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his programme is directed towards practical

outcomes of increased efficiency of production

of milk and meat, reduced environmental pollution

and improved product quality in ruminants; work

funded by DEFRA and the industry. This requires

increased understanding of the interactions between

plant composition, induced plant cell death

processes and the structure and function of the

microbial populations of the rumen and silo; work

funded mainly by BBSRC. The emphasis on plant

attributes means that the programme has a central

role in identification of new forage breeding goals.

The programme conducts research in three

interactive themes.

1. Understanding the role of the plant in

controlling degradation and protection of protein

Plants have a number of natural mechanisms for

breaking down proteins, or which interfere with

protein breakdown when leaves are damaged,

diseased or senescing. Our work has focused on

these mechanisms, looking at the role of these

processes when herbage is damaged during silage-

making or grazing ingestion.

We have previously demonstrated that plant

proteases (enzymes responsible for protein

breakdown) can have a significant impact on

proteolysis in the rumen of grazing animals (Figure

6.1). We have identified considerable plasticity in

protease activity in response to environment and

genetic makeup: when leaves were placed in in vitro

simulations of rumen-like conditions the protein

degradation rate in Lolium was consistently greater

than in Festuca. Introgression selection and breeding

is being used to physically map the chromosome

regions associated with the differences in rates of

induced proteolysis. 

Protein degradation was not associated with up-

regulation of a class of enzymes called cysteine

proteases, which are normally typical of the

senescence cell death pathway. In fact, indicators of

viability have shown that intact cells die relatively

slowly (over at least 4 hours) under simulated rumen

conditions. In future work, we will investigate

regulation of protease activity during this cell death

period including considerations of post-ingestion

metabolism of the populations of plant cells that are

damaged when they enter the rumen.

A further set of interesting plant processes are plant

defence mechanisms - production of compounds

designed to ward off or withstand attack by

pathogens or pests. Polyphenol oxidase (PPO) is one

such mechanism, which is important in red clover

(Figure 6.2). PPO catalyses the conversion of
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Fig 6.1 In vitro studies on plant-mediated proteolysis



phenolics to form quinones, which bind with

proteins to render the protein insoluble and

potentially resistant to proteases. Identification of a

low PPO red clover has enabled us to demonstrate

that PPO is effective in reducing proteolysis and

lipolysis in fresh, damaged forage. We have

demonstrated extensive cell damage (an essential

pre-requisite of PPO activation) during red clover

mastication, and binding of complexed protein to

insoluble fibre. Current work focuses on the

relevance of PPO to grazing animals.

2. Understanding plant-microbe interactions

during the colonisation of herbage

Studies of plant-microbe interactions are important

because the rumen microbes are the major

modulators between plant attributes and desired

effects in animal production systems. Our studies are

focused around two major systems; processes in the

rumen during digestion and processes in the silo

during silage making. Molecular analysis has

demonstrated very rapid bacterial and fungal

colonisation of forages in the rumen with a clear

indication that plant type plays a role in both

colonisation and succession. The emerging challenge

is to understand how plant attributes influence this

process, through modulating patterns of nutrient

supply. 

Despite the complexity of the rumen ecosystem at a

taxonomic level, it is clear that animals with

differing rumen ecology are able to use the same

diets effectively. Perturbations to the animals’

‘environment’ (e.g., by ingested feedstuffs) are

buffered by the capacity of multiple species to carry

out related metabolic functions. The inter-

relationships between species composition of

swards, diet selection and the rumen ecosystem will

be examined in order to understand the basis of

resilience (Figure 6.3).

Compounds released by the metabolism of primary

colonisers, or from plants in response to damage,

stress or colonisation, probably act as signalling

molecules to inhibit or recruit secondary colonisers.

Microbiological and plant biochemical studies will

be linked with advanced analytical approaches to

enable a comprehensive investigation of the basis of

these interactions. 
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Fig 6.2 Red clover leaves are rich in polyphenol oxidase (PPO). This is shown in (a) where disruption of high PPO leaf cells (left) results in
a dark extract in comparison with a low PPO leaf extract.
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Studies in the silo are building on our long

experience of developing commercial silage

additives, notably freshly cultured inoculants. One

drawback of silage inoculants is their susceptibility

to aerobic spoilage by yeasts, with consequent

nutritional, economic and environmental losses.

Mycotoxins produced by secondary fungal invaders

during spoilage also lead to potential health

problems for animals and humans. Molecular

techniques are being applied to investigate

competition between inoculant bacteria and the

natural microflora, and the successional microbial

changes occurring during the ensiling process. An

understanding of factors influencing the microbial

ecology of crops before and during ensiling,

(particularly yeast and mould populations) and their

interactions with chemical and physical attributes of

plants will lead to spoilage control strategies. 
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3. Strategies for safe and high-quality products

from forage-fed ruminants

Emphasis on the production of safe and higher

quality products has increased. Product quality

studies have focused on improving the nutritive value

of meat and milk with the main target of enhancing

the content of beneficial omega-3 polyunsaturated

fatty acids (PUFA). Plants are the primary source of

PUFA and forages represent a cheap and ubiquitous

source of the important PUFA α-linolenic acid

(Figure 6.4).  Important targets are to maximise the

transfer of forage α-linolenic acid into product,

which is dependent on: (1) increasing the level of α-

linolenic acid in the forage; (2) reducing the loss of

PUFA during field wilting; and (3) reducing the

extent of ruminal lipolysis and biohydrogenation. 

Our research has demonstrated beneficial increases

in the levels of α-linolenic acid and longer chain

derivatives in beef when feeding PUFA-rich diets
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Fig 6.3 Understanding plant cell degradation processes within the rumen is essential in terms of improving the efficiency of ruminant
production and reducing environmental pollution.



based on linseed or grass.  However, companion

studies, which have characterised ruminal lipolysis

and bio-hydrogenation of lipids under a wide range

of dietary conditions, have demonstrated that these

processes represent a major limitation in further

enhancing the lipid composition of ruminant

products. For example, high levels of incorporation

of α-linolenic acid into milk (15% of milk fat) have

been demonstrated when linseed oil was introduced

post-ruminally rather than in the diet.   Simarily, the

use of ruminally protected lipids, which allow

unsaturated fats to bypass the rumen, have large

effects on omega-3 fatty acids in the product.  An

increased understanding of microbial transformation

of lipids in the rumen is an important element of our

current research in the drive to produce more healthy

foods.

Altering the fatty acid composition of beef can alter

meat quality by providing a different mix of reactive

ingredients in the beef, which affect oxidative

stability (shelf-life), colour and flavour.  PUFA

content is positively correlated with increased

sensory panel scores for attributes such as ‘greasy’

and ‘fishy’.  However, these treatments had no effect

on colour or shelf-life. Conversely, when levels of

PUFA were further enhanced, the meat had higher

sensory scores for factors such as ‘abnormal’ and

‘rancid’ and a reduced shelf-life. We have shown that

the higher PUFA levels in milk and meat from

animals consuming red clover silage was associated

with reduced shelf-life, though this could be

corrected by supplemental vitamin E. The

relationships between vitamin E (and other

antioxidants) and n-3 PUFA in meat and milk to

ensure adequate stability during storage and

processing is an area of current research.

The ruminant is a key source of food borne

pathogens such as E. coli O157, and forages have the

potential to play a role in inactivating or preventing

their establishment in the gut. We have already

developed silage inoculants that direct the silage

fermentation and produce high nutritive value grass

and legume silages. Inclusion of micro-organisms

that can modify the gut environment to selectively

exclude pathogens will add value to these inoculants.

Another approach will be to identify forage plants

with anti-pathogenic characteristics. For example,

Enterobacteriacae and Listeriaceae are inhibited by

plant natural products such as coumestrol in red

clover. We also have evidence that physical

attributes of plants e.g., the stay-green trait or waxy

cuticles, reduce saprophytic survival. Such traits

could be used as breeding targets to create new

forage varieties, which could then be used to prevent

the build up of ‘inoculum potential’ in the field.
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Fig 6.4 The grazing animal consumes chloroplasts which are rich
in protein and lipid 

Contact: nigel.scollan@bbsrc.ac.uk


