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Abstract:  The  silkworm Bombyx mori L., an economic sericigenous insect, show high activity after feeding
on the treated mulberry  leaves  with essential oils. The experiments were performed with Aloe vera essential
oil viz. 0.25, 0.50, 0.75 and 1.00 ml with respect to the single, double and triple treatment of B. mori larvae.
Variation in the A. vera essential oil amount influenced the duration and survival % of larvae. The survival of
larvae increased with increasing the number of larval treatment by 0.25, 0.50 and 0.75 ml Aloe vera essential oil.
The  maximum  level  of survival of larvae (96.427±0.681%) was noticed in case of triple treatment with 0.75 ml
A. vera essential oil. The minimum larval duration (21.436±0.313 days) was recorded in case of triple treatment
by 0.75 ml Aloe vera essential oil, showing good development of larvae. It is suggested that supplementation
of Aloe vera essential oil may also help to device improvement in the rearing programme of multivoltine
mulberry silkworm to increase the quality and quantity of silk and boosting up the sericulture industry as well
as the economy of silkworm rearing.

Key words: Bombyx mori Morus alba Aloe vera  Sericulture  Larval Traits

INTRODUCTION and antifungal  properties  [3].   Aloe  vera  is  composed

In India, sericulture is not only a tradition but also a enzymes, minerals, sugars, lignin, salicylic acids and
living culture. It provides income and employment to the amino acids [4],  aloin  and  saponin [5]. Aloe vera
rural farmers with small land-holding. India is the second products  are  also used in medicine folk, cosmetics,
largest producer of mulberry silk next only to China. In supplement and food material [6]. The larval performance
recent past, several attempts have been made to develop is an important factor that directly influences the
successful silk production. Silkworm is a highly sensitive production of good cocoon. In recent years efforts have
insect and responds sharply to changes in the feed been made in sericulture to study  the  effect of
quality. The effects of various kinds of dietary protein on temperature  [7],  relative  humidity [8, 9], ecological
growth of the silkworm Bombyx mori L. were determined factors [10], egg refrigeration [11], cocoon  refrigeration
using semi-synthetic diets. Plant extracts and their [12],  cocoon  magnetization  [13], 20-hydroxyecdysone
essential oils are interesting as sources of natural hormone [14], phytoecdysteroid [15] and  linseed  and
products for decades [1]. Many kinds of essential oils hemp  oil  [16]  on the  performance  of B. mori. Aloe vera
have been screened for their potential uses for food essential oil also influenced on the performance of
preservation,   aromatherapy   and  fragrance   industry silkworm [17, 18]. Aloe vera herbal tonic ‘logen’ [19],
[2].   Beneficial   effects   of  Aloe  vera   (Hindi-Gikanvar Alloe [20] and Aloe tonic treated mulberry leaves  [21]
or  Ghrita   kumari)   in   human    and  laboratory  animals influenced  the  larval  growth  of  B.  mori. Thus an
are contributed to   the    promotion   of   immune   system, attempt has been made to study the A. vera essential oil
 analgesic,  anti-inflammatory,    wound    healing   and treated  mulberry  leaves  on  the  larval  performance  of
anti-tumor  activities  as  well as  antiviral,  antibacterial B. mori Linn.

of  75 potentially   active compounds:  vitamins,
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MATERIALS AND METHODS minutes before given for feeding to the larvae as 100 gm

The seed cocoons of multivoltine mulberry silkworm were designed viz, single, double and triple treatment of
(Bombyx mori nistari) were obtained from the silkworm larvae. All the experiments were conducted in the BOD
grainage. Directorate of sericulture, Behraich Uttar incubator. The experiment was conducted on normal
Pradesh  and  were  maintained   in   the  plywood  trays rearing condition i.e. 26 ±1°C temperature, 80±5% relative
(23  x  20  x  5cm)  under  the  ideal rearing conditions in humidity and 12±1 hour photoperiod a day.
the silkworm laboratory, Department of Zoology, DDU
Gorakhpur University Gorakhpur. The temperature and Single Treatment: Single treatment of larvae was
relative humidity were maintained at 26 ± 1°C and 80 ± 5% performed with the 5th instar larvae just before two days
RH, respectively till the emergence of  moths from the of the beginning of larval spinning. One hundred larvae
seed cocoons. The newly emerged moths were quickly were taken out from the BOD incubator and the mulberry
picked up and kept sex-wise in separate trays to avoid leaf treated with 0.25 ml of Aloe vera essential oil was
copulation. The male moths were smaller in size but more given as food. Further, the treated larvae were given
active than the female months which were comparatively normal mulberry leaf for food.
larger  and  less  active.  The  whole  grainage operation
was performed  as  per  description  given by Double Treatment: Double treatment  of larvae was
Krishnaswamy et. al; 1973 [22]. started from the final stage of 4  instar larvae. In the first

Moths have a tendency to pair immediately after treatment, one hundred larvae of 4  instar were treated
emergence and, therefore, the female moths required to just before two days of 4  moulting, by providing treated
copulate with the male moths, were allowed their mates for mulberry leaf as food with 0.25 ml of A. vera essential oil.
copulation. Sufficient pairs, each containing one male and The treated larvae then transferred in BOD incubator for
one female from newly emerged moths were allowed to further rearing and development. Further, second
mate at 26±1°C and 80±5% RH in 12 hour / day dim light treatment for the same larvae was given at the final stage
condition. After four hours of mating, the paired moths of 5 instar larvae i.e. just before two days of spinning.
were decoupled manually by holding the female moths Thus, in double treatment, 4  and 5  instar larvae were
between  the  thumb  and  middle  finger gently and treated.
pushing the male away  by  the  fore finger. The male
moths were discarded while the female moths were Triple Treatment: For triple  treatment, the 3  instar
allowed to lay eggs. After 24 hours of egg laying, the larvae just before 3  moulting were separated from BOD
female  moths  were  individually examined for their incubator. In the first treatment, one hundred larvae of 3
disease freeness. instar were treated  by  providing treated mulberry leaf

The disease free layings (D.F.L’s), thus prepared, and kept in BOD incubator for rearing. The second
were treated with 2% formaline for 15 minutes to increase treatment of same larvae  was  done just before two days
the adhesiveness of eggs on the paper sheet and surface of 4  moulting i.e. at  the  final stage of 4  instar larvae
disinfection. Thereafter, the egg sheets, with egg laid on, and transferred in  BOD incubator for further rearing.
were thoroughly washed with running water to remove Third treatment was given to 5  instar larvae, two days
formaline and the eggs were dried in shade. The dried before the start of spinning by providing mulberry leaf
eggs were transferred to the incubator for hatching. After treated with 0.25 ml of Aloe vera essential oil as food.
hatching, the larvae were reared on the mulberry leaves Thus, in the triple treatment 3 , 4 and 5  instar larvae
given as food in the trays. Further, the 3  instar larvae were treated.rd

were taken for experiment. Similar  experiments  were  performed by 0.50, 0.75

Experimental Design: To observe the influence of A. vera always maintained with each set of experiment.
essential oil on the larval performance of B. mori, the
experiment was performed with different amount of A. vera For Determining the Larval Duration: The time required
essential oil with respect to the treatment of 3 , 4  and 5 from the hatching of larvae to the third day of spinning,rd th th

instar larvae. A. vera essential oil purchased from the by the fifth instars larvae, was considered for larval
Katyani Exports Delhi, India. Four amount of A. vera duration. For this purpose, 90 larvae were taken for
essential oil viz, 0.25, 0.50, 0.75 and 1.00 ml were uniformly observation. Three replicates of each experiment were
sprayed over mulberry leaf separately by sprayer for 10 made.

mulberry leaves/100 larvae. Three  sets  of experiment

th

th

th

th

th th

rd

rd

rd

th th

th

rd th th

and 1.00 ml of Aloe vera essential oil. A control set was



No. of larvae pupated 100
No of 3rd instar larvae taken for 
observation

Percent survival of larvae = ×
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For Determining the Survival of Larvae: For determining between 0.75 and 1.00 ml A. vera essential oil in case of
the survival of larvae 90 larvae were taken under the
observation.The number of larvae which attained the
pupal stage was counted for the calculation of the
survival of larvae as following: 

RESULTS

Larval Duration: The data given in Table-1a is indicative
of the fact that changes in the A. vera essential oil amount
and the number of larval treatment influenced the larval
duration. With the increase in number of larval treatment
by A. vera essential oil from one to three times, the larval
duration  decreased  in  case of 0.25, 0.50 and  0.75  ml  of
A. vera essential oil treatment, but treatment with 1.00 ml
A. vera essential oil caused increase in the larval duration
with increase in the number  of  larval treatment from
single to triple. The trend of decrease in the larval
duration with the increase in number of larval treatment
has been recorded to be almost similar in case of 0.25, 0.50
and 0.75 ml A. vera essential oil treatment. The minimum
larval duration was recorded to be 21.436±0.313 days
(7.55% decreased as compare to control) in case of triple
treatment of larvae by 0.75 ml of A. vera essential oil and
the maximum larval duration 25.035±0.330 days was
recorded  in  case  of  triple  treatment of larvae by 1.00 ml
A. vera essential oil.

Two-way ANOVA shows that variation in the A. vera
essential oil amount significantly (P <0.01) influenced the1

larval duration while variation in number of larval
treatment  did  not  cause  significant effect  (Table  1).
The Post-hoc test (Table-1b, HSD=1.875) indicates
significant  group   difference   in   the   larval  duration in

double treatment of larvae. In the triple treatment of
larvae, significant group difference in the larval duration
was noticed in between 0.25 and 1.00 ml, 0.50 and 1.00 ml
and, 0.75 and 1.00 ml of  A.  vera  essential oil treatment.
No significant group difference was noticed in case of
single treatment.

Survival of Larvae: The data given in Table-2a indicates
that variation in the A. vera essential oil amount and the
number of larval treatment influenced the survival of
larvae. With the increase in number of larval treatment by
A. vera essential oil from one to three times, the survival
of  larvae increased  in  case of 0.25, 0.50 and 0.75 ml  of
A. vera essential oil treatment, while treatment with 1.00 ml
A. vera essential oil caused notable decrease in the
survival of larvae with increase in the number of larval
treatment from single to triple. The pattern of increase in
the survival of larvae with the increasing number of larval
treatment has been recorded to be almost similar in case
of 0.25, 0.50 and 0.75 ml A. vera essential oil treatment.
The maximum survival of larvae was recorded to be
96.427±0.681% (26.46% increased as compare to control)
in case of triple treatment of larvae by 0.75 ml of A. vera
essential oil and the minimum survival of larvae
56.858±0.942 % was recorded in case of triple treatment of
larvae by 1.00 ml A. vera essential oil.

Two-way  ANOVA  indicates  that  variation  in  the
A. vera essential oil amount significantly (P <0.01)1

influenced the survival of larvae, while variation in
number  of  larval  treatment  has no significant influence
on the survival of larvae (Table-2a). The Post-hoc test
(Table-2b, HSD=14.965) indicates significant group
difference in the survival of larvae in between 0.50 and
1.00 ml and 0.75 and 1.00 ml A. vera essential oil in case of

Table 1a: Effect of Aloe vera essential oil treatment on the larval duration (day) of Bombyx mori.
 Aloe vera essential oil applied (ml)
-------------------------------------------------------------------------------------------------------------------------------------------

Stage of treatment (larval instar) Control (X ) 0.25 (X ) 0.50 (X ) 0.75 (X ) 1.00 (X )1 2 3 4 5

Single 23.186±0.216 22.980±0.214 22.863±0.480 22.561±0.472 23.502±0.399
( 5  ) (100) (99.11) (98.61) (97.30) (101.36)th

Double 23.186±0.216 22.756±0.288 22.521±0.466 22.232±0.137 24.135±0.133
( 4  -5  ) (100) (98.15) (97.13) (95.89) (104.09)th th

Triple 23.186±0.216 22.511±0.399 22.151±0.201 21.436±0.313 25.035±0.330
( 3  -5  ) (100) (97.09) (95.54) (92.45) (107.97)rd th

F  = 14.5406 (n =4, n =38), P < 0.01; F  = 0.2240 (n =2, n =38), not significant1 1 2 2 1 2

Each value represents mean ± S.E. of three replicates. 
X , X , X , X and X are the mean values of larval duration in control, 0.25, 0.50, 0.75 and 1.00 ml Aloe vera essential oil treatment, respectively.1 2 3 4 5

Figures in parentheses indicate percent value when control was taken as 100%.



q MS within
n

5.05
0.4137
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Table 1b: Post-hoc test showing effect of Aloe vera essential oil treatment on the larval duration of Bombyx mori.
Stage of treatment
---------------------------------------------------------------------------------------------------------

Mean difference in between groups Single Double Triple
X  ~ X 0.206 0.430 0.6751 2

X  ~ X 0.323 0.665 1.0351 3

X  ~ X 0.625 0.954 1.7501 4

X  ~ X 0.316 0.949 1.8491 5

X  ~ X 0.117 0.235 0.3602 3

X  ~ X 0.419 0.524 1.0752 4

X  ~ X 0.522 1.379 *2.5242 5

X  ~ X 0.302 0.289 0.7153 4

X  ~ X 0.639 1.614 *2.8843 5

X  ~ X 0.941 *1.903 *3.5994 5

Honesty significant difference (HSD) =

=

= 1.875
MSE = Mean Square Error from ANOVA table
q = Value from studentized range table 
n = No. of replicates per treatment
* = Shows significant group difference
X , X , X , X  and X  are mean values of larval duration in control, 0.25, 0.50, 0.75 and 1.00 ml Aloe vera essential oil treatment, respectively.1 2 3 4 5

Table 2a: Effect of Aloe vera essential oil treatment on the survival per cent of Bombyx mori larvae.
 Aloe vera essential oil applied (ml)
--------------------------------------------------------------------------------------------------------------------------------------------

Stage of treatment (larval instar) Control (X ) 0.25 (X ) 0.50 (X ) 0.75 (X ) 1.00 (X )1 2 3 4 5

Single 76.248±0.896 78.343±0.578 79.147±0.477 81.732±0.581 72.685±0.570
( 5  ) (100) (102.75) (103.80) (107.19) (95.33)th

Double 76.248±0.896 83.076±0.320 84.582±0.297 90.884±0.954 68.551±0.393
( 4  -5 ) (100) (108.95) (110.93) (119.20) (89.91)th th

Triple 76.248±0.896 88.848±0.616 90.623±0.628 96.427±0.681 56.858±0.942
( 3  -5 ) (100) (116.53) (118.85) (126.46) (74.57)rd th

F  = 28.8255 (n =4, n =38), P < 0.01; F  = 2. 6469 (n =2, n =38), not significant. 1 1 2 2 1 2

Each value represents mean ± S.E. of three replicates. 
X , X , X , X and X are the mean values of survival per cent of larvae in control, 0.25, 0.50, 0.75 and 1.00 ml Aloe vera essential oil treatment,1 2 3 4 5

respectively.
Figures in parentheses indicate percent value when control was taken as 100%.

double treatment of larvae. In the triple treatment of been reported by a number of workers [24, 25]. Variation
larvae, significant group difference in the survival of in the photoperiod affected the larval duration [26], while
larvae was noticed in between control and 0.75 ml, control the silkworm larvae were exposed to 24 hours light a day,
and 1.00 ml, 0.25 and 1.00 ml, 0.50 and 1.00 ml and 0.75 and the larval span was prolonged [27]. It is well known that
1.00 ml of A. vera essential oil treatment. In case of single an ideal race is one which has a shorter duration thus
treatment there was no significance group difference. causing low consumption of leaf [28]. The rearing

DISCUSSION larval span and growth [29], seasonal variation effected

The rich nutrients of mulberry leaves enhanced its larval duration [11]. The higher magnetic field strength
nutritional status causing reduction in the larval duration [31], reduction in the larval duration under 20 minute
[23]. The variation in the larval duration of silkworm has exposure  at  3500  gauss  [32] and  cocoon magnetization

condition was also reported to be effective in deciding the

larval duration [30]. Refrigeration of egg influenced the
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Table 2b. Post-hoc test showing effect of Aloe vera essential oil treatment on the survival of Bombyx mori larvae.
Stage of treatment
-----------------------------------------------------------------------------------------------------------

Mean difference in between groups Single Double Triple
X  ~ X 2.095 6.828 12.6001 2

X  ~ X 2.899 8.334 14.3751 3

X  ~ X 5.484 14.636 *20.1791 4

X  ~ X 3.563 7.697 *19.3901 5

X  ~ X 0.804 1.506 1.7752 3

X  ~ X 3.389 7.808 7.5792 4

X  ~ X 5.658 14.525 *31.9902 5

X  ~ X 2.585 6.302 5.8043 4

X  ~ X 6.462 *16.031 *33.7653 5

X  ~ X 9.047 *22.333 *39.5694 5

Honesty significant difference (HSD) =

=

= 14.965
MSE = Mean Square Error from ANOVA table
q = Value from studentized range table 
n = No. of replicates per treatment
* = Shows significant group difference
X , X , X , X  and X  are mean values of survival of larvae in control, 0.25, 0.50, 0.75 and 1.00 ml Aloe vera essential oil treatment, respectively1 2 3 4 5

also influences the larval duration [13]. Application of season also influenced survival of B. mori larvae [24].
manta [33], juvenile hormone [34] and topical application Genome of silkworm regulates the survival of larvae [52].
of methoprene (Juvenile Hormone Analogue) prolonged Magnetization influenced survival of B. mori larvae [32]
larval period of B. mori [35]. The phytoecdysteriod is and cocoon magnetization influenced survival of B. mori
recognized as one of the most important components in larvae [13]. The topical application of methoprene juvenile
the silkworm rearing [36], while synthetic juvenoid (R394) hormone analogue good for survivability of larvae [35],
treatment caused prolongation the larval duration [37, 38] 95% larval survival was observed after treatment R-394 in
and the minimum larval duration was noticed in case of B. mori [53] and 20-Hydroxyecdysone influenced the
triple treatment by 60% ecdysone concentration [14]. 18.20% survival percent of larvae [14]. Antibiotics
Ascorbic acid affects the larval duration [39], antibiotics influenced survival of B. mori larvae [40], ascorbic acid
affect larval duration [40, 41] and treatment of B. mori enhances survival rate of larvae [54]. Vitamins complex
eggs with HCL influenced larval duration [42]. Fed treatment caused significant increase in survival of larvae
mulberry leaves treated with Nux vomica [43], folic acid [55] and mulberry leaves sprayed with linseed oil, hemp oil
administration [44] and herbal tonic influenced larval and milk influenced the survival of larvae [16]. Medicinal
duration of B. mori L. [20]. Larvae fed on soyabean and plant extract Phyllanthus niruri reduced (11%) larval
mushroom   diet   gave   the  shortest  larval  duration  of mortality [56]. A. vera gel affects the growth and survival
B. mori larvae [45]. Nuclear polyhedrosis virus (NPV) performance of Rainbow trout [57]. Survival of larvae
influenced larval duration [46]. Exposure of garlic volatile increased when mulberry leaves treated with bovine milk
[47]  and  ultrasound  [48] affected the larval duration of [58], larval fed on soybean and mushroom diet affected
B. mori. Mulberry varieties S-1635 influenced larval the survival of B. mori larvae [45] and garlic volatile
duration [49]. exposure duration caused increase in survival of B. mori

The exposure to high temperature reduced the larvae [59].
survival [50], while temperature between 23.9 to 25.8 °C On the basis of present observation and above
along  with  90.9%  relative  humidity best for survival of information it may be concluded that larval duration
B. mori larvae [51]. Relative humidity [9] and ecological decreased with the increase in the number of treatment
factors [10] influenced survival of  B. mori larvae. with different amount of A. vera essential oil but with the
Seasonal variation [30]  and  mulberry varieties and increasing  number  of  larval treatment from one  to  three
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times, the survival of larvae increased in case of 0.25, 0.50 12. Shukla, S., S. Prasad and V.B. Upadhyay, 2014.
and 0.75 ml A. vera essential oil. 1.00 ml A. vera essential
oil treatment caused notable decline in the survival of
larvae with increase in the number of larval treatment from
single to triple. A. vera essential oil simulates silkworm
larvae for tolerance to toxin and viral infection, accelerates
growth and development in silkworm.

REFERENCES

1. Burt, S., 2004. Essential oils: their antibacterial
properties and potential applications in foods-a
review. Int. J. Food Microbiol, 94: 223-253.

2. Bakkali,   F.,   S.   Averbeck,   D.   Averbeck   and
M.M. Idaomar, 2008. Biological effects of essential
oils- a review. Food Chem. Toxicol., 46: 446-475.

3. Reynolds,  T.  and  A.C.  Dweck,  1999. Aloe  vera
leaf  gel:  a  review  update. Ethnopharmocology,
68(1-3): 3-37.

4. Surjushe,  A.,  R.  Vasani  and  D.G.  Saple,  2008.
Aloe  vera:   A   short  review.  Indian J.  Dermatol.,
53: 163-166.

5. Narsih, S.K., Wignyanto and Wijana Susinggih, 2012.
Identification of aloin and saponin and chemical
composition of volatile constituents from Aloe vera
(L.) Peel. J. Agric. Food. Tech., 2(5): 79-84.

6. Eshun, K. and Q. He, 2004. Aloe vera: A valuable
ingredient for the food, pharmaceutical and cosmetic
industries: A review. Critical Review of Food Science
and Nutrition, 44(2): 91-96.

7. Upadhyay, V.B. and A.B. Mishra, 1991. Nutrional
ability of bivoltine silkworm Bombyx mori Linn larvae
at  higher  temperature  regimes.  J.  Adv.  Zool.,
12(1): 56-59.

8. Mishra, A.B. and V.B. Upadhyay, 1992. Nutritional
efficiency of bivoltine, Bombyx mori Linn. Larvae at
higher  regimes  of relative humidity.  J.Adv.  Zool.,
13(land): 16-18.

9. Pandey, P. and S.P. Tripathi, 2008. Effect of humidity
in the survival and weight of Bombyx mori linn.
Larvae. Malays. Appl. Biol, 37(1): 37-39.

10. Upadhyay, V.B. and K.P. Gaur, 2002. Effect of
ecological factors on the performance of Bombyx
mori L. larvae. Zool. Sci. India, pp: 91-104.

11. Pandey, A.K. and V.B. Upadhyay, 1999. Impact of
refrigeration  of  egg   and   pre-refrigeration  period
on  the  larvae  of Bombyx  mori  L.  J.  Adv.  Zool,
20: 217-222.

Biotechnological importance of cocoon refrigeration
on the pupal performance of multivoltine mulberry
silkworm (Bombyx mori Linn.) Pinnacle
Biotechnology, 1(1): 6.

13. Prasad, S. and V.B. Upadhyay, 2011.
Biotechnological importance of cocoon
magnetization with particular reference to the larval
performance of multivoltine mulberry silkworm
(Bombyx  mori  Linn.)  Middle-East  J.  Sci. Res.,
10(5): 565-572.

14. Prasad, S.  and  V.B. Upadhyay, 2012. Influence of
20-Hydroxyecdysone on the larval performance of
multivoltine mulberry silkworm (Bombyx mori L.)
African J. Basic & Appl. Sci., 4(5): 146-154.

15. Upadhyay, V.B. and  Purnima Pandey, 2012.
Influence of  phytoecdysteroid  on pupal
performance of multivoltine mulberry silkworm
(Bombyx mori Linn). The Bioscan, 7(3): 401-407.

16. Zah, C., L.A. Marghitas, A. Matei and M.N. Madas,
2011. The effect of dietary supplements on the
development of Bombyx mori L. silkworms. Animal
science and biotechnologies, 44(1): 153-157.

17. Tiwari,   Sachchidanand,   Surendra   Prasad   and
V.B. Upadhyay, 2014. Bioactivity of Aloe vera oil on
the weight and length  of  larvae  of silkworm
(Bombyx mori Linn.) Advan. Biol. Res., 8(1): 37-43.

18. Singh,  P.,  S.  Prasad  and V.B. Upadhyay, 2014.
Effect of Aloe vera oil influences the fecundity and
hatchability of multivoltine mulberry silkworm
(Bombyx mori Linn.) Pinnacle Biological Sciences,
Article ID pbs_116, 7 Pages.

19. Balamurugan, R. and L. Isaiarasu, 2007. Effect of the
herbal tonic “Iogen” on the growth and cocoon
parameters of mulberry silkworm, Bombyx mori L.
Proceedings of the National Seminar on Appliec
Zoology, ANJA College, Sivakasi.

20. Manimutha, M. and L. Isaiarasu, 2010. Influence of
herbal tonic Alloe on the overall performance of the
mulberry  silkworm, Bombyx  mori  L.  J.  Biopest,
3(3): 567-572.

21. Deshmukh, Rajkumar Bapurao and Vitthalrao B.
Khyade, 2013. Utilization of Aloe vera (L) herbal
tonic  for  treating  mulberry  leaves before feeding
the fifth instar larvae of silkworm, Bombyx mori L.
(Race: PM × CSR ). IJB, 02(01), pp: 281-285.2

22. Krishnaswamy,    S.M.M.,      Narasimhanan    and
S.K. Suryanarayana, 1973. Sericulture Mannual 2
silkworm  rearing  F.A.O.  Agric.  Services  Bull.,
15(2): 1-131.



African J. Basic & Appl. Sci., 7 (1): 26-33, 2015

32

23. Soo    Hoo,    C.F.     and     S.D.     Mishra,     1966. 36. Nair,    K.S.,     Y.G.     Miao  and     S.N.   Kumar,
The consumption, digestion and utilization of food 2005.   Differential     response     of    silkworm,
plants by a phytophagous insect, Prodenia eridania Bombyx   mori   L.  to  Phytoecdysteroid depending
(Cramer), J. Insect Physiol, 12: 711-730. on   the   time   of   administration.   Journal of

24. Das, P.K. and K. Vijayaraghavn, 1990. Studies on the Applied Science and Environmental Management,
effect of different mulberry varieties and season on 9(3): 81-86.
the larval development and cocoon characters of 37. Nair,  K.S.,  K.  Trivedi, V.A. Vijayan, J.S. Nair and
silkworm, Bombyx mori L. Indian j. Seric, 29(1): 44-53. P.K. Chinya, 2004. Efficiency of food conversion of

25. Khan, A., S. Rahman and N. Birendra, 1997. Effect of last instar silkworm Bombyx mori L. under the
vertebrate sex hormone, menstranol norethindrone, influence  of  juvenoid,  R394.   Indian,   J.  Seric.,
on growth and development of Bombyx mori 43(2): 187-193.
(Lepidoptera).  Bangladesh  Journal  of zoology, 38. Nair, K.S., J.S. Nair and V.A. Vijayan, 2007. Alteration
25(2): 103-109. in  the  primary  metabolite  in three different tissues

26. Ali, M.A. and M.S. Salem, 1978. Photoperiod in of silkworm under the influence of juvenoid R394.
relation  to  development  and  reproduction of the Caspian J. Env Sci, 5: 27-33.
eri-silkworm, Philosamia ricini. Boisd Agriculture 39. Babu,  M.,  M.T. Swamy, P.K. Rao and M.S. Rao,
Research Review, 56(1): 101-108. 1992.  Effect of ascorbic acid enriched mulberry

27. Janarthanan,   S.,     K.M.S.     Subburathinam    and leaves on rearing of Bombyx mori L. Indian J. Seric.,
M. Krishna, 1994. Impact of starvation of larval and 31: 111-114.
cocoon characters of silk Bombyx mori L. Indian J. 40. Alagumalai,   K.,   R.    Ramraj,    M.    Thiravalluvan,
Seric., 33(1): 89-91. N. Nagendra and R. Ranjaly, 1991. Effect of

28. Mathur, S.K. and Subba G. Rao, 1987. The saga of antibiotics on larval cocoon  characters and
Murishidabad Silk industry. Indian Silk, 26(5): 16-17. fecundity of silkworm Bombyx mori L. Environment

29. Ueda, S., R. Kimura and K. Suzuki 1971. Studies on and ecology, 3: 795-796.
growth of silkworm, B. mori L. III,.Relative  increase 41. Deehu,  P.S.,  R.  Govindan, M.C.  Deraish  and
in body weight and silk gland weight in fifth instar T.K.N. Swamy,  1997.  Effect  of  antibiotics on
larvae. Bull. Seric. Expt. Stn., 25: 1-20. growth  and  cocoon  parameters  of  silkworm,

30. Jyothermayala, D. and D. Bharti, 1993. Effect on the Bombyx mori L. Mysore Journal of Agricultural
growth pattern of silkworm B. mori with reference to Science, 31(1): 41-46.
seasonal variation. Environ. Ecol., 1: 220-222. 42. Hurkadli, H.K., 1998. Hatching of silkworm eggs.

31. Young, W., 1969. Magnetic field and in situ Indian Textile Journal, 108(9): 72-74.
acetycholine-esterase  in  the  vagal  heart  system. 43. Hiware, C.J. and Ambedkar, 2006. Effect of
In, Biological effect of magnetic field, Barnothyyet fortification of mulberry with homeopathic drug Nux
(Ed.) Plenum Press; pp: 79-102. vomica  on Bombyx  mori  L.   Homeopathy  Jul,

32. Chougale, A.K. and N.K. More, 1992. Effect of 95(3): 148-50.
magnetization on the development period and 44. Rahmathulla,   V.K.    and    R.K.    Rajan,   2007.
cocoon character of the silkworm Bombyx mori L. Growth  rate  pattern  and  economic traits of
Indian J. Seric., 31(2): 115-122. silkworm, Bombyx mori L under the influence

33. Kamada, M., 1992. Effect of methoprene (manta) economic parameters of the silkworm, Bombyx mori
application on growth and cocoon production in the of folic acid administration. J. Appl. Sci. Manage,
silkworm Bombyx mori at different rearing 11(4): 81-84.
temperature. J. Seric. Sci, Japan, 6(2): 116-122. 45. Mahmoud,  Mona  M., 2013. Effect of various kinds

34. Nair, K.S., V.A. Vijayan, K. Trivedy and J.S.N., 2001. of dietary proteins in semi-artificial diets on the
Improvement in the commercial traits of silkworm, mulberry silkworm Bombyx mori L. Egypt. Acad. J.
Bombyx mori L. in the administration of a juvenile, R Biolog. Sci., 6(1): 21-26.
394. International Journal of Industrial Entomology, 46. Asha, M.H., R.N. Bhaskar, Ramakrishna Naika
3(2): 169-175. Manjunath Gowda and B.V. Raghunath, 2012.

35. Miranda, J.E., S.A.D. Bortoli and R. Takahashi, 2002. Influence of silkworm breeds and their hybrid to Bm
Development and silk production by silkworm larvae NPV on fifth instar larval duration, pupal duration
after topical application of methoprene. Sci. Agric. and silk productivity. Int. J. Pure Appl. Sci. Technol,
(Piracicaba, Braz.), 59(3): 884-892. 9(2): 69-73.



African J. Basic & Appl. Sci., 7 (1): 26-33, 2015

33

47. Fatma, Saba, Surendra Prasad and V.B. Upadhyay, 54. Ito and M. Niminura, 1966. Nutrition of silkworm
2013. Bioactivity of garlic exposure on the larval traits
of multivoltine mulberry silkworm (Bombyx mori
Linn.)  Am-Euras.   J.   Agric.   &  Environ.  Sci.,
13(12): 1595-1602.

48. Mohan, Murali P. and Siva S. Prasad, 2013.
Improvement in economic traits of the silkworm
Bombyx mori L. by exposure to ultrasound. Int. J.
Biotechnol. Res., 1(7): 103-110.

49. Kumar, Venkatesh R., Dhiraj Kumar and Ram Pher
2014. Varietal influence of mulberry on silkworm,
Bombyx  mori  L.  growth  and  development. IJAR,
2(3): 921-927.

50. Venugopal, S. and S. Krishnaswamy, 1987.
Adaptability of silkworm, Bombyx mori L. tropical
conditions. III. Studies on the effect of high
temperature during later development stages of
silkworm. Indian J. Seric., 26(2): 63-71.

51. Singh, B.D. and G.S. Mavi, 1987. Rearing of mulberry
silkworm (Bombyx mori L.) during autumn and spring
season under the Punjab condition. J. Ent. Res.,
10(1): 79-84.

52. Ghosh, B.,   S.    Chattopadhyay,    P.R.T.    Roa,
G.C. Roy DS-SK, S.K. Sen and S.S. Sinha, 1993.
Analysis of quantitative traits of multivolatine
silkworm Bombyx mori L. (Lepidoptera: Bombycidae)
in varied environments. Uttar Pradesh Journal of
Zoology, 13(1): 47-51.

53. Gangwar, S.K., 2009. Effect of juvenile hormone mimic
R394 on silkworm Bombyx mori L. growth and
development of silk gland. J. of Agriculture and
Biological Science, 4(6): 65-66.

Bombyx mori. Its specific requirement and its
nutrition in relation to the mineral nutrition  of its
host plant Morus  indica.  Indian  J.   Exptl.   Biol.,
pp: 31-36.

55. Bentea  Mihai,  Liviu  Alexandru  Marghitas and
Aurel Sara 2011. The effect of some additives on the
bioproductive performances of silkworm Bombyx
mori L. Animal Science and Biotechnologies, 44(1).

56. Takhlique, Md., 2012. Medicinal plant extracts and
their valuable effect on various parameters of
silkworm hybrid PM x CSR . IJGHC., 1(3): 391-394.2

57. Heidarieh, M., A.R.  Mirvaghefi,  Sepahi S. Ali,
Najmeh Ali, Amir and M. Akbari, 2013. Effect of
dietary Aloe vera on growth performance, skin and
gastrointestinal morphology in Rainbow trout
(Oncorhynchus mykiss). Turk. J. Fish. Aquat. Sci.,
13: 367-373.

58. Konala,    N.,     P.     Abburi,     V.R.     Bovilla    and
A. Mamillapalli, 2013. The effect of bovine milk on
the growth of Bombyx mori. Journal of Insect
Science, 13: 98.

59. Fatma, Saba, Surendra Prasad and V.B. Upadhyay,
2014. Effect of garlic exposure on the larval weight
and survival of larvae of multivoltine mulberry
silkworm (Bombyx mori Linn.) SAJMR, 3(3): 137-142.


