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ABSTRACT 
The use of recent techniques to alter the genetic information of plants to improve their characteristic properties 

has led to a new generation of crops, grains and their by-products for feed, such type of plants are now used to 

feed the farmed ruminants. Techniques are also becoming available for genetic modification of silage and 

ruminal bacteria. The use of ingredients and products from genetically modified plants (GMP) in ruminant 

health and nutrition seriously raises a lot of questions and issues, such as the role of nutritional assessment of the 

modified feed or feed additive as part of safety assessment, the possible influence of genetically modified (GM) 

products on animal health and product quality and the existence of the recombinant DNA and of the new protein 

in the digestive tract and tissues of food-producing animals. It is therefore the responsibility of those working in 

agricultural biotechnology to clearly detect and avoid any unacceptable or undesirable effect of such alteration, 

whether direct or indirect, upon the animal, the consumer and the environment. The possible effect of genes that 

are not normally present in ruminant diets must, however, be taken into view. Discussion of the antibiotic 

resistance markers used in transgene constructs must take into account the wider debate on the likely influence 

of antibiotic use in animal agriculture on the spread of antibiotic resistant bacteria. There is increasing evidence 

that excessive use of antibiotics has led to widespread transfer of antibiotic resistance genes between bacteria 

from the human and animal gut. In general this is likely to have a far greater impact than any uncommon 

transfer events involving resistance genes passing from genetically modified plants to microbes. The ultimate 

goal of using biotechnology in ruminant production is to improve the plane of nutrition through increasing 

availability of nutrients from feed which will in turn improve the animal`s health status and to reduce the 

wastage of the feed. 

Keywords: Ruminant nutrition, feed, genetically modified organisms (GMOs), Gene transfer, Antibiotic 

resistance 

 

INTRODUCTION 

Nutrition is one of the most serious problems limiting 

the livestock production. Feed resources are also 

insufficient in both quality and quantity, especially 

during the dry seasons. The nutritive value of the feed 

consumed, and the efficiency with which rumen 

microorganisms convert dietary carbohydrate to end 

product of fermentation, i.e. Volatile Fatty Acids 

(VFA), determines the nutrient supply to the ruminant 

animal (Weimer, 1998). Ruminants largely depend on 

their resident rumen microorganisms for efficient 

digestion of feed materials.  Therefore, maximizing 

efficiency of breakdown and digestion of plant cell 

walls in the rumen can have a remarkable effect on 

animal productivity (Hoover and Stokes, 1991; 

McSweeney et al., 1994). Significant research effort 

has therefore been focused on improvement of feed 

quality and optimisation of ruminal microbial 

digestion and fermentation with the aim of increasing 

the effectiveness of feed utilisation and augmentation 

of the ruminant health and productivity. Various 

techniques such as chemical pre-treatments of the feed 

and use of dietary additives like antibiotics and 

probiotics acting on the rumen micro flora were the 

past and present methods employed to enhance the 

degradation of feed material in the rumen. (Chesson 

and Flint 1999). 

Biotechnological options are now available for 

enhancing digestion ability of not only ruminant but 

also other classes of livestock and increasing the 

nutritive value of their feed (Kundu and Kumar 1987). 

Transgenic manipulation of commensally gut or 

rumen microorganisms has significant potential for 

improving nutrition, gut development and health in 

animals (Bonneau and Laarvel. 1990). It is now 

possible to make use of genetically modified organism 

to improve ruminant productivity or quality of its 

products due to development of genetic engineering 

techniques. Moreover, an increasing number of 

recently grown plants have been genetically altered to 

improve their agronomic or technological properties, 

and ruminants may be fed with by-products of some 

of these plants (Chesson and Flint, 1999). These new 

crops have the potential to further environmental 

stewardship, reduce ration costs, and improve health 

and nutrition for livestock. However, the implications 

of crops which have their gene altered for improving 

the productivity of livestock are not immediately 

evident, and the current dialog on these crops will 

determine market acceptance for today’s crops and 

shape the future for new products that promise to 

mailto:abuyasir212@gmail.com


Dutse Journal of Agriculture and Food Security                                                                                 Salisu et al. 

Volume 1 Number 1 December, 2014 pp 86- 92 

 

87 
 

confer more direct benefits to the livestock industries. 

In fact, some have interrogated whether transgenic 

proteins and deoxyribonucleic acid (DNA) can be 

found in animal products such as meat, milk, and eggs 

from livestock fed with these genetically modified 

crops (Beever and Kemp, 2000). Thus, it appears 

necessary to evaluate the potential risks due to 

hazardous or allergenic substances. The most general 

concern relates to the possible onward transfer of 

altered genes in the gut, body or wider environment. 

The increasing occurrence of multiple antibiotic 

resistance genes in medically important bacteria has 

resulted to the use and or improper use of antibiotics 

in humans and animals; this must also be taken into 

consideration.  

The main objectives of the present review paper are to 

introduce and discuss: 

i. The idea and principles of genetic modification 

applied to plants used in animal feeds. 

ii. Influence of genetically modified organisms on 

ruminant health and nutrition and issues related to 

their safety use. 

iii. to review  the forth put utilisation of GMOs in 

improving the ruminant performance and health, 

which includes feeding of GM plants, improving 

forage quality, and genetic manipulation of the 

rumen flora 

 

GENETICALLY MODIFIED ORGANISMS (GMOS) 

A genetically modified organism (GMO) is an 

organism (e.g., plant, animal or microorganism) 

whose genetic information has been changed using 

gene or cell techniques of modern biotechnology. 

Genes carry the information in sequences and 

structures of DNA, which provides the organism its 

specific characteristics. Genes can be inserted, deleted 

or altered, using modern biotechnology techniques. 

Because genes are common to life on earth, genes can 

be transferred from one organism to another and even 

between non-related species. This manipulation can 

produce a product with novel traits that may have 

significant value (IAASTDed, 2009b). 

Genetic information is any trait that can be transfer 

across generations or by infectious processes. During 

the middle of the 20th Century, genetic material 

became almost omnipresent synonymous with the 

molecule DNA. This was an over-simplification that 

has become clear in stages with the discovery that 

some genomes, namely in some viruses, were entirely 

made from RNA; many significant traits are 

transmitted by material that is not DNA or RNA or 

not entirely those kinds of molecules (e.g., prions, 

methylation patterns) (Chong and Whitelaw, 2004). 

 

IMPROVING ANIMAL NUTRITION WITH THE USE OF GMOs 

 

Genetically modified plants (GM-Plants) 

With the advent of genetic engineering, large numbers 

of plant species are amenable to genetic manipulation 

and include many of those used in animal feed. 

Several of these GM-crops have already received 

regulatory approval for being use as animal feed. So 

far, most of the genetic modification was mainly 

targeted at improving traits of agronomic value rather 

than those of nutritional characteristics but the 

potential is clearly enormous. These genetic 

modifications have been the topic of recent reviews 

(Chesson and Flint, 1999). Improving the rumen 

digestibility of fibrous plant material, and the 

possibility of modifying lignin content, for example 

through antisense inhibition of lignin synthesis 

enzymes is one of the simplest objectives that has 

been explored (Cowan 1996). An alternative is to 

enhance the digestibility of non-GM plant material 

through pre-treatment of feed, but even here the 

development of enzyme cocktails that include 

recombinant enzymes is being actively pursued 

(Herbers 1996). Indeed, genetically modified crop 

plants may be used for the commercial production of 

recombinant enzymes intended for use in animal feed 

or elsewhere or might be designed to switch on 

controlled expression of derivative activities before 

feeding to ruminants (Halpin et al., 1994). 

Increasing the availability of essential amino acids 

derived from plant proteins is another obvious target. 

Alteration of the amino acid composition of plant seed 

proteins through the expression of foreign gene 

products, and changed regulation of lysine 

biosynthesis, have both manifested decisive effect in 

genetically manipulated plants (Bellucci et al., 1997, 

Molvig et al., 1997). The relative abundance of 

different storage proteins that vary in term of valuable 

nutrient is also amenable to alteration (Kohnomurase 

et al., 1995). Decreasing the losses because of rumen 

microbial activity is a particular problem in the 

ruminant, and the stability of plant proteins to rumen 

degradation might be overcome through genetic 

manipulation of plants. Manipulation of the free 

carbohydrate content in forages are also being 

examined and gives an important approach for 

incrementing the supply of readily available energy, 

which can help to enhance nitrogen retention ( 

Herbers et al., 1996). Removal of anti-nutritional 

factors, selective antimicrobial action and delivery of 

bioactive compounds these are possibilities that can 

be added to a host of other.  
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Transgenic ruminal bacteria 

Another possible way of improving fibre digestibility 

in the rumen is through genetic modification of the 

ruminal bacteria. Considering the fibre digestibility in 

the rumen, a lot of effort has been made in developing 

genetically modified bacteria that would have better 

fibre-degrading abilities. The construction of 

transgenic rumen bacteria has proceeded under the 

assumption that the rumen micro biota does not 

produce the correct mixture of enzymes to maximize 

plant cell degradation. It is well recognized that the 

principal fibro lytic bacteria of rumen are 

Ruminococcus and Fibrobacter, but it is thought that 

they do not produce exocellulases that are active 

against crystalline cellulose, so that adding this 

activity would make them more effective. Ruminal 

bacterial species such as Butyrivibrio fibrisolvens and 

Prevotella ruminicola are widely found in ruminant 

animals on different diets and are found in large 

numbers irrespective of the ruminal environment. 

These species are therefore, logical choices to 

introduce new or increased genetic material into the 

rumen (Selinger et al., 1996). 

More than 100 different genes encoding enzymes for 

fibre degradation have been identified and cloned 

from ruminal bacteria such as Butyrivibrio 

fibrisolvens, Fibrobacter succinogenes, Prevotella 

ruminicola, Ruminococcus albus and Ruminococcus 

flavefaciens. At least 30 genes from ruminal fungi 

have been isolated that encode cellulase, xylanases, 

mannanases and endoglunases. Nearly 50% of the 

fibro lytic genes cloned have been sequenced 

(Bowman and Sowell, 2003). These genes are of 

particular interest because of   their mighty fibro lytic 

activity and ability to degrade very resistant cell wall 

polymers. Protein bioengineering has been employed 

to improve the catalytic activity and substrate 

diversity of fibro lytic enzymes from ruminant 

microbes. This has resulted in enzymes with up to 10 

times higher specific activity, changed pH and 

temperature optima and enhanced substrate binding 

activity than the enzymes from which they originated 

(Selinger et al., 1996). 

 

Table 1.  Predominant rumen bacteria and gene transfer 

Species Presumed major function in 

the rumen ecosystem 

In vitro gene transfer  

techniques 

Evidence of natural 

genetic exchange 

B. fibrisolvens Hemicellulolysis and 

 sugar fermentation 

conjugative plasmids and 

 transposons, phages 

Yes 

Prevotella sp. Hemicellulose, starch and 

 protein degradation 

conjugative plasmids phages Yes 

S. ruminantium sugar fermentation artificial transformation, 

 phages 

Yes 

S. bovis Amylolysis and sugar 

fermentation 

natural transformation,  

phages 

No 

Ruminococcus sp. Cellulolysis artificial transformation, 

conjugation 

No 

F. succinogenes Cellulolysis No No 

 

The use of genetically modified silage bacteria to 

produce enzymes has also been suggested to acquire 

superior ensiling and/or pre-digest the plant material 

in order to lead to better digestibility in the rumen. 

Recombinant Lactobacillus plantarum, a species used 

as silage starter, were constructed to express alpha 

amylase, and cellulase or xylanase genes (Scheirlinck 

et al., 1989, Scheirlinck et al., 1990). The competitive 

growth and survival of such modified lactobacilli has 

been shown in silage (Sharp et al., 1992), although the 

influence on silage digestibility has not been 

evaluated. Considering the genetic tools already 

available for lactic acid bacteria, there is now a great 

potential to modify L. plantarum strains in order to 

enhance their efficiency. 

 

FATE OF CONSUMPTION GMOs DESIGNED 

FOR AGRONOMIC OR INDUSTRIAL USES

Genetic modifications that is  aimed at  improving 

nutritional quality are likely to be accompanied 

generally  by extensive feeding trials to evaluate the  

efficiency, which should help to indicate  possible 

unwanted effects of manipulation, though specific 

safety assessment also  is of course necessary. In spite 

of the potential of genetic engineering technology for 

nutritional improvement of plant material, however, it 

is important to understand that most of the biotech 

plants currently grown and fed to ruminants have been 

manipulated for quite different reasons. Specially, 

traits of agronomic interest such as resistance to pests 

and diseases and herbicides are the most extensive 

targets of gene manipulation. Moreover, ruminants are 

fed very commonly on by-products from crops that 

are grown primarily for other purposes, which may 
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range from grain production for human food through 

the production of oils, chemical feed stocks or 

biopharmaceuticals that are of industrial, not 

nutritional, use (Miele 1997). Modification of such 

crops through genetic engineering technology is likely 

to increase greatly in the future. 

In the light of this, it is especially crucial for risk 

assessments to take account of possible unintended 

effects from ingestion of transgenic crop residues. In 

the case of insecticidal proteins, for example, a wide 

range of genes have been suggested  for use including 

Bacillus cry (BT toxin) genes, genes coding for 

protease and amylase inhibitors of microbial, plant 

and animal origin and genes for several different plant 

lectins. Almost all of these proteins must be 

sufficiently stable and active in the insect gut to be 

effective as insecticides, and it is clearly essential to 

eliminate anti-nutritional or toxic effects in 

mammalian systems at the relevant dosages (Schuler 

et al., 1998).  

In almost all forms of plant modification there is no 

single, controlled site of insertion of the GM construct 

in the chromosome. This leaves open the possibility of 

indirect and unknown effects of such insertions upon 

the expression of flanking, and perhaps distant genes. 

In practice it will often be very unlikely to 

demonstrate such disturbances influencing nutritional 

value against the background of normal inter-batch 

variation. However, rapid advances in genomics and 

proteomics provide the potential of very precise 

monitoring both of insertion sites and of the 

physiological consequences of insertions. It should 

therefore become much easier in the future to 

accurately avoid any unwanted and misfortune sudden 

effects, e.g. on the expression of native plant toxins or 

anti-nutritional agents, that might affect either animal 

or human consumer (Harding and Harris 1997, 

Williamson, 1996). 

 

GENE TRANSFER 

Most of the major concern felt due to consumption 

and release of biotech feed material or establishment 

of genetically modified microorganisms in the rumen 

is that the altered genes will spread through the 

intestinal tract or environment with unpredictable 

effect. Thus genes which are consider harmless in one 

host might act quite differently when transferred to 

another. The simplest examples are antibiotic 

resistance marker genes, which do not pose any risk in 

a plant, but might do so if transferred to certain 

pathogenic bacteria. Thus the potential for gene 

transfer from plant to rumen bacteria and between 

rumen bacteria, or from rumen to non-rumen bacterial 

species must be carefully determined (Chesson and 

Flint, 1999). 

 

Mechanisms through which micro-organisms 

exchange genetic materials  

Exchange of genetic materials between the micro-

organisms is a natural phenomenon that can provide 

organisms with the means to live successfully under 

unfavourable environmental conditions. A different 

type of changes in bacterial cell-wall ultrastructure 

can be induced enzymatically, chemically, or 

electrically, and all have been employed in laboratory 

studies to facilitate the uptake of DNA across the 

bacterial cell wall. Techniques such as electroporation 

provide the potential to transfer genes at relatively 

high frequencies into a variety of prokaryotic and 

eukaryotic microorganisms, including ruminal 

bacteria (Beard et al., 1995, Whitehead and Flint. 

1995). The sequencing of complete microbial 

genomes in the last few years has indicated that 

microbes are mosaics of acquired genes, suggesting 

that horizontal gene transfer has been a major driving 

force in microbial evolution. A part from the artificial 

techniques, three natural processes of gene transfer 

have been identified from a combination of  in vivo, 

ex vivo and in situ studies, and gene transfer in the 

environment by these processes has currently been 

considered in detail. These three recognised 

mechanisms of prokaryotic gene transfer are 

transformation, transduction, conjugation, but it is 

likely that the three mechanisms combine in natural 

environments such as the gut (Levy and Miller 1989, 

Lorenz and Wackernagel 1994).  

 

 

 

Transformation 

 

 

 

Transformation involves the uptake and expression of 

exogenous, unprotected sources of DNA from the 

environment. This could be chromosomal DNA 

fragments, plasmids or transposons. Transformation is 

a normal, physiological function of some bacteria that 

express ability to uptake DNA at some time in their 

life cycle (Lorenz and Wackernagel 1994).Many 

bacteria that are capable of transformation produce an 

extracellular protein, known as a competence factor, 

the concentration of which coordinates the expression 

of a DNA-binding protein and an exonuclease, both of 

which are located on the cell surface. Once DNA is 

bound to the outer surface of the bacterium, a nick is 

introduced into one of the DNA strands, and the 

processive action of the exonuclease completely 

digests one DNA strand as the other is translocated 

into the bacterial cytoplasm. This DNA can be stably 

integrated into the chromosome of the recipient by 

homologous recombination. Study have shown  

presented  that Selenomonas rumznantiurn was 
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transformable, and that study appears to be the only 

published report of transformation of ruminal bacteria 

(Orpin et al., 1986).  

 

Transduction 

Transduction is a natural means of gene transfer 

which involves bacteriophage as a vector. 

Bacteriophages are obligate intracellular parasites of 

bacteria that are dependent upon the biosynthetic 

mechanism of the infected bacterium for their 

propagation. In rare cases, the bacteriophage packages 

chromosomal DNA within the capsid and, upon 

infection of a susceptible bacterium, this DNA is 

injected and recombined into the chromosome of the 

recipient. These rare events are referred to as 

specialized and generalized transduction, respectively 

and have been employed in many studies of the 

genetics and physiology of E. coli and Salmonella 

typhimurium.  Kokjohn (1989) reviewed the potential 

for transduction in natural environments, although no 

such studies have been issued for ruminant animals, 

indirect evidence provides a reasonably strong case 

for transduction as a predominant form of gene 

transfer in the rumen. The rumen maintains a diverse 

population of bacteriophages, often at concentrations 

approaching those commonly observed for bacteria 

(Paynter et al., 1969). 

 

Conjugation 

The most widely reported mechanism of gene transfer 

involving ruminal bacteria is by conjugation. Both 

chromosomal and plasmid DNA elements can be 

transferred via this process, and the process requires 

contact between cells. This contact is usually 

mediated by a proteinaceous structure that is produced 

by the donor bacterium through which single-stranded 

DNA is translocated. Since DNA enters the cell in a 

single-stranded form, conjugative transfer of DNA 

avoid the Type I1 restriction enzymes of the recipient 

bacterium, which are generally specific for double-

stranded DNA molecules. Conjugative transfer of the  

 

broad host range plasmid RP4 between Escherichia 

coli and Butyrivibrio fibrisolvens was reported by 

Teather (1985), but the transfer was unstable, 

presumptively due to plasmid incompatibility. Hespell 

(1991) and Whitehead (1991) later used the Gram-

positive bacterium Enterococcus faecalis as the donor 

of Gram-positive conjugative plasmids in experiments 

with both B. fibrisolvens and Streptococcus bovis. 

Stable gene transfer was achieved, and, in some 

instances, Streptococcus bovis could be employed as a 

donor of plasmid DNA in subsequent mating with 

Bacillus subtilis. 

 

POTENTIAL RISK IN GENE TRANSFER 

The large amount of DNA that passes the digestive 

system daily indicates that DNA in itself is not 

intrinsically toxic to animals. Most DNA is efficiently 

digested in the intestinal tract as non-functional gene 

are presumed to remain present (Nap et al., 1992). But 

because the transfer of antibiotic resistance to 

clinically important bacteria has been observed, it is 

important to consider this risk in the case of GM 

plants carrying genes of antibiotic resistance. A panel 

of independent scientists raised by the US Department 

of Health and Human Services, and the Food and 

Drug Administration (US/FDA, 1998) has examined 3 

hypotheses for the safety assessment of the insertion 

of antibiotic resistance genes, to the epithelial cells, to 

gut microorganisms, and to the environment. 

The transfer of antibiotic marker genes to gut 

epithelial cells is considered to be unlikely because 

the DNA is digested by the nucleases and epithelial 

cells are short-lived (not more than 7 days) and would 

be replaced by new cells. 

The transfer to gut microorganisms: in the digestive 

tract, approximately 10
14

 bacteria are present, 10
12

 of 

them do not bear kanamycin resistant and no data are 

available on the possible transfer. In addition, no 

known mechanism for the direct transfer of plant 

genomic DNA to microorganisms is available. 

Besides to the degradation of DNA, there is an 

absence of homologous end for efficient transfer.  

The transfer to the microorganisms of the 

environment: the DNA issued from plant debris would 

be unavailable for transfer after being degraded by 

nucleases. In addition, the transfer from bacteria to 

bacteria accounts for the wide spread of certain 

antibiotic resistance markers in soil bacteria. 

 

CONCLUSIONS 

The use of biotechnology to improve ruminant health 

and nutrition has potential advantage not only in 

ruminant production system but in livestock industry 

as a whole. Genetic manipulation technology has the 

potential to increase the digestibility and nutritive 

values of forage plants and crop residues and also to 

improve the health status of farm animals. Through 

this technology, microbial flora of the rumen can be 

successfully manipulated if such manipulations are 

consistent with the principles of microbial ecology. 

Also adding exogenous fibro lytic enzymes to 

ruminants can potentially improve cell wall 

degradation and the efficacy of feed utilization. 

However, despite the potential benefit of GMOs, there 

is still need of serious intervention of agricultural 

biotechnologist in determining and avoiding any 

unwanted or undesirable effect that may result due to 

the use of GMOs. Thus, risk assessment and biosafety 

issues become necessary. 
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