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Abstract 
Increasing the use of locally produced protein feeds in ruminant production systems around the world would be a valuable development. The 
objectives of this study were to investigate the effects of autoclave heating on the rumen and post-rumen protein degradation characteristics of some 
of locally produced legume seeds, including common vetch (CV), bitter vetch (BV) and chickling vetch (CLV). Legume samples were collected and 
determined for chemical composition, rumen degradability with/without the effect of particle losses, in vitro digestibility and intestinal digestibility 
of protein after and before autoclaving (in batches at 15 psi and 127°C for 20 min) by in situ-in vitro and in vitro techniques. The results showed high 
protein content (255 to 278 g/kg dry matter), the rapidly degradable and effective degradability of protein for legumes ranging from 0.40 to 0.51 and 
0.72 to 0.76, respectively, and following correction for particle losses, the values for the rapidly degradable protein fraction were lower (from 0.16 
to 0.17) than without correction. Autoclaving did affect the chemical composition of the protein supplements, the CP content of legume seeds were 
lost on autoclaving, it decreased from 6, 4 and 2% for CLV, CV and BV, respectively, but ADF increased by 27% in CLV and 8% in BV (P<0.001). 
The highest in vitro dry matter and organic matter digestibility content was found in untreated BV seed (68.43-66.91%) and the lowest organic matter 
digestibility was in autoclaved CV seed (53.47%).The results indicated that CV seed was highly damaged due to increased ADIN by 46%. In general, 
autoclaving had a significant decreasing effect (P<0.001) on CV seed for effective degradability (ED) and the soluble fraction (a) 83.58 vs.77.67% and 
39.9  vs. 36.59%, respectively. The rate of protein degradation was similar for raw and autoclaved legume seeds, which ranked from 0.050 to 0.068/ 
h. The effect of particle losses was relevant on effective degradability for all the legumes, being the greatest for raw CV (84.7 vs. 62.95%) followed 
by raw CV and raw BV (83.58 vs. 61.18% and 82.57 vs.54.15%, respectively). There was no increase in indigestible protein between untreated and 
autoclaved feedstuffs with the exception of CV (P<0.05) that IDCP values changed from 95.29 to 90.57%. Rumen undegradable protein (IDRUP) 
ranged between 66.8 and 83.4  by in situ-in vitro procedure. In conclusion, the autoclaving will increase  the nutritional value of studied legume seeds 
and those used as a protein feed for highly yielding ruminants. The results from the studies underlying this experiment suggest that the heat inputs 
with the autoclaving method were not severe enough to damage the CV and BV seed protein. It is therefore suggested that any of the processes can 
be used for processing the studied legume seeds, however, due to the fact that autoclaves may not be readily available for the local farmers, 
traditionally boiling of legume seeds can be done using firewood.  As a consequence, these legumes may be considered as a source of degradable protein 
for ruminal micro-organisms and, therefore, for microbial protein synthesis, before autoclaving and as a significant supplier of RUP for metabolizable 
protein that escapes into intestine after autoclaving, particularly in CV seed. 
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Introduction 
Among protein sources commonly used in each country, soybeans 
are imported in the largest amounts. Importing soybeans, which 
mainly originate from Brazil, has been questioned in recent 
decades. The cultivation of soybean has expanded greatly during 
the last 15 years and is one of the major reasons for destruction of 
the rainforests in Brazil, with huge consequences for humans and 
the environment, both locally and globally 1. The environmental 
consequences of five feed ration choices in dairy production 
was investigated by a life cycle assessment (LCA) methodology2. 
The results showed that the feed ration comprising only locally 
produced protein feeds (legume seeds) and silage from nitrogen 
fixing clover-mixed hays was associated with the lowest energy 
use and climate impact. Even though more land was used and 
there was greater eutrophication, the authors concluded that this 
feed ration was the best option considered in their study 2. Of the 
protein feeds commonly used in worldwide, peas, field beans, 

vetch and rapeseed are mainly locally produced 3, 4. 
The nutritive value of protein sources in feed and feeding 

ruminants depend on protein reaching the intestine and its 
digestibility. The main components of protein that achieve the 
duodenum are microbial protein and rumen undegraded feed 
protein and to a small extent endogenous protein. Microbial 
growth is simultaneously related to available proportions of dietary 
protein (N sources, true protein) and energy (ruminally fermented 
carbohydrates) required to the rumen and the rumen turnover 
rate5, 6. The quantity of feed protein reaching the intestine is also 
influenced by the rumen turnover but varies between protein 
sources and processing conditions, which may also compromise 
the intestinal digestibility of bypass protein 7. In addition, the use 
of forages in high-producing ruminant nutrition is limited and the 
utilization is inefficient under certain conditions with forages alone 
and also, especially, for high yielding dairy cows it is preferable 
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that the diet is supplemented with digestible rumen-undegradable 
protein (RUP) that improves the amino acid (AA) profile of the 
metabolisable protein and meets the requirements of the cow 8. 
Therefore, this study is only focused on processed protein sources 
being the grain as a concentrated source of protein. Heat treatment 
produces partial protein denaturation and Maillard reactions that 
make feed protein more resistant to ruminal degradation 9, 10. It can 
also have a negative effect on intestinal digestion, depending on 
process severity 11. 

Heat treatment of legume seeds can inactivate anti-nutritional 
factors (ANFs), it is also effective in reducing the solubility of the 
protein in the rumen and increasing the amounts of protein entering 
the small intestine for absorption and digestion. Moist heat 
treatment (autoclaving) is a process, where feeds are heated with 
steam under pressure and  the adverse effects of ANFs are 
diminished in legume seeds fermentation. Autoclaving is a standard 
scientific method employed to evaluate the aforesaid parameters 
in feed grains. It also leads to partial protein denaturation that 
decreases the degradability of protein in the rumen, mainly in 
highly degradable protein sources 12, 13. The effects of autoclaving 
on ruminal degradation of protein of feedstuffs have been 
intensively studied, mostly in situ 13. It is also well known that 
autoclaved meals had lower protein degradability than non-heated 
meals, the extreme values being those of BV and pea seeds (78- 
72% and 69-62%, respectively) 14, and autoclaving decreased 
degradation of dry matter and protein for non-heated meals (BV 
and CV) in 48 h of rumen incubation 6.2, 4.8 and 11.4, 16.6%, 
respectively. Autoclaving decreased both the soluble fraction and 
the fractional rate of protein degradation of the slowly degraded 
fraction 14. Rumen outflow rate was respectively, 0.0154 h-1 and 
0.0222 h-l, at 0.7 times and 1.0 times maintenance level. Effective 
degradability of protein was strongly reduced by heat treatment 
in pea and lupin seeds, moderately decreased in field bean and 
bitter vetch (BV) and almost unchanged in vetch seed meal. The 
parameters a, b, c  of nitrogen for non-heated and autoclaved BV 
were 26.82, 15.15; 72.45, 84.85; 0.063 and 0.045%, and  for CV 21.69, 
14.53; 78.06, 85.47; 0.043 and 0.041%, respectively. Additionally, 
reported values of effective protein degradability (EPD) at k = 0.02 
h-1, were for non-heated and autoclaved BV and CV seed 73, 69.8 
and 80.4, 72.1%, respectively 14. However, few studies have been 
undertaken to investigate the effect of autoclaving on intestinal 
digestibility of undegraded protein and the few published results 
are controversial, depending on the type and intensity of 
treatment13-15. The main objective of this study was to assess the 
effect of autoclaving on rumen degradation and intestinal 
digestibility of raw bitter vetch (Vicia ervilia), common vetch 
(Vicia sativa) and chickling vetch (Lathyrus sativus) seeds. 

Materials and Methods 
Legumes: Seeds of commercially available legumes bitter vetch 
(BV), common vetch (CV) and chickling vetch (CLV) were used 
and two or more districts each from the legume seeds producing 
cities of Ardabil province (Meshgin, Razei, Germi and Ardabil) in 
northwest Iran were randomly selected for the survey. Then, two 
peasant associations were randomly selected from each of the 
identified districts. A systematic sampling, choosing every second 
farmer, was done in each of the selected peasant associations 
until total fifteen farmers were selected for the study, which brings 
the number of farmers selected to thirty in every district. Seeds 

were autoclaved in 48×32×30 cm3 metal pans using a consolidated 
stills and sterilizers (Boston, MA, USA) autoclave, with five times 
their weight of distilled water at 103.43 kPa (15 psi for 127°C) for 20 
min (until 50% of the seeds were soft when felt between the 
fingers). The heated materials were allowed to air cool for 1 h and 
then sealed in plastic bags. Subsamples of raw and heated legume 
seeds were ground through a 1 mm screen and defatting was 
done by extraction with petroleum ether for 6 h according to the 
AOAC procedure 16. The defatted samples were analysed for dry 
matter (DM), ash, CP (Kjeldahl N × 6.25) and ADF, neutral detergent 
fibre was determined without the use of sodium sulphite using 
the ANKOM NDF/ADF fiber system 17, 18. 

In vitro digestibility: The in vitro dry matter and organic matter 
digestibility of the legume seeds (previously ground at 1 mm) is 
determined according to the modified Tilley and Terry method by 
using the Daisy II incubator 18, 19. The rumen inoculum is withdrawn 
from two ruminally fistulated ewes 2 h after the morning feeding, 
transferred into pre-warmed (39°C) thermal bottles and squeezed 
through four layers of cheesecloth under anaerobic conditions. A 
pooled sample is prepared by combining equal squeezed volumes 
from each animal. The inoculum was a mixture (1:4 v/v) of rumen 
liquor and artificial saliva 19. Samples (0.5 ±0.05 g) were weighed in 
filter bags (ANKOM Technology, # F57) and three replicates per 
treatment were incubated. Two incubation runs were carried out, 
and each run included two blanks and three standard samples 
with known apparent in vivo dry matter (DM) digestibility (from 
0.39–0.64). Residual DM and organic matter (OM) were corrected 
for those in the blanks and their in vitro digestibility were 
calculated as DM and OM disappearance, respectively, per unit 
of original DM and OM. 

In sacco nylon bag study: To determine ruminal nutrient kinetic 
parameters of treated and untreated samples according to Vanzant 20, 
equal portions (200 g) of the four replicates of each seed meal 
were pooled to obtain a single batch for each treatment. 
Approximately 3.5 g (air dry basis) portions of each treatment 
were weighed into nylon bags (7 × 10 cm2) and incubated in the 
rumens of three non-lactating Gezel ewes (43.5 ± 5.2 kg BW) fitted 
with flexible rumen cannulae for 2, 4, 8, 12, 24, 36 and 48 h (two 
bags per ewe per treatment). The ewes were fed a 50:50 forage/ 
concentrate diet at 1.5% of body weight (DM basis). At the end of 
the incubations the bags were removed from each ewe and washed 
under cold tap water until the rinse water were clear. Zero-time 
disappearances were estimated by washing duplicate bags 
containing samples of the four treatments under cold tap water. 
Residues from the nylon bags were analysed for DM and CP as 
described above. Ruminal nutrient disappearance was calculated 
from the concentration of each nutrient in the residues and the 
original samples. Ruminal nutrient disappearance data were used 
to estimate ruminal DM and CP degradation parameters in Equation 1 21: 

P = a + b (1 - e-ct)             (1) 

where P is the ruminal disappearance (g kg-1) at time t, a is the 
soluble fraction (g kg-1), b is the slowly degradable fraction (g kg-1), 
c is the rate at which the b fraction is degraded (% h-1) and t is time 
relative to incubation (h). Ruminal effective degradability (ED) of 
DM and CP is estimated in Equation 2 21: 
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ED = a + bc/(c + k)             (2) 

where k is the rumen flow rate (0.03 h-1). 

Particle loss: Particle losses of treated and untreated samples 
from the nylon bags were determined by Weisbjerg method 22. 
Samples were milled through a 2.0-mm screen, weighed (1 g) in 
duplicate into 100 ml beakers and 20 ml of distilled water was 
added. The beakers were incubated for 1 h at room temperature 
with manual stirring every 15 min. After incubation, the samples 
were washed four times with 20 ml distilled water each through a 
nitrogen-free filter paper (Whatman 40) under vacuum. The residue 
remaining on the filter paper was dried at 60°C for 48 h and used 
for N analysis. 

Intestinal digestibility: The intestinal digestibility of treated and 
untreated samples of legume seeds was determined according to 
the three step in situ-in vitro procedure of Calsamiglia and Stern 
as modified by Gargallo et al. 23. Approximately 3.5 g of sample, 
milled at 2 mm screen was weighed into nylon bags (10 cm × 7 cm, 
15,800 pores/cm 2, 46 µm of pore size) and suspended in the rumen 
of two ruminally fistulated ewes for 16 h. Six bags per sample were 
incubated in each animal, in order to obtain a minimum of 60 mg, 
and a pooled sample was taken for residual N analysis. Bags were 
removed, washed with cold tap water and dried in a forced-air 
oven at 55°C for 48 h and weighed. Samples from each bag were 
taken for N analysis. Polyester bags were removed from the 
laundry bags and processed according to Gargallo et al. 23 with 
some modifications. Bags were rinsed 3 times for 5 min in an 
automatic washing machine with a final spin, suspended in a 0.1% 
methylcellulose (M-0262, Sigma, St. Louis, MO) solution and 
shaken in a water bath (50 rpm; Precision Scientific, Chicago, IL) 
at 37°C for 30 min to help in the detachment of particle-associated 
bacteria. Bags were rinsed again 3 times for 5 min in an automatic 
washing machine, followed by a final spin, and then frozen. In the 
procedure of Gargallo et al.  23, samples were oven-dried at 55°C for 
48 h. Residual composite samples were weighed and ground to 
pass a 1-mm screen for N analysis. 

Calculations and statistical analysis: Profiles of DM and CP 
degradation from in situ were calculated using Equations 1 and 2 
and the NLIN procedure of SAS 21-24. Indigestibility of the intact 
feed samples was calculated as follows: average RUP, RDP, dig 
RUP, and total-tract CP digestibility were determined for each 
feedstuff. The IDCP was calculated as 1 – total tract indigestible 
protein. The RDP was estimated as the proportion of CP that 
disappeared from the Dacron bag following 16 hour in situ 
incubation or from digestion next effect of protease enzyme. The 
RUP was calculated as 100 – RDP for each feedstuff. The digestible 
portion of the RUP was assumed to be the percentage of the CP 
escaping ruminal disappearance but not recovered in the residue 
following intestinal incubation and was calculated according to 
Equation 325: 

Dig RUP =100–(total-tract indigestible protein × 100/RUP)      (3) 

   Data were analysed by a factorial variance analysis to study the 
effect of autoclaving on degradability of crude protein (dgCP) 
and intestinal digestibility expressed as percentage of the rumen 

undegradable protein (IDRUP) and as percentage of the original 
crude protein (IDCP). The model was: 

Y
 ijk

 =µ+ feedstuff 
i
 + treatment 

j
+ (feedstuff× treatment) 

ij
+e 

ijk
 

where principal effects, kind of feedstuff (2 d.f.), autoclaving 
treatment (1 d.f.) and the interaction between them (2 d.f.) were 
compared with the residual error (5 d.f.). When there were 
significant differences for studied effects, differences between 
mean values were determined using the least significant difference 
test. All statistical analyses were performed by the General Linear 
Model (GLM) procedure using the statistical package SAS 24. For 
digestibility experiment, treatment was used as the only fixed effect. 
Assuming that feed particles lost from the nylon bags were 
degraded at the same rate as those remaining in the bag, individual 
degradability values were corrected for particle loss in Equation 4 22: 

KDi=MDi – PL {1 – [(MDi) – (PL+WS)] / [1-(PL+WS)]}           (4) 

where KDi is the corrected degradation at time i, MDi is measured 
degradation at time i, PL is the particle loss and WS is the true 
water-soluble fraction, measured with filter paper. Degradation 
profiles corrected for particle lost were calculated by fitting the 
corrected degradation data to Equations 1 and 2 21. The effective 
degradability corrected for particles loss was also calculated 
assuming a value of 0.03 h-1 for k, as described above. 

Results and Discussion 
Chemical composition and in vitro digestibility: Table 1 shows 
the chemical composition and GE content of grains of CLV, CV 
and BV before and after autoclaving. Autoclaving did affect the 
chemical composition of the protein supplements, the CP content 
of legume seeds were lost on autoclaving, it decreased from 6, 4 
and 2% for CLV, CV and BV, respectively, but ADF (Table 1) 
increased 27% in CV and 8% in BV (P<0.001). The losses in protein 
could be attributed to partial removal of certain amino acids, along 
with the leaching of other soluble nitrogenous compounds and 
non-fibre material during the autoclaving procedure into the 
autoclave medium on heating as previously reported by other 
authors 26-31. The lowest acid detergent insoluble nitrogen (ADIN) 
values corresponded to BV but CV was highest (P<0.001) with 
autoclaving. These results suggest that the heat inputs used in 
the present study were not severe enough to damage the CV and 
BV seed protein. It has also been found that the sensitivity of the 
variety or genus to heat was different and therefore the tissue 
inherent protein structure changes were different 32. However, 
heating (autoclaving) increased ADIN by 46% for CV. The tested 
legume seeds  showed high protein content (from 255 to 296 g/kg 
DM). Legumes generally contain low fat contents in the range of 
1-2% with the exception of chickpea  6.7% 33, soybean  21% and 
peanut  49% 34. The ether extract (EE) of tested legume seeds was 
within the range of 17.6–26.5 g/kg DM. The chemical composition 
of the legume seeds indicated that CLV is different to CV and BV, 
belonging to the same genus (Vicia). One of the most relevant 
characteristics of the legumes tested is their high protein content4, 
35-43 which could make them adequate as protein supplement in 
animal nutrition for alternating with soybean meal. Crude protein 
of legume seeds in this study agree with above mentioned 
investigations. The studied legume seeds showed values of CP 
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and EE within the range of values observed by others 44, 45. The 
NDF values found in this experiment were similar to those found 
by some authors 35, 41, 44-47 but higher than those reported by other 
researchers 43, 48, 49. In general, the differences of chemical 
composition of legume seeds could be explained because of a 
higher content of kernel in the samples, where the fibre components 
are located 50 and as well, differences between cultivars and 
associated with growth, harvest, processing and storage 
conditions 3. 

The highest in vitro dry matter and organic matter digestibility 
was found in untreated BV seed (68.43-66.91%) and the lowest 
organic matter digestibility was in autoclaved CV seed (53.47%). 
The results of in vitro dry matter and organic matter digestibility 
of these experiments were lower than those found by other 
researchers 40, 41. The differences could be explained by the relative 
concentrations of different proteins and methodological 
differences. Among legumes, CV seed was highly damaged due 
to increased ADIN by 46% in it and non-enzymatic browning 
(Maillard reaction) between the reducing sugars from starch 
hydrolysis and the proteins as well as the thermal cross linking 
that occurred during heating (Table 1). Likewise, DM and OM 
digestibility of legume seeds is influenced by the presence of 
ANFs, different processing and autoclaving methods that affect 
the levels of ANFs, which will subsequently influence DM and 
OM digestibility 51. In vitro DM and OM digestibility of the 
investigated legumes was not significantly improved after 
autoclaving, with exception of CLV seed. 

In sacco nylon bag study: The DM and CP degradation parameters 

of treated and untreated samples of legume seeds either corrected 
or not for particles losses are presented in Tables 2 and 3. Generally, 
the degradation kinetics for DM and CP followed the same trends, 
high values were due to the nature of leguminous species as 
described by other investigators 4, 36, 40-43. Autoclaving had a 
significant effect (P<0.001) on the degradability of the different 
protein supplements after rumen incubation; there was substantial 
decrease in the dgCP in nearly all cases (Tables 2 and 3). This 
agrees with other researches 14. However, this effect in CV seed was 
noticeable for effective degradability (ED) and the soluble fraction 
(a) 83.58% vs.77.67% and 39.9 % vs. 36.59%, respectively. It should 
be noticed that these feeds showed a sharp fall in both the 
instantaneous soluble fraction and the rate of degradation. 
Likewise, when CV and BV  seeds are treated with heat and pressure 
in the autoclave, starch and protein are transformed into dough in 
which the total surface area is decreased. This may limit the extent 
of microbial attachment and thereby ruminal degradation 13. This 
subject is confirmed by lower organic matter digestibility in 
autoclaved CV seed as shown in Table 1. This results in a large 
potentially degradable insoluble fraction and a moderate or low 
rate of degradation and thus, they are expected to have an effective 
degradation highly dependent on changes in ruminal outflow rate. 
Effective degradation of CV and BV seeds seemed to be moderately 
influenced by heat processing, whereas that of CLV seeds was 
unaffected. Therefore, the susceptibility to heat treatment of the 
protein in the legume seeds evaluated varied widely, indicating 
that extrapolations from one legume species to another may be 
ambiguous. There were significant differences (P<0.001) in the 
values for the rapidly degradable protein fraction (a) between 

Table 1. Chemical composition and in vitro digestibility of different legume seeds (g kg-1 DM). 

p-value 

Item CLV CV BV p-value SEM 
Feed Process 

Feed× 

Process 

        

907 906 914 0.219 0.533 0.706 <0.001 0.234 

DM ,g/kg fresh matter  

     Non autoclaved 

Autoclaved 881 888 880 0.556 0.887    

        

935a 953a 907b <0.001 0.321 <0.01 0.170 0.977 

Organic matter 

Non autoclaved 

Autoclaved 939a 959a 911b <0.001 0.912    

        

17.6 23.1 24.2 0.318 0.519 0.104 0.723 0.812 

Ether extract 

Non autoclaved 

Autoclaved 17.9 26.5 23.5 0.288 0.609    

        

259b 278a 255b <0.001 0.192 <0.01 <0.001 <0.006 

Crude protein 

Non autoclaved 

Autoclaved 243b 267a 250b <0.001 0.142    

        

337 349 315 0.088 1.554 0.201 0.974 0.198 

Neutral detergent fibre 

     Non autoclaved 

Autoclaved 325 339 336 0.646 1.819    

        

61 52 62 0.148 0.608 0.001 0.008 0.055 

Acid detergent fibre  

Non autoclaved 

Autoclaved 78a 52b 67a <0.001 0.401    

        

8.9a 8.2b 4.2c <0.001 0.183 <0.01 <0.001 <0.001 

ADIN-N, %CP 

     Non autoclaved 

Autoclaved 7.5b 12.0a 3.1c <0.001 0.072    

        

17.1a 17.4a 16.8b 0.027 0.197 <0.01 <0.001 <0.001 

Gross Energy ,MJ/kg DM 

     Non autoclaved 

Autoclaved 17.1b 17.8a 17.4ab 0.006 0.152    

        

64.60b 64.28bA 68.43a 0.007 1.54 <.001 <.001 <.001 

In vitro digestibility(DM) 

Non autoclaved 

Autoclaved  66.13a 53.51Bc 61.26Bb 0.002 2.59    

        

63.80 63.78A 66.91A 0.2 1.48 0.004 0.005 0.004 

In vitro digestibility(OM) 

Non autoclaved 

Autoclaved 67.84a 53.47Bb 59.30Bb 0.02 2.17    
SEM, standard error of the mean; Different lowercase letters within a same row indicate significant differences among feedstuffs and different 
uppercase letters within a same column indicate significant differences (P<0.05) because of autoclaving. 
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legume seeds being highest value for non-autoclaved CLV (50.99) 
and lowest for non-autoclaved CV (39.9). The rate of protein 
degradation was similar for all the legume seeds, which ranked 
from 0.050 to 0.068/h before and after autoclaving. The effect of 
particles losses was relevant on effective degradability for all the 
legumes, being  greatest for raw CLV (84.7 vs. 62.95%) followed 
by raw CV and raw BV (83.58 vs. 61.18% and 82.57 vs. 54.15%, 
respectively). After correction for particle losses, the values for 
the rapidly degradable protein fraction were lower (from 16.35 to 
17.35% for raw samples 11.43 to 21.78% for autoclaved samples) 
than those obtained without correction. Likewise, corrected protein 
ED was lower than the uncorrected one for all the legume seeds, 

with values ranging from 51.34 to 61.18%, the 
lowest corresponding to autoclaved CV. As a 
consequence, these legumes may be considered 
as a source of degradable protein for ruminal micro- 
organisms and, therefore, for microbial protein 
synthesis 4, 36, 40-43. 

Similar values 14, 40 were found to those 
shown in this study for the effective 
degradability of CV, BV and CLV, using sheep 
fed alfalfa hay. In general, although different 
studies showed high effective degradability 
for legume grains, there is a great variability 
in the protein distribution between insoluble 
and soluble fractions. This variation could 
be due to the loss of fine particles through 
the bag pores, rather than to differences in 
true solubility 4, 52. The loss of particles is 
mainly dependent on sample preparation (mill 
type and screen size). Grinding could cause a 
fracture of the seed essential part (core) 
leaving the starch and protein as a fine 
powder, which can be lost through the bag 
pores 13. Furthermore, the particle size in 
different samples, even milled with the same 
screen size, may vary 53. These results are in 
agreement with other investigations4, 54 and 
showed high loss of particles, both for legume 
seeds, which influence the degradation 
characteristics, especially decreasing the 
rapidly degradable fraction (a). Degradability 
of legume seeds was assessed in order to 
study the effect of the interaction among the 
autoclaving of the legume seeds on the 
degradation characteristics. Differences 
between legume seeds after and before 
autoclaving, concerning protein degradation 
parameters were dependent on specific legume 
seed. Concerning potentially degradable 
fraction (b), the highest change was found 
for CV  (64.1 and 65.8% for uncorrected and 
corrected for particle loss samples) and the 
autoclaving treatment (66.65 and 67.81% for 
uncorrected and corrected for particle loss 
samples). The degradation rate of legume 
seeds (c values) ranged between 5.03 and 
6.5% h-1,especially for CV and BV, which 
probably have a more similar protein structure 

as they belong to the same genus (Vicia). 
However, the rate of protein degradation was lower for CV  and 

BV after autoclaving. This could be explained by the interaction 
with other nutrients (mainly carbohydrates) and as a result, heat 
treatment reduces the accessibility of the substrate and forms 
linkages resistant to enzyme attack, and will result in denaturation 
of protein and probably transform the proteins to a more resistant 
structure 55. Furthermore, ADIN may provide information about 
the history of heating and the nitrogen availability of heat-treated 
feedstuffs 56. The high amount of ADIN in CV (see Table 1) is 
probably due to the Maillard or non-enzymatic browning reaction 
(as a result of the heat treatment of the tested meals), which 

Table 2. Degradation profiles of legume seeds, autoclaved (A) or not (NA), as (%). 
p-value 

Dry matter CLV CV BV p-value SEM 
Feed Process 

Feed× 

process 

a (NA) 39.03aA 32.49bA 35.38bA <.001 1.53 <.001 0.002 0.40 

a (A) 36.89aB 29.02bB 33.99aB      

b (NA) 57.48 58.17 75.48 0.061 10.37 0.100 0.43 0.05 

b (A) 60.29 75.79 65.41      

c (NA) (h-1) 5.60 6.54 3.98 0.054 1.36 0.119 0.28 0.04 

c (A) (h-1) 5.90 3.79 4.56      

lag time (NA) h 0 0 0 ND ND ND ND ND 

lag time (A) h 0.81 0 0      

ED (NA) 76.04 71.91 74.48 0.018 2.47 0.002 0.53 0.73 

ED (A) 76.26a 70.21b 74.00ab      

Crude protein        

a (NA) 50.99aA 39.90cA 45.05bB <.001 1.01 <.001 0.107 <.001 

a (A) 47.87aB 36.59bB 49.37aA      

b (NA) 50.19b 64.10a 60.07aA <.001 3.14 <.001 0.223 0.006 

b (A) 53.13b 66.65a 49.73bB      

c (NA) (h-1) 6.50 6.63 5.18 0.128 1.11 0.229 0.974 0.056 

c (A) (h-1) 6.83 5.03 6.39      

lag time (NA) h 0.59 0 0 ND ND ND ND ND 

lag time  (A) h 0.84 0.10 0      

ED (NA) 84.70 83.58A 82.57 <.001 1.166 <.001 0.001 <.001 

ED (A) 83.93a 77.67bB 83.76a      
SEM, standard error of the mean; Different lowercase letters within a same row indicate significant differences among feedstuffs and 
different uppercase letters within a same column indicate significant differences (P< 0.05) because of autoclaving; a, rapidly degradable 
fraction; b, potentially degradable fraction; c, rate of degradation; ED, effective degradability. 

Table 3. Degradation profiles of legume seeds, autoclaved (A) or not (NA). Effect of 
correction for particle losses as (%). 

p-value  

Dry matter CLV CV BV p-value SEM 
Feed process 

Feed× 

process 

a (NA) 25.85a 23.35aA 30.56b <0.001 1.73 <0.001 0.194 0.001 

a (A) 26.33b 17.61cB 32.96a      

b (NA) 63.03 60.51 80.61 0.045 9.84 0.057 0.306 0.063 

b (A) 65.48 78.06 73.32      

c (NA)(h-1) 4.49 7.01 3.31 0.062 1.68 0.108 0.347 0.052 

c (A) (h-1) 5.22 3.79 3.82      

lag time (NA) h 0 0 0 ND ND ND ND ND 

lag time (A) h 0.81 0 0      

ED (NA) 62.95b 63.39b 70.35a <0.001 2.51 <0.001 0.300 0.023 

ED (A) 66.21b 60.05c 73.72a      

Crude protein        

a (NA) 16.95 16.35A 17.35B <0.001 1.05 <0.001 0.79 <0.001 

a (A) 17.09b 11.43cB 21.78aA      

b (NA) 51.20b 65.80a 63.92a <0.001 2.45 <0.001 0.249 0.177 

b (A) 54.27b 67.81a 62.41a      

c (NA) (h-1) 6.51a 6.64a 4.31b 0.005 1.00 <.0001 0.109 0.194 

c (A) (h-1) 6.84a 5.09a 3.45b      

lag time (NA)h 0.59 0 0 ND ND ND ND ND 

lag time (A)h 0.84 0.25 0      

ED (NA) 51.34c 61.18aA 54.95b <0.001 1.21 0.002 <0.001 <0.001 

ED (A) 53.93 53.28B 54.87      
SEM, standard error of the mean; Different lowercase letters within a same row indicate significant differences among feedstuffs and 
different uppercase letters within a same column indicate significant differences (P< 0.05) because of autoclaving; a, rapidly degradable 
fraction; b, potentially degradable fraction; c, rate of degradation; ED, effective degradability. 
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involves condensation of amino groups with sugar residues, and 
the overall reaction sequence results in permanently bound and 
indigestible N, which can affect the degradation of the protein in 
the rumen and supply RUP 55. Hence, as moist heat treatment did 
not overprotect the protein, then the amount of indigestible CP is 
not increased, a larger amount of RUP will logically result in higher 
intestinal digestibility. The intensity of this effect is a function of 
both the temperature reached and the time of exposure 57-60. 

Intestinal digestibility: Intestinal digestibility of total IDCP and 
rumen undegradable protein (IDRUP) of the untreated and 
autoclaved legume seeds are shown in Table 4. The IDRUP and 
IDCP values among legume seeds tested were different depending 
on the processing. There is little information on IDRUP in legume 
seeds. CV and BV 4 values for IDRUP (from 0.5 to 0.86) and for 
IDCP from 0.90 to 0.98 have been reported using the in situ-in 
vitro 61 and the in vitro technique 62. In this study, this discrepancy 
may be due to sample differences, but may also be attributed to 
differences in the techniques and seeds variety that were used. 
Furthermore, the used procedures in present study were applied 
in order to reduce the cost and changeable risk of surgically treated 
animals, as well as to consider animal welfare issues, and the 
sources of variation including the porosity of the bags, animal 
and diet effects, retention time, the site of bag collection and 
microbial contamination 7 associated with the mobile bag 
technique. Gargallo et al. 23 with modifications the in situ-in vitro 
three step method 61 reduced costs, labour and usage risk of 
corrosive and toxic trichloroacetic acid (TCA), as a result, a feed 
residue after enzyme digestion can be analysed for AA content. 

In general, both IDRUP and IDCP values for legume seeds 
tested were in the range of other legume seeds  reported by other 
authors 4, 26,  44. In the present study, there was no increase in 
indigestible protein between untreated and autoclaved feedstuffs 
with the exception of CV (P<0.05) that IDCP values changed from 
95.29 to 90.57% and there was the risk of over-protecting the 
protein by the autoclaving treatment (Table 4).This subject is 
confirmed by high ADIN content in  autoclaved CV (12 vs. 8.2%). 
The probably mechanism for this effect was microbial degradation 
of components inhibiting the enzymatic digestion of protein in 
the small intestine that is one plausible explanation. Furthermore, 
entrance of intact feed to the small intestine is not physiological. 
Thus, the digestibility of rumen undegraded protein should always 
be determined on residues from rumen pre-incubation  23, 61-63  and 
the use of residues after 16 h rumen pre-incubation was 
recommended. However, there exist examples where severe heat 

treatment reduced intestinal digestibility of protein in soybean 
and rapeseed meal 15, 64, 65. The proportion of total crude protein 
digested in the small intestine (IDCP) was also significantly 
influenced (P<0.001) by the type of feedstuff and autoclaving. 
Lower IDRUP value of CV seed is probability due to anti-nutrient 
factors and the Maillard or non-enzymatic browning reaction. An 
increase of in vitro digestibility and IDRUP values of CLV seeds 
as other legume seeds have shown after heat treatment, is probably 
resulting from protein denaturation and inactivation of protease 
inhibitors 66, 67 . The structural modification in globulins during 
autoclaving seems to be the reason for the increase in total and 
RUP protein digestibility in the gut and ruminant intestine. Results 
suggest that more appropriate heat treatment may improve the 
bioavailability of rest of tested legume seed proteins. 

The protein value of feeds for ruminants depends on protein 
reaching the duodenum and its digestibility. The amount of feed 
protein reaching the duodenum is also affected by the rumen 
turnover but varies between protein sources and processing 
conditions, which may also compromise the intestinal digestibility 
of bypass protein 7. The effective degradability of legume seeds 
was high ranging from 83 to 85% and intestinal digestibility was 
66.8-83.4 for rumen undegradable protein (IDRUP) by in situ-in vitro 
method 23, for CV and BV seeds 80-82% vs. 50-60% 4. For 
achievement to best result, the legume grains should be processed 
until  the proportion of total feed crude protein digested in the 
intestine increased. This was strongly and directly related to the 
decrease of rumen protein, organic matter and dry matter 
degradability (r2 = 0.998), a fact previously reported by other 
investigators 68-71, and in the animal feed industry, many forms of 
technological processing are applied to manipulate the site and 
extent of digestion in ruminants. Furthermore, heat treatment 
reduces the accessibility of the substrate and forms linkages 
resistant to enzyme attack 55. Likewise heat treatment causes the 
denaturation of proteins by breaking of hydrogen bridges and 
disulfide linkages responsible for its secondary structure. As a 
result, rumen solubility is reduced and  degradation rate decreased 
increasing the amount of protein without rumen degrading and 
escaping the intestine intact 55, 72. 

Conclusions 
From a nutritional point of view, especially in highly yielding 
ruminants, reducing the amount of ANFs and ruminal degradability 
in legume seeds is unavoidable. Therefore, autoclaving will 
increase the nutritional value of locally produced legume seeds 
as protein feeds for highly yielding ruminants. The heat inputs 

SEM, standard error of the mean; Different lowercase letters within a same row indicate significant differences among feedstuffs and different uppercase letters within a same column 
indicate significant differences (P<0.05) because of autoclaving. 

  CLV CV BV p-value SEM  p-value  

       
Feed Process 

Feed× 

Process 

Dry matter IDDM (post-ruminal)         

(DM) Non-autoclaved 24.93 27.57A 27.20A <0.001 1.82 <0.001 <0.001 <0.001 

 Autoclaved 28.08a 17.31cB 23.04bB      

 IDTDM (total tract)         

 Non-autoclaved 68.14 75.47 64.22   0.012 6.34   0.301   0.05   0.007 

 Autoclaved 81.47 67.75 75.36      

Crude protein IDRUP(post-ruminal)         

(CP) Non-autoclaved 78.26Bb 66.79c 83.38Aa <0.001 0.47 <0.001 <0.001 <0.001 

 Autoclaved 85.96Aa 65.57c 73.27Bb      

 IDCP (total tract)         

 Non-autoclaved 94.46B 95.29A 94.06 <0.001 1.48   0.001   0.892 <0.001 

 Autoclaved 98.21Aa 90.57Bb 95.28a      

Table 4. Intestinal digestibility related to DM and CP of the non-autoclaved and autoclaved seeds (%). 
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