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Abstract 

In ruminants, dietary protein is extensively degraded by rumen micro-organisms and converted 

into microbial protein, a process that is often inadequate to meet the amino acid requirements 

of rapidly growing or high-producing animals. Bypass protein, also known as rumen 

undegradable protein (RUP) or rumen-protected protein, refers to dietary protein that escapes 

microbial degradation in the rumen, passes intact to the lower digestive tract, and is digested 

and absorbed there, thereby supplying amino acids directly to the host animal. This article 

reviews the concept and necessity of bypass protein, the principal methods used to protect 

dietary protein from rumen fermentation — including oesophageal groove closure, post-

ruminal infusion, heat treatment, tannin binding, formaldehyde treatment and amino acid 

protection — along with natural high, intermediate and low bypass-protein feed sources, 

quality specifications for commercial bypass protein feeds, and the physiological situations and 

production benefits associated with its use. Feeding bypass protein has been reported to 

improve growth rate, milk yield, reproductive efficiency and milk composition in ruminants, 

though its adoption is tempered by processing cost and the need for careful quality control. A 

Key Points 

 Bypass protein meets additional amino acid requirements: Rumen undegradable 

protein (RUP) escapes microbial degradation in the rumen and is digested in the lower 

gastrointestinal tract, supporting rapidly growing calves and high-producing dairy 

animals. 

 Protection methods improve protein utilization: Heat treatment, tannin binding, 

formaldehyde treatment, protected amino acids and other approaches can reduce 

ruminal protein degradation while preserving digestibility in the intestine. 

 Targeted supplementation improves productivity: Appropriate bypass protein 

feeding can support growth, milk yield, reproductive performance and milk 

composition, particularly when microbial protein alone cannot meet the animal’s 

requirements. 
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clear understanding of bypass protein technology can help nutritionists and dairy farmers 

formulate more efficient rations for high-yielding and rapidly growing ruminants. 

 

Keywords: Bypass protein, Rumen undegradable protein, Protein protection, Ruminant 

nutrition, Microbial protein 

INTRODUCTION 

The rumen is unique among digestive systems in harbouring a dense population of 

micro-organisms that ferment dietary protein and convert it into microbial protein, which is 

subsequently digested in the abomasum and small intestine. While this microbial protein is of 

high biological value, its rate of synthesis is limited by the availability of fermentable energy 

and nitrogen in the rumen, and it is often insufficient on its own to meet the amino acid demands 

of rapidly growing calves or high-yielding lactating animals (Annison, 1981). Under such 

conditions, a proportion of dietary protein needs to escape rumen fermentation and be digested 

directly in the lower gastrointestinal tract, a fraction referred to as bypass protein, rumen 

undegradable protein (RUP) or rumen escape protein (Chalupa, 1975). This article summarises 

the concept, protection methods, sources, specifications and benefits of feeding bypass protein 

to ruminants. 

WHAT IS BYPASS PROTEIN? 

Bypass protein is that fraction of dietary protein which escapes digestion by rumen 

micro-organisms, passes intact into the lower digestive tract, and is digested and absorbed 

there, supplying dietary protein and amino acids directly to the animal rather than through the 

intermediary step of microbial protein synthesis (Chalupa, 1975). By supplementing the amino 

acids supplied by microbial protein, bypass protein helps overcome the amino acid deficits that 

arise when the requirement for protein exceeds what rumen fermentation alone can provide, 

thereby improving the overall performance of the animal. 

NECESSITY OF BYPASS PROTEIN 

Dietary protein entering the rumen is acted upon by rumen microbes and converted into 

microbial protein. This microbial protein, however, is often inefficient in meeting the 

requirements of animals undergoing rapid growth or producing large volumes of milk. To 

overcome this limitation, a portion of dietary protein needs to be provided in a form that escapes 

rumen fermentation, thereby ensuring that additional, undegraded protein reaches the lower gut 

for direct digestion and absorption — this rationale forms the basis for feeding bypass, or 

rumen-protected, protein (Chalupa, 1975; Annison, 1981). 
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METHODS OF PROTEIN PROTECTION 

Several physical, chemical and physiological approaches have been developed to 

protect dietary protein from rumen microbial degradation while ensuring its digestibility in the 

lower gut. 

1. Oesophageal Groove Closure 

The oesophageal groove is an extension of the oesophagus running from the cardia to 

the reticulo-omasal orifice. Its closure is a conditional reflex stimulated by the act of sucking 

or drinking, and can also be induced in adult animals, for instance through the oral 

administration of copper sulphate solution. When the groove closes, liquid feed passes directly 

through it into the abomasum, bypassing the rumen and reticulum altogether and thereby 

escaping microbial fermentation (Kaufmann & Lüpping, 1982). 

2. Post-Ruminal Infusion 

In this method, protein or amino acids are introduced directly into the duodenum or 

abomasum, bypassing the rumen entirely. Casein has commonly been used as a model protein 

source for such infusion studies, and increasing the amount of protein infused post-ruminally 

has generally been associated with a corresponding, dose-dependent increase in milk yield, 

demonstrating the potential production value of protein that escapes rumen fermentation 

(Chalupa, 1975). While informative for research purposes, this method is not practical for 

routine on-farm feeding. 

3. Heat Treatment 

Dry heating of protein-rich feeds, typically above 100°C for a defined exposure time, 

denatures the protein structure sufficiently to reduce its solubility and susceptibility to rumen 

microbial enzymes, while it remains digestible in the acidic environment of the abomasum and 

by intestinal enzymes. Heat treatment also inactivates certain anti-nutritional enzymes and 

inhibitors present in oilseed cakes, thereby improving the overall nutritive value of the feed 

and, in turn, animal performance. A key drawback of this method is that excessive or prolonged 

heating can trigger the Maillard reaction between reducing sugars and amino acids, 

permanently reducing amino acid availability and lowering the nutritive value of the treated 

feed. 

4. Binding with Tannin 

Tannins are naturally occurring phenolic compounds, broadly classified as 

hydrolysable or condensed tannins, that can bind with dietary protein to form tannin-protein 

complexes. These complexes resist degradation in the near-neutral pH of the rumen but 

dissociate under the acidic conditions of the abomasum, releasing the protein for digestion and 

absorption in the small intestine. Hydrolysable tannins are typically used at an inclusion rate 
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of about 2 to 4 percent, and certain feed grains, such as sorghum, naturally contain tannins that 

confer a degree of inherent protein protection. 

5. Formaldehyde Treatment 

Formaldehyde treatment is among the most widely used chemical methods of protein 

protection. Formaldehyde, applied at approximately 1.0–1.2 g per 100 g of cake protein, is 

sprayed onto the feed in a closed chamber and the treated material is then sealed in plastic bags 

for about four days to allow the formalin to be adsorbed onto the feed particles. Formaldehyde 

reacts reversibly with the amino groups of proteins to form cross-links that are stable at the 

near-neutral pH of the rumen, protecting the protein from microbial attack. Under the acidic 

pH of the abomasum, however, these cross-links loosen, freeing the protein for digestion by 

intestinal enzymes (Kaufmann & Lüpping, 1982). 

6. Protection of Amino Acids 

Individual, often limiting, amino acids such as methionine and lysine can also be 

protected from rumen degradation through the use of amino acid analogues or by encapsulating 

crystalline amino acids in a rumen-stable coating, allowing them to bypass the rumen and be 

released for absorption in the small intestine (Kaufmann & Lüpping, 1982). This targeted 

approach is particularly useful when specific amino acids, rather than total protein, are limiting 

animal performance. 

NATURAL SOURCES OF BYPASS PROTEIN 

High Bypass-Protein Sources 

Fish meal is rich in bypass protein, essential amino acids and B-vitamins, but its use is 

constrained by limited availability, high cost, susceptibility of its oil content to rancidity, and 

mould growth if inadequately dried. Blood meal is notably rich in available lysine and 

methionine, though the high cost of drying, its overall expense and palatability problems limit 

its inclusion in practical rations. Meat meal supplies high amounts of phosphorus and fat, but 

the protein value of meat meal depends greatly on the amount of heat applied during drying 

and the extent of bone and hair contamination. 

Intermediate Bypass-Protein Sources 

Cottonseed meal and linseed meal are moderately rich in bypass protein, though both 

are relatively low in lysine and methionine and high in fibre; they are, however, comparatively 

cheap and locally available. Linseed meal additionally has a mild laxative effect that should be 

taken into account when formulating rations. 

Low Bypass-Protein Sources 

Soybean meal, sunflower seed meal, safflower seed meal and rapeseed (canola) meal 

are extensively degraded in the rumen and therefore contribute relatively little bypass protein, 
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although they remain valuable sources of rumen-degradable protein for supporting microbial 

protein synthesis. 

Indicative rumen undegradable protein (RUP) content of some common feedstuffs is 

summarised in Table 1. 

Feedstuff RUP (%) Feedstuff RUP (%) 

Blood meal 80 Cotton seed meal 35 

Fish meal 70 Soybean meal 35 

Maize (grain) 65 Groundnut meal 30 

Meat and bone meal 55 Rapeseed (canola) meal 28 

Corn gluten meal 55 Barley 27 

Sorghum 52 Sunflower meal 24 

 

QUALITY SPECIFICATIONS FOR COMMERCIAL BYPASS PROTEIN 

FEED 

Commercial bypass protein feed is expected to conform to defined quality 

specifications to ensure a consistent and effective undegradable protein supply. Representative 

specifications, on a dry matter basis, are summarised in Table 2 (National Dairy Development 

Board [NDDB], n.d.). 

Characteristic 
Value (% DM 

basis) 

Moisture, % by mass, Max. 10 

Crude protein (N × 6.25), % by mass, Min. 30 

Ether extract, % by mass, Min. 3.5 

Crude fibre, % by mass, Max. 8.0 

Acid insoluble ash, % by mass, Max. 2.5 

Rumen undegradable protein (UDP), % by 

mass, Min. 
20 

Rumen degradable protein (RDP), % by mass, 

Max. 
9 
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WHEN TO FEED BYPASS PROTEIN 

Bypass protein feeding is most beneficial when the animal's protein requirement cannot 

be met through microbial protein synthesis alone. This is typically the case in early lactation 

of high-yielding dairy animals producing around 15 kg of milk per day or more, in rapidly 

growing calves gaining about 1 kg of body weight per day, in animals maintained largely on 

poor-quality roughages, and in animals under physiological stress, all of which have amino 

acid requirements exceeding what microbial protein can supply (Oldham, 1981). 

IMPORTANCE AND BENEFITS OF BYPASS PROTEIN 

Feeding bypass protein reduces the loss of dietary amino acids as ammonia and urea, 

conserves metabolic energy that would otherwise be expended on urea synthesis in the rumen, 

and increases the overall availability of amino acids for absorption, thereby supporting more 

efficient protein synthesis in the animal's tissues (Chalupa, 1975; Annison, 1981). These effects 

translate into practical production benefits, including improved growth rate, higher milk yield, 

better reproductive efficiency, and improved milk fat and solids-not-fat (SNF) content, making 

bypass protein a valuable tool for improving the productivity of high-performing ruminants. 

LIMITATIONS 

Despite its benefits, the practical adoption of bypass protein technology faces certain 

constraints. Protection methods such as formaldehyde treatment require careful control of dose 

and reaction time, since under- or over-protection can respectively fail to protect the protein 

from rumen degradation or excessively reduce its digestibility in the lower gut. Processing of 

feeds for bypass protein production, and the use of naturally bypass-protein-rich ingredients 

such as fish meal and blood meal, adds to feed cost, which can limit adoption in resource-

constrained production systems. Quality control to ensure that commercial bypass protein feeds 

meet defined specifications is also essential to guarantee consistent animal performance. 

CONCLUSION 

Bypass protein technology offers a scientifically sound strategy to overcome the 

inherent limitations of rumen microbial protein synthesis in meeting the amino acid needs of 

high-producing and rapidly growing ruminants. Through physical, chemical and physiological 

methods of protein protection, along with the judicious use of naturally bypass-protein-rich 

feedstuffs, it is possible to improve growth rate, milk yield, reproductive performance and milk 

composition in dairy and growing animals. Careful attention to protection methods, feed 

quality specifications and cost considerations will help ensure that bypass protein feeding is 

applied where it delivers the greatest benefit, particularly in early lactation, rapid growth and 

stress conditions. 

https://www.linkedin.com/in/the-indian-veterinary-magazine-009050376/overlay/about-this-profile/?trk=eml-email_network_conversations_01-header-0-profile_glimmer&lipi=urn%3Ali%3Apage%3Ad_flagship3_profile_view_base%3BKsCYdZicRK6wfcv3j6RZpw%3D%3D
mailto:indianveterinarymagazine@gmail.com
http://www.indianveterinarymagazine.in/


The Indian Veterinary magazine 
 

indianveterinarymagazine@gmail.com www.indianveterinarymagazine.in 

 

 
 

 Patil  et al 

 

1177 

REFERENCES 

Annison, E. F. (1981). The role of protein which escapes ruminal degradation. In D. J. Farrell 

(Ed.), Recent Advances in Animal Nutrition in Australia (pp. 40–41). Armidale, Australia: 

University of New England Publishing Unit. 

Chalupa, W. (1975). Rumen bypass and protection of proteins and amino acids. Journal of 

Dairy Science, 58(8), 1198–1218. 

Kaufmann, W., & Lüpping, W. (1982). Protected proteins and protected amino acids for 

ruminants. In E. L. Miller, I. H. Pike, & A. J. H. Vanes (Eds.), Protein Contribution of 

Feedstuffs for Ruminants (pp. 36–68). London, UK: Butterworths. 

National Dairy Development Board [NDDB]. (n.d.). Specifications for rumen bypass protein 

feed. Anand, India: NDDB. 

Oldham, J. D. (1981). Amino acid requirements for lactation in high yielding dairy cows. In 

W. Haresign & C. J. A. Cole (Eds.), Recent Developments in Ruminant Nutrition (pp. 49–

81). London, UK: Butterworths. 

 

https://www.linkedin.com/in/the-indian-veterinary-magazine-009050376/overlay/about-this-profile/?trk=eml-email_network_conversations_01-header-0-profile_glimmer&lipi=urn%3Ali%3Apage%3Ad_flagship3_profile_view_base%3BKsCYdZicRK6wfcv3j6RZpw%3D%3D
mailto:indianveterinarymagazine@gmail.com
http://www.indianveterinarymagazine.in/

