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  INTRODUCTION 
 

The practice of using ensiled total mixed ration (TMR) in-
stead of fresh TMR in ruminant feeding is growing world-
wide. Indeed, ensiling TMR seems an ideal strategy to con-
serve totally mixed diets at targeted dry matter (DM) con- 

tent that not only makes it possible to balance the moisture 
content of prepared diet by using moist crops, but also im-
proves palatability by preserving by alteration in odor of 
feedstuffs (Bueno et al. 2020; Li et al. 2021a). In this proc-
ess, high-moisture feedstuffs and by-products such as apple 
pomace, bamboo shoot shells, cactus cladodes, and alfalfa  

 

The effects of fermented total mixed ration (FTMR) silage using fresh-cut alfalfa and the addition of wheat 
straw on growth performances and carcass characteristics in fattening male lambs was evaluated. Thirty 
Kermani male lambs (20.5±0.4 kg initial body weight (BW); 6 months of age) were assigned to three treat-
ments in a completely randomized design experiment for 80 days. Treatments were based on the conserva-
tion method of TMR (fresh vs. fermented TMR) including: 1) CON, fresh TMR with alfalfa hay; 2) 
FTMR1, fermented TMR with fresh-cut alfalfa similar to CON formulation; and 3) FTMR2, fermented 
TMR with fresh-cut alfalfa and wheat straw. Feeding FTMR2 increased dry matter and organic matter in-
take in lambs (P<0.05). Feeding the FTMR2 diet compared to CON and FTMR1 increased organic matter 
digestibility (P<0.05). Final weight, daily gain, warm and cold carcass weights were higher in the FTMR2 
than in CON (P<0.05). Furthermore, feeding lambs with FTMR1 decreased carcass cooler shrink and in-
creased cold dressing percentage (P=0.01) in comparison to CON and FTMR2, respectively. Weights of 
carcass prime cuts were similar among treatments except for brisket cut which was higher in the FTMR2 
group (P<0.05), as were the weights of head and testis (P<0.05). Feeding FTMR2 increased lean meat and 
decreased back fat thickness (P≤0.02) in FTMR2 lambs. Overall, the results of this study indicated that 
FTMR with fresh-cut alfalfa and wheat straw was a suitable option to adjust the dry matter content of si-
lage, could improve the feed intake, growth performance, and carcass traits of fattening lambs and can be 
considered as a cost-effective and feasible conservation method for TMR.  
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fresh forage are mixed with dry ingredients such as cereal 
grains, wheat bran, rice straw, and oat hay (Fang et al. 
2019; Santos et al. 2020; Gao et al. 2021; Zhao et al. 2021).  
Ensiled TMR has several advantages, including the supply 
of homogeneous feed over time, the ability to incorporate 
wet by-products in formulation, improved aerobic stability, 
avoiding self-selection of feedstuff by animals, and labor 
savings during the preparation compared to fresh TMR 
(Nishino et al. 2004; Xu et al. 2022). Fermented total 
mixed rations (FTMR) have longer storage life and contrib-
ute to stabilizing rumen function, also improving the pro-
tein utilization by animals (Bueno et al. 2020). Compared 
to fresh TMR, FTMR is reported to improve nutrient di-
gestibility and reduce ruminal methanogenesis, thus theo-
retically would result in greater efficiency of dietary energy 
utilization (Cao et al. 2010). Therefore, FTMR can be used 
as an environmentally cleaner technology in animal farming 
(Miyaji and Nonaka, 2018; Li et al. 2021b). Lambs fed with 
the FTMR diet showed better meat quality traits compared 
to lambs fed with a fresh TMR diet (Liu et al. 2023).  

Alfalfa is a productive, high-quality, long-lasting legume 
widely grown as a forage legume for hay, pasture, and si-
lage for livestock. Using mixed silages of sweet sorghum 
and alfalfa (40% to 60%) in TMR has been reported to im-
prove production performance and meat quality in sheep 
(Wang et al. 2020). However, compared to other forages, 
reaching a good quality alfalfa silage is frequently difficult 
due to the low water-soluble carbohydrate (WSC) content, 
high buffering capacity, and susceptibility to undesirable 
secondary clostridial fermentation (Li et al. 2019; Wang et 
al. 2020). Therefore, mixing fresh alfalfa (high moisture 
content) with dry feedstuffs (wheat straw, beet pulp, etc.) to 
prepare TMR silage could improve the quality of FTMR 
and the feeding level of ruminants. Compared to TMR 
preparation using ensiled-alfalfa, preparation of FTMR 
using fresh-cut alfalfa takes less time, subsequently short-
ening the feeding duration and saving time, which can also 
economize labor and resources.  

Further research is needed to investigate the effects of 
feeding an FTMR diet containing fresh-cut alfalfa on 
growth performance and carcass composition of fattening 
lambs. Therefore, the present study aimed to investigate the 
effects of ensiling TMR and the use of wheat straw (to ad-
just for a higher dry matter (DM) content of silage) on dry 
matter intake (DMI), nutrient digestibility, growth perform-
ance, and carcass composition of fattening male lambs. 

 

  MATERIALS AND METHODS 
This study was performed at the small ruminants’ research 
unit of the Animal Science Department, Shahid Bahonar 
University of Kerman, Kerman, Iran (located at E 57◦010 

longitude and N 30◦150 latitude), where all animal hus-
bandry procedures were complied according to the Animal 
Care and Use Committee of Shahid Bahonar University of 
Kerman based on EU standards (Approval No. 1284120). 
 
Animals and experimental treatments 
The current study was conducted using 30 Kermani male 
lambs (20.5±0.4 kg initial BW; 6 months of age) randomly 
divided into straw-bedded individual pens (1.5×1 m) on a 
completely randomized design of 10 lambs per treatment. 
Three experimental diets (Table 1) were all formulated to 
be isoenergetic and isonitrogenous to meet the nutrient re-
quirements of fattening male lambs (NRC, 2007). Treat-
ments were based on the ensiling of TMR (fresh, made just 
before feeding vs. fermented TMR) including 1) CON, the 
typical fresh TMR with alfalfa hay and forage: concentrate 
(F:C) ratio of 45:55; 2) FTMR1, fermented TMR using 
fresh-cut alfalfa similar to CON formulation; 3) FTMR2) 
fermented TMR using fresh-cut alfalfa and wheat straw 
with F:C ratio of 40:60. The CON TMR were prepared 
fresh by mixing the feed ingredient every morning. The 
fermented TMR was prepared by totally mixing chopped 
fresh-cut alfalfa and concentrate, and ensiling the diets into 
nylon bags (60 L) for at least 45 days before the start of the 
animal trial in anaerobic conditions and stored outdoors at 
approximately 10 to 25 °C. The lambs were offered the 
diets for ad libitum intake (allowing approximately 5-10% 
refusals) twice daily (0900 and 1900 h) with free access to 
fresh water. 
  
Growth trial, nutrients intake and digestibility, slaugh-
ter and carcass traits 
Animals were fed a control diet for 10 days for adaptation 
to diets following an 80-day experimental period. The 
amount of feed offered daily was adjusted based on the 
intake of the previous day. Samples of feed offered and 
refused were collected weekly during the fattening period, 
and fecal samples were collected from all lambs (replicates) 
/ treatment directly from the rectum each 4 h (in order to 
obtain representative fecal samples of 24 h) during 2 peri-
ods of 5 consecutive days (d 40 to 44 and d 75 to 79) and 
stored individually by animals and treatments at - 20 ◦C for 
further analysis.  

Subsequently, the samples of diet, refusals and feces 
were dried for 72 h at 60 ˚C (55 L, Shimaz co.), then 
ground with Wiley mill (standard model 4; Arthur H. Tho-
mas Co., Philadelphia, PA) and chemically analyzed for dry 
matter (DM), organic matter (OM), crude protein (CP), 
ether extract (EE), and acid detergent fiber (ADF) accord-
ing to standard procedures (AOAC, 1990). Neutral deter-
gent fiber (NDF) was determined without heat-stable α-
amylase (Van Soest et al. 1991).  
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Apparent total tract digestibility of nutrients was evalu-

ated using acid-insoluble ash as an internal marker accord-
ing to the method of Van Keulen and Young (1977). The 
lambs were weighed at 14-day intervals before the morning 
feeding to monitor body weight gain, average daily gain 
(ADG), and feed conversion ratio (FCR). At the end of the 
feeding trial, the final body weight was recorded. Lambs 
were slaughtered after an overnight fasting period, then 
skinned, and the head, feet, warm carcass and internal or-
gans (liver, kidneys, lungs, heart, spleen, gallbladder, testis, 
internal fats, and parts of gastrointestinal tract) were 
weighed. Carcasses were hung and chilled for 24 h at 4 ˚C 
to measure cold carcass weight and cooler shrink. The car-
casses were sagittal split, and the right sides were divided 
into six prime cuts including neck, brisket, loin, legs, 
shoulder, and fat-tail (Kashan et al. 2005), and the carcass 
cute were separately weighed. Each cut was then dissected 
into lean and bone. Half sides were cut across the 12th rib 
(over the midpoint of longissimus thoracis) to measure 
backfat thickness; eye muscle areas were also recorded us-
ing a caliper. The dressing percent was calculated as the 
ratio between hot/cold carcass weight and final BW.  
 
Statistical analysis 
The data were analyzed according to a completely random-
ized design using the MIXED procedure of SAS (2005) 
using the model: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   

Table 1 Ingredients and chemical composition of experimental diets (DM basis) 

Experimental diets1 
Ingredients  

CON FTMR1 FTMR2 

Alfalfa hay 45.0 - - 

Alfalfa forage  - 45.0 35.0 

Wheat straw  - - 5.00 

Beet pulp    6.00 6.00 7.00 

Corn grain, ground  8.00 8.00 6.00 

Barley grain, ground   30.0 30.0 30.0 

Wheat bran  8.50 8.50 13.4 

Soybean meal  1.00 1.00 2.00 

Urea  0.50 0.50 0.60 

Sulfur  0.10 0.10 0.10 

Mineral-vitamin premix2 0.60 0.60 0.60 

Salt 0.30 0.30 0.30 

Chemical composition 

Metabolizable energy (ME, Mcal/kg) 2.53 2.53 2.51 

Crude protein (CP, %)  14.41 14.52 14.47 

Dry matter (DM, %)  91.40 35.57 40.81 

Ether extracts (EE, %) 4.41 4.45 5.30 

Organic matter (OM, %) 90.51 90.56 91.20 

Neutral detergent fiber (NDF, %) 41.21 41.14 36.40 

Acid detergent fiber (ADF, %) 26.78 26.28 23.13 

Non-fiber carbohydrates (NFC, %) 30.41 30.52 37.13 
1 CON: typical fresh TMR with alfalfa hay and F:C ratio of 45:55; FTMR1: fermented TMR using fresh-cut alfalfa similar to CON formulation and FTMR2: fermented 
TMR using fresh-cut alfalfa and wheat straw with F:C ratio of 40:60. 
2 Composition of premix per kg: vitamin A: 700000 IU; vitamin D3: 100000 IU; vitamin E: 5000 IU; Ca: 120 g; P: 60 g; Na: 40 g; S: 15 g; Mg: 10000 mg; Cu: 500 mg; Co: 
45 mg; I: 45 mg; Mn: 2000 mg; Se: 15 mg; Zn: 3000 mg and Fe: 200 mg. 
3 NFC= 100 - (NDF+CP+EE+ash). 

Yij= μ + Ti + β (Xij-X) + eij 
  
Where:  
Yij: dependent variable.  
μ: overall mean.  
Ti: treatment effect i.  
β (Xij-X): effect of initial body weight as a covariate. 
eij: residual error.  
 

The diet was fitted as fixed factor while the animal was 
considered as random effect in the model. The initial live 
body weight was used as the co-variate for final BW, and 
the carcass weight was used as a covariate for analysis of 
carcass components. Daily measures for parameters such as 
DMI, nutrient intake and digestibility were averaged into 
weekly data for analysis. The mean of recorded measure-
ments in each experimental unit was considered in the sta-
tistical analysis. The significance was declared at P < 0.05 
using the Tukey’s test to separate the means. 

 

  RESULTS AND DISCUSSION 
Results of the present study indicated that ensiling the TMR 
diet increased DM and OM intake (Table 2) in lambs fed 
with FTMR1 and FTMR2 (P<0.05). However, daily intakes 
of crude protein, NDF, and ADF were not affected by die-
tary treatments.  
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Likewise, the digestibility of most nutrients (Table 2); 

however, OM digestibility was increased by feeding the 
FTMR2 diet compared to CON and FTMR1.  

Final weight, daily gain, warm and cold carcass weights 
were increased and FCR was improved with FTMR2 com-
pared to CON (P<0.05). In addition, feeding ensiled TMR 
decreased carcass cooler shrink and increased cold dressing 
percentage (P=0.01) in comparison to CON and FTMR2, 
respectively (Table 3). 

Weights of carcass prime cuts did not differ among treat-
ments (Table 4) except for the brisket cut which increased 
in response to feeding lambs with the FTMR2 diet 
(P<0.05). Also, the head and testis weights were higher for 
FTMR2 lambs (Table 5) compared to the other two experi-
mental groups (P<0.05); while no treatment effects were 
found for the other non-carcass components. Feeding TMR 
with wheat straw increased lean meat and decreased backfat 
thickness (P≤0.02) in FTMR2 lambs (Table 6). However, as 
a proportion of carcass weight, lean meat percentage was 
lower for the FTMR1 lambs compared to other treatments. 
Although, bone weight and percentage, eye muscle area, 
lean/bone ratio, full and empty weights of gastrointestinal 
tract parts, and different (perirenal, intestinal, and heart) 
visceral fat parts were not impacted among experimental 
groups. 

In the present study, the FTMR1 diet was prepared simi-
larly to the CON diet formulation, however, the FTMR2 
diet was formulated containing wheat straw with a slightly 
lower forage: concentrate ratio (45:55 in the FTMR1 vs. 
40:60 in the FTMR2).  

This led to an increase in NFC and a decrease in NDF 
and ADF content with the FTMR2 diet compared to CON 
and FTMR1. With increasing dietary NDF, a decrease in 
DMI is reported that is caused by rumen fill which limits 
DM and OM intake (Allen, 1996).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2 Dry matter and nutrients intake, and digestibility of fattening lambs fed fermented total mixed ration (FTMR) with or without wheat straw

Experimental diets1 

P-value Items SEM 
CON FTMR1 FTMR2 

Intake (kg/day)      

1.36c 1.40b 1.43a Dry matter 0.03 0.01 

1.23c 1.26b 1.33a Organic matter 0.03 0.03 

Crude protein 0.21 0.22 0.26 0.04 0.10 

Neutral detergent fiber (NDF) 0.74 0.77 0.66 0.04 0.07 

Acid detergent fiber (ADF) 0.34 0.39 0.36 0.05 0.31 

Digestibility (%)  

Dry matter 82.38 81.78 84.18 1.61 0.30 

69.21b 67.55b 73.18a Organic matter 1.19 0.03 

Crude protein 73.05 71.81 75.15 1.25 0.20 

Neutral detergent fiber (NDF) 69.71 71.01 73.21 1.95 0.13 

Acid detergent fiber (ADF) 44.83 46.48 48.55 2.10 0.15 

Ether extracts (EE) 61.88 63.60 66.19 2.16 0.11 
1 CON: typical fresh TMR with alfalfa hay and F:C ratio of 45:55; FTMR1: fermented TMR using fresh-cut alfalfa similar to CON formulation and FTMR2: fermented 
TMR using fresh-cut alfalfa and wheat straw with F:C ratio of 40:60. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05).  
SEM: standard error of the means. 

In addition, slow clearance from the rumen with poorly 
digestible feeds might result in limited DMI (NRC, 2001). 
Thus, higher DMI in FTMR2 lambs might be due to lower 
diet NDF and ADF, added to the positive effect of ensiling 
on the FTMR1 and FTMR2 palatability and thus higher 
feed consumption. In addition, the apparent total tract di-
gestibility of OM was also increased by feeding FTMR2 
ensiled diet to the lambs. 

Although the whole-tract digestibility of starch was not 
measured in the present study, we speculate that the ensil-
ing storage period of the diet might impact ruminal starch 
degradability of TMR, according to Miyaji et al. (2016). 
These authors suggested that the ruminal DM and starch 
degradability of TMR increased during ensiling, and this 
could be explained by the proteolysis of protein matrix that 
stimulates the solubilization of starch granules (Peyrat et al. 
2014) or by the swelling of the starch granules (during the 
ensiling process) which makes the granules more accessible 
for α-amylase through the small intestine (Sholly et al. 
2011). Thus, the promotion of the swelling and/or the solu-
bilization of starch granules due to ensiling could increase 
the ruminal degradation and the whole-tract digestibility of 
starch and consequently the OM, while other studies did not 
observe any effects of TMR ensiling on the OM digestibil-
ity (Cao et al. 2010; Shakeri et al. 2021).  

Feeding lambs with the FTMR2 diet resulted in higher 
final live weight, daily weight gain, warm and cold carcass 
weights, and increased FCR. These observed results on 
growth performance of the lambs might be mainly attrib-
uted to higher OM intake and digestibility due to higher 
starch digestibility in this group. It was reported that feed-
ing ensiled TMR did increase total ruminal volatile fatty 
acids (VFA) especially propionic acid, decrease butyric 
acid and enhance milk production in dairy cows (Miyaji 
and Nonaka, 2018; Bueno et al. 2020).  
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In addition, Cao et al. (2010) reported that feeding fer-

mented TMR versus fresh TMR increased nutrient digesti-
bility, total VFA and propionate, also it caused a noticeable 
decrease in ruminal methane emission. Generally, lactic 
acid in the silage is fermented to propionate by microorgan-
isms in the rumen, that is a hydrogen consuming reaction 
(Russell and Wallace, 1997; Moss et al. 2000). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Thus, the hydrogen in the rumen will decrease, which in 

turn can reduce methanogenesis and consequently lowers 
the loss of energy through methane formation and improves 
efficiency of dietary energy utilization (Cao et al. 2010). 
Altogether, these alterations could impact the growth per-
formance of FTMR2 lambs through higher energy utiliza-
tion efficiency.  

Table 3 Growth performance and carcass traits of fattening lambs fed fermented total mixed ration (FTMR) with or without wheat straw 

Experimental diets1 
Items 

CON FTMR1 FTMR2 
SEM P-value 

Initial weight (kg) 20.3 20.5 20.9 0.87 0.43 

Final weight (kg) 37.2b 38.1ab 39.4a 0.63 0.02 

Live daily gain (kg) 0.21c 0.22bc 0.23a 0.002 0.03 

Feed conversion ratio (kg DMI/ kg gain) 6.36a 6.37a 6.15b 0.13 0.02 

Warm carcass weight (kg) 17.10b 17.85ab 18.21a 0.77 0.04 

Cold carcass weight (kg) 16.77b 17.63ab 17.88a 0.72 0.03 

Warm dressing percentage 45.97 46.85 46.10 0.65 0.07 

Cold dressing percentage 45.08b 46.27a 45.26b 0.21 0.01 

Cooler shrink (% of warm carcass) 1.92a 1.23b 1.81a 0.12 0.01 
1 CON: typical fresh TMR with alfalfa hay and F:C ratio of 45:55; FTMR1: fermented TMR using fresh-cut alfalfa similar to CON formulation and FTMR2: fermented TMR 
using fresh-cut alfalfa and wheat straw with F:C ratio of 40:60. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05).  
SEM: standard error of the means. 

Table 4 Weight of carcass prime cuts of fattening lambs fed fermented total mixed ration (FTMR) with or without wheat straw 

Experimental diets1 

Items 
CON FTMR1 FTMR2 

SEM P-value 

Neck (kg) 1.20 1.25 1.32 0.11 0.24 

Neck (% of carcass) 7.16 7.30 7.37 0.32 0.61 

Shoulder (kg) 2.51 2.58 2.66 0.27 0.65 

Shoulder (% of carcass) 14.95 14.70 14.87 0.29 0.47 

Brisket (kg) 2.98b 3.16b 3.76a 0.22 0.03 

Brisket (% of carcass) 17.75b 18.02b 21.02a 0.96 0.02 

Loin (kg) 3.49 3.88 3.55 0.48 0.11 

Loin (% of carcass) 20.81 22.11 19.83 0.94 0.17 

Leg (kg) 4.85 4.89 4.90 0.92 0.26 

Leg (% of carcass) 28.91 27.86 27.43 1.09 0.38 

Fat-Tail (kg) 1.69 1.77 1.68 0.14 0.71 

Fat-Tail (% of carcass) 10.05 10.06 9.41 0.33 0.41 
1 CON: typical fresh TMR with alfalfa hay and F:C ratio of 45:55; FTMR1: fermented TMR using fresh-cut alfalfa similar to CON formulation and FTMR2: fermented TMR 
using fresh-cut alfalfa and wheat straw with F:C ratio of 40:60. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05).  
SEM: standard error of the means. 

Table 5 Weight of non-carcass components of fattening lambs fed fermented total mixed ration (FTMR) with or without wheat straw 

Experimental diets1 

Items (kg) 
CON FTMR1 FTMR2 

SEM P-value 

Feet 0.79 0.74 0.81 0.06 0.13 

Pelt 3.76 3.48 3.81 0.49 0.47 

Heart 0.11 0.14 0.12 0.02 0.11 

Liver 0.51 0.54 0.59 0.07 0.23 

Kidneys 0.07 0.09 0.08 0.03 0.33 

Lung 0.29 0.31 0.30 0.03 0.78 

Spleen 0.79 0.74 0.81 0.08 0.38 

Gallbladder 0.02 0.03 0.03 0.004 0.29 

Head 2.22b 2.03b 2.65a 0.22 0.01 

Testis 0.21b 0.23b 0.32a 0.07 0.04 
1 CON: typical fresh TMR with alfalfa hay and F:C ratio of 45:55; FTMR1: fermented TMR using fresh-cut alfalfa similar to CON formulation and FTMR2: fermented 
TMR using fresh-cut alfalfa and wheat straw with F:C ratio of 40:60. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05).  
SEM: standard error of the means. 
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Lambs fed with the FTMR1 diet exhibited lower cooler 
shrink and higher cold dressing percentage of the carcass 
compared to CON and FTMR2. This also indicates greater 
water-holding capacity of meat, thus lesser weight loss as 
one of the major economic losses during the rigor mortis 
process (Zhang et al. 2019). The cost of lost weight was 
calculated as 17 times that of the energy used by small in-
dustrial users in the UK (Brown et al. 2009). Cooler shrink 
(also named chilling loss) highly differs among various 
breeds, according to More-O’Ferrall et al. (1989); and 
higher cooler shrink results in lower meat water-holding 
capacity, which has high importance in packaging trades. 
However, the reduced cooler shrink observed in FTMR1 
lambs might be attributed to marbling fat deposits that af-
fect water losses during the chilling process, although re-
sults of the relationship between the intermuscular fat and 
water-holding capacity of meat are not consistent among 
studies (Watanabe et al. 2018). 

To the best of our knowledge, no study has evaluated the 
effect of feeding ensiled TMR on carcass traits such as car-
cass prime cuts, composition and/or non-carcass organs. 
The weight of the carcass brisket cut was higher for 
FTMR2 lambs which might be attributed to higher final 
BW in this group, as was the case of head and testis com-
ponents. However, the weights of breast, shoulder, leg, loin 
and ribs carcass cuts of fattening lambs were not affected 
by the forage: concentrate ratio in the diet (Archimѐde et al. 
2008).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 6 Carcass composition and gastrointestinal tract parts of fattening lambs fed fermented total mixed ration (FTMR) with or without wheat straw

Experimental diets1 
P-value Items SEM 

CON FTMR1 FTMR2 

12.69b 13.01b 13.60a Lean meat (kg) 0.29 0.02 

75.67a 73.79b 76.06a Lean meat (% of carcass weight) 0.60 0.04 

Bone (kg) 2.39 2.85 2.60 0.20 0.11 

Bone (% of carcass weight) 14.25 16.15 14.53 0.83 0.21 

Lean/bone ratio 5.42 5.29 5.50 0.63 0.84 

4.18a 4.35a 3.78b Back fat thickness (mm) 0.30 0.01 

Eye muscle area (cm2) 15.55 16.39 17.23 0.69 0.07 

Perirenal fat (kg) 0.12 0.14 0.12 0.01 0.13 

Intestinal fat (kg) 0.41 0.45 0.43 0.13 0.87 

Heart fat (kg) 0.09 0.07 0.06 0.04 0.51 

Full forestomach + abomasum 6.30 7.01 6.58 0.85 0.63 

Empty forestomach (kg) 2.10 2.13 2.06 0.31 0.93 

Full rumen (kg) 3.83 3.87 3.90 0.66 0.98 

Empty rumen (kg) 0.79 0.81 0.78 0.11 0.78 

Empty abomasum (kg) 0.13 0.14 0.13 0.02 0.43 

Small intestine (kg) 0.61 0.57 0.58 0.11 0.78 

Large intestine (kg) 0.19 0.20 0.21 0.04 0.69 

Cecum (kg) 0.1 0.11 0.1 0.005 0.25 
1 CON: typical fresh TMR with alfalfa hay and F:C ratio of 45:55; FTMR1: fermented TMR using fresh-cut alfalfa similar to CON formulation and FTMR2: fermented 
TMR using fresh-cut alfalfa and wheat straw with F:C ratio of 40:60. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05).  
SEM: standard error of the means. 

 
 
Reducing the forage: concentrate ratio of the diet resulted 

in higher carcass lean meat and lower backfat thickness in 
the FTMR2 group. Rumen microorganisms generally trans-
form the dietary glycogenic organic components into utiliz-
able energy precursors such as VFA through the fermenta-
tion process for the host animal. Furthermore, the body fat 
deposition rate is also primarily controlled by the produc-
tion of the ruminal VFA, specifically acetate and butyrate, 
which are the main precursors for de novo fatty acid bio-
synthesis in ruminants (Ladeira et al. 2016; Kotupan and 
Sommart, 2021). Thus, an increase in the NFC and a de-
crease in the NDF content in the FTMR2 diet might have 
demoted the production of major lipogenic VFA (acetate 
and butyrate) in the diet which, in turn, might have im-
pacted the de novo synthesis of fatty acids and reduced 
backfat thickness in FTMR2 lambs. In addition, the previ-
ously mentioned alterations in FTMR2 compared to CON 
and/or FTMR1 diets might have stimulated the microbial 
protein synthesis in the rumen, which is a suitable source of 
metabolizable protein promoting muscle tissue growth and 
formation during the growth phase in this group of lambs. 
These results are in contradiction with the findings of Kim 
et al. (2018) who reported no effects on carcass backfat 
thickness of Hanwoo steers when feeding fermented TMR 
compared to fresh TMR. Also, Kim et al. (2021) who found 
no responses on carcass backfat thickness when supple-
menting Hanwoo steers with fermented feed. However, 
Kotupan and Sommart (2021) reported higher carcass back-
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fat thickness and marbling score in fattened beef cattle with 
increasing levels of broken rice in fermented TMRs. 

 

  CONCLUSION 
To the best of our knowledge, this study was the first to 
investigate the effect of incorporating alfalfa forage in 
FTMR on the growth performance and carcass characteris-
tics of fattening fat-tailed lambs. According to the findings, 
FTMR not only enhanced feed intake, growth performance 
but also improved the carcass composition traits of fatten-
ing male lambs compared to the conventional fresh TMR 
feeding strategy using alfalfa hay. Under the conditions of 
this study, wherein the alfalfa forage and wheat straw are 
used to prepare FTMR diets, the use of fresh alfalfa forage 
and a slight increase in concentrate proportion of diet and 
wheat straw as a proper tool to adjust for the desired DM 
content of silage would be recommended as a cost-effective 
and feasible TMR conservation method. Furthermore, die-
tary substitution of the agricultural byproducts for common 
feedstuffs; also, dietary supplementation with ruminal fer-
mentation modifiers are addressed as some recommenda-
tions to be evaluated in future TMR silage fed fattening 
trials. 
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