
Chapter 4
Modification of Animal Products
for Fat and Other Characteristics

Ali Saeed, Muhammad Abubakar and Oguz Kul

Abstract This chapter includes information about modification of animal products
using biotechnology and the importance of different modifications on the natural
composition. The species considered for modified products include beef and dairy
cattle, sheep, goats, poultry, and a wide variety of fishes. Moreover, the discussion
includes the importance of animal food, nongenetically engineered animal modified
food products, genetically engineered animal modified food items primarily for
meat, milk, or egg and genetically engineered animal food along the transgenic
approach for animal welfare. Modern biotechnology can improve productivity,
consistency, and quality of alter animal food, fiber, and medical products. The
transgenic technology is potentially valuable to alter characters of economic
importance in a rapid and precise way. The food safety issue related to genetic
engineering is also included in this chapter. The harm of such modified food and
transgenic strategy should also be understood by the reader along with its advan-
tages. In this context, transgenic approaches in animal biotechnology are under
discussion that ranges from animal food production to their adverse effects.

4.1 Introduction

After domestication of animals their products have been used by man for thousands
of years. Animal biotechnology has been practiced in one form or another since the
beginning of the domestication of animals. Previously, the tools used for
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modification of desired products in animal breeding, genetics, and nutrition have
played an important role in the selection, propagation, and management of desirable
and economically important characteristics in livestock. Later, it developed some
breeding strategies by phenotypic characters for improvement and selection of the
desired traits in animals. However, the desired characters could not have been often
achieved by such conventional means of breeding and selection (Madan 2005).

Industrial scale production of proteins can be offered by milk, egg white, blood,
urine, and seminal plasma of transgenic animals. In 2000, the first recombinant
protein expressed in transgenic animal was marketed. A number of technical
problems remain to be addressed before optimization of different systems for the
production of various recombinant proteins (Houdebine 2000). However, the pro-
ductions of transgenic animals became quite easy due to animal cloning technol-
ogies and other advancement in transgenic animal techniques, but the cost of
production of such animals is still a major limitation. Different studies on transgenic
animal production were performed in the last 15 years with limited transgene
expression due to inappropriate construction of expression vectors (Houdebine
2000).

Animals were initially considered a good source of biomolecule and drug pro-
duction due to a number of reasons; (1) The ability of mammary glands for the
production of complex molecules, (2) engineered animals can produce high amount
of protein, (3) reduced per unit protein cost in animal bioreactors, (4) finally, safer
and flexible source for the production of human protein, especially vital human
protein and blood products. Recently, animals are considered to develop almost all
types of human proteins and proteins of industrial importance (Gottlieb and Wheeler
2011). Previously, assisted reproductive technologies (ART), such as artificial
insemination (AI), superovulation (SOV), embryo transfer (ET), and in vitro embryo
production (IVEP), contributed to animal breeding programs for faster development
of desirable traits in a shorter period of time compared to classical approaches. The
use of modern transgenic technologies along with ART to develop livestock with
current genomes has played an increasing vital role in the genetic improvement and
development of livestock with desired genetic materials. The stem cell technologies
inclusion to the genetic “toolbox” has further improved scientists’ capabilities of
livestock genome desired modification and physiology (Wheeler et al. 2010).

Modern livestock production has been dependent on biotechnology for devel-
opment of improved feedstuff, feed ingredients, vaccines, biological, enzymes, high
quality genetics, genetic markers, and assisted reproduction. Biotechnology
encompasses a variety of modern techniques including genetic engineering, genetic
modification, transgenic techniques, recombinant DNA technology, and cloning to
develop selected characteristics in animal food products. Some examples of these
products are fat and meat content ratio, alteration of milk component, modification
in hair or fiber contents, and production of targeted proteins in certain animals
(Cowan 2010).

The techniques to produce genetically engineered animals have been existing for
more than 20 years, but recently livestock have been produced with desirable
characters to improve animal agriculture and human health (Wheeler 2003).
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Commercial producers are much interested in the application of modern biotech-
nology to improve productivity, consistency, and quality of altered animal food,
fiber, and medical products. The transgenic animal technology is potentially
valuable to alter characters of economic importance in a rapid and precise way.
However, this technology needs the complete information and knowledge of gene
that control specific characters and their regulations. The classical program of breed
improvement for desired characters does not need any specific information about
genes and gene regulation (Montaldo 2006; Wheeler et al. 2010).

4.2 Modification with Modern Transgenic Techniques

4.2.1 Modification in Fat Contents

The animal fat content, as a result of modern transgenic techniques, would be the
most important future strategy to improve animal dairy and meat products for safe
consumption by humans. These alterations will make such products more valuable
and desirable for patients suffering from cancer or heart diseases. Moreover, these
products can also reduce risk of lethal diseases such as chronic heart disease and
cancer with consumption of animal product lower in bad or higher in good fat
contents. Some additional benefits can also be achieved along with safe con-
sumption of fat products of transgenic animals such as increased shelf life, or
storage of animal fat to avoid rancidity and oxidation. Future development may
make it possible to introduce the transgenes, knockout, and knockin with more
precision. Issues related to transgenic products still need attention and further
improvement is required, such as large-scale production, cost-effectiveness, GMO
regulation, and consumer choice.

The exogenous fats in the human diet serve as raw material for the production of
indigenous fats, cholesterol, and phospholipids. Food fats contribute a greater
relation to food nutritional calories; about nine calories per gram which is almost
twice the energy obtained from carbohydrate and protein. Fats are a group of
chemicals that belong to fatty acids. Palmitic acid, stearic acid, and oleic acid are
the most common fatty acids found in animal fats. These fats can be synthesized by
the human body, but another class of essential fats that cannot be produced by the
body include linoleic acid, linolenic acid, and arachidonic acid; these must be from
exogenous sources along with the diet (Campbell and Reece 2002).

Naturally occurring fatty acids are of two types: saturated and unsaturated. Sat-
urated fatty acids have no double bond between the carbon atoms, all carbon chains
are entirely occupied with hydrogen. Saturated fatty acids are mainly of animal origin
(Keys et al. 1965). These fatty acids are considered “bad fats” because they increase
both high density lipoprotein and low-density lipoprotein cholesterol level in the
body of consumers. Unsaturated fatty acids mainly originate from plants. They are
categorized into two major type: monounsaturated fatty acids and polyunsaturated
fatty acids. Monounsaturated fatty acids have one double bond in the carbon chain;
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while polyunsaturated fatty acids have two or more double bonds in the carbon chain.
These fatty acid are considered “good fats” because they only increase the level of
high density lipoproteins, while they decrease the level of low-density lipoproteins
(Keys et al. 1965; Grundy 1986; National Research Council 1988).

Dairy milk has almost 60 % of saturated fats, as a consequence, decrease in the
intake of dairy products has been observed worldwide. These saturated fats increase
the plasma cholesterol level, as a result, an increased risk of coronary heart diseases
(CHD) (Parodi 2004). Milk fat has a number of functional components and bio-
active compounds. These functional components play a vital role in development of
many diseases. It is now known fact that persons with high risk of heart-related
diseases and high risk of prostate, colon and breast cancer are those who consume
diet with high quantity of fatty acids, especially saturated fatty acid (Parodi 2004;
Jube and Borthakur 2006). The sex, breed, and age of an animal affect the fatty acid
composition but nutrition has a direct effect on the fatty acid composition in animal
products. Previously, pork meat was produced with increased amounts of omega-3
with the use of 11 % flaxseeds in the diet of pork (Mavromichalis 2001).

The increase in unsaturated fatty acids components in animal products increase
the risks of rancidity and reduces the shelf life of such products due to oxidation
(Decker and Xu 1998). These types of undesirable sensory and health effects due to
lipid oxidation can also be avoided or reduced with vitamin E supplementation in the
animal diet. The animal products supplemented with vitamin E enriched diets
demonstrate antioxidant activity and reduce rancidity to maintain the natural color of
meat. Experimentally, beef and chickenmeat and egg compositions have been altered
with different feeding strategies (Decker and Xu 1998; Pszczola 1998; Sloan 2000).

Previous investigations suggest that the risk of cancers and CHD can be reduced
with the modification of daily diet consumption (Parodi 2004). Health agencies
including the American Diabetes Association, the American Dietetic Association,
and the American Heart Association suggest that fatty acids should not contribute
more than 30 % of the total daily calories consumption (Parodi 2004; Jube and
Borthakur 2006). Some other studies also suggest that the risk of these diseases can
also be reduced through consumption of plant rich foods. Milk saturated fatty acids
are usually consideredmore harmful for human health. During the past decade, a lot of
evidence came into consideration that many animal milk derived fatty acids can offer
important human health benefits for chronic heart disease and cancer (Parodi 2004).

The expression of stearoyl-CoA desaturase in goat mammary gland and
Caenorhabditis elegans Δ- and Ω-3 desaturase genes in transgenic mice produced
milk enriched with linoleic acid contents. These approaches may also help to
produce milk from transgenic animals with such value addition to reduce the car-
diovascular diseases caused by milk fat. Modified milk of transgenic animals with
secretion of Omega-3 lipid is another possibility to reduce the cardiovascular dis-
eases with consumption of dairy milk (Soler et al. 2006).

Dairy milk contains approximately 3–4 % fat, depending on breed, nutrition, and
stage of lactation. As previously mentioned, milk fats may increase the risk of
cardiovascular disorders in humans (Soler et al. 2006). The change in major
enzymes for fat production can modify the production of fat in the milk. The acetyl
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coenzyme A (CoA) carboxylase is a major enzyme responsible for de novo syn-
thesis of milk fat from acetate conversion inside the mammary gland. Almost 50 %
of milk fat is synthesized by this method and modification in this enzyme can lead
to alter the milk fat contents. The reduction in the quantity of this enzyme would
lead to extreme reduction in the amount of fatty acids in milk. Similarly, it would
reduce the requirement of dietary nutrition for the production of fatty acids in milk.
However, the alteration in the α-lactalbumin would also be another strategy for
modification in milk fat (Yom and Bremel 1993).

The composition of animal fat in red meat can also be managed using animal
husbandry practices. The meat or beef fat composition would differ in animals
feeding on feedlots and animal feeding on pasture. Fat composition depends on the
genetics, nutrition of animals, meat cuts, and fat trimming influences (Scollan et al.
2006). In animals, the fat is deposited and localized intramuscularly (marbling) and
subcutaneously (Scollan et al. 2006). Oleic acid contributes the most prominent part
of the fatty acids present in pig, sheep, and cattle meat, while palmitic acid is the
most predominant saturated fatty acid (Scollan et al. 2006). Poultry rearing in free
range systems does not produce meat with high fat value, while the poultry with
high energy diet can achieve a significant level of fat contents. Breast meat of free
range broiler has high poly unsaturated fatty acids (PUFAs) and mono unsaturated
fatty acids (MUFAs) content, while it is low in saturated fatty acids (SFAs) (Ponte
et al. 2008). Poultry skin has more than 40 % fat, while dark meat has 10 %, and
white meat has 4 % fat. Poultry meat contains 21 % PUFAs, 45 % MUFAs, and
30 % SFAs (Sayed et al. 1999; USDA 2008).

Conjugated linoleic acid is a naturally occurring fatty acid in animal products
such as meat and dairy milk. The conjugated linoleic acid in milk has been recorded
up to 2–37 mg g−1 , while cis-9 and trans-11 conjugated linoleic acid contents have
also been recorded up to 53.7 mg g−1 of fatty acid and 51.5 mg g−1 of total milk fat
(Javor et al. 2008). The concentration of conjugated linoleic acid in animal products
has been improved with feed and diet such as fresh pasture, total mix ration contain
fish oil or sunflower as feed additive. Furthermore, the breed, age, and lactation
number also have little influence on the concentration of conjugated linoleic acid.
Interestingly, the conjugated linoleic acid concentration improved after cooking or
processing (Javor et al. 2008). Most recent significant discovery of animal fats and
fatty acids is related to the conjugated linoleic acid (CLA) in association with
ruminant milk fats and meat. It has also forced authorities to reconsider the rec-
ommendations related to impact of animal fat on public health (Javor et al.2008).
Linoleic acid is also a powerful naturally occurring anticarcinogen, antiatherogenic,
and immunomodulatory. The National Academy of Science report on carcinogens
and anticarcinogens in food declared linoleic acid as the only anticarcinogen fatty
acid present in food (Javor et al.2008). In some previous studies, conjugated linoleic
acid has successfully suppressed fore-stomach tumors in mice, aberrant cryptic
colonic foci in rats, and rat mammary tumors (Javor et al. 2008). Many other
saturated fatty acids are neutral inside the human body and do not increase the
plasma cholesterol level. Moreover, it has a significant role to alter body fat com-
position and as a weight reducing agent with reduction in animal fat deposition in
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body by increasing the rate of lipolysis in adipocytes (National Research Council
1996; Javor et al. 2008).

Moreover, a number of saturated fatty acids present in milk have advantageous
effects such as conjugated linoleic acid, vaccenic acid, sphingolipids, butyric acid,
13-methyltetradecanoic acid, and ether lipids which are mostly anticarcinogenic.
Conjugated linoleic acid, oleic acid, omega-3 fatty acids are useful to avoid car-
diovascular diseases. Conjugated linoleic acid is also very useful to improve the
immune response and bone health (National Research Council 1996). However,
dairy fats that include lauric, myristic, palmitic acid in human diet increase the
blood plasma cholesterol, low and high density lipoprotein cholesterol level
(Kris-Etherton and Yu 1997; National Research Council 1996). The transgenic
approach to alter such fat components of dairy milk would increase the accept-
ability of milk along with reduction in the risk of chronic heart diseases (CHD) to
consumers.

Normally, unsaturated fats present in diet are of cis-configuration but at the same
time they are of trans-configuration. Trans fatty acids are involved in raising the
blood cholesterol level. Diets containing trans fatty acids increase the risk of CHD.
Fatty acid receives trans double bonds during chemical processing or partial
dehydrogenation of vegetable oil. Animal products have trans double bond during
rumen biodegradation and formation of intermediates, which is a natural source for
generation of trans fatty acids. Unsaturated fatty acids are toxic to rumen micro-
organisms. The microorganisms carried out massive biodegradation, and as a result,
produced 1–8 % trans fatty acids to the total rumen lipids. The major natural
sources of trans fatty acids are ruminant meat and dairy products (Lock et al. 2005).

The trans fatty acids-related risk of CHD needs more investigation; but the trans
fatty acids of natural or animal origin differ with industrial trans fatty acids with
respect to chronic heart diseases. It may be due to the difference in specific amino
acids and trans fatty acids isomers such as trans 9 and trans 10 fatty acids that mainly
exist in industrial sources. The most important reason of this difference may be due to
conversion of vaccenic acid (11-trans octadecenoic acid; VA) a major trans fatty
acid in the fat of ruminants to rumenic acid (9-cis, 11-trans octadecenoic acid; RA) in
tissues, an isomer of conjugated linoleic acid, by Δ9-desaturase. The human body
can also convert this vaccenic acid to rumenic acid (Palmquist et al. 2005).

Studies have investigated the role of milk trans fatty acids on the blood plasma
cholesterol. But interestingly, naturally enriched trans fatty acids animal fats have
no undesirable effect on the blood plasma cholesterol even at very high intake.
Vaccenic acid (VA) to rumenic acid (RA) conversion has potential benefits to
control cardiovascular diseases and to reduce the adverse effects of trans fatty acids
on human plasma cholesterol level. However, this topic needs more investigation,
especially to improve human health and to enhance the use of animal natural fats
(Lock 2007). Moreover, the transgenic approaches in animals to improve all adverse
effects of fatty acid with substitution of useful fatty acids would be a good strategy
to improve the health of consumers and consumption of animal dairy products.

Genetic manipulation in transgenic animals offers to alter the carcass lower in fat
and cholesterol. In addition, modern biotechnological techniques make this possible
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to put useful fatty acids in transgenic animals such as polyunsaturated fatty acids.
Polyunsaturated fatty acids (PUAFs) contain 18 or more than 18 carbon atoms; and
two or more than two double bonds. PUAFs two major groups are omega-6 (n-6)
and omega-3 (n-3), on the basis of double bond near the methyl end of fatty acid.
Polyunsaturated fatty acids n-3 and n-6 are important constituents of phospholipids
in the tissues throughout the body. PUFAs n-3 is especially enriched in the retina
and brain (DeFilippis and Sperling 2006; Simopoulos 2006). Mammals lacking in
desaturase require the synthesis of linolenic acid (n-6) and alpha linolenic acid (n-
3). Omega-3 fatty acid desaturase is also absent in mammals, as a result, n-3 and n-
6 polyunsaturated fatty acids are not interconvertible in mammals. Polyunsaturated
fatty acid n-3 and n-6 are essential fatty acids for mammals, which must be taken
along with diet. The consumption of n-6 polyunsaturated fatty acid increased during
the last one and a half century due to the use of vegetable oils of corn, sunflower
seeds, cottonseed, and soybeans origin. The vegetable oil from such sources is
much enriched with n-6 polyunsaturated fatty acids, but n-3 polyunsaturated fatty
acids are deficient in these sources. Recently, the consumption of n-3 poly unsat-
urated fatty acids is much lower due to less consumption of fish meat; and con-
sumption of meat and egg produced from commercial feed enriched with n-6
polyunsaturated fatty acids, which is deprived of n-3 polyunsaturated fatty acids
(Simopoulos 2006). Previously, many potential useful effects of Omega-3 have
been discovered and studied in many populations, large animals, primates, and
swine. The major beneficial effects include antiatherosclerotic, reduction in the risk
of cardiovascular diseases by reducing the triacylglycerol, cholesterol, and VLDL
concentration; reduction in many inflammatory markers such as CRP, IL-6,
E-selectin, ICAM-1, VCAM, 1IL-1β, and TNF-α; reduction in platelet accumula-
tion and thrombosis, downregulation of PDGF and triggered mononuclear cells;
preventing ventricular arrhythmias (Prather et al. 2008).

In previous studies, omega-3 polyunsaturated fatty acids desaturase gene, also
called fat 1, has been successfully introduced in mice from a roundworm called
Caenorhabditis elegans (reference). The product of this gene can convert n-6 into n-
3 polyunsaturated fatty acids. Some later investigations revealed resistance in these
transgenic mice to certain diseases such as colitis, chemically induced hepatitis,
prostate cancer, and melanoma (Prather et al. 2008). Human fat 1 gene was intro-
duced into pig with somatic cell nuclear transformation, in a result, threefold
increase the level of n-3 polyunsaturated fatty acids along with 25 % decrease in n-6
polyunsaturated fatty acids by the efficient conversion of n-6 into n-3 polyunsatu-
rated fatty acids (Lai et al. 2006; Li et al. 2006). This conversion reduced the n-6/n3
up to five folds in these transgenic pigs compared to control or wild pigs. The
reduction of this ration of n-6/n-3 was observed in almost all tissues of transgenic pig
in contrast to control animal (Lai et al. 2006; Li et al. 2006). Transgenic pigs were
developed with plant gene insert (fatty acid desaturation 2 gene) for 12 fatty acid
desaturase from spinach. In transgenic animal linoleic acid (18: 2n-6) in adipocytes
was ten times more and white adipose tissue contained 20 % more linoleic acid than
wild-type pig (Saeki et al. 2004). Previous findings such as expression of fatty acid
desaturase gene insertion in mammals made this possible to alter the fatty acid
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compositions in domestic animals with modern recombinant biotechnology for
production of more useful fats of animal origin for human consumption (Montaldo
2006). Bucher et al. (2002) suggested in 11 randomized meta analysis that the intake
of omega-3 reduced mortality due to myocardial infarction and death due to chronic
heart disease. The people consumption of omega-3 is 8–10 % of the recommended
daily intake, while of omega-6 is 1000–2000 %. This imbalance can be improved
with increased intake of omega-3 enrich diet such as fishes, salmons, eel, herring,
sardines, omega-3 rich eggs of hens with modified diet. The omega-3 containing
transgenic approaches are under consideration of many commercial companies
(Lewis et al. 2000; Pulina et al. 2006). Scheeder et al. (2001) produced cow feed rich
with omega-3 without any unpleasant effect on meat texture. Furthermore, omega-3
fatty acids gene can be introduced from fish or other sources to livestock to make
transgenic animals rich in omega-3. Transgenic animals with omega-3 transgene or
the transgene to convert omega-6 to omega-3 would produce valuable diets to
balance the omega-6 in daily intake (Wheeler 2012).

Potential other genes can also be targeted from cholesterol and fat biosynthesis
pathways to develop transgenic animal for modification in fat contents such as
cholesterol 7-alpha hydroxylase, hydroxymethylglutaryl coenzyme A (HMG-CoA)
reductase, fatty acid synthase, and lipoprotein lipase. Furthermore, leptin hormone
gene and the low-density lipoprotein (LDL) receptor gene can be possible targets in
transgenic approaches. The products of these transgenes could decrease fat and
cholesterol in dairy and other products of transgenic animals (Wheeler 2012).

Cholesterol 7-alpha hydroxylase (CYP7A1) protein controls the pathway for
conversion of cholesterol to bile. Bile acids have a significant role in the digestion of
fat soluble vitamins and triglycerides. In addition, bile acids provide a metabolic
pathway to reduce excessive cholesterol from the body. Bile acids also have some
toxic effects such as farnesoid X receptor (FXR)/small heterodimer partner (SHR)
dependent and independent reduction in the expression of cholesterol 7-alpha
hydroxylase (CYP7A1) gene (Davis et al. 2002). In a recent study, transgenic
C57BL/6 mice produced with CYP7A1 expression in the liver increased fivefold the
enzyme activity and twice the bile acid pool size. Instead of toxic effects, the trans-
genic mice with overexpression of CYP7A1 in the liver clogged the diet-mediated
atherosclerosis and gallstone formation. These studies propose that CYP7A1 may be
a better therapeutic target in the future to control these diseases (Davis et al. 2002).

Similarly, hydroxymethylglutaryl coenzyme A (HMG-CoA) reductase is
microsomal enzyme in the de novo synthesis of cholesterol in liver. More than 50 %
of the cholesterol in humans comes from de novo synthesis in liver. The cholesterol
level in the body can be modified with alteration in the expression of HMG-CoA
gene. Furthermore, fatty acid synthase is a vital dimer protein in fatty acid synthesis.
The dimer subunits alter confirmation at two acyl carrier protein center to generate
fatty acids. The malonyl-CoA in mammals to palmitate conversion can be catalyzed
with this single dimer multifunctional protein, which can be a better target in
transgenic approach to modify the fat content in animal products (Smith et al. 2003).

A single lipoprotein lipase (LPL) gene is also a better target for production of
transgenic animals with modified fat components. Lipoprotein lipase is also an
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important protein in mammals for fat metabolism and transportation. Lipoprotein
lipase can catalyze the hydrolysis of fatty acids components of circulating chylo-
microns and LDL. This catalysis provides nonesterified triglycerides and
2-monoacyl glycerol for tissue consumption. Previous studies reveal that this protein
can bind simultaneously to low-density lipoprotein and cell surface receptors such as
proteoglycans, which enhances the intracellular uptake of low-density lipoprotein
with non-catalytic bridge function. Abnormal expression of LPL and function is
directly or indirectly associated with physiological and pathological consequences
such as diabetes, Alzheimer’s disease, atherosclerosis, obesity, chylomicronemia,
and cachexia (Mead et al. 2002).

Previously, many other studies were conducted and successfully produced
transgenic animals with lower in fat contents.Ward et al. (1989) developed transgenic
lamb with ovine GH insert; the transgene insert was successfully expressed and
controlled by ovine metallothionein IA (oMT-IA) promoter in transgenic animals.
Transgenic animal reduced fat components up to five times compared to control
animals. Similarly, Pursel et al. (1989) developed transgenic pigs with humanGH and
bovine GH gene inserts, which successfully produced transgenic animals with
reduction in carcass fat but with little effect on growth. The transgene expression in
transgenic animals was controlled with mouse metallothionein IA (MT-I) promotor.
Wieghart et al. (1990) developed transgenic pig with bovine GH gene insertion and
expression was controlled with rat phosphoenolpyruvate carboxykinase (PEPCK)
promoter. The back fat depth was reduced by up to 41 % in the transgenic pig.

4.3 Modification in Animals for Meat and Carcass

The development of transgenic animals using modern biotechnology has been put
great insight into the action of gene regulation to control growth and development.
This technology made it possible to manipulate and evaluate the different growth
factor receptors, growth factors, and growth modulators (Rexroad et al. 1991;
Seidel 1999). Initially, scientists put great emphasis on the production of livestock
with simple or transgenic approach to alter carcass composition for meat purpose
with direct or foreign gene incorporation.

Previously, metabolic modifiers were also used to increase productivity of animals
such as modification of carcass composition (meat-fat ratio), increase in milk yield,
and decrease in animal fat. Most common modifiers are hormones of biological
origin. The recombinant bovine somatotropin (rBST) with modern biotechnological
tool in dairy cows has been successfully used to increase both milk production
efficiency and decrease animal fat. The rBST typically increased milk yield by
10–15 %. However, this increase is not significant because of low milk yields and the
high cost–benefit ratio. Recently, rBST is used commercially in 19 different countries
where the economic returns make its use worthwhile. A porcine somatotropin has
been developed and used to increase muscle ratio over fat deposition, which is
produced in transgenic pigs at greater market value (Wheeler et al. 2010).
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Transgenic mice have been produced in different studies with tremendous
increase in growth characteristics. Previously, the transgenic mice have developed
successfully for transgene expression for growth factors such as growth hormone
(GH), growth hormone releasing factor (GRF), and insulin-like growth factor I
(IGF-I) (Palmiter et al. 1982, 1983; Hammer et al. 1885; Mathews et al. 1988).
Further successes along the lines of mice and sheep were achieved with indepen-
dent expression of the foreign genes encoding growth hormone-releasing factor
(GRF) or insulin-like growth factor I (IGF-I) (Cameron et al. 1994; Murray et al.
1999; Montaldo 2006). Details of some important studies related to transgenic
technology for the improvement in meat and growth are given in Table 4.1.

Table 4.1 Transgenic technology application to improve meat production and growth rate
(Modified from Wall et al. 2009)

Introduced Modification Application
species

References

Insulin-like growth
factor 1

Increased meat
production

Pig Pursel et al. (1999)

Human and porcine
growth hormone
releasing factor

Increased meat
production

Pig Draghia-Akli et al. (1999),
Pursel et al. (1990)

Human growth
hormone releasing
factor

Increased meat
production

Pig Rexroad et al. (1989)

Bovine, human, and
porcine growth
hormone

Increased meat
production

Sheep Nottle et al. (1999), Pursel
et al. (1989, 1990)

Ovine growth
hormone

Increased meat
production

Pig Adams et al. (2002); Ward and
Brown (1998)

Inducible myostatin
knock out

Increased postnatal
muscle growth

Mouse Grobet et al. (2003)

Myostatin
disruption

Increased meat
production

Mouse Yang et al. (2001)

Sex-specific
disruption of
myostatin

Efficient cattle
production system for
dairy cows and
superior beef bulls

Mouse Pirottin et al. (2005)

Chicken c-ski
oncogene

Primarily involve in
hypertrophy of
muscles

Mice,
sheep, pig
and cattle

Palmiter et al. (1982), Pursel
et al. (1990), Bowen et al.
(1994), Cameron et al. (1994),
Murray et al. (1999)

Growth hormone
releasing factors and
insulin-like growth
factor

Increase the diameter
of muscles

Pig Neimann (1998)

Piscine growth
hormone

Shorter time to market Fish Devlin et al. (1994), Du et al.
(1992)
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In some other transgenic animal trials, growth hormone expression was effec-
tively increased in domestic animals such as pig, sheep, and rabbit (Prather et al.
2008). A number of genes have been used to make transgenic pig for growth and
modified carcass products such as growth hormone (GH1), insulin-like growth
factor 1 (IGF1), delta 12 fatty acid desaturase, B-cell lymphoma 2 (Bcl-2), omega-3
desaturase (hfat-1), and bovine alpha-lactalbumin (LALBA), phytase (Prather et al.
2008). These modifications improved the body weight and growth rate by
increasing the meat quantity, while some modifications only altered the meat
composition such as delta 12 fatty acid desaturase and omega-3 desaturase (hfat-1)
(Prather et al. 2008). Pig was a suitable candidate for production of modified body
composition with increase in carcass quantity. In the first study on transgenic pigs,
Pursel et al. (1989) successfully developed transgenic pigs with unsatisfied results.
The growth hormone (GH) transgene was inserted in transgenic pig, and little effect
was achieved on the growth. The transcription was not efficiently regulated in these
transgenic pigs ‘as a result’ the high level of growth hormone expression produced
side effects such as lameness, reduction in fertility, and vulnerability to stress
(Pursel and Rexroad 1993). Later, “super pigs” were also developed with ovine
growth hormone (oGH) transgene into pig. The transgenic pigs clearly gained more
muscle content compared to wild or nontransgenic pigs. Unfortunately, super pigs
suffered from arthritis and bone thickness (Pursel et al. 1997).

High level of serum growth hormone was observed in transgenic pigs and sheep
with GRF and IGF-I, which incremented with increase in protein diet. However,
transgenic animals reduce fat content on body but no serious effect was observed on
the growth rate of the animals. Additionally, transgenic animals developed patho-
logical conditions such as severe reduction in reproduction (Murray et al. 1999). In
two other studies, transgenic pigs were produced with IGF-I and GRF, which
expressed and incremented the IGF-I and growth hormone level. Transgenic pigs
developed increased diameter of muscles and reduced fat contents without any
serious undesirable or pathological effects (Neimann 1998). Some other genes were
also attempted in the development of transgenic pig to change the meat or muscle
growth along with metallothionein promoter to control their expressions. A chicken
oncogene “c-ski” was introduced into transgenic sheep, mice, pigs, and cattle. This
gene is primarily involved in hypertrophy of several muscles, while decreasing the
fat deposition on the body. This approach has resulted in partial success although
muscular hypertrophy has been obtained in a few pigs and cattle (Palmiter et al.
1982; Cameron et al. 1994; Murray et al. 1999; Wheeler 2012).

The acid meat gene or Rendement Napole gene has been found associated with
lower processing output in many Hampshire pig lines and crossbreds. Pork with
low pH is produced in these lines and can be distinguished in different qualities
such as firmness, processing yield, shearing force, marbling, color, and water
holding capacity. Modern biotechnological tools such as “knockout technology”
may be a better approach to modify the postmortem pH, glycolytic potential, and
pork meat quality (Wheeler 2012). The growth pattern can also be affected by other
loci such as ryanodine receptor, myo-D, growth hormone release factor, sheep
callipyge, high affinity insulin-like growth factor binding proteins, and myostatin
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gene (Wheeler 2012). The differentiation factor 8 (DF-8) or myostatin “a member of
transforming growth factor β (TGF-β) family” gene has been found to have high
suitable locus for the development of transgenic animals for the increase in carcass.

Some cattle breeds such as Belgian Blue and Piedmontese developed double
muscle mass as a result of mutation in myostatin gene. The myostatin gene is highly
conserved in other species of animals such as human, ovine, rat, murine, zebrafish,
chicken, and turkey, which may also suggest to conserve functional role. Myostatin
knockout mice has been developed with increased lean muscles mass, which
enlarged the hip and shoulder of transgenic mice. Moreover, transgenic mice
achieved incremental skeletal muscles mass all over the body without any gross
abnormality. The homozygous animals of such knockout animals have achieved
2–3 times more muscle weight and 30 % more body weight compared to normal
animals. This increase in the muscular growth was due to hyperplasia of muscles
(Mcpherron et al. 1997). The myostatin knockout animals have some adverse
effects on reproduction on transgenic animals such as dystocia. The animal welfare
concern forced the researchers to overcome this health issue with postnatal inhi-
bition of myostatin gene in transgenic animal (Grobet et al. 2003).

The prodomain of myostatin could bind to mature myostatin, which would
inhibit biological activity of myostatin (Yang et al. 2001). The increase in muscle
growth and body weight has been observed in experimental mouse with transgene
over expression of prodomain segment. The transgenic mouse with overexpression
of prodomain segment presented 17–30 % more body weight and 22–44 % total
carcass weight compared to wild or control animal. The pMEX-NMCS2 vector
with a rat myosin light chain 1 (MLC1) promoter, an SV40 polyadenylation
sequence, and an MLC enhancer were used for overexpression of prodomain
segment into transgenic animal. In addition, the transgenic animals were not pre-
sented any defective phenotype, reproductive, and other undesirable health effects
(Yang et al. 2001). The RNAi is a more suitable tool for inhibition of myostatin
pathway. The site-specific RNAi molecule could provide more flexible, controlled,
and site directed inhibition of this gene expression (Yang et al. 2001). Pirottin et al.
(2005) has developed transgenic mice with site-specific Y-chromosome associated
expression of such competitive inhibitor molecules, which successfully produced
5–20 % more carcass weight or skeleton muscles in male animals. The females
were lacking transgene, transgene expression, and also growth characteristics due to
absence of Y-chromosome. The inducible or postnatal expression combine
approach would be more suitable to make transgenic bull for meat and elite dairy
cow simultaneously. Moreover, the sex-sorting technology would enhance the
application of this approach, because only bull contain such transgene and
expression (Wall et al. 2009).

There are many important genes associated with growth rate, growth factors,
growth receptor, and modulators, which can be considered for the future animal
transgenic approach for increased growth rate and feed conversion efficiency.
Indirectly, muscle growth or carcass can be achieved with cloning of different genes
to make transgenic animals for fat reduction such as hydroxymethylglutaryl
Coenzyme A (HMG-CoA) reductase, lipoprotein lipase, lipoprotein synthetase and
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cholesterol 7-alpha hydroxlyase (Wheeler 2012). Previously, the transgenic pigs
were also made with certain transgenes such as Bcl-2 and LALBA to gain indirect
carcass benefits. The transgenic pig with Bcl-2 transgene produced more number of
viable eggs in females, and transgenic pig with LALBA transgene made possible to
massive increase in weaning weight (Prather et al. 2008). Indirectly, more pork
could be produced with more number of animals and increased body weight at time
of weaning or marketing.

Certainly, many potential target genes can also be used to increase the feed
efficiency, feed digestion, and appetite to animals. The increase in feed efficiency
and appetite has a profound effect on the animal production for meat purpose. The
alteration in digestive enzymes profile can increase the feed efficiency and nutrient
up take from the digestive tract. The phosphorous bioavailability can be increased
from phytic acid in corn and soybean feed with introduction of digestive enzyme
such as xylanase phytase transgene into digestive system of other species such as
pig and poultry, which naturally lack this enzyme in their digestive systems
(Wheeler 2012).

The enzyme isocitrate lyase glyoxylate cycle can catalyze the conversion of
isocitrate to citrate and glyoxylate. The isocitrate lyase and malate synthase are the
enzyme of glucose metabolism in bacteria, fungi, and plants, while the placental
mammals missing these enzymes. As result of combine effects of both enzymes
solicit to evade the two carboxylation process in tricarboxylic acid cycle. The
glyoxylate cycle generates intermediates for the glucose synthesis and other bio-
synthetic precursors. In addition, greater expression of isocitrate lyase in a micro-
organism such as fungus could increase the pathogenicity of disease in plant,
animals, and humans (Dunn et al. 2009).

In higher plants, these enzymes have a most significant role in germination of
plants from oil seeds, which provide the acetyl-CoA for glyoxylate cycle to deliver
the primary nutrients and other metabolic intermediate prior to photosynthesis
(Eastmond and Graham 2001). The organisms could produce the acetyl-CoA
derived glucose and other metabolic intermediates from energy sources such as
acetate, fatty acids or poly-β-hydroxybutyrate, and ethanol (Dunn et al. 2009).
Ward (2000) has been reported sheep with transgene expression of bacterial iso-
citrate lyase and malate synthase. The expression of both genes in transgenic sheep
the successful expression of these transgenes solicited to increase the glucose
supply, better feed conversion into energy, and indirectly better growth rate. The
transgenic pig has been produced with phytase transgene. The phytase expression
was detected in saliva at day 7 of transgenic pig, the salivary phytase made this
possible to digest the phytate completely in the diet of transgenic animals. Fur-
thermore, this alteration reduced the need for inorganic phosphorous supplemen-
tation and environmental pollution due to animal production (Golovan 2001).

Cellulose is a major component in plant materials and foods. Ruminants have
cellulolytic enzyme for degradation and consumption of plant food. Mono stomach
or nonruminants are deficient in such enzyme and are incapable to digest plant food.
The transgenic nonruminants with transgenes of cellulolytic enzymes and suc-
cessful expression into digestive system could allow these animals to digest the
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plant material with cellulose. Fibrous feedstuff could be more frequently used for
nonruminants such as poultry and pigs for livestock production. In addition, the
competition could be reduced between human and animals for grains and cereals as
food. These would be beneficial in the future in the time of more food competition
and shortage (Wheeler 2012).

Increased carcass growth and quality would be solicited to overcome the future
food shortage challenges. The control of undesirable effects in genetic modification
needs more work of researchers for production of meat for safe human consump-
tion. Similarly, commercial producers of meat have great advantage with rapid
growth of transgenic animals in rearing to reduce the cost of production. In addi-
tion, transgenes with additional properties of animal welfare such as harboring
harsh environment would encourage economical and more sustainable farming in
different regions.

4.4 Genetically Modified Fish for Increased Growth Rate
and Other Traits

Fish are considered the healthiest food for human consumption, and they are good
candidates to be the first transgenic animal to be approved. The release of transgenic
animal in wild condition could be a good option, but a reliable technique for 100 %
sterilization of transgenic fish has not yet been established (Jube and Borthakur
2006). However, the transgenic technology solicited to develop large size fish with
more than 11 times as control. In addition, transgenic fish has no major side effects
and health problems. These “super fish” are more resistant to disease, more adaptable
to cold water, more sustainable in the wild condition compared to nontransgenic fish
(Devlin et al. 1994; Du et al. 1992).

The additional characteristics along with growth rate can also be achieved such
as antifreeze protein expression into plasma of transgenic fish. The ocean pout
(Macrozoarces americanus) and winter flounder (Pleuronectes americanus) has
been previously developed with such proteins and successfully tolerated the
freezing temperature of Atlantic Ocean (Davies and Hew 1990). The antifreezing
proteins are characterized into two major types such as antifreeze proteins (AFPs)
and antifreeze glycoproteins (AFGs). Antifreezing proteins and antifreezing gly-
coprotein could lower the freezing temperature of fish serum by attaching to ice
surface, to avoid crystal formation. Four type of AFPs (AFP I, AFPII, AFP III, AFP
IV) has been discovered, while only one type of AFGs has been identified (Davies
and Hew 1990; Jube and Borthakur 2006). The species of fish with aquaculture
importance, such as tilapia and Atlantic salmon, do not survive in the freezing
temperature especially in Northern Atlantic coast regions. Therefore, the cage
forming of such species are not possible in these regions of subzero temperature.
The production and use of transgenic fish, especially salmon with antifreezing
protein transgenes would expand the fish farming in the regions of subzero
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temperature along with reduction farming cost and price for consumers (Jube and
Borthakur 2006). The flounder AFPs belongs to AFPs type I with two isoforms
such as skin type and liver type. Skin type AFPs intracellular protein produced into
several peripheral tissues in the form of mature protein, while liver AFPs produce in
liver in immature form and need further modification before release (Hew et al.
1986; Jube and Borthakur 2006). Hew et al. (1999) reported transgenic salmons
(Salmo salar) to introduce piscine antifreeze protein transgene, which produced
liver-specific winter seasonal antifreeze protein. Initially, a single copy of liver type
AFPs was injected into fertilized salmon egg, and a stable expression of anti-
freezing protein was achieved. The consistent expression was observed up to three
generation with low concentration of antifreeze protein (250 μg/ml), which was
normally present up to 10–20 mg/ml in winter flounders. This expression was
insufficient to harbor the freezing temperature in transgenic salmon. Later, the high
concentration was achieved with increase in transgenes copy number. This modi-
fication made capable to transgenic salmon in successfully harboring the winter
freezing temperature. Similar study was performed on goldfish (Carassius auratus),
and transgenic goldfish was successfully harboring the freezing water due to
inference of piscine antifreeze protein transgene expression (Wang et al. 1995).
Previously, the transgenic tilapia fish (Oreochromis niloticus) have been established
with several salmonids genes constructs, but better results achieved with the Chi-
nook salmon GH gene under the control expression of ocean pout antifreeze pro-
moter (Rahman et al. 1998). The insertions of transgenes were achieved with
fertilized egg cytoplasmic microinjection technique. The researchers achieved a
successful genomic integration of transgene into founder (G0) tilapia, as well as in
subsequent generations G1 and G2 of transgenic tilapia. Chinook salmon GH
transgene expression into transgenic fish presented three times more growth rate
compared to wild tilapia and 33 % more feed conversion ratio (Rahman et al. 1998).
The farmer would be benefited with more body weight and lower feed consump-
tion. In addition, the expression of this gene would also cause reproductive infer-
tility, which is high desirable trait for the environmental release of transgenic fish
(Rahman et al. 1998).

Human glucose transporter 1 protein is encoded by SLC2A1 gene in human and
first categorized transporter protein. It belongs to solute carrier protein family 2,
which is involved in glucose transport across the cell plasma membrane (Mueckler
et al. 1985). The constant glucose supply from blood plasma is required to erythrocyte
for energy yielding. The human glucose transporter 1 protein increases the glucose
supply to erythrocytes with facilitated diffusion, which is almost 50,000 times higher
than translated transmembrane diffusion (Nelson and Cox 2008;Montel-hangen et al.
2008). The expression of human transporter 1 would increase with decrease in glu-
cose level in blood and decrease with increase glucose supply. This transporter
protein is very important for the uptake of basal glucose at very low level of glucose
for sustainable respiration in all cells (Montel-hangen et al. 2008). In addition, this
transported protein is also responsible for the vitamin C transport along with glucose
supply in nonvitamin C producing mammals (Montel-hangen et al. 2008).

4 Modification of Animal Products for Fat and Other Characteristics 69



Hexokinase is an enzyme for the phosphorylation of hexoses and converting into
hexoses phosphate. The most commonly glucose is converted into glucose-6-
phasphate, and the genes encoded hexokinase are found in different species
domains such as bacteria, plants, animals, and human. Hexokinase II and glucose
transporter protein 4 are most significant protein isoforms involved in the glucose
phosphorylation and transport in glucose sensitive tissues such as heart, skeleton
muscles, and adipose tissues (Burcelin et al. 1993). Hexokinase I and II can be
associated with mitochondria outside of exterior membrane with specific binding of
porin or voltage dependent anion channel. Mitochondrial attachments make this
possible to gain ATP directly after synthesis, which is one of the two substrates for
hexokinase. The tumor cell have almost 200 times higher or elevated level of
hexokinases, compared to normal cells (Bustamante and Pedersen 1977). Krasnov
et al. (1999a, b) has been reported the transgenic fishes with transgenes human
glucose transporter 1 (GLUT 1) and rat hexokinase II. The successful expression of
both transgenes improved glucose consumption in transgenic fish, which indirectly
solicited in growth and performance of transgenic fish compared to control or wild
animals. Similarly, many other enzymes genes from the glucose metabolism and
other pathways may be future strategies to improve productivity of farm animals.

Transgenic approaches in fish with growth-related transgene have been more
applicable to increase growth rate of nondomestic fish species, such as salmon,
while less applicable to domestic species of fish, such as trout, already selected on
base of growth rate. Some hurdles related to transgenic fish massive production and
consumption may be included; (1) effect on wild population of fish (2) doubts
related to health effects, and (3) whether these will be available soon. The creation
and release of animals into environments have two constrains; (1) the issues related
to release of such genetically modified organism and (2) controlled production of
the transgene expression, which need the production of more complex constructs
(Montaldo 2006). Because some studies has not revealed consistent results related
to the effect of growth. However, the safe genetic modification in fish such as
lacking any undesirable effect during wild culturing on other population would be
the next challenge for the researchers. Furthermore, the genetic modification in
aquaculture for desirable trait such as medicinal and nutritional benefits would also
be under the consideration of researchers.

4.5 Modification in Milk Contents

Milk is almost considered a perfect food in many societies due to its balanced
protein, fat, carbohydrates, mineral and ash contents. Milk has been used for the
nourishment of suckling animals for a long time due to complete and hygienic
source of food. The ruminant milk and dairy products have been accepted as
significant human foods from as early as 4000 B.C. The dairy industry has made
tremendous progress over the years and develops a variety of new dairy products
for human use (Lock 2007; National Research Council 2002). Moreover, dairy
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industry helps to meet the dietary requirements of human beings for energy, great
quality of desire proteins, minerals and vitamins. In the last quarter-century, the
nutritional quality of food has become increasingly important as a result of
emerging buyer awareness related to strong relation of food and health. Many dairy
foods have been identified or developed that contain specific components with
potential benefit to human being along with traditional nourishment (Karatzas 2003;
Lock 2007).

Cow milk constitutes 88 % water, 4.7 % carbohydrate, 3 % fat, 3.3 % protein,
and 0.7 % ash, which contains mineral and vitamin contents. Recent research has
illustrated that milk comprises a variety of bioactive constituents such as protein,
peptides, and fatty acids. The growth and quality of health in newborns can be
improved by increasing the level of any nutrient major nutrient such as protein, fat,
or lactose. Moreover, fermented milk products with desirable traits have the
potential to elicit addition health benefits (Lock 2007) (Fig. 4.1).

Bovine caseins can bind to bivalent cations due to phosphorylation; so this milk
is a good source of dietary calcium. Caseins can bind other bivalent cations such as
magnesium, iron, and zinc more in bovine milk than caseins in human milk. Casein
in bovine milk binds almost 65 % of calcium, while human milk binds only 5 %
calcium (Karatzas and Jeffrey 1997).

4.5.1 Milk Modification and Value Additions for Human
Consumption

Large scale sequencing and genome mapping techniques improved the knowledge
of animal genetics. A number of gene sequences or gene elements information is
available for desire effects (Karatzas and Jeffrey 1997). The conventional cross-
breeding of livestock, improvement through nutritional managements, and other
methods of quantitative genetics have very slow change in milk yield improvement
and now change in protein composition of milk. Milk with alter composition from
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Fig. 4.1 Composition of cow milk (Lock 2007)
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transgenic animals are now possible with modern technology. The modified milk
can be produced with high amount of proteins and all other growth factors naturally
deficient in milk (Bremel 1989). The modification in the composition of milk is not
limited to milk proteins; but can be extended to the manipulation in the lactose,
metabolic enzymes, milk fat, and the minerals in milk (Yom and Bremel 1993).

Modification of milk composition through genetic engineering can also improve
the health of animals and supplementation of other components along with milk
such as growth hormones, bioactive reagents, and other growth factors. In addition
to human, these components can also help to improve the immune status, growth,
development of gut and endocrine system of neonates (Wall et al. 1991). The
genetically modified animals can produce; (1) high quantity of milk, (2) greater
quantity of nutrient in milk, (3) milk with beneficial value additions such as nu-
traceutical proteins in the milk (Hartmann 1984) (4) milk without the undesired
components (e.g., lactose) (5) modified milk with the composition to make more
suitable for human consumption especially in neonates (Karatzas and Jeffrey 1997).
The number of such proteins like epidermal growth factor (EGF), insulin-like
growth factor 1 (IGF-I), transforming growth factor beta (TGF-β) and lactoferrin in
the newborns milk can increase the growth, health, and mental status (Konakci et al.
2005; Malcarney et al. 2005; Zhang et al. 2008).

Previously, only pharmaceutical proteins were produced from transgenic dairy
animals (reference). Now, milk designed with special compositions or milk with
potential human benefits may be competed for next a few years to capture the
global marketing worth almost $400 billion annually (Karatzas 2003). In addition,
the modified milk for nutrients and therapeutic value can be very beneficial for the
health of newborns. However, the concept has been postulated for many years that
milk protein contents can be incremented to the natural milk composition with the
help of modification in casein gene quantity (Table 4.2).

Milk composition can be altered by changing the specific and unique copy of
different milk protein genes. Milk composition modifications in transgenic animals
have different applications. Modified milk composition can make more suitable milk
for infants to drink. In composition human milk is deficient with β-lactoglobulin,
which has higher relationship of serum protein to caseins. Human milk has more
lactoferrin and lysozyme compared to bovine milk. These are involved in trans-
portation of iron and inhibition of bacterial growth in milk (Van-Berkel et al. 2002).
Previously, transgenic cow was successfully developed with human lactoferrin gene
and bovine milk with lactoferrin expression for human consumption (Reference). In
addition, human lipase can also be expressed in the milk of the transgenic animals.
Milk with human lipase is capable to digest the lipid content of milk more efficiently,
especially in neonates. Lipase can stimulate the bile salt to increase the conversion of
milk triglycerides into fatty acid and glycerol (Houdebine 1995).

Instead of value addition to the components in bovine milk, the removal of
undesirable components such as β-lactoglobulin is also interesting subject among to
major bovine milk allergens (Wheeler 2003). The bovine milk is directly dependent
on the lactose production; lactose is prepared inside the Golgi complex of the
mammary secretory epithelial cells with lactose synthase complex. This complex
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comprises on the α-lactalbumin and the enzyme β1,4 galactosyltransferase and a
catalyst of reaction lactose synthase. Lactose is released from Golgi complex in
secretory vesicles and transported to apical of epithelial cell and secreted into the
lumen. First lactose attracts water inside the vesicle by osmosis, because it cannot
diffuse out from vesicles without this process. The lactose synthase have vital role
in lactose synthesis, influx of water into secretory vesicles and finally lactose
release into the lumen. The α-lactalbumine have vital role in osmoregulation of milk
(Wheeler 2003).

A milk modifications have been made this possible to consume the milk by
patients suffering with metabolic disorders such as phenylketonuria. The patient
suffering with phenylketonuria lacks the enzyme that metabolizes phenylalanine
and needs diet with lower phenylalanine contents. Otherwise, the modification in
milk proteins such as α-lactalbumine without disturbing the structure of protein can
be used in diet of the patient suffering with phenylketonuria as supplementary food
without undesired components (Colman et al. 1995). The reduction of lactose in the
milk is also among the major desirable characters related to the consumption of
bovine milk in people with lactose intolerance. According to an estimate, 70 % of
people worldwide are suffering with lactose intolerance due to deficient level of
lactase in their intestine. The lactose can be reduced into milk by expressing β-
glactosidase into bovine milk or with removal of α-lactalbumin components from
milk with modern biotechnological techniques (Montaldo 2006). Stinnakre et al.
(1994) were reported α-lactalbumine gene inactivation from mouse. Transgenic

Table 4.2 Potential modifications of milk composition by gene addition, with expected functional
outcome (Karatzas 2003)

S.No. Modification functional consequence Modification functional consequence

1. Introduction of casein genes

Increase ratio of қ-casein to β-casein or
concomitant increase of all caseins by
transferring casein locus

Increase in protein and calcium content.
Reduction in micelle size, enhancement
of heat stability

2. Modification of casein genes

Add phosphorylation sites Increase in calcium content, micelle size,
and stability of milk. Enhanced
amphiphilicity of β-casein increases its
emulsifying and foaming properties

3. Introduction of protease (chymosin)
cleavage sites

Increase in rate of cheese ripening

4. Deletion of protease (plasmin) site from
β-casein

Increase in emulsifying properties.
Elimination of bitter flavor in cheese

5. Introduction of other functional proteins

Add lysozyme, lactoferrin, or lysostaphin Milk with antimicrobial activity

6. Add reversibly inactive lactase that is
activated in gastrointestinal tract upon
ingestion of milk

Elimination of sweet taste of lactose
hydrolyzed milk and alleviation of
lactose intolerance symptoms
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mouse has been produced milk without lactose with a serious disadvantage that
milk of such animal was very viscous in consistency and unable to secrete from
mammary glands of mouse, because lactose is an important protein in osmoregu-
lation of milk.

One glass of milk comprises almost 8 g of protein with 78–80 % caseins con-
tents of this amount. Casein along with milk fat gives white chalky color to milk. In
cow milk, four types of casein proteins such as αS1- and β-casein (10 g/l each),
αS2-casein (3.7 g/l), and κ-casein (3.5 g/l). The sequestering and binding of calcium
and magnesium with in a spherical particle (micelle) is one of the major functions
of the caseins. The outer surface of micelle is made up of κ-casein, which can easily
destabilize by chymosin enzyme to the form the curd and finally cheese from milk.
The modification in chymosin cleavage sites of aS1-CN to peptide linkages for
more efficient hydrolysis can also reduce curd formation time of cheese. Moreover,
casein has little sulfur containing amino acids; the alteration in milk by increasing
Met contents can improve the nutritional value of such milk. So, any alteration in
casein in milk can directly affect the cheese yield from milk (Bawden 1994;
Karatzas 2003). Therefore, modification in casein gene is also very helpful to alter
and increase nutritive value, cheese yield from milk and other components of milk
processing (Table 4.2). Previously, efforts were made to increase the copies of the
κ-casein gene into transgenic animals to decrease the size of micelles and to make
more susceptible modified κ-casein (References). These studies successfully dem-
onstrated that extra copies of casein gene in mouse model successfully encoding
two type of casein: bovine β-casein and κ-casein. Modified milk collected from
cloned transgenic animals with extra copies of casein genes were enriched with
β- and κ-casein, which increased the 30 % total milk casein and 13 % milk protein
(Gutiérrez-Adan et al. 1996; Brophy et al. 2003) with such alterations change the
physical properties of protein (Brophy et al. 2003). In another study, the transgenic
cow was developed with modification in κ-casein and an overexpression of this
gene decrease the size of micelles in milk, which favor the cheese industry; while
this milk was slightly more yellow in color and lower β-casein contents. Economic
value of this milk still needs to be proven (Soler et al. 2006).

In addition, casein solubility could increase only with increasing in glycosyla-
tion, which could reduce the time for coagulation of rennet and expulsion of whey.
This process would yield the firm curds from milk and would improve in cheese
making. Alteration in other physical properties could improve the quality of food
produce from milk, such as cheese with low fat and better taste. The production of
milk along with processing and transportation cost of milk can be reduced with
genetic engineering techniques. These techniques made this possible to use more
milk and milk products with better value addition. These methods offered a better
opportunity for the production of protein milk to improve animal agriculture and
creation of new medicines in milk (Gottlieb and Wheeler 2011).

Mastitis is a major factor on the milk quality deterioration. It is most devastating
disease of dairy industry with reduction or termination of milk. This disease leads to
undesirable consequence of remaining milk such inclusion of bacteria and
inflammatory cells in the milk, unpleasant taste and undesirable effects. Mastitis
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causes of 53 billion dollars loss per annum worldwide (Ratafia 1987; Miller 1993).
Some specific antibodies can be produced in the mammary gland in genetically
engineered animals which can protect animals from specific problems such mastitis.
The antibodies secreted through the milk can protect our domestic livestock and
humans from diseases (Zang et al. 2008). Mastitis resistant animal is possible by
inclusion of certain genes in animals which are expressing antibacterial substances
into milk such as nutriceuticals, proteases, lysozyme, and transferrin (Houdebine
2000; Kerr and Wellnitz 2003; Felmer 2004). Cow’s milk with some antibacterial
proteins such as lysostaphin has great antibacterial activity. These animals have
been recognized very resistant to Staphylococcus aureus mammary infection. The
milk of these animals was also resistant to spontaneous bacterial infections arised
from environmental contamination. However, the acceptability of lysostaphin
containing milk for humans was unexplored, whether this milk would alter the
composition of human intestinal microflora (Soler et al. 2006).

The bacterial systems cannot glycosylate the mammalian protein, while the
fungal system although have glycosylation ability with addition of many undesir-
able groups on the proteins. So, the functional properties of such proteins are
strongly affected by this alteration. Other techniques of protein production such as
baculovirus system and mammalian cell culture techniques are suitable for the
production of proteins along with specific problems. Instead of all, the genetically
engineered animals are very suitable alternative for the production of complex
mammalian proteins (Rudolph 1999).

The 5′ flanking end of the genes for milk proteins, which normally have regu-
latory role for their expression, can help to express foreign genes in mammary
epithelia cells of genetically engineered animals. Previously, transgenic animals
were developed for the expression of different proteins along with these regulator
genes; almost have similar observations of expression as in the case of transgenic
mouse (Wheeler 2003). Interestingly in the case of complex process of milk pro-
duction, the expression of one protein is indigenously counterbalanced by the
expression of other protein. So, it is quite difficult to alter the milk production with
single gene transgenic approach. It is very necessary to understand the biological
control for the production of milk before the remarkable investment to make
transgenic animals of dairy importance (Wheeler 2003).

With a biotechnological approach, many proteins of human therapeutic impor-
tance were expressed in the milk of transgenic animals. Even human collagen
protein has been produced into the milk of transgenic animals, which is a very large
and complex protein human protein. Modern technologies such as bacterial fer-
mentation and cell culture can produce human proteins e.g., human plasminogen
activator (htPA) more economically into transgenic animal milk. In other proteins
of human industrial interest were successfully expressed and isolated from the milk
of transgenic domestic animals include antitrypsin and human antithrombin III.
Industrial research is focused on the production of the human industrial proteins
with greater value and low volume human beneficial protein in milk of the trans-
genic domestic animals (Karatzas and Jeffrey 1997).
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The previous studies clearly revealed the importance of modern biotechnological
tools for synthesis of modified milk with value addition human. Considerable time
and resources are required for the production of dairy animals with new genetics
and commercial values. Such modifications in the milk would be made animals of
low value to animals of higher commercial importance. Other policies related to
consumption of genetically novel milk of modified dairy animals will be overcome
soon in future by the drug and food administrative authorities of developing
countries. Modified animals with desire characters will be soon in the breeding
programs of developing nations to improve the livestock.

However, the production of modified milk with wanted character or component
is an excellent source for the production of protein at a large quantity. Milk
transgenic technology can also exploit the economical productivity of mammary
glands. In major problems include the accurate production of transgenic animals
along with regulatory issues. Additionally, the issue to address is the large scale
economical production of milk and to overcome the public concern.

4.6 Modification of Hairs or Fibers and Wool Production

The biotechnological modifications of wool and fiber contents were relatively slow
compared to other characteristics. The skin biology and development in cellular
level has been understood since 1950s. However, most of the studies were focused
on the wool follicles and growth of wool fibers from wool follicles; while other
higher organization of mechanisms in this process such as trio groups of primary
and secondary follicles received little attention of scientific investigations (Fraser
and Short 1960; Purvis and Franklin 2005). The development of wool follicles start
at early stage of fetus development and continue through the lifespan of the animals
(Fraser and Short 1960; Purvis and Franklin 2005).

Animal hairs, fibers and wool are used in fabric and yarn production. Transgenic
manipulation in livestock for modification in fabric and yarn production has been
recognized another application area of modern animal biotechnology. The genetic
manipulation has been focused for the modification in hairs, fibers and wool for
color, quality, yield, harvesting ease (Wheeler 2010). The different transgenic
method has also been solicited to examine the wool and hair fibers refinement,
excellence and crimp. The modification in the keratin and keratin associated protein
(KAP) genes of sheep have been improved the processing and wearing quality of
wool fibers. The cortical-specific high expression of intermediate wool filament type
II keratin gene (K2.10) produced the modified microstructures and macrostructures
of wool filaments with higher luster and lower crimps. Several modifications in
genome of transgenic animals have been demonstrated with more elastic and strong
fibers, which would reduce the shrinkage quality of garments (Bawden et al. 1998;
Wheeler 2010).

The efforts were made to increase the growth of wool yield in sheep. The insulin
growth factor-1 (IGF-1) gene expression in the follicle was used to increase the wool
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production. The expression of IGF-1 gene in transgenic sheep produced 6 % increase
growth of wool at year 1 compared to wild type sheep. Moreover, the wool was poor
in quality wool with lower stapled strength and coarse in texture. In addition, the
transgenic sheep produced higher wool content only at first year and no significant
improvement was observed in next year (Damak et al. 1996; Su et al. 1998).

The wool production was boosted with over expression of ovine growth hor-
mone, while the higher plasma concentration produced some harmful effects (Ward
and Brown 1998). The transgenic merino sheep was produced with improve con-
struct, resulted in 12 % improvement in fleece production. In Poll Dorset cross-
breed sheep, opposite results were observed such as reduction in wool contents in
transgenic sheep contain ovine GH gene construct. The results explained a sig-
nificant association of breed type with transgene expression and response (Adam
et al. 2002; Wall et al. 2009). The wool produce from transgenic animal with ovine
GH transgene expression were poor in quality such as larger but less desirable
diameter of fibers. The ovine intermediate filament keratin transgene in wool follicle
has also been expressed to improve the quality less desirable fibers (Adam et al.
2002; Wall et al. 2009). In sheep, harvesting at specific time is another problem for
the farmers and labor intensive. The modern methods of transgenic technologies
made this possible that sheep shed their wool fiber at specific time period (Hollis
et al. 1983). The mouse epidermal growth factor (EGF) has been introduced in
transgenic sheep under the influence of inducible promoter (Hollis et al. 1983). The
infusion of Mouse epidermal growth factor (mEGF) induced follicular regression
and fleece harvesting more rapid than previous depilatory agents without any
anomaly, apart from sustained epidermal thickening. A spot in the wool fibers can
be produced with successful expression of such a transgene and endorsed fleece to
remove with hand pressure. This modification reduced the cost of metal shearers or
clippers during wool harvesting. This cost effectiveness is really an advantageous
for wool producers or farmers (Hollis et al. 1983; Wheeler 2012). This modification
can also be applied to other wool producers such as camels, mohair goat, alpacas,
and other wool producers (Wheeler 2012).

The single transgene expression in transgenic animals to improve the wool and
fiber content was forced to utilize some novel transgenic strategies such as bacterial
derived biosynthetic pathway genes for synthesis of amino acids such as cysteine.
Cysteine is a wool growth regulating element in livestock rear for wool or fiber
production. The approach was successfully demonstrated with two different bac-
terial genes in transgenic mice, while this approach was unsuccessful in sheep due
to low level of unsustainable biosynthetic enzyme expression (Ward et al. 1994;
Bawden et al. 1995; Ward 2000).

Animal wool production and properties of fibers can be altered with transgenic
technology. Sheep wool contains limited cysteine fibers contents, with increase in
this amino acid may increase the production and properties of wool in transgenic
animals. Some previous studies have been performed to introduce the cysteine
biosynthesis genes from bacteria to the genome of sheep. This strategy did not
allow to produce and efficient expression of these enzymes in the rumen of
transgenic sheep (Murray et al. 1999; Montaldo 2006).
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Transgenic approach has been used for the expression of very valuable fiber in
the milk of transgenic goat (Karatzas et al. 1999). The seven different types of silk
are used by the spider in the synthesis of orb webs. The unique mechanical
properties of each fiber differentiate these fibers from other natural and synthetic
fibers (Karatzas et al. 1999). The dragline silk is the most robust variety of silk,
which has properties of 35 % elongation from original material and high tensile
strength. In addition, the capability of energy absorption before cracking is more
than steel (Wheeler 2010). Breed Early Lactate Early (BELE®) goat system has
been used for expression of protein monomers gather to develop the spider silk fiber
in the milk of transgenic goat. The fibers assemble from protein monomers of
transgenic goat were obtained similar quality of spider silk. These fibers have
different applications such as medical devices, aircrafts, sutures, automotive com-
posite, ballistic protection, and special clothing (Wheeler 2012).

Further investigations are required in addition to rate limiting amino acid
modification such as cysteine, protein modification like wool intermediate filament
keratin, wool-related amino acid enrichment of keratin and Insulin growth factor 1
overexpression in wool follicle; which can increase the wool fiber growth or har-
vesting ease. The consideration of wool and fiber growth and quality-related QTLs
could also be included in future animal breeding strategies for the production of
more suitable breed with better growth and quality of wool. The human future
demand for better cloth may be emphasized researcher to produce the better wool
and fiber contents from transgenic animals with different and unique transgenic
approaches. The transgenic animal biotechnology can play a vital role for the
production of fine fiber and wool to meet the incremental future demands of gar-
ments with better processing and wearing quality.

4.7 Modification for Infectious Disease Resistance

Genetic engineering related to animal biotechnology should primarily apply on the
animal welfare and health. The interesting application of modern animal biotech-
nology related to animal welfare is to make the animal resistance to different
diseases. The genetic information has been made this possible to make transgenic
resistant animals to various diseases. The disease resistance in animals is polygenic
trait and a few loci are identified related to disease resistance against particular
disease. The transgenic approaches related to animal disease resistance include the
transfer of major histocompatibility complex, immunoglobulin genes, T cell
receptor gene, gene affect lymphokines/specific disease resistance. The genes
involve in the histocompatibility complex (MHC) during immune response can be
used as major instrument for the animal disease resistance and transgenic animal
with better disease resistance (Wheeler 2012).

Many genetic aspects for the disease resistance in livestock have been deter-
mined, while the role of specific genes in immune response and disease develop-
ment still need keen intentions of researchers (Ebert and Selgrath 1991). Previous
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study results showed that, the genetic manipulation for disease resistance revealed
that the embryonic cells are very useful to modify such genes. The germ line
transfer has been possible up to >100 kb with pronuclear injection, while >400 kb
has been transformed into transgenic animals with yeast artificial chromosome
vector. Therefore, the disease resistant livestock could easily be produced with
embryonic stem cell transgenic approach (Wheeler 2012).

Haller et al. (1981) has been produced newborn transgenic swine containing the
Mx1 protein gene and high expression has been made resistance to lethal infection
of influenza virus. The MxcDNA transformation and expression in 3T3 cell lines
produce resistance against the lethal influenza virus infection (Staeheli et al. 1986).
The transgenic piglets have been developed with cDNA construct encoding Murine
Mx1 protein. The transgenic piglets were successfully developed resistance against
lethal influenza virus infection (Muller et al. 1992). The transgenic piglet with over
expression of Mx1 protein might have much detrimental effect on the piglets.
Furthermore, the expression of Mx1 protein was eliminated with rearrangement of
transgene insert in transgenic piglets (Muller et al. 1992). Mastitis is udder
inflammatory disease of cattle ‘as a result’ animal loss productivity and milk yield.
Previously, the transgenic cattle resistant to Staphylococcus aureus infection has
been produced with transgene expression of lysostaphin, an antimicrobial peptide
secreted in milk. Lysostaphin killed the bacteria with in a dose dependent manner
(Donovan et al. 2005). Moreover, the mammary gland associated expression of
lysozyme in goat inhibited the growth and development of bacteria involve in
mastitis and cold spoilage of milk (Maga et al. 2006).

The transgenic technology has been proved a vital tool to produce transgenic
animals resistant to different diseases in above mentioned studies. Furthermore, the
transgenic technology made this possible to enhance the useful allele inside trans-
genic animals and to knockout the harmful genes from these animals. Previously, the
knockout of Escherichia coli K88 receptor inside transgenic experimental swine has
been ascertained completely resistant to E. coli positive with K88 compared to wild
animal (Edfors-Lilia et al. 1986). Moreover, the similar investigations should be
applied on other animal health issues including parasitic infections such as trypan-
osomes and nematodes, viral infections such as foot and mouth disease, bovine
leukemia virus, pseudorabies virus, bacterial infection such as clostridium infection,
streptococcus infection and deficiency disorder such as deficiency of UMP synthase,
mule foot and bovine leukocyte adhesion deficiency (Wheeler 2012).

The transgenic pig, sheep and mice were successfully developed with the mouse
immunoglobulin A (IgA) transgene construct and expression (Lo et al. 1991). The
transgene of murine IgA was successfully introduced in two transgenic pig lines with
only light chain expression of IgA molecules (Lo et al. 1991), while a transgenic pig
has been developed with successful expression of murine monoclonal antibodies
with great binding ability to specific antigen (Weidle et al. 1991). The resistance
against the ovine Visna virus has been developed in transgenic sheep. Transgenic
sheep was developed with Visna virus envelop transgene and expression without any
harmful or pathological effects (Clements et al. 1994). The transgene of viral envelop
was not expressed in monocytes, while antibodies were developed after
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experimental infection to transgenic sheep (Clements et al. 1994). The virus neu-
tralizing antibodies were produced in the transgenic mice model milk against a
coronavirus responsible for economically important transmissible gastroenteritis
(TGEV) disease (Castilla et al. 1998). The transgene expression and engineered
passive immunity was achieved throughout the lactation. In near future, this work
would also be demonstrated and verified in transgenic pig (Castilla et al. 1998).

The self-immunization against pathogenic organisms is also a great application of
this exciting technology. The construction and transformation of transgenes under
the influence of physiological or specific stimulus to express could be produced
antigen at specific time or with specific response to stimulus with this tremendous
technology. This expression would immunize the transgenic animals against par-
ticular disease in response of specific stimulus or physiological condition (Wheeler
2012). The transgenic animals will be developed with transgene construct under the
control of stimuli zinc in feeding or specific antibiotic to express the antigen at
specific time period to increase the specific antibiotic level in serum (Wheeler 2012).

Scrapie and bovine spongiform encephalopathy free or naturally resistant ani-
mals may be produced in future with technology. The transgenic technology is a
vital tool to develop animal model in epidemiological investigation of such disease
and eradication from farm animals. The experimental production of either human or
bovine prion proteins in transgenic mice is a great example of such application
(Bishop et al. 2006). In addition, knockout is only a successful of approach to avoid
the infection and transmission of spongiform encephalopathies like scrapie orBSE.
Denning et al. (2001) has first time targeted the ovine prion (PrP) gene locus, while
the clone lamb died short after birth. The transgenic cattle cloned with knockout of
prion locus have also been developed (Cyranoski 2003).

Similarly, the resistance against brucellosis has been successfully established in
fetus of transgenic bull develop from somatic cell line nuclear transfer, which is
highly contagious disease of zoonotic importance, and caused high fever, muscular
pain, and reproductive disorder in females (Shin et al. 1999). It is still a very short
and selective discussion related to application of transgenic technology on the
animal and human welfare. It can be applied on a number of organisms related to
animal health and productivity. Healthy animals would be more productive and
useful for farmer and less effort would be required in rearing. In future, the use of
animal biotechnology especially transgenic technology will be increased in future to
improve the animal health and production. Some ethical issue related to transgenic
animals and very high cost associated to animal transgenic technology are still
major constraints in application of this technology for animal welfare.

4.8 Harmful Aftermaths of Different Animal Modifications

The transgenic animal approach is very useful to understand the function of different
proteins and secondary gene products related to these proteins. The transgenic
research related to allied fields of nutrition is benefiting to understand the normal and
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alter metabolism effects (Prieto et al. 1999). The food ingredients, food nutrients and
food products from transgenic animals have not yet extended to consumers reach.
This technology is maturing and producing thrilling results in model and experi-
mental farm animals. The advent transgenic food products emphasized the need of
guidelines and legislation, which has been developed in many countries to anticipate
such products in market for consumer (Prieto et al. 1999).

Practically, the transgene expression is not always useful for the animal health.
The transgene unusually expressed in the nonspecific tissue and biological fluid in
which they not normally expressed. This nonspecific expression was caused some
adverse and undesirable effects; for example, the transgenic mice with GH have
elevated level of GH compared to wild-type littermates. This high expression of GH
elevated the level of insulin, as result, the transgenic animals died due to liver and
kidney impairment (Chen et al. 1997). The products of transgenic plants such as
some fruits and vegetables are already available in the market, while animal
functional foods or modified foods are not yet reached to consumer market. The
animal modified food derived from predictable or nonpredictable animal modifi-
cation methods and food safety consequences, which may be a major reason for
animal derived food unavailability in the market (Prieto et al. 1999).

The undesirable effects observed in transgenic animals emphasize the need for
further research related to genes/genes expression control and physiological conse-
quences due to chronic expression in case of certain proteins. Furthermore, it is
clearly demonstrated from previous studies that the fetus is unable to develop, when
transgenes used the systemic regulatory elements during gene expression. In this
regard, the expressions of glycosyltransferases and enzymes’ general effect on gly-
cosylation are most significant (Metzler et al. 1994; Prieto et al. 1999), while the early
development is arrested due to a sialic acid-specific esterase under the metallothio-
nein transcription regulatory element (Varki et al. 1991). Similarly, the development
of mammary gland morphogenesis of transgenic mice was impaired and inhibited
due to overexpression of cell surface β1,4-galactosyltransferase, under the influence
of metallothione in transcription regulatory element (Hathaway and Shur 1996).

Furthermore, the genetically engineered mice has been developed with transgene
expression of human α1-3/4-FT glycosyltransferase for carbohydrate biosynthesis
pathway under the control of rat intestinal fatty acid binding protein transcription
regulatory element or the whey acidic protein promoter without any harmful effect.
The secondary gene product and tissue-specific expression of transgene was
localized into tissue, but the outcome of the expression may be specific to species
(Bry et al. 1996; Prieto et al. 1999). The transgenic rabbits with transgene
expression of fusion protein were demonstrated harmful effect to milk production
and lactose free milk was produced from transgenic animals. The transgenic ani-
mals were studied up to many generations to understand the harmful of enzyme
effect on the lactation. These studies demonstrated many factors effect on final
result including the capability of transgenic animal species, even when the same
gene construct or primary gene product is expressed (Prieto et al. 1999). In other
factors included the limitation of tissues for the expression of specific protein such
as lactating mammary gland (Bleck et al. 1995).
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The transgenic rabbits developed from human erythropoietin gene under the
influence of whey acidic protein gene promoter, and the ectopic expression of
transgene produced some deleterious effects (Massoud et al. 1996). Moreover, the
transgenic pig was developed with transgenic extemporaneous expression of whey
acidic protein. The mammary glands development was impaired in transgenic pig
(Shammay et al. 1992). These studies are remarkable related to protein function,
development and morphogenesis along with species-specific response. Wall et al.
(1996) demonstrated that the transgenic sheep expressed the mouse whey acidic
protein in all tissue except into lactating mammary glands. Some of the harmful
effects are mentioned in Table 4.3.

Future Constrains and Prospective
The green revolution has brought about reasonable prosperity in the life of farmers
with land, but the majority of landless farmers remain poor. Poverty, malnutrition,
disease, poor hygiene, and unemployment is widespread in the developing world
and biotechnologies can play a vital role in this context. Some modified animal food
products are developed with modern biotechnological tools. Such animal food
items are economical and more useful in respect to health. The modern biotech-
nology implementation to alter animal products for fat and other characteristics is
constrained by a number of factors. One of the major constraints on applying
biotechnologies is the economic and wealth status of animal farmers. The major
constrains to adopt modified food products with new technology in developing
nations include the absence of an accurate database on livestock, biodiversity with
animals, disease resistance, and nutrient utilization characteristics.

Table 4.3 The undesirable and unpredictable effects from transgenic animals (Modified from
Prieto et al. 1999)

S.No. Transgenic
animal

Trasngene Effect References

1. Pig MTh-bovine
GH

Gastric ulcer, cardiomegaly, arthritis Pursel et al.
(1989)

2. Pig mWAP Failure to lactate (agalactia; characteristic
mammary gland phenotype)

Shamay et al.
(1992)

3. Mice baLac-
bbcasein

Short lactation Bleck et al.
(1995)

4. Rabbit rWAP-EPO Infertility, agalactia, premature death Massoud et al.
(1996)

5. Mice MTh-b-Gal-
transferase

Impaired mammary gland development Hathaway and
Shur (1996)

6. Rabbit mWAP-a1-
2FUT I

Lactose free milk (changes in milk protein
quality and content)

Prieto,
unpublished
results

MTh mouse metallothionein promoter. mWAP mouse whey acidic protein promoter. rWAP rabbit whey
acidic protein promoter. EPO human erythropoietin. baLac-bbcasein bovine alactalbumin promoter-
bovine b-casein. α1-2FUT human α1-2 fucosyltransferase “H”
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Moreover, in other challenges to adopt such products in developing nations
include the lack of trained manpower both in the government and in the private
sectors for the development of modified animal food products along with the
absence of an interface between industry, universities and institutions, the high cost
of technological inputs such as materials, biological and equipment, the failure to
address issues of biosafety and to conduct risk analyses of new modified animal
food products, the negligible investment in animal biotechnology. Criticisms of
such technologies and applications involve issues ranging from food safety and
social resistance to potential negative impacts on animal safety and on ecosystems
along with the current regulatory structure to assess and manage risks created by
these technologies.

This technology has massive expectations in the future for production of
transgenic livestock with desired modification for food production. Furthermore,
this technology still needs to improve related to modified animal food composition
and production capability such as growth rate, disease resistance, and reproductive
efficiency. These modifications need improvement in the desirable traits quantity,
identification of markers linked to certain genes with specific characters or traits,
selection of better animals, propagation of superior animals, practical and eco-
nomically viable methods. The four things to be considered for animals in the
transgenic approach for desirable traits are time period for commercial develop-
ment, regulatory concerns and related issues, economic feasibility, and adoptability
of these production methods (Prieto et al. 1999). Transgenic animal technology is a
powerful tool to improve food production and to study nutrition effects in health
and disease development.
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