecchia
et al., 2010).

Conclusion

Ameliorating heat stress with the antioxidants was helpful
to improve the performance of rabbits. Vitamin
antioxidants performed better than the bicarbonate
buffers and were recommended to be included in rabbit
diets during the hot period.
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The current study evaluated the bio-control activity of Sudanese isolates of entomopathogenic-fungi
against 3" larval instars of Khapra beetle (Trogoderma granarium) (Everts) in Sudan and
morphologically and molecularly characterized the virulent isolates. Fungi were isolated using Galleria-
baiting method and tested against the larvae using immersion-technique at concentration of 1x10’
conidia mI™. Commercial product, Eco-Bb® was used as standard treatment. Twenty of the 3 instar
larvae were immersed in 10 ml of fungal suspension for five seconds. Control larvae were immersed in
sterilized-distilled water. Dead insects were counted daily for seven days after inoculation. Microscopic
examination of the cadavers was conducted to explain whether or not the test organisms caused the
death of test larvae. Virulent isolates were identified morphologically and confirmed by molecular
techniques as Beauveria bassiana isolate Sud-afro.18 (MK046654), Metarhizium anisopliae isolate
Dmazeen F1 (MK046658), Metarhizium anisopliae isolate Dmazeen R1 (MK046659), Albifimbria viridis
isolate Shmbat-fol (MK046656), Purpureocillium lilacinum isolate Khartoum f1 (MK046655), B. bassiana
isolate Sud-afro.20 (MK046652), B. bassiana isolate Giddo6RF (MN598664), B. bassiana isolate GiddoR
(MN598665), and B. bassiana isolate HammadR7,F (MN598666). Mortality induced by various isolates
ranged from 40.0-90.4% compared to 96 and 7.9% induced by standard treatment Eco-Bb® and
untreated control respectively. LTg, values of B. bassiana isolate Sudafro.18 and M. anisopliae isolate
DmazeenF1 is comparable to that induced by Eco-Bb®.

Key words: Entomopathogenic fungi, identification, biological control, Khapra beetle, Sudan.

INTRODUCTION
Sorghum, Sorghum bicolor (L.), is an important cereal crop grown worldwide. It is a member of the family
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Gramineae and used for food and feed purposes. It is
mostly cultivated in the semi-arid tropics where water is
scarce and drought is frequent (Bashir, 2011). Sorghum
ranks second among cereals and the fifth among all
crops in terms of production in Africa. It is the most
important food crop in Sudan, where it is grown on both
rain-fed and irrigated commercial farms. Sudan
contributes with 6.51 to 9.6% of global sorghum
production. However, sorghum production in Sudan
suffered from the attack of insects, weeds, diseases,
birds, rodents, and other pests. In storage, sorghum grain
is attacked by many pests, especially the members of
Coleoptera and Lepidoptera, which cause serious losses
in both quantity and quality of sorghum grain and other
stored products. The Khapra beetle, Trogoderma
granarium (Everts) (Coleoptera Dermestidae), and other
beetles of the Dermestidae are considered to be the most
destructive pests of stored products (Burges, 2008; Mark
et al., 2010) globally and in Sudan. The pest was first
reported in Sudan in 1944 and has established itself as
the most important storage pest in the driest regions of
Sudan (Saad, 1969). The insect deposits its eggs usually
on the surface of the grain. The larvae hatch, penetrate
the grain, feed, and develop. In this process, the larvae
contaminate the grain in storage with frass and detached
body parts. Severe infestations can make the grain
unpalatable, and therefore unmarketable (Anonymous,
1982; Mason, 2002).

Globally and in Sudan, synthetic pesticides have been
used to control stored grain insects, including the
insecticides lindane, malathion, chlorpyrifos-methyl,
bioresmethrin, resmethrin, deltamethrin, and fumigants
such as phosphine and methyl bromide. The latter was
listed as a category 1 ozone-depleting substance under
the Montreal Protocol 1992 and therefore was banned
globally (Arthur, 2000; UNEP, 2016). Furthermore, most
storage pests have developed resistance to many of the
widely used insecticides (Ecresam, 2005; Rossi et al.,
2010). The biological control of stored-grain insects with
natural enemies and pathogens, alone or in combination
with selective insecticides, has been proposed as an
alternative to non-selective insecticides and fumigants
(Thompson and Brandenburg, 2006). Edde (2012)
claimed that biocontrol agents are safe for human health,
do not pollute the environment, and do not accumulate in
the eco-systems in which they are used. Most microbial
biopesticides used are living organisms, which are
pathogenic to the pest with a very high safety margin to
human health and non-target organisms and are largely
harmless to beneficial organisms (non-target species),
including warm-blooded animals and humans (Canan,
2013; Medeiros et al., 2018; Mantzoukas and Eliopoulos,
2020). Entomopathogenic fungi play vital role as
biocontrol agent of insect populations and therefore have
been wused in many successful integrated pest
management programs (Cana, 2013; Wakil et al., 2014;
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Kaushal et al., 2016; Khun et al., 2020; Deka et al.,
2021). Given their relative safety, the fungal biocontrol
agents could be used to protect foods and feeds from
specialized storage pests (Cox et al.,, 2016). Previous
studies reported that Purpureocillium lilacinum, Beauveria
bassiana, Metarhizium anisopliae Metchn (V275 & V245),
and Verticillium lecanii Zimm (KV183) are effective
biological control agents against Tuta absoluta, Sitophilus
zeamais Motsch and Sitophilus oryzae (Buba, 2010;
Kavallieratos et al., 2014; Hammad et al., 2021). In
another work, Isaria fumosorosea and M. anisopliae were
reported as effective against adults of the stored-grain
insect pests Sitophilus granaries, while M. anisopliae was
found effective against S. oryzae (Ak, 2019). In another
study, Wakil et al. (2014) found that the cadavers of red
flour beetle Tribolium castaneum were found significantly
infected with the fungi followed by rice weevil S. oryzae
(L), lesser grain borer Rhyzopertha dominica (F.), rusty
grain beetle Cryptolestes ferrugineus (Stephens), and
cowpea weevil Callosobruchus maculatus (F.), while the
least infection were recovered from Khapra beetle T.
granarium (Everts). Other than evaluation of some plant
extracts, Yousif and Satti (2012), Abdalla and Abdelbagi
(2015a, b), Mahmoud et al. (2015), Sir El Khatim and
Abdelbagi (2015), Abdelbagi et al. (2018), Sir El Khatim
et al. (2018), Ahmed et al. (2019), and Ishag et al. (2019)
noted that no prior research has been undertaken in this
field in Sudan despite the numerous studies conducted
on this topic worldwide. Therefore, the main objective of
this study was to characterize and evaluate the efficacy
of Sudanese isolates of entomopathogenic fungi against
the Khapra beetle, T. granarium (Everts) (Coleoptera:
Dermestidae).

MATERIALS AND METHODS
Rearing of the Khapra beetle Trogoderma granarium

Sound sorghum grain was sterilized by heating to 120°C for fifteen
minutes in an oven to eliminate any pests present in the grain
(Winks, 1982). The sterilized grain was taken out and stored at
room temperature for experimental purposes.

Adults of the Khapra beetle were obtained from infested sorghum
grain obtained from the local markets, sieved, and reared in three
glass jars (3 kg capacity) half-filled with crushed sorghum grains.
The jars were then covered with a muslin cloth fixed in position with
a rubber band and kept in the laboratory at room temperature.
Adults of Khapra beetle were allowed to lay their eggs on crushed

sorghum grains at optimum conditions (35°C, 65% RH). After three

months of rearing, the 3rd instar larvae of the third generation were
collected and used for further experiments.

Entomopathogenic fungal isolates

A commercial product of B. bassiana Strain R444 (Eco- Bb®,) was
imported from Plant Health Product (Pty) Ltd, South Africa and was
used as a standard biopesticide against which the performance of
some local strains of entomopathogenic fungi was compared. The
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Eco-Bb® product was selected as standard based on its reported
potential against a wide range of agricultural pests including
whiteflies, red spider mites, T. absoluta, and false codling moth
(Hammad et al., 2021). Although none of the previous studies used
this product against the test pest, its efficacy against it is expected.
Isolation of the endogenous isolates was done by two methods.

Selective media method

The selective media was made by 16.25 g of potato dextrose agar
(PDA Merck) with one ml of Dodine (used to reduce the microbial
contaminants), and 250 ml of distilled water in a conical flask, which
was then autoclaved for 20 min. The medium was allowed to cool at
room temperature (30°C), thereafter 500 pl of chloramphenicol and
500 ul of streptomycin sulphate were added to the flask (Strasser et
al., 1996). The contents of the conical flask were shaken gently by
hand to mix evenly and then poured into plastic Petri dishes on a
laminar flow bench.

Precisely 100 g of soil sample was taken and placed in a glass
bottle containing 250 ml of distilled water, which was then sealed.
The bottle was agitated vigorously for three hours using a digital
reciprocating shaker (150 rpm) (WiseShaker, Wisd Laboratory
Equipment, Daihan Scientific, Korea). The bottle was left for 24 h to
allow the soil particle to settle down, and then a 100 pl of
suspension was spread-plated on selective potato dextrose agar
(sPDA), which was then sealed and incubated at 25°C. The
observation of fungus growth continued from three to seven days of
incubation. The white mycelium and conidia was observed and re-
cultured several times in the selective medium to obtain a pure
culture. The pure culture was then kept in an incubator for use in
the experiment (Senanayake et al., 2020).

Insect baits isolation method

Rearing was performed according to the protocol described by
Zimmermann (1986) and Meyling (2007) with some modifications.
Gallleria infested bee wax was collected from the Botanical Garden,
University of Khartoum, placed in rearing containers under
laboratory conditions (25°C and 65% RH) for four weeks, until the
eggs hatched. The hatched larvae were collected for experimental
purposes.

Five hundred milliliters of water were placed in a beaker placed in
a water bath at 56°C; thereafter 10 of the larvae were removed from
the rearing containers (containing moist soil as medium) placed in a
mesh bag. Prevention of webbing the bagged larvae was done by
10 s dipping into the beaker of warm water followed by cooling in
running water for 30 s. The larvae were then placed on dry tissue
paper and kept in the dark for three hours after which the larvae
had started to move and then placed in soil bottles, which were kept
in an incubator at 25°C for 14 days, or until they died. Dead Larvae
were rather hard: mummified and dark brown in colour. The bottles
were monitored regularly for the dead larvae, which were collected
and surface-sterilized with 1% sodium hypochlorite solution for
three minutes, followed by gentle rinsing (2 times) with sterilized
distilled water. Dead larvae were placed on a Petri dish of selective
agar, incubated at 25°C and 65% RH in a growth chamber, and
observed for the presence of fungal growth. Entomopathogenic
fungi emerging from the cadavers were re-cultured several times to
obtain pure cultures and maintained on PDA for subsequent
experimental purposes.

Preparations of fungal suspensions

The method described by Bashir (2017) was followed in the

preparation of fungal suspensions. Eco Bb® commercial product
(0.05 g) and 100 pl of each local isolate culture were taken and
suspended in a beaker (50 ml volume) containing 10 ml of sterile
distilled water and 100 pl of Tween 20, and the suspension was
agitated vigorously. A 100 pl aliquot of the conidial suspension was
applied to a series of PDA plates and incubated at 25°C. After
seven days of incubation, the fungal growth covered all the plates;
thereafter the plates were left for 14 days to complete sporulation.
The presence of spores was checked at the end of the sporulation
period (21 days). Spore concentrations of suspensions were
measured using hemocytometer slide. The fungal suspension
(1x10" conidia ml) was prepared by adding 10 ml of sterile distilled
water and 100 pl of Tween 20 to the Petri dishes containing the
pure culture of each local isolate, and the standard kept for
immediate use in the bioassay test.

Bioassays

The 3" instars larvae of Khapra beetle were collected from the
rearing jars and used to evaluate the efficacy of the isolated
entomopathogenic fungi. Twenty larvae were taken, placed in Petri
dish and immersed separately for five seconds in each of the fungal
suspensions of the commercial product Eco-Bb® and the local
isolates at a concentration of 1x10’ spores ml* under laminar
controlled conditions. The treated larvae were then placed in sterile
Petri dishes containing moist filter papers fed with cooked sorghum
grains, and maintained under laboratory conditions (25°C and 65%
RH) until the end of the bioassay. The experimental units were
arranged in a completely randomized design with four replicates.
Mortality was recorded daily until the seventh day after inoculation
where the experiments were terminated as pre-test, indicating that
test insects can reach 100% mortality within seven days.

Mycosis test

A mycosis test was done following the method described by Akutse
et al. (2013), Muvea et al. (2014), and Agbessenou et al. (2020) to
confirm that test isolates are the causal agents for the death of
treated insects as confirmed by the isolation of the inoculated
isolates from the cadaver of death larvae.

Characterization of virulent isolates
Morphological characterization

Morphological identification of the entomopathogenic fungal isolates
was done under a microscope following the morphological
identification keys described by Rehner et al. (2011). The
observations made on the colony characters included; the growth
pattern, color, surface texture, and others (Hammad et al., 2021).

Molecular characterization

DNA extraction of virulent isolates: The nine most effective
isolates were subject to molecular characterization. Seven days old
fresh mycelium was ground and homogenized in liquid N, then 300
ml of DNA extraction buffer (200 mM Tris-HCL (PH 8.5) + 250 mM
NaCl + 25 mM EDTA + 0.5% SDS {sodium dodecyl! sulfate}) was
added. The suspension was transferred to 1.5-ml Eppendorf tubes
and the tubes were then placed in a water bath at 60°C for 60 min.
150 pL of 3 M sodium acetate (pH 5.2) was added and the mixture
was cooled to 20°C for 10 min. The fungal debris was pelleted by



centrifugation at 13,000 rpm for 5 min. The supernatant was
transferred to a clean tube, and an equal volume of absolute
ethanol (100%) was added. DNA was then pelleted by
centrifugation at 13,000 rpm for 10 min. Excess salt was removed
by washing with 70% ethanol, thereafter the DNA pellets were re-
suspended in 100 pL distilled water and stored at -20°C for PCR
analysis.

Measuring DNA quality and quantity: The concentration and
quality of DNA were measured using a nanodrop
spectrophotometer (ND1000  Spectrophotometer,  Nanodrop
Technologies). The method was based on measuring the amount of
ultraviolet (UV) radiation absorbed by the bases. The ratio of OD
260/280 was determined to assess the purity of samples. The DNA
concentration was measured as ng plI and was also checked by
visualization on an agarose gel.

PCR amplification

Isolate genotype was amplified by the polymerase chain reaction
(PCR) using a thermo cycler machine. An internal transcribed
spacer (ITS) primer, forward ITS1 [TCCGTAGGTGAACCTGCGG]
and reverse ITS4 [TCCTCCGCTTATTGATATGC], were used to
amplify bases of about 570bp (White et al., 1990). Amplification
reactions were done in a total volume of 25 pL containing a PCR
ready mix kit (i-Taq), 2 puL of DNA template, 1 pL of forward primer,
1 pL of reverse primer, and distilled water. The reaction conditions
were as follows: initial denaturation at 94°C for 2 min, followed by
40 cycles, which consisted of the second denaturation at 94°C for
45 s, 50°C for 45 s for annealing, and 72°C for 1 min for extension.
The cycle was ended by a final extension at 72°C for 7 min followed
by 4°C for 5 min.

Agarose gel electrophoresis

PCR products were separated by electrophoresis on 1.5% agarose
gel. Ethidium bromide gel staining was applied, and the DNA
fragments were observed under (UV) light and photographed. The
molecular sizes of the fragments were estimated by comparison
with a100bp DNA ladder.

Sequencing of the fungal ribosomal genes

All samples were sequenced by the use of the Sanger dideoxy
sequencing method using an automated DNA sequencer (ABI
PRISM 3130 Genetic Analyzer) (Applied Biosystems), and a
similarity search was performed using a Basic Local Alignment
Search Tool (BLAST) in the National Centre for Biotechnology
Information (NCBI) database. Species confirmation was performed
using the existing available database. Obtained sequences were
submitted to the NCBI database and accession numbers were
obtained.

Phylogenetic analysis

The phylogenetic trees were constructed using the neighbor-joining
algorithm with Mega 6.0. The strengths of internal branches of the
resulting trees were statistically evaluated by bootstrap analysis
with 1000 bootstrap replications. The results of ITS rDNA sequence
analysis were used to reconfirm the identity of the fungal isolates.
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Statistical analysis

The collected data were subject to Arcsine transformation before
the analysis. The experiment was arranged in a completely
randomized design. The data were statistically analyzed by
Analysis of Variance (ANOVA) according to Gomez and Gomez
(1984). Means were separated using the least significant difference
(LSD) test. Probit analysis (Finney, 1971) was done using MINITAB
software version 13.20. Control mortality was corrected using
Abbott’s correction formula (Abbott's, 1925).

RESULTS

Morphological identification of entomopathogenic
fungal isolates

Nine isolates of entomopathogenic fungi were isolated
from soil collected from different sites in Sudan by the
enrichment culture techniques.

Morphological identification of the entomopathogenic
fungal isolates was done under the microscope following
the morphological identification keys described by
Rehner et al. (2011). The distinctive characters of the
fungal growth included; growth pattern, color, surface
texture, and the time required to cover the Petri dish. In
the beginning, all colonies were white, and then became
yellowish white. The underside of the colonies was pale
to yellowish-white. Hyphae were hyaline, smooth-walled,
and septate. Conidiogenous cells were solitary but
generally appear in dense clusters. The colonies grew in
a dispersed pattern and were rarely concentric in all the
isolates whereas Eco-Bb grew in dense colonies. The
colony color of the isolates of B. bassiana was yellowish-
white; Isolates Albifimbria viridis isolate-Shmbat-fol and
Purpureocillium lilacinum isolate-Khartoumfl was white.
Isolates of Metarhizium species is in green color (Figure
1).

Molecular characterization of the fungal pathogens

The entomopathogenic fungi were identified as B.
bassiana isolate Sud afro0.20 accession number
MK046652, P. lilacinum isolate Khartoumfl with
accession number MK046655, B. bassiana isolate Sud
afro.18 accession number MKO046654, M. anisopliae
sensulato isolate Dmazeen F1 accession number
MKO046658, M. anisopliae sensulato isolate Dmazeen R1
accession number MK046659 (Bischoff et al., 2009), A.
viridis isolate Shambat fol accession number MK046656,
B. bassiana isolate Giddo6 RF accession number
MN598664, B. bassiana isolate Giddo R accession
number MN598665, and B. bassiana isolate Hammad
R7,F accession number MN598666 (Figure 2).

According to the phylogenetic analysis of the ITS gene
region, the similarity among B. bassiana isolate Sud
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Figure 1. Growth pattern and appearance of different isolates of indigenous entomopathogenic fungi (A: B. bassiana MK046652 B:
Metarhizium anisopliae MK046658 C: M. anisopliae MK046659 D: B. bassiana MK046654 E: B. bassiana MN598664 F: Albifimbria
viridis MK046656 G: B. bassiana MN598666 H: Purpureocillium lilacinum MKO046655 I: B. bassiana MN598665 J: ECO- Bb444

product).

afro.18 (MK046654), B. bassiana isolate Giddo6 RF
(MN598664), B. bassiana isolate Giddo R (MN598665),
and B. bassiana isolate Hammad R7,F (MN598666) was
49%, while between the B. bassiana isolate Sud afro.20
(MK046652), B. bassiana isolate Sud afro.20 (MK046652)
and other Beauveria isolates was 99%. On the other
hand, 100% similarity was found between M. anisopliae
sensulato isolate Dmazeen F1 (MK046658) and M.
anisopliae sensulato isolate Dmazeen R1 (MK046659).
While the A. viridis isolate Shmbat fol (MKO046656)
showed 91% similarity to Metarhizium isolates. In
contrast, the P. lilacinum isolate Khartoumfl MK046655
did not show any degree of similarity with any of the other
isolates.

Efficacy of entomopathogenic fungi against the 3
instar larvae of Trogoderma granarium

The mortality induced by the various isolates is given in
Table 1. All treatments induced significant mortalities
compared to the untreated control. The local isolate B.
bassiana isolate Sud afro.18 (MK046654) induced
comparable effects to the standard isolate Eco Bb® by
day 7 although its effects were superior to it in day five
and six; causing 87% and 90% in day 5 and 6 compared
to 55%, and 71% induced by Eco Bb® during the same
period (Table 1). B. bassiana isolate Giddo R (MN598665)
and B. bassiana isolate Sud afro.20 (MK046652) came in

the second rank inducing 80% mortality by day 7 while B.
bassiana isolate Hammad R7,F MN598666 occupied the
last rank with mortality not exceeding 40% even after day
7. Most of the other local isolates induced close to 70%
mortality by day 7 (Table 1).

Mycosis test

The mycosis tests indicated that the test isolates were
the causal agents of mortality among treated larvae. The
fungal growth from cadavers appeared after 3-7 days of
incubation at 25°C and the dead larvae were completely
covered with white fungal hyphae emerging from the
larval cuticle. The dead larvae were soft, pliable, and
distended. Within a few days after death, the larval body
turned dark brown. Test isolates were recovered from the
dead body of the treated larvae as confirmed by
morphological and molecular techniques. No other
pathogens were recovered from the dead larvae.

Time response of the 3" larval instars of T. granaium
to inoculation by local isolates of entomopathogenic
fungi

The log time probit data of the 3" larval instars of T.
granarium dipped in the fungal suspension of various
local isolates are shown in Table 2. Isolates gave LTgq
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Beauveria bassiana isolate Giddo6R-F (MN598664)

isolate Giddo-R (MN598665)

Beauveria bassiana isolate Sud-afro.18 (MK046654)

Beauveria bassiana isolate Hammad-R7,F (MN598666)

Beauveria bassiana isolate Sud-afro.20 (MK046652)

Albifimbria viridis isolate Shmbat-fol (MK046656)

| Metarhizium anisopliae isolate Dmazeen F1 (MK046658)

| Metarhizium anisopliae isolate Dmazeen R1 (MK046659)

Purpureocillium lilacinum isolate Khartoum f1 (MK046655)

—
0.020

Figure 2. Neighbor-joining tree of indigenous isolates of entomopathogenic fungi (Beauveria bassiana MK046654, Metarhizium anisopliae
MK046658, M. anisopliae MK046659, Albifimbria viridis MK046656, Purpureocillium lilacinum MK046655, B. bassiana MK046652, B.
bassiana MN598664, B. bassiana MN598665, and B. bassiana MN598666) based on ITS gene region.

values ranging from 4.17-6.67 days. Based on the LTs
values, M. anisopliae isolate Dmazeen F1 (MK046658)
(LTso, 4.23 days), and B. bassiana isolate Sud afro.18
(MK046654) (LTso, 4.27 days) gave the fastest response
with LTso close to the standard product Eco-Bb® (4.17
days). On the other hand, M. anisopliae isolate Dmazeen
R1 (MK046659) (LTso, 6.67 days) and B. bassiana isolate
Hammad R7,F (MN598666) (LTs, 6.60 days) gave the
slowest response. The relative potencies followed the
same trend. The LTg/LTs, ratios were narrow ranging
from 1.96 to 3.11 indicating fair homogeneity in the
response of the test population. The similar homogeneity
of response was also evident by the line slopes ranging
from 0.22 - 0.38. The Chi-square value is small indicating
good execution of the experiment (Table 2).

DISCUSSION

In this study, the pathogenicity of nine potentially effective

isolates of local entomopathogenic fungi against the 3
instar larvae of Khapra beetle T. granarium was assessed
under laboratory conditions (25°C and 65% RH). Results
indicated that the 3rd instar larvae of T. granarium were
susceptible to the test isolates. The susceptibility of the
3" larvae of T. granarium to the conidia or blasto-spores
of different isolates of entomopathogenic fungi was
previously reported by Whang et al., (2007) who obtained
100% mortality in 3" larvae of T. granarium.

Most of the isolates were found effective against the
test insect and three of them gave results comparable to
the standard treatment, reaching 90.4, 80.4, and 80%
mortality by day seven compared to 96% mortality
caused by the commercial product Eco-Bb®. However,
the effects induced by these three were even superior to
the standard in day five and six. Variation in virulence
among test strains were also reported by Zare et al.
(2014) studying M. anisopliae (Iranian isolate) and B.
bassiana (Bulgarian isolate) against T. granarium larvae.
Their study showed that active larvae of Trogoderma
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Table 1. Mortality of 3" instar larvae of khapra beetle (Trogoderma granarium) after treatment with local isolates of entomopathogenic

fungi and commercial product Eco Bb®.

Mortality (%)

Treatment Days after Treatment
1 2 3 4 5 6 7

Eco Bb® 0.0* 15.01* 30.1° 35.0° 55.1F 70.7¢ 95.9%
B. bassiana MN598664 1.1° 5.18 30.1° 35.1° 45.1" 45.1F 54.0"
A. viridis MK046656 3.3% 5.1° 15.0° 25.4° 59.5° 59.5° 74.6°
B. bassiana MN598665 1.1° 14.9° 20.1° 30.0° 50.01° 80.4° 80.4°
B. bassiana MN598666 514 15.01* 15.01° 20.1° 40.0° 40.0" 40.0"
B. bassiana MK046654 0.0% 0.0¢ 0.0° 20.1° 86.7" 90.4" 90.4°
P. lilacinum MK046655 0.0* 5.1° 35.1F 35.1° 30.0" 40.0" 67.2°
B. bassiana MK046652 1.1% 10.0" 35.1F 35.1° 40.0° 51.3F 79.7¢
M. anisopliae MK046658 5.1% 15.01% 49.1° 71.5 72.6° 72.6° 72.6°
M. anisopliae MK046659 0.0" 10.0* 10.0° 35.1° 61.8° 61.8° 73.8°
Control 0.0 0.0¢ 0.0" 0.0% 514 7.9¢ 7.9%
SE 3.24 3.14 2.18 3.20 2.26 251 2.58
LSD 5.49 5.32 3.70 5.43 3.84 4.24 4.37

Means with the same letter(s) in the same column are not significantly different at P = 0.05. Values represent the actual (not transformed) data;

Values in parenthesis are transformed by arcsine transformation.

versicolor were the most susceptible to infection by B.
bassiana Strain 687, but were resistant to infection by B.
bassiana Strain 513reTgr. Similar to the current results,
effectiveness of B. bassiana isolates against T.
versicolor were also reported by Draganova et al. (2012)
who found that the isolate B. bassiana 687Bb caused
cumulative percentage mortality confirmed by mycosis
reaching 98.8 and 100% by day 7 and 10, respectively.
The efficacy of P. lilacinum against other insects was
reported by Angelo et al. (2012) and Medeiros et al.
(2018) which caused 100% mortality in Aleurocanthus
woglumi nymphs. Similarly, Barson (1977) reported that
B. bassiana caused 100% mortality of elm bark beetle,
Scolytus scolytus (L). The slight variation from the
previous pathogenicity results can be explained by
several factors, including the strain of the fungus, ability
of the host's defense mechanism to overcome the
infection, quantity of spores, and the environmental
conditions. The current results showed that most of the
local isolates can produce high mortality among 3" instar
larvae of T. granarium 7 days after inoculation under lab
conditions. Infected 3" instars larvae of T. granarium
were very inactive after treatment and move very slowly
unless touched with their body covered with fungal
mycelium. This temporary inactivity of the larvae was also
noted by Malik (1991) in Maruca testulalis. On the other
hand, coverage of the treated larvae by the white mycelia
was also reported by Barson (1977) who showed that
aerial mycelium first appeared on the dead larvae of S.
scolytus (L.) infected with B. bassiana and gradually
covered the body surface. The Probit analysis of data

obtained from the current experiments showed that the
increase in the exposure period increases the efficacy
(decrease LTsy and LTy values) and decreases their
ratios as well as the slope of mortality regression lines
which became steeper indicating improvement in the
homogeneity of responses.

The current results reported that most of the test
isolates induced slightly higher LTs, (4.17-6.68 days)
values compared to those reported by Draganova et al.
(2012) who reported that the isolate 689Bb was the most
virulent to the larvae of T. versicolor with LTs, values of
3.4 days.

The genomic classification done in the current study
indicated a polymorphisms among the test nine isolates
in the ITS region shown in amplified fragment of 570 bp
(base pair). Some sequence variation was detected
within the ITS region, previously reported by Wada et al.
(2003) and Rehner and Buckley (2005).

Conclusions

Nine isolates effective isolates of local entomopathogenic
fungi were isolated from soil collected from different sites
in Sudan by the enrichment culture techniques. Most of
the isolates were found effective against the 3" instars
larvae of Khapra beetle and three of them gave results
comparable to the standard treatment. The LTso values of
B. bassiana isolate Sud afro.18 (MK046654) and M.
anisopliae isolate Dmazeen F1 (MK046658) are
comparable to that induced by the commercial product
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Table 2. Log-time probit response of the 3" larval instars of Trogoderma granarium dipped in the suspension of the local isolates of

entomopathogenic fungi and commercial product Eco Bb®.

Isolate Lethal time Fudicial limits LTeo/ .LT50 ) Slope  DF Relative
(days) Lower (95%)  Upper (99%) ratio potency
Eco-Bb® product ::I:Z 3:;2 Z;g 142'?794 2.38 2800 0294 5 0.62
MK%TSSEQ% tlzz g;g 322 g:gg 1.94 2170 0231 5 0.63
E‘K%?ééiga tlzz gg 32? g:gé 1.96 2931 0228 5 0.64
E‘Nngsé%'La tlzz 146_8155 g:g; 152'_3813 2.09 1091 0250 5 0.73
E'K%?gé%rf tlzz g:gg g:ig 152'_4101 1.97 1657 0229 5 0.74
ﬂ'.!ﬂ,i%iggg’ tlzz 151'_1659 g:gg 155'_7531 2.27 773 0277 5 0.77
A. viridi LT 5.20 4.67 5.91
046655 (T 1372 10.85 19.60 264 2118 0329 5 0.78
ViNSO3685. SZE 15é.9132 156.3588 165133 2.21 675 0269 5 0.89
|\B/|'Nb5a§§¢i—,a6%a tlzz 165'203 152'?167 27f911 2.41 1622 0298 5 0.99
mk%'lfégé’gae tlzz 266_6886 154_7789 386_2953 3.12 1277 038 5 1.00

X2 ; Chi-square, DF; degree of freedom, LTs; Lethal time that induce 50% mortality in a test population, LTgo; Lethal time that induce 90%

mortality in a test population.

Eco-Bb®. The mycosis tests confirm that incubation by
the isolates is the causal agent of mortality of the dead
larvae. The study recommends further work in refining
the dosage range, evaluation of applicable test method
and validation of the results under real storage
conditions. Future work can also include; the study of any
possible side effects of the isolates on consumers of
treated products; consumer perception to treated
products and formulation of the products in simple
applicable formulation to be used in small storage
facilities in Sudan and other developing countries.
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Carotenoids are essential nutrient compounds with numerous biological functions. Neurospora crassa
is a model filamentous fungus with orange pigmentation which is attributed to the accumulation of
carotenoids containing neurosporaxanthin (NX) and neutral carotenoids (NC). To enhance carotenoids
synthesis in N. crassa, isoprene diphosphate (IPP) and dimethylallyl diphosphate (DMAPP) were
increased using the genes, xylulose-5-phosphate phosphoketolase (XPK), phosphotransacetylase
(PTA), and NADH-specific-3-hydroxy-3-methyl glutaryl coenzyme A reductase (HMGR), as single, fused
and three combined expressions to channel more carbon source into the mevalonate pathway (MVP).
The single (PTA, XPK, HMGR), fused (PTA:HMGR & XPK:HMGR) and three combined gene (PTA with
fused XPK:HMGR) expressions in engineered fungal resulted in carotenoid titers with contents of NX
accumulated up to 4.5 mg/g DW and NC up to 1.7 mg/g DW as compared to the wild-type with NX up to
1.54 mg/g DW and NC up to 0.8 mg/g DW. The optimized MVP with metabolic engineering methods is a
key method to increase the synthesis of carotenoid and other active terpenoids in N. crassa.
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INTRODUCTION

Carotenoids, which are a general term for xanthophylls
and carotenes depending on weather they contain or lack
oxygen in their molecules, can be found in fungi, plants
and algae (Lee et al, 2012). They have numerous
biological functions in the human body. In the food
industry, carotenoids are used in many products such as
cheese, pastry and some non-alcoholic beverages. It is
also used as an active ingredient in cosmetic products as
it provides protection against UV radiation exposure
(Barreiro and Barredo, 2018). Originally, carotenoid was

extracted from plants, over the years, various
classifications of carotenoids have been synthesized
through microbial sources such as bacteria (Yoon et al.,
2007, 2009), yeast (Marova et al., 2012; Simova et al.,
2004) and algae (Garcia-Gonzalez et al., 2005). The
rising market demand of the various classifications of
carotenoids has stimulated the development of its diverse
production methods. Although current titers in many
engineered fungi hosts except Fusarium fujikuroi (Parra-
Rivero et al., 2020) still lack economic feasibility, future
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research leading to better approach in alternative hosts
may be established for large scale production with less
cost.

Neurospora crassa is a filamentous orange bread mold
whose potential as a model organism has been
recognised for several reasons (Davis and Perkins, 2002).
It is known to have a relatively simple life cycle, rapid
growth rate and ease of propagation on cheap growth
media. Its haploid nature allows for dominant and
recessive traits to be expressed in their offsprings (Turra
et al., 2016). It is non-toxic and is traditionally used for
food production in south eastern Asia and is considered
safe for other technical applications 