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ABSTRACT 

Experiments were conducted to study in situ dry matter and 

neutral detergent fiber disappearance of alfalfa hay, wheat straw and 

cottonseed hulls as affected by fistulated steer diet, time of incuba

tion and particle size. 

Time of incubation, bag pore size and particle size all showed 

significant effects (P < .01) on alfalfa and wheat straw dry matter 

disappearance. Dry matter disappearance increased (P < .05) as time 

of Incubation increased and within each time dry matter disappearance 

increased as pore size increased. In general, dry matter disappearance 

decreased as feed particle size increased. Time of incubation was the 

only factor that was consistently significant (P < .01) with cotton

seed hulls. 

Neutral detergent fiber disappearance paralleled dry matter 

disappearance in all studies. Increasing concentrate levels in the 

animals' diets had minimum effect on alfalfa and cottonseed hulls 

disappearance but markedly reduced that of wheat straw. 

xi 



INTRODUCTION 

Forage digestibilities have been measured for many years by 

conventional digestion trials. This technique requires large amounts 

of forage, is time consuming and costly. An alternative rapid, simple 

and low cost method of determination of forage digestibility would be 

of interest to both animal nutritionists and forage plant breeders. 

Two techniques have been developed to address the problem: one is 

the in vitro technique and the second is the in situ nylon bag tech

nique. Both techniques are not without problems. The in vitro 

technique uses a very small sample weight (usually .5 gram). In 

addition, rumen liquor is necessary and the liquor may or may not be 

representative of the kind and number of rumen microorganisms needed 

for maximum digestion of the forage. Moreover, special care must be 

taken to ensure anaerobic conditions in the flask and to keep the 

water bath temperature close to rumen temperature. Currently, the 

Tilly and Terry (1963) In vitro procedure is widely used for forage 

evaluation and has a close relationship to the in vivo digestibility. 

The in situ nylon bag technique has been used for over forty 

years to study degradation of various feedstuffs in the rumen. The 

nylon bag technique is fast and requires minimum capital investment 

in both animals and equipment. The method is suitable for assessment 

of digestibility, especially when samples to be studied are in limited 

quantity. The situation is most likely to prevail under experimental 

1 



2 

development of new forage varieties by plant breeders or in the investi

gation of the digestible value of crop by-products for future use in 

animal feeding. The nylon bag technique has a decisive advantage over 

the Jji vitro technique due to the fact that larger samples can be used 

and the samples are incubated in the rumen. Klett and Ralston (1967) 

found similar results for the 48 h nylon bag, 24 h jLn vitro and 

in vivo dry matter disappearance. However, like any method, to be 

reliable a number of factors have to be controlled. Animal diet, 

bag pore size, sample size and bag location in the rumen have all been 

identified as factors of variation in the nylon bag technique. Little 

attention has been directed towards the fineness of grind (Van Keuren 

and Heinemann, 1962) but not necessarily particle size. Furthermore, 

in most studies only one or two variables are studied simultaneously. 

There is a need for a multifactorial study with nylon bags to estimate 

the rate and extent of roughage digestion under various conditions. 

The present experiments were designed to study the effect of 

bag pore size, particle size, time of incubation and animal diet on 

dry matter disappearance both in situ and in a water bath of alfalfa 

hay, wheat straw and cottonseed hulls. 



LITERATURE REVIEW 

Nylon BaR Technique 

Since its introduction by Quin et al. (1938), the nylon bag 

technique has gained wide use in the study of the time course of di

gestion and the evaluation of feedstuff digestibility. It has also 

been shown however, that various factors such as bag pore size, sample 

size and structure, time in the rumen and animal basal diet affect the 

results obtained through that particular digestion technique. 

Lindberg and Knutsson (1981) examined the effect of bag pore 

size on particulate dry matter loss and the inflow of rumen liquor 

and its effects on the subsequent degradation of cell walls for straw 

and hay. Four cows of the Swedish Red and White breed and five bag 

pore sizes (5, 6, 10, 20 and 36 ym) were used. Particulate dry matter 

loss was determined in a water bath and cell wall degradation was 

studied JLn situ. In the water bath, there was no significant difference 

in dry matter loss from 5, 6 and 10 ym aperature sizes (8.7, 8.7, 9.1% 

respectively) for the straw substrate, but increasing bag pore size from 

10 to 20 ym significantly affected dry matter loss (18.8 vs 9.1%). A 

further increase of aperture size to 36 ym did not greatly increase 

dry matter loss (20.6%). In situ there was a significant difference 

in acid detergent fiber degradation between 5 and 10 ym pore sizes 

(P < 0.0001) for hays, but the difference was not significant for straw. 

Loss of dry matter due to fineness of grind was also tested using 1 

and 4.5 mm screens. The results showed that loss of particulate dry 



matter was more than double with 1 mm compared to 4.5 mm (no specific 

data given). They stated that using coarser sizes may reduce degrada

tion rate but it is also the best way to approach real rumen conditions. 

Lindberg and Varvikko (1982) studied the rate of degradation 

of feeds, the loss of undegraded particles in bags of different pore 

sizes and the interaction between pore size and basal diet. The ex

periment consisted of two trials. In trial one, animals received 6.0 kg 

of dried grass hay daily and in trial two they received 5.5 kg of 

legume grass silage and 6.0 kg of grass hay in two consecutive periods. 

Samples used in nylon bags were hay, silage, straw and some concentrate. 

The bag pore sizes were 10 and 36 ym in trial one and 10, 20 and 36 

in trial two. Dry matter disappearance was higher with 36 ym than 10 ym 

pore size for both hay and silage (35.5 vs 42.3% and 32.2 vs 37.5% 

respectively) at two hours but not significant for straw (8.1 vs 8.4%). 

Cell wall degradation paralleled dry matter disappearance. Their 

results showed also that pore size effect was less pronounced for very 

short and very long incubation periods. 

Effect of bag porosity on roughage digestibility was also 

studied by Van Hellen and Ellis (1977). The bags were made of woven 

nylon fabrics. Experimental animals were fed an unground coastal 

Bermudagrass basal diet and buffelgrass containing 70% neutral deter

gent fiber (NDF) and 55% digestible when fed to sheep was used as 

substrate in the nylon bags. The experiment comprised four trials. 

In the first trial using bags of 100 x 135 ym porosity they 

found that the rate of NDF digestibility increased up to 12 hours 

in situ. Thereafter digestibility became erratic and sometimes 
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negative. Negative digestibility was attributed to possible influx 

of NDF particles from rumen digesta. 

The second trial was so designed to measure NDF influx into 

bags of 75 x 75 ym and 100 x 135 ym porosity. Results of the trial 

indicated a significant decrease in NDF influx into bags of smaller 

porosity after 48 hours (2.7 vs .93 g). 

A third trial was conducted using bags having 1.2, 5 and 10 vim 

pores. Neutral detergent fiber influx into all three porosities was 

practically zero. 

In the fourth trial with acropore bags having .25, .45, .8, 1.2 

and 5 ym apertures, Van Hellen and Ellis (1977) found no statistical 

difference in NDF, hemicellulose and cellulose digestibilities from 

any of the porosities (i.e. 49.0, 52.5, 48.2, 49.0 and 44.6% respec

tively) at 48 hours in situ. These results suggested that there was 

no depression in forage fiber digestibility in containers of porosity 

as small as .2 ym. Hungate (1966) stated that all important cellulose 

digesting bacteria have a diameter ranging from 0.3 to 1.7 ym and they 

are no more than 7 ym long. Van Hellen and Ellis (1977) suggested 

that fiber digestibility was effected by smaller bacteria and/or 

diffusible enzymes. 

Lindberg (1981b) studied the effect of sample size and sample 

structure on the degradation of dry matter and cell walls. Using hay, 

barley and oil meal mixtures as substrates in bags of 10 ym pore size 

he observed different rates of dry matter disappearance. Bags con

taining 900 mg had the highest dry matter disappearance followed by 

those containing 1800 mg and 2700 mg (62.4, 56.1 and 55.0% respectively). 
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These results agree with those of Van Keuren and Heinemann (1962) 

who observed a significant decrease in dry matter disappearance as 

sample size increased. Cell wall degradation of 900 and 1800 mg 

samples was similar but there was a significant difference between 

1800 and 2700 mg samples in cell wall degradation. 

With silage samples milled to pass through 1.0 and 4.5 mm 

screens and incubated for 6, 24 and 48 hours in situ, Lindberg (1981) 

found no significant difference in dry matter disappearance at 6 and 

48 hours. At 24 hours however, samples milled with a 1.0 mm screen 

had a higher dry matter disappearance (P < 0.05). Cell wall degrada

tion followed the same trend as dry matter disappearance and was 

little affected by sample structure. However, there was a tendency 

towards a slower rate of digestion for silage as compared to concen

trate. 

Meherez and 0rskov (1977) investigated factors affecting the 

disappearance of dry matter from bags of different sizes incubated 

together in the same rumen. They used three sets of bags ( 5x8, 

17 x 9 and 25 x 15 cm) in sheep fitted with permanent fistula. Sample 

weight was held constant. They studied the effect of site in the rumen 

and the homogeneity of the tested samples, influx of rumen digesta and 

bag size. Among all the factors, they found that bag size had the 

greatest effect on dry matter disappearance and variability. Increas

ing bag size from 5 x 8 to 17 x 9 cm Increased dry matter disappearance 

from 37.5 to 85.0% and reduced variability among bags. A further 

increase in bag size to 25 x 15 cm had no effect (P > 0.05) on dry 

matter disappearance and variability. 
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Basal diet effect on dry matter disappearance, nitrogenous com

pounds and cell wall degradation was studied by Lindberg (1981a) using 

bags having a 100 x 60 mm Internal diameter with 10 ym aperture size 

and containing 1 g air dried samples. He fed six basal diets consist

ing of three levels of crushed oats to ammonia treated barley straw 

or grass hay (0:100, 30:70, 70:30). Samples studied were hay (105, 110, 

I), straw (unspecified), dried sugar beet pulp and some concentrate 

feeds. 

In experiments with ammonia treated straw and crushed oats as 

basal diet, increasing levels of crushed oats decreased dry matter 

disappearance of hays and sugar beet pulp but had no effect on straw 

dry matter disappearance. There was also a significant depression in 

cell wall degradation for hay 110 and X and sugar beet pulp. Increas

ing crushed oats levels from 30 to 70% of the diet did not affect 

cell wall degradation of hay 105 or straw samples. 

With grass hay substituted for ammonia treated barley straw 

in the basal diet, dry matter disappearance from hay 110, hay I and 

straw was depressed as crushed oats level increased; hay 105 remained 

unaffected. Cell wall degradation of all samples was depressed with 

higher levels of oats. These results agree with results obtained by 

Hopson et al. (1963) who showed that basal diet had a significant 

effect on digestibility of samples contained in dacron bags. 

Van Keuren and Heinemann (1962) showed also a significant effect 

of the dietary regimen of the flstulated animal on the digestibility 

of forages. In their experiment alfalfa digestibility was lower with 
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the animal on alfalfa diet in drylot than when the animal was on al

falfa and orchardgrass in pasture (43.7 vs 46.7%) at 24 hour incubation 

periods. 

Klett and Ralston (1967) compare in vitro and in vivo diges

tions. Twin four year old steers were fitted with permanent fistula 

and used to obtain simultaneously in vivo (total collection and nylon 

bag) digestion coefficients and to provide inoculum for in vitro 

study. The experimental rations consisted of coarsely chopped alfalfa 

hay and steam rolled barley mixed in various ratios (4:0, 3:1, 2:2, 

1:3 and 0:4). The same ration samples were used in nylon bags and 

in vitro studies. There was essentially no difference in the first 

four rations among 24 and 48 hour nylon bag in situ and in vivo dry 

matter digestion (59.8, 70.8 and 64.4% respectively). They further 

demonstrated that 72 hour nylon bag overestimated in vivo digestion 

coefficients (79.7 vs 68.9%) while both 12 and 24 in vitro under

estimated the coefficients (57.6 and 65.5 vs 68.9%). 

Significance of basal diet was also demonstrated by Neatherly 

(1969). Using two basal diets, Coastal Bermudagrass and alfalfa-

orchardgrass, corncobs, soybean straw, cottonseed hulls and corn 

stalks. Dry matter disappearance was higher with the steer on Coastal 

Bermudagrass than on alfalfa or orchardgrass for all samples except 

cottonseed hulls and corn stalks. 
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Effect of Concentrates on Fiber Digestibility 

Quantitatively and qualitatively researchers have shown that 

concentrate addition in the diet influences fiber digestibility. 

El Shazly et al. (1961) conducted in vitro and in vivo ex

periments to elucidate inhibition in cellulose digestion by micro

organisms in concentrate-roughage mixed rations. In vitro studies 

indicated that the inhibition was due to competition for nutrients, 

primarily nitrogen, between amylolytic and cellulolytic bacteria. 

In vivo investigation using filter paper in nylon bags showed similar 

inhibition of cellulose digestion when sheep were fed increasing levels 

of starch to roughage ratios in rations. 

El Shazly et al. (1961) further demonstrated that urea addition 

to rations containing 2:1 or 1:1 hay to corn ratios partially or com

pletely alleviated the inhibition. However, when ratio reached 1:2, 

addition of urea had little allevlatory effect. 

Using linear programming techniques, Mertens and Loften (1980) 

studied effects of starch levels on forage fiber digestion rate in 

vitro. Purified corn and wheat starch were added to alfalfa, Coastal 

Bermudagrass, orchardgrass and fescue hay. The starch was added at 

0, 40, 60 and 80% of the total substrate. They found a close relation 

between effects of starch on fiber, plan morphology and type of 

bacteria associated with fiber digestion. They observed a linear in

crease in lag time (time before start of digestion) as starch level 

increased but the rate of fiber digestion was unaffected. 

Burroughs et al. (1949a) obtained increased fiber digestibility 

of low quality roughage (corn cobs and timothy hay) when protein level 
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increased from 8 to 15% (66.7 vs 58.9% for corn cob and 59.1 vs 50.7% 

for timothy hay). 

In a subsequent experiment conducted in five trials, Burroughs 

et al. (1949b) studied the influence of concentrate upon roughage di

gestion in cattle fed roughages with or without starch addition. The 

results indicated that protein requirement for efficient roughage 

digestion was low when roughages were fed in absence of starch or starchy 

grains. The addition of starch to the ration increased the protein 

level required to maintain roughage digestion. 

Feeding growing steers two component diets consisting of alfalfa 

hay and isolated corn starch (0 to 60%) or flaked sorghum grain (0 to 

100%) at 20% increments, Delfino (1982) showed a depression in ADF and 

NDF digestibilities with increasing levels of starch or grain in the 

diet. The ADF and NDF digestibilities decreased from 48.3 and 50.3% to 

33.4 and 29.0% respectively when basal diet changed from 100 to 20% 

alfalfa hay. 

Gaytan (1978) studied the effect of levels of grain supple

mentation on voluntary intake and nutrient digestibility of wheat 

straw in sheep. The rations were formulated to supply either 0, 25, 

50 or 75% of the digestible energy required to produce 200 g of gain/ 

day. The voluntary wheat straw consumption and the average daily gain 

were determined over a period of 42 days. The results of the study 

indicated that the Intake was not depressed by grain supplementation 

except at the highest level. The dry matter, organic matter and gross 

energy digestibilities increased with increasing level of supplementa

tion while the NDF, ADF, hemicellulose and cellulose digestibilities 
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decreased. He stated that the low NDF digestibility was possibly due 

to low grain fiber digestibility. Using the simultaneous equation 

method for adjacent grain levels he showed that wheat straw NDF diges

tibility was unaffected by grain levels in the diet but the grain NDF 

digestibility was decreased as grain level in the diet Increased. He 

also stated that the low grain NDF dlgestibilitiy could be inherent to 

the grain fiber or to the high rate of passage of grain as compared 

to roughage in the gastrointestinal tract which reduces the bacterial 

attack on the grain fiber. 

Parrott (1970) studied the effect of concentrate levels on the 

digestibility of ground alfalfa, alfalfa meal and cottonseed hulls. 

The results of his studies showed that feed intake decreased as con

centrate level increased and among the roughages, feed intake was 

highest with cottonseed hulls (16.6 vs 15.2 lb/day). The ground al

falfa and the alfalfa meal had the same daily intake. This indicated 

that fineness of grind did not affect feed intake and the author 

thought that the addition of 4% tallow, 5% molasses and steam processed 

milo minimized the effects of fine particles. Cellulose digestibility 

was not affected by concentrate levels for all roughages. However, the 

cottonseed hulls cellulose digestibility (43.4%) was significantly 

lower (P < .05) than those of ground alfalfa and alfalfa meal rations 

(59.8 vs 59.4% respectively). The author stated that the high lignin 

and the low crude protein contents of cottonseed hulls might explain 

the low digestibility value. 
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Forage Quality 

Forage quality as defined by Barnes and Mertens (1979) is 

related to the type and amount of digestible nutrient available to the 

animal per unit of time. In their definition forage quality is a 

function of the rate and level of intake, the rate and extent of di

gestion and the efficiency of utilization of specific nutrients. They 

also stated that any or all of these functions can be inhibited by 

anti-quality substances. 

Using a simulation model Mertens and Ely (1979) showed that 

neutral detergent fiber and crude protein are the primary factors 

affecting forage quality. The simulation supported the fact that de

gree of lignification affects forage quality. 

Cherney and Marten (1982) studied forage quality from small 

grain crop by-products. Three species — wheat, oats and triticale — 

and two varieties of each species were evaluated for quality using 

in vitro dry matter digestibility. Acid detergent fiber lignin in

creased linearly with degree of maturity. Across species and varieties, 

forage quality differences were always greater among species than within 

varieties. The study also showed that lignin content is often more 

correlated with digestibility than any other chemical component. The 

results of their study agreed with Van Soest's (1982) concept of quality 

of forages and fibrous feedstuffs. He stated that quality varies with 

maturity which alters chemical composition involving increased lignifi

cation and a decreased proportion of leaves to stem. 

Welch and Smith (1970) studied the effect of forage quality on 

rumination time in cattle. Dairy steers and heifers were fed long 
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wheat straw, early and late cut orchardgrass and mix cuts. The 

rumination was recorded. Poor quality hays, wheat straw and late cut 

orchardgrass required more rumination (P < .05). The possibility 

for a greater need in particle size reduction before they can pass 

through the reticulo-omasal orifice was thought to be the reason for 

more rumination with low quality roughage. These results were in 

agreement with early work by Welch and Smith (1969) in which sheep 

were used as experimental animals. They stated that forage quality, 

closely related to cell wall constituents, had a very important 

effect on rumination time and consequently on animal intake. 

A number of methods have been devised to measure forage 

quality — chemical, physical, in vitro and dji vivo being the most . 

widely used. The chemical methods are mainly the Weende proximate 

analysis proposed in the 1800's and the Van Soest system and its various 

modifications in use since the early 1960's. The latter system proved 

to be more effective in the study and assessment of forage quality for 

the decisive advantage of partitioning fiber into its various fractions 

(NDF, ADF and ADL). In any division of cell wall constituents it has 

been shown that lignin accumulation was the major depressor of forage 

digestibility. 

In vitro forage studies involved Tilly and Terry (1963) two 

stage digestion or Van Soest et al. (1966) neutral detergent true 

digestibility estimation. The in vivo (in situ) studies are nylon, 

dacron or other cloth material bags dry matter degradation rate studies 

with respect to time and bag pore size. 
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Particle Size 

Forage for ruminants may be ground and pelleted to reduce 

bulkiness and to facilitate handling and transportation, but prepara

tion in this form also has nutrititional consequences (Alwash and Thomas, 

1971). Many studies (Alwash and Thomas, 1971 and 1974; Morris and 

Mowat, 1980; Sudweeks, 1979; Meyer et al., 1965) have been conducted 

to assess the effect of particle size reduction on intake and digesti

bility of roughages, 

Alwash and Thomas (1971, 1974) conducted two trials. In the 

first trial sheep were fed ground pelleted or chopped dried grass at 

1.0, 2.0, 2.6 and 3.1 times the energy required for maintenance. They 

found that grinding and pelleting significantly depressed dry matter, 

organic matter and crude fiber digestibility. In the second trial 

with specified particle size (12.7, 4.75, 3.06 and 1.00 mm), sheep were 

fed 1.1 and 2.4 times the energy required for maintenance. They ob

served the same trend in digestibility as in the previous trial. Di

gestibility of organic matter and other feed constituents decreased 

with higher levels of intake, and within the same level digestibility 

decreased with finer particle size. The low digestibility of organic 

matter at finer particle sizes was thought to be due to the fast flow 

of particles through the alimentary tract, especially through the rumen. 

Campling and Freer (1966) studied the effect of grinding on 

voluntary feed intake, digestibility and time of retention of grass 

and oat straw in the gastrointestinal tract using adult dry cows in 

two trials. Trial one consisted of dried grass fed at two intake 

levels; a restricted level (4.5 kg/day) and ad libitum. The grass 
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was offered either ground or in long form. The second trial had the 

same design as trial one but used oat straw and changed the restricted 

level to 3.9 kg/day. The results of the first trial showed no effect 

of grinding on voluntary feed intake. The means for organic matter 

digestibility were 74.0 and 67.7% for long and ground dried grass re

spectively for the 4.5 kg level of intake. When the feed was offered 

ad libitum, the digestibility of the ground dried grass was lower than 

that of long dried grass (45.1 vs 72,2% and 61.8 vs 72.2% for crude 

fiber and organic matter respectively). With oat straw in the second 

trial, grinding stimulated the Intake but digestibility coefficients 

for organic matter and crude fiber were consistently lower for the 

ground than for the long form (47.9 vs 38.6 and 58.3 vs 40.5% respec

tively at the restricted level). The same trend was observed at the 

ad libitum level. As seen with the dried grass, the crude fiber and 

organic matter digestibilities were lower at the ad libitum level 

except for the ground oat straw ad^ libitum which had a similar digesti

bility for both restricted and ad libitum (38.6 vs 38.8%). 

Morris and Mowat (1980) measured the nutritive value of corn 

stover. Eight Hereford-Angus yearling steers weighing on average 295 kg 

were used in a double 4x4 latin square design. The animals were fed 

untreated or ammonia treated stover. The corn stover was offered 

either chopped or ground. Grinding Increased ad libitum intake of 

dry matter, digestibe dry matter and digestible energy by 47, 39 and 

39% respectively. Ammoniation and grinding increased the intake of 

dry matter, digestible dry matter and digestible energy by 63, 71 and 

85% respectively. They also observed a decrease in dry matter and 
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NDF digestibilities by 5 and 10% respectively while organic matter di

gestibility decreased by 5%. Ammoniation improved dry matter, organic 

matter, energy and NDF digestibilities by 9, 9, 14 and 14% respectively. 

Their observation on the effect of grinding on intake and digestibility 

of feedstuffs is in agreement with other findings by other workers 

(Meyer et al., 1965; Weston and Hogan, 1964; and Pearce and Moir, 1964) 

who found a decrease in digestibility of feedstuffs when ground as 

compared to long form. 

Murdock (1965) used three treatments (unchopped, chopped and 

lacerated silage). He stated that feed intake was highest with 

chopped, least with long and lacerated was intermediate. However, he 

observed an increased in digestibility with decreasing particle sizes 

but none of his particles can be considered fine particle size. 

Sudweeks et al. (1979) conducted an experiment to assess the 

effect of particle size of corn silage on digestibility and rumen 

fermentation. Three particle sizes were used during the studies: .62, 

1.27 and 1.91 cm. They used sheep and fistualted steer and both species 

were fed a 2% body weight. There was no difference in feed component 

digestibilities except for nitrogen-free extract whose digestibility 

was adversely affected by large particle size (74.9, 74.4 and 68.5% 

for .62, 1.27 and 1.91 cm respectively). The result was in agreement 

with Murdock (1965) who found no significant difference in dry matter 

digestibility of silage chopped at 1 and 6 inch lengths. 

The major portion of research on the effect of particle sizes 

indicates: 

a. grinding causes an increase in the rate of passage; 



grinding reduces organic matter, dry matter and crude 

fiber digestibility] 

grinding increases low quality roughage intake but has 

little or no effect on high quality roughage intake. 



EXPERIMENTAL PROCEDURE 

Animals, Diet and Housing 

Two beef steers of mixed breeding (500 kg) fitted with permanent 

rumen cannula were used during the study. The steers were housed in 

individual concrete floored pens (2.4 m x 4.9 m) at Campbell Avenue 

farm. The animals were fed twice daily, six pounds per feeding, at 

7:00a.m. and 7:00p.m. The pens were equipped with an automatic water

ing system and the steers had free access to the water. The feed 

bunks and one-half of each pen were under an aluminum shade. One 

steer was maintained on 100% roughage (chopped alfalfa hay) throughout 

the experimental period while the second steer received two different 

diets in two consecutive periods. In the first period the steer was 

fed a 60% concentrate and in the second period a 90% concentrate diet 

(Table 1). The animal was given a two week adaptation period between 

diets. 

Roughages Studied 

The three roughages evaluated during the experiments were al

falfa hay, wheat straw and cottonseed hulls. Foreign materials and 

residual meat were separated from the hulls. The alfalfa hay and wheat 

straw were ground with a Wiley mill to pass through a 2mm screen. 

Hereafter materials ground through the mill will be called straight 

run. Ground samples were then serially sieved and particles retained on 

18 



Table 1. Experimental diet composition. 

19 

60% 90% 
Ingredients concentrate concentrate 

Alfalfa 40.0 10.0 

Sorghum grain (S.P. and Flaked) 54.0 84.9 

Molasses 5.0 3.0 

Urea 0.6 

Salt 0.5 0.3 

Dical 0.5 0.5 

Ground limestone 0.7 

Vit. A 3300 IU/kg 3300 IU/kg 
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the 20 (2 nun to 850 ym), 30 (850 to 550 ym) and 40 (550 to 385 ym) 

mesh screens along with the straight run were used as substrate in the 

bags. For ease of presentation, particle sizes will be referred to as 

straight run, 850, 550, and 385 ym in the text and in the tables. 

Nylon Bag and Sample Preparation 

Bags made from monofilament nylon material were folded and sewn 

around the edges leaving the top part open. A carboline neoprene ad

hesive glue was applied along the seam line on the sewn edges to cover 

needle holes. The finished bags had 19 cm x 10 cm external dimensions. 

Three porosities (20, 41, 80 ym) were used throughout the experiment. 

The bags were closed at about 5 cm from the top and tied to an anchor 

chain nylon string (70 kg test strength). 

Prior to being filled, the bags were dried in a vacuum oven at 

55-60C for 24 hours. They were then transferred into a dessicator and 

allowed to cool for 10-15 minutes before they were weighed. The alfalfa 

hay, wheat straw and cottonseed hull samples were dried in the vacuum 

oven at 100C for 24 hours for dry matter determination. They were 

weighed under the same conditions as the nylon bags. 

The chains were placed in the ventral sac of the rumen and in

cubated for 12, 24, 48 and 72 hours. The chains were put into the rumen 

in a reverse sequential time so that they could all be removed at the 

same time from the rumen. Upon removal from the rumen, the bags were 

rinsed with tap water to remove adherent rumen digesta and transferred 

to the laboratory where they were washed under running tap water until 

the water was clear. The bags and contents were then pressed lightly 

to remove excess water and dried in a forced air oven for 24 hours. 
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After that time the bags were transferred into a vacuum oven for another 

24 hour period. In both ovens temperature was maintained between 55 

and 60C. Dry matter disappearance was calculated by weight difference 

between sample weight corrected to dry weight and residue weight after 

digestion. 

Along with the in situ study, a water bath experiment was con

ducted to study dry matter loss in water bath. Bags were incubated 

in a water bath (39C) for either 4, 8 and 24 hours (alfalfa hay and 

wheat straw) or 12, 24 and 48 hours (cottonseed hulls). Dry matter 

disappearance was evaluated using the procedure described above. A 

limited study of dry matter disappearance on cottonseed hulls based on 

sample weight was conducted both in the water bath and in situ with 4, 

8 and 12 gram samples. 

Cell Wall Degradation 

For the cell wall degradation determination, samples were pooled 

by time (cottonseed hulls) and time and pore size across particle size 

(alfalfa hay and wheat straw). The neutral detergent fiber (NDF) 

analysis was performed using Goering and Van Soest method (1970). 

Percent degradation was determined by calculating the difference between 

the amount of NDF in the bags before digestion and the amount of NDF 

in the bags after digestion. 
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Statistical Analysis 

Data were analyzed according to Zar (1974) for all runs except 

1, 2 and 3 in the cottonseed hull experiment. These latter runs were 

analyzed using the SPSS package. All means were compared by the least 

significant difference method at 5% level. 



RESULTS 

Experiment I — Water Bath and In Situ Alfalfa Dry 

Matter and NDF Disappearance from Nylon Bags 

Water Bath Dry Matter Loss 

Dry matter disappearance of alfalfa from nylon bags as affected 

by bag pore size, particle size and time of incubation in a water 

bath at 39C is shown in Table 2. All factors studied (time, pore size 

and particle size) were significant (F < .01), Table 3. Significant 

interactions were observed between time x particle size (P < .01) and 

pore size x particle size (P < .05). The interactions appeared to 

be due to the different rates of increase of dry matter disappearance. 

Grouped by time of incubation across particle and bag pore 

size, percent dry matter loss was highest at 24 h followed by 8 h and 

4 h (31.8, 27.7 and 25.6% respectively). All values were different 

(P < .05). These results Indicated that most of the dry matter loss 

occurred in the first 4 h of incubation (80.5% of the total 24 h loss). 

A comparison of pore sizes across time showed that the highest loss 

occurred from bags of 80 ym porosity (P< .05). All pore sizes were 

different from each other (P<.05). Furthermore, percent dry matter 

loss from the 41 pm pore size bag (28.4%) was similar to the 80 and 

20 pm (29.5 and 27.1% respectively) even though statistically different. 

Pooled across time of incubation and bag pore size, straight run size 

23 
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Table 2. Mean percent dry matter disappearance of alfalfa from nylon 
bags as affected by bag pore size, particle size and time of 
incubation in a water bath at 39C. 

Particle size, ym 

Bag pore straight 
Time, h size, ym 850 550 385 run 

4 20 
41 
80 

21.2 
22.2 
22.0 

23.6 
24.9 
26.4 

26.0 
27.6 
28.8 

26.8 
27.7 
30.4 

X 21.8 25.0 27.5 28.3 25.6 

8 20 
41 
80 

22.5 
23.3 
24.7 

25.1 
26.6 
27.0 

29.0 
30.6 
30.4 

28.9 
31.0 
33.0 

X 23.5 26.2 30.0 31.0 27.7 

24 20 
41 
80 

24.2 
27.3 
26.8 

30.0 
30.8 
33.2 

34.2 
35.3 
34.8 

33.6 
33.8 
36.4 

X 26.1 31.3 34.8 34.6 31.7 

means for particle size 23.8 27.5 30.7 31.3 

means for bag pore size 

20 27.1 

41 28.4 

80 29.4 



Table 3. Analysis of variance of data In Table 2. 
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Sources of variation df SS MS F. value 

Replicates 1 0.445 0.445 0.638 

Time (A) 2 470.012 235.006 336.689** 

Pore size (B) 2 68.605 34.303 49.145** 

Particle size (C) 3 651.910 217.303 311.327** 

A x B 4 0.461 0.115 0.165 

A x C 6 20.324 3.387 4.853** 

B x C 6 11.090 1.848 2.648* 

A x B x C 12 11.066 0.922 1.321 

Error 35 24.430 0.698 

Total 71 1258,340 

* P < 0.05 

** P < 0.01 
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had the highest disappearance while 850 nm particles had the lowest 

with 550 and 385 urn particles being intermediate (P < .05). 

The neutral detergent fiber degradations due to time of incu

bation and bag pore size are presented in Table 4, Except for the 

41 Um bags at 8 h and 24 h of incubation, the results indicated an 

increase in degradation as the time of incubation increased and within 

each time, the rate of degradation increased as bag pore size in

creased. 

The dry matter and the netural detergent fiber loss from the 

bags in the water bath probably represents particle loss as well as 

soluble dry matter loss although bacterial degradation cannot be ruled 

out as no attempt was made to keep the system bacteria free. 

In Situ Dry Matter Loss with Steer on 100% Roughage Diet 

Dry matter disappearance of alfalfa from nylon bags as affected 

by bag pore size, particle size and time of incubation in the rumen 

of a steer fed a 100% roughage diet is presented in Table 5. Main 

factors studied (time, particle size and pore size) and all two way in

teractions except pore size x particle size, were significant (P < .01), 

Table 6. The interaction pore size x particle size was significant at 

the 5% level. The interaction time x particle size seemed to be due 

to the large increase in dry matter disappearance with both straight 

run and the 385 ym particles as compared to the 850 ym particles. The 

other two interactions were caused by the different rates of disappearance 

due to bag porosities and time of incubation. 
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Table 4. Alfalfa neutral detergent fiber degradation as affected by 
bag pore size and time of incubation in a water bath at 39C. 

Bag pore size, vim 

Time, h 20 41 80 

4 -1.8 1.4 2.5 

8 5.6 2.1 6.8 

24 5.9 4.6 7.0 
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Table 5. Mean percent dry matter disappearance of alfalfa from nylon 
bags as affected by bag pore size, particle size and time of 
incubation in the rumen of a steer fed a 100% chopped alfalfa 
diet. 

Particle size, ym 

Bag pore straight 
Time, h size, pm 850 550 385 run x 

12 20 
41 
80 

29.3 
31.2 
40.0 

36.0 
42.0 
42.8 

36.2 
45.1 
49.4 

36.9 
47.1 
51.8 

X 33.5 40.3 43.6 45.3 

24 20 
41 
80 

30.6 
35.0 
45.8 

39.5 
49.0 
53.3 

40.9 
52.3 
59.8 

37.7 
45.9 
51.7 

X 37.1 47.3 51.0 45.1 

48 20 
41 
80 

35.6 
49.0 
48.4 

42.1 
58.8 
61.8 

47.2 
57.4 
65.4 

50.6 
64.8 
67.7 

X 43.3 54.2 56.7 61.0 

72 20 
41 
80 

49.7 
49.6 
56.4 

45.8 
61.2 
62.8 

60.6 
67.7 
68.6 

56.5 
68.4 
70.0 

X 51.9 56.6 65.6 65.0 

means for particle size 41.7 49.6 54.2 54.1 

means for bag pore size 

20 42.2 

41 51.5 

80 56.0 

40.7 

45.1 

53.8 

59.8 
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Table 6. Analysis of variance of data in Table 5. 

Sources of variation df SS MS F. value 

Replicates 1 0.594 0? 594 0.071 

Time (A) 3 5350.000 1783.330 212.497** 

Pore size (B) 2 3170.840 1585.420 188.914** 

Particle size (C) 3 2467.450 822.484 98.005** 

A x B 6 164.859 27.477 3.274** 

A x C 9 324.391 36.043 4.295** 

B x C 6 121.125 20.188 2.405* 

A x B x C 18 204.656 11.370 1.355 

Error 47 394.438 8.392 

Total 95 12198.400 

* P < 0.05 

** P < 0.01 
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Averaged by time across particle size and bag pore size, per

cent dry matter disappearance was different (P < .05) between all time 

periods with the 72 h incubation period having the highest loss and the 

12 h period the lowest. Compared to the water bath disappearance, 

in situ dry matter loss at 24 h was 42% higher than water bath loss 

(45.1 vs 31.8%). Pore size effect followed the same trend as in the 

water bath study. The largest pore size (80 Mm) had the highest disap

pearance followed by 41 and 20 ym pores (56.0, 51.5 and 42.2% respectively). 

All values were different from each other (P < .05). The disappearance 

was also proportionately higher jln situ than in water bath. Pooled by 

particle size across time and pore size, in situ dry matter disappear

ance showed no difference between the straight run and the 385 ym 

particle size (54.1 vs 54.2%). However, these two particle sizes 

were different (P < .05) from 850 and 550 ym particles which had a 

disappearance of 41.7 and 49.6% respectively and were significantly 

different from each other (P < .05). 

The neutral detergent fiber digestibility results with the all 

roughage diet as affected by bag pore size and time of incubation are 

presented in Table 7. As observed in the water bath study, the longer 

the incubation time, the higher the neutral detergent fiber digesti

bility. Furthermore, jLn situ neutral detergent fiber digestibility was 

consistently highest with the largest pore size. The digestibility 

increased for each incremental time of incubation from 12 to 72 h; 

however, the largest increase occurred between 24 and 48 h. 
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Table 7. _In situ neutral detergent fiber digestibility of alfalfa as 
affected by bag pore size, time of Incubation and steer diet. 

Steer Diet 

Bag pore 100% 60% 90% 
Time, h size, pm roughage concentrate concentrate 

12 20 4.1 2.6 2.4 
41 10.6 20.4 14.5 
80 13.0 21.6 11.3 

X 9.2 14.9 9.4 

24 20 4.8 13.6 7.0 
41 13.2 26.2 16.2 
80 21.2 29.9 20.6 

X 13.1 23.2 14.6 

48 20 12.3 17.2 14.8 
41 29.6 32.8 24.8 
80 33.7 36.3 28.3 

X 25.2 28.8 22.6 

72 20 22.8 16.0 16.4 
41 33.9 29.1 33.2 
80 38.6 36.1 35.4 

X 31.8 27.1 28.3 

means for diet 19.8 23.5 18.7 
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In Situ Dry Matter Disappearance with Steer on 60% Concentrate Diet 

Dry matter disappearance of alfalfa from nylon bags as affected 

by bag pore size, particle size and time of incubation in the rumen of 

a steer fed a 60% concentrate diet is presented in Table 8. Time, 

pore size and particle size were all significant (P < .01), Table 9. 

None of the interactions were significant. 

The average Jji situ dry matter disappearance of alfalfa when 

samples were grouped by time across the two other main factors, bag 

pore size and particle size, showed no difference (P >.05) between 

48 and 72 h incubation periods (54.5 vs 55.7% respectively). Twelve 

and 24 h incubation times were different from each other (P < .05) and 

different from the other time periods (P < .05). As seen in the pre

vious runs, 80 ym pore size bags had the highest disappearance followed 

by 41 and 20 ym, respectively 57.8, 52.0 and 41.2%. All pore sizes 

were different from each other (P < .05). The losses are quite similar 

to those in Run 2 when the steer was fed a 100% roughage diet. However, 

effect of particle size on dry matter disappearance differed from Run 2. 

The 385 and 550 pm particles had almost identical disappearances (51.8 

vs 52.1%), but different (P < .05) from the straight run and the 850 ym 

particles (56.0 and 41.5%) which were different from each other. 

The digestibility of neutral detergent fiber as affected by 

bag pore size and time of incubation in the rumen of a steer fed a 

60% concentrate diet is presented in Table 7. The longer the incubation 

time the higher the digestibility. Digestibility of NDF increased as 

bag pore size increased and it was higher with the 60% concentrate 

diet when compared to the all roughage diet, except at 72 h. 
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Table 8. Mean percent dry matter 
bags as affected by bag 
incubation in the rumen 

disappearance of alfalfa from nylon 
pore size, particle size and time of 
of a steer fed a 60% concentrate diet. 

Particle size, ym 

Bag pore straight 
Time, h size, pm 850 550 385 run 

1 2  

24 

48 

72 

20 25.5 32.9 34.0 34.9 
41 32.2 40.0 42.6 50.4 
80 37.6 55.3 44.3 58.4 

X 31.8 42.7 40.3 47.9 

20 27.2 39.0 44.4 51.3 
41 40.6 56.8 56.6 59.9 
80 51.6 58.7 61.4 58.1 

X 39.8 51.5 54.1 56.4 

20 38.8 44.9 44.8 51.4 
41 49.1 58.6 51.5 65.5 
80 54.5 62.7 68.9 61.2 

X 47.5 55.4 55.1 59.4 

20 40.0 48.0 52.2 51.0 
41 44.6 65.0 55.8 62.8 
80 53.3 63.2 66.1 67.1 

X 46.0 58.7 58.0 60.3 

size 41.5 52.1 51.8 56.0 

means for bag pore size 

20 41.2 

41 52.0 

80 57.8 

40.7 

50.5 

54.5 

55.7 



Table 9. Analysis of variance of the data in Table 8. 
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Sources of variation df SS MS F. value 

Replicates 1 0.625 0.625 0.026 

Time (A) 3 3364.140 1121.380 47.204** 

Pore size (B) 2 4536.910 2268.450 95.490** 

Particle size (C) 3 2762.770 920.922 38.766** 

A x B 6 55.484 9.247 0.389 

A x C 9 173.141 19.238 0.810 

B x C 6 188.734 31.456 1.324 

A x B x C 18 600.719 33.373 1.405 

Error 47 1116.530 23.756 

Total 95 12797.800 

** P < 0.01 
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In Situ Dry Matter Disappearance with Steer on 90% Concentrate Diet 

Dry matter disappearance of alfalfa from nylon bags as affected 

by bag pore size, particle size and time of incubation in the rumen of 

a steer fed a 90% concentrate diet is presented in Table 10. All 

factors studied were significant (P < .01), Table 11. As observed in 

the 60% concentrate diet run, no Interactions were significant, in 

situ dry matter disappearance was significantly different (P < .05) 

for all time periods with average values of 37.9, 44.8, 51.0 and 56.0% 

for 12, 24, 48 and 72 h periods respectively. Unlike the previous run, 

the 80 and 41 ym had similar dry matter loss (52.4 and 49.9% respectively) 

but were different (P < .05) from the 20 ym pore size which had a dry 

matter disappearance of 40.0%. When averaged by particle size across 

time and bag pore size, only the 850 ym particles differed (P < .05); 

all other three particles (550, 385 and straight run) were similar 

(P < .05) (49.1, 506. and 49.3% respectively). 

The neutral detergent fiber digestibility of the alfalfa sub

strate as affected by bag pore size and time of incubation in the rumen 

of a steer fed a 90% concentrate diet is presented in Table 7. The 

neutral detergent fiber digestibility was highest for all incubation 

times in the 80 ym and lowest in the 20 ym pore size bags. The 41 ym 

had intermediate values except at the 12 h incubation period where the 

41 ym neutral detergent fiber digestibility exceeded that of the 80 ym 

pore size. 

All through the runs there was a consistent increase in neutral 

detergent fiber digestibility as time of incubation increased for each 

bag porosity. A 2 x 2 analysis of variance of the data in Table 7 with 
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Table 10. Mean percent dry matter disappearance of alfalfa from nylon 
bags as affected by bag pore size, particle size and time 
of incubation in the rumen of a steer fed a 90% concentrate 
diet. 

Particle size, pm 

Bag pore straight 
Time, h size, vtm 850 550 385 run 

12 20 
41 
80 

26.0 
29.8 
33.6 

31.2 
44.0 
38.6 

35.8 
49.0 
42.8 

34.5 
43.3 
46.0 

X 29.8 37.9 42.5 41.3 37.9 

24 20 
41 
80 

31.4 
43.3 
46.1 

34.0 
46.4 
53.7 

42.2 
47.2 
51.3 

40.2 
50.3 
51.3 

X 40.3 44.7 46.9 47.3 44.8 

48 20 
41 
80 

35.4 
42.8 
50.3 

52.8 
60.2 
58.5 

42.5 
56.8 
61.8 

45.8 
48.1 
57.2 

X 42.8 57.2 53.7 50.4 51.0 

72 20 
41 
80 

38.2 
55.0 
55.2 

48.7 
59.8 
61.6 

49.6 
61.8 
66.3 

51.2 
60.2 
64.1 

X 49.5 56.7 59.2 58.5 56.0 

means for particle size 40.6 49.1 50.6 49.3 

means for bag pore size 

20 40.0 

41 49.9 

80 52.4 
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Table 11. Analysis of variance of data in Table 10. 

Sources of variation df SS MS F. value 

Replicates 1 4.609 4.609 0.178 

Time (A) 3 4411.880 1470.630 56.653** 

Pore size (B) 2 2760.340 1380.170 53.169** 

Particle size (C) 3 1516.750 505.583 19.477** 

A x B 6 150.656 25.109 0.967 

A x C 9 289.797 32.200 1.240 

B x C 6 52.297 8.716 0.336 

A x B x C 18 326.594 18.144 0.699 

Error 47 1220.050 25.958 

Total 95 10733.000 

** P < 0.01 
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diet and time as main factors and bag pore size as measure of variance 

indicated that only time was significant in the neutral detergent fiber 

digestibility. 

Discussion 

Water bath and situ results of alfalfa dry matter disappear

ance and NDF digestibilities showed significant effects due to bag pore 

size, particle size and time of incubation. The disappearance Increased 

as bag pore size became larger. Similar results have been reported by 

other investigators studying roughage digestibility in nylon bags 

(Lindberg, 1981; Lindberg and Knutsson, 1981; Llndberg and Varvlkko, 

1982). However, in most of the comparisons the largest bag pore size 

was 20 pm. Van Hellen and Ellis (1977) did not demonstrate a signifi

cant difference in NDF digestibility due to bag pore size ranging from 

0.2 to 5 ym. However, bag porosity could not be rigidly defined because 

of the type of material used to make the bags. Bags for this experiment 

were constructed from monofilament nylon material with a more precise 

stated porosity. Consistent increases in dry matter and NDF disappear

ance as bag pore size increased were observed. On the average when 

all three fistulated steer diets were compared, there was a 24% increase 

in dry matter disappearance as pore size Increased from 20 to 41 ym (41.1 

vs 51.1%), Table 12 and 13. A further increase to 80 ym resulted in only 8% 

more dry matter loss (51.1 vs 55.3%). The results also showed a signif

icant interaction of pore size x particle size for both water bath and 

the all roughage diet. This interaction suggests caution in the choice 

of pore size for a reliable assessment of in vivo digestibility from 
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Table 12. Comparison of nylon bag dry matter disappearance of alfalfa 
as affected by steer diet, time of incubation and bag pore 
size. 

Time, h 

Bag pore 
Diet size, ytn 12 24 48 72 x 

100% roughage 

60% concentrate 

90% concentrate 

20 34.6 37.2 43.9 53.2 
41 41.4 45.6 57.4 61.7 
80 46.0 52.6 60.8 64.4 

X 40.7 45.1 54.0 59.8 

20 31.8 40.5 45.0 47.8 
41 41.3 53.5 56.2 57.0 
80 48.9 57.4 61.8 62.4 

5t 40.7 50.5 54.3 55.7 

20 31.9 37.0 44.1 46.9 
41 41.5 46.8 52.0 59.2 
80 40.2 50.6 57.0 61.8 

X 37.8 44.8 51.0 56.0 

means for bag pore size 

20 41.1 

41 51.1 

80 55.3 

49.9 

50.3 

47.4 
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Table 13. Analysis of variance of data in Table 12. 

Sources of variation df SS MS F. value 

Replicates 3 3241.470 1080.490 87.494** 

Diet (A) 2 235.031 117.516 9.516** 

Pore size (B) 2 5103.780 2551.890 206.643** 

Time (C) 3 6274.160 2091.390 169.353** 

A x B 4 75.063 18.766 1.520 

A x C 6 273.656 45.609 3.693** 

B x C 6 46.031 7.672 0.621 

A x B x C 12 137.313 11.443 0.927 

Error 107 1321.380 12.349 

Total 143 16707.900 

** P < 0.01 
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nylon bags. The 41 pm pore had intermediate disappearance values. This 

bag porosity should be used for future investigations. It would allow 

a sufficient inflow of microorganisms and outflow of digested material 

without an excessive efflux of undigested material or influx of rumen 

digesta. 

Dry matter disappearance along with NDF digestibilities in

creased with time of incubation with all fistulated steer diets. The 

percent of increase, however, slowed for each additional time period 

in the rumen (12-24 h, 17.9%; 24-48 h, 13.5%; 48-72 h, 7.7%). The 

percent of increase was 11, 2 and 10% for all roughage, 60 and 90% con

centrate diet respectively from 48 to 72 h. Van Keuren and Heinemann 

(1962) reported a continuous increase in alfalfa dry matter disappear

ance from 24 to 72 h in the rumen and a decline thereafter. Compared 

on the basis of percent of increase, their results showed a 10% in

crease from 48 to 72 h and agreed with the results obtained in the 

present study. Furthermore, these results indicated that over 90% 

of the potential 72 h digestibility occurred by 48 h in situ. Based 

on this study and other results, a 48 h Incubation time should be con

sidered for good quality hays. A similar incubation time was recommended 

by Keltt and Ralston (1967) for a reliable vivo assessment of feed-

stuffs digestibility from nylon bag values. 

Particle size effects on dry matter loss showed a low dry 

matter disappearance for the largest particle size when compared to 

the other three particle sizes both jhn situ and in water bath. Similar 

results were reported by Lindberg (1981) and Lindberg and Knutsson (1981). 

In their studies smaller particles had higher dry matter and NDF 
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digestibilities. In this experiment there was no difference in dry 

matter loss between the straight run product and the 385 ym particles 

and was similar to though significantly different from the 550 ym 

particles. Furthermore, the straight run disappearance value, about 

53%, approached more closely the reported TDN value of mid-bloom al

falfa of 58% (Church, 1980) . Van Keuren and Heinemann (1962) found 

no difference for nylon bag digestibility of alfalfa due to size of 

grind. It was not possible from this study to determine the effect 

of particle size on NDF digestibility. The NDF percentages for 850, 

550, 385 ym and straight run particles were 63.5, 54.6, 47.8 and 46.8% 

respectively. The lower percentages for the 385 ym and straight run 

particles probably represent a higher percentage of leaf as compared 

to the two larger particle sizes. The lower dry matter disappearance 

of the larger particle sizes as affected by time may be related to the 

higher NDF content of the larger particle sizes. While more research 

is needed in the particle size effect on dry matter loss from nylon 

bags, the author feels that samples ground to pass a 2 mm screen, 

namely called straight run in the present study, will simulate the 

particles in the rumen and results obtained from those particles will 

approach more closely the real alfalfa digestibility in the rumen. 
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Experiment II — Water Bath and In Situ Dry Matter and NDF 
Disappearance of Wheat Straw from Nylon Bags 

Water Bath Dry Matter Loss 

Dry matter disappearance of wheat straw from nylon bags as 

affected by bag pore size, particle size and time of incubation in a 

water bath at 39C are presented in Table 14. All factors (time, pore 

size and particle size) along with the interaction pore size x particle 

size were significant (P < .01), Table 15. The interaction was due 

to the rapid rate of increase in dry matter loss of the straight run 

product between 41 and 80 ym pores (12.6) as compared to the 850, 550 

and 385 Jim particles which had a respective rate of increase of 3.1, 

4.1 and .3%. 

As observed in the alfalfa water bath study all time periods 

were different (P < .05). The 24 h period had the highest disappearance 

followed by the 8 and 4 h incubation period (21.3, 19.6 and 18.6% re

spectively). Averaged across time and particle size, the results showed 

a difference due to pore size (P < .05). Dry matter loss was highest 

from the 80 ym, lowest from the 20 ym with the 41 ym pore being inter

mediate (20,8, 18.8, and 19.8% respectively). For particle size across 

pore size and time of incubation, there was no difference between the 

850 and 385 pm (19.3 and 19.4% respectively) particle sizes. There was, 

however, a difference (P < .05) between the straight run and the 550 ym 

particles (22.5 vs 18.1%). These latter particle sizes were also dif

ferent (P < .05) from the 850 and 385 ym particles. 
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Table 14. Mean percent dry matter disappearance of wheat straw from 
nylon bags as affected by bag pore size, particle size and 
time of incubation in a water bath at 39C. 

Particle size, vim 

Bag pore straight 
Time, h size, Jim 850 550 385 run 

4 20 
41 
80 

17.0 
18.1 
19.2 

16.2 
16.4 
18.0 

17.7 
18.4 
18.7 

19.4 
20.3 
23.3 

X 18.1 16.9 18.3 21.0 

8 20 
41 
80 

18.0 
19.6 
19.6 

17.0 
18.3 
18.4 

18.2 
19.4 * 
19.6 

20.7 
22.6 
24.3 

X 19.1 17.9 19.1 22.5 

24 20 
41 
80 

20.4 
20.6 
21.4 

18.6 
19.7 
20.2 

19.6 
21.6 
21.3 

22.7 
22.8 
26.4 

X 20.8 19.5 20.8 24.0 

means for particle size 19.3 18.1 19.4 22.5 

means for bag pore size 

20 18.8 

41 19.8 

80 20.9 



Table 15. Analysis of variance of data in Table 14. 
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Sources of variation df SS MS F. value 

Replicates 1 0.023 0.023 0.085 

Time (A) 2 89.504 44.752 162.372** 

Pore size (B) 2 51.490 25.745 93.410** 

Particle size (C) 3 193.920 64.640 234.531** 

A x B 4 2.352 0.588 2.133 

A x C 6 1.100 0.183 0.665 

B x C 6 15.500 2.583 9.373** 

A x B x C 12 3.832 0.319 1.159 

Error 35 9.646 0.276 

Total 71 367.367 

** P < 0.01 



46 

The neutral detergent fiber (NDF) digestibilities of wheat 

straw in water bath as affected by bag pore size and time of incuba

tion are presented in Table 16. There was a slight increase in NDF 

loss from 4 to 24 h incubation. Within each period of incubation there 

was an increase in NDF loss as bag pore size increased from 20 to 80 ym. 

As mentioned in the alfalfa water bath section, the loss was probably 

due to particulate and soluble dry matter loss and bacterial action 

since no attempt was made to keep the incubator bacteria free. 

In Situ Dry Matter Loss with Steer on 100% Roughage Diet 

Dry matter disappearance of wheat straw from nylon bags as 

affected by bag pore size, particle and time of incubation in the rumen 

of a steer fed a 100% chopped alfalfa diet is presented in Table 17. 

These main factors were significant (P < .01), Table 18. Of all the 

interactions, only time x pore size was significant (P < .05). The 

Interaction is explained by the different rates of increase of dry 

matter loss from the bags as influenced by time of incubation. The 

percent of increase of dry matter disappearance decreased consistently 

from 12 to 72 h for the 41 and 80 ym pore size (41.4, 33.5 and 22.7% 

for 41 ym; 38.1, 29.9 and 21.3% for 80 ym) but the percent of increase 

in dry matter disappearance in the 20 ym pore increased for the 48 to 

72 h period. The respective percent of increase values for 12 to 24, 

24 to 48 and 48 to 72 h were 29.0, 11,1 and 45.0%. 

The average disappearance by time across bag pore size and 

particle size showed a significant difference (P < .05) among incubation 

times. Dry matter disappearance increased with each incremental time 
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Table 16. Wheat straw neutral detergent fiber degradation as affected 
by bag pore size and time of incubation in a water bath at 
39C. 

Bag pore size, ym 

Time, h 20 41 80 

4 1.4 3.6 5.6 

8 3.4 5.0 5.5 

24 5.5 6.4 7.1 
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Table 17. Mean percent dry matter disappearance of wheat straw from 
nylon bags as affected by bag pore size, particle size and 
time of incubation in the rumen of a steer fed a 100% chopped 
alfalfa diet. 

Particle size, ym 

Time, h 
Bag pore 
size, pm 850 550 385 

straight 
run X 

12 20 
41 
80 

25.8. 
23.6 
30.2 

28.9 
26.0 
34.0 

31.8 
31.8 
32.2 

29.5 
26.1 
32.6 

X 26.5 29.6 31.9 29.4 29.4 

24 20 
41 
80 

31.8 
30.0 
40.6 

35.8 
45.4 
47.8 

41.8 
39.4 
47.6 

40.3 
37.2 
42.2 

X 34.1 43.0 42.9 39.9 40.0 

48 20 
41 
80 

43.8 
45.2 
52.6 

41.0 
65.4 
65.8 

40.3 
43.6 
52.3 

41.1 
48.8 
61.0 

X 47.2 57.4 45.4 50.3 50.1 

72 20 
41 
80 

58.4 
59.0 
68.8 

64.6 
58.8 
73.2 

62.2 
70.2 
68.1 

55.7 
61.0 
70.9 

X 62.1 65.5 66.8 62.5 64.2 

means for particle size . 42.5 48.9 46.8 45.5 

means for bag pore size 

20 42.0 

41 44.5 

80 51.2 
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Table 18. Analysis of variance of data in Table 17. 

Sources of variation df SS MS F. value 

Replicates 1 7.859 7.859 0.280 

Time (A) 3 15880.400 5293.480 188.397** 

Pore size (B) 2 1450.310 725.156 25.809** 

Particle size (C) 3 514.047 171.349 6.098** 

A x B 6 439.344 72.224 2.606* 

A x C 9 479.813 53.313 1.897 

B x C 6 168.656 28.109 1.000 

A x B x C 18 583.500 . 32.417 1.154 

Error 47 1320.580 28.097 

Total 95 20844.500 

* P < 0.05 

** P < 0.01 
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in the rumen from 12 to 72 h. The percent of increase in dry matter 

disappearance declined from 36.1 to 28.3% as time of incubation in

creased from 12 to 72 h. However, it can be noted that by 48 h in 

situ disappearance was almost double that of water bath (40.0 vs 

21.2%). When grouped by bag pore size across time and particle size 

there was no difference between 20 and 41 ym bag pore sizes (42.0 

vs 44.5% respectively), but the 80 ym bags had a higher (P < .05) 

dry matter disappearance (51.2%) from the 20 and 41 ym pore sizes. The 

average disappearance by particle size Indicated similarities between 

particles. The straight run had similar disappearance to the 385 ym 

particle (45.5 vs 46.8%) and the 550 ym was similar to the 385 ym 

particles (48.9 vs 46.8%). However, there was a significant difference 

(P < .05) between the 850 and the 550 ym particles with a respective 

dry matter disappearance of 42.5 and 48.9%. 

The NDF digestibilities of wheat straw in the bags incubated 

in the rumen of the steer fed an all roughage diet are presented in 

Table 19. The NDF digestibilities increased as time of incubation in

creased from 12 to 72 h. Within each time the digestibility values 

were highest with the 80 ym pore size bags and lowest with the 20 ym. 

The 41 ym pore size bags were intermediate except at 12 and 24 h incu

bation periods. At 12 h the 20 ym exceeded the 41 ym pore (15.0 vs 

12.4%) and at 24 h they were similar (26.4 vs 26.0% respectively). 

In Situ Dry Matter Disappearance with Steer on 60% Concentrate Diet 

Percent Jja situ dry matter disappearance of wheat straw from 

nylon bags incubated in the rumen of a steer fed a 60% concentrate diet 
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Table 19. .In situ neutral detergent fiber digestibility of wheat straw 
as affected by bag pore size, time of incubation and steer 
diet. 

Steer Diet 

Bag pore 100% 60% 90% 
Time, h size, ym roughage concentrate concentrate 

12 20 15.0 8.5 6.6 
41 12.4 9.7 8.9 
80 18.4 13.3 11.4 

X 15.3 10.5 9.0 

24 20 26.4 14.2 10.8 
41 26.0 16.4 21.0 
80 33.6 20.5 23.2 

X 28.7 17.0 18.3 

48 20 31.1 20.0 16.8 
41 42.6 30.1 30.6 
80 51.4 33.2 41.7 

X 41.7 27.8 29.7 

72 20 54.3 27.4 15.8 
41 56.7 41.3 37.3 
80 65.7 46.9 40.6 

X 58.9 38.5 31.2 

means for diet 36.2 23.4 22.6 
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are presented in Table 20. Main factors (time, particle size and bag 

pore size), the two-way interaction, time x pore size and the three-way 

interaction were significant (P < .01), Table 21. The two-way inter

action time x pore size was due to the different rates of increase of 

dry matter disappearance from the three bag pore sizes as affected by 

time of Incubation. The percent of increase in dry matter loss in

creased from the 12-24 h period to the 24-48 h and decreased in the 

48-72 h period for all bag pore sizes, but the percent of increase for 

the 41 vim at the 24-48 h period was much greater than that of 20 or 

80 ym pore size (41.3 vs 22.3 and 27.5% respectively). The other two-

way interaction, pore size x particle size, significant at the 5% 

level, was also explained by the differential rate of disappearance of 

dry matter of different particle size as bag pore size varied from 20 

to 80 "pm. The straight run product, 850 and 385 ym particles, had in

creasing disappearance as pore size increased from 20 to 41 ym and from 

41 to 80 ym (20.7 and 10.5% for straight run, 17.7 and 25.4% for 850 ym 

particles, 9.3 and 12.2% for 385 ym particles). For the 550 ym particles 

there was a rapid increase in dry matter loss as bag pore size was 

increased from 20 to 41 ym (37.7%) and a decrease (-5.9%) for a further 

increase of bag porosity to 80 ym. 

The average dry matter loss by time across pore size and particle 

indicated a significant difference (P < .05) among times. There was a 

continuous increase in dry matter loss from 12 to 72 h incubation 

period with the 72 h period being almost double the 12 h period (47.4 

vs 24.2%). Moreover, dry matter loss grouped by time was higher when 

the steer was fed an all roughage diet than a 60% concentrate diet. The 
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Table 20. Mean percent dry matter disappearance of wheat straw from 
nylon bags as affected by bag pore size, particle size and 
time of incubation in the rumen of a steer fed a 60% concen
trate diet. 

Particle size, pm 

Time, h 
Bag pore 
size, ym 850 550 385 

straight 
run X 

12 20 
41 
80 

20.0 
20.6 
21.0 

22.2 
26.0 
32.6 

23.8 
23.7 
25.4 

23.4 
23.6 
28.8 

X 20.5 26.9 24.3 25.3 24.2 

24 20 
41 
80 

22.6 
24.0 
29.1 

31.8 
31.2 
38.6 

26.2 
28.4 
33.6 

26.0 
33.2 
33.7 

X 25.2 33.6 29.4 31.0 29.9 

48 20 
41 
80 

29.0 
33.0 
49.2 

30.0 
50.0 
34.9 

42.6 
40.6 
47.6 

28.9 
41.6 
40.4 

X 37.1 38.3 43.6 37.0 39.0 

72 20 
41 
80 

32.8 
45.3 
54.8 

39.5 
62.8 
53.9 

39.0 
51.2 
54.9 

38.8 
43.0 
53.1 

X 44.3 52.1 48.4 45.0 47.4 

means for particle size 31.8 37.8 36.4 34.6 

means for bag pore size 

20 29.8 

41 36.1 

80 39.5 
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Sources of variation df SS MS F. value 

Replicates 1 23.625 23.625 1.373 

Time (A) 3 7486.350 2495.450 145.038** 

Pore size (B) 2 1551.130 775.563 45.077** 

Particle size (C) 3 484.070 161.357 9.378** 

A x B 6 473.313 78.885 4.585** 

A x C 9 281.477 31.275 1.818 

B x C 6 291.766 48.628 2.826* 

A x B x C 18 • 754.594 41.922 2.437** 

Error 47 808.656 17.205 

Total 95 12155.000 

* P < 0.05 

** P < 0.01 
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four time period disappearances were 29.4, 40.0, 50.1 and 64.2% on 

roughage diet, 24.2, 29.9, 39.0 and 47.4% on 60% concentrate diet at 

12, 24, 48 and 72 h incubation periods respectively. The mean percent 

dry matter disappearance when samples were grouped by bag pore size 

showed a significant difference (P < .05) among bag pore size. The 

80 ym pores had the highest disappearance followed by 41 and 20 ym 

pores (39.5, 36.1 and 29.8% respectively). Means for particle size 

across bag pore size and time of incubation showed a significant dif

ference (P < .05) between the straight run, the 850 and the 385 ym 

particles. There was no difference between the straight run and the 

385 ym particles (34.6 vs 36.4%) and between the 550 and 385 ym par

ticles (37.8 vs 36.4%). 

The NDF digestibilities are presented in Table 19. The digesti

bility of NDF increased with time from 12 to 72 h and within each time 

period digestibility increased as bag pore size increased. 

In Situ Dry Matter Disappearance with Steer on 90% Concentrate Diet 

Dry matter disappearance of wheat straw from nylon bags as 

affected by bag pore size, particle size and time of incubation in the 

rumen of a steer fed a 90% concentrate diet are presented in Table 22. 

All main factors studied (time, bag pore size, particle size) and two-

way interactions except pore size x particle size were significant 

(P < .01), Table 23. The three-way interaction was significant at the 

5% level. As in the other runs, those interactions were due to the 

variation in the rates of disappearance of substrate from the bags as 

affected by either time or bag pore size. 
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Table 22. Mean percent dry matter disappearance of wheat straw from 
nylon bags as affected by bag pore size, particle size and 
time of incubation in the rumen of a steer fed a 90% concen
trate diet. 

Particle size, ym 

Bag pore straight 
Time, h size, pra 850 550 385 run x 

12 20 
41 
80 

19.6 
21.0 
23.8 

19.6 
20.2 
23.5 

18.8 
22.3 
20.2 

25.2 
27.2 
29.6 

X 25.5 21.1 20.4 27.3 

24 20 
41 
80 

22.7 
31.0 
37.2 

23.0 
31.4 
38.8 

24.2 
27.2 
27.0 

30.8 
39.1 
32.7 

X 30.3 31.1 26.1 34.2 

48 20 
41 
80 

27.6 
32.4 
53.6 

28.2 
56.1 
50.2 

29.2 
35.7 
49.3 

34.8 
36.2 
43.8 

X 37.9 44.8 38.1 38.3 

72 20 
41 
80 

31.3 
35.6 
54.8 

35.3 
49.6 
55.8 

28.9 
48.5 
40.0 

37.2 
50.4 
43.4 

X 40.6 46.9 39.1 43.7 

means for particle size 32.5 36.0 31.0 35.8 

means for bag pore size 

20 27.3 

41 35.2 

80 39.0 

23.6 

30.4 

39.8 

42.6 
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Table 23. Analysis of variance of data in Table 22. 

Sources of variation df SS MS F. value 

Replicates 1 0.063 0.063 0.003 

Time (A) 3 5950.150 1983.380 85.131** 

Pore size (B) 2 2263.000 1131.500 48.566** 

Particle size (C) 3 437.094 145.698 6.254** 

A x B 6 692.250 115.375 4.952** 

A x C 9 357.125 39.681 1.703 

B x C 6 627.961 104.660 4.492** 

A x B x C 18 801.141 44.508 1.910* 

Error 47 1095.010 23.298 

Total 95 12223.800 

* P < 0.05 

** P < 0.01 
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The averaged dry matter loss by time across bag pore size and 

particle size showed a significant difference among times (P < .05). 

There was consistent increase in dry matter disappearance from the 12 

to 72 h incubation period. However, the loss was lowest on the 90% 

concentrate diet as compared to either all roughage or 60% concentrate 

diets. The dry matter disappearance when samples were grouped by bag 

pore size showed a significant difference (P < .05). As seen with all 

previous runs, the 80 pm pores had the highest dry matter loss, followed 

by the 41 and finally the 20 pm pores (39.0, 35.2 and 27.3% respectively). 

With the percent dry matter loss grouped by particle size across bag 

pore size and time of incubation, the results indicated a similar loss 

between the straight run and the 550 pm particles (35.8 vs 36.0% 

respectively). The 850 and 385 pm particles were also similar (32.5 vs 

31.0%) but different (P < .05) from the straight run and the 550 pm 

particles. 

The NDF digestibilities as affected by bag pore size and time 

in the rumen are presented in Table 17. As observed in the other 

previous runs, the NDF digestibility increased as time of incubation 

increased. Within each time period NDF digestibility increased as 

bag pore size increased from 20 to 80 pm. Moreover, there was a con

sistent decrease in NDF digestibility as the roughage level of the 

diet decreased from 100 to 10%. 

An analysis of variance similar to that in the alfalfa experi

ment using time and steer diet as main factors and disappearance from 

the three bag pore sizes as measure of variation showed a significant 

effect of both time and diet (P < .01) on wheat straw NDF digestibility, 

Table 25. 
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Discussion 

The results of water bath and in situ dry matter and NDF disap

pearance of wheat straw showed significant effects of bag pore size, 

particle size and time of incubation. In the 60 and 90% concentrate 

fistulated steer diets, percent of increase in dry matter disappearance 

decreased as bag pore size increased from 20 to 80 ym. The percentages 

of Increase from 20 to 41 ym and from 41 to 80 ym were 5.8 and 15.8% 

for the all roughage; 21.3 and 9.3% for the 60% concentrate; 28.9 and 

10.6% for the 90% concentrate diet. 

When diets were pooled and samples grouped by bag pore size 

across particle size and time of incubation (Table 24) the respective 

percentages of increase were 16.8 (33.0 vs 38.6%) and 12.0 (38.6 vs 

43.2%). These results are in good agreement with those reported by 

Lindberg and Varvikko (1982), Lindberg and Knutsson (1981) and Uden 

et al. (1974). The NDF digestibilities also followed the same trend 

as dry matter disappearance. The average NDF disappearances by pore 

size across all other factors were 20.6, 27.8 and 33.3% for the 20, 41 

and 80 pm pores respectively. 

For dry matter disappearance the results of the experiment 

showed significant interactions of pore size x time for all diets and 

pore size x particle size for the 60 and 90% concentrate diets. These 

interactions suggest that choice of pore size for low quality roughage 

such as wheat straw for in situ studies is very crucial. In this ex

periment the 41 ym bag always was intermediate in dry matter disappear

ance among the three pore sizes and overall an average of only 12% in

crease was observed by doubling the pore size from 41 to 80 ym. Based 
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Table 24. Comparison of nylon bag dry matter disappearance of wheat 
straw as affected by bag pore size, time of incubation and 
steer diet. 

Time, h 

Bag pore 
Diet size, tim 12 24 48 72 x 

100% roughage 20 29.0 37.4 41.6 60.2 
41 26.9 38.0 50.8 62.2 
80 32.2 44.6 57.9 70.2 

X 29.4 40.0 50.1 64.2 45.9 

60% concentrate 20 22.4 26.6 32.6 37.5 
41 23.5 29.2 41.3 50.6 
80 27.0 33.8 43.0 54.2 

X 24.3 29.9 39.0 47.4 35.2 

90% concentrate 20 21.0 25.2 30.0 33.2 
41 22.7 32.2 40.1 46.0 
80 24.3 33.9 49.2 48.5 

X 22.7 30.4 39.8 42.6 33.9 

means for bag pore size 

20 33.0 

41 38.6 

80 43.2 
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Table 25. Analysis of variance of data in Table 24. 

Sources of variation df SS MS F. value 

Replicates 3 508.578 169.526 7.589** 

Diet (A) 2 4218.140 2109.070 94.417** 

Pore size (B) 2 2492.060 1246.030 55.781** 

Time (C) 3 13777.800 4592.620 205.599** 

A x B 4 140.641 35.160 1.574 

A x C 6 879.125 146.521 6.559** 

B x C 6 619.328 103.221 4.621** 

A x B x C 12 185.281 15.440 0.691 

Error 107 2390.140 22.338 

Total 143 25211.100 

** P < 0.01 
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on these results and the values reported in the literature the 41 ym 

pore size bag would be appropriate to evaluate wheat straw and other 

low quality roughages. 

The effects of time on dry matter and NDF disappearance showed 

increased losses for each additional time period in the rumen from 12 

to 72 h. The overall average percent dry matter disappearance for 

12, 24, 48 and 72 h of samples grouped across bag pore size, particle 

size and animal diets were 25.4, 33.4, 42.9 and 51.4%. These values 

correspond to 31.4, 28.4 and 19.7% increase for the corresponding 

time intervals. Moreover, 83% of the 72 h digestibility occurred at 

48 h incubation. This value is much lower than that of alfalfa sub

strate (93%). The 48 h digestion of wheat straw expressed as percent 

of the 72 h digestion was 78, 82 and 93% for all roughage, 60 and 90% 

concentrate diets respectively. These data suggest different incubation 

time of wheat straw based on basal diet. In high roughage diets samples 

must be incubated longer to reach maximum' digestibility of low quality 

substrate. This could account for the reason for low performance of 

cattle fed low quality roughages. For future investigation a 72 h 

incubation time should be considered a minimum time to assess potential 

digestibility of low quality roughage such as wheat straw in a nylon 

bag study. This time could be reduced to 48 h if the animal receives 

a high concentrate diet. 

Grouped by particle size across diet and all other factors 

studied, dry matter disappearance was similar though statistically 

different among all particle sizes. The respective disappearances 

were 35.6, 40.0, 38.1 and 38.6% for the 850, 550, 385 ym and straight 



run particles. The respective NDF content before digestion of those 

particles were 75.8, 76.0, 74.0 and 72.4%. Except for the 550 pm 

particles, one can imply that dry matter disappearance from nylon bags 

is closely related to the NDF content of the sample. For the wheat 

straw substrate, the almost uniform NDF content of all particle sizes 

resulted in a similar dry matter disappearance. Van Keuren and 

Heinemann (1962) also reported similar dry matter disappearance of 

three different particle sizes of orchardgrass. 

The results of this experiment also showed a significant effect 

of diet on dry matter loss. More disappearance occurred on the all 

roughage diet than on the 60 or 90% concentrate diets which were similar 

(45.9, 35.1 and 33.8% respectively). These results are in good agree

ment with results reported by El Shazly et al. (1961) who obtained a 

reduced forage digestibility due to increased level of starch in the 

diet. 

It is clear from these results that more investigation is needed 

on the effect of particle size, bag pore size, time of incubation and 

diet of the animal for a reliable assessment of forage digestibility 

in vivo from nylon bag studies. It appears, though, that with wheat 

straw little is gained by fine grinding or even sieving into uniform 

particles. Ground samples passed through a 2 mm screen and incubated 

for at least 72 h in bags of 41 ym pore will approximate in vivo di

gestibility of wheat straw. The animal diet also must be carefully 

chosen. For a good evaluation of those low quality roughages, the 

fistulated animal should receive a high roughage diet for unlike good 

quality roughage such as alfalfa, high concentrate diets may 
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drastically reduce dry matter disappearance of wheat straw and probably 

of other low quality roughages. 

• Experiment III — Water Bath and In Situ Dry Matter and NDF 
Disappearance of Cottonseed Hulls 

The water bath and jUi situ dry matter disappearance of cotton

seed hulls (CSH) experiment was conducted in six runs; one water bath 

and five in situ, two of which consisted of a sample weight study. 

The remaining three in situ runs were conducted with a fixed sample 

weight. 

Water Bath Dry Matter Loss 

The results of dry matter disappearance of CSH from nylon bags 

as affected by bag pore size, sample size and time of incubation in 

a water bath at 39C are presented in Table' 26. Time and pore size showed 

a significant effect (P < .01), Table 27 and sample size effect was 

significant at the 5% level. None of the interactions were significant. 

The dry matter disappearances by time across pore size and 

sample weight were 2.3, 3.8 and 4.7 for the 12, 24 and 72 h incubation 

periods respectively. All the means were different (P < .05). For 

pore size the average disappearance was 2.9, 3.9 and 4.0 for 20, 41 and 

80 vi® pore respectively. Dry matter disappearance from the 41 and 80 pm 

pore was similar but both were different (P < .05) from the 20 ym pore. 

Sample weight did not affect dry matter disappearance in the water bath. 

The respective dry matter losses for the 4, 8 and 12 g samples were 

3.6, 3.8 and 3.4%. For NDF disappearance of CSH in water bath, samples 

were grouped by time of incubation and no specific trend of disappear

ance was observed. The 24 h incubation time had the highest NDF loss 
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Table 26. Cottonseed hulls dry matter disappearance from nylon bags 
as affected by bag pore size, sample weight and time of 
incubation in a water bath at 39C. 

Sample weight, g 

Time, h 

Bag pore 
size, ym 4 8 12 

12 20 1.7 1.8 1.2 
41 2.3 2.5 2.8 
80 2.7 3.2 2.7 

X 2.2 2.5 2.2 

24 20 3.8 3.1 
41 3.9 4.5 3.0 
80 3.7 4.5 4.4 

X 3.8 4.0 3.7 

48 20 3.6 3.9 3.8 
41 6.0 5.4 4.4 
80 5.0 5.0 4.6 

X 4.9 4.8 4.3 

means for sample weight 3.6 3.8 3.4 

means for bag pore size 

20 2.9 

41 3.9 

80 4.0 
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Table 27. Analysis of variance of data in Table 26. 

Sources of variation df SS MS F. value 

Time (A) 2 66.850 33.425 84.168** 

Pore size (B) 2 12.977 6.489 16.339** 

Sample size (C) 2 2.661 1.331 3.350* 

A x B 4 2.436 .609 1.533 

A x C 4 1.466 .366 .923 

B x C 4 1.447 .362 .911 

A x B x C 7 5.610 .801 2.018 

Error 44 17.473 .397 

Total 69 111.158 

* P < 0.05 

** P < 0.01 
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while the 48 and 12 h had similar disappearance (6.0 vs 3.8 and 3.6% 

respectively). The NDF loss may be due to bacterial action as stated 

earlier in the alfalfa and wheat straw sections. Another source of 

apparent NDF loss could be the difficulty of obtaining a representative 

sample to run the analysis after the samples were ground in the cyclo 

grinder. 

Sample Weight Study with Steer on a 100% Roughage Diet 

Percent dry matter disappearance of cottonseed hulls as affected 

by bag pore size, sample weight and time of incubation in the rumen of 

a steer fed a 100% chopped alfalfa diet is presented in Table 28. All 

factors (time, pore size and sample weight) and two-way interactions 

were significant (P < .01), Table 29. 

The means by time when all samples were pooled across bag pore 

size and sample weight were significantly different. The disappearance 

values were 2.1', 8.7 and 20.1% for 12, 24 and 48 h incubation periods. 

There was a steady increase in dry matter loss as time of incubation 

Increased. With samples grouped by pore size across time and sample 

weight there was no difference between the 41 and the 80 ym pores (11.3 

vs 11.8%). The 20 ym pore had a significantly lower value (7.7%) com

pared to the 41 and 80 ym pores. Dry matter disappearance due to 

sample size showed no significant difference between the 8 and 12 g 

samples, but the 4 g sample was different (P < .05) from the other two. 

Dry matter disappearance tended to be lower as sample weight increased. 

The respective values for the 4, 8 and 12 g samples were 11.4, 9.9 and 

9.6%. The interactions were probably due to the differential rate of 
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Table 28. Cottonseed hulls dry matter disappearance from nylon bags 
as affected by sample weight, bag pore size and time of 
incubation in the rumen of a steer fed a 100% chopped 
alfalfa diet. 

Sample weight, g 

Bag pore 
Time, h size, pm 4 8 12 x 

12 

24 

48 

20 
41 
80 

20 
41 
80 

20 
41 
80 

x 

means for sample weight 

means for bag pore size 

20 7.7 

41 11.3 

80 11.8 

1.4 
2.3 
1.3 

1.7 

6 . 2  
12.5 
1 1 . 2  

10.0 

19.8 
25.0 
23.0 

2 2 . 6  

11.4 

1 . 2  
3.3 
2.3 

2.3 

5.6 
7.9 
8.7 

7.4 

17.2 
19.1 
23.5 

19.9 

9.9 

1 . 0  
3.1 
3.1 

2.4 

8.9 
8 . 8  

8 . 8  

9.2 
19 .8  
24.0 

17.7 

9.6 

2 . 1  

8.7 

2 0 . 1  



Table 29. Analysis of variance of data in Table 28. 

69 

Sources of variation df SS MS F. value 

Time (A) 2 4159.435 2079.718 467.360** 

Pore size (B) 2 205.950 102.975 23.141** 

Sample size (C) 2 50.537 25.268 5.678** 

A x B 4 97.208 24.302 5.461** 

A x C 4 66.944 16.736 3.761** 

B x C 4 71.958 17.989 4.043** 

A x B x C 7 54.824 7.832 1.760 

Error 44 195.797 4.450 

Total 69 4893.181 

* * P  <  0 . 0 1  



70 

sample digestibility due to time, pore size and sample weight effect. 

The NDF degradation was determined by grouping samples by weight and 

incubation time. The results showed negative values at 12 h incubation 

for all sample weights, Table 30. The negative values were probably 

due to an Influx of rumen small NDF particles in the bags. The NDF 

degradation at 48 h was similar for the 4 and 8 g (18.2 and 17.7% 

respectively) which were higher than that of 12 g samples (14.8%). 

At 24 h incubation period the NDF digestibilities of the 8 and 12 g 

samples were similar (4.4 and 4.0%) but lower than for the 4 g sample 

(6.1%). 

Sample Weight Study with the Fistulated Steer on a 60% Concentrated Diet 

Dry matter disappearance of CSH from nylon bags as affected by 

bag pore size, sample weight and time of incubation in the rumen of a 

steer fed a 60% concentrate diet is presented in Table 31. Of all 

factors studied, only time was significant (P < .01). None of the 

interactions was significant, Table 32. The average dry matter disap

pearance of CSH when all samples were grouped by time across all other 

factors showed a significant difference (P < .05) among all incubation 

periods. Dry matter loss increased with increasing length of incuba

tion. The values at 12, 24 and 48 h of incubation were 1.7, 8.3 and 

16.8% respectively. For bag pore size, when samples were grouped 

across sample weight and time of incubation, the results showed similar 

disappearance for all pore sizes. The respective values for 20, 41 and 

80 ym pore were 8.2, 8.5 and 10.1%. The disappearance by sample weight 

indicated a significant difference (P < .05) between the 4 and 12 g 
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Table 30. Cottonseed hulls NDF digestibility as affected by steer 
diet, sample weight and time of incubation. 

Sample weight, g 

Diet Time, h 4 8 12 

100% roughage 12 -3.7 -2.8 -1.8 

24 6.1 4.4 4.0 

48 18.2 17.7 14.8 

xa 12.2 11.0 9.4 

60% concentrate 12 -3.2 .5 -.7 

24 9.2 6.0 2.6 

48 17.8 14.6 11.7 

xa 13.5 10.3 7.2 

Does not include 12h values. 



72 

Table 31. Cottonseed hulls dry matter disappearance from nylon bags 
as affected by bag pore size, sample weight and time of 
incubation in the rumen of a steer fed a 60% concentrate 
diet. 

Sample weight, g 

Time, h 
Bag pore 
size, pm 4 8 12 

12 20 1 . 1  -.5 2.0 
41 2.5 1.0 2.3 
80 1.8 2.4 2.2 

3t 1.8 1.0 2.2 

24 20 14.0 7.3 1.6 
41 11.3 7.1 6.2 
80 9.2 9.4 8.8 

X  11.5 7.9 5.5 

48 20 20.6 19.0 8.6 
41 16.3 11.6 18.3 
80 20.8 21.8 14.6 

X  19.2 17.5 13.8 

means for sample weight 10.8 8.8 7.2 

means for bag pore size 

20 8 .2  

41 8.5 

80 10.1 
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Table 32. Analysis of variance of data in Table 31. 

Sources of variation df SS MS F. value 

Time (A) 2 2590.836 1295.418 25.520** 

Pore size (B) 2 41.475 20.738 1.156 

Sample size (C) 2 114.292 57.146 3.186 

A x B 4 35.045 8.761 .488 

A x C 4 73.523 18.381 1.025 

B x C 4 154.946 38.736 2.160 

A x B x C 7 174.723 24.960 1.392 

Error 44 789.247 17.937 

Total 69 3971.307 

** P < 0.01 
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samples (10.8 vs 7.2%) but the 8 g sample had similar disappearance 

to both sample sizes (8.8%). The NDF degradation values showed nega

tive disappearance for the 4 and 12 g samples at 12 h. At 24 and 48 h 

incubation periods NDF digestibilities decreased as sample weight 

increased (Table 30). 

Based on the results of the two in situ runs, the 8 g sample 

was selected for further investigation of CSH digestibility in nylon 

bags incubated in the rumen of steers fed three different diets: all 

roughage, 60 and 90% concentrate diets. 

In Situ Dry Matter Disappearance with Steer on 100% Roughage Diet 

Dry matter disappearance of CSH as affected by bag pore size 

and time of incubation in the rumen of a steer fed a 100% chopped 

alfalfa diet is presented in Table 33. The main factors, time and pore 

size, were significant (P < .01) and the interaction time x pore size 

was significant (P < .05), Table 34. Pooled by pore sized across time 

of incubation, the results showed differences between 41 and 80 ym pore 

(13.2 vs 15.4% respectively) but the 20 yro pore disappearance was sig

nificantly (P < .05) lower (8.0%). The time effect showed a difference 

(P < .05) among all time periods. The disappearances at 12, 24, 48 

and 72 h were 3.8, 8.5, 16.4 and 20.1% respectively. There was a con

tinuous increase in dry matter loss from 12 to 72 h for each additional 

incubation time. The disappearance almost doubled between 24 and 48 h 

incubation. The NDF digestibility paralleled dry matter disappearance. 

There was a steady increase in NDF loss from 12 to 72 h. The NDF 

losses were .6, 4.3, 15.2 and 18.2% for 12, 24, 48 and 72 h incubation 

times respectively, Table 35. 
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Table 33. Effect of bag pore size and time of incubation on cottonseed 
hulls dry matter disappearance from bags incubated in the 
rumen of a steer fed a 100% chopped alfalfa diet. 

Bag pore size, ym 

Time, h 20 41 80 X 

12 2.5 4.6 4.4 3.8 

24 7.4 8.0 10.1 8.5 

48 10.7 18.2 20.5 16.5 

72 11.8 21.9 26.7 20.1 

means for bag pore size 8.1 13.2 15.4 

Table 34. Analysis of variance of data in Table 33. 

Sources of variation df SS MS F„ value 

Pore size 2 340 169.8 14.8590** 

Time 3 1487 495.8 43.3872** 

Pore size x Time 6 186 30.9 2.7061* 

Error 24 274 11.4 

Total 35 2287 

* P < 0.05 

** P < 0.01 
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Table 35. Cottonseed hulls NDF digestibility in nylon bags as 
affected by steer diet and time of incubation. 

Steer Diet 

100% 60% 90% 
Time, h roughage concentrate concentrate 

12 .6 .8 1.4 

24 4.3 4.9 4.8 

48 15.2 9.9 9.0 

72 18.9 14.3 15.0 

x 9.8 7.5 7.5 
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In Situ Dry Matter Disappearance with Steer on 60% Concentrate Diet 

Mean percent dry matter disappearance of CSH as affected by 

bag pore size and time of incubation in the rumen of a steer fed a 60% 

concentrate diet is presented in Table 36. Time, pore size and the 

interaction time x pore size were significant (P < .01), Table 37. 

All three bag pore sizes showed a significant difference (P < .05) 

from each other in dry matter loss. The dry matter disappearance was 

highest with the 80 pm pore, lowest with the 20 ym and'the 41 ym had 

an intermediate value (12.8, 6.5 and 9.4% respectively). When the dry 

matter disappearance values were grouped by time of incubation across 

bag pore size, there was no difference between the 48 and 72 h incuba

tion period (13.4 vs 14.7%). However, the 12 and 24 h periods were 

different (P < .05) from each other (2.3 vs 7.9% respectively) and 

were different from the 48 and 72 h incubation times. The NDF digesti

bility of CSH when the steer was fed a 60% diet (shown in Table 35) 

due to time of incubation was similar to the all roughage diet at 21 

and 24 h (.8 vs .6 and 4.9 vs 4.3% respectively). However, the NDF 

digestibility values of the all roughage diet became much larger for 

the 48 and 72 h (15.2 and 18.9%) as compared to the 60% concentrate 

diet (9.9 and 14.3%), respectively. 

In Situ Dry Matter Disappearance with Steer on 90% Concentrate Diet 

Dry matter disappearance of CSH from nylon bags as affected by 

bag pore size and time of incubation in the rumen of a steer fed a 90% 

concentrate diet is presented in Table 38. The main factors, time and 

pore size, and the interaction time x pore size were significant at 

the 1 and 5% levels respectively, Table 39. With samples grouped by 
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Table 36. Effect of bag pore size and time of Incubation on cottonseed 
hulls dry matter disappearance from bags incubated in the 
rumen of a steer fed a 60% concentrate diet. 

Time, h 20 

Bag pore size, ym 

41 80 x 

12 

24 

48 

72 

1.5 

4.6 

9.5 

10.3 

2.7 

8 . 6  

15.1 

1 1 . 1  

2 .8  

10.5 

15.6 

22.7 

2.3 

7.9 

13.4 

14.7 

means for bag pore size 6.5 9.4 12.9 

Table 37. Analysis of variance of data in Table 36. 

Sources of variation df SS MS F. value 

Pore size 2 247 123.3 25.0146** 

Time 3 871 290.2 58.8940** 

Pore size x Time 6 166 27.6 5.6085** 

Error 24 118 4.9 

Total 35 1401 

** P < 0.01 
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Table 38. Effect of bag pore size and time of incubation on cottonseed 
bulls dry matter disappearance from bags incubated in the 
rumen of a steer fed a 90% concentrate diet. 

Bag pore size, ym 

Time, h 20 41 80 X 

12 3.6 5.8 4.9 4.8 

24 7.3 6.1 11.4 8.3 

48 10.6 14.4 16.7 13.9 

72 13.2 17.1 25.8 18.7 

means for bag pore size 8.7 10.8 14.7 

Table 39. Analysis of variance of data in Table i 38. 

Sources of variation df SS MS F. value 

Pore size 2 224 112.1 15.4889** 

Time 3 1026 341.9 47.2395** 

Pore size x Time 6 137 22.8 3.1543* 

Error 24 174 7.2 

Total 35 1560 

* P < 0.05 

** P < 0.01 



80 

bag pore size across time of incubation, the results showed no differ

ence between the 20 and 41 ym pores (8.7 vs 10.8%) but the 80 pm pore 

which had a dry matter disappearance of 14.7 was different (P < .05) 

from the two others. Furthermore, on the 90% concentrate diet, all 

time periods showed a difference (P < .05) when samples were pooled 

across bag pore size. The respective dry matter disappearances for the 

12, 24, 48 and 72 h incubation times were 4.8, 8.3, 13.9 and 18.7% 

respectively. The NDF digestibilities shown in Table 35 followed the 

same trend as dry matter disappearance. There was a consistent increase 

in NDF loss from 12 to 72 h incubation period. Compared to the other 

two diets, NDF loss at 12 h on the 90% diet was much higher (1.4 vs .8 

and .6% for the 90%, 60% and all roughage diets respectively). The 

disappearances at 24, 48 and 72 h were similar for both 60 and 90% diets 

but lower than the values of the all roughage diet. 

Discussion 

The in situ dry matter disappearance of cottonseed hulls showed 

little effect due to sample weight. The 4, 8 and 12 g samples dry 

matter losses were 11.4, 9.9 and 9.6% for the all roughage diet; 10.8, 

8.8 and 7.2% for the 60% concentrate diet respectively. On both diets 

the 8 and 12 g samples had similar dry matter loss and were slightly 

higher than the 4 g samples. Since the 8 and 12 g samples did not differ 

in dry matter loss, either would be satisfactory for in situ studies of 

cottonseed hulls. For the remainder of this study, 8 g samples were used 

as the 12 g samples completely filled the bags due to the low density 

of cottonseed hulls. 
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Dry matter disappearance of cottonseed hulls Increased for 

each additional Incubation time in the rumen. The disappearance was 

low for the first 12 h, then rapidly increased up to 48 h and slowed 

thereafter. The major dry matter disappearance increase occurred dur

ing the 24 to 48 h incubation period for all diets. Neatherly (1969) 

observed continuous dry matter disappearance of CSH in nylon bags up 

to 96 h. In the present study we observed an increase in dry matter 

loss up to 72 h of incubation which was the limit of the study. 

Visual observation of the hulls after incubation revealed a lack of 

lint on the hulls which probably accounts for the major portion of dry 

matter disappearance. The NDF disappearance followed the same trend 

as dry matter loss. In the weight study runs negative NDF disappearance 

was observed for the first 12 h of incubation. These negative values 

were probably the result of small NDF particles influx from rumen di-

gesta into the bags. 

Bag porosity effect did not follow any consistent trend among 

fistulated steer diets. In the sample weight study with steer fed on 

all roughage diet, dry matter disappearance of the 41 and 80 pm pores 

was similar (11.3 vs 11.8%) but different (P < .05) from the 20 pm 

pore (7.7%). When the steer was fed the 60% concentrate diet, the 

sample weight study results showed similar dry matter loss for all bag 

pore sizes. For the dry matter disappearance studies with constant 

sample weight, the losses from the bags showed similar irregularities. 

On the all roughage diet the 41 and 80 ym pores had similar disappear

ances (13.2 vs 15.4% respectively). On the 60% concentrate diet, all 

three bag pore sizes were different (P < .05) with disappearance values 
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of 6.5, 9.4 and 12.9% for the 20, 41 and 80 ym pores respectively. 

Results of the run when the fistulated steer received a 90% concentrate 

diet indicated a similarity between the 20 and 41 pm pores (8.7 vs 

10.8% respectively) which were different (P < .05) from the 80 pm pore 

(14.7%). This lack of uniformity in dry matter loss may be due to the 

variation in particle sizes of the cottonseed hulls. 

Due to the large particle size of cottonseed hulls, a bag pore 

size of 80 pm should probably be selected for a 72 h incubation time. 

The slow dry matter disappearance was probably due to the high NDF 

content of the hulls (about 85%). Parrott (1970) observed a low NDF 

digestibility of CSH in vivo and speculated that low digestibility 

could be associated with not only the high lignin but also the low 

crude protein content of cottonseed hulls. 



GENERAL DISCUSSION 

Research on fiber utilization has shown that addition of starch 

or starchy materials in the diet lowers the extent of fiber digestion. 

El Shazly (1961), Delfino (1982), Burroughs (1949) and Gaytan (1978) 

have all demonstrated the marked reduction in fiber digestibility in 

vivo as levels of starch increased in the diet. In situ there has been 

only limited research on the effect of concentrate levels of the diet 

on fiber digestibility and results are conflicting. This may be due 

to factors such as the different feed ingredients in the basal diet, 

types of bag utilized, time of animal feeding, animals used and other 

factors to be mentioned later. 

In this study, in situ dry matter disappearance of alfalfa hay 

was almost unaffected by high levels of grains (steam processed and 

flaked sorghum) in the diet. The dry matter lo,ss from nylon bags when 

the fistulated steers were fed 100% alfalfa and 60% concentrate diets 

were 49.9 and 50.3% respectively. Increasing the concentrate level to 

90% slightly decreased dry matter disappearance (47.4%). These findings 

agree with the results of Prouty et al. (1981) who reported only a 

slight increase (P < .05) in feed requirements when the alfalfa levels 

in high sorghum grain finishing diets were raised from 10 to 30%. 

However, there was a significant increase (P < .05) in feed requirements 

when the alfalfa levels was 40% as compared to the 10% level. 

83 
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Wheat straw dry matter disappearance showed a marked effect of 

concentrate levels as compared to the all roughage diet. Both the 60 

and 90% concentrate diets had similar dry matter loss (35.1 vs 33.8% 

respectively) and were significantly different from the all roughage 

diet (45.9%). These in situ findings agree with in vivo findings at 

the University of Arizona (Mendez, 1979). 

The findings that concentrate levels of the diet did not affect 

CSH dry matter disappearance were surprising based on the wheat straw 

results. The respective disappearances of CSH were 12.0, 9.6 and 11.4% 

for all roughage, 60 and 90% concentrate diets. These values appear 

low compared to the in vivo digestibility values quoted for CSH. Hale 

et al. (1969) calculated a TDN of CSH in all roughage diets (alfalfa) 

to be 44% on a dry matter basis. A TDN value of CSH calculated from 

the data of Parrott (1970) when concentrate diets were fed was estimated 

to be 26%. It may be that when CSH are in nylon bags they cannot be 

distributed through the rumen ingesta and this may affect rumen digesti

bility. Neatherly observed a difference in in situ dry matter disappear

ance of CSH due to basal diet but the two diets fed were alfalfa-orchard-

grass and Coastal Bermudagrass. 

These variations in the results obtained with the nylon bag 

technique raise some questions about the usefulness of the technique as 

a predictor of in vivo digestibility of forages. The variations may 

be caused by the lack of standardization of nylon bag technique from 

one lab to another. Factors such as bag pore size, time of incubation, 

washing technique and drying procedure should be uniform to be reliable. 

The results obtained from the present study suggest that particle size 
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of the roughage and pore size of the bag should be given consideration 

for a specific roughage and that among roughages the values probably 

will not be constant. Long times of incubation, over 72 h, or very 

small pore size may not conform with the actual ruminal conditions 

from which the in vivo results are derived. 
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