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INTRODUCTION

Essential nutrients for livestock are supplied through 
various sources. In order to improve the quality of livestock 
feeds so that they supply enough nutrients to meet the 
animals’ requirements, it is important to understand the 
qualitative and quantitative characteristics of feed in relation 
to their nutritional value. Therefore, in order to improve 
livestock nutrition, it is necessary to understand the chemical 
composition and nutritious ingredients of feed and to identify 
the digestibility and/or availability of nutrients in feeds [24].

Grains, especially barley, are a principal source of energy 
in ruminant diet in most parts of the world. Despite the 
low percentage of protein in barley, its high consumption 
supplies ruminants with a considerable portion of protein. 
On the other hand, the degradation rate of this protein in 
the rumen is very high, reducing barley’s nutritional value 
and causing fertility problems in postpartum and productive 
livestock. Studies showed that various barley treatments 
could be efficient in reducing the rate and extent of ruminal 
digestibility of protein and ruminal acidosis.

Changes in the digestion process have nutritional 
implications, because they determine the amount of nutrients 
absorbed by livestock [24]. Dynamic digestion models not 
only predict the nutritional value of feeds in comparison 

to changes in diet, microbial populations and physiological 
status of livestock, but they also help to explore factors 
limiting the digestion process [10].

Different models have been proposed to describe the 
digestion process and passage rate in ruminants [5, 23]. The 
digestion rate of feeds is a function of the time they remain 
in the digestive tract and changes in the digestion process 
can be described by dividing feed into a ruminal easily 
digested part, a slowly digested part and an indigestible part. 
Digestion models, because of their dependency on the nature 
of feeds, include sequential equations, a linear distribution, 
and a curve of differential and integral equations that should 
be used to demonstrate the type of digestion process [10].

The estimation of the digestibility parameters of nutrients 
in feed and the formulation of hypotheses related to the 
biological principles controlling ruminal digestion have 
resulted in the development of different mathematical 
models that can be used to determine the rumen degradation 
ratio. By using these models, it is possible to estimate 
parameters of ruminal digestion of feeds and compare feeds 
or different nutritional systems. The nylon bags method is 
used to determine degradability of the protein of feeds. 
Following the measurement of the feed protein degradation 
level in bags from different incubation times, the resulting 
data are generally processed using a linear [9] or non-linear 
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[17] model, to estimate the degradability rate and other 
nutrition parameters. With the combination of degradability 
parameters in rumen and output rate of nutrition from 
rumen, it is possible to estimate the effective degradability of 
nutrition. Although various mathematical models have been 
widely used to determine the ruminal degradability of feeds, 
their fitting competence has not been tested [2]. Among the 
most widely used models are those of Ørskov and McDonald 
[22], Fox et al. [9] and López et al. [17]. This study has 
evaluated data obtained from the ruminal degradability of 
dry matter and crude protein of treated barley, using different 
digestion models, in order to identify and propose the best 
model.

Materials and methods

The experiments were carried out in the laboratory of 
livestock nutrition at the Islamic Azad University of Maragheh 
(East Azarbaijan- Iran). The Young researchers and elite club 
at the Islamic Azad University of Maragheh approved this 
experimental protocol and sponsored the experiment.

TREATMENT OF BARLEY AND CHEMICAL ANALYSIS

To measure the chemical components of barley, individual 
barley samples were mixed to prepare combined samples; 
these samples were ground to pass through a 2-mm screen in 
a Wiley mill (model 4, Arthur H. Thomas Co., Philadelphia, 
PA) before incubation. The treated samples were heated at 
120°C for 10 min. The chemical compounds were analyzed 
according to AOAC methods [1]. Dry matter was determined 
by drying the samples at 105°C and nitrogen (N) content was 
measured by the Kjeldahl method.

ANIMALS AND FEED

Measurements of in situ degradability were carried out 
in three rumen cannulated yearling Ghezel wethers of 50.5 ± 
2.5 kg. The animals were housed in individually on concrete 
places in the research field of the Islamic Azad University of 
Maragheh and fed a diet consisting of 60% forage and 40% 
concentrate on dry matter basis. Animals were fed twice 
daily in order to allow growth and accumulation of microbial 
populations during the samples’ fermentation period in the 
rumen. Animals were offered with water throughout the 
experiment. 

NYLON BAGS EXPERIMENT

Bags containing each treatment were incubated in 
six replicates at 0, 4, 8, 16, 24, 36 and 48 hours. The nylon 
bags with pore size of 47-µm were suspended in the rumen 
in a polyester mesh bag measuring 25 × 40 cm length and 
width. After removal the bags were soaked in cold water and 
then washed with running tab water till rinse was clear. To 
determine 0 h disappearance (washing loss) duplicate bags 
from each sample were taken into bag but without hanging 
in rumen washed with running tab water as described above 

[15]. After room aeration, bags were dried at 65°C for 48 
hours and weighed and residues were ground to 1 mm and 
saved for later analysis, and then were placed into an oven at 
105°C for 24h for dry matter determination.

STATISTICAL ANALYSIS

Digestion models, because of their dependence to the 
nature of feed, consist of sequential equations, a linear 
distribution, and a curve of differential and integral equations 
that should be used to show the type of digestion process [8]. 
In this study, the models of Ørskov and McDonald [22], with 
(Eq.1) and without lag phase (Eq.2), France et al. [11] (Eq.3) 
and Dhanoa et al. [6], with (Eq.4) and without lag phase 
(Eq.5), were compared in order to examine the digestion 
process.

 P = 1 - e-ct   (1)
 P = 1 - e-c(t-L)   (2)
 P = K - Kexp(ct)/K-1 (3)
 P = 1 - e-c(t)-d(√t)  (4)
 P = 1 - e-c(t-L)-d(√t-√L)  (5)
 
Where, ‘‘P’’ is the degradability percentage at time ‘‘t’’, ‘‘t’’ 

is the incubation time, ‘‘c’’ the degradability rate of part ‘‘b’’ 
at time ‘‘t’’, ‘‘L’’ the delay phase and e the base of the natural 
logarithm.

A regression analysis and remainders analysis were 
carried out to determine the validity of each model in the 
expression of the analysis pattern of protein source and 
amounts of a, b, c, and efficient degradability was analyzed in 
the form of a completely random design with the model of Yij 
= µ+Ti+eij and a GLM using SAS 9.2 (SAS Institute, 2012). 
In this model, Yij is the value of each observation, µ the total 
average, Ti the treatment effect and eij the experimental error. 
Duncan’s multiple range test was used for the comparison of 
means. Feeds were the only source of variation considered.

Results
CHEMICAL ANALYSIS 

Chemical compounds of untreated and treated barley, 
as well as their comparison with other sources are shown 
in Table I. In the present study, heat-treatment had no 
significant effect on the chemical composition of the barley.

DIGESTION MODELS FOR DM DEGRADABILITY 

The average data of DM degradability of untreated and 
treated barley are given in Table II, and results of the study 
of different digestible models on the DM degradability of 
untreated and treated barley are presented in Table III. At 
0 h of incubation, the amount of DM of untreated barley is 
the highest (23.79%) and that of treated barley is the lowest 
(22.09%). This difference could be the result of changes 
in structural and non-structural carbohydrates during 
the heating process (treatment). Throughout the ruminal 
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incubation period, untreated barley grains had the highest 
level of degradability compared to treated barley and the 
difference between averages was significant (P< 0.05). 

DIGESTION MODELS FOR CP DEGRADABILITY 

The average data of CP of untreated and treated barley 
are shown in Table IV and results of the study of different 
digestible models on the CP degradability of barley (raw and 
heat treated) are presented in Table V.  At 0 h of incubation, 
the level of CP of untreated barley is the highest (9.15%) 
and of treated barley the lowest (6.58%). This difference can 
be attributed to the gelatinization of the three-dimensional 
structure of barley proteins during the heating treatment. 
Throughout the ruminal incubation period, untreated barley 
had the highest level of CP degradability compared to the 
treated barley, with significant differences (P < 0.05). 

Discussion

CHEMICAL COMPOUNDS

Differences in terms of the amounts of DM and CP of 
treated and untreated barley grain were not significant in 
present study. Results obtained from this study were similar 
to the findings of Taghizadeh et al. [28]. In contrast, the DM 
percentage of barley is higher than the amount reported by 
İsmail et al. [14]. Woods et al. [30, 31] observed the content of 
DM and CP of barley as 85.9% and 11.2%, respectively, which 
is lower than the amount of DM obtained in present study. 
Campbell et al. [4], Reynolds et al. [25] and Ghorbani et al. 
[12] reported a range of 9.0 – 21.4 for CP in different type of 
barley cultivated from different sites. The results related to 
crude protein of treated and untreated barley were within the 
findings of these researchers.

These differences between present study and previous 
researches could be attributed to variations in environmental 
conditions, barley varieties, management of planting and 
harvesting of grains and their preparation methods.

Mertens [19, 20] suggested that NDF could be used as 
the volume index of forage or the filling capacity of rumen, 
in order to maximize the consumption potential of forages. 
He also detected that a diet containing 35% NDF could 
stimulate the highest amount of dry matter intake. This 
stimulation could be limited through consumption of diets 
containing higher NDF, by filling the rumen, while the 
energy requirements of animals could be limited with the 
consumption of diets containing low NDF. The NDF values 
measured in present study were in agreement with findings 
of Ghorbani et al. [12] for nine barley types.

DIGESTION MODELS FOR DM DEGRADABILITY

Taghizade et al. [28] studied the level of digestibility 
and degradability of barley and found the level of DM 
degradability at 48 h of incubation as 73%. This result was in 
accordance with findings obtained from present study. Also 
Ljkel et al. [16] determined DM digestibility at 4, 8, and 16 h 
of incubation as 37.2%, 48.5%, 61.4%, respectively, and these 
results are higher than those of findings related to present 
experiment. Engstrom et al. [7] noted that an increase in 
the level of insoluble nitrogen in acid detergent, through 
Maillard reactions, induced the decrease in digestibility of 
treated barley.  The achieved data from the present study 
were in agreement with the results of Osman et al. [23], who 
reported a decrease in starch degradability after flake process 
with steam. Furthermore, the results from the present study 
confirmed the findings of Engstrom et al. [7] on the reduction 
of the disappearance level of starch from nylon bags in the 

Barley grain DM% CP% NDF% ADF%
untreated 90.09 11.72 18.32 6.03

treated 91.82 11.35 17.94 6.70
NRC, 2001 91.00 12.40 20.80 7.20

Taghizadeh and Nemati, 2008 92.00 11.56 26.80 6.00
Ismail et al., 2005 88.89 11.94 - -

DM = Dry matter   CP = Crude protein   NDF = Neutral detergent fiber  ADF = Acid detergent fiber

Table I: Chemical composition of barley

Incubation time (h)
Barley 0 4 8 16 24 36 48

Untreated 23.79a 38.39a 42.65a 55.24a 63.43a 65.77a 73.62a
Treated 22.09b 34.15b 40.19b 51.27b 57.42b 64.19b 66.37b

SEM 0.1369 0.2111 0.3001 0.4368 0.2874 0.2400 0.2723
P-Value 0.0009 0.0001 0.0044 0.0030 0.0001 0.0096 <0.0001

a,b Values within a row with different superscripts differ significantly at P<0.05.  SEM: Standard Error of the Means 

Table II: In situ dry matter degradability
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Model a b c L d k SSE R-Square
Untreated

1 25.1826 49.2993 0.0593 - - - 75.0840 98.66
2 21.2733 53.2086 0.0593 -1.2862 - - 75.0840 98.66 Negative L no concept
3 24.3624 52.2862 0.0298 - - 5.7615 72.1523 98.71 No convergence
4 23.7903 57.4820 0.0281 1.66 × 10-25 0.0797 - 52.0108 99.07 No convergence
5 23.8599 56.5535 0.0302 - 0.0757 - 51.8918 99.07

Treated
1 22.8248 46.0445 0.0606 - - - 14.1825 99.71
2 20.7394 48.1300 0.0606 -0.7305 - - 14.1825 99.71 Negative L no concept
3 22.5063 49.0824 0.0364 - - 3.2921 11.7301 99.76
4 22.0997 49.0475 0.0438 1.3 × 10-25 0.0473 - 8.4207 99.82 No convergence
5 22.1594 48.6649 0.0456 2.3054 0.0428 - 8.3424 99.83
1 = Ørskov and Mc Donald (1979) without lag phase    2 = Ørskov and Mc Donald (1979) with lag phase
3 = France et al. (1999)      4 = Dhanoa et al. (2004)      5 = Dhanoa et al. (2004) without lag phase
a = rapidly soluble fraction (%); b = slowly degradable fraction (%); c = degradation rate constant (%/h); L = lag time (h); d= represent the fractional 

degradation rate (h‐1); k = fractional passage rate (/h); SSE: sum-of-squares means; and R2 = R-Square (%)

Table III: Measurement of dry matter degradation characteristics of barley grain using different mathematical models

Incubation time (h)
Barley 0 4 8 16 24 36 48

Untreated 9.15a 17.74a 22.25a 31.05a 41.49a 51.29a 58.52a
Treated 6.58b 10.39b 17.47b 23.81b 29.05b 36.53b 43.21b

SEM 0.1878 0.2629 0.2087 0.2268 0.4032 0.3262 0.4521
P-Value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

a,b Values within a row with different superscripts differ significantly at P<0.05. SEM: Standard Error of the Means 

Table IV: In situ crude protein degradability

Model a b c L d k SSE R-Square
Untreated

1 9.9180 72.7301 0.0231 - - - 20.0221 99.66
2 1.6327 81.0154 0.0231 -4.6644 - - 20.0221 99.66 Negative L no concept
3 9.8981 74.28884 0.0215 - - 1.1272 20.0154 99.66
4 9.2657 77.3952 0.0193 5.3 × 10-15 0.0124 - 17.7949 99.70 No convergence
5 9.3279 84.1123 0.0165 - 0.0139 - 17.0348 99.71

Treated
1 6.6708 52.7312 0.0239 - - - 17.6792 99.46
2 3.6796 55.7223 0.0239 -2.3038 - - 17.6792 99.46 Negative L no concept
3 6.5849 60.5034 0.0120 - - 3.6879 16.7570 99.49
4 6.5767 53.79 0.000143 1.6346 0.0112 - 9.5379 99.70 No convergence
5 6.3601 58.5842 0.0187 - 0.0112 - 16.7906 99.49
1 = Ørskov and Mc Donald (1979) without lag phase    2 = Ørskov and Mc Donald (1979) with lag phase
3 = France et al. (1999)      4 = Dhanoa et al. (2004)      5 = Dhanoa et al. (2004) without lag phase
a = rapidly soluble fraction (%); b = slowly degradable fraction (%); c = degradation rate constant (%/h); L = lag time (h); d = represent the fractional 

degradation rate (h‐1); k = fractional passage rate (/h); SSE: sum-of-squares means; and R2 = R-Square (%)

Table V: Measurement of crude protein degradation characteristics of barley grain using different mathematical models



Revue  Méd. Vét., 2019, 170, 7-9, 123-128

IN SITU CP AND DM DEGRADABILITY OF HEAT-TREATED BARLEY 127

rumen. The results from present study are also in accordance 
with those of Hayer et al. [13] who stated that a decrease in 
starch degradability caused decrease of relative fatty acids.

Models outputs showed that when considering the sum of 
squares of the error of fitted digestion models, the best fitted 
model for DM degradability of heat treated barley was model 3 
[11]. Moreover, the existence of a lag phase is not approved for 
these treatments.

Taghizadeh et al. [28] determined the degradability 
coefficients of corn DM as a = 20%, b = 77%, and c = 2.3% 
in 1 h. Taghizadeh et al. [28] found the DM degradability of 
wheat bran at 0 and 48 h after incubation as 17.9% and 72.15%, 
respectively, and the degradability coefficients of DM as a = 
22%, b = 55%, and c = 5/4%.  The values determined by above 
researchers were not in agreement with the results obtained 
from present study. McNiven et al. [18] studied on the amounts 
of DM efficient degradability as 90.4% and the amounts of 
a, b, c coefficients as 50.6%, 42.4%, and 21.2% in raw barley, 
respectively. The values from present study were lower then 
those of results reported by McNiven et al. [18]. In addition, 
Sadeghipanah et al. [26] found the values of a and b coefficients 
in raw barley DM as 34.88 and 53.41, respectively, and the 
amount of coefficient degradability (in r = 2%) was 83.21% that 
was not in accordance with the results of present study. 

DIGESTION MODELS FOR CP DEGRADABILITY

Woods et al. [29] reported a 95.4% level of barley CP 
degradability using an in situ method at 48 h of ruminal 
incubation. Taghizadeh et al. [28] determined the level of barley 
CP efficient degradability as 50%, which was in accordance with 
the results obtained in this study. The degradation of protein in 
rumen is affected by relative proteolysis activity and bacteria. 
The sensitivity of protein depends on degradability, attachment 
sites of bacteria to food particles, and its relative trend to 
them [29]. Barley proteins like albumin and immunoglobulin 
contain sulfide bonds and products that result in Maillard and 
Amadori reactions. Therefore, the heat treatment may cause a 
reduction of the level of ruminal degradability. 

The results in Table V suggested that when considering 
the sum of squares of the error of the fitted digestive models, 
the best fitted model for CP degradability in heat treated 
and untreated barley was the model 3 [11].  In addition, the 
presence of a lag phase was not confirmed for these treatments.

Woods et al. [30] found the degradability coefficients 
of barley CP in rumen as a = 61.29%, b = 22.63%, and c = 
0.34%. Taghizadeh and Nemati [27] studied the degradability 
coefficients of barley using in situ methods as a = 14%, b = 78%, 
and c = 2/1%. They also determined the degradability level of 
barley CP as 68% at 48 h of incubation, which is higher than the 
results obtained in the present study. 

The differences connected with the degradability of 
barley CP levels between the present study and the results in 

the literature may be caused by varietal diversity, diversity of 
different parts of the protein, especially insoluble protein in 
buffer, insoluble protein in neutral detergent and insoluble 
protein in acidic detergent.

Barley has a high processing capacity in the rumen, which 
allows less starch to escape digestion. The accumulation of acid 
in the rumen during starch digestion may induce damage to the 
ruminal pilus and prevent cellular bacterial activity following 
the reduction of fiber digestion, and as a result, the decrease 
of forage consumption and total DM. In conclusion, treatment 
of barely may help to prevent metabolic problems, decrease 
ruminal degradation of this nutritional component, and help 
increase absorption and intestinal usability.
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