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For protein evaluation of feedstuffs for ruminants, the Streptomyces griseus protease test offers a 
purely enzymatic approach to estimate ruminal protein degradation. This study was conducted to 
determine the enzymatic crude protein (CP) degradability of alfalfa, sainfoin, and common vetch 
hays, which are commonly used in ruminant nutrition. To estimate CP degradation, fifteen samples 
from each type of hay were incubated in vitro with a commercial protease extracted from 
Streptomyces griseus. The incubation was carried out for 1, 4, 24, and 48 hours in a borate-
phosphate buffer at pH 8. Significant differences in CP degradability values were found among all 
three types of hay across all incubation periods. For all incubation periods, sainfoin had the lowest 
CP degradability values (P < 0.05), due to its high content of cell wall components and condensed 
tannins (CTs). For incubation periods longer than 1 hour, common vetch had the highest CP 
degradability values, followed by alfalfa and sainfoin, respectively (P < 0.05). As a result, the use 
of the protease enzyme extracted from Streptomyces griseus was confirmed as an effective method 
for estimating the CP degradability of selected legume forages in the laboratory, eliminating the 
need for animal testing. However, since plant proteins are often embedded within carbohydrate 
complexes, it is recommended that future tests consider the combined use of protease and 
carbohydrase, particularly for sainfoin, which is rich in cell wall components and condensed 
tannins. 
 

 
Keywords: 
Alfalfa 
Sainfoin 
Common vetch 
Streptomyces griseus protease 
Protein degradation 
 
 

 
a  h.hanoglu@alparslan.edu.tr  https://orcid.org/0000-0003-3626-9637      

 
 This work is licensed under Creative Commons Attribution 4.0 International License 

 
 
 

Introduction 

Efficient protein utilization in ruminant nutrition is 
crucial for sustainable animal production, given the limited 
availability and high cost of feed protein. One of the critical 
aspects of optimizing feed efficiency is the accurate 
estimation of ruminal crude protein (CP) degradation. This 
process significantly influences nitrogen utilization, 
impacting both animal health and environmental 
sustainability (Hristov et al., 2019; Okon et al., 2023). The 
degradation of CP measured in vivo is often considered the 
reference method for assessing ruminal protein 
degradation. However, it is labor-intensive, time-
consuming, and prone to errors due to individual animal 
variations and the use of markers (Karlsson et al., 2009; 
Edmunds et al., 2012; Liu et al., 2019; Titze et al., 2024). 
Therefore, several methodologies have been developed to 
estimate ruminal CP degradation, including in situ, in vitro, 
and enzymatic techniques.  

The in situ method, despite its widespread use as a 
reference (Hvelplund & Weisbjerg, 2000), presents several 

challenges. At the forefront of these challenges is the 
necessity of using cannulated animals. Rumen cannulation 
is a surgical intervention on the animal’s digestive system 
and, as such, it is criticized by animal welfare advocates for 
potentially causing pain and discomfort, raising ethical 
concerns (Castillo & Hernández, 2021). Additionally, 
significant challenges include increased costs, variability 
in results due to differences in animal physiology, and the 
physical characteristics of the rumen environment (Pagella 
et al., 2018). The accuracy of the in situ method can also 
be compromised by factors such as bag pore size, sample 
size, and incubation time, leading to potential inaccuracies 
in estimating the true rate of CP degradation (Vanzant et 
al., 1998). Furthermore, criticisms have been directed at 
this method due to the difficulty of microorganisms 
reaching the feed inside the bag (Meyer & Mackie, 1986), 
contamination of indigestible feed by microorganisms in 
the bag (Nocek & Grant, 1987), and the loss of feed 
through the bag pores (Aufrère, 1999).  

http://creativecommons.org/licenses/by-nc/4.0/
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Enzymatic systems utilizing proteolytic enzymes offer 
several advantages over live microbial cultures, including 
lower cost, reduced time, less contamination of feed 
residue, and no need for cannulated animals (Nocek, 1988; 
Vinyard & Faciola, 2022; Okon et al., 2023). This 
approach is particularly relevant for CP degradability in the 
rumen, as it can improve efficiency and reduce ethical 
concerns (Okon et al., 2023). Researchers can also utilize 
this method to align with the three R’s of animal research: 
reduce, refine, and replace (Curzer et al., 2016). Although 
various proteases have been utilized, the protease from 
Streptomyces griseus has been the most commonly used 
(Licitra et al., 1998). Streptomyces griseus is a 
commercially available protease with a broad spectrum of 
activity, featuring both exopeptidase and endopeptidase 
functions, similar to those found in the rumen (Roe et al., 
1991; Licitra et al., 1998). It can hydrolyze proteins, such 
as oligopeptides, up to 90% (Licitra et al., 1998). In 
comparison, ficin has been found to cause faster 
degradation rates of feed proteins, which may render it less 
suitable for accurately measuring ruminal protein 
degradation dynamics (Roe et al., 1991; Kosmala et al., 
1996; Coblentz et al., 1997). Additionally, neutral 
proteases (Roe et al., 1991), bacterial proteases, pepsin, 
and trypsin have shown inconsistencies when compared to 
in situ degradation curves (Lynch et al., 1988). Several 
studies have demonstrated a close correlation between CP 
degradation estimated in situ and that obtained using the 
Streptomyces griseus protease test for both concentrates 
and roughages (Aufrère et al., 1991; Cone et al., 1996; 
Coblentz et al., 1999; Mathis et al., 2001; Edmunds et al., 
2012). Studies that utilize the Streptomyces griseus 
protease test to rapidly and cost-effectively analyze CP 
fractions in various forages can provide valuable insights 
for optimizing protein utilization in dairy cattle. 

In vitro enzyme methodologies offer advantages in 
animal nutrition research but also have certain limitations. 
These laboratory-based methods cannot fully replicate the 
natural processes in the digestive systems of animals or the 
complex interactions between microorganisms (Vinyard & 
Faciola, 2022). Pure enzyme environments can limit the 
scope of experiments, and the lack of interaction with other 
microorganisms may affect the growth of target 
microorganisms (Vartoukian et al., 2010). Furthermore, in 
the rumen, the production and constant removal of 
nutrients can lead to pH fluctuations, which further 
complicate the situation. In pure culture environments, 
stable pH and other controlled conditions cannot fully 
replicate the constantly changing environmental factors of 
the natural setting, thereby limiting the accurate 
representation of microbial growth patterns (Russell & 
Dombrowski, 1980). These factors necessitate careful 
interpretation of results obtained from in vitro 
methodologies. 

The hypothesis of this study was that specific 
characteristics of legume forages, such as cell wall 
components and condensed tannins (CTs), lead to 
variability in the susceptibility of feed proteins to protease. 
As a result, a significant portion of feed protein may 
become linked to carbohydrates, like starch and fiber, 
forming a matrix that affects the ability of proteases to 
degrade proteins. These matrix effects might prevent the 
protease from completely degrading the feed protein 

(Abdelgadir et al., 1997; Pedersen et al., 2015). This effects 
may cause proteins to become trapped within plant cell 
walls and compartments that proteases find difficult to 
reach (Santra & Karim 2002; Colombatto et al., 2007), 
which can affect the speed and extent of protein 
breakdown. 

The objective of the present study was to determine the 
degradation of CP in legume forages, specifically alfalfa, 
sainfoin, and common vetch hays, using the Streptomyces 
griseus protease test.  
 
Materials and Methods 

 
Hay Samples and Chemical Analyses 
In the present study, fifteen samples each of alfalfa 

(Medicago sativa L.) hay, sainfoin (Onobrychis viciifolia L.) 
hay, and common vetch (Vicia sativa L.) hay, harvested as 
green forage from research institutes affiliated with the 
General Directorate of Agricultural Research and Policies 
(TAGEM) in various regions of Türkiye, were used. Alfalfa 
samples at 10% blossoming during the third mowing, 
sainfoin samples at 50-100% blossoming, and common 
vetch samples at the pod formation stage when a few beans 
had matured near the soil were harvested. Forage samples, 
initially wilted under shade, were dried in a forced-air oven 
at 60°C for at least 48 hours until reaching a constant weight. 
The temperature and moisture levels were regularly 
controlled to shorten drying time and prevent excessive 
heating. The samples were then ground to pass through a 1-
mm screen using a Retsch mill (Retsch GmbH, Haan, 
Germany) and analyzed for dry matter (DM, 930.15), crude 
ash (CA, 942.05), ether extract (EE, 920.39), and crude 
protein (CP, 954.01) according to AOAC (2003) methods. 
Determinations of neutral detergent fiber (NDF) and acid 
detergent fiber (ADF) followed the methods described by 
Van Soest et al. (1991), using an Ankom200 Fiber Analyzer 
(Ankom Technology, Fairport, NY, USA). The acid 
detergent lignin (ADL) content in ADF samples was 
determined by immersing them in 72% sulfuric acid for 3 
hours in beakers. The NDF analysis included the use of heat-
stable amylase and sodium sulfite, and both NDF and ADF 
measurements included residual ash. Hemicellulose (HC) 
was calculated as the difference between NDF and ADF and 
cellulose (C) as the difference between ADF and ADL. The 
CTs content was determined using the hydrochloric acid 
(HCl)-butanol assay (Reed, 1986).  

 
Enzymatic Assay 
The enzymatic degradation of CP in alfalfa, sainfoin, 

and common vetch hays was measured by enzymatic 
hydrolysis for 1, 4, 24, and 48 hours using protease 
extracted from Streptomyces griseus in a borate-phosphate 
buffer (BPB) at pH 8, as described by Aufrère & Cartailler 
(1988) and Aufrère (1999). Time points commonly used in 
previous studies (Aufrère & Cartailler, 1988; Janicki & 
Stallings, 1988; Abdelgadir et al., 1997; Coblentz et al., 
1999) were selected to assess how the kinetics of protein 
degradation change over time and to evaluate both the 
short-term and long-term effects of proteolytic activity. 
The enzyme solution was prepared by mixing 2 g of 
Streptomyces griseus protease Type XIV, (Sigma 
Chemical, Catalogue No.  P5147, 4.6 units/mg) with 1000 
mL of BPB. The BPB was prepared by dissolving 12.20 g 
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of sodium dihydrogen phosphate (NaH2PO4·2H2O) and 
8.91 g of sodium tetraborate (Na2B4O7·10H2O) in distilled 
water. The pH of the solution was adjusted to 8 with 1 N 
NaOH, and the final volume was made up to 1000 mL. The 
BPB was freshly prepared, and the solution was 
periodically checked to prevent pH changes.  

The enzymatic activity was tested on sodium caseinate 
(Sigma C 8654) (Aufrere & Cartailler, 1988). A 2% 
sodium caseinate suspension was prepared in a pH 8 BPB. 
Each tube was filled with 5 ml of this suspension, followed 
by the addition of 0.5 ml of enzyme solution (0.1 mg/ml 
for the enzyme). The tubes were incubated in a water bath 
at 40°C for 10 minutes. The reaction was stopped by 
adding 2% trichloroacetic acid to precipitate the proteins, 
and the mixture was filtered after being kept at 4°C for 30 
minutes. The optical density of the filtrate was measured at 
280 nm, and the results were expressed in terms of tyrosine 
equivalents. The enzymatic activity for the enzyme was 
calculated as 2.66 U/mg. 

The duplicated 0.5 g hay samples were weighed and 
transferred into 80 mL pyrex tubes. The tubes were filled 
with 50 mL of BPB and placed in a shaking water bath 
(Heto SBD 50) at an adjusted temperature of 39°C for one 
hour. Then, 0.5 mL of the freshly prepared enzyme 
solution, 0.5 mg of nystatin (Sigma Chemical, Catalogue 
No. N3503), and 0.5 mL of tetracycline solution (Sigma 
Chemical, Catalogue No. T3258, 10 mg/100 mL BPB) was 
added and shaken gently. Duplicate blank samples and an 
internal standard reference feed were included in the batch. 
Following incubation, all tubes were centrifuged for 5 
minutes at 3000 rpm, and samples were filtered through 
filter paper (Whatman no. 41). The residue on the filter 
paper was washed with 250 mL deionized water, and 
nitrogen in the 10 mL supernatant was analyzed by the 
Kjeldahl method. The enzymatic CP degradability of the 
samples based on incubation times was calculated using the 
following equation 1, as specified by Aufrère (1999). 

 

CP Degradability; % = degraded CP/CP × 100 (1) 
 

Statistical Analysis 
Each sample was tested in triplicate under similar 

conditions at different times to ensure consistency across 
replicates. In the statistical analysis, assumptions of 
normality and homogeneity of variances were assessed 
before applying ANOVA.  

The Shapiro-Wilk test was used to confirm normality 
within each group, while Levene’s test ensured the equality 
of variances across groups. Following these validations, 
ANOVA was conducted, and Duncan’s Multiple Range 
Test was employed for post-hoc comparisons to identify 
significant differences between groups. All analyses were 
performed using SAS 9.4 (SAS Institute Inc., 2014). 
 
Results and Discussion 

 
Chemical Composition of Hays   
The chemical compositions of the hays are presented in 

Table 1. There were no significant differences in the 
organic matter (OM) and ash contents between alfalfa and 
sainfoin, but common vetch had the highest ash content and 
consequently the lowest OM content (P < 0.05). The CP 
contents of hays showed significant differences among 
different types of legume forages (P < 0.05). On average, 
common vetch had the highest CP contents at 225.3, 
followed by alfalfa at 195.0, and then sainfoin at 144.5 g 
kg-1 DM. There was no significant difference between the 
hays for EE contents. The cell wall components HC and C 
showed no significant differences across the legume forage 
types, whereas sainfoin had the highest values for NDF, 
ADF, and ADL (P < 0.05). Additionally, the CTs contents 
of sainfoin were significantly higher compared to alfalfa 
and common vetch (P < 0.05). 

The chemical composition of different legume hays, 
such as alfalfa, sainfoin, and common vetch demonstrate 
significant variability that can influence their nutritional 
value and enzymatic degradability rate. The sainfoin and 
alfalfa had comparable OM and ash contents, while 
common vetch has higher mineral content, which aligns 
with its higher ash content, consistent with findings by 
Karabulut et al. (2007) and Maxin et al. (2020).  

This study revealed significant differences in CP 
content among different legume forages, with common 
vetch having the highest CP content, followed by alfalfa 
and sainfoin. In line with this finding, several studies in the 
literature have reported that alfalfa has a higher CP content 
than sainfoin (Parker & Moss, 1981; Moharrery & 
Toghyani, 2013; Delgado et al., 2014; Lobón Ascaso et al., 
2015). Furthermore, Turgut & Yanar (2004) and Du et al. 
(2019) determined that common vetch has the highest CP 
content among these three legume forages.  

 
 
Table 1. Chemical composition of hays (g kg-1 DM) 

Item Alfalfa Sainfoin Common vetch SEM 
OM 912.9a 921.1a 902.8b 3.52 
Ash 87.1b 78.9b 97.2a 3.52 
CP 195.0b 144.5c 225.3a 5.45 
EE 18.5 16.6 16.3 0.69 
NDF 446.3c 514.4a 472.1b 8.74 
ADF 331.7b 383.3a 343.7b 7.13 
ADL 87.7b 114.6a 89.9b 3.30 
HC 114.7 131.2 128.3 6.90 
C 243.9 268.7 253.8 7.12 
CTs 1.7b 35.4a 3.5b 0.88 

DM, dry matter; OM, organic matter; CP, crude protein; EE: ether extract; NDF, neutral detergent fibre; ADF, acid detergent fibre; ADL, acid detergent 
lignin; HC, hemicellulose; C, cellulose; CTs; condensed tannins; SEM, standard error mean; The results in the table are presented as least square means; 
a,b,c, the difference between the mean values expressed with different letters in the same row is statistically significant. 
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The CP contents of the hays in this study were consistent 
with the values reported for alfalfa, sainfoin, and common vetch 
in previous research by Haj Ayed et al. (2001), Faría-Mármol 
et al. (2002), and Aufrère et al. (2008) respectively. However, 
the CP content of alfalfa exceeded the levels noted by González 
et al. (2006), common vetch was higher than the values found 
by Arieli et al. (1999), and sainfoin had higher CP content than 
reported by Khalilvandi-Behroozyar et al. (2010). The nutrient 
composition of legumes, especially protein content, varies 
based on several factors, including species, maturity, 
fertilization practices, soil fertility, the growing environment, 
and harvesting conditions (Paulson et al., 2008). These factors 
account for why the findings of this research are consistent with 
some studies while differing from others. 

In this study, there were no significant differences in 
EE content among the hays, suggesting that the fat content 
of these forages is relatively stable regardless of the legume 
forage type, consistent with the findings of Parker & Moss 
(1981). However, there are also studies that show 
differences in EE content among these species (Karabulut 
et al., 2007; Moharrery & Toghyani, 2013; Rufino-Moya 
et al., 2019). Fat content in plants varies according to 
species, genotypes, different organs of the plants, and 
seasons (Pallardy, 2008), but remains consistent in this 
study across legume types.  

The results indicated that sainfoin exhibited the highest 
values for NDF, ADF, and ADL among the cell wall 
components in the legume forages studied. This was 
consistent with findings from previous research, which 
showed that sainfoin generally had a higher fiber content 
compared to other legumes like alfalfa and common vetch 
(Kraiem et al., 1990; Delgado et al., 2014; Lobón Ascaso 
et al., 2015; Du et al., 2019). In this study, the cell wall 
contents of the hays were consistent with the values 
reported by Faría-Mármol et al. (2002) for alfalfa, Aufrère 
et al. (2008) for sainfoin, and Haj Ayed et al. (2001) for 
common vetch. However, the cell wall components of 
alfalfa and sainfoin exceeded those reported by Moharrery 
& Toghyani (2013), and those of common vetch were 
higher than Arieli et al. (1999). These differences may be 
due to the specific characteristics such as plant species, 
growth stages, and environmental factors, which influence 
nutrient composition and have been noted in previous 
research (Paulson et al., 2008).  

The concentrations of nutrients in legume forage plants 
depend on the interaction of several factors, such as plant 
species, soil type, plant age, climate (McDowell et al., 1983; 
Paulson et al., 2008), and additional agronomic practices 
including fertilization, irrigation, harvest timing, and maturity 
stage (Turgut et al., 2006). The observed differences in CP and 
fiber content among alfalfa, sainfoin, and common vetch hays 
can be attributed to these key factors.  

In this study, the CTs content in alfalfa and common 
vetch was found to be very low, with values of 1.7 g kg-1 

DM and 3.5 kg-1 DM, respectively, whereas it was 
significantly higher in sainfoin, at 35.4 g kg-1 DM. Sainfoin 
contains CTs at levels ranging from 32-80 g kg-1 DM 
(Waghorn et al., 1998; Min & Hart, 2003; Lorenz et al., 
2012). In contrast, alfalfa (Julier et al., 2003; Theodoridou 
et al., 2011; Kelln et al., 2020) and common vetch (Parissi 
et al., 2022) have low total polyphenol content and are 
considered legumes that do not contain CTs, which are 
polyphenols able to bind proteins. Berard et al. (2011) and 
Coblentz & Grabber (2013) reported a CTs content of zero 
for alfalfa, whereas Maxin et al. (2020) reported 1.6 g kg-1 
DM, which aligns with the findings of this study. The CTs 
value determined for sainfoin in this study was closer to the 
value reported by Berard et al. (2011), but lower than that 
reported by Maxin et al. (2020). For vetch, the determined 
CTs value was comparable to that reported by Maxin et al. 
(2020). 

Tannins in forages can form complexes with proteins, 
thereby impacting the availability of protein to ruminants 
(McSweeney et al., 1999). These complexes help protect 
dietary proteins from microbial degradation in the rumen, 
allowing a greater proportion of these proteins and amino 
acids to bypass the rumen and reach the small intestine for 
absorption (Preston, 1995; Barry & McNabb, 1999; Min et 
al., 2002; Zhou et al., 2019; Majewska et al., 2022). 
Additionally, CTs have the potential to improve ruminant 
health and nutritional sustainability by preventing bloat, 
mitigating parasitism, and reducing environmental 
footprints (Tedeschi et al., 2014). However, high levels of 
CTs (more than 5% of DM) can decrease protein utilization 
efficiency due to the excessive formation of tannin-protein 
complexes (Kumar & Singh, 1984). Therefore, it is crucial 
to consider the presence of CTs when evaluating the 
utilization of CP in legume forages. The CTs content in 
sainfoin, which is below the 5% of DM threshold (3.54% 
DM), contributes to the protection of proteins in the rumen, 
allowing more protein and amino acids to pass into the 
small intestine. Therefore, including sainfoin in ruminant 
diets can be beneficial for both optimizing protein 
absorption and improving overall health. 

 
Enzymatic degradation of hays 
The CP degradability of hays after different times of 

incubation with Streptomyces griseus protease is given in 
Table 2. At 1 hour of incubation, there were significant 
differences in CP degradability among the hays (P < 0.05). 
Alfalfa had the highest degradability, followed by common 
vetch and sainfoin, which showed similar degradability 
values. After longer incubation times of 4, 24, and 48 
hours, common vetch consistently showed the highest CP 
degradability, significantly higher than both alfalfa and 
sainfoin (P < 0.05). Among the latter two, alfalfa exhibited 
higher degradability than sainfoin, which consistently had 
the lowest values (P < 0.05). 

 
Table 2. The crude protein degradability of hays after different times of incubation with Streptomyces griseus protease (g kg-1 DM) 

Incubation time (h) Alfalfa Sainfoin Common vetch SEM 
1 550.8a 535.3b 541.9b 8.42 
4 601.1b 592.2c 611.0a 9.66 
24 690.3b 659.3c 721.9a 8.94 
48 730.0b 692.5c 770.1a 8.22 

SEM, standard error mean; The results in the table are presented as least square means; a,b,c, the difference between the mean values expressed with 
different letters in the same row is statistically significant.
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Alfalfa’s protein composition includes a substantial 
amount of soluble protein (Cherney et al., 1992; Tremblay 
et al., 2003), which is more susceptible to enzymatic attack 
than the more complex and less soluble protein fractions 
found in other hays. According to Marković et al. (2015), 
the rapid degradability of alfalfa’s protein can be attributed 
to its lower fiber-bound protein content and higher levels 
of soluble proteins. This makes alfalfa’s protein more 
accessible to proteolytic enzymes, resulting in higher 
degradability within the initial hours of incubation. In this 
study, alfalfa showed moderate degradability after the 1-
hour point. (Table 2). Despite alfalfa’s lower NDF content 
(446.3 g kg-1 DM) compared to common vetch, its CP 
degradability was lower than that of common vetch after 
the 1 hour of incubation. Both alfalfa and common vetch 
had similar ADF and ADL contents, yet common vetch 
consistently showed higher degradability values at all-time 
points. This suggests that the cell wall components may not 
be the sole factors influencing protein degradability. Julier 
et al. (2003) reported that there was only a weak correlation 
between protein degradability and NDF content. In 
addition, several studies have shown that alfalfa is a rich 
source of biologically active compounds, particularly 
secondary metabolites, with saponins and flavonoids being 
the well-characterized classes (Butkutė et al., 2017; 
Rafińska et al., 2017). Flavonoids can form complexes 
with proteins, influencing the degradation behavior of CP 
in the rumen (Stafford, 1990; Wang et al., 2006), whereas 
saponins have not been shown to inhibit feed protein 
degradation in the rumen under in vitro conditions 
(Muetzel, et al., 2005). In present study, alfalfa had a 
negligible CTs content (1.7 g kg-1 DM), which minimizes 
the formation of tannin-protein complexes that could 
otherwise inhibit degradability (Barry & McNabb, 1999). 

Common vetch demonstrated the highest degradability 
after the initial hour, which can be attributed to its high 
crude protein content (225.3 g kg-1 DM) and relatively 
moderate fiber content (Table 2). According to Cassida et 
al. (2000) hays with higher crude protein levels and lower 
fiber content tend to be more accessible to protein 
degradation. Common vetch’s protein is less bound by 
fibrous structures, allowing proteolytic enzymes to access 
and degrade the protein more efficiently over time. In their 
comparison of legume species, Julier et al. (2003) found 
that protein degradability was strongly correlated with CP 
content. Additionally, the lower levels of ADL (89.9 g kg-1 
DM) in common vetch further facilitate protein 
accessibility, as lignin can inhibit enzymatic hydrolysis (Li 
et al., 2018). Notably, common vetch had a very low CTs 
content (3.5 g kg-1 DM), which means that the protein is 
less likely to form indigestible complexes with tannins, 
further enhancing its degradability (Makkar, 2003; 
Scharenberg et al., 2007; Gea et al., 2011).  Moreover, 
common vetch contains flavonoids, which are a group of 
polyphenols (Megías et al., 2009), and the inhibitory 
activities of flavonoids in relation to proteolytic enzymes 
have been reported (Gonzales et al., 2015). 

Sainfoin exhibited the lowest degradability beyond the 
initial hour, primarily due to its high fiber content (NDF: 
514.4 g kg-1 DM, ADF: 383.3 g kg-1 DM) and the highest 
ADL content (114.6 g kg-1 DM) among the three hays (Table 
2). High fiber and lignin content are known to restrict the 
accessibility of proteolytic enzymes to the protein fractions 

within plant material (Li et al., 2018). Fiber-bound proteins 
are generally embedded within the structural components of 
plant cell walls, such as cellulose, hemicellulose, and lignin, 
making them less accessible to enzymes (Terrett & Dupree, 
2019). The presence of lignin, a complex and indigestible 
component of plant cell walls, further limits the accessibility 
of these proteins (Thorstensson et al., 1992). Lignin, 
depending on its concentration and structural composition, 
can limit the extent (Buxton, 1989) and rate (Jung, 1989) of 
degradability. Moreover, the degradability of protein is 
strongly influenced by the quality of fiber in the plant, 
including its concentration, type, and especially the presence 
of lignin. Proteins bound to cellulose and hemicellulose can 
still be partially degraded, whereas lignin-bound proteins are 
far more resistant, resulting in significantly lower protein 
degradability (Jung & Dietz, 1993). In addition, sainfoin 
contains high amounts of secondary metabolites, with CTs 
being the predominant, followed by phenolic compounds and 
flavonoids (Butkutė et al., 2017). Indeed, the present study has 
shown that sainfoin contained a high level of CTs (35.4 g kg-1 
DM), which can bind to proteins and inhibit their degradation 
by forming tannin-protein complexes that are resistant to 
microbial and enzymatic breakdown (Broderick & Albrecht, 
1997; Makkar, 2003). This combination of high fiber, lignin, 
and tannin content, which is known to protect proteins from 
rapid degradation (Getachew et al., 2008), significantly 
reduces the enzymatic degradability of sainfoin’s protein. 

The CP degradability of alfalfa hay after 24 hours of 
incubation was consistent with the values recorded in 
previous studies (Aufrère & Cartailler, 1988; Janicki & 
Stallings, 1988; Coblentz et al., 1999), although was higher 
than those reported by Licitra et al. (1998) and lower than 
those determined by Abdelgadir et al. (1997). At 48 hours 
of incubation, the CP degradability corresponded with the 
values found by Janicki & Stallings (1988), Coblentz et al. 
(1999), and Mathis et al. (2001), but remained lower than 
those reported by Abdelgadir et al. (1997). For the 48 hours 
of incubation, the CP degradability of common vetch hay 
aligned with the values reported by Alzueta et al. (1995). 
For the first time, the enzymatic CP degradability of 
sainfoin hay was investigated in this study, making 
comparisons with previous studies impossible. The 
differences in CP degradability values observed in this 
study compared to previous research could be attributed to 
variations in the enzyme concentrations used (Coblentz et 
al., 1999; Mathis et al., 2001), since enzyme/substrate 
concentration affects the estimated degradability. Notably, 
previous studies (Aufrère & Cartailler, 1988; Roe et al., 
1990; Licitra et al., 1999; Cone et al., 2004; Inal et al., 
2018) have demonstrated a wide variation in the amount of 
enzyme used to represent ruminal activity. 

The degradability of CP with Streptomyces griseus 
protease showed dynamic changes, exhibiting a consistent 
increase over various incubation times (Figure 1). The 
degradability of CP levels in all three hays showed a 
significant increase in the first 24 hours, but the increase 
slowed down after 24 hours. This indicated that a 24-hour 
incubation period was largely sufficient for enzymatic 
protein degradability. However, it is suggested that longer 
incubation periods would better reflect the complex 
structure of forages, thereby providing more accurate 
results. 



Hanoğlu Oral / Turkish Journal of Agriculture - Food Science and Technology, 12(10): 1762-1771, 2024 

1767 
 

 
Figure 1. The time-dependent crude protein degradability of hays 

 
In forages, there are protein fractions that degrade at 

different times, with the proteins initially degrading rapidly 
and then slowing down over time, necessitating a longer 
treatment with the enzyme (Inal et al., 2018). 

Extending the incubation period in the in vitro protease 
method leads to results that are more similar to those of the 
in situ method, as demonstrated by Abdelgadir et al. 
(1997), Antoniewicz & Kosmala (1998) and Okon et al. 
(2023). This can be explained by the fact that a longer 
incubation period allows proteases to break down proteins 
more effectively, thereby better simulating rumen 
conditions. Roe et al. (1990) indicated that a 48-hour 
incubation period using Streptomyces griseus protease in 
in vitro experiments is sufficient. This period is considered 
adequate for accurately measuring the degree of protein 
degradation. Further support comes from Skinner et al. 
(1995), Coblentz et al. (1999), and Mathis et al. (2001), 
who also found that a 48-hour duration provides optimal 
results. 

 
Conclusion 

 
The study highlights the distinctive chemical and 

degradability characteristics of alfalfa, sainfoin, and 
common vetch hays. The enzymatic degradability of these 
hays is significantly influenced by their chemical 
compositions. The use of proteolytic enzymes to estimate 
CP degradability proves to be an efficient and practical 
method, as it can be conducted in laboratory settings 
without the need for live animals. However, the structural 
complexity of plant proteins, often embedded within 
carbohydrate complexes, necessitates a more 
comprehensive approach for accurate assessment. This is 
particularly relevant for sainfoin, where the inclusion of 
both protease and carbohydrase enzymes during testing can 
significantly improve the accuracy of CP degradability 
estimates. By incorporating carbohydrase to break down 
carbohydrate complexes, the accessibility of plant proteins 
to proteolytic enzymes is enhanced, leading to a more 
precise measurement of protein degradability. Future 
research should focus on empirically testing this dual-
enzyme method to provide concrete evidence of its 
benefits, particularly in ensuring a better representation of 
the degradability potential of plant proteins. Such studies 
would help optimize feed evaluation and formulation for 
ruminants. 
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