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ABSTRACT 

Bypass nutrients have emerged as an important nutritional strategy for improving the 

productivity, health and reproductive efficiency of dairy animals. In high-yielding dairy cows 

and buffaloes, conventional feeding practices often fail to supply sufficient nutrients because 

a large proportion of dietary protein and energy is degraded in the rumen before absorption. 

Bypass nutrients are specially protected feed components that escape ruminal degradation 

and become available for digestion in the intestine, thereby improving nutrient utilization 

efficiency. The major bypass nutrients include bypass protein, bypass fat and protected 

amino acids such as methionine and lysine. Supplementation of bypass protein enhances 

amino acid availability for milk synthesis, growth and reproductive functions, while bypass 

fat provides concentrated energy during periods of high metabolic demand, particularly in 

early lactation. Protected amino acids support milk protein synthesis, liver function and 

immune response. Feeding bypass nutrients helps reduce negative energy balance, ketosis 

and other metabolic disorders commonly observed during the transition period. In addition, 

these nutrients improve milk yield, milk fat percentage, body condition score, conception 

rate and overall animal performance. Bypass feeding is also beneficial under tropical 

conditions where poor-quality roughages are widely used. Improved nutrient utilization 

through bypass supplementation contributes to sustainable dairy farming by reducing 

nutrient wastage and enhancing feed conversion efficiency. Despite their advantages, 

factors such as cost, quality control and balanced ration formulation must be considered for 

effective utilization. Recent advancements in feed processing technologies and rumen-

protection techniques are expanding the scope of bypass nutrition in modern dairy 
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production systems. Overall, bypass nutrients represent an effective approach for 

maximizing production efficiency, improving animal welfare and increasing profitability in 

the dairy sector. 

 

INTRODUCTION  
 

airy farming plays a vital role in the 

agricultural economy and nutritional 

security of many countries, especially 

India (Patton, 1999; NRC, 2001). High-

producing dairy animals require balanced 

nutrition for maintaining health, reproduction, 

milk production and overall productivity 

(Santos et al., 1998). However, conventional 

feeding practices often fail to meet the nutrient 

demands of high-yielding dairy cows and 

buffaloes, particularly during early lactation 

and transition periods (Grummer, 1995). In 

ruminants, a significant portion of dietary 

nutrients is degraded in the rumen before 

reaching the intestine. This reduces the 

efficiency of nutrient utilization and may lead 

to production losses (Chalupa, 1975). To 

overcome this limitation, the concept of 

bypass nutrients has gained importance in 

modern dairy nutrition (NRC, 2001). Bypass 

nutrients are feed nutrients that escape 

degradation in the rumen and are digested and 

absorbed in the intestine (Stern et al., 1994). 

These nutrients provide a direct supply of 

high-quality protein, fat and amino acids to the 

animal, thereby improving productivity and 

metabolic efficiency (Palmquist & Jenkins, 

1980). Feeding bypass nutrients has become 

an important strategy for enhancing milk yield, 

milk composition, reproductive performance 

and health status of dairy animals (Naik et al., 

2009). 

Concept of Bypass Nutrients 

The digestive system of ruminants is unique 

because feed first enters the rumen, where 

microbes ferment carbohydrates, proteins and 

fats (Van Soest, 1994). Although rumen 

microbes synthesize microbial protein and 

vitamins, excessive degradation of nutrients in 

the rumen may reduce nutrient availability to 

the animal itself (Stern et al., 1994). Bypass 

nutrients are specially processed nutrients 

designed to resist ruminal degradation and 

become available for digestion in the small 

intestine (Chalupa, 1975). 

The main bypass nutrients used in dairy 

nutrition include bypass protein, bypass fat 

and protected amino acids (NRC, 2001). These 

nutrients help animals meet the high energy 

and protein requirements during periods of 

stress, growth and lactation (Grummer, 1995). 

Bypass feeding is particularly beneficial for 

high-yielding animals, transition cows, 

pregnant animals and buffaloes under tropical 

conditions (Naik et al., 2009). 

Importance of Bypass Nutrients in Dairy 

Animals 

Modern dairy animals are genetically superior 

and capable of producing large quantities of 

milk (Santos et al., 1998). Such animals 

require dense nutrient supply beyond what 

rumen fermentation alone can provide (NRC, 

2001). Bypass nutrients improve nutrient 

efficiency and reduce metabolic stress in dairy 

animals (Palmquist & Jenkins, 1980). Feeding 

bypass nutrients helps in increasing milk 

production, improving milk fat percentage, 

enhancing fertility and reducing negative 

energy balance (Grummer, 1995). It also 

supports immune function and reduces the 

incidence of metabolic disorders such as 

ketosis and fatty liver (Drackley, 1999). In 

tropical countries, where poor-quality 

roughages are commonly fed, bypass nutrients 
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help improve the utilization efficiency of 

available feeds (Naik et al., 2009). 

Types of Bypass Nutrients 

1. Bypass Protein 

Bypass protein, also called undegradable 

dietary protein (UDP) or rumen undegradable 

protein (RUP), is the portion of dietary protein 

that escapes ruminal degradation and reaches 

the intestine intact (Stern et al., 1994). In the 

intestine, it is digested into amino acids and 

absorbed by the animal (NRC, 2001). 

Common bypass protein sources include heat-

treated soybean meal, maize gluten meal, fish 

meal, cottonseed cake and treated oil cakes 

(Chalupa, 1975). These protein sources 

provide essential amino acids required for milk 

synthesis, tissue repair and reproductive 

functions (Santos et al., 1998). 

2. Bypass Fat 

Bypass fat refers to fat sources protected from 

ruminal degradation (Palmquist & Jenkins, 

1980). Normal fats can interfere with rumen 

microbial activity when fed in excess (Jenkins, 

1993). Protected fats are specially processed to 

avoid rumen fermentation and are digested in 

the intestine (Palmquist, 1984). Calcium salts 

of long-chain fatty acids are commonly used 

as bypass fat supplements (Jenkins & 

Palmquist, 1984). Bypass fat is an excellent 

energy source and is highly beneficial during 

early lactation when animals experience 

negative energy balance (Grummer, 1995). 

3. Protected Amino Acids 

Certain amino acids such as methionine and 

lysine are essential for milk protein synthesis 

(Schwab, 1996). In normal feeding conditions, 

these amino acids may be degraded in the 

rumen before absorption (Stern et al., 1994). 

Protected amino acids are coated or chemically 

treated to escape rumen degradation (NRC, 

2001). Supplementation of protected amino 

acids improves milk yield, milk protein 

percentage and reproductive efficiency 

(Schwab et al., 2004). 

Mechanism of Action of Bypass Nutrients 

Bypass nutrients escape microbial degradation 

in the rumen and pass directly to the 

abomasum and small intestine (Chalupa, 

1975). There, they are digested enzymatically 

and absorbed efficiently (Van Soest, 1994). 

Bypass protein provides essential amino acids 

directly to body tissues (Santos et al., 1998). 

Bypass fat increases dietary energy density 

without disturbing rumen fermentation 

(Palmquist & Jenkins, 1980). Protected amino 

acids ensure availability of limiting amino 

acids required for milk protein synthesis 

(Schwab, 1996). Overall, bypass nutrients 

improve feed efficiency and metabolic 

performance (NRC, 2001). 

Role of Bypass Protein in Dairy Animals 

Improvement in Milk Production 

Milk synthesis requires a continuous supply of 

amino acids (Santos et al., 1998). Bypass 

protein provides high-quality amino acids 

directly to the intestine, increasing milk 

production and lactation persistency (Stern et 

al., 1994). High-yielding cows often respond 

positively to bypass protein supplementation 

(NRC, 2001). Animals receiving bypass 

protein generally produce more milk because 

of improved nitrogen utilization and enhanced 

mammary gland function (Broderick et al., 

2009). 

Enhancement of Milk Composition 

Bypass protein improves milk protein 

percentage and solids-not-fat (SNF) content 

(Santos et al., 1998). Amino acids absorbed 

from bypass protein are utilized for casein 

synthesis in milk (Schwab, 1996). Improved 

milk quality increases the economic value of 

milk (NRC, 2001). Some studies have also 
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reported improvement in milk fat percentage 

due to better energy-protein balance (Naik et 

al., 2009). 

Improvement in Growth and Body 

Condition 

Growing calves and heifers require adequate 

protein for muscle development and skeletal 

growth (NRC, 2001). Feeding bypass protein 

enhances body weight gain and feed 

conversion efficiency (Stern et al., 1994). In 

lactating animals, bypass protein helps 

maintain body condition score by reducing 

excessive mobilization of body reserves 

(Grummer, 1995). 

Role in Reproduction 

Protein deficiency negatively affects 

reproductive efficiency (Butler, 2000). Bypass 

protein improves ovarian activity, conception 

rate and postpartum recovery (Santos et al., 

1998). Animals receiving adequate bypass 

protein show earlier estrus and reduced days 

open (Butler, 2000). Better reproductive 

performance results from improved hormone 

synthesis and energy balance (NRC, 2001). 

Role of Bypass Fat in Dairy Animals 

Source of Concentrated Energy 

Fat contains approximately 2.25 times more 

energy than carbohydrates (Palmquist & 

Jenkins, 1980). Bypass fat increases dietary 

energy density without increasing grain 

feeding (Grummer, 1995). This is particularly 

useful during early lactation when feed intake 

is low (Drackley, 1999). Supplementation of 

bypass fat helps animals meet energy 

requirements and reduces negative energy 

balance (Naik et al., 2009). 

Reduction of Ketosis and Metabolic 

Disorders 

High-yielding dairy animals are prone to 

ketosis during early lactation due to energy 

deficiency (Drackley, 1999). Bypass fat 

provides additional energy and reduces 

mobilization of body fat reserves (Grummer, 

1995). Adequate energy supplementation 

decreases ketone body formation and helps 

prevent metabolic disorders such as ketosis 

and fatty liver syndrome (Duffield, 2000). 

Improvement in Milk Yield and Fat 

Percentage 

Bypass fat supplementation often increases 

milk yield and milk fat content (Palmquist, 

1984). Fatty acids absorbed from bypass fat 

are utilized in milk fat synthesis (Jenkins & 

Palmquist, 1984). Animals supplemented with 

bypass fat usually show improved lactation 

performance and better persistency (Naik et 

al., 2009). 

Improvement in Reproductive Performance 

Energy deficiency delays ovarian activity and 

conception (Butler, 2000). Bypass fat 

improves energy status and enhances 

reproductive hormones (Staples et al., 1998). 

Supplementation is associated with improved 

conception rate and shorter calving interval 

(Staples et al., 1998). Certain fatty acids also 

influence prostaglandin synthesis and embryo 

survival (Mattos et al., 2000). 

Role of Protected Amino Acids 

Methionine: Methionine is often the first 

limiting amino acid in dairy rations (Schwab, 

1996). It is essential for milk protein synthesis, 

liver function and immunity (Osorio et al., 

2013). Protected methionine improves milk 

protein yield and reduces fatty liver risk 

(Osorio et al., 2013). Methionine also acts as a 

methyl donor and supports metabolic functions 

(NRC, 2001). 

Lysine: Lysine is another important amino 

acid for milk production and growth (Schwab 

et al., 2004). Protected lysine supplementation 

improves milk yield and protein synthesis 

http://www.vigyanvarta.in/


 

       
 

   
 
 

 
 

37 | P a g e  

Vigyan Varta an International E-Magazine for Science Enthusiasts 

 

www.vigyanvarta.in 

         E-ISSN: 2582-9467 
Popular Article 

 Soni and Kour (2026) Vol. 7, Issue 6 

June 2026 

(NRC, 2001). Balanced methionine and lysine 

nutrition enhances overall production 

efficiency (Schwab et al., 2004). 

Bypass Nutrients During Transition Period 

The transition period, extending from three 

weeks before calving to three weeks after 

calving, is the most critical phase in dairy 

animals (Grummer, 1995). Nutrient demands 

rise sharply while feed intake decreases 

(Drackley, 1999). Feeding bypass protein and 

bypass fat during this period helps reduce 

negative energy balance, improves immunity 

and lowers the incidence of metabolic diseases 

(Butler, 2000). Transition cows supplemented 

with bypass nutrients show better milk 

production and reproductive performance after 

calving (Santos et al., 1998). 

Bypass Nutrients and Immune Function 

Nutritional deficiencies weaken the immune 

system and increase disease susceptibility 

(Kehrli et al., 1989). Bypass nutrients support 

immune function by supplying essential amino 

acids and energy (NRC, 2001). Adequate 

protein and energy improve antibody 

production, leukocyte function and disease 

resistance (Kehrli et al., 1989). Animals 

receiving bypass nutrients generally show 

lower incidence of mastitis, retained placenta 

and uterine infections (Drackley, 1999). 

Bypass Nutrients and Heat Stress 

Management 

Heat stress reduces feed intake and milk 

production in dairy animals (West, 2003). 

During hot climates, animals often fail to 

consume enough nutrients to meet production 

requirements (West, 2003). Bypass fat 

provides additional energy without increasing 

heat production during digestion (Palmquist & 

Jenkins, 1980). Feeding bypass nutrients 

during summer helps maintain milk production 

and body condition under heat stress 

conditions (Naik et al., 2009). 

Sources of Bypass Protein 

Soybean meal: Heat-treated soybean meal is 

widely used as bypass protein and improves 

milk production (Santos et al., 1998). 

Cottonseed cake: Formaldehyde-treated 

cottonseed cake is commonly used in India as 

an economical bypass protein source (Walli et 

al., 1993). 

Fish meal: Fish meal contains excellent quality 

protein and essential amino acids (NRC, 

2001). However, its use may be limited by cost 

and availability. 

Maize gluten meal: It is rich in bypass protein 

and energy and is frequently used in dairy 

rations (Chalupa, 1975). 

Sources of Bypass Fat 

Calcium salts of fatty acids are the most 

common commercial bypass fat supplements 

used in dairy feeding (Jenkins & Palmquist, 

1984). 

Prilled fat contains saturated fatty acids 

processed into granules and is highly 

digestible for high-yielding dairy animals 

(Naik et al., 2009). 

Hydrogenated vegetable oils are also used as 

bypass fat supplements (Palmquist, 1984). 

Methods of Preparing Bypass Protein 

Heat treatment reduces ruminal degradability 

of proteins and increases bypass value 

(Chalupa, 1975). 

Chemical treatment using formaldehyde 

protects protein from microbial degradation in 

the rumen (Walli et al., 1993). 

Extrusion technology uses heat and pressure to 

protect proteins and improve digestibility 

(NRC, 2001). 
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Feeding Strategies for Bypass Nutrients 

Bypass nutrients should be fed according to 

production stage, milk yield and body 

condition (NRC, 2001). High-producing cows 

require greater supplementation than low-

yielding animals (Grummer, 1995). Bypass fat 

is usually fed at 100–200 g/day in cows, while 

bypass protein supplementation depends on 

dietary protein deficiency (Naik et al., 2009). 

Balanced feeding is essential because 

excessive supplementation may increase feed 

cost without additional benefit (Palmquist & 

Jenkins, 1980). 

Economic Benefits of Bypass Nutrients 

Supplementation of bypass nutrients increases 

milk yield and improves reproductive 

efficiency, leading to higher farm profitability 

(Naik et al., 2009). Improved feed efficiency 

reduces wastage of nutrients and lowers 

production cost per litre of milk (NRC, 2001). 

Reduced disease incidence and improved 

fertility also decrease veterinary and breeding 

expenses (Butler, 2000). 

Bypass Nutrients in Buffaloes 

Buffaloes are important dairy animals in India 

and have high milk fat content (Paul & Lal, 

2010). Feeding bypass nutrients to buffaloes 

improves milk production, reproductive 

performance and body condition (Naik et al., 

2009). Studies have shown that bypass fat 

supplementation in Murrah buffaloes 

significantly increases milk yield and milk fat 

percentage during early lactation (Tyagi et al., 

2010). 

Role in Sustainable Dairy Farming 

Efficient nutrient utilization is important for 

sustainable dairy production (FAO, 2013). 

Bypass nutrients reduce nitrogen losses in 

manure and improve feed conversion 

efficiency (NRC, 2001). Improved nutrient 

utilization also reduces methane emission 

intensity per unit of milk production (Hristov 

et al., 2013). Thus, bypass feeding contributes 

to environmentally sustainable dairy farming. 

Limitations of Bypass Nutrients 

Despite several benefits, bypass nutrients have 

some limitations. Commercial bypass 

supplements may be expensive for small 

farmers (Naik et al., 2009). Improper 

supplementation can lead to nutrient 

imbalance and digestive disturbances (NRC, 

2001). Quality control and proper ration 

formulation are essential for obtaining 

maximum benefit from bypass feeding. 

Future Scope of Bypass Nutrition 

Advances in feed processing technologies are 

improving the effectiveness of bypass 

nutrients (NRC, 2001). Development of 

rumen-protected vitamins, minerals and amino 

acids is expanding the scope of bypass 

nutrition (Schwab et al., 2004). Precision 

feeding systems and nutrigenomics may 

further enhance nutrient utilization efficiency 

in dairy animals. Future research is focused on 

economical and eco-friendly bypass feed 

technologies suitable for tropical dairy systems 

(FAO, 2013). 

CONCLUSION 

Bypass nutrients play an important role in 

improving productivity, health and 

reproductive efficiency of dairy animals. 

Bypass protein, bypass fat and protected 

amino acids help overcome the limitations of 

ruminal nutrient degradation and ensure better 

nutrient availability to the animal. Feeding 

bypass nutrients is especially beneficial for 

high-yielding and transition dairy animals. 

These nutrients improve milk yield, milk 

composition, fertility and metabolic health 

while supporting sustainable dairy farmin. 

Adoption of bypass feeding technologies can 

significantly enhance dairy profitability and 
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animal welfare under modern intensive 

production systems. 

REFERENCES  

Broderick, G. A., Stevenson, M. J., & Patton, 

R. A. (2009). Effect of dietary protein 

concentration and degradability on 

lactation performance of dairy cows. 

Journal of Dairy Science, 92(6), 2719–

2728. 

Butler, W. R. (2000). Nutritional interactions 

with reproductive performance in dairy 

cattle. Animal Reproduction Science, 

60–61, 449–457. 

Chalupa, W. (1975). Rumen bypass and 

protection of proteins and amino acids. 

Journal of Dairy Science, 58(8), 1198–

1218. 

Drackley, J. K. (1999). Biology of dairy cows 

during the transition period: The final 

frontier? Journal of Dairy Science, 

82(11), 2259–2273. 

Duffield, T. (2000). Subclinical ketosis in 

lactating dairy cattle. Veterinary Clinics 

of North America: Food Animal 

Practice, 16(2), 231–253. 

FAO. (2013). Mitigation of greenhouse gas 

emissions in livestock production: A 

review of technical options for non-CO₂ 

emissions. Food and Agriculture 

Organization of the United Nations, 

Rome, Italy. 

Grummer, R. R. (1995). Impact of changes in 

organic nutrient metabolism on feeding 

the transition dairy cow. Journal of 

Animal Science, 73(9), 2820–2833. 

Hristov, A. N., Oh, J., Firkins, J. L., Dijkstra, 

J., Kebreab, E., Waghorn, G., et al. 

(2013). Mitigation of methane and 

nitrous oxide emissions from animal 

operations: III. A review of animal 

management mitigation options. Journal 

of Animal Science, 91(11), 5095–5113. 

Jenkins, T. C. (1993). Lipid metabolism in the 

rumen. Journal of Dairy Science, 

76(12), 3851–3863. 

Jenkins, T. C., & Palmquist, D. L. (1984). 

Effect of fatty acids or calcium soaps on 

rumen and total nutrient digestibility of 

dairy rations. Journal of Dairy Science, 

67(5), 978–986. 

Kehrli, M. E., Nonnecke, B. J., & Roth, J. A. 

(1989). Alterations in bovine neutrophil 

function during the periparturient 

period. American Journal of Veterinary 

Research, 50(2), 207–214. 

Mattos, R., Staples, C. R., & Thatcher, W. W. 

(2000). Effects of dietary fatty acids on 

reproduction in ruminants. Reviews of 

Reproduction, 5(1), 38–45. 

Naik, P. K., Saijpaul, S., Rani, N., & Dhuria, 

R. K. (2009). Effect of rumen protected 

fat on performance of lactating dairy 

animals. Indian Journal of Animal 

Nutrition, 26(1), 1–12. 

NRC. (2001). Nutrient requirements of dairy 

cattle (7th rev. ed.). National Academy 

Press, Washington, DC. 

Osorio, J. S., Ji, P., Drackley, J. K., Luchini, 

D., & Loor, J. J. (2013). Smartamine M 

supplementation during the peripartal 

period alters liver function and 

inflammation biomarkers in dairy cows. 

Journal of Dairy Science, 96(11), 7120–

7133. 

Palmquist, D. L. (1984). Use of fats in diets 

for lactating dairy cows. In: Fats in 

Animal Nutrition (pp. 357–381). 

Butterworths, London. 

http://www.vigyanvarta.in/


 

       
 

   
 
 

 
 

40 | P a g e  

Vigyan Varta an International E-Magazine for Science Enthusiasts 

 

www.vigyanvarta.in 

         E-ISSN: 2582-9467 
Popular Article 

 Soni and Kour (2026) Vol. 7, Issue 6 

June 2026 

Palmquist, D. L., & Jenkins, T. C. (1980). Fat 

in lactation rations: Review. Journal of 

Dairy Science, 63(1), 1–14. 

Patton, S. (1999). Milk: Its remarkable 

contribution to human health and well-

being. Transaction Publishers, New 

Brunswick, NJ. 

Paul, S. S., & Lal, D. (2010). Nutrient 

requirements and feeding of buffaloes 

and cattle. Indian Journal of Animal 

Sciences, 80(11), 1065–1074. 

Santos, F. A. P., Huber, J. T., Theurer, C. B., 

Nussio, L. G., Tarazon, M., & Fish, D. 

(1998). Response of high producing 

dairy cows to different protein sources. 

Journal of Dairy Science, 81(1), 192–

203. 

Schwab, C. G. (1996). Rumen-protected 

amino acids for dairy cattle: Progress 

towards determining lysine and 

methionine requirements. Animal Feed 

Science and Technology, 59(1–3), 87–

101. 

Schwab, C. G., Huhtanen, P., Hunt, C. W., & 

Hvelplund, T. (2004). Nitrogen 

requirements of cattle. In: Protein and 

Energy Requirements of Ruminants (pp. 

13–70). CAB International. 

Staples, C. R., Burke, J. M., & Thatcher, W. 

W. (1998). Influence of supplemental 

fats on reproductive tissues and 

performance of lactating cows. Journal 

of Dairy Science, 81(3), 856–871. 

Stern, M. D., Bach, A., & Calsamiglia, S. 

(1994). Alternative techniques for 

measuring nutrient digestion in 

ruminants. Journal of Animal Science, 

72(8), 2256–2276. 

Tyagi, N., Thakur, S. S., & Shelke, S. K. 

(2010). Effect of bypass fat 

supplementation on productive and 

reproductive performance in crossbred 

cows and buffaloes. Tropical Animal 

Health and Production, 42(8), 1749–

1755. 

Van Soest, P. J. (1994). Nutritional ecology of 

the ruminant (2nd ed.). Cornell 

University Press, Ithaca, NY. 

Walli, T. K., Garg, M. R., & Ravi Kumar, A. 

(1993). Effect of formaldehyde-treated 

protein supplements on nutrient 

utilization in dairy animals. Indian 

Journal of Dairy Science, 46(9), 395–

399. 

West, J. W. (2003). Effects of heat stress on 

production in dairy cattle. Journal of 

Dairy Science, 86(6), 2131–2144. 

 

http://www.vigyanvarta.in/

