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SUMMARY 

The hormonal assays of polycystic ovarian syndrome (PCOS) frequently reveal elevated 

levels of androgens and steroidal sex hormones in the body. PCOS is on the rise 

worldwide and produces symptoms in approximately 5% to 10% of women of 

reproductive age. Among various sign and symptoms obesity, hirsutism and cystic 

changes in ovaries are menace.  

Obesity in females suffering through PCOS is particularly related to the type of the diet 

consumed by them. Studies also show that diets rich in natural steroids and fortified with 

synthetic steroids and fats are also the cause of obesity and PCOS. Diet with natural 

steroids comprises of meat. However, commercially available chickens, recognized to be 

supplemented with artificial steroids may cause deleterious effects on the health of the 

consumers. 

To observe the effect of various diets on rats, the present study was designed. The rats 

were divided into six groups namely group A as control.  Group B was kept on the 

chicken feed of broilers. Group C was fed on commercially available chicken boneless 

meat of broilers. Group D nourished on free range organic chicken boneless meat. Group 

E was nurtured on spinach and the Group F was raised on soy bean diet.   

It was observed that the growth rate, weight gain and obesity of the rats were highest in 

groups C and B rats than the rats of groups A, D, E and F. The rats of groups C and B 

showed a high in growth rate of 245% and 239% respectively, final weight gain of 155% 

and 129% high and increased obesity by 130% and 61.90% than the rats of other groups. 

Likewise the serum cholesterol, serum testosterone and estradiol were greatest in the 

group B and group C rats with values of 37.4% and 35.7% respectively, high in serum 

cholesterol levels and 28300% and 2.66% increase in serum testosterone levels 

respectively. Serum progesterone was however lower in the group C rats with 36.36% 

decrease from the normal values when compared against the rats of all the other groups in 

the study. The growth rate, weight gain, serum cholesterol and serum steroidal sex 

hormones were non-significantly different in rats fed with free range chicken meat, 

spinach and soy treated rats when compared together or control. 

In the behavioral analysis the rats of group C showed the maximum alteration in behavior 

with 44.44% increase in lateral attacks and biting and increased in the deaths of rats due 

to 38.88% increase in muricidal attacks than the rats of all other groups. The aggressive 

behavior was observed in group B and D rats but of modest significance when compared 

to control, spinach and soy bean treated rats groups. 

 

The histopathological studies revealed marked increase in the portal inflammation with 

68% and 40% in rats of groups C and B respectively than the rats of the other groups in 

the experiment. Like wise the histopathology of the ovaries of rats of the groups C and B 

showed the noticeable changes in terms of enlargement in size by 80% and 60% increase 

respectively in the ovaries and cystic development amplification by 68% and 40% 

respectively when compared to all the other rats of the groups A, D, E and F. 
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                                                       CHAPTER 1 

INTRODUCTION 

1.1. POLYCYSTIC OVARIAN SYNDROME (PCOS) 

Polycystic ovarian syndrome (PCOS) is one of the most frequent endocrine disorders 

among premenopausal women. PCOS is also known as Stein-Leventhal Syndrome, a 

state that involves ovaries and is characterized by oligoovulation, anovulation, chronic 

hyperandrogenism and insulin resistance (Huang et al, 2013). PCOS as a rule does not 

cause symptoms before mid-puberty, when the ovaries begin to generate hormones in 

considerable amounts (Lisa et al, 2009). Research shows that pcos may cause infrequent, 

irregular or absent menstrual cycles with difficulty in getting pregnant, obesity in 40% to 

50% of women and skin manifestations of acne, male pattern hair growth typically in the 

beard area, upper lip, sideburns, chest, around nipples and along the lower abdominal 

midline (Zargar et al, 2002). Pcos also cause darkened, thickened skin called acanthosis 

nigricans, high blood pressure, type 2 diabetes mellitus and hypercholesterolemia 

(Milicevic et al, 2014). 

Studies show that there is no single test for PCOS for the reason that no accurate cause 

has been documented until now (Haouat et al, 2012). PCOS is frequently diagnosed by 

clinical history for menstrual irregularity and a physical for excess abnormal hair growth 

or acne (Dokras et al, 2005). 
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1.1.1. Formation of Polycystic Ovaries 

It has been shown that ovaries in females produce hormones which are estrogens, 

progesterone, and androgens (Lisa et al, 2009). Estrogen and progesterone control 

monthly menstrual cycles and ovulation by supporting eggs to grow into follicles (Liu et 

al, 2006). As a consequence the follicles created are made up of fluid-filled pocket 

enclosing eggs which are freed each month to pass through down the fallopian tube. 

(Daneasa et al, 2014). The majority of the follicles in mammalian ovaries undergo a 

degenerative itinerary of atresia and thus only a limited number of ovarian follicles 

actually ovulate after full growth and development (Sravan et al, 2014). Extensive studies 

have been done on the endocrinological regulatory mechanisms implicated in follicular 

maturity though the meticulous and structured molecular means involved in the process 

are indistinguishable (Barnard et al, 2007). 

Ovaries in addition are known to produce an extra hormone in small amounts called 

testosterone (Bhasin et al, 2001). Testosterone is a form of the androgen hormones and it 

is a main sex hormone in men (Catteau-Jonard et al, 2007). Between 4% and 7% of 

women produce profuse amounts of testosterone in their ovaries (Agapova et al, 2014). 

Such women may develop prototype of indications that may collectively known as 

polycystic ovary syndrome (Anderson et al, 2014). 

Studies show that in PCOS, ovaries produce higher than normal amounts of androgens 

that interfere with egg development and release (Joshi et al, 2014). It is reported that at 

times instead of the eggs maturing, small sacs of fluid filled follicles are generated that 

are known as cysts (Pasquali, 2006). A mature egg is released during ovulation in every 

normal menstrual cycle however formation of cysts in the ovaries may hamper the release 
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of eggs with enlargement of ovaries in size to make polycystic ovaries (Pierre et al, 2013). 

It is documented that the absence of the egg release in females with PCOS may not 

ovulate each month resulting in irregular periods or missed periods (Muneyyirci-Delale et 

al, 2014). 

1.1.2. Health Concerns in Polycystic Ovaries 

Evidence shows that in PCOS there are also high levels of circulating insulin in the body 

and such high levels of insulin may lead to resistance of the body to insulin functions 

with resultant health concerns like diabetes mellitus (Carmina, 2013). High insulin levels 

are also known as a marker for other health concerns that may arise through this 

syndrome. It is of significance that high insulin levels, obesity, development of diabetes, 

high blood pressure and hypercholesterolemia and PCOS may ensue as a result of insulin 

insensitivity in the body (Verkauskiene et al, 2013). 

1.1.3. Genetics 

Research has shown that inheritance of the bodily functions in particular of the glands in 

body like as ovaries, pituitary gland and adrenal glands, the programming of their role is 

also a key factor in causation of pcos (Barr et al, 2013). Evidence shows women with 

recurrent seizures are further expected to develop polycystic ovary syndrome as repeated 

seizures involve brain affecting hypothalamus and pituitary gland that regulate 

manufacturing of reproductive hormones (Dewailly et al, 2014). 

1.1.4. Role of Hormones and Their Precursors in the Female Body 

It is known from previous studies that ovaries in females produce steroidal hormones 

namely estrogens, progesterone and testosterone that play a fundamental role in feminine 
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body (Lisa et al, 2009, Pasquali and Gambineri, 2013). Hormones are chemical 

substances that are prepared and secreted by glands. On release these hormones enter 

blood stream and are transported to specific organs and structures to regulate their 

functions (Moura et al, 2011). Ovaries are active throughout fetal development but 

become relatively inactive throughout infancy and childhood. Subsequently, at puberty, 

ovaries produce steroidal sex hormones that result in secondary sexual development as 

well as mood swings that are associated with puberty (Amato et al, 2014). 

As revealed, ovaries generate hormones in a cyclic fashion with the levels of the 

hormones increase and decline with ovulation per month (Pignatelli, 2013). Hence by 

variation of hormones helps maintaining in most of the women with a monthly cycle that 

may be interrupted time to time by pregnancy or disrupted by stressful events (Avila et al, 

2014). 

Among the primary female hormones, estrogens build up the uterine lining, stimulate 

breast tissue development and thicken the vaginal wall in addition to effect on almost 

every other organ in the body (Amato et al, 2014). Estrogens also play a significant role 

in bone building along with imperative protective effects on the cardiovascular system 

(Sung et al, 2014). Progesterone, on the other hand prepares uterine lining for egg 

implantation however, it has additional effects on tissues sensitive to estrogen (Singh et al, 

2014). Testosterone, as also made in ovaries, plays a role in stimulating sexual desire, 

generating energy and developing muscle mass in the body (Sung et al, 2014). 

The stability of the steroidal sex hormones in the body may be affected by many factors 

including diet, body weight, genetic and environmental conditions (Orisaka et al, 2013). 

The pituitary gland located at the base of the brain produces two important hormones LH 
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and FSH while the ovaries in the pelvis produce estrogens and progesterone. The 

formations of these hormones by pituitary gland and ovaries are continuously in 

correspondence with one another leading to the monthly cycle with production of eggs  

(Pierre et al, 2013). It has been studied that pituitary gland produces follicle-stimulating 

hormone and leutinizing hormone (Orisaka et al, 2013). Anxiety, trauma, increased body 

weight, and several medications may cause temporary changes in FSH, LH, estrogens 

and progesterone levels in the female body. These alterations in hormonal production 

may lead to irregularity in the monthly menstrual cycles, no release of eggs from the 

follicles and even infertility (Kaur et al, 2012). 

Studies show that in fourth decade of life ovaries produce less amounts of progesterone 

that being the most important hormone leading to heavier and more frequent periods that 

result in a premenopausal stage (Hickey et al, 2012). At this stage production of estrogens 

in the ovaries is tapered off. It is the oscillation in estrogen production that later result in 

the lack of estrogen production bringing primarily discomforts and health problems 

related with menopause (Chapman et al, 2009). On reaching fifth decade of life finally 

the process of menopause that brings foremost and permanent changes to the hormone 

levels and hormone balance in the body ensues by ceasing permanently ovaries of 

production of eggs and hormones (Cinar et al, 2012). Such fluctuating, falling and final 

cessation of estrogen levels disrupt internal bodily environment causing vasomotor 

instability leading to hot flashes, disturbed sleep cycles and altered muscle tone notably 

of pelvic area (Narasimhan et al, 2013). 
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1.1.5. Cholesterol-Precursor of Steroidal Sex Hormones 

Studies show that cholesterol is a chief precursor molecule for the production of the 

steroid sex hormones estrogens, progesterones and androgens in ovaries and cortisol and 

aldosterone in the adrenal glands (Kamel et al, 2005). Cholesterol and vitamin D in 

humans are the principal sterols synthesized in all the cells notably liver that typically 

produces greater amounts than other cells (Mandal et al, 2014). Cholesterol is also known 

to be an essential component for the building and maintenance of membranes (Fouad and 

El-Senousey, 2014). Evidence revealed that cholesterol adjust membrane variability over 

the variety of physiological temperatures, facilitates intracellular transport, cell signaling 

and nerve conduction. In liver, cholesterol is converted to bile (Sheril et al, 2009). 

1.1.5.1. Estrogens and their Role in Humans 

Estrogens being the prime female sex hormones belonging to a group of steroid 

hormones are derivative of cholesterol (Chapman et al, 2009). They are recognized to 

play an important role in both menstrual and estrous reproductive cycles (Laredo et al, 

2014). Estrogens are generally formed by ovaries however in pregnancy they can be 

produced by placenta (Hickey et al, 2012). Evidence suggests that follicle-stimulating 

hormone (FSH) from the pituitary gland stimulates the ovarian production of estrogens 

through the granulosa cells of the ovarian follicles along with corpora lutea (Fanta, 2013). 

Estrogens support maturity of female secondary sexual characteristics, accelerate 

metabolism and augment fat stores (Chapman et al, 2009). Estrogens are also known to 

encourage endometrial growth, amplify uterine growth, increase vaginal lubrication and 

thickening the vaginal wall (Laredo et al, 2014). Previous reports revealed that estrogens 

also aid in the preservation of blood vessels and skin, diminish bone resorption and 
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enhance bone formation (Blume-Peytavi et al, 2012). Estrogens also raise protein 

synthesis in body with increase in hepatic synthesis of binding proteins, add to the 

circulating level of factors 2, 7, 9, 10, plasminogen, reduce antithrombin III and increase 

platelet adhesiveness (Chuan and Chang, 2010). Estrogens are also documented to 

increase high density lipoproteins (HDL) and decrease low density lipoproteins (LDL) in 

the body (Pall et al, 2010). 

It is reported that estrogens decrease fat deposition, preserve electrolyte balance and 

water retention, augment cortisol and sex hormone binging globulin (SHBG) (Welt and 

Carmina, 2013). In gastrointestinal tract it is documented to reduce bowel motility, 

enhance bile synthesis and in skin increase melanin and pheomalanin production with 

reduction of eumelanin (Shen et al, 2009). Investigations have shown that during the 

cancerous state estrogens sustain hormone-sensitive breast cancers as well as estrogens 

exercise profound effects on the lung functions by supporting in the maintenance of the 

alveolar integrity (Somani et al, 2008). 

Estrogen together with progesterone promotes and maintains the uterus lining in 

preparation for implantation of fertilized egg and preservation of uterus function 

throughout gestation period (McClanahan and Omar 2006). Estrogens by evidence are 

shown for the up regulation of oxytocin receptors in myometrium of the uterus (Catteau-

Jonard et al, 2007). Surge in estrogen level is known to stimulate discharge of luteinizing 

hormone triggering ovulation by liberating egg from the follicle in the ovary (Lee et al, 

2013). 
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Figure 1.1. Role of Hormones in Oocyte Development  
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1.1.5.2. Role of Estrogens in Animals 

Studies revealed that estrogens promotes sexual receptivity in animals and stimulates 

lordosis behavior in them. In non-human mammals, estrogens in addition encourage 

estrus prior ovulation to facilitate lordosis behavior (Schule et al, 2014). It is studied that 

declined estrogens levels results in a sexually hostile behavior with poor desire of mating 

that can be observed during the non estrus phase in animals (Horn et al, 2014). 

It is also revealed that androgens also play an important role in sex drive but this is in the 

presence of estrogens (Niki et al, 2014). It has been proven that devoid of estrogens in 

body androgens essentially diminish sexual desire instead of increases sex drive, as 

established for hypoactive sexual desire disorder and sexual objective re-establishment by 

management of estrogen through means of oral contraceptive (Plaza-Parrochia et al, 

2014). In non-human mammals the mating desire is generated through estrogen surge in 

estrus (Chapman et al, 2009). 

1.1.5.3. Progesterone 

Progesterone also a steroid hormone concerned in female menstrual cycle and pregnancy 

via supporting gestation and embryogenesis of animals and human beings (Hickey et al, 

2012). Progesterone being related to a class of hormones entitled as progestogens (Pulley 

et al, 2013). Evidence revealed that progestogens are formed by corpus luteum in ovaries, 

by placenta during pregnancy and from adrenal glands placed near kidneys (Yassaee et al, 

2014). 
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Previous studies showed that progesterone is also stored in adipose tissue or fats in the 

body (Kim et al, 2014). Progesterone is documented to include a role in skin flexibility 

and bone strength (Seckin et al, 2014), during respiration, within nerve tissue and during 

female sexuality (Kim et al, 2014). Progesterone regulates numerous functions in 

reproduction as continuance of pregnancy, initiation of ovulatory heat, development of 

mammary glands and repression of uterine motility (Li et al, 2014). 

1.1.5.4. Androgens 

Androgen are acknowledged to be androgenic hormone or testoid since it is an extensive 

term used for natural or synthetic steroid hormone to facilitate and supervise development 

(Georgopoulos et al, 2014) and maintenance of male distinctiveness in vertebrates by 

binding to androgen receptors (Karageorgis et al, 2014). This comprises the activity of 

the accessory male sex organs and growth of male secondary sexual characteristics 

(Thornton et al, 2014). 

Androgens are recognized to be anabolic steroids in addition to predecessors of all 

estrogens (Moravek et al, 2015). The principal and most documented androgen is 

testosterone (O'Connor et al, 2004). Dihydrotestosterone (DHT) and androstenedione are 

less known by and large however are of equal significance in male development 

(Luboshitzky et al, 2003). DHT plays a major role in the male gender discrimination such 

as development of penis, scrotum along with prostate (Gallea et al, 2014). It is reported 

that soon after in life DHT contributes to male hair receding on scalp known as balding, 

prostate development and sebaceous gland functions (Henning et al, 2014). 
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Androgen excess may be calculated by liberated testosterone levels or a free androgen 

index (Park et al, 2014). An elevated liberated testosterone level is liable of androgen 

surplus. Research shows that supplementary androgens such as dehydroepiandrosterone 

sulfate (DHEA-S) may be customary or slightly above the normal array in patients with 

PCOS (Olsen et al, 2014). Levels of sex hormone binding globulin (SHBG) are 

recurrently little in patients with PCOS (Shokeir and El-Kannishy, 2014). 

A confirmatory relationship between aldosterone and inflammatory parameters along 

with blood pressure and metabolic abnormalities in PCOS has been reported in near the 

beginning hours of estrogenic phase (Warren et al, 2014). Aldosterone levels are 

significantly elevated in PCOS patients as compared to normal individuals (Avila et al, 

2014). 

1.1.5.5. Testosterone 

Testosterone one of the androgens is a consequential from cholesterol (McGraw et al, 

2013). In mammals, testosterone is formed recurrently by the testicles of males and the 

ovaries of females albeit little amounts are in addition secreted through the adrenal glands 

(Bizzarri et al, 2011). Testosterone is also known to be the chief male sex hormone of 

anabolic in nature (Spritzer, 2014). Research shows in men testosterone plays a key role 

in the development of male reproductive tissues for instance testes and prostate with 

promoting secondary sexual characteristics such as improved muscle, bones mass and 

growth of body hair (Fanta et al, 2008). In addition, testosterone is crucial for physical 

well being and prevention of osteoporosis (Holmang et al, 1990). 
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Figure 1.2. Hormonal Imbalance in PCOS  
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1.1.6. Follicle-Stimulating Hormone 

Follicular stimulating hormone (FSH) and leutinizing hormone (LH) are synthesized and 

secreted by gonadotrophs of anterior pituitary gland (Orisaka et al, 2013). FSH controls 

the development, growth, pubescent and reproductive maturity of the body (Catteau-

Jonard et al, 2007). FSH and luteinizing hormone (LH) act synergistically in procreation. 

Studies show that FSH promotes the maturation of germ cells (Leonhardt et al, 2014). 

However mounting of LH or LH surge in females activates ovulation and development of 

the corpus luteum while in males it encourages Leydig cells to produce testosterone 

(Esmaeilzadeh et al, 2014). 

It is shown that in females FSH initiates follicular development, particularly affecting 

granulosa cells and then decline in the late follicular phase (Wang et al, 2013). It is 

however significant in choosing single most advanced follicle to progress to ovulation 

and by the end of the luteal phase there is an insignificant rise in FSH with the intention 

to start the next ovulatory cycle (Shao et al, 2014). 

The regulation of FSH liberation from the pituitary gland is unidentified. On the other 

hand low occurrence gonadotropin-releasing hormone (GnRH) pulses adds to FSH 

mRNA levels in animals as seen in rats even though this is not correlated with an 

amplification in circulating FSH (Shen et al, 2013). GnRH has been shown to play an 

imperative role in the discharge of FSH, with hypothalamic-pituitary disconnection most 

importantly to a termination of FSH. GnRH administration leads to a continuation of FSH 

secretion (Insenser and Escobar-Morreale, 2013). FSH is subject to estrogen feed-back 

from the gonads by means of the hypothalamic pituitary gonadal alignment 

(Jaruratanasirikul, and Thaiwong, 2012). 
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Research shows that FSH stimulates development and mobilization of immature ovarian 

follicles in the ovary (Shao et al, 2014). The early small antral follicles are retrieved by 

the FSH from apoptosis. The average size of these small antral follicles may be 2–5 mm 

in diameter in humans (Madnani et al, 2003). In the luteal-follicle phase the alteration 

period makes serum levels of progesterone and estrogen to decrease with no auxiliary 

suppression of FSH with as a result FSH attains its peak in the body (Barry et al, 2013). 

1.1.7. Luteinizing Hormone Levels 

Evidence also shows that in females LH supports theca cells in the ovaries that contribute 

to androgens and hormonal precursors for estradiol synthesis (Barthelmess and Naz, 

2014). At the time of menstruation, FSH commences follicular growth, purposely 

affecting granulosa cells (Hart et al, 2004). It is seen with the rise in estrogens, LH 

receptors are also articulated on the maturing follicle that can cause it to manufacture 

more estradiol (Ibricevic and Asimi, 2013). This results in the final maturation of the 

follicle that causes a spike in 17-hydroxyprogesterone production through the follicle 

reducing the production of estrogen leading a decrease in estrogen-mediated negative 

feedback of GnRH in the hypothalamus stimulating release of LH from the anterior 

pituitary (Vitek and Hoeger, 2014). 

The amplified LH production lasts for one to two days triggering ovulation consequently 

not only releasing the egg from the follicle but also initiating the modification of the 

residual follicle into a corpus luteum with the purpose of production of progesterone to 

prepare endometrium for a potential implantation (Sehgal et al, 2013). LH is essential to 

conserve luteal function for the first two weeks of the menstrual cycle (Orisaka et al, 

2013). In case of pregnancy LH levels decrease and luteal function will as a substitute be 
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maintained by the accomplishment of human chorionic gonadotropin (hCG) (Randeva et 

al, 2012). hCG is a hormone analogous to LH but secreted from the newly formed 

placenta in uterus (Terzieva et al, 2013). 

It is shown that in males LH acts upon the Leydig cells of the testis with regulation by 

GnRH (Joshi et al, 2014). The Leydig cells manufacture testosterone through LH 

regulation which causes the expression of the enzyme 17-β hydroxysteroid 

dehydrogenase. This is used to convert androstenedione a hormone from gonads to 

testosterone enabling it to apply both endocrine actions together with intratesticular 

spermatogenesis (Kassanos et al, 2010). 

1.1.8. Role of Glucose, Insulin and Lipids In PCOS 

The prevalence of impaired glucose tolerance and type 2 diabetes mellitus is elevated in 

women with PCOS (Ibricevic and Asimi, 2013). It is seen that women diagnosed with pre 

pregnancy PCOS are more inclined to the progression of gestational diabetes prior to 20 

weeks of gestation owing the insulin resistance in the body as type 2 diabetes is the 

prevalent diabetes form (Kohan et al, 2014). In Type 2 diabetes, the pancreas is 

frequently producing adequate insulin however the body is unable to utilize it 

competently resulting in a state called insulin resistance (Franks, 2011). It is seen that 

around one third of women with PCOS with obesity, impaired glucose tolerance may 

contract type 2 diabetes mellitus by the third decade of their life (Crystal et al, 2006). 

The association between obesity and PCOS is likely to be judged by a variety of 

mechanisms even though the effects of insulin resistance and compensatory 

hyperinsulinemia may emerge to be of particular importance (Ates et al, 2013). Insulin 
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resistance as with several other features manifests heterogeneity among women with 

PCOS. Research shows that insulin resistance and other features emerged are limited to 

the individuals with PCOS with both hyperandrogenism, oligo-amenorrhea and in spite of 

of this heterogeneity the majority of women with PCOS have been reported to be insulin 

resistant moreover improved insulin sensitivity is associated with improvements in 

weight loss in such individuals (Bhasin et al, 2003). 

The mechanism by which hyperinsulinemia is concerned in the advancement of PCOS 

embrace the effects of insulin (Tuten et al, 2014). The extension of gonadotrophin 

execution by insulin on ovarian and adrenal steroidogenesis is exposed by an 

involvement between levels of insulin, testosterone and the inhibitory effects of insulin 

on ovarian folliculogenesis (Silvestre-Roig et al, 2014). Insulin is also recognized for the 

production of sex hormone-binding globulin inside the liver. 

The formation of PCOS and Type 2 diabetes add to many frequent conditions together 

with a constraint for genetic tendency even though the consistency of the genetic 

alternatives alarmed are incompletely understood (Zreik and Nasrallah, 2014). The 

connection of weight loss and utilization of insulin-sensitizing drugs results in 

improvements in conditions associated with PCOS (Avila et al, 2014). This maintains the 

implication to facilitate that insulin resistance plays an imperative role in the 

development of PCOS (Pall et al, 2010). 

It as a result becomes identified that PCOS and Type 2 Diabetes are associated 

pathogenically by insulin resistance (Bhagavath et al, 2014). The insulin resistance is in 

turn is predisposed by obesity and PCOS is also known to be associated with other 
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conditions of the metabolic syndrome including hypertension and dyslipidemia (Amato et 

al, 2014). 

1.1.9. Signs and Symptoms of PCOS 

PCOS is an unremitting endocrine disorder in women (Menon and Vijayakumar, 2014). It 

is distinguished by elevated levels of male hormones androgens, irregular menstrual 

cycles and an ovulation with production of a few or no eggs (Haouat et al, 2012). In 

PCOS ovaries produce follicles but they do not reach maturation and for this reason are 

unable to be released from the ovaries (Ibricevic and Asimi, 2013). These immature 

follicles can develop into fluid filled small bags described as cysts (Bhagavath et al, 

2014). It is seen that the majority of women with PCOS contain cysts in their ovaries 

however studies show that individuals with ovarian cysts do not essentially have PCOS 

(Moura et al, 2011). 

The basis of PCOS is unknown (Ramanand et al, 2014), despite the fact that genes may 

play a role (Pall et al, 2010). Recent evidence suggests the pcos is related to elevated 

levels of insulin and insulin resistance (Avila et al, 2014). These high insulin levels 

encourage surplus production of androgens from the ovaries. This averts ovulation and 

leads to enlarged, polycystic ovaries (Amato et al, 2014). The risk factors for pcos 

include presence of the pcos in family members (Ogueh et al, 2014). Evidence shows that 

age between 15-30 years is also an important factor in the development of PCOS (Welt 

and Carmina, 2013). 

It is also of significance that symptoms of pcos may vary or occur in any combination in 

the effected individual. These symptoms include irregular menstrual periods even with no 
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menstrual period described as amenorrhea, chronic pelvic pain, infertility, hair growth on 

face and body, balding, weight gain, obesity, acne, dark areas of skin and skin tags 

(Bazarganipour et al, 2013). As previous studies revealed that individuals with PCOS are 

also at the amplified risk for type 2 diabetes owed to insulin resistance (Avila et al, 2014), 

hyperlipidemia with the purpose of increased fat and cholesterol in the blood (Amato et al, 

2014), excess development and congealing of uterine lining to facilitate pre-cancerous 

condition and when untreated will eventually lead to endometrial cancer, breast cancer, 

elevated blood pressure and heart diseases (Palioura and Diamanti-Kandarakis, 2013).  

Previous reports show that a number of individuals with PCOS may experience 

infrequent ovulation or lack of ovulation altogether bringing difficulty in becoming 

pregnant (Esmaeilzadeh et al, 2014). PCOS may result in spontaneous abortions and 

preeclampsia (Lauritsen et al, 2014). Research has shown that patients with PCOS may 

manifest central obesity with greater deposition of visceral fat around internal organs in 

the abdominal region, as opposed to the fat being located on the thighs and hips (Li et al, 

2014). Abdominal fat distribution is associated with increased risk of hypertension, 

diabetes and lipid abnormalities (Bojar et al, 2014). 

1.1.10. Polycystic Ovarian Syndrome in Rats 

The reproductive systems of human beings and other vertebrates are generally similar 

(Wilton et al, 2014). Studies show in ovaries predominantly the biochemical and 

physiologic progressions are identical in development of germ cells, the growth of 

primordial follicles and consequent growth to Graafian follicles with finally ovulation 

(Henning et al, 2014). 
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1.1.10.1. Estrus Cycles in Rats 

It is known that rats are polytocous rodents with regular ovarian cycles of 4 or 5 days 

having distinct proestrus, estrus, and diestrus stages (Chapman et al, 2009). Rodents are 

reported for the appearance of the persistent estrus state by distressing the metabolic and 

physiologic processes. The disorders may result in anovulatory cycles with the sequence 

of thickened tunica albuginea, atretic follicles as well as tertiary follicles with significant 

distension leading to cyst formation in ovaries (Oh et al, 2013). The granulosa and theca 

cells may appear normal histologically albeit a number of stromal cells may appear 

hypertrophic (Bartkiene et al, 2013). 

The anatomic features subsequent to polycystic ovaries in rats are similar to those in 

humans (Kim et al, 2013). It is also seen that in unison rat and human PCOS indicate 

ability of ovarian cells to respond to FSH, LH, LHRH and unilateral ovariectomy (Reddy 

et al, 2005). 

It is of significance that rat reproductive cycles may be distinguished by physical 

manifestation of the vagina, levels of estrogens and levels of testosterone in blood. The 

vaginal cytology may be indicative through considering the increased conifers cells that 

may last for 10 hours (Narasimhan et al, 2013). Increase in estrogen to progesterone 

levels leading to the formation of the PCOS in rats and augmented testosterone levels in 

blood may also direct to persistent estrus cycles in them (Reddy et al, 2005).  It is also 

suggested that the increased testosterone may cause increase in prolactin secretion that 

may become the cause of poly ollicular anovulatory cycles and PCOS (Narasimhan et al, 

2013). 
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1.1.11. Polycystic Ovarian Syndrome in Human Females 

PCOS produces symptoms in approximately 5% to 10% of women of reproductive age 

(Barry et al, 2013). The symptoms of PCOS include changes in the menstrual cycle 

resembling missing periods before comprising one or more normal menstrual periods 

during puberty described as secondary amenorrhea (Spritzer, 2014). These irregularities 

in menstrual periods may be more or less recurrent and may vary from a reduced amount 

to exceedingly profound bleeding from the uterus (Palioura and Diamanti-Kandarakis, 

2013). 

The development of male sexual distinctiveness resembling virilization, reduced breast 

size may be seen in PCOS (Mehta et al, 2006). Significance revealed deepening of the 

tone of voice, increased body hair on the face, chest and abdomen in addition to around 

the nipples recognized as hirsutism are also evident in patients suffering through PCOS 

(Dewailly et al, 2014). It is also seen that thinning of hair on the head known as male-

pattern baldness along with skin changes as worsening of acne is also seen in PCOS 

(Agapova et al, 2014). 

Polycystic ovarian syndrome is considered to be one of the foremost causes of female sub 

fertility (Arduc et al, 2015). It is recognized as the major frequent endocrine predicament 

in women of reproductive age (Henning et al, 2014). Studies show that excessive 

amounts of androgens explain augmented acne, hirsutism, high cholesterol levels and 

insulin resistance associated with obesity and type 2 diabetes mellitus in PCOS (Kamel et 

al, 2005). The symptoms and severity of the syndrome differ greatly among affected 

women (Avila et al, 2014). 
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Evidence has shown that approximately 70-90 percent of women with PCOS involve 

hormonal imbalances (Mehta et al, 2006), including elevated male hormone testosterone 

and female hormone estrogen levels along with increased insulin levels (Pall et al, 2010). 

However, research mainly disregarded by conventional medicine disclosure of a strong 

association between PCOS, obesity, insulin resistance with dyslipidemia  an abnormality 

of metabolism of fats and hypertension (Livadas, 2013). It is of significance that the 

untreated individuals suffering through PCOS frequently develop severe clinical 

manifestations of hirsutism, adult acne, infertility and psychoneurological problems 

particularly depression (Du and Li, 2013). Women with PCOS are also shown to be at 

significantly higher risk for developing cardiovascular disorders (Agapova et al, 2014) 

and endometrial cancer than normal individuals (Ates et al, 2013). 

1.1.12. Age of Onset 

Research suggests that premature development of pubic hair prior to the age of eight 

years may result in premature pubarche facilitating one of the most important signs of 

developing PCOS (Esmaeilzadeh et al, 2014). Research shows that the pre-pubescent 

girls with premature pubarche have excess testosterone production and irregular periods 

consistent with PCOS during puberty (Sehgal et al, 2013). 

Additional risk factors that may play a critical role in the pathogenesis of PCOS consist 

of persistent inflammation (Escobar-Morreale et al, 2000), contact with endocrine-

disrupting chemicals in diet (Cicero et al, 2014), autoimmune disorders predominantly 

concerning the ovaries, pancreas, thyroid and adrenal glands (Kim et al, 2014) and the 
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consumption of medications aiming to increase production of prolactin (Barthelmess and 

Naz, 2014). 

Women with PCOS are susceptible to faulty insulin signaling leading to aggravated 

production of androgens in the ovaries and adrenal gland (Gallea et al, 2014). Reports 

have suggested that additional androgens levels promote insulin resistance directing to 

the elevated insulin levels that in turn stimulate additional androgen synthesis 

consequential to vicious cycle with mounting effect and deteriorating PCOS symptoms 

(Muneyyirci-Delale et al, 2014). Evidence shows that conditions causing victims 

predominantly vulnerable to obesity and diabetes that significantly complex the 

progression of the syndrome (Ganie et al, 2014). 

1.1.13. Symptoms of PCOS 

The difficult characteristics of diagnosing PCOS are the signs and symptoms differ from 

person to person equally in type and severity (Lebkowska and Kowalska, 2010). The 

symptoms of PCOS are frequently misguided for other health associated apprehensions 

nevertheless the frequent symptoms comprise menstrual aberration, stoutness, sub 

fertility and hirsutism (Jaruratanasirikul and Thaiwong, 2012). 

1.1.13.1. Menstrual Abnormality 

Menstrual irregularity is the foremost established characteristic of PCOS (Ogueh et al, 

2014) counting cycles longer than 35 days (Bazarganipour et al, 2013) or even absence of 

the menstrual cycles (Lauritsen et al, 2014). Studies provide evidence that longer 

menstrual cycles may result in fewer than eight menstrual cycles a year (Shokeir and El-
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Kannishy, 2014) with failure to menstruate for months (Warren et al, 2014) or extended 

and lingering periods that  may possibly be negligible or profound (Schmidt et al, 2014). 

1.1.13.2. Obesity 

Considerable studies revealed that the patients suffering with PCOS when assessed 

among the women of analogous age devoid of PCOS show significant features of obesity 

(Anderson et al, 2014). It is also evident that half of the patients with PCOS may suffer 

through the classical features of over weight and obesity noticeably central obesity (Niki 

et al, 20114) with superior deposition of visceral fat around internal organs in the 

abdominal region (Escobar-Morreale et al, 2000; Miyoshi et al, 2013) in distinction to 

fats positioned on thighs and hips (Sravan et al, 2014). Abdominal fat distribution is also 

related with augmented risk of hypertension, diabetes as well as lipid abnormalities 

(Miyoshi et al, 2013). 

Previous studies have attributed that obesity may not only contributes to the development 

but may also arise as a consequence of PCOS (Sravan et al, 2014). The adipose tissue of 

women with PCOS is distinguished by hypertrophic adipocytes in addition to the inability 

of the body of lipolysis (Ramanand et al, 2014) and regulation of insulin (Tuten et al, 

2014). It is of considerable importance that such irregularities in PCOS may be primary 

or secondary to hyperandrogenism (Gallea et al, 2014). 
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Figure 1.3. Obesity in PCOS  

 

 



46 

 

1.1.13.3. Sub Fertility and Infertility: 

Previous research showed that PCOS is identified to be one of the most common causes 

of female infertility (Li et al, 2014). It is reported that a number of patients with pcos may 

experience intermittent or lack of ovulation altogether (Bazarganipour et al, 2013) 

consequently may come across with difficulty in becoming pregnant (Sehgal et al, 2013). 

PCOS is also associated with unplanned abortions (Miyoshi et al, 2013) and a 

hypertensive state during pregnancy described as pre-eclampsia (Pulley et al, 2013). 

Ovulation initiation may turn out to be an objective in the treatment of women with 

anovulatory infertility (Hickey et al, 2012). 

Clomiphene citrate (CC) an oral anti-estrogen medication may be considered the first line 

management for inducing ovulation in patients with PCOS (Strauss, 2003). In view of the 

fact that insulin resistance plays a vital role in PCOS the insulin diminution approach is a 

potential treatment for infertility in PCOS patients (Hart et al, 2004). For the reason CC 

alone may not be effective and metformin can be supplemented en route for induction of 

ovulation (Hashim et al, 2011). 

However studies show that on failure of CC and metformin combination treatment is 

followed by gonadotropins administration mainly of follicle-stimulating hormone (FSH) 

and luteinizing hormone (LH) medications administered through injections (Nugent 

2000).  Aromatase inhibitors such as anastrozole and letrozole are a comparatively novel 

treatment for ovulation initiation (Baravalle et al, 2007). Aromatase inhibitors classily 

impede the peripheral conversion of androgens to estrogens causing a reaction in the 

pituitary gland through rising FSH and optimize ovulation. The benefits of aromatase 
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inhibitors are to avoid the adverse side effects distinguished commonly with 

antiestrogens (Mitwally and Casper, 2001). 

Evidence shows that polycystic ovaries are enlarged ovaries enclosing several small cysts 

that may be detected by means of ultrasound (Marsh et al, 2013). However, various 

patients with polycystic ovaries may not have PCOS and at the same time patients with 

pcos may have ovaries appearing normal in morphology (Liu et al, 2014). 

1.1.13.4. Skin Problems 

The skin problems in PCOS may be caused by the elevated androgen levels (Zouboulis, 

2014). The commonest predicament is acne that frequently develops on face primarily 

alongside of the jaw line, chest and back (Sung et al, 2014). An oily skin is a customary 

feature of PCOS with the elevated concentrations of the hormone dihydrotestosterone 

(DHT) in the body (Iannotti et al, 2014). DHT is also perceived to stimulate the oil 

secreting sebaceous glands (Bizzarri et al, 2011). Studies provide evidence that 

hyperactivity of sebaceous glands result in greater production of oil that may obstruct 

pores and cause acne (Somani et al, 2008). Auxiliary skin problems in PCOS sufferers 

consist of darkening of the skin around the neck, skin folds of underarms and formation 

of skin tags around the armpit area (Jaruratanasirikul and Thaiwong, 2012). The 

darkening of the skin may also considered to be a symptom of insulin resistance (Chuan 

and Chang, 2010; Ibricevic and Asimi, 2013). 
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1.1.13.5. Hair Distribution in Females and Hirsutism 

Hair Distribution 

It is reported that excess androgen production may result in excess facial and body hair of 

male pattern distribution (Pignatelli, 2013), adult acne (West et al, 2014), lowering of the 

voice resonance (Barnard et al, 2007), and male-pattern baldness during PCOS (Blume-

Peytavi et al, 2012). The excess production of male pattern hair on female body is termed 

as hirsutism. Evidence suggests that the prevalence of hirsutism in PCOS patients is as a 

minimum of 40% in European and American females (Lisa et al, 2009; Hagag et al, 

2014)). It is also reported that PCOS is primarily common in darker skin types but 

females of Asian descent may not be widely affected by it (Takahashi et al, 2012). In 

Pakistan the prevalence of hirsutism is 57.7% (Baqai et al, 2010). 

Hirsutism is commonly seen in women following puberty however in certain situations as 

congenital adrenal hyperplasia (Eftekhar et al, 2014). It may also be seen during early 

childhood long before the onset of puberty (Hart et al, 2004). Hirsutism may be 

distinguished by the existence of excessive terminal hair also recognized as androgenic 

hair (Hagag et al, 2014) in androgen dependent regions of a female body (Bazarganipour 

et al, 2014). 

PCOS may reason hirsutism, appalling skin conditions (Chae et al, 2013), irregular or 

heavy menstrual periods (Bhasin et al, 2003), macro-clitoris and defeminization (Eftekhar 

et al, 2014) together with anovulation and infertility (El-Sharkawy et al, 2014) with an 

increased risk of diabetes (West et al, 2014), obesity and variations in the lipid 

metabolism (Haouat et al, 2012), uterine cancer, high cholesterol levels in body, and 

heart diseases (Jiao et al, 2014). 
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Figure 1.4. Acanthosis nigrans in PCOS. 
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As previous studies have shown of hirsutism being excessive growth of facial or body 

hair (Franks et al, 2011). It is documented that such hair are dark and coarse in texture 

(Pignatelli, 2013) located on face, chest, back, lower abdomen, upper arms and upper legs 

(Moura et al, 2011). Hirsutism is as a result described as an indication of medical 

disorders linked to hormones imbalance in body (Chuan and Chang, 2010) and among 

hormones the excessive amounts of androgens that ovaries produce may effect 10% of 

women with PCOS (Avila et al, 2014). 

1.1.13.6. Secretion of Leiutinizing Hormone and Androgen Excess 

Past research has emphasized on the role of neuroendocrine abnormalities in the 

persistent and excessive secretion of luteinizing hormones (LH) (Orisaka et al, 2013), a 

hormone that stimulate the final ripening of the follicles and the secretion of progesterone 

(Pulley et al, 2013). Excessive LH triggers premature ovulation, disrupting maturation 

process of the follicle and leading to an increase in androgen production by ovarian theca 

cells (Pierre et al, 2013). Some research points to increased LH as the driving force for 

PCOS in slender and normal body-weight women (Chuan and Chang, 2010). 

1.1.13.7. Genetics and Androgen Excess 

It is reported an increase in LH and insulin levels leads to an increase in androgen production 

by ovarian theca cells (Niki et al, 2014). Research indicates that morphological changes in 

the ovaries, including ovarian cyst development and theca-cell which are the steroid-

producing cells in the ovaries start to dysfunction and may become an indication of a 

genetic basis for PCOS (Sechman et al, 2014). Researchers suspect there is a genetically 

determined ovarian defect present in women with PCOS causing the ovary to 
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overproduce androgen (Strauss, 2003). In reality, abnormal theca cell activity seems to be 

a primary source for excess androgens (Schmidt et al, 2014). 

1.1.13.8. Hyperinsulinemia and Androgen Excess 

Hyperinsulinemia produces hyperandrogenism in women with PCOS via two distinct and 

independent mechanisms which are first by stimulating ovarian androgen production 

(Barry et al, 2013). Studies have shown that insulin acts synergistically with LH to 

enhance androgen production in ovarian theca cells (O'Neill et al, 2015) and subsequently 

by directly and independently reducing SHBG levels (Liu et al, 2014). Insulin decreases 

hepatic synthesis and SHBG secretion, thus increasing the amount of free, biologically 

active testosterone (Niki et al, 2014). The net result of these two actions increases 

circulating free testosterone concentrations (Li et al, 2014). 

1.1.13.9. Insulin Resistance and Type 2 Diabetes: 

Diabetes mellitus type 2 previously non insulin-dependent diabetes mellitus (NIDDM) or 

adult-onset diabetes is a metabolic disorder is distinguished by high blood glucose in the 

circumstances of insulin resistance and indispensable insulin deficiency (Arduc et al, 

2015). This is in contrast to diabetes mellitus type 1, in which there is an absolute insulin 

deficiency due to annihilation of islet cells in the pancreas (Kim et al, 2014). The 

characteristics are excess thirst, frequent urination, and constant hunger (Shao et al, 2014). 

Type 2 diabetes makes up about 90% of cases of diabetes with the other 10% due 

primarily to diabetes mellitus type 1 and gestational diabetes (Daneasa et al, 2014). Obesity 

is thought to be the primary cause of type 2 diabetes in people who are genetically 

predisposed to the disease (Ganie et al, 2014). 
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Studies have found that women with PCOS have higher incidences of insulin resistance 

and type 2 diabetes than age and weight-matched controls (Welt and Carmina, 2013). 

Moreover, a majority of obese PCOS women and more than half of those of normal 

weight are insulin resistant (Bizzarri et al, 2011), and a significant number develop type 2 

diabetes mellitus by the age of 40 (Avila et al, 2014). 

1.1.14. Diagnosis of PCOS 

A standard diagnostic assessment for PCOS may include a full medical history for absent 

periods, obesity, reduced breast development and hirsutism (Zouboulis, 2014). During a 

physical exam, the signs of PCOS like acanthosis nigricans, acne, facial hair and male 

pattern baldness may also seen (Georgopoulos et al, 2014). 

Androgen excess may be tested by determining total and free testosterone levels or a free 

androgen index (Zhang et al, 2012). An elevated free testosterone level is a susceptible 

indicator of androgen excess (Sehgal et al, 2013). Other androgens, such as 

dehydroepiandrosterone sulfate (DHEA-S), may be normal or slightly exceeding the 

normal range in patients with polycystic ovarian syndrome (PCOS) (Walzem and Chen, 

2014). Levels of sex hormone–binding globulin (SHBG) are frequently low in patients 

with PCOS (Vitek and Hoeger, 2014). Androstenedione levels are also prominent in 

women with PCOS. This androgen precursor is 60% ovarian and 40% adrenal in 

derivation (Joshi et al, 2014). 

Patients with androgen-secreting ovarian or adrenal tumors may present with hirsutism, 

amenorrhea, and signs of virilization (Agapova et al, 2014). Although the clinical picture 

of symptom onset and progression may be more predictive than androgen levels. The 
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testosterone level may also be greater and the DHEA-S level may be above normal 

(Dewailly et al, 2014). DHEA-S is derived from the adrenal gland, and therefore, 

elevation of DHEA-S may be suggestive of an adrenal origin (Chrisoulidou et al, 2014). 

It is reported that a number of women with PCOS have insulin resistance and an 

abnormal lipid profile (Silvestre-Roig et al, 2014). Approximately one third of women 

with PCOS are overweight with impaired glucose tolerance or type 2 diabetes mellitus 

(Rudolph et al, 2013). 

1.1.14.1. Ultrasonography 

Ovarian ultrasonography is a suggested modality on account of the inadequate pelvic 

examination (Sangeeta, 2012). It is acknowledged that the patient with complains of 

abdominal pain and elevated testosterone levels that may possibly be a candidate for 

ultrasonography (Jarvela et al, 2002). It is however identified that the transvaginal 

approach through transvaginal ultrasonography (TVUS) may be performed for better 

assessment of ovarian morphology (Leonhardt et al, 2014). Polycystic ovaries have a 

white, thick, tough outer covering, and are two to five times larger in size than normal 

ovaries (Schmidt et al, 2014). The cysts present in the ovary are essentially follicles 

containing eggs that have failed to grow to a mature size (Pierre et al, 2013). Such 

follicles may be typically of 5 mm in size (Kaur et al, 2012). 

1.1.14.2. Computed Tomography Scan and Magnetic Resonance Imaging 

Computed tomography (CT) is recognized as an imperative modality in diagnosing 

PCOS (Kassanos et al, 2010). The circumstances where a tumor may be suspected, in that 

case a CT or magnetic resonance image (MRI) may be obtained to visualize the adrenals 
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and ovaries (Leonhardt et al, 2014). MRI is an admirable method for imaging the ovaries 

and is a practical substitute in obese patients where the ovarian morphology may not be 

studied through TVUS (Leonhardt et al, 2014). MRI is also useful in patients in whom 

TVUS is inappropriate particularly in pubescent girls. 

1.1.14.3. Histologic Findings 

In PCOS histological changes of the ovary include enlarged, sclerotic, multiple cystic 

follicles (Nasu et al, 2013). As earlier affirmed a woman is diagnosed with PCO as 

opposed to PCOS if there is a development of 12 or more follicles in at least 1 ovary. 

These follicles may measure between 2-9 mm in diameter, or making a total ovarian 

volume superior than 10 cm3 (Kassanos et al, 2010). 

There are certain lifestyle changes identified such as diet and exercise that are frequently 

considered as first-line management of PCOS (Lisa et al, 2009). 

1.1.14.4. PCOS and Hirsutism 

One of the major symptoms of PCOS is acne and Hirsutism (Sprung et al, 2013). 

Hirsutism, defined as the presence of terminal hairs in females in a male-like pattern, 

affects approximately 7% of women (Insenser and Escobar-Morreale, 2013). Excess 

male-pattern body hair in women is common and psychologically damaging condition 

(West e al, 2014). It is explained that even though the cause of PCOS is usually a chronic 

and benign disorder it may seldom be an indication of a more serious endocrine disease 

(Sangeeta, 2012). In 5 to 15% of hirsute patients with so called the idiopathic hirsutism 

may reflect no evidence of any disease or detectable androgen excess (Cheng et al, 2013). 
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Figure 1.5. Enlarged ovaries in PCOS  
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It is evident from previous studies that hair follicles are to varying degrees sensitive to 

androgens chiefly testosterone and its derivatives among different areas on the body with 

different sensitivity (Pasquali and Gambineri, 2013). The mounting levels of androgen 

during puberty are recognized as a cause of transformation of vellus hair to terminal hair 

over several areas of the body (Shen et al, 2013). The sequence of appearance of terminal 

hair reveals the level of androgen sensitivity and pubic hair being the first to show caused 

by the unique sensitivity of the pubic area to androgens (Terzieva et al, 2013). The 

appearance of pubic hair in both sexes is as a rule seen as a signal of establishment 

puberty (Lee et al, 2013). 

It is reported that there is a sexual discrimination in the quantity and distribution of 

androgenic hair with men tending to have more terminal hair in additional areas which 

include face, chest, abdomen and limbs (Wang et al, 2013). The female individuals are 

acknowledged to retain more of the less visible vellus hair although leg, arm as well as 

foot hair can be perceptible on women (Acmaz et al, 2013). It is not significant for 

women to have a few terminal hairs around their nipples at the same time (Park et al, 

2014). Skin findings often accompany hormonal conditions, both those of hormone 

excess and hormone deficiency or resistance (Terzieva et al, 2013). 
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Figure 1.6. Sonographic findings of cystic changes in ovaries in PCOS 
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1.1.15. Cushing Syndrome 

Studies show that a few dermatologic signs may also symbolize the characteristic lesion 

for PCOS or present the first clinical indication in childhood for mutually tumoral and 

non tumoral syndromes of PCOS (Hara et al, 2013). In tumoral syndrome the approach to 

Cushing syndrome (CS) in offspring is an exceptional disorder facilitated by the most 

frequently caused adrenal tumor or a pituitary corticotrophin-secreting adenoma 

(Chrisoulidou et al, 2014). 

An account of excessive weight gain, growth failure, hirsutism, acne and behavioural 

difficulties may come under the condition of CS (Du and Li, 2013). The Steroid cell 

ovarian tumors may not otherwise be specified as these also characterize for a distinctive 

basis of female virilization (Kulshreshtha et al, 2013). 

1.1.16. Obesity 

The polycystic ovaries may also be the manifestation of obesity (Oh et al, 2013) and type 

II diabetes mellitus (Heng et al, 2013). Obesity is a medical condition in which excess 

body fat has accumulated to the extent that it may have an adverse effect on health, 

leading to reduced life expectancy and/or increased health problems (Carmina, 2013).  

Obesity increases the likelihood of various diseases, particularly heart disease, type 2 

diabetes, obstructive sleep apnea, certain types of cancer, and osteoarthritis (Cappelli et al, 

2013). Obesity is most commonly caused by a combination of excessive food energy 

intake (Henning et al, 2014), lack of physical activity (Sprung et al, 2013), and genetic 

susceptibility (Shen et al, 2013), even though a few cases are caused primarily by genes, 
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endocrine disorders (O'Neill et al, 2015), medications or psychiatric illness (Klimczak et 

al, 2015). 

Evidence has supported the view that a few obese individuals eat little however gain 

enough weight due to a slow metabolism is limited (Scaruffi et al, 2014). On average 

obese people have greater energy expenditure than their thin counterparts due to the 

energy required to maintain an increased body mass (Sangeeta, 2012). 

1.1.17. Type 2 Diabetes IN PCOS 

Diabetes mellitus type 2 as formerly been recognized as non insulin-dependent diabetes 

mellitus (NIDDM) or adult-onset diabetes is a metabolic disorder that is characterized by 

high blood glucose in the context of insulin resistance and relative insulin deficiency 

which is the leading cause of PCOS (Livadas and Diamanti-Kandarakis, 2013). This is in 

contrast to diabetes mellitus type 1 where there is a complete insulin deficiency due to 

annihilation of islet cells in the pancreas (Barr et al, 2013). 

The classic symptoms are excess thirst, frequent urination, and constant hunger 

(Lebkowska and Kowalska, 2010). Type 2 diabetes makes up about 90% of cases of 

diabetes with the other 10% due primarily to diabetes mellitus type 1 and gestational 

diabetes (Amato et al, 2013). Obesity is thought to be the primary cause of type 2 

diabetes in people who are genetically predisposed to it (Ates et al, 2013). 

1.1.18. Role of Diet in PCOS 

Diet plays a major role in the health of the individual (Jane, 2011). Food containing 

excess of oils, fats and factors that lead to obesity may link with PCOS (Shah et al, 2012). 
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It is seen that the most popular food nowadays is chicken meat (Rajashree et al, 2014). 

However, red meat and vegetables are also being consumed but the major part of the 

daily food comprises of chicken meat (Ziganshina et al, 2014). This may be because of its 

easy availability, cost effectiveness, taste and the diverse number of dishes in which it 

can be made (Collins et al, 2014). 

1.1.18.1. Excess Consumption of Chicken Meat 

At the present time obesity is caused by excessive food intake which is rich in calories 

(Bojar et al, 2014). The most commonly food consumed is meat than vegetables in which 

chicken meat contributes the major part (Ekart et al, 2013). The majority of hens in many 

countries are reared in the overcrowded cages (Collins et al, 2014). 

1.1.18.2. Rearing of Commercially Available Chickens (Broilers) 

The chickens are raised in these cages where their motility is mostly hampered and they 

are given commercially prepared chicken feed (Mandal et al, 2014). These cages are 

small usually made of metal, housing 3 to 8 hens. The walls are made of either solid 

metal or mesh, and the floor is sloped wire mesh to allow the droppings to pass through. 

Water is usually provided by overhead nipple systems, and food in a trough along the 

front of the cage replenished at regular intervals by a mechanical chain. The cages are 

arranged in long rows as multiple tiers with often the cages located back-to-back (Yan et 

al, 2013). 
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1.1.19. Ingredients of Chicken Feed 

The feed given to the chickens are according to the research contains along with the 

major ingredients like wheat, shorghum, maize, corn, soya bean, marine life leftovers 

namely raw, fermented fish, animal meat residues and minerals are also rich in steroids, 

hormones and many other harmful ingredients (Chambers et al, 1984). 

Rich animal proteins given to the chickens right after hatching are given to the birds for 

the better production of meat bird starters (Broom and Reefmann, 2005). For better 

quality of eggs crushed oyster shells (Cai et al, 2014) are given to them. Medicated feeds 

are also given to the chickens according to the type of the breed. It has already been 

studied that the marine water is highly contaminated with the human as well as the fowl 

excreta and contaminants from the tanneries (Chapman and Jeffers, 2014). The marine 

water is also rich in the steroids by products. Such a marine life thriving in steroid rich 

environment contains high quantity of steroids in their body (Xue et al, 2013). The 

droppings especially of the fowl itself are rich in steroids and their byproducts due to 

artificial supplements of steroids, androgens and different medications given to them (Cai 

et al, 2014). 

The other minor ingredients include mineral supplements, calcium-lime stone and girt, 

bone marrows such as sodium-as sodium bicarbonate, vitamins, amino acids, roxersone, 

pesticides and steroids (Pratap and Vandana, 2008). Pelleting feeds usually results in 

increased density and intake of the ration, and also improves growth and feed efficiency 

(Fei et al, 2013). 
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1.1.20. Factors Associated with Growth of Chickens 

A number of other factors that affect the chickens growth rate and size at harvest include 

the breed, age at harvest, feeding regime, gender as males grow faster, age of parent flock 

as ageing flocks produce bigger eggs and the chicks from larger eggs grow faster (Sun et 

al, 2013). Most of the improvement in growth rates over the last 50 years ago is due to 

improved breeds of chicken (Traineau et al, 2013). This genetic gain, which has been 

achieved through conventional selective breeding, is due to the number of generations 

that can be produced in a relatively short period of time (Zbrun et al, 2013). 

1.1.21. History of Poultry Farming 

Studies show that as early as in the 1930s the poultry and cattle were injected with 

substance drawn from bovine pituitary glands for the augmented growth and milk 

production (Peinado et al, 2013). Afterward the bovine growth hormone (bGH) from the 

pituitary glands was found to be responsible for this effect (Matis et al, 2013). On the 

other hand technology did not exist to harvest enough of this material for large-scale use 

in animals. In the 1980s, it became possible to produce large quantities of pure bGH by 

using recombinant DNA technology (Chambers et al, 1984). In 1993 it was 

acknowledged by the Food and Drug Administration (FDA) that the recombinant bovine 

growth hormone (rbGH), also known as bovine somatotropin (rbST) be used in dairy 

cattle (Zhenping et al, 2013). Recent estimates by the manufacturer of the hormone 

designate that 30% of the cows in the United States (US) may be treated with rbGH 

(Pulley et al, 2013). 
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The female sex hormone estrogen was also shown to affect growth rates in cattle and 

poultry in the 1930s (Grogan et al, 2006). Once the chemistry of estrogen was understood, 

it became possible to make the hormone synthetically in large amounts (Hong e al, 2013). 

It is been reported that synthetic estrogens started being used for augmentation in the size 

of cattle and chickens in the early 1950s (Huang et al, 2014). DES (Diethylstilbestrol) 

was one of the first synthetic estrogens prepared and used commercially in the US to 

make chickens substantial (Jin e al, 2013). DES was also used as a treatment preparation 

in human medicine (Ospina-Rojas et al, 2013). DES was later identified as a cause of 

cancer and its use in food production was phased out in the late 1970s (Eriksen et al, 

2013). 

Research reveals that up to date six different types of steroid hormones are currently 

approved by FDA for use in food provisions in the US including estradiol, progesterone, 

melengestrol acetate, testosterone, trenbolone acetate and zeranol (Hong e al, 2013). 

Estradiol and progesterone are natural feminine sex hormones; testosterone is the natural 

masculine sex hormone; trenbolone acetate, zeranol and melengesterol acetate are 

recognized as artificial growth promoters as they are hormone-like substances that enable 

animals to grow faster (Madnani et al, 2013). It is acknowledged through the current 

federal regulations to permit these hormones to be used on emergent cattle, poultry and 

sheep (Gehring et al, 2013). 

1.1.22. Effects of Steroids on Chickens 

The conclusion of the steroids in diet causes the chicken to grow more rapidly than 

normal rate and this is identified that df all live stock the poultry is mainly frequently 
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misfed, stuffed and even malnourished (Hernandez et al, 2015). Hormones are known to 

be present in the entire animal products regardless of their treated with hormone 

supplements (Huang et al, 2013). Hormones are distinguishes as chemical substances that 

are formed naturally in all animals including humans in small amounts to control 

important body functions for instance growth, maturity and reproduction (Engeland, 

2013). 

1.1.23. Effects of Hormones on Chickens 

Hormones may have dissimilar chemistry as they may be steroids or proteins (Hartmann 

et al, 1998). Steroid hormones are categorized as active hormones in the body as of birth 

control medication that can be taken orally and effectively causes impediment in birth 

(Lauritsen et al, 2014). However in distinction the protein hormones are broken down in 

the stomach and lose their ability to perform their functions in the body when eaten 

(Hagag et al, 2014). For the reason the ordinarily protein hormones need to be injected 

into the body to have an effect (Ferraro et al, 2012) 

Certain hormones are known to make young animals gain weight faster by reducing the 

waiting time and the amount of feed eaten by an animal before slaughter in meat 

industries (Khan et al, 2014). In dairy cows and poultry the hormones may be used to 

enhance milk production and the quantity of meat respectively increasing the profitability 

of the meat and dairy industries (Hashizawa et al, 2013). 
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1.1.24. Role of Food and Drug Administration 

The Food and Drug Administration (FDA) and a joint committee of the Food and 

Agricultural Organization and World Health Organization (FAO/WHO) has situated a 

state that the quantity of the hormones to make into food products must be made safe for 

eating (Siegel, 2014). Hormones and steroids are given to livestock to help progress the 

production of dairy and beef cattle. 

Some hormones that may be used in dairy cows and poultry include: 

 Recombinant bovine growth hormone (rbGH) to encourage milk production 

(Kong, and Adeola, 2013). 

 Estrogen, progesterone and testosterone are the steroid hormones added to support 

growth and production (Knudsen, 2014). 

Beef cattle and poultry are often subjected to steroid additives to increase growth rate and 

development (Moughan et al, 2014). The ordinary steroids containing the natural steroids 

like estradiol, progesterone and testosterone with man-made steroids from compounds of 

estrogen, androgen, and progestin (Menconi et al, 2014). These additives have confirmed 

benefits for rising milk and meat production but even this approach is without 

disagreement (Starcevic et al, 2014).  
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Figure 1.7. Effects on the growth of chcikens fed with commercially available 

chciken feed  
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1.1.25. Health of Hormone-Treated Animals 

There is an apprehension that the hormone treated cows and poultry may become more 

prone to infection (Keyburn et al, 2013). This may lead to more antibiotics being used to 

treat the cows in a sequence leading to more residues of antibiotics in the milk and meat 

(Lei et al, 2013). The recurrent exposure to antibiotic residues through dairy products and 

meat is a health apprehension for people over the long term (Siegel, 2014). In a normal 

body the bacteria exist in gut and mouth to assist in the digestion of food in the gut (Lei 

et al, 2013). These bacteria do not normally become the basis of disease since the 

immune system keeps them substantial (Keyburn et al, 2013). 

However on weakening of the immune system the harmful bacteria may attack tissues 

and cause infection (Li et al, 2014). Bacteria in the normal body that come across small 

amounts of antibiotics frequently can develop approach to survive the antibiotics and 

become antibiotic resistant (Keyburn et al, 2013). It is reported that in cases of infection 

and illness the control of such resistant bacteria with the available antibiotics become 

difficult (Moughan et al, 2014). 

1.1.26. Effects of Antibiotics 

The use of antibiotics as growth promoters increases chicken growth rates by about 10%, 

but non-therapeutic use of antibiotics has result in the amplified antibiotic resistance in 

chicken bacteria (Shah et al, 2012). Resistant bacteria are notorious for their spread to 

poultry personnel and their families imparting the bacterial invasion extensively to 

generate antibiotic resistant diseases among humans (Remus et al, 2014). Overuse of 

antibiotics in humans and animals for the treatment and prevention of infections has 

caused concern about antibiotic resistance in humans (Sang-Oh et al, 2013). As bacteria 



68 

 

become more resistant it becomes difficult to prevent and treat the infections (Hong et al, 

2013). 

1.1.27. Poultry Farming in Pakistan 

In Pakistan, poultry industry has been known for a significant contribution to food 

production and its vital role in the economy of the country (Akmal, 1994). Poultry 

production in Pakistan has practically proven a profitable venture as it is the finest supply 

of inexpensive, edible and natural food protein (Memon, 2012). The poultry production 

started in Pakistan in 1963 (Akmal, 1994). 

1.1.27.1. Raising of Hens at Home 

Hens are regularly reserved in the houses in villages on a small scale, with very modest 

investment by the villagers in provisions of money and material (Yan et al, 2013). Poultry 

as on a profitable extent in the private sector started by PIA in 1965, when the first fresh 

hatchery unit in Karachi was established (Ahad et al, 2014). 

1.1.27.2. Types of Poultry Farming in Pakistan 

Poultry produced in Pakistan is being urbanized through two running systems to assist 

commercial farming and free range organic chicken farming (Khan et al, 2014). The 

achievement of the prompt expansion may be completed to the enticements permitted by 

the administration from time to time such as practical financial support, income duty 

freedom, tax free trade in of forerunner and parent flocks (Mushtaq et al, 2013), tools and 

poultry farm gears for example hatcheries, pens, brooders and feed ingredients such as 

soybean, meal, maize, and sorghum for utilization in poultry feed (Shar et al, 2014). 
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Figure 1.8. Conditions of poultry farms 
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1.1.27.3. Established Poultry Infrastructure in Pakistan 

At the moment the large scale savings and appropriate encouragement have resulted in 

the institution of infrastructure encompassing of 252 hatcheries with facility to generate 

346 million day old chicks per annum along with 141 feed mills with the ability to create 

2540 thousand tons of amalgam feed per year and 13154 chicken farms with the 

capability to generate 98 million broilers (Munir et al, 2012). The current overall poultry 

masses is expected to be 319 million, out of which 137 million is free range organic 

chickens (44%), 160 million commercially available broilers (50%), 17 million layers 

(5%) along with 5 million propagatinh (2%) stock each twelve months (Khan et al, 2014). 

These figures are expressive of the prospective that has been renowned in the country to 

improve its production of eggs as well as poultry meat in so doing plummeting further the 

breach of accessibility of animal protein foodstuffs (Memon, 2012). Modern poultry 

farming has a particular significance for countries such as Pakistan (Munir et al, 2013) 

due to its being an unchallenging and convincingly priced technique of elevating dietary 

standard of the inhabitants (Siddique et al, 2012). 

1.1.27.4. Shortage of Animal Proteins in Pakistan 

The shortage of animal protein in Pakistan is predictable at 0.93 million tones on the 

basis of human population of 140 million (Mushtaq et al, 2013). The regular expenditure 

of animal protein is an inadequate 17g as aligned with the recommended daily 

requirement of 28g (Shar et al, 2014). The lack of protein may well be managed with 

augmentation in the establishment of poultry meat at a reasonable cost (Siddique et al, 

2012). 
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Studies show that some of the chief breeds of the world such as leghorn, buff rock and 

light Sussex may also be created productively in the countryside at desired traits (Yan et 

al, 2013). A laying bird generates on a regular of 250 eggs per annum with the average 

life weight of roughly 1200 grams per broiler (Khan et al, 2014). 

1.1.27.5. Expenditure of Poultry Feed 

It has seen that the expenditure of poultry feed has increased with times and there are also 

certain limited breeds that are highly industrious and adaptive to the local conditions (Gul 

et al, 2013). These significant poultry breeds of fowls are cross bred with each other to 

generate the off springs determined to be utilized around the urban centers in the 

provinces of Sindh, Punjab and Khyber Pukhtoon Khawa (Alam et al, 2012). 

1.1.27.6. Price of Poultry Feed 

The superior price of poultry feed is also been established due to the spike rise in the 

price of the different ingredients chiefly fishmeal used in the poultry feed (Shah et al, 

2012). In the present time the prices of poultry have soared very high particularly due to 

the rate and amount of ingredients needed for the manufacture of feed meal (Abbas et al, 

2012). 

1.1.27.7. Consumption of Chicken Meat in Pakistan 

The assemblage in the poultry has been augmented freshly due to the raised utilization 

and requirement of the chicken meat as it is considered as a custom in Pakistan to provide 

the visitors and guests at social gatherings with dishes specially made up of chicken meat. 

Young generation too loves to have chicken meat on the usual basis (Akmal, 1994). This 
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is also identified that the increase in the utilization of chicken meat among the young 

generation is main cause of development of PCOS in them (Jane, 2011). 

1.1.28. Effects of Diet rich in Carbohydrates and Fats on Humans 

As an established fact the PCOS are often associated with obesity, over weight and 

increased androgen production (Zreik and Nasrallah, 2014). Obesity in females is 

particularly related to the type and nature of the diet consumed by them (Kamel et al, 

2005). The diet loaded with carbohydrates and fats is the main reason of obesity in the 

consuming population (Collins et al, 2014). Studies also show that the diet rich in natural 

steroids and fortified with artificial steroids and fats are also the basis of obesity and 

polycystic ovaries in females (Fouad and El-Senousey, 2014). Diet with natural steroids 

are identified as in chicken, mutton and beef (Sheril et al, 2009). The steroids can be 

anabolic and catabolic steroids (Grogan et al, 2006). They aid in the building of the body 

and also direct some vital functions in the body by providing essential substances (Jane, 

2011). 

As the studies show the white meat particularly chicken contains natural steroids but to 

present date it is also been recognized that poultry is being nourished and injected with 

steroids and androgens for a specific age to gain certain specific weight in order to make 

them massive, juicy and fat (Milicevic et al, 2014). The utilization of such food may 

eventually lead to obesity in addition the steroids may influence the increase in the 

production of androgens ensuing in PCOS and hirsutism (Ekback al, 2014). The cause of 

hirsutism in polycystic ovaries is due to augmented androgen production leading to 
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increase in the growth of the terminal hair especially in the androgenic areas of the body 

(Mandal et al, 2014). 

1.1.29. Chicken Meat, the Most Frequently Consumed DIET 

In the present times the chicken meat is the most frequently consumed diet by the 

inhabitants of South Asian countries including Pakistan (Mushtaq et al, 2013) and the 

poultry farming has presently become the most dynamic connected parts of agriculture 

throughout the world (Siegel, 2014). Poultry culture in South Asian countries is 

increasing speedily with the expansion of commercial layer and broiler meat producing 

farms are ever growing to meet proteins requirements through poultry meat and eggs 

(Memon, 2012). In Pakistan, poultry industry had made considerable involvement in food 

manufacturing and played a fundamental role in the financial system of the country 

(Abbas et al, 2012). 

1.1.30. Poultry Production Worldwide 

The production in the poultry has been increased recently due to the raised utilization and 

requirement of the chicken meat (Zbrun et al, 2013). It is well considered as a rule to 

provide the companies at meetings with delicacies chiefly made up of chicken meat 

(Mandal et al, 2014). 

1.1.31. Growth Rates of Chickens 

The rates of feed consumption and growth of chickens are affected by several factors 

particularly the type of breed (Yan et al, 2013), the management system (Huang et al, 

2013), and even the weather conditions (Jin et al, 2013). Evidence has shown that even 
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with the identical strain and supervision systems the rates of feed consumption and 

weight gain will be different among the fowls (Nathan and David, 2004). It is of 

importance that in unprotected barns with chilly weather result in more consumption of 

feed by fowls with less weight gain while excessive heat may make them languid 

reducing their appetite and growth rates (Peinado et al, 2013). On the contrary the free-

ranging birds are known for their development rates that rely on the amount of offered 

forage and the range supplied to them bringing them with variety of grains and grit 

(Matis et al, 2013). 

1.1.32. Increased Consumption of Corn and Soya Bean Seeds by Poultry 

There are two fundamental types of polyunsaturated fat in cells which are omega-3 and 

omega-6 that can simply be taken from our diets (Milicevic et al, 2014). It is revealed that 

on comparing the present diet with diets forty years back there are comparable levels of 

sugars, amino acids, and total fats are present but the amounts of two different types of 

omega fats have changed incredibly (Mandal et al, 2014). It is seen in a normal diet of 

grains, meat, dairy foodstuffs, vegetables and fruits there are a reasonably more omega-6 

than omega-3 (Sheril et al, 2009) however nowadays there is more than twenty-times 

more omega-6 than omega-3 (Zhao et al, 2013). This shift in the amount of these diverse 

fats is undoubtedly the foremost alteration in our diets over the precedent four decades 

(Muneyyirci-Delale et al, 2014). 

1.1.32.1. Increase use of Vegetable Oils in Chicken Feed 

Research shows that one reason for this change is a three-fold rise in our consumption of 

processed vegetable oils prepared from corn and soybeans (Pacheco et al, 2013). These 
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oils are the major source of fat in diet and they are everywhere. They are used to make 

ready to eat foods counting fried foodstuff, fast foods and snacks in addition to baked 

commodities (Xu et al, 2015). Studies show that most vegetables and grains have small 

quantity of fat resulting in consumption of much vegetable oil with manufacturing of 

chemical dispensation of corn and soybeans (Ulca et al, 2014). 

1.1.32.2. Effects of Omega Factors on Body 

The additional cause for the extraordinary modification in the omega balance of the diets 

is the result to raise meat production by nourishing corn and soybeans to immobilized 

cattle and poultry as a substitute of grazing on the grass (Cai et al, 2014). Although grass 

has much more omega-3 than omega-6 while corn is almost all omega-6 (Qiu et al, 2015). 

It is shown from previous studies that vegetable oils high in omega-6 intrude with omega-

3 which is as expected to be present in food (Cicero et al, 2014). Regardless of the fact 

that fish and seafood are chiefly rich in the dynamic forms of omega-3 however on frying 

or cooking with vegetable oils the omega-3 may become no longer available to the body 

after consumption (Heller, 2015). 

1.1.32.3. Constituents of the commercially available chicken boneless meat and the free 

range organic chicken bone less meat 

The chicken fed on the commercially available chicken feed and the organic free range 

chicken bone less meat has the major constituents as proteins, fats, saturated fats, 

monounsaturated fats, polyunsaturated fats and cholesterol. However, the constituent 

amounts of these are shown in the tables 1.1 and 1.2 respectively. 
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Table 1.1. Caloric Content and Major Components per 100 grams of Commercially 

Available Chicken Meat of Broilers  

Analysis for the Constituents of Commercially Available CHICKEN Boneless Meat 

Nutrient 

Skinless, 

boneless 

breast 

Drumstick, 

skinless 

Thigh, 

skinless 

Wing, 

without 

skin 

Whole 

Chicken, meat 

only 

Calories 165 175 209 203 167 

Protein (grams) 31 28 26 30 25 

Total fat (grams) 3.6 5.7 10.9 8.1 6.6 

Saturated fat 

(grams) 
1 1.5 3 2.3 1.8 

Monounsaturated fat 

(grams) 
1.2 1.9 4.1 2.6 2.5 

Polyunsaturated fat 

(grams) 
0.7 1.4 2.5 1.8 1.5 

Cholesterol 

(milligrams) 
85 93 95 85 75 
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Table 1.2. Caloric Content and Major Components per 100 grams of free Range 

Organic Chicken Meat 

Analysis for the Constituents of Free Range organic Chicken Boneless Meat 

Nutrient 

Skinless, 

boneless 

breast 

Drumstick, 

skinless 

Thigh, 

skinless 

Wing, 

without 

skin 

Whole 

Chicken, 

meat only 

Calories 114 119 119 126 119 

Protein (grams) 21.2 20.6 19.7 22 21.4 

Total fat (grams) 2.6 3.4 3.9 3.5 3.1 

Saturated fat 

(grams) 
0.6 0.9 1 0.9 0.8 

Monounsaturated 

fat (grams) 
0.8 1.1 1.2 0.8 0.9 

Polyunsaturated fat 

(grams) 
0.4 0.8 1 0.8 0.8 

Cholesterol 

(milligrams) 
64 77 83 57 70 
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1.1.33. Difference between Organic Free Range Chickens and Conventional Chickens 

Corn fed and grains fed chickens are known to be produced by feeding considerable diet 

of corn grains (Romero et al, 2014).  All chickens are fed on grains as a chief part of their 

diet (Toghyani et al, 2014). The grains used depend on the local accessibility making 

corn as the staple element somewhat than wheat (Tancharoenrat and Ravindran, 2014).  It 

is distinguished that corn fed chicken are liable to have a faintly yellow appearance 

(Meloche et al, 2014). The chemical free marker refers to a distinction in the processing 

and not the farming (Bland et al, 2014). 

Research has shown the evidence that organic chicken necessarily be fed on specialized 

organic feed which is developed without false fertilizers and insect killers from the 

instance they are two days old (Noormohamed and Fakhr, 2014). It is of importance that 

the organic chickens may not obtain hormones or antibiotics at all (Diarra and Malouin, 

2014). 

Evidence shows that in order to label chickens as free range organic or free lander 

organic chickens, they must have a liberated and continuous access to the outdoors for 

over half of their existence (Hafeez et al, 2014). The conventional chickens are like 

chickens but are fed with industrially formed chicken feed and offered with restricted or 

no admission to the outdoors (Mazengia et al, 2014). 
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1.1.33.1. Organic Free Range Chickens 

Organic foods are developed and processed differently than conventional farming goods 

(Zheng et al, 2015). Meat as that of chicken meat is obtained from chickens fed on 

organic feed and provided with admittance to the outside (Miksík et al, 2014). Organic 

chickens obtain a balanced diet and unsoiled accommodations which assist in diminish 

the susceptibility of disease (Nie et al, 2015). The use of antibiotics and feed prepared 

from other animal parts cannot be employed in organic chicken farming (Ziganshina et al, 

2014). Organic chicken farming is cleaner and more surroundings friendly (Delles et al, 

2014). 

Organic chicken expenses are acknowledged as approximately twice as much as 

conventional chicken (Rajashree et al, 2014). Organic chicken may emerge slightly 

dissimilar than conventional chickens as they are often less significant in size and paler as 

they do not hold colorings or salt mixtures for conservation (Goodarzi et al, 2014). 

Free range or free lander is an expression referring to husbandry techniques where the 

birds can wander freely for provisions than being limited to an enclosed space (Delles et 

al, 2014). A behavioral description of free range is probably about chickens held in 

reserve with a barrier that confine their movement very little (Shar et al, 2014). On 

several farms the outdoors ranging neighborhood is fenced technically creating an 

enclosure (Shah et al, 2012). However, free range systems frequently recommend the 

chance for wide locomotion and sunlight prohibited by indoor housing arrangements 

(Swezey et al, 2014). 
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Free range may relate to meat, eggs and dairy farming (Singh et al, 2014). It is shown that 

in free range ranching livestock are allowed to rove without being fenced in as opposite 

to fenced-in territories (Wei et al, 2014). In many of the agriculture-based nations free-

range domestic animals are relatively widespread (Ziganshina et al, 2014). 

1.1.33.2. Conventional Chickens 

Conventional chickens are matured and processed in a different as fed on poultry feed 

and provided with no absolute no access in the open (Baysal, 2014). Conventional 

chickens receive a man-made diet which facilitates enhancement in the propensity of 

weight gain (Gul et al, 2013). The utilization of antibiotics and feed made from other 

animal parts can be used in conventional chicken upbringing (Goodarzi et al, 2014). 

Distinct to conventional fruits and vegetables where flaking and rinsing can significantly 

decrease the quantity of contaminants, insect repellents and drugs and the animals get 

exposed throughout their lives with incorporation of the harmful substances into their 

tissues particularly their adipose tissue (Zhang et al, 2014). Despite the fact that 

consumption of conventional chicken produces the contact to pesticides and chemical 

fertilizers it is evident that this causes increased contents of toxins in (Zheng et al, 2015). 

Organic chicken rearing is safer and possibly added environmentally welcoming (Thomas, 

1980). Selecting chicken or other meats that may not contain antibiotics can facilitate 

avoiding the development of resistant bacterial strains (Mushtaq et al, 2013). Studies 

prove that organic chicken is a preferred choice for the reason that they are taken care of 

in a more compassionate approach during life (Jozefiak et al, 2014). Organic chickens are 

often preferred for the distinct palatable flavor of their meat (Khan et al, 2014). 
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The conventional chickens are more costly as compared to organic chicken (Menconi al, 

2014). Conventional chicken may possibly emerge vaguely dissimilar than organic 

chickens on the basis of bigger size and darker color as they contain ruddiness and are 

salted for maintenance (Brambilla and Testa, 2014). Studies show that the key harms 

With non-organic meat is that they are predisposed to gather toxins to an elevated degree 

than vegetables (Xie et al, 2014). It is also evident that conventional domestic animals 

feed is commonly added with a range of insect killers that are regularly used in budding 

crops (Traineau et al, 2013). 

1.1.34. Health hazards associated with consumption of any poultry products 

The several health associated risk factors are linked with the consumption of poultry 

(Milicevic et al, 2014). The chicken flesh containing harmful ingredients as present in 

their diet and the techniques of animal agriculture executions may pose a potent threat to 

health of human populance (Zbrun et al, 2013). 
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Figure 1.9. Free land organic chickens  
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1.1.34.1. Pathogens 

Microbial pathogens including bacteria, viruses, parasites, and fungi are known to 

develop in poorly kept and stored chicken flesh may reason various illnesses leading to 

death in humans subjects (Ulrich et al, 2015). The chief common pathogens in chicken 

flesh are salmonella and campylobacter (Rivera et al, 2014). Salmonella is a bacterium 

which can be the origin of sickness, vomiting, abdominal pain, diarrhea, fever, chills, 

malaise and tiredness (Nimri et al, 2014). Campylobacter is a bacterium that may cause 

loose motions, spasms and abdominal tenderness along with fever (Ozbey and Tasdemi, 

2014). Contamination by whichever of these bacteria may be fatal for children, the old 

aged and group with compromised immune system (Molnar et al, 2015). 

It is proven through research that chicken flesh from industrialized poultry manufacturing 

procedure has a soaring frequency of infectivity with pathogens such as salmonella and 

campylobacter (Ulrich et al, 2015). On the other hand chicken flesh is at danger of being 

contaminated while handling and is obligatory to be handled carefully and vigilantly as if 

it is already contaminated to avoid any harmful outcome (Molnar et al, 2015).  

Evidence show that practices such as refrigeration and absolute cooking can decrease but 

can not entirely abolish the risk of spread of pathogens to customers (Moughan et al, 

2014). Amplified prevalence of food poisoning owing to these pathogens in poultry flesh 

noted nowadays is partly due to mishandling, lack of hygiene of handlers, infections 

among the fowls and handlers and even contaminant of the fodder of the consuming 

chickens (Fouad et al, 2014). 
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Figure 1.10. Battery Cages for Chickens  
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1.1.34.2. Heterocyclic Aromatic Amines in Chicken Meat 

Chicken meat is required to be cooked thoroughly in order to make it fit for human 

consumption (Siegel, 2014). However, in contrast the process of cooking chicken meat 

directs to the creation of heterocyclic aromatic amines in the meat (Sun et al, 2013). 

These are cancer causing compounds that are extensively been recognized in chickens are 

the basis of cancer associated with meat (Noormohamed and Fakhr, 2014). A novel 

report from the U.S. National Cancer Institute has revealed that stove broiled, pan fried 

and grilled poultry flesh may hold more carcinogens than red meat (Knudsen, 2014). It is 

also shown that the longer the meat is heated the larger load of carcinogens are produced 

in meat (Williams et al, 2014). 

It is known that the expenditure of the saturated fat may be associated with cardiac 

ailments and obesity (Toghyani et al, 2014). Obesity is associated to diabetes and certain 

other musculoskeletal mayhems (Kulshreshtha et al, 2013). It is seen that dissimilar to 

popular misapprehension about chicken flesh is that it is not low in fats (Pan et al, 2014). 

Skinless roasted dark meat as of chicken legs is 32 percent fats (Zhuang et al, 2014). 

Skinless baked light meat commencing chicken breasts is 18 percent fats (Harford et al, 

2014). Chicken with skin cooked in added ways possibly up to 51 percent fats (Barbut, 

2013). The fat in chicken meat saturates the flesh may not be sliced away (Pan et al, 

2014). The fat instituted in chicken flesh is saturated fat and one of the most hazardous 

forms of fat in terms of consumption (Dadgar et al, 2012). Although inhabitants require 

fat in diet it is however determined that the safest fats are found in vegetable foods 

especially as in olive oil (Hossain et al, 2014). 
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1.1.34.3. Antibiotic Resistance 

Chickens raised through commercial methods are recognized as characteristically being fed 

and injected with antibiotics in order to kindle abnormally speedy growth (Ozbey and 

Tasdemi, 2014). It is well established that antibiotics of millions of pounds are fed to 

chickens each year (Mazengia et al, 2014). These medications are excreted and subsequently 

reaching into groundwater and waterways causing eventually the development of a range of 

antibiotic resistant bacteria (Vidal et al, 2014). 

Previous studies show that the antibiotics given to chickens may get accumulated in them 

and excite the development of antibiotic resistant pathogens inside the birds (Fraqueza et 

al, 2014). These pathogens reside in the flesh and can be contracted by humans during 

contact with the blood or the unprepared meat (McNeece et al, 2014). 

A new study published by the New England Journal of Medicine researchers establish 13 

diverse strains of salmonella in sections of ground chicken, beef, turkey, and ham taken 

from superstores in the United States. Of those strains of salmonella, 83 percent were 

opposing to at least one antibiotic, 53 percent were defiant to three or more antibiotics 

and 6 percent of the bacteria were specially resistant to the antibiotic which is the 

treatment of preference for brood with salmonella poisoning. 

1.1.34.4. Ingestion of Unsafe Foreign Objects 

Chicken compost is known to create different hazards to human health (Khan et al, 2014). 

The dung may contain salmonella bacteria and campylobacter (Ulrich et al, 2015). Both 

of these bacteria have the ability to cause gastrointestinal tract infections (Rivera et al, 
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2014). It is known that along with some other health hazards the chicken compost can 

also cause the manifestation of intestinal parasites (Sison et al, 2014). The chicken 

excreta is also identified as the cause of the residues left over from veterinary drugs that 

on exposure lead to harmful effects on the body (Yao-Xing et al, 2010). Like wise 

antibiotic resistant microorganisms are also found in chicken manure (Nie et al, 2015). 

These bacteria are especially staphylococci and enterococci and profoundly effect food 

and water supply of humans upon contamination (Alam et al, 2012). Lethal metals like 

lead, arsenic and cadmium are also found in the manure (Gul et al, 2013). 

1.1.35. Characteristics of the Chicken Feed 

Poultry feed is provisions for ranch poultry including chickens, geese, ducks and many 

other domestic fowls (Traineau et al, 2013). Feed for chickens mostly consist of grains 

(Meloche et al, 2014). It is evident that a section of profitable feed typically comprises 

around a quarter of a bulk which is hard to digest (Bland et al, 2014). The quantity of 

bulk is documented as bulk density (Slizewska and Piotrowska, 2014). The quantity of 

feed in addition to the nutritional requirements depends on the weight as well as the age 

of the poultry in the particular season (Alam et al, 2012). Healthy poultry require a 

sufficient amount of protein and carbohydrates together with the essential vitamins, 

nutritional minerals and sufficient amount of water (Khan et al, 2013). It is recognized 

that certain diets in addition involve the exercise of grit addition and miniature rocks such 

as portions of granite in the feed (Anwar et al, 2012). Gravel as in girt assists in digestion 

by grinding food as it moves through the digestive tract (Arshad et al, 2013). 
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The feed may always must stay hygienic and dry (Ashraf et al, 2013) as unhygienic feed 

may transmit diseases to poultry (Khan et al, 2013). Damp feed supports fungal growth as 

of mycotoxin poisoning is the major and somewhat most under reported causes of poultry 

diseases (Monge et al, 2013). Diseases may be avoided with suitable preservation of the 

feed and feeder (Attia et al, 2013). A feeder is the tool that provisions feed to the fowls 

(Ghareeb et al, 2012). The use of poultry feed may also be improved with food 

established all the way through foraging (Remus et al, 2014). It is revealed that industrial 

farming equipment used for computerized feeding manufacturing leads to plummeting of 

the cost and increase in the growing levels of feed through poultry farming (Shi et al, 

2014). It is known that for profitable poultry farming through feed serves as the main 

expenditure of the process (Fu et al, 2014). 

1.1.36. Major Constituents of Chicken Feed 

As it has already been studied that the chicken are usually given a feed prepared by the 

leftovers of the marine life namely raw, fermented fish (Pratap and Vandana, 2008), 

wheat, compost of chicken (Khan et al, 2014) and reinforcement by vitamin A, D and 

steroids (Sun et al, 2013). Synthetic hormones and remains of animal meat are also 

known to be supplemented in the chicken feed (Mushtaq et al, 2013). Loads of animal 

proteins are also given to the chickens for early meat accessibility straight after hatching 

from eggs (Shar et al, 2014). Studies show that fish and animal meat are provided to birds 

for better production of meat bird starters along with better production of quality eggs 

(Siegel, 2014). Research has established the fact that crushed oyster shells are provided to 

the laying hens for the better quality of eggs especially in terms of calcium content and 

quality of egg shells (Nathan and David, 2004). 
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1.1.36.1. Use of Medicated Feeds 

Studies show that medicated feeds are also provided to chickens for their specific type 

and sort necessary for better production (Traineau et al, 2013). It has already been studied 

that the marine water is highly polluted with the human and fowl excreta along with the 

discharged contaminants from factories (Vidal et al, 2014). 

1.1.36.2. Presence of Steroids in Excreta and by Products of Chickens 

The droppings particularly of the chickens are rich in steroids and their byproducts may 

be mainly due to the synthetic supplements of steroids, androgens provided to them for 

better growth and development (Li et al, 2014) with resultant excretion of these steroids 

and their byproducts by poultry into the water (Dadgar et al, 2012). The excreta of the 

chicken is normally dumped into the sea however it is agreed to provide such water to the 

shrimp farms for shrimp production (Abgottspon et al, 2014). The excreta results in the 

augmented intake of steroids and their byproducts by the shrimps (Yao-Xing et al, 2010). 

The marine water as research proves to be loaded with steroid by products and such an 

aquatic life flourishing in steroid rich environment holds soaring amount of steroids in 

their body (Zheng et al, 2015). 

Evidence also shows that many diseases like salmonella infections may also affect the 

shrimps due to the existence of bacteria salmonella in the excreta of chickens (Ulrich et al, 

2015). The shrimps come under the umbrella of the fish rations provided to the poultry in 

their diet (Mazengia et al, 2014). This eventually results in the elevated the quantity of 

steroids and androgens in the fowl bodies (Akbar e al, 2013). Consumption of such fowls 
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is consequently the outcome of numerous diseases in the human subjects (Singh et al, 

2013). 

Chicken promoted as chemical free are produced from birds raised in a conservative 

manner (Jarvis et al, 2014).  The difference is over again contained in the dispensation 

plant where absolutely even no chlorine as part of chemicals is being utilized (Li et al, 

2014). It is seen in many processing plants that chicken remains are positioned in water 

and ice mixture to rinse the carcasses and to cool them (Mushtaq et al, 2013).  The water 

is however generally disinfected through use of chlorine at levels of 3-5 ppm in order to 

manage microbial contamination such as Salmonella and Campylobacter (Abay et al, 

2014). 

It is of significance that no chlorinated water may be used in the processing plant of 

chickens (Li et al, 2014). Instead water may be sanitized by exposure to UV light and 

carcasses may be cooled through introduction of cold air stream before an iced water bath 

(Amand et al, 2013). Chicken treated with antibiotics at any point in time cannot be put 

up for sale as certified free range, free lander or certified organic chicken (Diarra and 

Malouin, 2014). 

1.1.37. Minor Ingredients of Chicken Feed 

Research shows that minor ingredients including mineral supplements as calcium lime 

stone, gravel and bone marrows are also added to chicken feed for fortification (Safaa et 

al, 2008). Other minor ingredients supplemented in feed include sodium as sodium 

bicarbonate, vitamins, amino acids, carbohydrates particularly oligosaccahrides 
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(Pourabedin et al, 2014), fats and cholesterol in form of steroids (Schaafsma et al, 2000; 

Reddy et al, 2005). 

1.1.38. Unsafe Ingredients of Chicken Feed 

It is an established fact that the chicken feed may also contain unsafe ingredients that 

pose harmful effects to poultry and populace consuming such poultry (Gul et al, 2013). 

These harmful feed ingredients include pesticides, insect repellents, arsenic, roxersone 

and melamine (Huang et al, 2013). 

1.1.39. Effects of Excessive Use of Soya Bean in Poultry 

It is known that soy bean is one of the important ingredient of the poultry feed (Cai et al, 

2014). However, it is of concern that certain ingredients present in the raw soybeans may 

include a number of unknown factors which slow down pancreatic trypsin activity and 

reduce digestion of the dietary proteins (Pacheco et al, 2013). Consequently chickens fed 

on raw soybeans frequently show low intake and reduced feed intake (Kong and Adeola, 

2013). It is also revealed that raw soybeans have been used as an exclusive source of 

protein in the diet over the first six weeks of life (Xu et al, 2015). 

The special effects of age on consumption of raw soybeans by chickens may be explained 

by the fact that older chickens may develop a diminished pancreatic weight in relation to 

the body weight amounting to less than 0.3% of the total weight of the bird (Ulca et al, 

2014). The pancreatic functions in this case and the connected process of protein 

utilization will be less inclined to the effect of the trypsin inhibitor compared to the case 

of younger chickens which have larger pancreases relative to their body weights 
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(Bartkiene et al, 2013). It is therefore concluded that the amount of raw soybeans fed 

should be limited to a larger extent when endeavoring to achieve improved feed ingestion 

and performance (Kim et al, 2013). 

1.1.40. Role of Arsenic in Poultry Industry 

Arsenic is a recognized human carcinogen and has been associated to a variety of health 

risks including intrusive to fetal development (Huang et al, 2013). However according to 

FDA the levels established through poultry research indicates that low levels of arsenic in 

chickens may pose no risk to individuals consuming it (Gul et al, 2013). However, 

consumption of poultry with roxersone which is a kind of arsenic is phased out of use in 

the United States (Huang et al, 2013). 

1.1.40.1. Effects of Utilization of Chicken Droppins as Fertilizer and Livestock Feed 

Traditionally the chicken droppings were used as fertilizer (Zheng et al, 2015). Evidence 

shows that chicken excreta are now also utilized as livestock feed due to its cost 

effectiveness (Hossain et al, 2014). This was established on basis of its evaluation with 

other feedstock materials, predominantly for beef animals. Earlier to 1967 the use of 

poultry waste as cattle feed was turned down although that year the FDA concerned a 

policy declaration that poultry litter presented in interstate business as animal feed was 

contaminated and effectively banning the practice. In 1980 the FDA reversed this 

strategy and approved a directive of garbage to the states. In December 2003 in the 

response to the discovery of bovine spongiform encephalopathy (BSE) also known as 

mad cow disease in a cow in the state of Washington the FDA pronounced strategy to put 

in place a poultry litter prohibition (Church et al, 2010). 
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Previous studies show the poultry litter may contain cast-off cattle proteins as either 

spilled feed or feed that have passed through the avian gut. The FDA alarmed about the 

feeding litter to chickens that may become a cause of the mad cow disease (Gul et al, 

2013). In 2004 the FDA determined to take a better approach to BSE by eliminating the 

most infectious proteins from all animal feeds (Huang et al, 2013). 

The chickens are known to be kept in small cages commonly of metal in nature housing 3 

to 8 hens. The walls may be prepared of solid metal or else network and the base may be 

leaning with wire mesh to permit the droppings to fall through and eggs to move against 

an egg collecting conveyor belt (Yan et al, 2013). Water may be typically supplied by 

above the head nipple systems and food through the channels that are refilled at regular 

intervals. The cages are permitted in long rows as multiple layers often with cages back 

to back consequently termed as battery cages (Arshad et al, 2013). 

Within a single shed there may be several floors containing battery cages signifying that a 

single shed may enclose many tens of thousands of hens (Yan et al, 2013). Light intensity 

is frequently kept low to reduce feather pecking. The profit of battery cages may consist 

of easier apprehension for the animals, positioning of the eggs for an reasonably priced 

collection and in addition the eggs may stay cleaner and easily collected at the end of lay 

(Huang et al, 2013). It is also documented that usually less feed may be required to 

produce eggs, broodiness is reduced, additional hens may be provided with room in a 

given house floor space, parasites are more readily treated and overhauling requirements 

are generally much cheap (Archer and Mench, 2013). 
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1.1.41. Effects of Industrialized Feed on Chickens 

It is seen that the industrialized feed developed for chickens lead to obesity in birds that is 

consequent from energy inequality occurring when more calories are consumed than the 

actual need of the body (Pan et al, 2014). The excess energy is mainly stored as fat (Kong 

et al, 2014). Over years poultry breeders are known to breed chickens with the intention 

to grow faster and produce more meat to meet international consumer requirement 

(Knudsen et al, 2014). However modern broiler and breeder chickens may not 

sufficiently balance the feed expenditure to contest their energy requirements leading to 

obesity in them (Hossain et al, 2014). 

1.1.42. Effects of Different Types of Ingredients in Chicken Feeds on Chickens 

Studies show that fast growing breeds put on much weight quickly (Rivera et al, 2014). 

This is significant that a weight of more than a kilogram is attained in less than 6 weeks 

through commercial feed arrangements (Walzem and Chen, 2014). Studies reveal that an 

enormous problem with such fowls is that they are bred to be inherently obese (Nimri et 

al, 2014). Attainment of required weight of poultry in slightly more than a month 

thoroughly considered abnormal as it normally takes approximately 20 weeks duration 

the necessary weight (Fouad et al, 2014). With massive weight gain poultry gets more 

liable to encompassing leg health problems due to much weight gain in shorter time 

(Archer and Mench, 2013; Sun et al, 2013). 
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1.1.42.1. Provision of Balanced Rations to Hatchlings 

It is evident that the hatchlings on reaching farm may be given immediate excess to clean, 

fresh feed and water (Jarvis et al, 2014). As a rule poultry may be fed with a wide 

assortment of grains to achieve better growth and performance (Yan et al, 2013). The 

grains included in diet are in a balanced ration (Li et al, 2014). It is of prime importance 

that hatchlings may be fed with wheat, oats or barley with oats and barley to be restricted 

to 25% of the starter diet (Wallace et al, 2010). After six weeks of age fowls can be fed 

on rations with oats or barley as the whole source of grain (Eitan et al, 2014). However, 

research signifies that poultry of any age may be fed hard red, durum, extra strong utility 

wheat and soy bean for development (Singh and Singh, 2014). 

1.1.42.2. Role of Rye in Chicken Feed 

It is reported that rye may be gradually introduced to poultry after six weeks of age and 

may also be used partially as grain in laying hen diets (Jozefiak et al, 2010). Rye with 

ergot may not be utilized as it may pose harmful effects to the health of the chickens 

(Monge et al, 2013). Studies emphasize that screenings may be done for ergot 

particularly in conditions where 75% or more wheat is present in feed as it may cause off 

colors and tastes in eggs (Mainka et al, 2005). Grains can be fed to poultry in pelleted, 

ground or as a whole particularly using whole grain is best as to train the gastro intestinal 

tract of hens to grind the grain (Yunus et al, 2012). The better gastro intestinal tract is 

built up by feeding 20% whole kernels for three weeks before including higher levels in 

the diet (Fassbinder-Orth and Karasov, 2006). 
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1.1.42.3. Role of Peas in Chicken Feed 

Peas may also be used in poultry diet and may comprise as much as 20% of the ration 

(Nandha et al, 2013). However it is anestablished fact that peas do not hold sufficient 

amino acids to meet all of the bird's protein requirements (Laudadio and Tufarelli, 2010). 

Peas also include some anti dietary aspect that may obstruct with the digestion of the 

chickens (Nalle et al, 2010) 

1.1.42.4. Role of Faba Beans in Chicken Feed 

Faba beans also been recognized as an inclusion at a 10% level in feed fed to hatchlings 

however it may not be used for feed of laying hen (Usayran et al, 2014). The reasons of 

discouragement of the use of faba bean for laying hens are identified as the potential 

source of reduced egg size and egg yolks that break with no trouble (Laudadio and 

Tufarelli, 2010). 

1.1.42.5. Role of Canola Meal in Chicken Feed 

Canola meal is a practically good protein source but canola seed may owe to the high fat 

content that may be limited to 10% of the feed provided to chickens (Toghyani et al, 

2014). Canola seed is difficult to be digested by the gizzard as it is difficult to grind it 

properly (Gopinger et al, 2014). For the reason the seed may be ground with some grain 

prior in a hammer or a roller crush scheduled to feeding poultry (Singh et al, 2014). 
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1.1.42.6. Reasons of Dark Color Egg Yolks 

Previous studies show that poultry has a poor absorbability for proteins and fiber present 

in grass and legume hays (Kong and Adeola, 2013). The hens are known to extract 

vitamins from provisions however the absorption is not enough to meet the bodily 

requirements (Lu et al, 2014). It is significant that as long as grit may not significantly 

improve the digestibility of the roughages provided in feeding as of grasses and alflalfa 

then it may result in the darkening of the color of egg yolks (Iannotti et al, 2014). 

1.1.42.7. Effects of Feed on Weight and Size of Chickens 

It is of concern that the commercially available diet results in increased weight gain that 

may lead to the development heart and respiratory diseases in chickens (Wang et al, 

2002). It is acknowledged that commercially there may always be daily picking of dead 

or unhealthy birds as they regularly die from anxiety induced heart attacks (Tang et al, 

2002). The acceptable mortality rates are distinguished to be between 5 and 10 per cent in 

the commercial industry (Couto et al, 2015). By the end of the 6 weeks it is noticeable 

that each bird may be left with diminished floor space to stand upon with same 

unchanged dirty wood shavings are leading to dung and the ammonia to fill up the place 

resulting in formation of hock burns on legs (Zhao et al, 2013). 

1.1.43. Physical Form of Feed 

Pelleting feeds generally results in augmented density and intake of the ration that 

progresses growth and feed efficiency (Hepworth et al, 2012). Research shows that 

particular experiments are conducted on chickens under similar management conditions 
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to observe the differences in feed conversion within the pelleting treatment on the health 

of poultry (Allain et al, 2009). 

It is significant that the pellet excellence may appear satisfactory immediately after 

leaving the feed mill however the pellet quality that the flocks consume at the particular 

time is of prime importance (Broom and Reefmann, 2005). Each and every attempt may 

therefore be directed to improving the quality of pellets for the arrival in the feed 

channels for broilers (Liu et al, 2013). 

It is also studied that certain natural feedstuffs are comparatively inappropriate for 

chickens since they may not be palatable (Broom and Reefmann, 2005). It is for instance 

chickens are inclined to avoid diets high in barley, rye or buckwheat in comparison with 

similar diets containing yellow corn (Hadinia et al, 2014). Studies show that chickens 

may likely to avoid diets containing odd ingredients such as fruit dispensation wastes and 

aquatic flora in contrast with particular diets providing the fundamental nutrients from 

natural feed materials (Supriyati et al, 2014). 

It is studied that even with natural feeds recognized to be extremely palatable there may 

still be spoilage aspects that unfavorably affect lusciousness due to rancidity of fats, 

spoilage of sugars and disintegration of proteins predominantly if used following a 

extended storage period (Morgan et al, 2011). Worsening of these significant nutrients 

will fabricate flavors and odors that are not satisfactory representing a key feature in poor 

feed consumption (Ergun et al, 2006). 

Flavor issues may also subsist in freshly formed feeds (Couto et al, 2015). It is seen in 

many cases that it is impracticable to produce high consistent palatability in diverse feed 



99 

 

lots without flavoring additions (Ma et al, 2014). The reason lies in the varying by 

products, dissimilar soil and crop situations and to unstable manufacturing methods. The 

feed additives used in various batches may also alter the flavor (Takahashi et al, 2012). 

Research shows that fats may be supplied from indigestible animal fats with assorted 

dirtiness and contaminative in feed (Olobatoke and Mulugeta, 2011). Similarly the 

minerals and vitamins may be supplied in premixes having off flavor haulers and bases 

all of which are inductive to taste perversions in feed intake (van den Brand et al, 2010). 

One other domain is the addition of feed flavors in order to prevent starvation in young 

chicks and help them keep on taking feed in anticipation of gradual increase in their 

weight and consumption of the feeds (Veiga et al, 2007). In addition the feed is made 

extra palatable by the addition of flavors is more simply digested than a less tasty feed 

that will have a greater conversion effectiveness (Liu et al, 2013). 

1.1.44. Maintenance of Healthy Flocks 

Research shows that progressively more the emphasis in flock health program is on 

anticipation somewhat than treatment (Jiang et al, 2008). The preventive measures 

against infections in poultry include inoculation, farm cleanliness and biosecurity that are 

the most important approaches to keep flocks healthy (Chapman and Jeffers, 2014). 

It is also recognized that approach against certain infections are inadequate or unavailable 

and extravagant like that for as compared to methods of management (Akhtar et al, 2015). 

In extraordinary conditions where a bacterial disease may burst with failure of all 
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additional supervision approaches at that time the veterinarian may treat the birds with 

animal responsive antibiotics (Mourand et al, 2014). 

1.1.45. Vaccination 

It is revealed that breeder congregates may be immunized against a wide range of 

diseases throughout their lifetime (Ferguson-Noel and Williams, 2015). Evidence proves 

that birds may get vaccinated against actual diseases however the types of vaccines used 

with their course and time of vaccinations may differ for each company (Fan et al, 2015).  

The most precious birds may be regularly vaccinated for communicable bronchitis, 

inclusion body hepatitis, transmittable laryngotracheitis, transferable bursal infection, 

Marek’s sickness, Newcastle syndrome and fowl pox (Song et al, 2015). It is reported 

that birds are often inoculated against egg drop disease, Mycoplasma synoviae, 

Mycoplasma gallisepticum, and coccidiosis (Jacob et al, 2014). 

Evidence shows that the flocks may be inoculated against similar diseases and several 

may be immunized for cholera as well as Salmonella (Jawale and Lee, 2014). Breeder 

flocks may be protected not only to guard the health and efficiency but also to offer 

protection for their offspring through antibodies across yolk sac (Penha et al, 2009). This 

is predominantly significant in transferable bursal disease for which fortification of 

broiler flocks is principally reliant on maternal antibodies (El-Gohary et al, 2014). 

Evidence reveals that blood examinations are used to monitor the efficiency of 

vaccination (Usayran et al, 2014). It is noteworthy that broiler chicks are immunized at 

hatchery or in the pastures through drinking water at 7 -14 days of life (Ghareeb et al, 

2012). 
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1.1.46. Hygiene and Biosecurity 

Poultry farm sanitation and biosecurity is applied to both breeder and broiler farms to 

lessen the risk of infections poignant on to farms from exterior causes (Hernandez et al, 

2015). Studies show that the exterior causes may come from other farms, wild birds and 

being transmitted from parents by means of eggs (Chapman and Jeffers, 2014). 

It is known that high quality hygiene in the hatchery assists to lessen the probability of 

infections being pulled out by chicks as they may still be in the hatchery (Sambo et al, 

2015). Actions may also be taken at the feed grinder level to decrease the risk of any 

disease cause from entering into chicken feed from feed constituents or from infectivity 

of the finished feed (Jansen et al, 2009). 

1.1.47. Effects of the Use of Organoarsenic Compounds Roxarsone 

Roxarsone is an organoarsenic complex extensively used in poultry manufacture as a feed 

preservative for get better feed efficiency and to increase the weight gain (Huang et al, 

2014). Roxarsone is one of four arsenical animal drugs permitted by the FDA for use in 

poultry and swine feed in addition to arsanilic acid, nitarsone and carbarsone (Yao et al, 

2013). It is known that laboratories may eliminate carbarsone approvals, roxersone and 

arsanilic acid leaving only nitarsone in position for poultry consumption (Nachman et al, 

2012). 

A market basket research has connected the use of roxarsone and other arsenical feed 

additives in feed resulting in the presence of amplified levels of inorganic arsenic in 

chicken breast meat (Church et al, 2010). It is a matter of concern that breast meat from 
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chickens with arsenical use may be allowed for consumption containing three times 

additional inorganic arsenic than the breast meat from chickens produced under organic 

standards (Nachman et al, 2012). It is note worthy that the organic production of poultry 

prevents absolute arsenical utilization in organic chicken creation (Huang et al, 2014). 

1.1.48. Metabolic Diseases 

It is known through previous research that several disease conditions are not 

communicable but can influence the health of meat chickens and result in their fatality 

(Kennedy, 2013). This can be sourced through intoxications of miniature amounts of 

fungal pollutants brought into the feed through grains leading to possible metabolic 

deprivation (Wang et al, 2013). 

Intoxications in poultry may be supervised by industry through cautious selection, 

management and vigilant feed formulation from the raw (Henning et al, 2013). It is 

fortunate that the incidence of metabolic states as skeletal malformation and cardiac 

arrests have been reduced to low levels in current years mainly due to hereditary 

assortment for condensed vulnerability (Shi et al, 2014). 

Previous research also facilitates that the ecological and dietary aspects may incline to the 

circumstances guiding the advancement and implementation of progressive dietary and 

husbandry performances planned to avert the appearance of dismal circumstances (Yan et 

al, 2013). 
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1.1.49. Effect of Steroid Hormones in Meat on the Age of Puberty in Girls 

Premature puberty in girls may be found to be associated with higher risk of pcos and 

breast cancer (Park et al, 2014). Height, weight, diet, exercise, and family history may be 

instituted to influence age of puberty (Chae et al, 2013). Previous study shows that 

steroid hormones in food may be suspected to cause early puberty in girls (Sirmans and 

Pate, 2013). 

Evidence has established an apprehension about augmented rise in girls reaching puberty 

or menarche earlier than the age of eight years or younger may reason to the change in 

the dietary preferences nowadays (Bazarganipour et al, 2013). It is established that 

commercially available chicken from local market may contain elevated levels of 

estrogens as compared to the standard levels (Hickey et al, 2012). It is also revealed that 

remnants of zeranol, a non-steroidal estrogen agonist and a mycotoxin derived of fungi of 

the Fusarium family may be instituted as a pollutant in contaminated crops during 

chicken feed development. These may ultimately cause the young girls consuming of 

such diet to achieve early puberty (Palioura et al, 2013). 

In a further study it was established that steroid hormone remains in beef and fowls 

servings in educational institutions may also be the cause of breast augmentation in very 

young girls causing early puberty with the consequence of PCOS in girls (Pulley et al, 

2013; Walzem and Chen, 2014). 

The consequential results of the above studies are the possible introduction of hormones 

in meat may allegedly be the grounds for the early puberty in girls (Barthelmess and Naz, 

2014) 
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1.1.50. AIMS AND OBJECTIVES OF STUDY 

The present study has its following aims and objectives: 

 The aim of this study is to investigate the effects of commercially available 

chicken feed, commercially available chicken boneless meat, free range chicken 

bone less meat, spinach and soy bean on the weight gain, growth and obesity of 

the female albino wistar rats. 

 To estimate the effects of the above said diets on the serum levels of cholesterol, 

testosterone, progesterone and estradiol in female albino wistar rats. 

 To estimate any imbalance in the suggested hormones and their consequential 

affects on the livers and ovaries in the female albino wistar rats. 

 This study may facilitate the effects of the augmented chicken meat consumption 

on the health of the rats that may conclude the net effects on the consuming 

chicken meat of the human populace. In present time the chicken consumption is 

soaring high. Compelling to its high demand has led to the enhanced feed 

production for chickens with addition of various nutritive and non nutritive 

additives and supplements. 

 This study will enable the findings of the influence of the chicken feed, 

commercially available chicken boneless meat fed on the commercial feed and the 

organic free range chicken boneless meat on the rats which may be correlated to 

the consuming humans especially females. 
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CHAPTER 2 

2.1. PILOT STUDY 

The pilot study was done on 30 rats in total were taken for a period of six weeks to find 

the outcome of the study. These rats were taken in their weaning age and fed with 

standard rat chow, chicken feed, commercially available chicken boneless meat, free 

range chicken boneless meat, spinach and soy bean for six weeks time. The body weight, 

baseline serum cholesterol, serum estradiol, serum testosterone and serum progesterone 

were taken prior to experimentation and then after six weeks all the parameters were 

recorded for the final execution of the research work. 

2.2. PLAN OF WORK 

The study was performed at the Department of Biochemistry, Baqai Medical University, 

Karachi from October 2012 to August 2013. 

A total of one hundred and fifty (150) female albino wistar rats were inducted in the 

studyfollowing simple random sampling. The rats were on weaning diet and weigh 

between 90-110 grams. Each group in the study comprised of 25 rats and this number 

was taken to have more accurate results with a larger sample size. 

 Twenty five (25) rats were kept normal as control and forename as Group A. 

 Group B of 25 rats was treated with commercially available chicken feed for 

broilers. 
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 Group C of 25 rats was treated commercially available chicken boneless meat of 

broilers. 

 Group D of 25 rats was treated with free range/free lander organic chicken 

boneless meat. 

 Group E of 25 rats were treated with raw spinach. 

 Group F of 25 rats was treated with raw soy bean. 

Biochemical evaluation of different parameters of the study were conducted at 

Department of Biochemistry, Baqai Medical University, Karachi; Baqai Institute of 

Diabetology, Baqai Medical University, Karachi and the laboratories of Pakistan Council 

of Scientific and Industrial Research (PCSIR), Karachi, Pakistan. 

 Estimation of cholesterol in the chicken feed was done at the Department of 

Biochemistry, Baqai Medical University, Karachi. 

 Estimation of serum cholesterol, testosterone, progesterone and estradiol were 

performed at Baqai Institute of Diabetology, Baqai Medical University, Karachi. 

 Estimation of constituents of chicken feed was performed at PCSIR laboratories, 

Karachi. 
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EXPERIMENTAL PROTOCOL2.3  
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2.4. MATERIALS AND METHODS. 

2.4.1. Materials 

2.4.1.1. Animals 

Locally bred female Albino Wistar rats weighing between 90-110 grams were housed 

under 12 hour light and 12 hour dark cycle with controlled room temperature (22+2oC). 

the rats were given free access to standard rodent diet to the control rats and chicken feed, 

commercially available chicken boneless meat, free range chicken boneless meat, spinach 

and soy bean to the rats of the test groups. Clean tap water was provided ad-libitum to 

them during the experimentation. All the animal procedures were approved by the 

Institutional Animal Ethical Committee (IAEC) of Baqai Medical University, Karachi. 

Pakistan. 

In the beginning of each experiment the animals were randomly assigned as controls or 

test groups. Free feed of rodent variety and the specific diet according to the experiment 

was given to the rats. 

2.4.1.2. Cage Size 

The cage size was 8"X18"X10" to keep a group of 03 animals in the cage to prevent them 

from muricidal behavior.  
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2.4.2 Methodology 

2.4.2.1. Grouping of the Animals 

 The group A was kept as control group and comprised of 25 animals. It was 

treated with standard rat chow for a period of 6 weeks. 

The remaining animals were treated with different types of diets and hence named as test 

groups. 

 Test group B comprising of 25 animals was treated with the commercially 

available chicken feed for a period of 6 weeks. 

 Test group C comprising of 25 animals was treated with commercially available 

conventional caged chicken bone less meat for a period of 6 weeks. 

 Test group D comprising of 25 animals was treated with free range/free lander 

organic chicken bone less meat for a period of 6 weeks. 

 Test group E comprising of 25 animals was treated with the raw spinach for a 

period of 6 weeks. 

 Test group F comprising of 25 animals was treated with the raw soy bean for a 

period of 6 weeks. 

2.4.2.2. Measurement of Body Weight: 

Body weight of every recruited animal was measured at the commencement and at the 

end of the experiment and proper record was maintained. 
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Figure 2.1. Rats in a Cage 
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2.4.2.3. Measurement of Diet Consumed: 

The amount of diet was measured by weighing before given for consumption and then 

subtracted from the amount of food left over daily. 

2.4.2.4. Physical Examination of Rats 

The animals were subjected to physical examination before their slaughter. The physical 

appearance of rats, the condition of their fur, eyes, ears, tail, and teeth were observed. 

2.4.2.5. Estimation of Weight Gain 

The final weight of the rats were taken and measured for any gain in weight. 

2.4.2.6. Estimation of Growth rate 

The growth rate of all the rats both control and test animals were estimated. Growth Rate 

= Final weight/Initial weight x 100 

2.4.2.7. Estimation of Obesity in Rats 

The rats abdominal adipose tissue and fat pads around the visceral organs were taken 

under consideration for the presence of obesity in rats. 

2.4.2.8. Behavioral Analysis 

2.4.2.9 Lateral Biting and Muricidal Behavior 

Hormone conditional aggression in male and female rats comprises of the distinctive 

behavioral distinctiveness of pilo-erection and lateral attacks. In males the hostility is 

dependent on testosterone. On the other hand in females the aggression is mainly 

observed as violent behavior and  is reliant again on hormones that begin to emerge.  
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Figure 2.2a. Lateral Attacks by Rats 
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In the present experiment the events of active aggression and hostility was recorded 

among the inmates of the cage. In this work the aggression was purposefully noted 

among the coinhabitants after weighing for weight and offering feed in well lit 

environment. The rats were daily monitored for any alteration in their behavior between 

9.00 am and 11.00 am of the bright day light. As the rats are renowned to be nocturnal 

animals for the reason the behavioral deficits similar to aggression, biting, lateral attacks 

as well as muricidal behavior towards coinhabitants were assessed in the bright day light.  

Their violent behavior may show the competitive experience that may have signified by 

the hormonal variation in them.   

Previous studies have shown that in males and females, hormones are also necessary for 

the expression of the aggression (Veiga et al, 2007). It is also shown that the important 

hormone emerged to be testosterone in males and a mixture of both testosterone and 

estradiol in females (Ahmad and Ahmed, 2015).  

For the purpose only the disagreeable mechanism of the female aggressive behavior such 

as lateral indirect intimidation or lateral attacks, aggressive position, pinning and biting 

with extreme conditions of muricidal behavior of killing the other inmate were noted in 

the present study. 

Muricidal behavior among rats is recognized as a tendency to eat their own specie. It is 

however, also seen that at times two or more rats may not endure together and kill or eat 

the weaker one. This is designated as the muricidal behavior of the rats. This may specify 

the forager nature of the rat. This nature allows the rats to flourish on any thing edible 

that they can chew on even rubbish or deceased creatures. 

 2.4.2.10. Collection of Blood: 

The rats of all the above mentioned groups were treated according to plan for exactly 

six weeks and then sacrificed through cardiac puncture after overnight starvation in the 

estrus phase of the estrus cycle. The blood was drawn directly from the heart, using 

10cc disposable syringe. The blood collected was transferred to the glass test tubes and 
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Figure 2.2.b. Lateral Attack by Rats 
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Figure 2.3. Procedure for making the Rats unconcious 
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centrifuged to separate serum. Serum was then collected in the eppendorf cups for the 

evaluation of serum cholesterol, testosterone, progesterone and estradiol. 

2.4.2.11. Histopathological Studies of Rats 

The selected viscera of the experimental rats were taken out for histopathological analysis. 

These selected viscera comprised of liver and ovaries of the control and test rats. The 

organs were sent to the Department of Pathology of Baqai Medical University for the 

histopathological examination. 

2.4.2.12. Dissection of Animals 

All animals were treated with the respective diets for a period of six weeks and then 

sacrificed through heart in their estrus phase after an overnight deprivation of food. 

2.4.2.13. Dissection Techniques 

The rats were kept on over night fasting ahead of being sacrificed through heart the next 

morning. The rats were made unconscious with the chloroform and pinned vertically with 

all the four paws spread wide apart on the wax tray. 

A vertical incision in the midline was given. Carefully the heart was exposed. A 10 cc 

syringe was taken and introduced gently through the apex of the heart continuing in the 

ventricles and the atria while collecting the maximum amount of blood. 

The collected blood was carefully emptied in the sterilized test tubes and kept for a while 

before centrifugation. After centrifugation the plasma was taken out in the epindroffs for 

biochemical analysis. The biochemical analysis included the level of cholesterol, 

testosterone, estrogen and progesterone. 

The rats’ ovaries and livers were also taken out and preserved in the 10% formalin for the 

histopathological analysis. 
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Figure 2.4. Unconscious rat 
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Figure 2.5. Ventral alignment of Rat for Dissection 
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Figure 2.6. Collection of Blood Through Heart 
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Figure 2.7. Extraction of rat liver 
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Figure 2.8.Extracted Liver 
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2.4.2.14. Chicken Feed 

2.4.2.14.1. Analysis for the Constituents of Chicken Feed 

The constituents of the chicken feed were analyzed at the laboratory of Pakistan Council 

of Scientific and Industrial Research, Karachi, Pakistan (PCSIR). 

The major constituents of the chicken feed were cereals, including wheat bran, rice bran, 

maize bran and sorghum I and II, vegetable oil of soybean, canola and sunflower. The 

feed also comprised of fish, meat and bones along with calcium and sodium as minerals, 

vitamins and antibiotics. The chicken feed also contained the toxic elements including 

arsenic, roxersone, melamine and pesticides. 

2.4.2.14.2 Estimation of Cholesterol in Chicken Feed 

The cholesterol content of the feed was measured through the chemical process and 

found out to be 509mg/dl. 

2.4.2.14.3. Method for the Estimation of Cholesterol of Feed Provided to the Rats 

10 grams of chicken feed was dissolved in 100ml ethanol. Electromagnetic stirrer was 

used for dissolution of feed in the ethanol. After dissolution filtration was done and 

cholesterol was estimated in the filtrate. 

2.4.2.14.4. Estimation of Cholesterol 

Concentration of cholesterol = optical density of test/optical density of standard x 

concentration of standard/sample volume x 100 
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Figure 2.9. Commercially available chicken Feed for Broilers 

 

Figure 2.10. Grains taken in by free Range Organic Chickens 
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2.4.2.15. Serum Biochemical Estimations 

Following bioanalytes were estimated in serum  

 Serum Cholesterol 

 Serum testosterone 

 Serum progesterone 

 Serum estradiol 

2.4.2.15.1. Procedure for the Cholesterol Estimation 

The proteins in the serum are precipitated with ferric chloride-acetic acid reagent. Equal 

volumes of protein free filtrate containing cholesterol, a standard solution, and a blank 

containing ferric chloride acetic acid regent are separately treated with sulphuric acid. 

Cholesterol gives red color in acetic acid solution with ferric chloride acetic acid reagent 

which is then read in the photoelectric colorimeter at 540 nm. 

The reagents used are ferric chloride acetic acid reagent 0.5% solution of FeCl36H2O in 

glacial acetic acid, concentrated H2SO4, stock standard cholesterol solution in FeCl3-

acetic acid reagent 100%, working standard is 0.1 ml of stock standard and 6.9 ml ferric 

chloride acetic acid reagent. 

The sample is prepared by pippetting out 0.1 ml of serum and 6.9 ml of ferric chloride 

acetic acid regent into the centrifuge tube. The mouth was covered with the piece of para 

film and mix well by inversion. It was allowed to stand for 10-15 min for the proteins to 

flocculate. The supernatant was centrifuged and the optical density was read at 540 nm 

using the green filter against the blank. 
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Calculations are done by 

Cholesterol (mg/dl) = OD of test / OD of standard x concentration of standard/ sample 

volume x 100 

2.4.2.16. Procedure for the Testosterone Estimation 

Testosterone was estimated in the serum by the following procedure at the Deparment of 

Biochemistry, Baqai Medical University, Karachi. 

2.4.2.16.1. Intended Use 

The Testosterone Enzyme Immunoassay is intended for the quantitative determination of 

Testosterone concentration in serum. No special pretreatment of the sample is necessary. 

This test is for in vitro diagnostic use only. Measurement of the testosterone is used to 

determine the diagnosis and treatment of various hormonal and sexual disorders. 

2.4.2.16.2. Principal of the Assay 

The testosterone EIA (enzyme immunoassay) is based on the principal of competitive 

binding between testosterone in the test specimen and testosterone –horseradish 

testosterone in the test specimen and testosterone horseradish peroxidases (HRP) 

conjugate, for the constant amount of rabbit antitestosterone. In incubation, goat anti-

rabbit IgG coated wells are incubator with testosterone standards, controls, rat samples. 

Testosterone-HRP conjugate reagent and rabbit anti testosterone reagent for 90 min 

during incubation, a fixed amount of HRP-labeled testosterone competes with 

testosterone in the standard, sample for affixed number of binding sites of specific 

testosterone antibody. Thus the amount of the testosterone-HRP immunologically bound 
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to the well progressively decreases as the concentration of testosterone increases in the 

specimen increases. 

Unbound testosterone peroxidases conjugate is then removed and the wells washed, 

followed by addition of TMB reagent resulting in the development of blue color. The 

color development is stopped and the absorbance is measured spectrophometrically at 

450 nm. 

2.4.2.17. Procedure for the Progesterone Estimation 

The progesterone enzyme immunological assay is based on the principal of competitive 

binding between progesterone in the test specimen and progesterone-HRP conjugate for 

the constant amount of the rabbit antiprogestrone. In the incubation, goat anti-rabbit IgG-

coated wells are incubated with 25meul progesterone standards, controls and test 

samples.100meul progesterone-HRP conjugate reagent and 50 meul rabbit anti 

progesterone reagent at room temperature (18-25oC) for 90 min. During the incubation a 

fixed amount of progesterone-HRP competes with the endogenous progesterone. The 

affixed number of binding sites of specific progesterone antibodies are present. Thus the 

amount of progesterone peroxidases conjugate immunologically bound to the well 

progressively decreases as the concentration of progesterone in specimen increases. 

The unbound progesterone conjugates are then removed from wells and wells washed. 

Next the solution of TMB reagent is then added and incubated at room temperature for 20 

min, resulting in blue color formation. This is then evaluated for the absorbance at 450nm 

through spectrophometrically. 
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2.4.2.18. Procedure for the Estrogen Estimation 

The estrogen enzyme immunological assay is based on the principal of E2 in the test 

specimen and E2-HRP conjugate for the constant amount of rabbit anti estradiol. In the 

incubation the goat anti rabbit IgG- coated wells are incubated with 25 meul E2 standards, 

controls and test specimen.100 meul estradiol HRP-conjugate reagent and 50meul rabbit 

anti estradiol reagent at room temperature for 90 min. 

During incubation the fixed amount of the HRP labeled E2 competes with the 

endogenous E2 in the standard, test and control specimens for the fixed number of 

binding sites of specific E2 antibodies. The unbound ones are drained and wells washed. 

Subsequently the solution of TMB reagent is added and waited for 20 min till the 

appearance of blue color, which is then evaluated for the absorbance at 450nm in 

spectrophotometer. 

2.4.2.19. Histological Techniques for Liver and Ovaries 

The histological techniques were used for the preparation of liver and ovaries for 

microscopic examination. The aim was to conserve microscopic anatomy of tissue. 

Samples were preserved in 10% formalin. The tissues were portioned into thin sections of 

4 to 5 microns for better staining. After staining, the sections characterized the anatomy 

of the tissue as close as possible to their structure in life. This is achieved by processing 

the selected parts of tissue through series of techniques. 
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2.4.2.19.1. Techniques 

These techniques are:  

1. Fixation 

2. Dehydration 

3. Cleaning 

4. Embedding 

5. Cutting 

6. Staining 

2.4.2.19.2. Fixation 

Fixation is the procedure by which the constituents of cells and tissues were fixed in a 

physical and chemical state so that they may withstand consequent treatment with various 

reagents with minimum loss of architecture .This was achieved by exposing the tissue to 

the chemical compounds called fixatives. For histochemical fixation absolute alcohol was 

used. 

2.4.2.19.3. Mechanism of Action of Fixatives 

Most fixatives are renowned to act by denaturing or precipitating proteins which may 

then form a sponge or meshwork and treated to hold the other constituents. High-quality 

fixative is better for the production of satisfactory outcome in histopathology. No fixative 

can enter a tissue thicker than 1 cm. Therefore, for dealing with liver and ovaries slices 

were cut not thicker than 5 mm. 

 



129 

 

2.4.2.19.4. Importance of Fixative 

The perfect fixative prevents autolysis and bacterial decay. Conserved tissues of liver and 

ovaries continued in their accepted state and got fixed.  

2.4.2.19.5. Temperature during Fixation 

The fixation was carried out at room temperature as to avoid the tissues not to get frozen 

once they have been placed in the fixative solution. 

2.4.2.19.6. The Speed of Fixation 

The speed of fixation of most fixative was approximately 1 mm/hour. Therefore fixation 

was done with the time of numerous hours in the experiment. 

2.4.2.19.7. The Quantity of Fixative Fluid 

The quantity of fixative fluid used was approximately 10-20 times the volume of the 

specimen. Fixative was allowed to surround the specimen on all the sides. 

2.4.2.20. Tissue Processing. 

Thin sections of the tissues with suitable hardness and consistency were cut with the help 

of a knife edge. These properties were reported by infiltrating and surrounding the tissue 

with paraffin wax through the process called tissue processing. It required 24hours and 

was done in many stages. 
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The stages were 

a) Dehydration 

b) Clearing 

c) Impregnating 

d) Embedding. 

It is important that all specimens are properly labeled before processing is started. 

2.4.2.20.1. Manual Tissue Processing 

Manual tissue processing was done in this study. In this process the tissue was changed 

from one container of reagent to another by hand. 

2.4.2.21. Sequence of the Tissue Processing 

2.4.2.21.1. Dehydration: 

Tissues were dehydrated by using mounting strength of alcohol; e.g. 50%, 70%, 90% and 

100%. 

The period for which tissues were kept in each strength of alcohol was dependent upon 

the size of tissue, fixative used and the type of the tissue. The volume of alcohol was 50-

100 times that of tissue. 

2.4.2.21.2. Clearing 

During the dehydration process, water in tissue had been replaced by alcohol. In the 

subsequent step alcohol was replaced by paraffin wax. As paraffin wax was not alcohol 



131 

 

soluble it was replaced by alcohol with a substance in which wax was soluble. This step 

was called clearing and was achieved by xylene. 

Xylene is commonly used and small pieces of tissues were cleaned in 0.5 – 1 hour; 

whereas larger 5cm or more thick were cleaned in 2-4 hours. 

2.4.2.21.3. Impregnation with Wax 

This was permitted to occur at melting point temperature of paraffin wax which was 54-

60oC. Volume of wax was about 25-30 times the volume of tissues. 

The duration of impregnation depended on size and types of tissues and the clearing 

agents engaged. Total duration of 4 hours was adequate for scheduled impregnation. 

2.4.2.21.4. Types of Wax Employed for Impregnation 

Paraffin wax was utilized for impregnation. It had hard consistency enabling the sections 

of 3-4 micron thickness to be cut. 

2.4.2.21.5. Embedding 

Impregnated tissues were placed in a mould with their labels and then fresh molten wax 

was poured in it. This was allowed to settle and solidify. Once the block was cooled 

sufficiently to form a surface skin it was immersed in cold water to cool it rapidly. After 

the block was completely cooled it was cut into individual blocks and each was trimmed. 

Labels were made to stay on the surface of the block by melting of  the wax with a metal 

strips sufficiently wormed. 
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2.4.2.21.6. Microtomy 

For light microscopy, a glass knife mounted in a microtome was used to cut 4-6 um-thick 

tissue sections. Which were then placed on a glass microscope slide. 

Frozen tissues embedded in a freezing medium were cut on a microtome in a cooled 

machine called a cryostat. 

2.4.2.21.7. Staining 

Staining was done to impart colour to a section. 

The stains used were acid stains, basic stains and neutral stains. 

2.4.2.21.8. Acid Dyes 

In the acid dye, the basic component is colored and the acid component is colorless. Acid 

dyes mark basic components as eosin stains cytoplasm. The dye imparted is of red shade. 

2.4.2.21.9. Basic Dyes 

In a basic dye, the acid component is colored and the basic component is neutral. Basic 

dyes mark acidic components like basic fuchsin blot nucleus. The color conceded is a 

shade of blue. 

2.4.2.21.10. Neutral Dyes 

When an acid dye is collectively used with a basic dye, a neutral dye is formed. As it 

contains both colored radicals, it gives different colors to cytoplasm and nucleus 

simultaneously. This is the basis of Leishman stain. 
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2.4.2.21.11. Special Stains 

For the precise components of tissue for example fibrous tissue, elastic tissue, nuclear 

material specifically stained for the study. 

2.4.2.21.12. Procedure of Staining 

Manual staining was done as this is the technique of choice. Even though it is time 

consuming it is cost-effective. 

2.4.2.22. Ovarian Morphology 

The ovaries were longitudinally and serially sectioned at 4 μm. The every 10th section 

was mounted on a glass slide, tainted with hematoxylin and eosin, and examined under a 

conventional birefringence microscope by two persons blinded to the origin of the 

sections. The region of the ovary was determined with a standardized scale tool in the 

virtual microscope. The area of the largest follicle and the thickness of its follicular wall 

that is the theca cell layer and granulosa cell layer were calculated. The follicles were 

counted by two persons to circumvent duplicate counting. The ovarian follicles and 

corpora lutea (CL) at different stages of development and regression, and the theca and 

granulosa cell layer were analyzed in profoundly. 
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Figure 2.11. Normal Ovary 
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Figure 2.13. Histology of a Normal  Ovary 

 

 

Figure 2.14. Histology of a Normal Ovary 
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Figure 2.12. Abnormal Ovary 
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Figure 2.15. Cystic Follicles in Rats Ovaries 

 

 

Figure 2.16. Cystic Follicles in Rats Ovaries 
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2.4.2.23. Liver Morphology 

The liver biopsy is an imperative investigative tool since it is considered the most 

accurate practice for evaluating the well-being of the liver by determining the degree of 

liver inflammation and staging of fibrosis for foreseeing a disease sequence and treatment 

effects. 

There is a range of ways to infer a liver biopsy. The most common scoring methods 

include Metavir and histological activity index (HAI) also called the Knodell scoring. 

The Knodell score or histological activity index (HAI) is in addition generally used to 

stage a liver ailment. It is to some extent more multifaceted process assumed to be better 

than the Metavir method. 

Knodell scoring is the advanced tool for defining the degree of liver inflammation and 

damage. It is collection of four individually allocated numbers that make up a single 

score. The preliminary component (perioportal or bridging necrosis) is scored 0-10. The 

subsequent two components consist of intralobular degeneration and portal inflammation, 

are scored 0-4. The amalgamation of these three markers indicates the extent of 

inflammation in the liver. The fourth constituent specifies the amount of scarring in the 

liver and is scored from 0 (no scarring) to 4 (widespread scarring or cirrhosis). 
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Figure 2.17. Normal Liver 
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2.19. Normal Histology of Rat liver 
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Table 2.1. Knodel Scoring System for Portal Inflammation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Portal inflammation Score 

none 0 

Mild (some or all portal area) 1 

Moderate (some or all portal area) 2 

Moderate/marked all portal area 3 

Marked all portal areas 4 
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Figure 2.18. Abnormal Liver   
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2.20. Inflammatory Changes Seen On Histology of a Rat Liver 
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2.21. Inflammatory Changes Seen On Histology of a Rat Liver 
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2.5. STATISTICAL ANALYSIS   

Statistical analysis was done by one-way ANOVA using SPSS version 22.0. Post hoc 

analysis was done by Tukeys HSD test using SPSS. The difference in the mean values of 

the two groups was considered statically significant if the “P” value was equal to or less 

than 0.05, highly significant if P value was less than 0.01 and non-significant (N.S.) if the 

“P” value was greater than 0.05. 
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CHAPTER 3 

RESULTS 

Rats after being kept for six weeks were sacrificed through heart after an overnight 

fasting in their estrus phase. The blood was drawn from the hearts through cardiac 

puncture. Selected viscera comprising livers and ovaries from the rats were extracted 

through autopsy. The visceral organs were measured in size, weighed and the 

histopathology was done. 

3.1. ESTIMATION OF THE FINAL WEIGHT GAIN IN RATS  

The control rats were fed on the standard rat chow and water was provided ad libitum to 

them. They were weighed before the start of the experiment and were regularly weighed 

every week. At the end of six weeks the final weight was taken for the estimation of their 

body weight before the rats were sacrificed. 

The effect and significance of the different types of diets on the final weight gain of the 

rats of all the groups in the study were studied.  Table 3.1 shows One way ANOVA for 

the final weight gain in female albino wistar rats. Significant results were found (df =5, 

144; F=12032.7; p=0.00). table 3.2 shows Tukeys post hoc test, a significant increase in 

the weight gain of group B rats and group C rats as compared to the control group. No 

significant change was observed when weight gain of group D, group E and group F rats 

when compared with group A. No significant gain in body weight was observed in rats 

fed with group B when compared to the group C rats. A significant rise in weight was 
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observed in group B treated rats as compared to the rats treated with group D, group E 

rats and group F rats. 

The weight gain of group C increased significantly as compared to group B rats, group D 

rats, group E and group F rats. There was no significant difference observed in the weight 

gain of the E and F groups of rats treated with spinach and soy bean. Also non significant 

weight gain was observed in the group D on comparison with the group E rats and group 

F rats respectively. 
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Table 3.1: Effect of Different Diets on final Weight Gain in Rats.  

Final Gain in Weight = Final Weight - Initial Weight 

Experimental 

Groups 
Group “A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Initial Weight 

(grams) 

99.0±4.5 100.1±3.2 98.9±4.2 100±4.4 99.6±4.0 98.3±3.3 

Final Weight 

(grams) 

221.12±5.5 229.7±4.1 252.9±5.7 195.6±4.4 196.3±3.2 212.0±4.4 

Final Gain in 

Weight 

(final weight-

Initial weight) 

122.1±0.4 129.6±0.3 154.0±0.6 95.6±0.5 96.7±0.0.4 113.7±0.2 

 

Table 3.1: Compares the initial and final body weights of the rats (n=25) recruited in the 

study. Values are mean ± S.D. (A: rats fed with rodent chow; B: rats fed with commercially 

available chicken feed for broilers, C: rats fed with commercially available chicken 

boneless meat of broilers, D: rats fed with free range organic chicken boneless meat, E: rats 

fed with spinach, F: rats fed with soy bean). 
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Table 3.2: Effect of Various Diets Comparison of the Significance of Final Gain In 

 Body Weights of the Rats Recruited in the Study. 

Experimental 

groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Group “A” 1.00 0.000** 0.001** 0.99  0.91  1.00  

Group “B”  1.00 0.002** 0.002** 0.003** 0.001** 

Group “C”   1.00 0.003** 0.000** 0.000** 

Group “D”    1.00 0.08 0.09  

Group “E”     1.00 0.07 

Group “F”      1.00 

Table 3.2: Significant difference by post hoc Tukeys HSD test (n=25) at P<0.01**, 

P<0.05*. (A: rats fed with rodent chow; B: rats fed with commercially available chicken 

feed for broilers, C: rats fed with commercially available chicken boneless meat of 

broilers, D: rats fed with free range organic chicken boneless meat, E: rats fed with 

spinach, F: rats fed with soy bean). 
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Figure 3.1: Effect of Different Diets on Final Weight Gain in Rats. 

 

Figure 3.1: Values are mean ± standard deviation (n=25). Significant difference by tukeys 

HSD test; *P<0.01 vs control group fed with rat chow; + P<0.01 vs chicken feed treated 

rats, - P<0.01 vs conventional chicken boneless meat treated group. (A: rats fed with 

rodent chow; B: rats fed with commercially available chicken feed for broilers, C: rats 

fed with commercially available chicken boneless meat of broilers, D: rats fed with free 

range organic chicken boneless meat, E: rats fed with spinach, F: rats fed with soy bean). 
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3.2. ESTIMATION OF OBESITY IN RATS 

The effect and significance of the different types of diets on the obesity of the rats of all 

the groups in the study were studied.  Table 3.3 shows obesity levels in female albino 

wistar rats treated with for six weeks on One way ANOVA. Significant results were 

found (df =5, 144; F=8186.4; p=0.00). table 3.4 shows Tukeys post hoc test, significant 

increase in adipose tissue around the abdominal wall and abdominal viscera marking 

obesity in group B rats and group C as compared to the group A. No significant increase 

in the fat pads was observed when obesity in group D, group E and group F group was 

compared with the group A. 

No significant difference in the obesity levels were observed in the rats fed group B when 

compared to the group C rats. A significant increase in obesity was observed in group B 

rats as compared to the rats of group D, group E and group F rats. 

The obesity in the group C increased significantly as compared to group B rats, group D 

rats, group E rats and group F rats.. 

There was no significant difference observed in the amount of fats around abdominal 

walls and viscera in the rats of groups E and F treated with spinach and soy bean 

respectively marking no difference in levels of obesity in them. Also non significant 

difference in obesity was observed in the group D rats on comparison with the groups E 

and F rats respectively. 
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Table 3.3: Effects of Different Diets on the Obesity in the Rats Recruited 

in the Study. 

Experimental 

groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Obesity in Rats 2.7±0.04 13.0±0.08 23.4±1.2 2.2±0.06 2.9±0.02 1.0±0.01 

 

Table 3.3: Evaluation of obesity in the rats recruited in the study (n=25). Values are mean 

± S.D. (A: rats fed with rodent chow; B: rats fed with commercially available chicken feed 

for broilers, C: rats fed with commercially available chicken boneless meat of broilers, D: 

rats fed with free range organic chicken boneless meat, E: rats fed with spinach, F: rats fed 

with soy bean). 
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Table 3.4: Effects of Different Diets Comparison on the Obesity in the Rats 

Experimental 

Groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Group “A” 1.00 0.000** 0.000** 0.002** 0.003** 0.002** 

Group “B”  1.00 0.003** 0.000** 0.002** 0.003** 

Group “C”   1.00 0.000** 0.001** 0.002** 

Group “D”    1.00 0.07 0.08 

Group “E”     1.00 0.09 

Group “F”      1.00 

Table 3.4: Significant difference by post hoc Tukeys HSD test (n=25) at P<0.01**, 

P<0.05*. (A: rats fed with rodent chow; B: rats fed with commercially available chicken 

feed for broilers, C: rats fed with commercially available chicken boneless meat of 

broilers, D: rats fed with free range organic chicken boneless meat, E: rats fed with 

spinach, F: rats fed with soy bean). 
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Figure 3.2: Effects of Different Diets on the Obesity in the Rats Recruited 

in the Study. 

 

Figure 3.2: Values are mean ± standard deviation (n=25). Significant difference by tukeys 

HSD test; *P<0.01 vs control group fed with rat chow; + P<0.01 vs chicken feed treated 

rats, - P<0.01vs conventional chicken boneless meat treated group. (A: rats fed with 

rodent chow; B: rats fed with commercially available chicken feed for broilers, C: rats 

fed with commercially available chicken boneless meat of broilers, D: rats fed with free 

range organic chicken boneless meat, E: rats fed with spinach, F: rats fed with soy bean).  
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3.3. ESTIMATION OF GROWTH RATE OF RATS 

The effect and significance of the different types of diets on the growth rate of the rats of 

all the groups in the study.  Table 3.5 shows the growth rate in different groups of female 

albino wistar rats treated with dissimilar diets for six weeks on analysis through One way 

ANOVA. Significance results were found (df =5, 144; F=603.7; p=0.00). Table 3.6 

shows Tukeys post hoc test showed a significant increase in the growth rate of chicken 

feed treated rats (group B) and conventional chicken boneless meat (group C) as 

compared to the control group (group A). No significant change was observed when 

growth rate of free range chicken boneless meat (group D), raw spinach (group E) and 

soy bean group (group F) was compared with the control group (group A). 

No significant difference in the growth rate was observed in group B rats when compared 

to the group C rats. A significant increase in growth rate was observed in group B rats as 

compared to the rats of group D, group E rats and group F rats. 

The growth rate of group C increased significantly as compared to group B rats, group D 

rats, group E rats and group F rats.. 

There was no significant difference observed in the growth rate of the rats groups E and F. 

Also non significant difference in growth rate was observed in the group D rats on 

comparison with the group E and group F rats respectively. 
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Table 3.5: Effects of Different Diets on the Growth Rate of the Rats Recruited 

in the Study. 

Growth Rate =Final Weight / Initial Weight x 100 

Experimental 

Groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Initial Weight 

(Grams) 

99.0±4.5 100.1±3.2 98.9±4.2 100±4.4 99.6±4.0 98.3±3.3 

Final Weight 

(Grams) 

221.12±5.5 229.7±4.1 252.9±5.7 195.6±4.4 196.3±3.2 212.0±4.4 

Growth Rate 

(%) 

201%±5.0 239%±4.0 245%±5.0 195%±4.5 197%±3.9 214%±4.2 

 

Table 3.5: Effects of different diets on the growth rate of the rats (n=25) recruited in the 

study. Values are mean ± S.D. (A: rats fed with rodent chow; B: rats fed with 

commercially available chicken feed for broilers, C: rats fed with commercially available 

chicken boneless meat of broilers, D: rats fed with free range organic chicken boneless 

meat, E: rats fed with spinach, F: rats fed with soy bean). 
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Table 3.6: Effects of Different Diets Comparison on the Growth Rate of the Rats 

Recruited in the Study. 

Experimental 

Groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Group “A” 1.00 0.000** 0.000** 0.90 0.96 0.99 

Group “B”  1.00 0.003** 0.002** 0.004** 0.003** 

Group “C”   1.00 0.002** 0.001** 0.003** 

Group “D”    1.00 0.08 0.09 

Group “E”     1.00 0.06 

Group “F”      1.00 

Table 3.6: Significant difference by post hoc Tukeys HSD test (n=25) at P<0.01**, 

P<0.05*. (A: rats fed with rodent chow; B: rats fed with commercially available chicken 

feed for broilers, C: rats fed with commercially available chicken boneless meat of 

broilers, D: rats fed with free range organic chicken boneless meat, E: rats fed with 

spinach, F: rats fed with soy bean). 
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Figure 3.3: Effects of Different Diets on the Growth Rate of the Rats Recruited in 

the Study. 

 

Figure 3.3: Values are mean ± standard deviation (n=25). Significant difference by tukeys 

HSD test; *P<0.01 vs control group fed with rat chow; + P<0.01 vs chicken feed treated 

rats, - P<0.01vs conventional chicken boneless meat treated group. (A: rats fed with 

rodent chow; B: rats fed with commercially available chicken feed for broilers, C: rats 

fed with commercially available chicken boneless meat of broilers, D: rats fed with free 

range organic chicken boneless meat, E: rats fed with spinach, F: rats fed with soy bean). 
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3.4. ESTIMATION OF LATERAL ATTACKS AMONG RATS 

The effect and significance of the different types of diets on the behavioral alteration in 

terms of lateral attacks in rats of all the groups in the study were studied.  Table 3.7 

shows behavioral analysis for the lateral attacks in different groups of female albino 

wistar rats after One way ANOVA analysis. Significance results were found (df =5, 144; 

F=26195.4; p=0.00). table 3.8 shows Tukeys post hoc test with a significant increase in 

lateral attacks among the rats fed on group B and group C as compared to the group A. 

No significant increase in the lateral attack rate was observed in group D, group E and 

group F group was compared with the group A. 

No significant difference in the lateral attacks was observed in the rats fed with chicken 

feed when compared to the group C rats. A significant increase in lateral attacks were 

observed in group B rats as compared to the rats treated group D, group E and group F 

rats. 

The aggressive behavior of lateral attacks in the group C increased significantly as 

compared to group B rats, group D rats, group E rats and group F rats.. 

There was no significant difference observed in the lateral attacks in the rats of groups E 

and F. Also non significant difference in lateral attacks was observed in the group D on 

comparison with the group E rats and group F rats respectively. 
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Table 3.7: Effects of Different Diets on Behavioral Alterations in Terms of Lateral 

Attacks in the Rats Recruited in the Study. 

Experimental 

Groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Lateral attacks 1.0±0.02 3.0±0.01 8.0±0.04 2.0±0.02 1.0±0.03 1.0±0.01 

Table 3.7: Effects of various diets on the lateral attacks in the rats (n=25) recruited in the 

study. Values are mean ± standard deviation. (A: rats fed with rodent chow; B: rats fed 

with commercially available chicken feed for broilers, C: rats fed with commercially 

available chicken boneless meat of broilers, D: rats fed with free range organic chicken 

boneless meat, E: rats fed with spinach, F: rats fed with soy bean). 
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Table 3.8: Effects of Various Diets Comparison on the Lateral Attacks in the Rats 

Recruited in the Study. 

Experimental 

groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Group “A” 1.00 0.003** 0.000** 0.004** 0.06 0.07 

Group “B”  1.00 0.003** 0.002** 0.003** 0.003** 

Group “C”   1.00 0.002** 0.003** 0.002** 

Group “D”    1.00 0.004** 0.004** 

Group “E”     1.00 0.09 

Group “F”      1.00 

Table 3.8: Significant difference by post hoc Tukeys HSD test (n=25) at P<0.01**, 

P<0.05*. (A: rats fed with rodent chow; B: rats fed with commercially available chicken 

feed for broilers, C: rats fed with commercially available chicken boneless meat of 

broilers, D: rats fed with free range organic chicken boneless meat, E: rats fed with 

spinach, F: rats fed with soy bean).  
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Figure 3.4: Effects of Different Diets on Behavioral Alterations in Terms of Lateral 

Attacks in the Rats Recruited in the Study. 

 

Figure 3.4: Values are mean ± standard deviation (n=25). Significant difference by tukeys 

HSD test; *P<0.01 vs control group fed with rat chow; + P<0.01 vs chicken feed treated 

rats, - P<0.01vs conventional chicken boneless meat treated group. (A: rats fed with 

rodent chow; B: rats fed with commercially available chicken feed for broilers, C: rats 

fed with commercially available chicken boneless meat of broilers, D: rats fed with free 

range organic chicken boneless meat, E: rats fed with spinach, F: rats fed with soy bean). 
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3.5. ESTIMATION OF MURICIDAL BEHAVIOR AMONG RATS 

The effect and significance of the different types of diets on the muricidal behavior of the 

rats of all the groups in the study were studied.  Table 3.9 shows the muricidal rate in 

different groups of female albino wistar rats as a extreme act of behavioral disorder on 

evaluation with One way ANOVA. Significance results were found (df =5, 144; 

F=47931.1; p=0.00). Table 3.10 shows Tukeys post hoc test with a significant increase in 

muricidal behavior in group B rats and group C rats as compared to the group A. No 

significant increase in the muricidal attitude was observed when in group D, group E  and 

group F group was compared with the group A. 

No significant difference in the muricidal activities were observed in the rats fed with 

group B when compared to the group C rats. A significant increase in muricidal deeds 

were observed group B rats as compared to the rats of group D, group E rats and group F 

rats . 

The muricidal behavior in the group C increased significantly as compared to group B 

rats, group D rats, group E rats and group F rats.. 

There was no significant difference observed in muricidal conduct in the groups E and F. 

Also non significant difference in muricidal activities were observed in the group D rats 

on comparison with the group E and group F rats respectively. 
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Table 3.9: Effects of Various Diets on the Muricidal Behavior in the Rats Recruited 

in the Study. 

Experimental 

Groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Muricidal 

behavior 

1.0±0.02 4.0±0.01 7.0±0.03 1.0±0.01 1.0±0.01 1.0±0.01 

Table 3.9: Effects of various diets on the muricidal behavior in the rats (n=25) recruited 

in the study. Values are mean ± S.D. (A: rats fed with rodent chow; B: rats fed with 

commercially available chicken feed for broilers, C: rats fed with commercially available 

chicken boneless meat of broilers, D: rats fed with free range organic chicken boneless 

meat, E: rats fed with spinach, F: rats fed with soy bean). 

 



165 

 

Table 3.10: Effect of Different Diets Comparison on the Muricidal Behavior of the 

Rats Recruited in the Study. 

Experimental 

Groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Group “A” 1.00 0.000** 0.000** 0.08 0.08 0.08 

Group “B”  1.00 0.002** 0.001** 0.001** 0.001** 

Group “C”   1.00 0.001** 0.001** 0.001** 

Group “D”    1.00 1.00 1.00 

Group “E”     1.00 1.00 

Group “F”      1.00 

Table 3.10: Significant difference by post hoc Tukeys HSD test (n=25) at P<0.01**, 

P<0.05*. (A: rats fed with rodent chow; B: rats fed with commercially available chicken 

feed for broilers, C: rats fed with commercially available chicken boneless meat of 

broilers, D: rats fed with free range organic chicken boneless meat, E: rats fed with 

spinach, F: rats fed with soy bean). 
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Figure 3.5: Effects of Various Diets on the Muricidal Behavior in the Rats Recruited 

in the Study. 

 

Figure 3.5: Values are mean ± standard deviation (n=25). Significant difference by tukeys 

test; *P<0.01 vs control group fed with rat chow; + P<0.01 vs chicken feed treated rats, - 

P<0.01vs conventional chicken boneless meat treated group. (A: rats fed with rodent 

chow; B: rats fed with commercially available chicken feed for broilers, C: rats fed with 

commercially available chicken boneless meat of broilers, D: rats fed with free range 

organic chicken boneless meat, E: rats fed with spinach, F: rats fed with soy bean). 
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3.6. ESTIMATION OF SERUM CHOLESTEROL LEVEL OF RATS 

The effect and significance of the different types of diets on the serum cholesterol levels 

of the rats of all the groups in the study were studied.  Table 3.11 shows One way 

ANOVA for the serum cholesterol levels in different groups of female albino wistar rats. 

Significance results were found (df =5, 144; F=101.2; p=0.00). table 3.12 shows Tukeys 

post hoc test with a significant increase in serum cholesterol level in group B rats and 

group C as compared to the group A. Non significant increase in cholesterol level was 

observed when the cholesterol levels in group D, group E and group F was compared 

with the group A. 

A non significant difference in the serum cholesterol levels were observed in the rats of 

group B when compared to the group C rats. A significant increase in serum cholesterol 

was observed in group B rats as compared to the rats of groups D, group E rats and group 

F rats. 

The serum cholesterol in the group C increased significantly as compared to group B rats, 

group D rats, group E rats and group F rats.. 

There was no significant difference observed in the serum cholesterol levels in the rats of 

groups E and F. Also a non significant difference in cholesterol levels were observed in 

the group D rats on comparison with the group E rats and group F rats respectively.  
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Table 3.11: Effects of Various Diets on the Serum Cholesterol Levels in the Rats 

Recruited in the Study. 

Serum Cholesterol Normal Range: < 80mg/dl. 

Experimental 

Groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Baseline Values 75.8±6.7 76.2±6.4 77.12±7.0 75.88±7.1 76.12±6.55 76.0±7.6 

Final Values 78.6±7.7 104.7±8.6 104.7±6.7 69.0±6.2 75.8±5.7 73.3±8.4 

 

Table 3.11 Effects of various diets on the serum cholesterol levels in the rats (n=25) 

recruited in the study. Values are mean ± S.D. (A: rats fed with rodent chow; B: rats fed 

with commercially available chicken feed for broilers, C: rats fed with commercially 

available chicken boneless meat of broilers, D: rats fed with free range organic chicken 

boneless meat, E: rats fed with spinach, F: rats fed with soy bean). 
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Table 3.12 Effects of Different Diets Comparison on the Serum Cholesterol Levels in the 

Rats Recruited in the Study. 

Experimental 

Groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Group “A” 1.00 0.001** 0.002** 0.08 0.09 0.08 

Group “B”  1.00 0.004** 0.003** 0.002** 0.004** 

Group “C”   1.00 0.002** 0.003** 0.003** 

Group “D”    1.00 0.07 0.06 

Group “E”     1.00 0.09 

Group “F”      1.00 

Table 3.12 Significant difference by post hoc Tukeys HSD test (n=25) at P<0.01**, 

P<0.05*. (A: rats fed with rodent chow; B: rats fed with commercially available chicken 

feed for broilers, C: rats fed with commercially available chicken boneless meat of 

broilers, D: rats fed with free range organic chicken boneless meat, E: rats fed with 

spinach, F: rats fed with soy bean).  

  



170 

 

Figure 3.6: Effects of Various Diets on the Serum Cholesterol Levels in the Rats 

Recruited in the Study. 

 

Figure 3.6: Values are mean ± standard deviation (n=25). Significant difference by tukeys 

HSD test; *P<0.01 vs control group fed with rat chow; + P<0.01 vs chicken feed treated 

rats, - P<0.01vs conventional chicken boneless meat treated group. (A: rats fed with 

rodent chow; B: rats fed with commercially available chicken feed for broilers, C: rats 

fed with commercially available chicken boneless meat of broilers, D: rats fed with free 

range organic chicken boneless meat, E: rats fed with spinach, F: rats fed with soy bean). 
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3.7. ESTIMATION OF SERUM TESTOSTERONE LEVELS OF RATS 

The effect and significance of the different types of diets on the serum testosterone levels 

of the rats of all the groups in the study were studied.  Table 3.13 shows the serum 

testosterone levels in female albino wistar rats treated with different diets for six weeks 

on One way ANOVA.  Significance results were found (df =5, 144; F=44895; p=0.00). 

Table 3.14 shows Tukeys post hoc test with a significant increase in serum testosterone in 

group B rats and group C as compared to the group A. No significant increase in the 

serum testosterone was observed in group D group E and group F when compared with 

the group A. 

Significant increase in the serum testosterone levels were observed in the rats of group B 

when compared to the group C rats. A significant increase in testosterone level was also 

observed in group B rats as compared to the rats of group D, group E  and group F rats. 

The serum testosterone in the group C decreased significantly as compared to group B 

rats. However, the serum testosterone levels in group C rats increased significantly as 

compared to group D rats, group E rats and group F rats respectively.  

There was no significant difference observed in the serum testosterone in groups E and F. 

Also non significant difference in testosterone levels were observed in the group D rats 

on comparison with the group E rats and group F rats respectively. 
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Table 3.13: Effects of Different Diets on the Serum Tetosterone Levels in the Rats 

Recruited in the Study.  

Serum Testosterone Normal Range: 0.1-0.6 ng/dl. 

Experimental 

Groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Baseline 

Value (ng/ml) 

0.12±0.05 0.11±0.04 0.12±0.05 0.11±0.03 0.12±0.05 0.11±0.03 

Final Values 

(ng/ml) 

0.10±0.02 28.4±0.15 2.6±0.64 0.10±0.02 0.10±0.02 0.10±0.02 

 

Table 3.13: Effects of different diets on the serum testosterone levels in the rats (n=25) 

recruited in the study. Values are mean ± S.D. (A: rats fed with rodent chow; B: rats fed 

with commercially available chicken feed for broilers, C: rats fed with commercially 

available chicken boneless meat of broilers, D: rats fed with free range organic chicken 

boneless meat, E: rats fed with spinach, F: rats fed with soy bean). 

 



173 

 

Table 3.14: Effects of Different Diets Comparison on the Serum Testosterone Levels 

in the Rats Recruited in the Study.  

Experimental 

Groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Group “A” 
1.00 0.000** 0.000** 0.90 0.90 0.90 

Group “B” 
 1.00 0.000** 0.000** 0.000** 0.000** 

Group “C” 
  1.00 0.001** 0.001** 0.001** 

Group “D” 
   1.00 0.09 0.09 

Group “E” 
    1.00 0.09 

Group “F” 
     1.00 

 

Table 3.14: Significant difference by post hoc Tukeys HSD test (n=25) at P<0.01**, 

P<0.05*. (A: rats fed with rodent chow; B: rats fed with commercially available chicken 

feed for broilers, C: rats fed with commercially available chicken boneless meat of 

broilers, D: rats fed with free range organic chicken boneless meat, E: rats fed with 

spinach, F: rats fed with soy bean).  
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Figure 3.7: Effects of Different Diets on the Serum Tetosterone Levels in the Rats 

Recruited in the Study. 

 

Figure 3.7: Values are mean +standard deviation (n=25). Significant difference by tukeys 

HSD test ; *P<0.01 vs control group fed with rat chow; + P<0.01 vs chicken feed treated 

rats, - P<0.01vs conventional chicken boneless meat treated group. (A: rats fed with 

rodent chow; B: rats fed with commercially available chicken feed for broilers, C: rats 

fed with commercially available chicken boneless meat of broilers, D: rats fed with free 

range organic chicken boneless meat, E: rats fed with spinach, F: rats fed with soy bean). 
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3.8. ESTIMATION OF SERUM PROGESTERONE LEVELS OF RATS 

The effect and significance of the different types of diets on the serum progesterone 

levels of the rats of all the groups in the study were studied.  Table 3.15 shows the serum 

progesterone levels female albino wistar rats after six weeks of treatment on One way 

ANOVA. Significant result was found (df =5, 144; F=517.7; p=0.00). Table 3.16 shows 

Tukeys post hoc test with a significant increase in serum progesterone levels in group B 

rats, group C, group D, group E and group F group when compared to the group A. 

A significant increase in the serum progesterone level was observed in the group B rats 

when compared to group C rats and group F rats. A significant decrease in the serum 

progesterone was observed in the group B rats as compared to group D rats. No 

significant difference in the serum progesterone levels were observed when the group B 

and group E rats were compared. 

The serum progesterone levels in the group C decreased significantly as compared 

respectively to group A, group D rats, group E rats and group F rats. 

There was significant increase observed in the serum progesterone levels in the rats of 

group D when compared with group A, E and F rats respectively. A non significant 

difference in serum progesterone levels were observed in group E rats when compared 

with group F rats. 



176 

 

Table 3.15: Effects of Different Diets on the Serum Progesterone Levels in the Rats 

Recruited in the Study. Serum Progesterone Normal= 4.5-6.5ng/dl. 

Experimental 

Groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Baseline Values 

(ng/ml) 

4.38±0.5 4.39±0.5 4.40±0.5 4.4±0.5 4.39±0.5 4.44±0.6 

Final Values 

(ng/ml) 
4.6±0.65 7.2±1.07 2.8±0.89 13.20±15 6.7±0.83 5.9±0.4 

Table 3.15: Effects of different diets on the serum progesterone levels in the rats (n=25) 

recruited in the study. Values are mean + S.D. (A: rats fed with rodent chow; B: rats fed 

with commercially available chicken feed for broilers, C: rats fed with commercially 

available chicken boneless meat of broilers, D: rats fed with free range organic chicken 

boneless meat, E: rats fed with spinach, F: rats fed with soy bean). 
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Table 3.16: Effects of Different Diets Comparison on the Serum Progesterone Levels 

in the Rats Recruited in the Study. 

Experimental 

Groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Group “A” 1.00 0.002** 0.001** 0.000** 0.003** 0.004** 

Group “B”  1.00 0.003** 0.001** 0.004** 0.003** 

Group “C”   1.00 0.001** 0.003** 0.002** 

Group “D”    1.00 0.001** 0.002** 

Group “E”     1.00 0.08 

Group “F”      1.00 

Table 3.16: Significant difference by post hoc Tukeys HSD test (n=25) at P<0.01**, 

P<0.05*. (A: rats fed with rodent chow; B: rats fed with commercially available chicken 

feed for broilers, C: rats fed with commercially available chicken boneless meat of 

broilers, D: rats fed with free range organic chicken boneless meat, E: rats fed with 

spinach, F: rats fed with soy bean). 
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Figure 3.8: Effects of Different Diets on the Serum Progesterone levels in the Rats 

Recruited in the Study. 

 

Figure 3.8: Values are mean +standard deviation (n=25). Significant difference by tukeys 

HSD test ; *P<0.01 vs control group fed with rat chow; + P<0.01 vs chicken feed treated 

rats, - P<0.01vs conventional chicken boneless meat treated group. (A: rats fed with 

rodent chow; B: rats fed with commercially available chicken feed for broilers, C: rats 

fed with commercially available chicken boneless meat of broilers, D: rats fed with free 

range organic chicken boneless meat, E: rats fed with spinach, F: rats fed with soy bean). 
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3.9. ESTIMATION OF SERUM ESTRADIOL LEVELS OF RATS 

The effect and significance of the different types of diets on the serum estradiol levels of 

the rats of all the groups in the study were studied.  Table 3.17 shows the serum estradiol 

levels of female albino wistar rats on statistical analysis of One way ANOVA. Significant 

results were found (df =5, 144; F=267.4; p=0.00). Table 3.18 shows Tukeys post hoc test 

with a significant increase in serum estradiol in group B and group C as compared to 

group A. No significant change in the serum estradiol was observed in group D and group 

F group when compared with the group A. However, significant increase in the group A 

serum estradiol was observed when compared with group E rats. 

Highly significant increase in the serum estradiol levels were observed in the group B 

when compared to the group C rats, group D, group E rats and group F rats. 

The serum estradiol in the group C increased significantly as compared respectively to 

group B rats, group D rats, group E rats and group F rats. This increase in the serum 

estradiol levels in the group C was highly significant in individual comparison with group 

B rats, group D rats, group E rats and group F rats 

There was no significant difference observed in the serum estradiol of group D, group E 

and group F when compared with one another marking no difference in levels of serum 

estrogen in them. 
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Table 3.17: Effects of Different Diets on The Serum Estradiol Levels in the Rats 

Recruited in the Study. 

Serum Estradiol Normal Range: 5.5-7.0 pg/dl. 

Experimental 

Groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Baseline Values 6.5±0.4 6.4±0.6 6.5±0.4 6.52±0.5 6.5±0.5 6.5±0.5 

Final Values 6.7±0.46 13.01±1.3 10.05±0.67 0.2±1.4 5.2±0.23 5.9±0.6 

 

Table 3.17: Effects of different diets on the serum estradiol levels in the rats (n=25) 

recruited in the study. Values are mean + S.D. (A: rats fed with rodent chow; B: rats fed 

with commercially available chicken feed for broilers, C: rats fed with commercially 

available chicken boneless meat of broilers, D: rats fed with free range organic chicken 

boneless meat, E: rats fed with spinach, F: rats fed with soy bean). 
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Table 3.18: Effects of Different Diets Comparison on the Serum Estradiol Levels In 

The Rats Recruited In The Study. 

Experimental 

Groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Group “A” 1.00 0.002** 0.003** 0.08 0.05* 0.07 

Group “B”  1.00 0.003** 0.001** 0.003** 0.004** 

Group “C”   1.00 0.004** 0.004** 0.002** 

Group “D”    1.00 P=0.07 P=0.06 

Group “E”     1.00 P=0.09 

Group “F”      1.00 

Table 3.18: Significant difference by post hoc Tukeys HSD test (n=25) at P<0.01**, 

P<0.05*. (A: rats fed with rodent chow; B: rats fed with commercially available chicken 

feed for broilers, C: rats fed with commercially available chicken boneless meat of 

broilers, D: rats fed with free range organic chicken boneless meat, E: rats fed with 

spinach, F: rats fed with soy bean). 
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Figure 3.9: Effects of Different Diets on the Serum Estradiol Levels in the Rats 

Recruited in the Study. 

 

Figure 3.9: Values are mean +standard deviation (n=25). Significant difference by tukeys 

HSD test; *P<0.01 vs control group fed with rat chow; + P<0.01 vs chicken feed treated 

rats, - P<0.01vs conventional chicken boneless meat treated group. (A: rats fed with 

rodent chow; B: rats fed with commercially available chicken feed for broilers, C: rats 

fed with commercially available chicken boneless meat of broilers, D: rats fed with free 

range organic chicken boneless meat, E: rats fed with spinach, F: rats fed with soy bean). 
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3.10. MORPHOLOGY AND HISTOLOGY OF LIVERS OF THE 

RATS RECRUITED IN THE STUDY 

3.10.1. Gross Morphology of the Livers of the Rats Recruited in the Study  

The effect and significance of the different types of diets on the gross morphology of the 

livers in terms of increase in size and weight of the rats of all the groups in the study were 

studied.  Table 3.19 shows the increase in size and weight of the liver of female albino 

rats of different groups after six weeks of treatment on analysis through One way 

ANOVA. Sgnifican results were found (df =5, 144; F=26.2; p=0.00). Table 3.20 shows 

Tukeys post hoc test with a significant increase in size and weight of the liver of group B 

rats and group C as compared to the group A. No significant increase in the size and 

weight of livers were observed in group D, group E and group F compared with the group 

A. 

Significant decrease in the size and weight of liver of rats were observed in the rats of 

group B when compared to the group C rats. A significant increase was however, 

observed in group B rats as compared to the rats of group D, group E rats and group F 

rats  in the size and weight of respective livers. 

The weight and size of the livers of group C increased significantly as compared to the 

respective livers of group A, group B rats, group D rats, group E rats and group F rats. 

There was a non significant difference observed in the livers of group A when compared 

with the livers of the rats of group D, group E and group F marking no difference in the 

size and weight of the livers after evaluated from one another. 
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Table 3.19: Effects of Different Diets on the Livers of the Rats on Gross 

Examination Recruited in the Study. 

Experimental 

Groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Enlargement of 

Liver 

0.04±0.2 0.04±0.5 0.6±0.4 0.04±0.2 0.04±0.2 0.04±0.2 

 

Table 3.19: Effects of different diets on the liver of the rats (n=25) on gross examination 

recruited in the study. Values are mean ± S.D. (A: rats fed with rodent chow; B: rats fed 

with commercially available chicken feed for broilers, C: rats fed with commercially 

available chicken boneless meat of broilers, D: rats fed with free range organic chicken 

boneless meat, E: rats fed with spinach, F: rats fed with soy bean). 
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Table 3.20: Effects of Different Diets Comparison on the Livers of The rats on Gross 

Examination Recruited in the Study. 

Experimental 

Groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Group “A” 1.00 0.000** 0.000** 1.00 1.00 1.00 

Group “B”  1.00 0.006** 0.000** 0.000** 0.000** 

Group “C”   1.00 0.000** 0.000** 0.000** 

Group “D”    1.00 1.00 0.99 

Group “E”     1.00 1.00 

Group “F”      1.00 

 

Table 3.20: Significant difference by post hoc Tukeys HSD test (n=25) at P<0.01**, 

P<0.05*. (A: rats fed with rodent chow; B: rats fed with commercially available chicken 

feed for broilers, C: rats fed with commercially available chicken boneless meat of 

broilers, D: rats fed with free range organic chicken boneless meat, E: rats fed with 

spinach, F: rats fed with soy bean). 
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Figure 3.10: Effects of Different Diets on the Livers of the Rats on Gross 

Examination Recruited in the Study. 

 

Figure 3.10: Values are mean ± standard deviation (n=25). Significant difference by 

tukeys HSD test; *P<0.01 vs control group fed with rat chow; + P<0.01 vs chicken feed 

treated rats, - P<0.01vs conventional chicken boneless meat treated group. (A: rats fed 

with rodent chow; B: rats fed with commercially available chicken feed for broilers, C: 

rats fed with commercially available chicken boneless meat of broilers, D: rats fed with 

free range organic chicken boneless meat, E: rats fed with spinach, F: rats fed with soy 

bean). 
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3.10.2. Results of Histopathology the Livers of the Rats Recruited in the Study 

The effect and significance of the different types of diets on the inflammatory changes in 

the livers of the rats of all the groups in the study upon histopathology were studied.  

Table 3.21 shows the inflammatory changes of the liver of female albino rats on One way 

ANOVA. Significant results were found (df =5, 144; F=26.2; p=0.00). Table 3.22 shows 

Tukeys post hoc test with a significant increase in the inflammation of the liver of group 

B rats and group C as compared to the group A. No significant increase in the 

inflammation of livers were observed in group D, group E and group F group was 

compared with the group A. 

A significant decrease in the portal inflammation of liver of rats was observed in the rats 

of group B when compared to the group C rats. A significant increase was however, 

observed in group B rats as compared to the rats of group D , group E rats and group F 

rats in the inflammatory changes of respective livers. 

The inflammatory changes in livers of the group C increased significantly as compared to 

the respective livers of group A rats, group B rats, group D rats, group E rats and group F 

rats.. 

There was a non significant difference observed in the livers of group A rats when 

compared with the livers of the group D, group E and group F marking no difference in 

the internal normal morphology of livers after being evaluated from one another. 
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Table 3.21: Effects of Different Diets on The Histology of Liver in Portal 

Inflammation Through Knodell Scoring in the Rats Recruited in the Study. 

Experimental 

Groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Portal 

Inflammation 

0.04±0.2 0.4±0.5 0.6±0.4 0.04±0.2 0.08±0.2 0.04±0.2 

 

Table 3.21: Effects of different diets on the histology of liver in portal inflammation 

through Knodell scoring in the rats (n=25) recruited in the study. Values are mean + S.D. 

(A: rats fed with rodent chow; B: rats fed with commercially available chicken feed for 

broilers, C: rats fed with commercially available chicken boneless meat of broilers, D: 

rats fed with free range organic chicken boneless meat, E: rats fed with spinach, F: rats 

fed with soy bean). 
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Table 3.22: Effects of Different Diets Comparison on the Histology of Liver in Portal 

Inflammation through Knodell Scoring in the Rats Recruited in the Study. 

Experimental 

Groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Group “A” 1.00 0.000** 0.000** 0.99 0.99 1.00 

Group “B”  1.00 0.004** 0.000** 0.000** 0.000** 

Group “C”   1.00 0.000** 0.000** 0.000** 

Group “D”    1.00 1.00 0.99 

Group “E”     1.00 0.99 

Group “F”      1.00 

 

Table 3.22 Significant difference by post hoc Tukeys HSD test (n=25) at P<0.01**, 

P<0.05*.  (A: rats fed with rodent chow; B: rats fed with commercially available chicken 

feed for broilers, C: rats fed with commercially available chicken boneless meat of 

broilers, D: rats fed with free range organic chicken boneless meat, E: rats fed with 

spinach, F: rats fed with soy bean). 
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Figure 3.11: Effects of Different Diets on The Histology of Liver in Portal 

Inflammation through Knodell Scoring in the Rats Recruited in the Study. 

 

Figure 3.11: Values are mean +standard deviation (n=25). Significant difference by 

tukeys HSD test; *P<0.01 vs control group fed with rat chow; + P<0.01 vs chicken feed 

treated rats, - P<0.01vs conventional chicken boneless meat treated group. (A: rats fed 

with rodent chow; B: rats fed with commercially available chicken feed for broilers, C: 

rats fed with commercially available chicken boneless meat of broilers, D: rats fed with 

free range organic chicken boneless meat, E: rats fed with spinach, F: rats fed with soy 

bean). 
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3.11: MORPHOLOGY AND HISTOLOGY OF THE OVARIES OF 

THE RATS RECRUITED IN THE STUDY 

3.11.1. Gross Morphology of the Ovaries of the Rats Recruited in the Study (One or Both) 

Table 3.23 and table 3.24 show the effect and significance of the different types of diets 

on the gross morphology of the ovaries (one or both) in terms of size and weight of the 

rats of all the groups in the study.  Table 3.23 shows the gross examination of the ovaries 

for their size and weight of female albino rats evaluation through One way ANOVA of 

different groups treated with different diets for six weeks. Significant results were found 

(df =5, 144; F=2.76; p=0.00). Table 3.24 shows Tukeys post hoc test with a significant 

increase in size and weight of the ovaries of group B rats and group C  as compared to the 

group A. No significant enlargement in the size and increase in weight of ovaries were 

observed in group D, group E and group F group was compared with the group A. 

Significant decrease in the size and weight of ovaries of rats were observed in group B 

when compared to the group C rats. A significant increase was however, observed in 

group B rats as compared to the rats of group D, group E rats and soy group F rats in the 

size and weight of respective ovaries. 

The weight and size of the ovaries of the group C increased significantly as compared to 

the respective ovaries of group A rats, group B rats, group D rats, group E rats and group 

F rats. There was a non significant difference observed in the ovaries of group A rats 

when compared with the ovaries of the group D, group E and group F marking no 

difference in the size and weight of the ovaries after evaluation from one another. 

  



192 

 

Table 3.23: Effects of Different Diets on the Morphology of the Ovaries (One or 

Both) on Gross Examination in the Rats Recruited in the Study. 

Experimental 

groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Enlargement 

of Ovaries 

0.04+0.2 0.6+0.5 0.8+0.4 0.08+0.2 0.08+0.2 0.04+0.2 

 

Table 3.23: Effects of different diets on the morphology of the ovaries (one or both) on 

gross examination in the rats (n=25) recruited in the study. Values are mean + S.D. (A: 

rats fed with rodent chow; B: rats fed with commercially available chicken feed for 

broilers, C: rats fed with commercially available chicken boneless meat of broilers, D: 

rats fed with free range organic chicken boneless meat, E: rats fed with spinach, F: rats 

fed with soy bean). 
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Table 3.24: Effects of Different Diets Comparison on the Morphology of the Ovaries 

(One or Both) on Gross Examination in the Rats Recruited in the Study. 

Experimental 

Groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Group “A” 1.00 0.000** 0.000** 0.99 0.99 1.00 

Group “B”  1.00 0.004** 0.000** 0.000** 0.000** 

Group “C”   1.00 0.000** 0.000** 0.000** 

Group “D”    1.00 1.00 0.99 

Group “E”     1.00 0.99 

Group “F”      1.00 

 

Table 3.24: Significant difference by post hoc Tukeys HSD test (n=25) at P<0.01**, 

P<0.05*. (A: rats fed with rodent chow; B: rats fed with commercially available chicken 

feed for broilers, C: rats fed with commercially available chicken boneless meat of 

broilers, D: rats fed with free range organic chicken boneless meat, E: rats fed with 

spinach, F: rats fed with soy bean). 
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Figure 3.12: Effects of Different Diets on the Morphology of the Ovaries (One or 

Both) On Gross Examination in the Rats Recruited in the Study. 

 

Figure 3.12: Values are mean +standard deviation (n=25). Significant difference by 

tukeys HSD test ; *P<0.01 vs control group fed with rat chow; + P<0.01 vs chicken feed 

treated rats, - P<0.01vs conventional chicken boneless meat treated group. (A: rats fed 

with rodent chow; B: rats fed with commercially available chicken feed for broilers, C: 

rats fed with commercially available chicken boneless meat of broilers, D: rats fed with 

free range organic chicken boneless meat, E: rats fed with spinach, F: rats fed with soy 

bean). 
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3.11.2. Results of Histopathology the Ovaries of the Rats Recruited in the Study 

Table 3.25 and table 3.26 show the effect and significance of the different types of diets 

on the inflammatory changes and cystic development in the ovaries of the rats of all the 

groups in the study upon histopathology.  Table 3.25 shows the inflammatory changes of 

the ovaries (one or both) of female albino rats after being treated for six weeks on One 

way ANOVA. Significant results were found (df =5, 144; F=18.15; p=0.00). Table 3.26 

shows Tukeys post hoc test with a significant increase in the atresia and cystic changes in 

ovaries of group B rats and group C as compared to the group A. No significant increase 

in the atresia and cyst formation were observed in group D, group E and group F group 

was compared with the group A. 

A significant decrease in the inflammation of ovaries with atresia and cysts formation 

was observed in the rats of group B when compared to the group C rats. A significant 

increase was however, observed in group B rats as compared to the rats group D, group E 

rats and group F rats in the inflammatory changes and cystic formations in the respective 

ovaries. 

The atretic and cystic changes in ovaries of the group C increased significantly as 

compared to the respective ovaries of group A, group B rats, group D rats, group E rats 

and group F rats.. 

There was a non significant difference observed in the ovaries of group A rats when 

compared with the ovaries group D, group E and group F marking no difference in the 

internal normal morphology of ovaries with no atresia and no cystic changes in them after 

being evaluated from each another. 
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Table 3.25:  Effects of Different Diets on the Histopathology of the Ovaries (One or 

Both) of the Rats Recruited in the Study. 

Experimental 

groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Cystic Changes in 

Ovaries (One or 

Both Ovaries) 

0.04+0.2 0.4+0.5 0.6+0.4 0.04+0.2 0.04+0.2 0.04+0.2 

 

Table 3.25: Effects of different diets on the histopathology of the ovaries (one or both) of 

the rats (n=25) recruited in the study. Values are mean + S.D. (A: rats fed with rodent 

chow; B: rats fed with commercially available chicken feed for broilers, C: rats fed with 

commercially available chicken boneless meat of broilers, D: rats fed with free range 

organic chicken boneless meat, E: rats fed with spinach, F: rats fed with soy bean). 
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Table 3.26: Effects of Different Diets Comparison on the Histopathology of the 

Ovaries (One or Both) of the Rats Recruited in the Study. 

Experimental 

Groups 

Group 

“A” 

Group 

“B” 

Group 

“C” 

Group 

“D” 

Group 

“E” 

Group 

“F” 

Group “A” 1.00 0.000** 0.000** 1.00 1.00 1.00 

Group “B”  1.00 0.006** 0.000** 0.000** 0.000** 

Group “C”   1.00 0.000** 0.000** 0.000** 

Group “D”    1.00 1.00 0.99 

Group “E”     1.00 1.00 

Group “F”      1.00 

 

Table 3.26: Significant difference by post hoc Tukeys HSD test (n=25) at P<0.01**, 

P<0.05*. (A: rats fed with rodent chow; B: rats fed with commercially available chicken 

feed for broilers, C: rats fed with commercially available chicken boneless meat of 

broilers, D: rats fed with free range organic chicken boneless meat, E: rats fed with 

spinach, F: rats fed with soy bean). 
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Figure 3.13: Effects of Different Diets on the Histopathology of the Ovaries (One or 

Both) of the Rats Recruited in the Study. 

 

Figure 3.13: Values are mean +standard deviation (n=25). Significant difference by 

tukeys HSD test; *P<0.01 vs control group f.ed with rat chow; + P<0.01 vs chicken feed 

treated rats, - P<0.01 vs conventional chicken boneless meat treated group. (A: rats fed 

with rodent chow; B: rats fed with commercially available chicken feed for broilers, C: 

rats fed with commercially available chicken boneless meat of broilers, D: rats fed with 

free range organic chicken boneless meat, E: rats fed with spinach, F: rats fed with soy 

bean). 
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CHAPTER 4 

DISCUSSION 

Polycystic ovary syndrome (PCOS) is the most common cause of hirsutism, menstrual 

irregularities and anovulatory infertility (Moura et al, 2011). Its occurrence among 

women of reproductive age is estimated to be between 5-10% (Pall et al, 2010). PCOS is 

categorized as a syndrome for the reason that it is a heterogeneous disorder but not all of 

the women with PCOS articulate similar symptoms associated with the disorder (El-

Sharkawy et al, 2014). An identification of PCOS is made on the condition of unremitting 

problems with ovulation joined with hyperandrogenism in females (Eftekhar et al, 2014). 

Tribulations with ovulation will manifest themselves as amenorrhea, lack of menstruation, 

oligomenorrhea or irregular menstruation (Hagag et al, 2014). Hyperandrogenism may 

cause hirsutism, which is a masculine pattern of hair growth on the body and acne as 

androgens affect the sebaceous glands of the skin promoting acne (West et al, 2014). 

Androgens are also documented to may cause hair loss on the scalp or frontal baldness in 

females (Kassanos et al, 2010). 

PCOS is complex endocrine disarray.  Blood tests for hormone levels calculation, an 

ultrasound scan to equip the impression of the reproductive organs and systematic 

personal and family histories may be accomplished before PCOS diagnosis is established 

(Madnani et al, 2013). Evaluation of hormonal levels may serve the purpose to rule out 

whichever predicament might be the reason of symptoms of PCOS in conjunction with an 

ultrasound, personal and family accounts to enable the confirmation of PCOS (Jarvela et 

al, 2002). It was concluded from the previous reports that diet consumed by the 
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population may also play a key role in the development of PCOS and allied disease 

conditions (Hartmann et al, 1998). 

The dietary practices nowadays are that people around the world are fond of eating 

chicken as white meat and the dishes made up of preferably chicken meat (Khan et al, 

2014). The chicken meat consumed in these dishes are fed on commercially available 

chicken feed that contains large rations of fats and cholesterol other than wheat, maize, 

sorghum, soy bean and proteins that provide precursors for fat and cholesterol synthesis 

in the body resulting in accelerated growth and development (Mushtaq et al, 2013). This 

may be attributed to the recent increase in the rate of obesity and its associated diseases in 

the population consuming chicken meat (Shar et al, 2014). Chicken meat being cheap and 

easily available is affordable by general population (Munir et al, 2013). Unaware of its 

nutritional facts and the additives provided to them with antibiotics, roxersine and 

hormones make the population at large more vulnerable to consuming more fats, 

cholesterol and other harmful constituents than proteins consequently leading to 

accelerated growth, obesity and hormonal imbalance in the body (Zheng et al, 2015). 

It is also reported in previous studies that the increase weight gain and obesity lead to 

insulin resistance and higher manifestation of cholesterol in the body (Rajashree et al, 

2014; Nie et al, 2015). The amplified cholesterol levels as a result facilitate steroidal 

hormones synthesis in the body augmenting the levels of steroidal hormones testosterone, 

estrogens and progesterone (Khan et al, 2014). These steroidal sex hormones in return 

play a vital role in sexual demarcation, development of secondary sexual characteristics 

and maintenance of the integrity of reproductive cycles respectively in relevant genders 

(Anderson etal, 2014). 
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Research shows that irregularities in synthesis of steroidal hormones production may lead 

to altered development of secondary sexual characteristics and inability to attain sexual 

maturation (Goodarzi et al, 2014). This may direct to the formation of cystic ovaries, 

PCOS or complete inability to procure offspring. Previous research has signified that 

PCOS is a disease caused by the excess production of steroidal hormones androgens and 

estrogens and diminished production of progesterone by the ovaries in the female body 

(Memon, 2012). The inability of the body to produce precise amount of hormones lead to 

the development of cystic ovaries and thereby may result in menstrual irregularities and 

even infertility (Cinar et al, 2012). 

Almost 20.7% of the female population in Pakistan is estimated to be suffering through 

PCOS (Baqai et al, 2010). It is an established fact that the cystic ovaries and PCOS play 

an instrumental role in the causation of certain associated ailments namely hypertension 

and cardiovascular disorders that are coupled with the hyper cholesteronemia that may 

arise during the PCOS (Kamel et al, 2005). PCOS are also related to acne problem, 

pigmentation on skin and acanthosis nigrans allied to hyperandrogenism (Blume-Peytavi 

et al, 2012). The irregularities in the menstrual cycle, sub fertility and even infertility are 

also documented to be associated to such imbalance in the production of the steroidal sex 

hormones by the body (Mehta et al, 2006). 

Although PCOS is a treatable disease however the management may not get the patient 

healthy due to the complicated play with the hormones of the body. Proper management 

of PCOS requires patients’ awareness of the nature and cause of the disease with its 

outcome (Swezey et al, 2014). The awareness about the PCOS is crucial in the treatment 
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of the disease as the management of the risk factors, treatment and its complications may 

lead to the better compliance by the patient (Wei et al, 2014). 

During PCOS persistent hypercholesterolemia and accelerated production of hormones 

compound the complications by bringing changes in ovarian morphology leading to 

enlargement of the ovaries with cystic changes in them (Chapman et al, 2009). These 

cystic changes turn on the vicious cycle for more altered hormone synthesis bringing 

significant effects on health, medical expense, socio economic and psychological impact 

on the sufferer and consequently on the society (Ferraro et al, 2012). Lack of awareness 

in the society about PCOS has also led to an increase number of patients with obesity, 

skin problems, and fertility related concerns all with underlying PCOS (Hickey et al, 

2012). 

The present study shows the effect of different diets on the health of laboratory rats to 

asses the anticipated profound deleterious effects of the diet that can be brought to the 

health of the individuals. This has manifested a major hall mark in the process of dietary 

preferences, body metabolism and provision of energy to the body that may assist in the 

management of obesity, hypercholesterolemia, steroidal hormones synthesis and ovarian 

ailments in females. 

It is also of revelation that chickens bred nowadays are provided with chicken feed for 

their speedy growth and development to make their availability possible in the market at 

an appropriate weight without any difficulty (Ulrich et al, 2015). It is of significance that 

currently chicken hatchlings need only six weeks to grow to a size big enough with the 

weight equivalent to or even more than 1.5 kilograms (Kong and Adeola, 2014). In 
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distinction to the chickens of older days or even the organic free range chickens at the 

present time need more than 3 months to develop to size with weight more than 1.5 

kilograms (Siegel, 2014). 

This gain in weight of the commercially available chickens is imparted due to the feed 

given to them (Jozefiak et al, 2010). The chicken feed is produced and marketed at the 

commercial basis and research has shown that the harmful effects of the chicken feed on 

the body are due to the presence of the harmful ingredients in the feed (Sun et al, 2013). 

Unlike the regular portion of wheat, soy bean, maize and sorghum taken by the free range 

chickens of their free will the chicken feed given to commercial chicken contains not 

only these grains but also the addition of the animal fats, meat, bones, oyster shells and 

even chicken meat and bones leftovers (Williams et al, 2014). The feed is also known to 

be supplemented with amino acids, vitamins, minerals, arsenic and roxersone (Kim et al, 

2013). 

It is evident that animal fats, cattle wastes from the slaughter houses and chicken remains 

are added in the feed to provide proteins of higher bioavailability for growth and 

development of the growing chickens (Kong and Adeola, 2014). The animal fats, proteins, 

bones and blood in the chicken feed may provide essential as well as harmful substances 

to the chickens (Laudadio et al, 2010). It is renowned that among the essential substances 

come fats, cholesterol, proteins and carbohydrates while the harmful substances like 

excess of fats, high quantity of cholesterol, arsenic, antibiotics and even the infectious 

agents like salmonella (Knudsen, 2014). These ingredients make chicken flesh and eggs 

to carry much of these substances and pass them on to the consumers (Collins et al, 2014). 

It is documented that the chicken leftovers including the remains of their meat, bones, 
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gizzards, blood and even their droppings of chickens are added to the chicken feed 

(Williams et al, 2014). A study has shown that more than 99 percent of the broiler 

chickens sold commercially is soiled with chicken droppings contaminating them with 

detectable levels of salmonella and E. coli (Walzem and Chen, 2014). 

The present study was done to find the final gain in body weight, growth, obesity, serum 

cholesterol, testosterone, estradiol and progesterone in the rats. 

It was observed that the weight gain in the control rats after six weeks of treatment with 

standard rat chow was 123% which was then compared with all the other groups 

subjected to various diets in the study. The maximum rise in the weight gain was seen in 

group B rats fed with commercially available chicken boneless meat (broilers) mounting 

to 155%, highest than all the groups in the study. Like wise the weight gain of the 

chicken feed (for broilers) treated group B rose to 129.5% bringing it among the second 

highest gain in weight among all the groups in the study. 

This gain in the final body weight of the rats of groups B and C may be due to the 

ingredients present in the chicken feed. This is obvious from the past studies that the 

chicken feed is heavily laden with the macro and micro nutrients for the better and brisk 

growth of the poultry (Siegel, 2014). The earlier gain in appropriate weight in the poultry 

enable them earlier for consumption than time required normally (Liu et al, 2013). The 

feed given to the rats of group B was the same chicken feed for the broiler hens .The rats 

of group C were given with the commercially available chicken boneless meat of the 

chickens fed on the feed for broilers. 
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Also the commercially available chicken boneless meat used in the present study was 

taken from the chickens commercially available in the markets and being fed on 

commercially available feed (Singh et al, 2014), the same that was used in the experiment 

for feeding the group of rats with chicken feed. The feed components may get 

accumulated in the chicken flesh resulting in the provision of the same components to the 

rats when fed upon the commercially available boneless chicken meat along with the high 

quality of proteins from the chicken flesh. 

It is also of significance that along with the feed components the chicken meat also 

provides the high bioavailability proteins to the growing rats for better growth and hence 

enhancing the growth to the significantly higher levels than the rats fed upon chicken 

feed. 

For the reason both the groups B and D showed a marked increase in weight probably 

due to the high energy nutritional factors provided to them through the various 

supplementation of animal fats, chicken leftovers, fish residues, oyster shells, minerals, 

hormones, vitamins and even antibiotics. These antibiotics help rats fight against various 

diseases enabling them not only to gain weight smoothly or even get obese but also to 

stay healthy due to the multiple supplementations. The minerals, vitamins and other 

additives in the feed and their concentration in the chicken flesh are also recognized to be 

the factor to satisfy the hidden hunger of the rats with enhancing the health and final 

weight gain in them (Slizewska and Piotrowska, 2014). 

The weight gain of the groups fed on vegetables, were observed highest in the soy bean 

treated group F ascending to 115.6% higher than the raw spinach treated group E with the 
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97% rise in the final body weight after six weeks. In the present study the group F final 

weight gain was higher than the groups A, D and E. However the group the weight gain 

of group F was lesser than the groups B and C. 

This is significant from previous surveys that the cereal utilization as feed by the poultry 

sector represented about 28% of the cereal and 75% of soybean meal (Romero et al, 

2014). Soy bean being an oil producing seed provides better fats and nutrients than the 

other vegetable sources leading to better weight gain in the livestock (Heller, 2015). The 

same is observed in the present study that the rats with soy bean treatment (group F) 

showed better weight gain than the raw spinach (group E) and free range chicken meat 

treated rats (group D). This provides a better insight in the development and gain in 

weight of the rats fed on soy bean and this also proves the soy bean as one of the main 

ingredients in the poultry feed for the better growth, weight gain and health of the poultry 

at large. 

The lowest final weight gain among all the groups recruited in the study was that of the 

free range organic chicken boneless meat and that was equal to 95.6%. This can be 

explained by the nature and the type of diet that free range chickens might have fed upon 

on free lands (Xie et al, 2014). These free range organic chickens are allowed to roam 

around and peck the grains of their will with never being provided of any of such 

commercially prepared feed (Goodarzi et al, 2014). 

This process of keeping the free range chickens devoid of the prepared feed and allowing 

them to wander on the free lands with variety of natural grains and grit to take in and 

grind in their gizzards allow them to satisfy their hunger and help them stay healthy and 
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strong (Nalle et al, 2010). The variety of grains is also responsible to impart different 

colors to the chickens as well as to their eggs (Meloche et al, 2014). The exercise they do 

while searching for the grains and proper size grits allow them to digest and utilize the 

energy imparted by the grains properly keeping them healthy and strong without getting 

obese (Miyoshi et al, 2013). 

Better gain in weight of group A rats fed on the standard rat chow was seen when 

compared with the rats of groups D and E respectively. This may also be explained 

through the fact that the rats chow contains all the basic ingredients of grains like wheat, 

soy and sorghum in addition to the edible oils and sugar (Spaeth et al, 1995). These all 

may cause the better and increased gain in weight in them than the group D and E rats. 

The present study therefore signifies the role of chicken feed and commercially available 

chicken meat in the health and brought up of the chickens and then the eventual effects 

on the human population. It is to say that the harmful effects of the feed stay in the 

chicken meat (Jane, 2011). Chicken meat consumption being the most popular nowadays 

is due to its easy availability, low cost, easy cooking and the better flavor (Ahmad and 

Ahmed, 2015). These factors make the chicken one of the most consumable edible these 

days. The large number of the chickens required nowadays is being fulfilled through 

poultry farming with the use of the chicken feed (Alam et al, 2012). Such chicken when 

eaten by the humans is expected to may have the same increased gain in weight as seen in 

the rats’ model of the present study. 

It may also be noted that the rats of group D fed on the free range organic chicken 

boneless meat showed no difference in the weight gain when compared to the raw 
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spinach treated group E. this is also an indicative of the natural ingredients and pure 

organic materials that the free range chickens consume during their development and this 

could be compared with the group E rats on spinach. Spinach is a widely consumed green 

leafy vegetable and is also known to contain the anabolic steroids in it for the better 

growth and development. It is on provision to group E that marks the balanced nutritional 

components including anabolic steroids that enhanced weight gain and health in them. 

It is revealed in the current experimentation that the control rats of group A showed a 

growth rate of 201%. The growth rates of the rats of groups D was 195%, group E was 

197% and group F was 214%. The growth rates of the rats of all the groups were 

compared with the one another at the end of the six weeks period of experimentation. 

Like the weight gain, the growth of the rats consuming commercially available broiler 

chicken meat is also found to be increased in the present study. It is seen that the rats of 

the group C with 245% growth rate was higher than the growth rate of 239% of the group 

B rats. The growth rate of the group C was highest than all the other groups of rats in the 

study. It is also noteworthy that the weight gain of the group B rats is higher than groups 

A, D, E and F rats but lower than the group C rats. 

It was revealed that the growth rate of the rats of group B fed on the chicken feed 

(broilers) was 239% which was markedly higher than the growth rate of the control rats 

of group A, free range organic chicken boneless meat treated rats of group D, raw 

spinach treated rats of group E and soy bean treated rats of group F.  However, it was 

concluded from the experiment that the growth rate of group B was significantly lower 

than the group C rats that happened to be 245%. The group C rats were treated with 



209 

 

commercially available chicken boneless meat for six weeks period. 

The present study high lighted the chicken feed elemental effects on the weight gain and 

also on the growth of the rats. This can be characterized by the higher gains in weight and 

growth index than the other groups except for the group C rats treated on commercially 

available chicken boneless meat. The chicken feed as discussed in previous research has 

been enhanced with nutrients which are the constituent in foods that poultry consumes to 

live and grow (Akmal, 1994). Macronutrients are known to provide the main supply of 

energy for the poultry metabolic system to work and the micronutrients supply with the 

essential cofactors for physical and chemical processes to convert and utilize energy 

(Meloche et al, 2014). Both types of nutrients are added in the feed. The net result 

observed in the present study revealed the brisk and fast gain in weight and growth rate in 

the rats treated with such feed. 

It was also concluded from the study that the commercially available chicken boneless 

meat treated rats of group C also showed much higher growth rates than all the other 

groups in the study including the control group A, chicken feed (broilers) treated group B, 

free range organic chicken boneless meat treated rats of group D, raw spinach treated 

group E and soy bean treated group F. this is over again may be explained by the role of 

chicken feed that is played in the rearing of the commercially available poultry at large. 

It is documented in the various studies done in past that the chickens available on the 

commercial basis for the supply of meat is known as broiler hens (Menconi et al, 2014). 

These broilers are at liberty fed with commercially prepared feed that results in their 

invigorating growth (Miksík et al, 2014). The revitalizing and brisk growth results in the 
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better achievement in the number of the chickens provided to the market for consumption 

in proficient frame of time (Mushtaq et al, 2013). This is however forgotten that the 

substances they are fed upon bringing such reviving growth may convey their damaging 

effects on poultry and the consumers of such poultry as well (Ospina-Rojas et al, 2013). 

The harmful ingredients of the feed settle and concentrate in the flesh of the poultry and 

upon utilization are passed on to the consumers (Ozbey and Tasdemi, 2014). 

Among the most notorious ingredients are the arsenic, antibiotics, melamine and 

pesticides that are given in feed for the maintenance of health of the poultry gastro-

intestinal tract (Church et al, 2010). The present study also showed upon evaluation of 

chicken feed the presence of these harmful ingredients along with other ingredients 

providing carbohydrates, proteins and fats. The findings of such components may bring 

about better growth and weight gain in hens with maintaining healthy alimentary tracks 

but on the other hand may bring potential risks to humans (Ahmad and Ahmed, (2015). 

The arsenic melamine and pesticides all are poisonous and injurious to human health 

(Church et al, 2010). Long term usage of them may result in poisoning cases. But until 

now no such assertion has been made. It is however, note worthy that the FDA has 

recommended the ban on the use of roxersone, a type of arsenic to be fed to chickens in 

United States of America but unfortunately its use is still prevalent in Pakistan and seen 

in this study (Gul et al, 2013). All of such additive components are responsible of the 

maximum attainment of weight and growth of rats of group C and also of group B than 

any other group of rats in the study. 

The growth rate at the end of the six weeks period of group D was 195%. This was the 
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least in all the groups of the study. This was partly realized to the reality that the free 

range chickens are reared freely on free ranges free to their will of eating of whatever of 

their will. The grains wholesomeness and the variety impart various beneficial factors to 

them including proper growth and weight gain along with keeping the free range 

chickens healthy (Hafeez et al, 2014). These organic chickens are also known to peck on 

various types and sizes of grits (Henning et al, 2013). These add to the better digestibility 

of the grains and keeping the digestive track healthy which is quite contrasting to the 

commercial chickens that are fed upon arsenic for digestive tract health (Harford et al, 

2014). 

It is also documented that the free range chickens have to wander around largely for food. 

This gives them ample exercise and help keeping their bones and muscles strong 

(Noormohamed and Fakhr, 2014). The routine regular normal weight gain with proper 

diet and exercise is the main reason of the better meat quality both in taste and 

nutritionally than that of commercial hens (Pan et al, 2014). The commercial chickens on 

the other hand are deprived of natural organic diet with almost no chance of exercise as 

they are kept in battery cages right from hatchling stage till their slaughter (Yan et al, 

2013). The commercial chicken feed with less room to even move in the cage enables 

them put on weight hurriedly (Yunus et al, 2012). This may be the reason of these hens to 

develop leg deformities like leg horns, fractures and even inability to stand. 

Such conditions of poor muscles and bone health of the commercial hens with insistent 

weight gain subject them to loss of feathers, skin damage, bruises and even stampede 

leading to death in the cages (Zhao et al, 2013). 
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The growth rate of the group E and F rats treated with raw spinach and soy bean 

respectively was 197% and 214%. It was found that the rats of group E showed growth 

rate index slightly higher than group D but less than all the other groups. This reveals the 

importance of the green leafy vegetables and their effects on the human health. Spinach is 

a widely used as green leafy vegetable and known to carry anabolic steroids. These 

steroids are necessary for the proper growth and health of the consumers. It is in addition 

documented that spinach is known to lack in fats and cholesterol and provides ample 

amount of fiber with proteins, iron and vitamins. In the present study a group of rats fed 

with raw spinach (group E) was added to find its effects on the body. This helped in 

determining the effects of spinach as a pure vegetable on the body when compared with 

other major sources of food. 

The present study signifies that the spinach treated rats showed some how the weight gain 

near to free range organic chicken meat treated rats of group D depicting the importance 

of the natural ingredients present in the natural foods. 

The weight gain of the group F fed on soy bean was found to be 214% higher than the 

groups A, D and E but lesser than the groups B and C. Soy bean is extensively used in the 

fodders for cattle and in feed for the poultry. Soy bean is known to have many beneficial 

effects on the health of the people. It is renowned for the presence of proteins, 

carbohydrates, fats, amino acids and soy oil in it. The presence of the valuable 

ingredients in it place it as one of the important edible for humans as well its addition to 

the feed of animals (Ahmad and Ahmed, 2015). 

Cereals comprising of wheat, maize and sorghum make up the bulk of the feed in 
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intensive poultry production and is estimated to be 60 percent (Bland et al, 2014). The 

remaining is provided by oilseeds chiefly soybean and fishmeal (Heller, 2015). Soy bean 

is therefore, considered as a cheap alternative diet for the live stock providing all the 

basic ingredients for growth and development to them (Kong and Adeola, 2013). 

The benefits of consumption of soy bean on human health are accepted widely in the 

previous studies (Laudadio and Tufarelli, 2010). It is also distinguished for its importance 

in the silage of the animals. The present study has signified the positive effects of the soy 

bean on the rats of group F in terms of proper weight gain and growth when matched up 

with the rats of groups A, D and E. Similarly the balanced weight gain and growth of the 

soy bean treated rats of group F when evaluated against the groups B and C signifies the 

importance of the natural provisions than the added provisions of the toxic substances to 

the chicken feed that may effects the health of the consuming population as seen in the 

experimental rats of group B. 

The present study was also conducted to determine the obesity in the rats treated with 

different types of diets. The obesity in the rats was determined through the presence of 

the fatty pads and adipose tissue along the abdominal wall and around the abdominal 

viscera. The chicken feed treated group B rats and commercially available chicken meat 

treated group C rats showed marked increase in obesity in rats when matched with other 

groups A, D, E, and F of the study. 

The chicken feed treated rats of group B showed remarkable obesity of 61.90% when 

compared with the rats of control group A with obesity of 11.25%, free range chicken 

boneless meat treated group D with 9.1%, spinach treated group E with 12.0% and soy 
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bean treated group F with 4.1%. This may again be the pronouncement of the existence 

of fats, proteins, carbohydrates and other increments in the chicken feed to provide ample 

energy for growth of poultry yet high enough to be stored in body as fats. The high 

amount of fats stored in the body led to the causation of excessive fat around the 

abdomen and along the visceral organs. 

It is concluded through the present study that the amount of adipose tissue observed upon 

dissection along the midline on the ventral aspect of the rats’ abdomen showed thicker fat 

pads along abdominal wall as well as around the abdominal viscera. The fatty tissue were 

appreciably higher in rats fed on chicken feed (broiler) group B than control rats of group 

A, free range organic chicken boneless meat treated group D, raw spinach treated group E 

and soy bean treated rats of group F. 

The additional important outcome of the present study was found on comparison of 

obesity in group B rats with group C rats. It was found that the group B rats showed the 

presence of notably low abdominal fat pads and adiposity around the visceral organs than 

the rats of group C treated with commercially available chicken boneless meat. This may 

be clarified with ease by the present research about the nature of the diet consumed by 

commercially available chickens. Boneless meat of such commercially available chickens 

may contain the concentrates of the feed. 

These accumulates sustained in the meat may bring potential risks to the health of the 

meat consumers. The present study brings light to the untapped horizons of the probably 

harmful effects of the chicken meat on the human population consuming it that are not 

widely thought of or seen today. 
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The meat itself being of animal origin with the fodder concentrates provided extremely 

better ingredients and higher energy indexed nutrients to the rats under study. The excess 

of the energy is subsequently stored in the body as body adipose tissue leading to obesity 

(Mandal et al, 2014). It is therefore seen that the gain in weight and the brisk growth 

index of the rats also exposed the increase rate of obesity in rats recruited in the current 

experimentation. This revelation may also be subjected to the human population 

consuming chicken meat to the unnecessary outcomes of the poultry utilization in terms 

of excess weight gain, growth rate and obesity. 

This is evident from the study that the commercially available commercial broiler 

chicken meat treated group C rats has caused the maximum obesity in rats with 130% 

higher than all the other groups recruited in the study. The obesity in group B chicken 

feed range to 61.90%, much higher than the groups A, D, E and F but lower than the 

group C. The obesity of 11.25% in chow fed control rats of group A, 9.1% in the test rats 

fed with free range chicken boneless meat of group D, 12.0% in raw spinach treated rats 

of group E and 4.1% obesity in soy bean treated rats of group F was found in the existing 

investigation. 

It was furthermore examined that the obesity in the control rats of group A was 

significantly higher than the free range organic chicken groups of group D, raw spinach 

treated rats of group E and soy bean treated rats of group F. It is to make clear that the 

group A rats were treated with the standard rodent diet known as chow that comprises of 

cereals mainly wheat, sorghum and soy bean, edible oil, sugar and milk. The rat chow 

hence yields the important components for the ample growth and weight gain to rats 
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(Spaeth et al, 1995). The chow treated group A on evaluation against groups D, E and F 

therefore showed increased obesity in them. 

This is apparent from the previous studies that the free range chickens are often labeled 

as organic chickens (Diarra and Malouin, 2014). The organic label gives assurance about 

certain standards of the poultry. These include the lawful prohibition of the organic 

chicken growers of the use of sewage slush as fertilizer, synthetic compounds and 

genetically modified microorganisms, vegetations and animals in the domestic animals 

production (Goodarzi et al, 2014). 

The rats of group D fed with free range organic chicken meat, raw spinach treated group 

E and soy bean treated group F showed a non significant difference in obesity. This may 

be distinguished to the fact that the provisions provided were all natural and without any 

supplementation with additives given to these rats. 

It is also now being recognized through this research the probable connections between 

various diets on live sticks and their eventual effects on human health. It is evident that 

the diet rich in fats and cholesterol brings about weight gain, brisk growth and obesity in 

the individuals. The same is the case with females consuming such diet (Mazengia et al, 

2014). High cholesterol is recognized as the cause of augmented synthesis of steroidal 

hormones that are associated with ailments like dyslipidemias, atherosclerosis, 

cardiovascular disorders, angina and cystic ovaries or PCOS. 

Women with PCOS are documented to have a greater predisposition to high cholesterol 

levels in their body posing them at risk for developing heart diseases (Usayran et al, 
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2014). Cholesterol is a fat similar substance normally used by the body for form cell 

membranes and certain hormones (Seckin et al, 2014). 

Increased levels of low density lipoproteins or bad cholesterol tends to increase the risk 

for plaque to build up in the arteries leading to heart attacks (Heng et al, 2013). However 

increased levels of high density lipoprotiens or good cholesterol are known to remove the 

cholesterol plaques from building up in the arteries (Ramanand et al, 2014). 

In the present experiment it was signified that the effect of high levels of serum 

cholesterol levels in rats leads to the synthesis of serum steroidal sex hormones namely 

testosterone, estrogens and progesterone in them. 

The serum cholesterol levels of the group A rats after six weeks was measured to a 

percentile increase of 3.69%. The chicken feed treated group B of rats showed a 

percentile increase of 37.4%, the group C rats treated with the commercially available 

boneless chicken meat was seen to increase by 35.7%. The free range chicken boneless 

meat treated rats of group D showed on the other hand the percentile decrease in the 

serum cholesterol level by 9.06%. Like wise the rats treated with the vegetables that are 

the group E with spinach and group F with the soy bean also showed the percentile 

decrease in the cholesterol levels by 0.45 and 3.9% respectively. 

It was observed that the total serum cholesterol levels increased significantly in the rats of 

chicken feed (broilers) treated group B and commercially available chicken meat (broiler) 

treated group C than control rats of group A and the rats fed upon free range organic 

chicken boneless meat of group D, raw spinach treated group E and soy bean treated 
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group F. However, it was observed that the rise in the serum cholesterol levels of the rats 

of group B and group C were non significant when compared with one another. 

This is evident from the present study that the chicken feed treated group B rats and the 

group C rats of commercially available chicken meat of chickens fed upon the same feed 

lead to the rise in the serum cholesterol levels. It is also note worthy to explain that in the 

current study the chicken feed was also evaluated of its constituents and it was found to 

contain considerably high amounts of cholesterol in it. 

Feed laden with such high cholesterol may be considered to be the main cause of high 

serum cholesterol levels in rats. It is worth mentioning that the same feed when fed to 

commercial chickens may cause an increase in the serum cholesterol levels of the 

populace consuming such chickens. 

The present work assist in understanding of the cause of the trivial difference between the 

serum cholesterol levels of group B rats and the group C rats. This is also becomes 

evident here that the excess amounts of cholesterol and fats in the feed may be the 

explanation of high gain in serum cholesterol in rats of groups B and C in contrast to the 

decrease in the serum cholesterol levels in the groups A, D, E and F. 

Spinach was therefore, taken into consideration in the present study to observe its effects 

on the consumers as to anticipate its net results on the vegetarian consumers regarding 

serum cholesterol levels (Jane, 2011). The serum cholesterol is the main precursor known 

for the synthesis of the steroidal sex hormones in the body (Liu et al, 2014). This study 

aids in understanding the role of green leafy vegetables on sex hormones like estrogens, 
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progesterone and testosterone especially in the females and the populace that evidently 

intake vegetables. 

Soy bean is largely used as livestock fodders (Pacheco et al, 2013). It is for this reason 

the net difference between the modified form of commercial feed for poultry and the soy 

bean in natural form are used in present study to see the difference in any results on the 

rats.  The net effects of commercial chicken feed and soy beans on the rats help to foresee 

the eventual effects on animals and humans at large. Previous studies have also explained 

the humans consume of these live stocks and the eventual effects on them that may show 

up as beneficial or harmful depending upon the nature and type of the poultry raising 

(Kim et al, 2014). 

It was concluded that the serum cholesterol levels in the present study increased 

tremendously in the groups A and B rats due to the nature of the chicken feed (for broiler) 

and the concentrates of the feed in poultry meat that they were fed upon. On the other 

hand the rats of groups D, E and F showed astounding decrease in the serum cholesterol 

levels directing again to the beneficial effects of the natural food products on the health 

of the consumers. This is also evaluated in the present work that the altered serum 

cholesterol may have brought deleterious effects on the synthesis of serum testosterone, 

estradiol and progesterone in the body. 

Among the steroidal sex hormones the serum testosterone that is one of the major 

hormones belonging to group of androgens in the body. Testosterone is known to play a 

vital role in the sexual demarcation between males and females. It is also renowned for its 

a vital role in development of the male secondary sexual characteristics (Vitek and 



220 

 

Hoeger, 2014). In the present experiment the levels of serum testosterone were also 

observed. 

It is significant to mention that all males and females have testosterone in their bodies 

(Henning et al, 2014). The total testosterone in the body refers to the total amount of 

testosterone in the body including both bound and free testosterone (Holmang et al, 1990). 

Free testosterone is the amount of testosterone that is unbound to proteins making it 

potentially active in the body (Agapova et al, 2014). Women with PCOS are often found 

to have an increased level of both total testosterone and free testosterone. Moreover it is 

important to determine that a slight increase in the testosterone in a female body may 

restrain normal menstruation and ovulation (Leonhardt et al, 2014). 

It was apparent from this study that there was a significant rise in the serum testosterone 

in female rats of group B fed on chicken feed (for broiler) than the all other groups A, C, 

D, E and F in the study. The rats fed with the chicken feed were established to have the 

highest measurable amount of serum testosterone than control rats and test rats treated 

with commercially available chicken boneless meat, free range chicken boneless meat, 

raw spinach and soy bean. 

This substantial rise in the serum testosterone of the group B rats was recommended to be 

due the occurrence of the anabolic steroids, cholesterol and the other different 

constituents of the chicken feed. This rise in serum testosterone is also suggested to be 

one of the reasons for the increase in the growth rate of the group B rats supplied with 

chicken feed than the other groups in the study. The rise in the serum testosterone may 

also be the reason for the development of the cystic changes in the ovaries with the 
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enlargement in the size of the ovaries of the rats. This is due to the altered female 

hormones and excess of androgens in the body. 

This is revealed here that the serum testosterone levels increased to the highest in the 

group B rats with the total percentile increase of 28300%. The group C rats treated with 

commercially available chicken boneless meat also showed percentile increase in serum 

testosterone calculating to 2.66%. On the other hand the other groups recruited in the 

study showed decrease in the serum testosterone. Among them were the control group A 

rats with total decrease in serum testosterone equals to 16.6%, group D rats treated with 

free range chicken boneless meat showed a decrease of 9%, group E treated with raw 

spinach showed a de crease in serum testosterone levels of 16.6% and soy bean treated 

group F showed 9% decrease in testosterone levels in the blood. 

The present work suggested that the maximum decrease in the serum testosterone levels 

were in the groups D and F and equal to 9% in both groups. Like wise, the groups A and 

E showed the same equal decline in testosterone levels to 16.6%. This research suggests 

that the natural ingredients in the diet with no artificial later on additives bring balance to 

the hormonal synthesis in the body. This also depicts the beneficial effects of having free 

range organic chickens and green vegetables on the health of the individuals consuming 

them on regular basis. 

The stark contrast between the additives in feed and the meat of the chickens fed upon the 

feed brings into the consideration of the potential harmful effects on the body in terms of 

the altered testosterone levels. It is however renowned that the higher testosterone levels 

may bring deleterious affects on the body specially on the female body (Leonhardt et al, 
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2014). This study can link the same increased in testosterone in the females consuming 

the commercial chicken on the regular basis and the end developing with hirsutism and 

cystic ovaries. These conditions of increased hair on body with cystic changes in ovaries 

leading to PCOS are the hall mark of the excess of testosterone in the body (Niki et al, 

2014). 

The raised serum testosterone in the group B and group C rats is also accounted for the 

aggressive behavior of the rats towards the inmates. The violent behavior of the rats was 

markedly determined by the hostility they showed to the inmates in terms of lateral 

attacks, biting and the muricidal behavior. 

The lateral attacks in the rats of different groups were calculated as the controls of group 

A showing the 4.1%, group B with 61.90%, group C with 130%, group D with 9%, group 

E equals to 12% and group f showing lateral attacks to 4.1%. 

It is hence proven from the study that the number of the lateral attacks, biting and the 

muricidal behavior was noticed to be highly significant in rats of groups B and C when 

compared with rats of groups D, E and F. However, the lateral attacks were significantly 

high in the group C rats when evaluated against group B rats. 

This intimidating attitude of the rats is distinguished by the rats of the attacking their 

inmates side wise and on the dorsal and frontal aspects of the body (Ahmad and Ahmed, 

2015). Although it is also recognized that male rats are known to be more aggressive 

(Veiga et al, 2007) but in present study the females also showed soaring aggression 

towards their inmates. This is especially seen in the group B and C rats that may be 

signifying to the high levels of testosterone in them. 
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The rats of however belonging to groups A, D, E and F showed lesser aggression and 

lateral attacks than the groups B and C rats. This may again be associated to their 

decreased testosterone levels in them. The decrease rate of lateral attacks also yielded to 

less mortality rates due to the lesser muricidal activities in the groups A, D, E and F. 

However the muricidal events augmented the mortality in Group B and C rats to 

appreciably higher levels than the other groups of rats in the study. 

It is also noted that the muricidal behavior in rats which can be associated to the 

cannibalistic behavior resulted in the death of rats (Thornton et al, 2014). Such 

mortalities were combined to the inhabitants’ assault on the weaker rats. Muricidal feats 

were considerably increased in groups B and C rats than all the other groups A, D, E and 

F in the study. 

The muricidal behavior measured was least in the groups A, E and F and came to 4.1% in 

these all. Furthermore the muricidal behavior in group D was 8.33% and of 14.23% in 

group B rats. On the other hand the muricidal behavior was highest in the group C with 

44.44% when evaluated against other groups. 

The muricidal behavior was also eminent to be significantly low in the group B rats than 

the group C rats. This may be credited to the intake of the chicken meat that may lead to 

the development of taste for the flesh and the concentrates of the chicken feed in it. This 

may also be supported by the presence of concentrated accumulates of the chicken feed in 

the meat that may result in the synthesis of higher levels of testosterone in rats. These 

factors together may have enabled the rats of group C treated with boneless chicken meat 
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to show intense muricidal behavior and aggression towards the inmates when evaluated 

against all the other groups of rats involved in the study. 

The higher rate of muricidal activity in group B may be due to the ingredients of feed and 

their eventual effects on the testosterone synthesis in the body. But the muricidal 

behavior in Group D when matched up with the control group A and vegetable fed 

groups E and F was found to be exceptionally high. This increase in mortality in group D 

rats cannot be due to certain unexplainable reasons that cannot be clarified here. It may 

however, be suggested that the feeding of the free range chicken boneless meat may have 

developed taste for the flesh and soft tissue that possibly have caused in such antagonistic 

behavior by group D rats. 

The present research has then again also enlightened the levels of progesterone in the rats. 

Progesterone is in addition a vital steroidal hormone and is produced by the corpus 

luteum after every ovulation (Pulley et al, 2013).  Progesterone facilitates the uterine 

lining to prepare for pregnancy.  The low progesterone level may consequence in the 

bleak possibility for ovulation (Yassaee et al, 2014). 

The investigation for the quantity of serum progesterone is of particular worth in females 

with PCOS (Seckin et al, 2014). The importance of progesterone is apparent at times for 

the mistaken signs of ovulation in the body however upon evaluation of the serum 

progesterone it becomes evident that ovulation never did occur (Kim et al, 2014). 

The absence of ovulation especially comes about in the body when ovaries produce 

follicles and prepare for ovulation but for certain reasons the eggs are not released from 

the ovaries (Seckin et al, 2014). The lack of ovulation facilitates the understanding of the 
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delicate play of the hormones in the body that may result in inability to acquire 

pregnancy in PCOS (Agapova et al, 2014). 

All the groups in the study excluding the commercially available chicken boneless meat 

treated group C showed the increase in the levels of the serum progesterone. The serum 

progesterone measured for group A control rats was increased to 5.02%, for group B 

increased to 67.44% and group D showed 200% increase in the serum progesterone levels 

from the initial serum progesterone values before the initiation of the experiment. Like 

wise the group E treated with spinach showed 52.61% increase in serum progesterone 

and soy bean treated group F signified 32.88% increase in the final serum progesterone 

levels. The group C rats were the only rats that showed a decrease in the final serum 

progesterone level which was equal to 36.36%. 

Serum progesterone levels evaluated in the study showed that the  serum progesterone 

was significantly increased in the group B of chicken feed treated rats when compared 

with the group A of control rats fed on standard rat chow and group C provided with 

commercially available chicken boneless meat. No significant difference was seen in the 

increase in the serum progesterone levels of group B, group E and group F rats supplied 

with chicken feed, raw spinach and soy bean like wise when compared together. It was 

also evident from the present study that the serum progesterone levels of the group B 

were significantly low as compared to the group D of free range chicken boneless meat 

treated rats. However, the group D showed the maximum incraesae in the serum 

progesterone levels than any other group recruited in the study. 
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This may be manifested to the rise in the cholesterol levels leading to the synthesis of the 

serum progesterone that has already been describe in previous research (Hagag et al, 

2014). High progesterone levels in the body may indicate of pregnancy, adrenal cancer, 

ovarian cancer and congenital adrenal hyperplasia. However, low serum progesterone are 

recognized to be linked with amenorrhea or no menstrual cycle, ectopic pregnancy, 

failure to ovulate, fetal death and likely miscarriage (Hickey et al, 2012). 

It is comprehended from the present study that serum progesterone of the group B rats 

was appreciably high weighed against control group A and group C rats. This may be 

simplified by the variety of the nutrients consumed by the free range chickens (Shar et al, 

2014). The natural cereals in the chicken feed enhance the proper synthesis of the 

progesterone in the body. This also enables the body to maintain the normal ovulation 

and estrus cycles in female rats (Sheril et al, 2009). The chicken feed fed group rats 

showed marked increase in the progesterone levels possibly due to high cholesterol levels 

that may have improved the progesterone synthesis. 

However, the non significant difference of the serum progesterone in feed fed rats and 

vegetable fed rats that of spinach and soy bean treated rats may not explained here as the 

raw spinach and soy bean too are the natural organic substances without supplementation 

of any additives yet the non significant value for the serum progesterone between them is 

poorly understood. 

The observation of the marked decrease in the serum progesterone levels in the rats of 

group C from all the other groups is of prime importance in the study. This may here 

clarify the basis of the hormonal injections, steroids feedings and antibiotics that are 



227 

 

given to the chickens. The aim of such hormonal supplementation to the chickens is for 

their better and early growth (Umberger, 1975). This may however, have hampered the 

production of progesterone in the body as the body itself is supplied with large amounts 

of progesterone from exterior (Hickey et al, 2012). The supplementation of progesterone 

may have down-regulated its synthesis in the body leading to its decreased levels in the 

group C rats. 

Previous research also suggests that one of the reasons of altered steroidal hormone 

synthesis is also due to the poor environmental conditions in which chickens are grown 

(Hara et al, 2013). Studies show that female chicks are grown in extremely cramped, dark 

and morbid conditions with being given commercial feed to live on (Yan et al, 2013). 

This feed is mostly a processed diet full of hormones, pesticides and antibiotics leading to 

varied synthesis of these hormones (Pan et al, 2014). Among such steroidal hormones 

another female steroidal sex hormone estradiol is also studied and calculated in all the 

groups participating in the present study. 

The serum estradiol levels increased in control group A, chicken feed treated group B and 

commercially available chicken boneless meat treated group C. the groups that showed 

the decreased estrogen levels at the end of the six weeks experiment were the free range 

chicken boneless meat treated group D, raw spinach treated group E and soy bean treated 

group F. 

The present study revealed that the control group A was found have the percentile 

increase of 3.07% in the serum estradiol levels. The group B showed an increase of 103% 

while the group C rats showed an increase of 54.61% in the final serum estradiol levels 
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after six weeks of experiment. The groups D, E and F showed decrease in theserum 

estradiol levels and they found to be 4.9%, 20.0% and 9.20% respectively. 

It is evident from the present work that the serum estradiol levels of the chicken feed 

treated group B showed considerable increase in the serum estradiol levels when 

compared with all the other groups. Serum estradiol of the group C rats treated with the 

commercially available chicken boneless meat also showed a significant increase in the 

serum estradiol levels when compared with the group A control rats, group D free range 

chicken bone less meat treated rats, group E raw spinach and group F soy bean treated 

rats. It was however seen that the serum estradiol levels were significantly low in the 

commercially available chicken meat treated group C as compared to the feed treated rats 

of group B. 

This decrease in the estradiol levels were substantiated by the type of the food taken in by 

these rats. The diet that led to the increase in estradiol was mainly the chicken feed and 

the chicken meat if chickens fed on the chicken feeds. This altered in serum estradiol 

levels may lead to harmful consequences in the body especially in terms of cystic 

development in ovaries and eventually to PCOS (Mehta et al, 2006).These results assist 

in the considerable presumption about the effects of such chickens grown on chicken feed 

on the population consuming them. 

The utilization of such diets as commercially available chicken meat of chickens bred 

upon such diets and prepared feeds for the poultry poses serious risks to not only the 

health of the livestock but also the consumers consuming them (Luboshitzky et al, 2003). 

The feed is therefore, canonized to may result in the hormone and other harmful residues 



229 

 

in meats and dairy products that may lead to the estrogenic effects in the human 

population. 

The environment in which people are living nowadays is more estrogenic or feminizing 

in nature (Pulley et al, 2013). These estrogenic environmental constituents that a person 

continuously encounter comprises of xenoestrogens such as PCBs, phthalates and 

pesticides like DDT (Brambilla and Testa, 2014). The estrogenic compounds also arise 

from the presence of high amounts of sterols in the chicken feed provided to chickens 

(Laredo et al, 2014). The chicken feed is also known to be enriched with animal and fish 

remains, bones, meat and blood to provide energy and fats to the poultry (Nathan and 

David, 2004). All these components may lead to the harmful synthesis of estrogens in the 

body (Dadgar et al, 2013). 

Research shows that in men the altered levels of estrogens may consequence in poor 

quality of sperms with reduced fertility rates (Shen et al, 2009). It is also shown that in 

women excess of estrogen and decrease of progesterone may be the major reasons for the 

development of cystic ovaries, PCOS, sub fertility or even infertility (Laredo et al, 2014). 

This study signifies the prime importance of the incorporation of pure and clean diet 

consisting of organic foods for the human consumption. This may be done by formulating 

the possibility to reduce the experience to harmful xenoestrogens in diet and their effects 

on the body (Sison et al, 2014). The estrogens in the body are known to be actively 

metabolized in the liver (Church et al, 2010). Use of dietary supplements like lecithin a 

type of phospholipids and sulfur containing amino acids namely methionine and taurine 
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may promote estrogen excretion out of the body through active bile circulation 

(Takahashi et al, 2012). 

It is also identified that the balance for the excess estrogen may be maintained through 

the use of natural progesterone (Chapman et al, 2009). Progesterone can also be utilized 

in the form of medications to bring the balance between these steroidal hormones for the 

regularization of menstrual cycle (Sravan et al, 2014). Previous studies have shown that 

aerobic exercise and physical activity may reduce the overproduction of estrogen in the 

body (Sprung et al, 2013). 

Prior investigations have also confirmed that along with organic food containing fiber, 

exercise and optimization of body weight, may brings back the steroidal hormones to 

their normal levels (Diarra and Malouin, 2014). This is explained by the fact that excess 

body fat that may be result from the intake of the oils, high calorie diets and chickens 

grown on poultry feed (Zhao et al, 2013). Increased body fat stores in addition to the 

refined diet may results in the increase over synthesis of estrogens in the body (Keyburn 

et al, 2013). For the reason it is revealed that overweight females may have excess 

estrogens in the body (Anderson et al, 2014). The augmented estrogens allow them to be 

at the lower risk for osteoporosis as estrogens are essential for bone health (Morgan et al, 

2011). However these obese females may be at a high risk of developing breast and 

uterine cancer due to the elevated estrogen levels in the body (Kuchenbecker et al, 2011). 

Serum estradiol levels of the group A rats treated with rat chow, group D rats given with 

free range chicken boneless meat, group E of raw spinach and group F of soy bean 

however showed a non significant difference in them illuminating the presence of the 
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accepted organic ingredients being given to them. These untreated ingredients justified 

the reason of normal production of estrogens in the body. It is renowned that the high 

fiber pure diet without any supplementation of hormones, fats, cholesterol and steroids 

must be given to the live stocks for better outcome on the human health as is seen 

through group D of free range chicken boneless meat. 

However in the current time supplemented feed with hormones, antibiotics, arsenic and 

steroids are constantly been given to the commercially available chickens for better 

growth and development (Takahashi et al, 2012). Research has also shown that poultry 

fed on such poultry feed shows the presence of estrogen (17-ß-estradiol), estrone and 

testosterone in measurable concentrations in their litter (Thomas, 1980). 

The excess production of estradiol, progesterone, testosterone may bring about harmful 

influence in the body. These hormonal alterations in the female body may lead to the 

drastic effects affecting many organs especially ovaries (Laredo et al, 2014). The ovaries 

under the influence of these hormones lead to the enlargement of the ovaries due to the 

excess inflammatory changes brought about by estrogens and development of cysts in the 

ovaries (Garla et al, 2013). It is documented that the inflammatory changes also occur 

under estradiol influence on the liver leading to enlargement of the liver (Ergun et al, 

2006). 

This is also revealed in the present study that the rats treated with the chicken feed 

showed significant increase in the inflammation and cystic changes in the ovaries when 

compared with the ovaries of the group A control rats and ovaries of the rats of group D, 
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E and F treated with free range chicken boneless meat, raw spinach and soy bean 

respectively. 

It was also observed that the ovaries of the group C rats treated with commercially 

available chicken boneless meat showed a significant increase in the inflammation and 

cystic development when compared with all the other groups including control group A 

and test groups B, D, E and F treated with chicken feed, free range chicken boneless meat, 

raw spinach and soy bean respectively. 

The percentage of increase in the enlargement of size of the ovaries in the rats of group A 

are found to be 4%, group B 60%. Group C 80%,group D 8%, group E 4% and group F 

4%. While the cystic changes in the ovaries of the rats of group A came with 4%, group 

B teated with chicken feed equal to 40%, group C treated with commercially available 

chicken boneless meat with 68%. The cystic changes in the ovaries of the rats of groups 

D, E and F all are found to be equal to 4% in each respective group. 

It is also evident from the present study that the size of the ovaries and the cystic changes 

in the ovaries are seen to be insignificant in the group A of control rats, group D fed upon 

free range chicken boneless meat, group E with raw spinach and group F nourished on 

soy bean. This may be all due to the presence of the natural and organic ingredients that 

yield to the normal synthesis of all the hormones in the body. These components may 

also keep the consumers healthy as seen in the study. This is hence evident from the 

study the resultant healthy effects of the natural food on the ovaries of the rats. 

As documented earlier that the hormones on alteration effect the liver of the individual as 

well (Hafeez et al, 2014). For the reason the livers of the rats of the groups recruited in 
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the study were also evaluated for the effects through their gross examination as well as 

histopathological evaluation. 

The liver of the group A rats were found to be 4% enlarge, the group rats livres were 40% 

enlarged. The maximum increase of 68% of enlargement is seen in the livers of the group 

C rats treated with commercially available chicken boneless meat. The groups D, E and F 

rats all showed the enlargement of the livers equaling to 4% in each group. It is also 

revealed that all the enlarged livers of the rats on the histopathological evolution showed 

the portal inflammatory changes bringing their percentage increase of portal 

inflammation equal to that of their increased inflammatory percentages except for the 

group C. 

It is revealed in the group C rats that 60% of the rats were with the portal inflammation 

but the 8% of the rats showed sarcoplasmic changes in their livers.  However, such a 

surprising and saddening finding revealed the harmful effects of the chicken boneless 

meat that may be encountered to the population evidently consuming chicken meat on a 

daily basis. 

The livers of the rats recruited in the experiment studied and showed that the livers of the 

group B rats treated with the chicken feed showed a momentous increase in the weight 

and the portal inflammation than the livers of control rats of group A, commercially 

available chicken boneless meat treated rats of group C, raw spinach treated group E and 

soy bean treated rats of group F. The livers of the rats treated with the feed were however, 

significantly much less effected than the livers of the rats of group C fed with 

commercially available chicken boneless meat. 
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It was also significant from the study that the group C rats fed with the commercially 

available chicken feed showed chicken feed treated rats of group B, free range chicken 

boneless meat fed rats of group D, raw spinach group E and soy bean treated rats of 

group F. conversely, the size of the liver and portal inflammation was not seen in much of 

the rats fed with rat chow of group A, group D of free range chicken boneless meat, 

spinach of group E and soy bean treated group F. This was seen by the non significant 

difference in the livers of the control group A rats and the test rats of groups D, E and F 

fed with free range chicken boneless meat, raw spinach and soy bean respectively 

adhering them firmly and strictly to their normal architecture. 

These findings are suggestive of the fact that yet again the feed ingredients and their 

effect on the chickens with net effects on the population at large results in the obesity and 

weight gain but also the altered production of the steroidal hormones probably due to 

excess cholesterol. These hormones may not only alter the hormonal profile of the 

poultry but also exert their effects on the consumers. Among the consumers both males 

and females may get affected but the effect can be foreseen to many folds on the human 

females in term of changes in their ovaries (Hartmann et al, 1998). 

The same is seen in the present study of deleterious effects on the rats’ biophysical and 

hormonal profile leading to obesity, increase growth, high levels of serum cholesterol 

with alarming altered synthesis of serum testosterone, progesterone and estradiol of the 

groups B and C. The other groups A, D, E and F were being fed on the rat chow, free 

range chicken boneless meat, raw spinach and soy bean correspondingly all containing 

pure, natural components without any supplementation of harmful and injurious 

hormones, drugs and poisons namely arsenic and pesticides in them. 
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These natural and organic ingredients may have probably caused the subtle growth and 

weight gain with normal serum cholesterol leading to synthesis of steroidal hormones in 

the body (Hartmann et al, 1998). This is also of prime importance indicating the 

significance of the diet with the real farmers producing pastured free range and organic 

eggs with much deeper yellow or orange yolk (Hashizawa et al, 2013), devoid of the 

inflammatory fats (Jiang et al, 2008) and infectious agents like salmonella as seen in 

caged eggs (Mazengia et al, 2014). It is also observed that upon comparison of nutritional 

data it is found that for caged against free range eggs are found that the free range eggs 

on average has twice as much omega-3 fatty acids (Cicero et al, 2014), three folds more 

vitamin E (Hashizawa et al, 2013), seven folds more pro-vitamin A beta-carotene (Khan 

et al, 2013), and less saturated amounts of fats and more than one third less amount of 

cholesterol (Milicevic et al, 2014). These factors in free range and organic food may 

notably do bring better health results and outcome. 

It is note worthy that the women with PCOS may become unable to get pregnant and if 

they do get pregnant the hormonal imbalance lead to threatened abortion (Seckin et al, 

2014). These conditions are managed with hormonal medications especially contraceptives 

(Yassaee et al, 2014). These contraceptives distinctively contain low doses of estrogen and 

progesterone (Warren et al, 2014). These estrogen and progesterone are considered to 

enable the body to restore the normal negative feedback regulation and lower the LH 

secretion with normalization of FSH and LH surge leading to the reduction in 

hyperandrogenism and associated signs (Orisaka et al, 2013). 

Hormonal contraceptives of estrogens and progesterone may normalize regular menstrual 

cycles by preventing excessive endometrial proliferation (Cinar et al, 2012). It is 
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documented in previous studies that the untreated females with PCOS have high 

estrogens and low progesterone levels in their body (Ganie et al, 2014). The uterus 

therefore may get exposed to unopposed high estrogen and no progesterone resulting in 

the cycle that may never advance to the luteal phase (Pierre et al, 2013). 

Persistent unopposed estrogens may lead to unnecessary endometrial creation and may 

also enhance the risk for the development of endometrial cancer (Hamy et al, 2014). 

Similarly for the pregnancy initiation discriminated estrogen receptor modulators are 

given to bring about estrogen antagonism in the hypothalamus and anterior pituitary 

allowing FSH secretion to cause follicle development (Orisaka et al, 2013). 

It is recognized that the temporal connection between FSH, LH, estradiol and 

progesterone in the body the rats are characterized throughout the estrous cycle (Holmang 

et al, 1990). Therefore, any disarray of their secretion may lead to the menstrual 

abnormalities and even difficulty in procurement of the pregnancy (Agapova et al, 2013).  

It is recognized that the temporal connection between FSH, LH, estradiol and 

progesterone in the body the rats are characterized throughout the estrous cycle (Holmang 

et al, 1990). Therefore, any disarray of their secretion may lead to the menstrual 

abnormalities that may be amenorrhea, oligomenorrhea, dysmenorrheal with absolutely 

no bleeding, less bleeding or painful uterine bleeding respectively. The cycles may even 

extent beyond a month and the prolong monthly menstrual cycles may lead to difficulty 

in procurement of the pregnancy (Agapova et al, 2013).  

It is also to mention that any abnormality in the menstrual cycle may lead to the 

development of conditions that may become concerning for the patient as well as the 
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physician. Among such conditions the most notable are the flow abnormalities, irregular 

timings in the month and then the development of conditions like uterine polyps or 

fibroids, endometriosis, pelvic inflammatory diseases and even polycystic ovaries 

(Mazengia et al, 2014). 

Previous studies also suggest that the lifestyle, diet, pollution, toxins and xenoestrogens 

that are the synthetic chemicals that may act as estrogen in the bodies lead to the 

reproductive system abnormalities in the females (Hashizawa et al, 2013). These aspects 

when are avoided may bring back the monthly development of the reproductive cycles 

normal along with the sustenance of the healthy reproductive tract (Cicero et al, 2014). 

It is consequently revealed that the chicken feed and commercially available chicken feed 

bring an array of disorders in the rats. These disorders may eventually bring mayhem in 

their lives by altering the normal levels of the steroidal sex hormones in them. Such 

changes may manifest changes in terms of eventually inability to get pregnant and give 

off spring in them. 

This work can be correlated to humans. The different changes that are brought by the 

choice of the diet can also be manifested in humans. These changes then eventually may 

end up with alteration in the psychological attributes, hormonal profile, obesity and 

weight related concerns. 

This can be shown from the recent studies that the type of the diet consumed by the 

human populace plays a vital role in the health of the individuals (Hafeez et al, 2014). 

The diets rich in carbohydrates, fats and sugars play havoc in life. They not only assist in 

the weight gain and consequently bringing reproductive cycle abnormalities. Among 
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them the chicken fed and raised upon the commercial feeds also plays an important role 

in bringing deleterious effects on the human subjects (Amato et al, 2014).  

These all conditions may then alter the course of normal living in both males and females. 

The increased weight, obesity and increased testosterone may bring aggressive behavior 

and criminal tendencies in human males. The human males with the astoundingly 

augmented levels of the testosterone may show hostility, anger, assault, assertiveness, 

risk taking activities both in financial aspects and routine tasks along with the 

antagonistic behavior that is most noticeably pronounced as the anti social behavior 

(Bhasin et al, 2001). These male behaviors make them vulnerable to the trouncing and 

even at times failure in life. The diet that may cause such enhanced levels of the 

hormones chiefly of the testosterone may aim to be avoided in order to curtail the net 

effects that it may produce. The white meat of the chickens commercially provided 

detriment the humans with all these factors bring about the injurious effects on the health 

of the consumers (Bland et al, 2014). 

The females may also be affected by these alterations in weight and hormonal profile 

leading them to may have the irregular or absent menstrual cycles, uneven menstrual flow, 

lack of maturation of follicles with absence or scarcity of the egg release leading to the 

enlargement and cystic development of ovaries (Carmina, 2013). These hormonal 

imbalances in the steroidal sex hormones also lead to the pronunciation of the psycho-

neurological deficits with eventual difficulties in getting pregnant directing to sub fertility 

or even infertility (Bojar et al, 2014). 
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CHAPTER 5 

CONCLUSION 

The present study was done to emphasize the potential effects of the poultry feed on the 

albino wistar female rats grown on it. The rats were divided into six groups with the 

corresponding treatment given of rat chow, chicken feed for broilers, commercially 

available chicken boneless meat of broilers, free range organic chicken boneless meat, 

raw spinach and soy bean. 

It was distinguished that the feed treated rats showed maximum growth, obesity and 

maximum weight gain as the biophysical profiles. On the other hand the serum 

cholesterol levels and its subsequent effects on the serum progesterone and estradiol 

showed the harmful effects of the chicken feed on the poultry. 

The other group fed with broiler chicken boneless meat also showed the amplified gain in 

weight, obesity and growth as compared to the free range organic chicken boneless meat, 

spinach and soy bean treated groups. This may conclude the possible effects on the health 

of the poultry by the chicken feed and chicken meat and its resultant effects on the human 

population consuming it. 

The present experiment signified the importance of the effects of chicken feed and 

chicken meat on the rats on only increasing drastically on their biophysical profile but 

also on the serology of cholesterol and the steroidal hormones namely testosterone, 

estradiol and progesterone alteration that resulted in the polycystic ovaries in rats. This 

may be the reflection of the effects that may be foreseen in the community consuming 
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chicken meat on the daily basis as the chicken meat may cause the hormonal imbalance 

in the population. Among the people largely female populace may get affected as a result 

of altered hormones and consequential menstrual disorders leading to alteration in 

ovarian morphology with cystic development. 

This study compared the effects of chicken feed with commercially available chicken 

meat, free range chicken meat that of chickens grown exclusively on free lands and farms 

having organic cereals as diet and vegetables effects of spinach and soy bean to mark the 

effect of these different diets on the individual. It is noticed that the free range chicken 

meat, raw spinach and soy bean which were organic and natural brought no drastic 

effects on the consuming rats but the rats treated with chicken feed and commercially 

available chicken meat showed both brisk gain in biophysical profile and altered 

abnormal serology of hyper cholesteronemia and altered serum testosterone, progesterone 

and estradiol in the body mimicking the features of PCOS development. 

The present study is an exceptional in the research till to date as no other such research 

has been reported so far. The present study will situate a considerable achievement on 

society regarding health and socioeconomic concerns. Our prospects for the PCOS under 

the effects of chicken feed and commercially available chicken meat will confidently 

unleash the immense panorama of research in this field. 
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FUTURE PROSPECTS 

In the present study the effects of the chicken feed of broilers, commercially available 

chicken boneless meat of broilers, free range organic chicken boneless meat, spinach and 

soy bean on the health, hormonal profile, cholesterol levels and the behavioral analysis 

were seen in female albino wistar rats. It would be interesting to examine the same 

parameters in the human beings. This will provide a further insight in the aspects of their 

health dependent on the daily intake of diet. 

The alterations in the sex hormones along with marked increase in obesity may become a 

land mark for the populace evidently consuming the commercial broiler chickens 

bringing them more close and prone to the development of the PCO.  In addition the 

altered hormonal levels and behavioral deficits may also be recognized in the human 

population by providing with such diets and analyzing them.  

These analyses will help in the finding of the solutions for such rapid growth and 

development of poultry with subsequent effects on eating may help the mankind to avoid 

plunging into and abstaining from plummeting into diseases that are related to 

hypercholesterolemia, alters hormonal profile, massive weight gain and obesity.  

This study was done in the suburbia’s of Karachi, Pakistan. This is however, important to 

carry out such studies in the vast and multiple areas not only in Pakistan but also world 

wide. The type of present study will help in understanding of the growth and health 

profiles of chickens in other parts of the world as well bringing in better understanding 

about the future health prospects regarding poultry consumption. 
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It is also important for the government to make legislation concerning about the poultry 

production in the country. The legislations may help in the development of the 

instruments to monitor the health, growth, feeding, housing and supply of the poultry to 

the market. These implementations will enable the consumers to get the chickens free of 

the risks of having harmful substance that may be provided through feed, better living 

conditions providing better room to walk and exercise and better carcass quality reaching 

to the market and the purchaser at large.  
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GROUP A (CONTROL RATS TREATED TO BE WITH STANDARD RAT 

CHOW) PRIOR TO EXPERIMENTAL STUDY 

S.no 
Initial 

weight 

Baseline serum 

cholesterol 

level 

Baseline serum 

testosterone 

level 

Baseline serum 

progesterone 

level 

Baseline 

serum 

estradiol 

level 

1 98.0 80 0.1 5.0 7.0 

2 97.5 90 0.1 4.2 6.4 

3 99.0 81 0.1 3.9 6.5 

4 96.9 78 0.1 4.9 6.3 

5 95.9 90 0.1 4.7 7.0 

6 97.0 82 0.2 4.4 6.5 

7 99.0 86 0.1 4.2 7.0 

8 100 80 0.1 5.3 6.5 

9 95.2 72 0.3 5.0 6.0 

10 96.1 70 0.1 3.6 5.9 

11 95.3 70 0.1 3.1 6.2 

12 98.0 79 0.1 3.9 7.0 

13 95.9 70 0.1 4.0 7.3 

14 96.0 69 0.1 3.8 7.1 

15 97.5 70 0.2 4.2 6.2 

16 99.0 67 0.1 5.0 6.8 

17 95.2 69 0.1 5.1 6.8 

18 95.4 70 0.1 3.9 7.0 

19 98.3 71 0.1 4.3 7.1 

20 97.2 80 0.2 4.4 6.8 

21 96.0 82 0.1 4.9 6.0 

22 96.5 72 0.1 4.6 6.2 

23 95.9 71 0.1 4.8 6.0 

24 95.6 74 0.1 4.3 5.8 

25 99.0 73 0.1 4.2 5.9 
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GROUP B TEST RATS (TREATED TO BE WITH CHICKEN FEED) PRIOR TO 

EXPERIMENTAL STUDY 

S.no 
Initial 

weight 

Baseline serum 

cholesterol 

level 

Baseline serum 

testosterone 

level 

Baseline serum 

progesterone 

level 

Baseline 

serum 

estradiol 

level 

1 98.0 80 0.1 5.0 7.0 

2 97.5 90 0.1 4.0 6.2 

3 99.0 84 0.1 3.8 6.5 

4 96.9 78 0.1 4.6 6.4 

5 99.9 89 0.1 4.7 7.2 

6 97.0 83 0.1 4.4 6.5 

7 99.0 85 0.1 4.2 7.1 

8 100 80 0.1 5.3 6.5 

9 99.2 72 0.2 5.0 6.0 

10 96.1 72 0.1 3.9 5.6 

11 95.3 70 0.1 3.1 6.0 

12 98.0 78 0.1 3.9 7.0 

13 95.9 70 0.1 4.4 7.4 

14 96.0 69 0.1 3.8 7.1 

15 97.5 74 0.3 4.2 6.5 

16 99.0 67 0.1 5.1 6.0 

17 99.2 69 0.1 5.0 6.8 

18 98.4 76 0.1 3.9 7.0 

19 98.3 71 0.1 4.8 7.5 

20 97.2 77 0.2 4.0 6.8 

21 96.0 82 0.1 4.9 6.0 

22 96.5 74 0.1 4.3 6.2 

23 99.9 70 0.1 4.8 6.0 

24 95.6 72 0.1 4.5 5.8 

25 99.0 73 0.1 4.3 5.0 
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GROUP C TEST RATS (TREATED TO BE WITH COMMERCIALLY 

AVAILABLE CHCIKEN BONE LESS MEAT) PRIOR TO EXPERIMENTAL 

STUDY 

S.no 
Initial 

weight 

Baseline serum 

cholesterol 

level 

Baseline serum 

testosterone 

level 

Baseline serum 

progesterone 

level 

Baseline 

serum 

estradiol 

level 

1 98.0 83 0.1 5.3 7.2 

2 97.5 89 0.1 4.2 6.4 

3 98.0 81 0.1 3.9 6.4 

4 96.9 88 0.1 4.8 6.3 

5 96.9 90 0.1 4.7 7.0 

6 95.0 80 0.2 4.9 6.9 

7 99.0 86 0.1 4.2 7.0 

8 98.0 82 0.1 5.0 6.1 

9 95.2 79 0.3 5.4 6.0 

10 97.1 70 0.1 3.9 5.9 

11 95.3 71 0.1 3.1 6.5 

12 97.0 76 0.1 3.7 7.0 

13 96.9 70 0.1 4.0 7.2 

14 96.0 79 0.1 3.6 7.1 

15 97.5 70 0.1 4.2 6.1 

16 98.0 67 0.1 5.2 6.8 

17 95.2 65 0.1 5.1 6.7 

18 96.4 70 0.1 4.0 7.0 

19 98.3 74 0.1 4.3 7.1 

20 97.2 80 0.2 4.2 6.8 

21 96.0 83 0.1 4.9 6.3 

22 97.5 75 0.1 4.8 6.2 

23 95.9 70 0.2 4.0 6.4 

24 95.6 74 0.1 4.5 5.9 

25 99.0 76 0.1 4.2 5.9 
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GROUP D TEST RATS (TREATED TO BE WITH FREE RANGE CHICKEN 

BONELESS MEAT) PRIOR TO EXPERIMENTAL STUDY 

S.no 
Initial 

weight 

Baseline serum 

cholesterol 

level 

Baseline serum 

testosterone 

level 

Baseline serum 

progesterone 

level 

Baseline 

serum 

estradiol 

level 

1 99.0 81 0.1 5.1 7.3 

2 98.5 90 0.1 4.0 6.4 

3 99.0 82 0.1 3.7 6.4 

4 97.9 78 0.2 4.9 6.3 

5 95.9 92 0.1 4.7 7.0 

6 97.0 82 0.2 4.4 6.5 

7 99.0 86 0.1 4.2 7.4 

8 100 80 0.1 5.5 6.5 

9 96.2 71 0.1 5.0 6.1 

10 96.1 70 0.1 3.7 5.9 

11 95.3 72 0.1 3.1 6.2 

12 98.0 79 0.1 3.9 7.0 

13 95.9 73 0.1 4.0 7.5 

14 98.0 69 0.1 3.5 7.1 

15 97.5 70 0.2 4.2 6.2 

16 97.0 65 0.1 5.0 6.3 

17 95.2 69 0.1 5.3 6.5 

18 96.4 68 0.1 4.9 7.0 

19 98.3 71 0.1 4.3 7.1 

20 97.2 78 0.2 4.4 6.8 

21 96.0 82 0.1 4.6 6.0 

22 96.5 72 0.1 4.6 6.2 

23 95.9 70 0.1 4.7 6.0 

24 97.6 74 0.1 4.3 5.4 

25 99.0 73 0.1 4.0 6.0 
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GROUP E TEST RATS (TREATED TO BE WITH RAW SPINACH) PRIOR TO 

EXPERIMENTAL STUDY 

 

S.no 
Initial 

weight 

Baseline serum 

cholesterol 

level 

Baseline serum 

testosterone 

level 

Baseline serum 

progesterone 

level 

Baseline 

serum 

estradiol 

level 

1 98.0 80 0.1 5.4 7.2 

2 97.5 91 0.1 4.2 6.4 

3 97.0 81 0.1 3.9 6.5 

4 96.9 78 0.1 4.9 6.3 

5 96.9 90 0.1 4.5 7.4 

6 97.0 80 0.2 4.4 6.5 

7 98.0 86 0.1 4.5 7.0 

8 100 80 0.1 5.3 6.6 

9 96.2 72 0.3 5.0 6.0 

10 96.1 73 0.1 3.6 5.8 

11 95.3 70 0.1 3.1 6.2 

12 98.0 79 0.1 3.9 7.1 

13 95.9 71 0.1 4.0 7.3 

14 96.0 69 0.1 3.9 7.2 

15 96.5 70 0.2 4.2 6.2 

16 99.0 69 0.1 5.2 6.5 

17 95.2 69 0.1 5.1 6.8 

18 99.4 70 0.1 3.7 7.1 

19 98.3 71 0.1 4.3 7.0 

20 97.2 80 0.1 4.0 6.5 

21 96.0 82 0.1 4.9 6.0 

22 96.5 73 0.1 4.9 6.2 

23 95.9 71 0.2 4.5 6.1 

24 95.6 75 0.1 4.3 5.8 

25 99.0 73 0.1 4.1 5.9 
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GROUP F TEST RATS (TREATED TO BE WITH RAW SOY BEAN) PRIOR TO 

EXPERIMENTAL STUDY 

S.no 
Initial 

weight 

Baseline serum 

cholesterol 

level 

Baseline serum 

testosterone 

level 

Baseline serum 

progesterone 

level 

Baseline 

serum 

estradiol 

level 

1 98.0 80 0.1 5.9 7.7 

2 97.5 94 0.1 4.0 6.4 

3 97.0 81 0.1 3.9 6.3 

4 96.9 73 0.1 4.5 6.3 

5 95.9 90 0.1 4.6 7.1 

6 97.0 82 0.2 4.4 6.5 

7 99.0 89 0.1 4.0 7.2 

8 98.0 80 0.1 5.3 6.5 

9 95.2 72 0.1 5.9 6.6 

10 96.1 70 0.1 3.6 5.9 

11 95.3 73 0.1 3.3 6.2 

12 98.0 79 0.1 3.9 7.0 

13 96.9 70 0.1 4.0 7.1 

14 96.0 68 0.1 3.7 7.1 

15 97.5 70 0.2 4.2 6.2 

16 98.0 67 0.1 5.0 6.7 

17 95.2 65 0.1 5.1 6.8 

18 95.4 74 0.1 3.7 7.0 

19 98.3 71 0.1 4.3 7.1 

20 97.2 83 0.2 4.4 6.8 

21 96.0 82 0.1 4.9 6.2 

22 95.5 71 0.1 4.9 6.2 

23 95.9 73 0.1 4.8 6.0 

24 97.6 70 0.1 4.5 5.5 

25 99.0 73 0.1 4.2 5.9 
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GROUP A CONTROL RATS (FED WITH STANDARD RAT CHOW) AFTER 

SIX WEEKS OF EXPERIMENTAL STUDY 

S.no 
Final 

weight 

Final serum 

cholesterol 

level 

Final serum 

testosterone 

level 

Final serum 

progesterone 

level 

Final 

serum 

estradiol 

level 

1 215 85 0.1 5.9 7.2 

2 216 94 0.1 4.4 7.1 

3 217 80 0.1 3.9 6.6 

4 218 78 0.1 5.1 6.4 

5 220 92 0.1 5.0 7.2 

6 219 91 0.2 4.4 6.9 

7 223 89 0.1 4.6 7.4 

8 226 83 0.1 5.0 6.9 

9 225 76 0.1 5.1 6.0 

10 224 82 0.1 4.0 6.5 

11 221 71 0.1 5.0 7.2 

12 227 85 0.1 5.3 7.3 

13 220 70 0.1 4.1 7.1 

14 215 69 0.1 4.3 6.2 

15 214 79 0.1 4.5 6.8 

16 213 67 0.1 4.0 7.1 

17 219 69 0.1 5.0 7.0 

18 229 77 0.1 3.9 6.8 

19 230 71 0.1 4.9 6.0 

20 228 80 0.2 5.3 6.5 

21 230 82 0.1 5.0 6.4 

22 227 71 0.1 4.0 6.5 

23 DEAD - - - - 

24 230 74 0.1 3.9 7.0 

25 228 76 0.1 3.6 6.3 

 



303 

 

GROUP B TEST RATS TREATED WITH CHICKEN FEED AFTER SIX WEEKS 

OF EXPERIMENTAL STUDY 

S.no 
Final 

weight 

Final serum 

cholesterol 

level 

Final serum 

testosterone 

level 

Final serum 

progesterone 

level 

Final 

serum 

estradiol 

level 

1 225 99 28.4 6.8 12.5 

2 230 93 28.4 5.9 13.7 

3 235 103 28.1 6.5 11.4 

4 229 97 28.0 5.2 12.4 

5 234 105 28.2 6.5 15.1 

6 208 96 28.5 7.4 12.1 

7 DEAD - - - - 

8 225 104 28.4 7.0 14.2 

9 229 100 28.5 5.9 11.8 

10 234 94 28.5 7.5 13.8 

11 233 101 28.5 6.8 12.2 

12 237 98 28.1 7.6 14.2 

13 223 119 28.4 8.3 12.5 

14 228 113 28.4 6.3 13.7 

15 229 114 28.2 7.5 12.7 

16 231 101 28.0 8.0 13.6 

17 DEAD - - - - 

18 230 120 28.2 9.2 13.0 

19 233 114 28.3 8.9 12.1 

20 DEAD - - - - 

21 225 98 28.0 8.6 15.1 

22 226 93 28.1 7.7 11.6 

23 230 110 28.4 8.0 10.3 

24 DEAD - - - - 

25 231 95 28.1 8.2 11.3 
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GROUP C TEST RATS TREATED WITH COMMERCIALLY AVAILABLE 

CHICKEN BONELESS MEAT AFTER SIX WEEKS OF EXPERIMENTAL 

STUDY 

S.no 
Final 

weight 

Final serum 

cholesterol 

level 

Final serum 

testosterone 

level 

Final serum 

progesterone 

level 

Final 

serum 

estradiol 

level 

1 248 116 2.0 3.5 9.5 

2 DEAD - - - - 

3 249 108 2.3 3.2 9.7 

4 255 97 1.3 2.1 9.4 

5 259 105 3.0 3.1 10.4 

6 260 108 2.5 2.8 9.1 

7 DEAD - - - - 

8 260 104 1.8 1.6 9.2 

9 259 92 3.2 1.9 9.8 

10 249 119 3.0 2.8 11.0 

11 252 111 2.0 1.7 10.2 

12 DEAD - - - - 

13 258 109 3.3 4.7 11.1 

14 260 103 3.0 3.0 10.7 

15 264 104 3.1 3.3 9.6 

16 251 99 2.6 3.1 11.4 

17 DEAD - - - - 

18 246 101 2.7 2.8 10.6 

19 248 117 3.2 2.0 9.6 

20 DEAD - - - - 

21 260 108 2.0 3.2 9.6 

22 DEAD - - - - 

23 258 110 3.2 2.3 9.3 

24 DEAD - - - - 

25 259 95 2.1 2.8 10.3 
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GROUP D TEST RATS TREATRED WITH FREE RANGE CHICKEN 

BONELESS MEAT AFTER SIX WEEKS OF EXPERIMENTAL STUDY 

S.no 
Final 

weight 

Final serum 

cholesterol 

level 

Final serum 

testosterone 

level 

Final serum 

progesterone 

level 

Final 

serum 

estradiol 

level 

1 185 69 0.1 13.1 5.2 

2 189 70 0.1 14.0 6.6 

3 200 74 0.1 12.3 8.4 

4 190 66 0.1 11.5 5.9 

5 194 54 0.1 14.1 7.1 

6 196 71 0.2 16.0 5.9 

7 194 73 0.1 13.5 8.2 

8 197 70 0.1 12.6 4.2 

9 200 66 0.1 12.3 3.9 

10 DEAD - - - - 

11 199 76 0.1 15.1 6.0 

12 189 69 0.1 12.2 5.2 

13 197 60 0.1 11.4 4.1 

14 190 65 0.1 11.3 6.7 

15 195 66 0.1 13.0 8.1 

16 199 73 0.1 14.0 8.0 

17 198 77 0.1 15.1 4.9 

18 200 75 0.1 12.2 5.5 

19 199 72 0.1 16.0 6.6 

20 201 77 0.1 13.3 7.0 

21 193 62 0.1 11.1 8.2 

22 195 65 0.1 11.0 6.9 

23 193 62 0.1 12.0 6.5 

24 200 70 0.1 11.9 5.9 

25 194 56 0.1 12.6 7.5 
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GROUP E TEST RATS TREATRED WITH RAW SPINACH AFTER SIX 

WEEKS OF EXPERIMENTAL STUDY 

S.no 
Final 

weight 

Final serum 

cholesterol 

level 

Final serum 

testosterone 

level 

Final serum 

progesterone 

level 

Final 

serum 

estradiol 

level 

1 190 8700 0.1 6.4 5.0 

2 194 77 0.1 7.0 5.9 

3 196 79 0.1 6.6 6.9 

4 191 75 0.1 6.3 5.4 

5 192 69 0.1 6.4 5.5 

6 195 68 0.1 5.9 4.6 

7 199 74 0.1 8.2 5.5 

8 200 75 0.1 8.3 4.9 

9 195 84 0.1 5.5 5.4 

10 DEAD - - - - 

11 190 76 0.1 6.8 6.0 

12 194 89 0.1 7.2 5.2 

13 193 70 0.1 7.3 4.1 

14 200 75 0.1 6.0 4.7 

15 199 76 0.1 6.4 4.1 

16 201 73 0.1 7.0 4.0 

17 195 77 0.1 6.5 4.9 

18 194 75 0.1 6.4 5.5 

19 197 72 0.2 6.4 6.6 

20 196 77 0.1 5.9 7.0 

21 200 62 0.1 8.0 5.2 

22 190 65 0.1 5.7 6.9 

23 191 62 0.1 7.8 6.5 

24 193 70 0.1 7.2 5.9 

25 190 56 0.1 6.0 4.5 
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GROUP E TEST RATS TREATRED WITH RAW SOY BEAN AFTER SIX 

WEEKS OF EXPERIMENTAL STUDY 

S.No 
Final 

weight 

Final serum 

cholesterol 

level 

Final serum 

testosterone 

level 

Final serum 

progesterone 

level 

Final serum 

estradiol 

level 

1 190 80 0.1 5.6 5.0 

2 199 77 0.1 5.9 5.9 

3 196 79 0.1 6.0 6.8 

4 200 85 0.1 5.9 5.4 

5 202 69 0.1 5.8 5.5 

6 210 68 0.1 5.7 5.6 

7 199 74 0.1 6.2 5.2 

8 200 75 0.1 6.4 4.9 

9 205 84 0.2 5.0 5.4 

10 DEAD - - - - 

11 215 56 0.1 5.7 5.8 

12 209 59 0.1 5.9 5.2 

13 203 70 0.1 6.7 5.1 

14 197 - - - - 

15 190 76 0.1 6.4 5.1 

16 201 73 0.1 5.8 6.0 

17 195 77 0.1 6.0 5.9 

18 201 75 0.1 5.9 5.5 

19 197 72 0.1 6.2 6.6 

20 196 77 0.1 6.3 7.0 

21 200 62 0.1 5.8 5.2 

22 190 65 0.1 6.4 6.9 

23 191 62 0.1 6.5 6.5 

24 193 70 0.1 5.9 5.9 

25 195 76 0.1 5.8 6.5 

 


