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Abstract

Vitamin C (VC) is a water soluble derivative of sugar molecule which includes all the compounds having antiscorbutic activity.
This multifunctional compound which melts at 190-192°C with decomposition is a strong monobasic acid widely distributed in
nature, particularly in the plant kingdom. Most insects including silkworm are unable to synthesize the substance. The animals which
cannot synthesize VC, lack an enzyme, L-gulono-1, 4-lactone oxidase, which is essential for synthesis of the VC immediate
precursor 2-keto-l-gulonolactone. All plant feeding insects including silkworm are reported to need VC. VC is known to serve as
phagostimulant and growth promoter for phytophagous insects and its deprivation in diet results in impaired development. In
silkworm, dietary fortification of mulberry leaves with VC has been reported to increase the food consumption, coefficient of
utilization and economic traits larval weight within optimum limits. The excessive amounts of VC supplementation to silkworm diet
have negative impact causing decrease in food intake and cocoon characteristics due to hypervitaminosis.
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1. Introduction

The term "vitamin" is derived from the Latin word ‘vita’
meaning life and describes a class of nutrients that regulate
important metabolic reactions in the body (Lieberman and
Bruning, 1990) 7. Funk (1912) 32 referred vitamins as “vital
amines”. The ‘e’ was later dropped and the compound class is
now universally called as vitamins (Davies et al., 1991) [21,
Their function is to promote a wide variety of biochemical and
physiological processes necessary for life. Collectively,
vitamins assist in the formation of a wide spectrum of
biochemicals including hormones, enzymes, proteins,
neurotransmitters, and the genetic materials RNA and DNA.
Vitamins are divided into two categories, one of which is
commonly known as fat soluble and includes vitamins A, D, E,
and K. The other, water soluble, vitamin category includes the
B-vitamin Complex and vitamin C.

Vitamin C is chemically the simplest of the vitamins and perhaps
for these reasons it was first isolated, characterized and its
structure determined. It is a nutrient required in very small
amount to allow a range of essential metabolic reactions in the
body. It is principally a water-soluble anti-oxidant known by the
chemical name of its principal form L-ascorbic acid or simply
ascorbic acid or ascorbate (abbreviated as VVC here).

1.1 Historical perspective of vitamin C

The name “ascorbic acid” comes from Greek root-"a” (no or
anti) and “scorbutus” (Scurvy) or simply "anti-scurvy" acid;
because it was known to dramatically cure this disease. This
disease was caused by a serious deficiency of VVC, rendering its
victim’s small blood vessels to rupture, bones to weaken and
joints to swell, among other symptoms (Sauberlich, 2000) 4],
Lind (1753) 1, a Scottish naval surgeon, to find out the cause
for scurvy conducted controlled experiments on sailor’s diets
and published his findings as “Treatise on the Scurvy” and as a
result, in 1795 daily doses of lime juice were prescribed to all
the sailors in the British navy and scurvy quickly vanished.
However, the British were the only people who accepted the idea

that scurvy was the result of a dietary deficiency. These findings
were not widely accepted by rest of the world throughout the 19t
century (Groff et al,. 1995) 3. Drummond (1919) 281 described
antiscorbutic factor as “Water soluble C”. As the term ‘vitamin’
was adopted for essential factors, so the antiscorbutic factor was
designated as vitamin C (Bucci, 1998) . In 1928, Szent-
Gyorgyi, working on a biochemical problem unrelated to scurvy
or VVC, reported that he has isolated crystals of a new sugar-like
substance with very unusual chemical properties from the
adrenal gland of the ox. He first named it “ignose” then
“godnose” and finally “hexuronic acid” which gave colour tests
characteristic of sugars (Coultate, 2002) %, Similar crystals
were isolated from oranges and cabbages. While these crystals
were isolated in connection with another biochemical problem,
Szent-Gyorgyi noted their similarity to the chemical reaction of
VC and suspected there was some connection. He made
arrangements to have the crystals tested by animal assay which
proved hexuronic acid to be vitamin C.

1.2 Structure and properties of vitamin C

Vitamin C (CsHsOs) is the generic descriptor for compounds
having antiscorbutic activity (Plate 1). These include salts and
esters of ascorbic acid and its oxidative derivative L-
dehydroascorbic acid. The chemical name is 2-oxo-L-threo-
hexono-1,4-lactone-2,3-enediol (Moser & Bendich, 1990).
Depending on the nomenclature used it has a number of formal
systematic names, for example, L-3-ketothreohexuronic acid-y-
lactone (Belitz and Grosch, 1999) %1, VC is the enolic form of
3-oxo-L-gulofuranolactone. VC is a hexose derivative and is
nominally a carbohydrate. Acidic carbohydrates are generally
thought of as containing carboxylic acid group, but no free
carboxylic acid group is present in VC. A carboxylic acid group
has been lost to the lactone structure. Rather, the hydroxyl
groups on carbon 2 and 3 are ionisable. VC is very sensitive to
even slight heating, light, and action of oxidizing agents and
metal ions. VC is readily oxidized, especially in aqueous
solutions, by reacting with atmospheric oxygen, and behaves as
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a two-electron donor. The oxidation of ascorbic acid to
dehydroascorbic acid (DHA) is freely reversible and the further
reaction of the later leads to an irreversible hydrolysis of its
lactone yielding 2, 3-keto-1-gulonic acid (DKG).

It is a white crystalline optically active solid which melts at 190-
192°C with decomposition, and is a strong monobasic acid.
Redox potential of first stage at pH 5.0 is E 0 = + 0.127 V. In
aqueous acid solution (pH 2), it exhibits an absorption maximum
at 243 nm. At pH 6 to 10, the maximum lies at 265 nm and in
more strongly alkaline solutions the maximum occurs at 294 nm.
VC is highly polar compound, which is highly soluble in water
at ambient temperature (330 g/L) (Eittenmiller and Landen,
1999) 21 put insoluble in non-polar solvents

Though it is known by many scientists, it is virtually unknown
by the public that VC has two totally and distinctly different
separate sides. The two sides of VC consist of L-ascorbic acid
which is the (-) side and D-ascorbic acid which is the (+) side. It
is the L-ascorbic acid that is the active side and the side that is
beneficial to mankind. Most research shows that the D-side of
ascorbic acid is discarded by the body and designated as little or
no-use. People ingesting VVC are therefore only likely to benefit
from the L side of VC (Mason: www.antiaging-systems.com).
Vitamin C in foods occurs in complex with bioflavonoids, amino
acids, fiber etc. known as food VC complex.
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Plate 1: Structure of vitamin C and related compounds. The two
compounds marked with asterisk have vitamin C activity. Isoascorbic
acid (stereoisomer) has little scorbutic activity (Gregory, 1996).

1.3 Vitamin C synthesis in insects and other animals

Vitamin C is synthesized de novo by a number of insects and
most insects are unable to synthesize adequate amounts of the
substance from glucose. Although the biosynthesis of VC in
insects has not been studied thoroughly, the pathway appears to
be similar to that found in vertebrates. VC is manufactured from
glucose by nearly all the animals. The conversion proceeds
stepwise, each step being controlled by a different enzyme. The
animals which cannot synthesize VC, lack an enzyme, L-
gulono-1, 4-lactone oxidase, which is essential for synthesis of
the VC immediate precursor 2-keto-I-gulonolactone. Of special
interest is the finding that the intermediates from the pathway of
VC synthesis in vertebrates (d-glucuronic acid, D-
glucuronolactone and I-gulonolactone) do not substitute for VC
in those insects which require the vitamin. Therefore, these
insects also may be deficient in L-gulonolactone oxidase. The
silkworm Bombyx mori L. also belong to the group of insects
which do not synthesize the VC (Ito and Arai 1965) [, The
DNA encoding for gulonolactone oxidase is reported to have
undergone substantial mutation, resulting in the absence of the

functional enzyme (Sato & Undenfriend, 197853 and Nishikimi
and Yagi, 1996) [58,

In animals, VC is synthesized in the liver or kidneys by
conversion of D-Glc as part of the hexuronic acid pathway
(Nishikimi and Yagi, 1996 81 and Banhegyi et al., 1997) ', vC
is synthesized in animals along the following route.

D-Glucose — D-glucurono-y-lactone— L-gulono-y-I’

Some fungi can synthesize erythroascorbic acid, a VC analogue
with similar metabolic functions. Among prokaryotes, only
cyanobacteria have been reported to have a small VC amount
(Arrigoni and De Tullio, 2002) [,

1.4 Importance in insects

Vanderzant and Richardson (1963) ! reported that all the
insects known to need VC are plant feeders. VC is known to
serve as phagostimulant for phytophagous insects (Cohen, 2004)
(91 On the other hand, VC was shown to elicit no significant
feeding response for several sugar-cane infesting scarabaeids
Antitrogus parvulus and Lepidiota negatoria (Allsopp, 1992)
(221, Dadd (1957 & 1960) 3 Vanderzant et al., (1962) "4,
Chippendale & Beck (1964) and Levinson & Navon (1969)
regarded dietary VC essential for the growth and development
of several plant-feeding insects and its omission from diet
caused retarded growth and heaviest mortality at the moult from
the fourth to the fifth instar. VC has been reported to be
associated with larval moulting (cuticular sclerotization) and
development of mouth parts in insects (Navon, 1978 &
Chapman, 1998) 5. 16, \/C could also control the hydroxylations
that convert cholesterol to the insect molting hormone, ecdysone
(Rockstein, 1978) 62, VC could regulate the enzymatic
hydroxylation of tyrosine to dihydroxyphenylalanine, which is
the first step in the formation of the tanning agent, N-
acetyldopamine (Dadd, 1960 51 & Sekeris, 1972) (¢, Felton and
Duffey (1992) B4 provided evidence of an important role for
ascorbate free radical (AFR) reductase, dehydroascorbate
(DHA) reductase, glutathione and glutathione reductase as
components of an oxidant-scavenging system in the midgut of
larval Helicoverpa zea. Barbehenn et al., (2001) [
demonstrated that an ascorbate-recycling system in the midgut
lumen can act as an effective antioxidant defense in Malacosoma
disstria and Orgyia leucostigma caterpillars that feed on
prooxidant-rich food. Mathews et al., (1997) BY demonstrated
that ascorbate peroxidase (APOX) activity, which catalyzes the
oxidation of VC with the concurrent reduction of hydrogen
peroxide (H.0,), was important in removing lipid peroxides in
fat body tissues of Helicoverpa zea larvae.

1.5 Importance in silkworm

The silkworm, B. mori has been classified among the insects
which are unable to synthesize VC in their body and depend on
exogenous supply to fulfill the requirement (Ito and Arai 1965)
491, Neither D-glucunolactone nor D-gulonolactone replaced VC
and it supported the evolutionary theory on the absence of
biosynthetic pathway of VVC in the silkworm, B. mori (Ito, 1978).
Several researchers have demonstrated phagostimulatory effect
of VC (lto, 1961a, 1961b, 1978 B8, Ito & Arai, 1965 [ and
Dobzhenok, 1974). During the first instar, a stimulatory effect
of VC on silkworm voluntary feeding was postulated by Ito
(1961a) B8, in silkworm a gustatory stimulating activity have
been observed to some extent (Ito, 1961b) B8, It was
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demonstrated by an electrophysiological method that the sensilla
styloconica SS-I and SS-IlI on the maxillary tubercle of the
silkworm are sensitive to VC (Cui et al., 2001) 1. The
availability of artificial diet from the 1960s, permitted
researchers to confirm the importance of VC for the silkworm
physiology on the basis of classical experiments carried out by
Ito, though it is difficult to precisely estimate the amount of VC
ingested by silkworm larvae fed fresh mulberry leaves. VC
usually has been added to silkworm food (enrichment) in a
quantity generally varying from 1-2% of the dry weight of the
artificial diet, which is considered as optimum content of this
vitamin (Ito, 1978) B9, Vitamin C has always been regarded as
indispensable for the growth and development of the silkworm,
Bombyx mori and its deprivation in the diet affected larval
growth and cocoon production (Ito, 1961 8 & Cappellozza et
al., 2005) [*31, Cui et al., (2003) ?? found that VC (0.2 % - 0.3
%) was necessary for growth and development of silkworm,
while the amount beyond a certain concentration, growth and
survival rate are decreased. VC has been reported to inactivate
the viruses (Murata & Kato, 1990 *°; Nagata et al., 2003 [%¢1 and
Arakawa, 2007) B,

VC is present in all plants particularly in fruits and vegetables,
representing about 10 % of total carbohydrate pool in favorable
conditions (Haytowitz, 1991 ¢l Noctor and Foyer, 1998 58],
Smirnoff and Wheeler, 2000 571 & Smirnoff et al. 2001) [¢8], vC
is also present in mulberry leaves (Lombardi, 1964 9 and
Kanafi et al., 2007) 4. It has VC content of 1.3 to 1.8 mg/g
(Gamo and Nishiyama, 1953) B4, There is very close
relationship reported between the addition of VC in diet and
silkworm’s growth (Table 1). The growth of 1 gram fresh weight
of larva needs about 0.668 mg (0.067%) VC. Although the
function of VVC to silkworm physiological activities has not been
clear, it is known to promote silkworm food ingestion (Junliang
etal., 1994). But, the content of VC in mulberry leaves is largely
dependent on climatic and seasonal conditions (with a maximum
content in late springtime, or at the beginning of summer under
temperate climatic conditions) and on the position of the leaf on
the shoot (with the maximum content in the apex and median
leaves and minimum content near the branch insertion).
Furthermore, the choice of the mulberry variety affects the
content of VC in the mulberry leaves. VC has been found to be
reduced in the mulberry leaves grown under shade. Leaf
preservation, even if it is protected from direct sunlight, is
responsible for reducing VC content at a rate of at least 20 % in
24 hours (Cappellozza et al., 2005) [*°l. Drying of mulberry
leaves causes a complete degradation of VVC, so mulberry leaves
cannot be considered as a source of VC for larvae fed on
artificial diet containing even a high percentage of dried,
pulverized mulberry leaves. Babu et al., (1992) % measured the
VC content in M5 mulberry leaf of different ages, fresh and
preserved leaves and found that it varied according to the age
and preservation of leaf. Gamo (1941) % showed that the
content of the VC in fresh mulberry leaves changed in relation
to conditions influencing the food value of leaves and that the
amount of VC in the larval body is dependent on the leaves.

In view of the above conditions which affect the VC content of
mulberry leaf, inability of silkworm to synthesize it de novo, it
becomes inevitable to fortify the mulberry leaves with \VC for
normal growth and development, enhancement in qualitative
and quantitative production of silk.

Table 1: Relationship between the vitamin C in diet and silkworm

growth/larva
VC mg/g Average body wt. (mg)
dry diet After 15days After 25 days
0 36.7 All died
0.2 89.3 All died
0.4 89.4 349
0.8 98.8 586
15 96.1 575
3 89.7 922
5 107.8 901
10 97.7 1047
20 96.9 1072
50 56.5 719

Source: Junliang et al., 1994

1.6 Fortification with vitamin C

In higher animals VVC supplementation in the diet of tropical fish
has been reported to increase stress resistance, effective
response of the immune system and normal development
(Waagbo, 1994) [, Birds require additional supply of VC under
heat stress or in case of disease infection (Schmeling & Nockels,
197851 and Kafri & Cherry, 1984) 3], Dietary supplementation
with VC improved growth rate (Pardue & Thaxton, 1986) 5% and
feed efficiency (Mohammed, 1995) 52 of broiler chicks. Several
investigators have reported improvements in growth (Cromwell
et al., 1970 3: Yen and Pond, 1981) ['®] and meat quality
(Mourot et al., 1990 B4 Kremer et al., 1999) when
supplementing swine with VC. Effects of VC on pork quality
may be the result of altered glucose and glycogen metabolism
(Mourot et al., 1990) 54, Mahan et al. (1966) % reported an
increased growth rate of pigs when VC was administered orally
or injected.

In silkworm, fortification of mulberry leaves fed to silkworm has
been reported to increase the food consumption, coefficient of
utilization (Javed and Gondal, 2002) (4, larval weight (Etebari
et al., 2004) B, sjlk filament length and weight (Babu et al.
(1992) % and fecundity (Rahman et al., 1990 4 & Chauhan and
Singh, 1992) 71, Further, it has been reported that excessive
amounts of VC supplementation to silkworm diet have negative
impact causing decrease in food intake and cocoon
characteristics due to hypervitaminosis (Tantray et al., 2011) (41,
Dietary supplementation with synthetic and plant based VC has
been found to enhance the economic parameters of the mulberry
silkworm significantly (Tantray et al., 2015, Tantray and
Trivedy 2008 & 2011, Tantray, 2017a and Tantray, 2017b).

1.7 Concluding Remarks

This review summarizes data with regard to the various
characteristic properties, functions and effects of vitamin C with
particular reference to its importance and requirement in insect
life visa vis., silkworm. Importance, occurrence and abundance
of this master nutrient in plant kingdom and its effectiveness at
lower concentrations indicate the need for elaborating
comprehensive studies on the effect of botanical based VC on
silkworm. It is advisable that we keep in mind the negative
effects of enrichment beyond the optimum level beside its
positive effects on economic traits and biological parameters.

47



International Journal of Zoology Studies

2. References

1.

10.

11.

12.

13.

14.

15.

16.

Aabid Khalig Tantray Influence of Single Booster Dose of
Botanical Based and Synthetic Antiscorbutic Factor on
Larval Growth and Silk gland Tissue Somatic Index of the
Silkworm, Bombyx mori L. Journal of Entomology and
Zoology Studies. 2017; 5(1):36-40.

Aabid Khalig Tantray Gonadotrophic effect of synthetic
and phytoascorbate on the silkworm, Bombyx mori L. The
Pharma Innovation Journal. 2017; 6(1):17-19.

Aabid Khalig Tantray and Kanika Trivedy Relative
efficiency of some crude botanical extracts rich in vitamin
C to improve economic parameters of the Silkworm,
Bombyx mori L. Journal of Experimental Zoology, 2008;
11(2):1-8.

Aabid Khaliq Tantray, Kanika Trivedy Significance of
application time for dietary vitamin C supplementation
inthe silkworm, Bombyx mori L. Current biotica. 2011;
4(4):22-28.

Aabid Khaliq Tantray, Kanika Trivedy and S. Nirmal
Kumar Studies on hypervitaminosis and early larval
maturation in the silkworm Bombyx mori L induced by
vitamin C treatment. Sericologia 2011; 51(4):75-82.

Aabid Khalig Tantray, Shahnawaz Ahmad, Shabir Ahmad
Bhat, Ifat Bashir, Kanika Trivedy Studies on the effect of
fortification with synthetic vitamin C on reeling traits of the
silkworm, Bombyx mori L. Journal of Experimental
Zoology, 2015; 18(2):601-605.

Allsopp PG. Sugars, amino acids, and ascorbic acid as
phagostimulants of larvae of Antitrogus parvulus and
Lepidiota negatoria (Coleoptera: Scarabaeidae). J. Eco.
Entomol, 1992; 85:106-111.

Arakawa T. Bioassay of nucleopolyhedrovirus of a
silkworm, Bombyx mori L., (BmNPV) discriminating the
pathogenicity caused by free virion from that caused by
viral occlusion body. Appl. Entomol. Zool. 2007; 42(3):
439-448.

Arrigoni O, De Tullio MC. Ascorbic acid: much more than
just an antioxidant. Biochimica et Biophysica Acta (BBA),
2002; 1569(1-3):1-9.

Babu M, Swamy MT, Rao PK, Rao MS. Effect of ascorbic
acid- enriched mulberry leaves on rearing of Bombyx mori
L. Indian J. Seric. 1992; 31:111-114.

Banhegyi G, Braun L, Csala M, Puskas F, Mandl J.
Ascorbate metabolism and its regulation in animals. Free
Radic. Biol. Med., 1997; 23:793-803.

Barbehenn RV, Bumgamer SL, Roosen EF, Martin MM.
Antioxidant defenses in caterpillars: role of ascorbate-
recycling system in the midgut lumen. J. Insect Physiol.,
2001; 47(4):349-357.

Belitz HD, Grosch W. Food Chemistry. 2" edition, New
York: Springer- Verlag, Berlin Heidelberg. 1999.

Bucci LR, Dietary Supplements as Ergogenic Aids. New
York, CRC Press. 1998.

Cappellozza L, Cappellozza S, Saviane A, Sbrenna G.
Artificial diet rearing system for the silkworm Bombyx mori
(Lepidoptera: Bombycidae): effect of vitamin C deprivation
on larval growth and cocoon production. Appl. Entomol.
Zool., 2005; 40:405-412.

Chapman RF. The insect structure and function, 4™ edn.
Cambridge: Cambridge University Press. 1998, 78.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Chauhan TPS, Singh K. Studies on the effect of ascorbic
acid (vitamin. C) on the fecundity of mulberry silkworm,
Bombyx mori, L. Sericologia, 1992; 32:567-574.
Chippendale GM. Beck SD. Nutrition of the European corn
borer, Ostrinia nubilalis (Hiibn.); Ascorbic acid as the corn
leaf factor. Entomol. Exp. Appi., 1964; 7(3):241-248.
Cohen AC. Insect Diets: Science and Technology. CRC
Press, 2004, 29.

Coultate TP. Food the chemistry of its components.
Cambridge, the Royal Society of chemistry, 2002.
Cromwell GL, Hays VW, Oveefield JR. Effect of dietary
ascorbic acid on performance and plasma cholesterol levels
of growing swine. J. Anim. Sci., 1970; 31:63-66.

Cui WZ, Shang JY, Wang B, Cheng AW, Effects of vitamin
C on feeding habit and growth and development of the
silkworm Bombyx mori L. Sericologia, 2003; 43:73-80.
Cui WZ, Wang YW, Mu ZM. Gustation- electro-
physiological response to vitamin C of silkworm. Acta
Entomol. Sinica. 2001; 27:92-95.

Dadd RH. Ascorbic acid and carotene in the nutrition of the
desert locust, Schistocerca gregaria. Nature, London, 1957;
179:427-428.

Dadd RH. Some effects of dietary ascorbic acid on locusts.
Proceedings of the Royal Society of London. Series B,
Biological Sciences, 1960; 153(950):128-143.

Davies MB, Austin J, Partridge DA, Vitamin C: Its
Chemistry and Biochemistry; The royal society of
chemistry, Cambridge, England. 1991.

Dobzhenok Drouin R, Rodriguez H, Gao SW, Gebreyes Z,
O-Connor TR, Holmquist GP, et al. Cupric
ion/ascorbate/hydrogen peroxide-induced DNA damage:
DNA-bound copper ion primarily induces base
modifications. Free Radic. Biol. Med. 1996; 21:261-273.
Drummond JC. Note on the role of the anti-scorbutic factor
in nutrition. Biochem. J., 1919; 13:77-88.

Eittenmiller RR, Landen WO. Vitamin analysis for the
health and food science. Boca Raton, CRC Press. 1999.
Etebari K, Edabi R. Matindoost L. Effects of vitamin C on
biological, biochemical and economical characteristics of
the silkworm, Bombyx mori L. Int. J. Indust. Entomol.
2004; 8(1):81-87.

Felton GW, Duffey SS. Ascorbate oxidation reduction in
Helicoverpa zea as a scavenging system against dietary
oxidants. Arch. Insect. Biochem. Physiol., 1992; 19(1):27-
37.

Funk C. The etiology of the deficiency diseases. J. State
Med., 1912; 20:341-368.

Gamo T. On the variation of the content of ascorbic acid
during development and metamorphosis of the silkworm
Bombyx mori L. Uyeda. Bull. Seric. Ind., 1941; 13:63-69.
Gamo T. Nishiyama H. Research Repts. Fac. Textile
Sericult. Shinshu, Univ., 1953; 3:31-34.

Groff JL, Gropper S, Hunt SMS. The water soluble
vitamins. Minneapolis: West publishing company. 1995
Haytowitz DB. Information from USDA Nutrtional data
Bank. J. Nutr. 1991; 125:1952-1955.

Ito, T. Nutrition on the silkworm, Bobbyx mori L. IV.
Effects of ascorbic acid (English). Bull.Seric. Expt. Statn.,
1961; 17:134-137.

. Ito T. Effect of dietary ascorbic acid on the silkworm,

Bombyx mori. Nature 4806. 1961; (192):951-952.

48



International Journal of Zoology Studies

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

Ito T. Silkworm nutrition. In: The silkworm-An Important
Laboratory Tool (eds Y.Tazima) Kodansha Ltd., Tokyo.
1978; 307.

Ito T, Arai N, Nutrition of silkworm Bombyx mori L. IX.
Further studies on the nutritive effects of ascorbic acid.
Bull. Seric. Expt. Statn. Japan, 1965; 20:1-19.

Javed H, Gondal MH, Effect of food supplementation of
ascorbic aid on larval mortality of the silkworm, Bombyx
mori. Asian J. Plant Sci., 2002; 1(5):556-557.

Junliang X, Shunlin L, Yungen M, Chuanxi Z, Xiaofeng W,
Zuhua S, et al. In. Silkworm physiology, Bulletin of
Sericulture, Hangzhou, China. 1994,

Kafri K, Cherry JA. Supplemental ascorbic acid and heat
stress in broiler chicks. Poul. Sci, 1984; 63:125.

Kanafi RR, Ebadi R, Mirhosseini SZ, Seidavi AR,
Zolfaghari M, Etebari K, et al. A review on nutritive effect
of mulberry leaves enrichment with vitamins on economic
traits and biological parameters of silkworm Bombyx mori
L. Inverteb. Sur. J. 2007; 4:86-91.

Kremer BT, Stahly TS, Ewan RC. The effect of dietary
vitamin C on meat quality of pork. J. Anim. Sci. 1999;
77(1):46.

Levinson HZ, Navon A. Ascorbic acid and unsaturated fatty
acids in the nutrition of the Egyptian cotton leaf worm,
Prodenia litura. J. Insect Physiol., 1969; 15:591-595.
Lieberman S, Bruning N. The Real Vitamin & Mineral
Book. New York: Avery Group, 1990, 3.

Lind J. Lind's Treatise on Scurvy. In: Stewart CP, Guthrie
D, editors. Bicentenary Volume. Edinburgh: Edinburgh
University Press, pp. 1953, 69-112.

Lombardi PL, Comportamento del gelso Kokuso nel
periodo di acclimatazione in Italia. Ann. Staz. Bacol. Sper.
Padova., 1964; 52:407-432.

Mahan DC, Pickett RA, Perry TW, Curtin TM, Featherston,
WR, Beeson WM et al. Influence of various nutritional
factors and physical form of feed on esophagogastric ulcers
in swine. J. Anim. Sci., 1966; 25:1019.

Mathews MC, Summers CB, Felton GW. Ascorbate
peroxidase: A novel antioxidant enzyme in insects. Arch.
Insect Biochem. Physiol., 1997; 34(1):57-68.

Mohammed AH. Barley Varieties, enzyme supplementation
and broiler performance. J. Poult. Res., 1995; 4:230-234.
Moser U, Bendich A. Vitamin C. In; Handbook of Vitamins
(Edited by: Machlin LJ). Marcel Dekker, New York, 1990.
Mourot J, Aumaitre A, Wallet P. Effect of a dietary
supplement of vitamin C on growth and pig meat quality.
In; Proc. 2nd Symp. Ascorbic Acid in Domes. Anim. C.
Wenk, R. Fenster, and L. Vdlker, ed. Kartause Ittingen,
Switzerland, pp. 1990; 176-185.

Murata AF. Kato, Inactivation of viruses by vitamin C.
Nippon Nogeikagaku Kaishi, 1990; 12:1858-1860.

Nagata M, Nakao R, Hamada K, Aoki F. Inactivation of
Bombyx mori nucleopolyhedrovirus by reducing agents. J.
Seric. Sci. Jpn. 2003; 72:49-54.

Navon A. Effect of dietary ascorbic acid on larvae of the
Egyptian cotton leaf worm, Spodoptera littoralis. J. Insect
Physiol., 1978; 24:39-44.

Nishikimi M, Yagi K. Biochemistry and molecular biology
of ascorbic acid biosynthesis. Subcellular Biochem. 1996;
25:17-39.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Noctor G, Foyer CH. Ascorbate and glutathione: keeping
active oxygen under control. Ann. Rev. Plant Physiol. Plant
Mol. Biol., 1998; 49:249-279.

Pardue SL, Thaxton JP, Ascorbic acid in poultry: a review.
World’s Poul. Sci. J., 1986; 42:107-123.

Rahman SM, Khanam LAM, Ferdoud J. Effect of various
concentrations of ascorbic acid on the oviposition and
hatchability of silkworm, Bombyx mori L. Bull. Sericult.
Res, 1990; 1:47-50.

Rockstein M. Biochemistry of insects. Academic Press New
York, pp. 1978, 9-10.

Sato P, Undenfriend S. Scurvy-prone animals, including
man, monkey, and guinea pig, do not express the gene for
gulonolactone oxidease. Arch. Biochem. Biophy., 1978;
187:158-162.

Sauberlich HE. Laboratory tests for the assessment of
nutritional status. New York, CRC Press. 2000.

Schmeling SK, Nockels CF. Effects of age, sex and ascorbic
acid ingestion on chicken plasma corticosterone level. Poul.
Sci., 1978; 57: 527-533.

Sekeris CE. Ecdysone and RNA synthesis in target tissues.
Gen. Comp. Endocrinol. Suppl., 1972; 3:149-158.
Smirnoff N. Wheeler GL. Ascorbic acid in plants:
biosynthesis and function. Crit. Rev. Biochem. Mol. Biol.,
2000; 35:291-314.

Smirnoff N, Conklin PL, Loewus FA. Biosynthesis of
ascorbic acid in plants: a renaissance. Ann. Rev. Plant
Physiol. Plant Mol. Biol., 2001; 52:437-467.
Szent-Gyorgyi A. Observations on the Function of
Peroxidase Systems and the Chemistry of the Adrenal
Cortex. Biochem. J., 1928; 22:1387-1409.

Vanderzant ES, Richardson CD. Ascorbic acid in the
nutrition of plant feeding insects. Science, 1963; 140:989-
991.

Vanderzant ES, Pool MC, Richardson CD. Role of ascorbic
acid in the nutrition of three cotton insects. J. Insect
Physiol., 1962; 8:287-297.

Waagbo R. The impact of nutritional factors on the immune
system in Atlantic salmon, Salmo salar: a review. Aquacult.
Fish. Manag, 1994; 25:175-197.

Yen JT, Pond WG. Effect of dietary vitamin C addition on
performance, plasma vitamin ¢ and hematic iron status in
weanling pigs. J. Animal. Sci., 1981; 53(5):1292-1296.

49



