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pted: 21Uz synthetic capacity of VC decreases in exposure to stress. Ruminants are more sensitive
to VC deficiency because VC administered orally is rapidly destroyed by the rumen

KGY_WO_"dS microflora and alkaline pH. Synthesis begins with glucose in the liver and occurs in the
Antioxidant, mitochondria via uronic acid. VC is one of the most important antioxidants in
Vltam!n C, extracellular fluids. It also has antioxidant activity inside the cell. Hypochlorite binds
Rose_hlp, and neutralizes peroxide and hydroxy radicals, hydrogen peroxide, superoxide anion
Ruminant and singlet oxygen. Water-soluble vitamins (VCs) must be taken regularly to prevent

hypovitaminosis due to their low storage. VC accelerates chemotaxis, promotes the
growth and proliferation of lymphocytes, and helps kill bacteria by leukocytes. It also
has bacteriostatic activity. The presence of VC significantly inhibits bacterial
replication. Additionally, VC prevents lipopolysaccharide-mediated lung injury in
sepsis. It also promotes apoptosis and supports immunity by protecting endothelial
progenitor cells. It is found in significant amounts in tomatoes, citrus fruits, green leafy
vegetables, fruits and milk. It is significantly denatured during pasteurization of milk.
Orange and lemon juice contains approximately 0.5 mg VC per ml. In this study, the
effect of VC, especially on animals with economic value, was investigated.

1. Introduction

Vitamin C (VC) is water-soluble and synthesized from glucose (Travica et al., 2017).
This synthesis (d-glucose — d-glucuronic acid — l-gulonic acid — I-gulono-y-lactone — 1-
VC) occurs via uric acid in the mitochondria of the ruminant liver. This process is carried out
in the kidneys, again from d-glucose, in reptiles and chickens. The gene responsible for the
formation of the enzyme L-gulono-y-lactone oxidase, which plays a role in the final stage of
VC biosynthesis in humans, primates, guinea pigs, bats, fish, birds and insects, has lost its
activity (Imik and Tuncer, 1997; Konca and Yazgan, 2002; Kaplan and Géniil, 2010). In case
of exposure to stress (such as dehydration, infectious and cardiovascular diseases, cancer,
diabetes and sepsis), the endogenous capacity of VC decreases. The consequences of this
situation are susceptibility to infections, reduced productivity and increased mortality
(Akinmoladun, 2021; Basegmez and Eryavuz, 2021). VC taken orally in ruminants is rapidly
destroyed by the alkaline pH and microflora of the rumen. For this reason, ruminants are more
sensitive to VC deficiencies and are administered parenterally (dose 1-2 grams). Synthesis
occurs in the mitochondria, starting from glucose in the liver and via uronic acid (Imik and
Tuncer, 1997; Dogan, 2023). Calves cannot synthesize VC until they are two years old. Three
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week old calves receive this with milk and colostrum. In newborn calves, frozen and fresh
colostrum are sufficient sources of VC (Ranjan, 2012). The VC concentration in cow and goat
milk is approximately 1-2 mg/100 mL (Renner, 1983).

VC is a co-factor that contributes to the glucocorticoid biosynthesis pathway by
participating in steroid hormone synthesis. It also neutralizes hypochlorite, hydrogen peroxide,
hydroxyl radicals, superoxide anion and singlet oxygen (Patak et al., 2004; Aktas and Armagan,
2019; Aktas and Bayram, 2020; Aktas and Sevimli, 2020; Aktas and Ozgocmen, 2020; Aktas
and Gur, 2021; Aktas and Yahyazadeh, 2022).

The immune system protects the body from pathogens such as viruses, bacteria, parasites
and fungi. It is also a network of tissues, special organs, proteins, cells and chemicals. Due to
its low storage capacity, adequate and regular intake is necessary to prevent hypovitaminosis
(Carr and Maggini, 2017). VC improves chemotaxis in disease states, promotes lymphocytic
proliferation, and helps kill bacteria by leukocytes. It also has bacteriostatic activity. The
presence of VC significantly inhibits bacterial replication. In addition, VC reduces
lipopolysaccharide-mediated lung injury during sepsis. In addition, it inhibits apoptosis. In its
deficiency, the killing of bacteria by natural killer cells is delayed (Teng et al., 2018).

It is found in cabbage, pepper, potato, strawberry, tomato, citrus fruits, green leafy
vegetables, fruits and milk in significant amounts. It is significantly denatured during
pasteurization of milk. Orange and lemon juice contains approximately 0.5 mg VC per ml
(Dizlek and Giil, 2007; Kaya et al., 2013).

In this study; the importance of VC in terms of health, which diseases it is good for and
which fruits and vegetables it is found in large amounts were examined.

2. Diseases
2.1. Immune system and infection

There is approximately 100 times more VVC in immune system cells than in serum. VC is
directly effective in destroying pathogens. It is virucidal and bactericidal, especially in the
presence of metal ions. It creates this effect by disrupting the structure of RNA and DNA. VC
increases the production of interferons in infected cells and the functions of neutrophils (Imik
and Tuncer, 1997).

VC also prevents free radical-induced damage and plays a cellular and subcellular
protective role. (Englard and Seifter, 1986). The body's VC concentration decreases rapidly
during infection and stress. With VC supplementation, the immune system is activated and
resistance to infections develops (Ran et al., 2018). VC improves chemotaxis, supports
lymphocytic proliferation and helps kill bacteria by leukocytes in bacterial infections. It also
shows bacteriostatic activity by inhibiting bacterial replication (Teng et al., 2018). VC plays an
important role in wound repair as it stimulates collagen production (Naidu, 2003). VVC prevents
neonatal calf diarrhea (Sivakumar et al., 2010).

2.2. Mastitis

Mastitis includes physical, chemical and bacteriological (contaminant; S. bovis, S.
aureus, S. agalactia and environmental; E. chromogenes, P. uberis, S. aeruginosa, S. coli and
other coagulase negative staphylococci) changes in milk, as well as pathological changes in the
mammary glandular tissue. In clinical mastitis, significant inflammatory symptoms are
observed in the milk and breast tissue. In subclinical mastitis, no visible changes occur. 75% of
milk somatic cells are leukocytes (lymphocytes, neutrophils and macrophages) and 25% are
epithelial cells. The number of leukocytes and epithelial cells in milk increases in breast
infections. While the number of healthy breast somatic cells is considered to be less than
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100,000 cells/ml, when an intramammary infection develops, the number of leukocytes
(neutrophils) increases significantly in parallel with the increased immune response to the
infection. This number is 150,000-500,000 in those with suspected California Mastitis Test
(CMT), 400,000-1,500,000 in those with CMT (+), 800,000-5,000,000 in those with CMT (++)
and more than 5,000,000 in those with CMT (+++). The mechanism of this event is the increase
in leukocytes during inflammation (Albenzio et al., 2002; Peker et al., 2016). In this table, VC
per unit cell and milk serum VC levels decrease. This need is met by increasing the uptake of
VC into the cell from the milk serum (Bastan, 2014).

2.3. Reproductive system diseases

The testicles are sensitive to a decrease in the level of VC in the body. VC protects sperm
DNA from oxidative damage. It plays an important role in preserving the genetic integrity of
sperm as it protects sperm from the destructive effects of ROS. In men, increasing dietary VC
intake increased sperm vitality, motility, and total mature sperm count. It also reduced sperm
adhesion and abnormality percentage (Eidan, 2016). VC application increased embryo survival
and quality. This is due to increased progesterone production in the early stages of pregnancy,
maturation of the placenta, improvement of the function of the uterus and fallopian tubes,
improvement of blastocyst development, and prevention of fetal resorption (Hashem et al.,
2015). Stress is the body's response to an external effect. The stress center is the hypothalamus.
It produces corticotropin (CRF) depending on the stimulus. It causes the secretion of
adrenocorticotropin (ACTH) hormone from the pituitary gland. ACTH directly affects the
adrenal cortex for the production and secretion of corticosterone, which is called the stress
hormone. Corticosterones shift body reserves (protein, carbohydrate and fat) and productivity
functions (such as development, egg production, immune system and fertility) to the current
stressor situation. In this case, it causes an increase in heat loss, acceleration in respiration, heart
rate and blood circulation (Imik and Tuncer, 1997).

VC is naturally found in various foods. Under normal conditions, laying hens can produce
VC. However, in cases of high heat stress, the level of VC produced decreases and body stores
are rapidly depleted. VVC increases the resistance of birds to heat stress by regulating the release
of corticosteroid hormones during heat stress (Seeman, 1991). VC also plays an important role
in vitamin D, calcium metabolism and the formation of collagen fibrils necessary for egg shell
formation. In VC deficiency, egg shells with low texture occur (Bains, 1997).

3. Foods Containing Vitamin C

The VC potential in citrus fruits is not very high. VC is found especially in the fleshy part
of the orange. Rosehip is a very rich source of VC. Although milk contains a very high amount
of VC, the pasteurization process breaks down a large portion of this vitamin. The concentration
in full-fat goat and cow milk is approximately 1-2 mg/100 MI. The plasma concentration of VC
in cattle, sheep and goats is shown as (mg/L) (Table 1) (Renner, 1983; Imik and Tuncer, 1997).

Table 1. VVC concentration in plasma of goats, sheep and cattle (mg/L)

Species Concentration (range)

Goat 1.75-1.92

Sheep 4-8

Cattle 5.7-6.2

It is also found in green leafy vegetables (lettuce, spinach and parsley), tomatoes, green
peppers, cabbage, broccoli, strawberries, grapes, melons, blackberries, bananas, watermelons
and fresh potatoes. Packaged orange juices sold in the market under the names of nectar and
similar names contain less VVC since they are diluted. The acidity of the environment increases
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the stability of VC. Staling, exposure to heat and chopping of plant foods containing VC cause
the vitamin content to decrease. Copper and other metals that can pass into cooking water in
trace amounts from metal containers also facilitate the separation of VC into pieces. Properly
canned vegetables can preserve a large portion of the VC in them (Akici et al., 2012).
4. Discussion

VC added to the feed in stress conditions caused by extreme heat and cold not only
reduces the level of corticosteroids in the adrenal glands but also is effective in reducing the
mortality rate. While the mortality rate in young roosters left in extreme heat was 22%, this rate
decreased to 7.3% in those receiving VC. VC restricts cell disintegration due to its antioxidant
properties. VC also prevents potassium loss in diarrhea caused by increased heat (Roche, 1992).
Gurer et al. (1990) reported that while the mortality rate was 0.09% in groups supplemented
with 1500 ppm VC in broiler diets, this rate increased to 0.21% in the control group. VC added
to laying hen diets in order to reduce the negative effects of heat stress has been found to
improve performance and shell quality. These results vary depending on the animal material
and the environmental temperature. In addition, the doses applied and the results obtained are
very variable because the various forms of VC (crystalline or coated form) are easily damaged
by exposure to heat, humidity and direct sunlight (Tilman, 1993). Therefore, the results
obtained by adding VC to the diets of heat-stressed animals should be checked. A decision
should be made to add VC to the diets according to these results (Konca and Yazgan, 2002).
Parenteral VC administered to newborn calves increases resistance to bacterial and viral
infections. VC given at a daily dose of 2 g reduced deaths due to enteritis and pneumonia
(Serpek et al., 1989). Dogan (2023), increased the level of serum IgG and the number of
lymphocytes in 5 mg/kg VC administered together with the vaccine against blackleg disease in
cattle, thus increasing the protective effect of immunity. In a study conducted on rats by Artiran
et al. (2017), testicular damage caused by gentamicin administration (intense damage and
cellular shedding in spermatogenic cells, thickening of the basal lamina, intense damage and
atrophy in tubules, expansion in the interstitial area and congestion in vessels) was minimized
with VC administration and approached the control group. In another study, intramuscular
(i.m.) administration of 50 mg VVC increased the pregnancy rate in Red Sokoto goats (Omontese
et al., 2014). It has been reported that VC (20 mg/kg; i.m) application for 30 days in rams
increased sperm concentration, volume and motility (Sonmez and Demirci, 2003). In high-
yielding cows that did not become pregnant despite insemination, subcutaneous (sc)
administration of 2 g VC per 500 kg body weight one week before insemination increased the
pregnancy rate (Bagpinar, 1988). There is a positive relationship between semen VC level and
sperm motility in animals. In bulls with libido deficiency, libido was observed to be normalized
with sc administration of VC (Gadient and Wegger, 1984). Imik and Tuncer (1997), in their
study, high sperm motility (R:0.77) was found in Holstein-Friesian and Zebu bulls with 500 kg
live weight and no sexual activity, and 2 g VC was applied twice a week for 4-6 weeks, showing
alow sperm count (R:0.55 and R:0.60). Mastitis is an important problem in dairy cattle farming.
It suppresses milk production in the affected udder lobe and causes serious economic losses.
Peker Akalin et al. (2016), in his study, observed that as the degree of subclinical mastitis
increases, the number of somatic cells increases, the milk serum VVC level decreases, and the
VC level per unit cell decreases. In another study by Weiss et al. (2004), a significant decrease
in VC levels was observed in Escherichia coli-induced mastitis. In the study by Ranjan et al.
(2012), it was observed that parenteral administration of VC alone or together with
intramammary antibiotics increased the recovery rate in spontaneous cases of bovine mastitis.
5. Conclusion

VC is a powerful antioxidant. It is found in blood plasma, neutrophils and other body
tissues. It has physiological functions at cellular and subcellular levels in the regulation of
immunity and in many cases in the protection against oxidative damage. Although cattle can
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synthesize VC from D-glucose or D-galactose, a decrease in VVC density is observed in tissues
in cases of disease and stress. However, comprehensive studies are needed to investigate the
necessity and effect of VC supplementation in cattle. Reduction of heat stress, calf diarrhea,
mastitis and infertility are some of these adverse conditions. Which VC supplements can be
beneficial? Development and dose standardization of stable VVC supplements in the rumen, their
preventive and therapeutic effects should be investigated.
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