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1- Responsible Research Fellow 

 

 Name:   José Horacio Pagella (PhD) 

 

 Contact address: Facultad de Agronomía, Universidad Nacional de La Pampa 

    Ruta Nacional 35 km. 334 

    L6300 – Santa Rosa, La Pampa, Argentina 

 

 E-mail address:  pagella@agro.unlpam.edu.ar 

 

2- Main purpose of the Fellowship 

 The Fellowship was aimed to support a postdoctoral research training based on method 

development for the assessing of forage rumen degradability in situ avoiding the use of surgically 

prepared animals. 

 

3- Fellowship period 

 The activities covered by the Fellowship were carried out in the UK between 17 April 2009 

and 14 October 2009. 

 

4- UK lead research organisation that hosted the Fellow 

 Institution name:  Macaulay Land Use Research Institute 

 

 Contact lead researcher: Dr. Robert W. Mayes 

 

 Contact address:  Craigiebuckler 

     Aberdeen AB15 8QH 

     Scotland, UK 

 

 E-mail address:  r.mayes@macaulay.ac.uk 

 

5- Postdoctoral research on the development of a method of ruminal degradability 

in situ for dietary plant material which avoids the need for fistulated animals:  

Outline of the research work supported by the Fellowship 
 

5.1. Background and justification of the project 
 The method known as ruminal degradability in situ or in sacco has been in use for many 

years to evaluate the feeding value of plant materials for ruminants (Ørskov et al., 1980). The 

method is a very robust and powerful tool widely used to study digestive aspects central to 

ruminant nutrition (Ørskov and Shand, 1997). Relying on surgically-fistulated animals, it involves 

the incubation inside the rumen of feed samples enclosed in porous bags made of synthetic fabric. 

Different procedure aspects of this method have been the object of discussion in an excellent 

review by Huntington and Givens (1995). The method provides valuable information on feed 
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quality and is the basis for many feed evaluation systems. It has been particularly useful in 

describing the ruminal degradation dynamics of lignocellulosic feeds and protein supplements, and 

the information it produces has shown reliability to predict roughage digestibility and intake. Also, 

this method has been used to test the effect of different ruminal environments, derived from 

particular animal diets, on the degradation dynamics of a fixed type of incubated substrate. 

 The method is particularly useful for the screening of the feeding value for ruminant 

feedstuffs in developing countries due to its low requirement of laboratory facilities. Another 

advantage of the method is that it does not require the use of chemical reagents, being therefore less 

polluting and expensive than other feed evaluation methods. The disadvantage of the conventional 

degradability method in situ is that it requires the use of animals surgically prepared with a rumen 

fistula. In many European countries, including the United Kingdom, ethical concerns about welfare 

of animals in experiments make the reduction or cessation of procedures which use surgically-

prepared animals an important aim. Other restrictions to mention are the need of surgical expertise 

and the cost, facilities and labour to maintain fistulated animals. 

 Focussing on the restrictions cited before, the purpose of the present research was to study 

an alternative degradability method in situ that avoids the use of rumen-fistulated animals. This 

involved work on an alternative method that, in some way, implies a revisiting of the experimental 

approach used by the Eighteenth Century physiologists Reaumur and Spallanzani in their pioneer 

digestion studies (Gratzer, 2005). 

 

5.2. Research project objectives 
 The main objective of the present postdoctoral research project was to carry out a 

preliminary work on developing a rumen degradability method in situ using animals lacking any 

surgical preparation. This alternative method involved the oral dosing of small porous synthetic 

bags, containing a feed sample, at different times prior to animal slaughtering. The specific 

objectives sequentially addressed through the experimental work of this research comprised: 

 To design bags smaller than the ones used in the conventional method of ruminal 

degradability in situ. 

 To develop a way of dosing smaller-size bags to the animals. 

 To observe the possible regurgitation of smaller-size dosed bags. 

 To test the performance of devices attached to the small bags to avoid their regurgitation 

following oral dosing. 

 To study the ruminal degradation dynamics of different lignocellulosic feedstuffs enclosed 

in small-size bags subjected to ruminal incubation in situ. 

 

5.3. Facilities and materials used for the experimental work 
 The work in the laboratory required the use of analytical balance and oven for drying 

forages samples and their residues of ruminal incubation. For the design of small porous bags to 

incubate forage samples in the reticulum-rumen a Dacron
®
 fabric of 40 μm mesh size was used. 

Devices added to small bags to prevent their regurgitation were constructed using commercial 

plastic cable ties. A heat-sealer and a sewing machine were used to seal the edges of small bags. 

The animal experiments were carried out at the Macaulay Institute’s Glensaugh Research Station 

using 14 cast ewes without any surgical preparation. During the experimental period the animals 

were stall-allocated in individual pens with access to water at all times and fed 500g/d dried grass 

pellets plus chopped hay ad libitum. An adaptation period of at least two weeks was allowed to the 

animals before beginning oral dosing of the small bags to them by means of a dosing gun. 

 

5.4. Experimental procedures 
 The experimental procedures comprised two types of work: (a) laboratory work for the 

preparation of small bags for ruminal incubation in situ and processing of incubated bags 
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withdrawn from the sheep forestomachs, and (b) animal house work to carry out three sequential 

experiments with cast ewes. 

 

5.4.1. Laboratory work on small porous bags 

 Using the Dacron
®
 fabric described above, porous bags with half the total effective surface 

area of those used in the conventional method of ruminal degradability in situ were constructed 

following two basic designs: (1) a flat rectangular shape and (2) a tetrahedral pyramid shape. The 

flat rectangular shape (Fig. 1) was included in the evaluation because the larger bags of the 

conventional method in situ have the same design. Since there was concern about the forage 

substrate being too compressed inside the small flat bags, which could affect its ease of 

degradation, the tetrahedral pyramid shape (Fig. 2) was also assayed in this work. The hypothesis 

was that this second design allows the substrate to have more space to move freely inside the bag 

and to be more exposed to the degradative action of ruminal microorganisms. 

 

 
 

Whatever their shape, the assembling of bags was based on a rectangular piece of fabric 

folded by its middle narrowest zone, with both halves stuck together by welding two adjacent edges 

with a heat-sealer. For the ruminal incubation assays in situ a 1 g sample of forage, dried and 

ground to pass through a 2-mm sieve, was weighed into each bag. This resulted in a sample 

weight:bag effective surface area ratio of around 17 mg/cm
2
 which is of the same order as in the 

conventional degradability method in situ with larger bags. For the first animal experiment two 

stainless steel rods (15mm long x 6mm diameter; approximate weight of 5g each) were enclosed 

into each dosed bag for the purpose of making the bag sink in the ruminal contents and reduce the 

risk of regurgitation. The closure of the bags with their contents was done by machine stitching a 

folded strip of Dacron
®
 fabric covering their tops. The top closure of flat shaped bags was done in 

the same plane as the bottom edge but in a plane perpendicular to the bottom edge for tetrahedral 

shaped bags. Prior to oral dosing, the bags were rolled up to form a cylinder and wrapped in a small 

sheet of tissue paper, which was twisted at each end (Fig. 3), so that it could be inserted into a 

standard dosing gun (Fig. 4). 

 

 
 

In the second and third animal trials, the bags dosed to sheep had attached plastic devices to 

prevent their regurgitation. The anti-regurgitation devices (ARD) were made from plastic cable ties 

of 5-mm width and anchored to the fabric strip closing the bag tops. A length of nylon fishing line 

was used to secure the anchoring of the ARD devices to the bags and to constrain the complete 

unfolding of the plastic wings in the forestomachs. The designs of ARD devices used for the bags 

comprised 3 different configurations: ‘z’-shaped (ARD1; Fig. 5), ‘double z’-shaped (ARD2; Fig. 6) 

and ‘umbrella’-shaped (ARD3; Fig. 7). The plastic wings from these bag attached devices were 

folded when wrapping the bags with tissue paper as a preparative step for oral dosing. The time for 

Figure 4. 
Paper-wrapped 

bag inserted in 

dosing gun. 

Figure 3. 
Small bag 

paper-wrapped 

for dosing. 

Figure 2. Small 

Dacron
®
 bag with 

tetrahedral 

pyramid shape. 

Figure 1. Small 

Dacron
®
 bag with 

flat rectangular 

shape. 
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unwrapping of bags and unfolding of wings from their attached ARD devices was tested in the 

laboratory by placing the paper-wrapped bags in a beaker containing tap water at 39ºC under 

agitation by magnetic stirrer. 

 
 

 
 

Upon the slaughtering of the sheep at the end of each trial, the bags were withdrawn from 

the forestomachs and immediately plunged into cold water to stop microbial activity and washed 

under circulating tap water for 30 min as in the conventional method protocol (International Feed 

Resources Unit, 2004a). The bags were then oven dried at 60ºC having previously removed the 

anti-regurgitation device from those ones having it attached. Towards the end of the drying step the 

fabric strips closing the top of the bags were removed by carefully cutting the stitches. After the 

drying of the open bags containing the forage incubation residues was complete they were weighed. 

The recorded weights of empty bags, forage samples, and bags with forage residues enabled the 

calculation of the percentage dry matter disappearance of substrates at the corresponding time of 

incubation. In addition, for each of the forages used in the incubation tests, zero time dry matter 

loss and soluble dry matter loss were determined using the protocol of the International Feed 

Resources Unit (2004b). The calculated data was fitted to the first order model of Ørskov and 

McDonald (1979) to estimate the constants that describe the dynamics of degradation for the 

different forages tested. 

 

5.4.2. Experimental work with animals 

 

Oral dosing, intra-ruminal incubation and withdrawal from the forestomachs of small bags 

Over the period of five days that ended with animal slaughter in the experimental protocol 

of all the trials, the ewes were dosed at seven time points in accordance to the dosing frequency of 

the conventional method using rumen-fistulated animals. The standard ruminal incubation times for 

the forages used in the tests comprised 4, 8, 12, 16, 24, 48, 72 and 96 h. At each time point the 

ewes were orally given by means of a dosing gun two flat-shaped bags and two tetrahedral-shaped 

bags. The standard time-schedule for procedures applied to sheep in the three trials is shown in 

Table 1. 

Immediately after sheep slaughter by sodium pentobarbitone injection, incision of their 

abdominal wall was performed to have access to the forestomachs which were opened up to extract 

Figure 7. Flat bag with ‘umbrella’-shaped 

anti-rumination device. 

Figure 5. Flat bag 

with ‘z’-shaped anti-

rumination device. 

Figure 6. Tetrahedral bag 

with ‘double z’-shaped 

anti-rumination device. 
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the incubated bags. All the procedures applied to the experimental animals conformed to the 

regulations of the UK Home Office. As a regulated procedure with live animals, the oral dosing of 

material is classified under the official category of ‘mild’. 

 

Table 1. Experimental schedule for oral dosing of bags to sheep in all the trials. 

 

Procedure Day Time 
Time (h) before 

slaughter 

Dose 1 15.30h 96 

Dose 2 15.30h 72 

Dose 3 15.30h 48 

Dose 4 15.30h 24 

Dose 4 23.30h 16 

Dose 5 07.30h 8 

Dose 5 11.30h 4 

Slaughter 5 15.30h 0 

 

First trial specific details 

 This trial was conducted as a pilot experimental test aimed to compare the performance of 

flat- and tetrahedral-shaped small bags with respect to ease of oral dosing, robustness of the bags, 

incidence of regurgitation and the reproducibility of the obtained degradation data. All the bags 

incubated enclosed oven-dried grass hay as substrate and two stainless steel rods to increase their 

weight in approximately 10 g. Only two cast ewes were used in this trial. 

 

Second trial specific details 

 The main objective of this trial was to study the performance of different plastic devices 

attached to the small Dacron bags to avoid their regurgitation following oral dosing to sheep. The 

anti-regurgitation devices ARD1, ARD2 and ARD3 were tested with both flat- (F) and tetrahedral- 

(T) shaped bags. All the bags incubated enclosed oven dried grass hay as substrate and no metal 

rods were placed in them. Six cast ewes were used in this trial and the different treatments allocated 

to the experimental animals were: 

 

 1-ARD1 device attached to flat-shape bag   (ARD1/F) 

 2-ARD1 device attached to tetrahedral-shape bag  (ARD1/T) 

 3-ARD2 device attached to flat-shape bag   (ARD2/F) 

 4-ARD2 device attached to tetrahedral-shape bag  (ARD2/T) 

 5-ARD3 device attached to flat-shape bag   (ARD3/F) 

 6-ARD3 device attached to tetrahedral-shape bag  (ARD3/T) 

 

The six sheep were arranged in pairs at random for the allocation of treatments. Both animals from 

each particular pair were dosed the following type of bags: 

 

 Pair 1 of ewes: ARD1/F + ARD1/T 

 Pair 2 of ewes: ARD2/F + ARD2/T 

 Pair 3 of ewes: ARD3/F + ARD3/T 
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Third trial specific details 

 The main purpose of this last trial was to compare degradation characteristics of three 

forages of different quality using small bags having attached a type of ARD device tested in the 

second trial. The three forages tested were freeze-dried perennial ryegrass (R), freeze-dried red 

clover (C) and oven-dried barley straw (S). Both types of bags, flat- and tetrahedral-shaped, were 

used in the incubation test and the simple ARD1 anti-regurgitation device was attached to all the 

bags. No metal rods were placed in the bags to increase their weight. The experimental treatments 

applied to sheep were combinations of the factors forage substrate and bag shape. Six cast ewes 

were used in this trial and the allocation of experimental treatments to each animal was as follows: 

 

 Sheep 1: ryegrass forage in flat bag + clover forage in tetrahedral bag (R/F + C/T) 

 Sheep 2: ryegrass forage in tetrahedral bag + clover forage in flat bag (R/T + C/F) 

 Sheep 3: ryegrass forage in flat bag + straw forage in tetrahedral bag (R/F + S/T) 

 Sheep 4: ryegrass forage in tetrahedral bag + straw forage in flat bag (R/T + S/F) 

 Sheep 5: straw forage in flat bag + clover forage in tetrahedral bag  (S/F + C/T) 

 Sheep 6: straw forage in tetrahedral bag + clover forage in flat bag  (S/T + C/F) 

 

5.5. Results and discussion 
 As a pilot experiment, Trial 1 showed that the procedure of orally dosing each bag (after 

wrapping in tissue paper) was straightforward but revealed the negative fact that both ewes 

regurgitated most of the bags, independently from the two different shapes of bag tested. Upon 

regurgitation of the bags, their fabric was subject to severe damage by mastication. The increase of 

total weight in approximately 10 g by inclusion of metal rods in the bags could not impede bag 

regurgitation. One sheep spat out the bags after regurgitation whereas the other one chewed and 

tore the bags on regurgitation, and then re-swallowed them. Only around 16% of the 28 bags orally-

administered to both sheep were recovered undamaged from the reticulum-rumen. These were bags 

dosed to the animals at 8 and 4 h before slaughtering, which means that their exposure to the 

rumination cycle for shorter times gave them the opportunity to remain in the forestomachs. 

 For Trial 2, the dosing of bags arranged with anti-regurgitation devices was performed 

without major inconveniences although it was slightly more difficult to carry out for bags with 

ARD2 and ARD3 wings than the ones having the simple ARD1 wings. This second experiment 

resulted highly successful in terms of recovering most of the incubated bags from sheep 

forestomachs. The recovery of bags in undamaged condition from the forestomachs was at the 

levels of 100%, 96% and 100% for bags arranged with the types ARD1, ARD2 and ARD3 of anti-

regurgitation devices, respectively. For one sheep dosed bags with Type ARD2 anti-regurgitation 

device, two of them went missing and the rest were recovered from the reticulum-rumen after 

slaughter. Missing bags were apparently lost at the time of dosing and not due to regurgitation. For 

the second sheep dosed bags with the same type of anti-regurgitation device, 26 of them were 

recovered from the reticulum-rumen and 2 were found in the abomasum. When tested in the 

laboratory, paper-bundled bags got unwrapped rapidly (around 2 min) after placing them in stirred 

warm water, process that was probably facilitated by the tension of the folded plastic wings of the 

ARD devices. This would indicate that unwrapping of the bags, and subsequent unfolding of wings 

from the attached ARD device, could also happen in a rapid way upon exposure to the rumen fluid 

giving bags a low chance to be regurgitated. Upon opening up of the forestomachs, it could be 

observed that the bags were thoroughly mixed with the ruminal digesta. This fact it might lead to 

speculate that the unfolding of the ARD device wings was in some way helping to the entrapment 

of bags in the ruminal contents. The degradation curves obtained by data fitting to the model of 

Ørskov and McDonald (1979) were highly satisfactory (see Fig. 8 and Table 2). Reproducible dry 

matter losses (% units) at each time point were obtained from all sheep and no differences were 

found between bag shapes (mean within-sheep differences between replicates ± SE - F bags: 
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2.04±0.718 and T bags: 1.77±0.460; between-sheep SEM over all time points - F bags: 1.000 and T 

bags: 0.743). 

 In Trial 3, only one bag was not recovered from five of the sheep, but six bags were lost 

from the sixth animal. Using the procedure of Ørskov and McDonald (1979) and assuming the 

different shapes of bags to be replicates, degradation curves were obtained for the three forages 

tested in this trial (five sheep). The observed and fitted degradation characteristics (Fig. 8 and Table 

2, respectively) were in accordance with those to be expected from the conventional degradability 

method in situ using fistulated animals. 
 

Figure 8. Observed ruminal degradation of four dried forages in nylon bags orally dosed to intact 

sheep (mean ± SE). 
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Table 2. Ruminal degradation constants for four dried forages using nylon bags orally dosed to 

intact sheep. 

 

Forage n
1 

WL
2 

Degradation constants (means ± S.E.)
3 

a (%) b (%) c (/h) 

Grass hay 12 27.4 15.1±0.65 58.4±0.88 0.057±0.0016 

Perennial ryegrass 4 29.4 26.3±2.52 39.5±0.88 0.054±0.0042 

Red clover 3 51.0 19.1±9.42 76.1±9.18 0.309±0.0323 

Barley straw 3 12.6 4.7±1.27 64.2±1.77 0.048±.0032 

1
Number of sheep observations (seven time points each). 

2
Washing loss (%): bags in water at 39

o
C; washed in cold water. 

3
Obtained from the fitted equation: p = a + b (1 - e

-ct
), where p is the percent degradation at time t (h), a the 

proportion of rapidly soluble fraction, b the proportion of insoluble but potentially degradable fraction and c 

the fractional degradation rate of the insoluble but potentially degradable fraction. 
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5.6. Conclusions 
 Small bags of synthetic fabric were constructed and tested to assess the ruminal 

degradability of forages in situ using sheep without any surgical preparation. The work in this 

alternative approach, unlike the conventional method of ruminal degradability in situ, required bags 

to be orally dosed to sheep and withdrawn from the forestomachs upon animal slaughter. A first 

pilot trial showed that oral dosing of small bags to sheep is a viable practice but most of the bags 

dosed were subjected to regurgitation. In a subsequent trial, it was found that plastic devices 

attached to the dosed small bags impeded their regurgitation by sheep when unfolded inside the 

reticulum-rumen. A last trial complementing the second one made evident the sensibility of this 

non-invasive method to describe the dynamics of ruminal degradation of different-quality forages. 

There were no apparent differences in substrate degradation dynamics between the two shapes of 

small bags in the incubation tests. The alternative method assayed would seem to be more realistic 

than the conventional one in terms of the freedom of incubated bags to move individually in the 

reticulum-rumen. Unlike the bags incubated in the conventional degradability method, which are 

anchored to the rumen cannula, the orally dosed small bags can move freely in the ruminal contents 

as feed particles do in response to the normal pattern of contractions of the forestomach wall. 

Therefore, it could be speculated that the substrates incubated in the small bags would be exposed 

to the ruminal microbial attack with a similar dynamics as dietary particles entering the 

forestomach. These studies indicate that there is a potential for using a small bag method with 

intact sheep to characterise the ruminal degradability in situ of roughages. However, further work is 

required to increase the reliability of the dosing method and to test its use with a wider range of 

feedstuffs. This non-invasive animal-based method would have a great impact on ruminant 

nutrition research and production, not only in countries like United Kingdom, but also in 

developing countries where it could be easily run. 

 

 

6- Benefits from the Fellowship Programme in terms of experience gained and 

contacts made 
 

 I consider the awarding of this Stapledon Fellowship as a major accomplishment in my 

career and the gateway for an experience of great impact for my academic background. Through 

this Fellowship Programme I had the unique opportunity abroad to enhance my skills to pursue 

career goals as an independent researcher. This experience at postdoctoral level allowed me to 

deepen my field of expertise and understanding, to acquire new technical skills and to expand my 

research networks. The postdoctoral project I was working for involved an original research topic 

on aspects of method development. The research topic was proposed to me by Dr. Robert W. 

Mayes considering its link with Ruminant Nutrition, the area of knowledge for my doctoral studies. 

 From the beginning, the research topic proposed for my postdoctoral research was exciting 

and challenging for me because it would mean to undertake an original work about an issue of 

growing social concern, such as the avoidance of surgically-prepared animals in research 

methodologies. Being under Dr. Mayes’ guidance, it was for me a period of constant learning from 

his expertise, common sense and capability to design and execute experimental protocols. At the 

same time, Dr. Mayes and his collaborators allowed me to carry out this postdoctoral study with 

enough freedom to develop my creativeness dealing with the research problem. In such a short 

period my postdoctoral project was taking place I learned that planning is a key tool for managing 

time and experimental facilities efficiently. During the execution of the postdoctoral project, the 

competent supervision of Dr. Mayes was crucial to overcome unexpected experimental constraints. 
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 To have a postdoctoral experience in an international scientific centre like the Macaulay 

Institute contributed to expand my academic horizons and look at my research career from a 

renewed perspective. This host institution provided me with all the resources and facilities to 

undertake successfully my postdoctoral project. Without doubt this experience abroad is a source of 

new ideas to be applied back home and helps to enlarge my network of research related people to 

be in touch with. This community of people involves not only permanent staff from the Macaulay 

Institute but also visiting scholars from all around the world. Also, the execution of animal 

experiments during my postdoctoral training in the UK, where I had to deal with a body of 

restrictions and rules for animal manipulation that are lacking in my home country, constituted 

another learning experience for me. 

 In the end the great impact of this Fellowship Programme will be not only on the 

enhancement of my scientific competitiveness but also on my ethical commitment concerning 

animal welfare. Apart from my individual improvement, this posdoctoral training will be a 

contribution to the academic resources of my home university which is not highly served by 

postdoctoral trained lecturers. Besides, the results of this research will be of interest for the 

scientific community of the UK and other parts of the world, and different research groups would 

like to test the alternative methodology assayed that was the object of my postdoctoral project. 

 

7  Follow-up plans arising from the Fellowship Programme 
It is intended to produce an abstract paper for presentation at the British Society of Animal Science 

Annual Conference in 2010, as well as a full paper to be submitted to a scientific journal, with 

results of the current research project. Further work in relation to the topic of this project could be 

undertaken either at the Macaulay Institute or my home university. The experimental approach used 

in this postdoctoral work can easily be reproduced in the current conditions of my home university 

and would not require a great investment in term of laboratory facilities. Over the period the current 

postdoctoral project was being executed in the UK, it grew up the idea of formalising a 

collaborative programme between Dr. Mayes' research group at the Macaulay Institute and my 

home university. It is a plan for the year 2010 to invite Dr. Mayes, and his colleague Prof. E.R. 

Ørskov from the Macaulay Institute, to give lectures in a postgraduate Ruminant Nutrition course 

to be held in my home country. This plan will rely upon funding opportunities being currently 

explored such as the British Council Office in Buenos Aires and the Argentine National Research 

Agency. 
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