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ABSTRACT

This study aimed to assess the impact of supplementing Awassi lambs fed low-quality forage with barley
grain (BAR) or soybean meal (SBM) on growth performance. Twenty-four lambs were randomly assigned
to the three different diets: 0 g BAR or SBM (CON; n=8), 300 g BAR /head /day (BAR; n=8), or 300 g
SBM/head/day (SBM; n=8) of the basal diet. The experiment included a 70-day growth period (10 days of
pen adaptation and 60 days of feeding), followed by a 10-day digestibility period (5 days of metabolic cage
acclimatization and 5 days of data collection). Forage intake was greater (P<0.002) in the group
supplemented with SBM than in the other diets. The SBM-containing diets had the highest dry matter (DM)
and crude protein (CP) intake and digestibility, followed by the BAR-containing diet, then the CON diet.
Lambs fed the SBM diet had higher intake and digestibility of neutral detergent fiber (NDF) and acid
detergent fiber (ADF) than those fed BAR or CON diets. SBM supplementation significantly improved
nitrogen balance. Lambs fed the SBM diet showed the greatest growth performance, followed by those fed
the BAR diet, whereas the CON diet resulted in the lowest growth performance (P<0.0001). The interaction
between diet and sampling time significantly affected rumen fluid pH (P<0.0001). In conclusion,
supplementing low-quality forage with barley grain or soybean meal improved nutrient intake, digestibility,
and growth performance, with soybean meal producing greater responses than barley grain under the
conditions of this experiment.
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1. INTRODUCTION

In Jordan, sheep farming is a paramount activity because it helps safeguard the livelihoods and food security of
rural households (Al-Barakeh et al., 2024). Jordan's predominant sheep breed, Awassi, is an important genetic
resource for the country's small-ruminant industry (Al-Atiyat et al., 2026). It is well-recognized for its capacity to
adapt to harsh environmental conditions. However, sheep farming grapples with severe challenges, including feed
and range limitations (Al-Khaza’leh et al., 2015). In Jordan, natural rangelands and pastures, especially in the arid
and semi-arid regions, have been degraded due to harsh climate conditions that are exacerbated by climate change,
resulting in a persistent forage shortage, decline in forage quality throughout the year, and consequently leading to an
animal nutritional imbalance (Al-Tabini et al., 2012; Abdul-Jalil et al., 2024).

Forages are the most common type of feed used in most ruminant livestock operations. In the tropics, during
dry seasons, ruminants are fed forages with low feeding value, which consequently leads to low productivity and
loss of liveweight (Mwangi et al., 2024). Forages low in crude protein and energy, such as wheat straw, need
protein- and energy-rich supplement feedstuffs to improve nitrogen efficiency, optimize nutrient intake, and
increase ration digestibility. Therefore, supplementing with energy and/or protein, the two major nutrients in
animal feeding, has become necessary to sustain these animals and maintain a desired level of performance. A
higher, synchronized release of energy and nitrogen in the rumen promotes the synthesis of microbial proteins and
fatty acids, improving microbial nutrient assimilation and increasing feed intake, digestibility, and N utilization
(Bosnjak et al., 2025). Plant type, maturation stage, and management techniques all affect forages' quality
parameters, including DM digestibility, CP, and palatability (Bohnert et al., 2011). Low-quality forages are
characterized by low crude protein content (< %7-8%) (Bohnert et al., 2011; Obeidat et al., 2020), high
concentrations of fibre and lignin (Mwangi et al., 2024), low digestibility, low content of soluble sugars and starch,
and large contents of crop residues or natural pastures (Obeidat et al., 2020). Because they are less expensive, low-

Citation: Al-Khaza'leh, J., & Obeidat, B. (2026). Optimizing low-quality forages with barley grain or soybean meal for lambs:
implications for growth performance. Agrobiological Records, 25, 328-336. https://doi.org/10.47278/journal.abr/2026.067

RESEARCH ARTICLE AGROBIOLOGICAL RECORDS

328


https://doi.org/10.47278/journal.abr/2026.067
mailto:jkhaza@bau.edu.jo
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0002-9255-3758
https://orcid.org/0000-0003-0315-4032

ISSN: 2708-7182 (Print); ISSN: 2708-7190 (Online)
Open Access Journal

quality forages could be used as an alternate feed source. Predicting performance responses to supplementary
protein requires accounting for the forage's CP concentration, digestibility, stage- and production-specific
requirements, and other limiting nutrients (DelCurto et al., 2000). Ramos et al. (2019)reported that the productive
potential of lambs fed only on native pastures was not expressed, while supplementation of energy and protein
improved growth performance.

Diet primarily influences the composition and functional characteristics of the ruminal microbiome (Carberry
et al., 2012). Protein and energy levels are the main dietary factors influencing ruminant growth, rumen
development, and ruminal microbiota fermentation (Li et al., 2019; Lv et al., 2020). Soybean meal is commonly
used as a protein-rich supplement, whereas barley grain is primarily used as an energy-rich, starch-containing
supplement in ruminant diets. Because of its high availability, amino acid balance, palatability, nutritional value
(energy and crude protein content), and digestibility, soybean meal is regarded as the primary protein source used
by livestock worldwide (Obeidat et al., 2010; Obeidat et al., 2019; Hassan et al., 2024). Soybean variety, origin,
growing conditions, year of harvest, amino acid profile, and processing conditions are major factors affecting SBM
composition and nutritional value (Grieshop et al., 2003; Aguirre et al., 2024; Oviedo-Rondon et al., 2024).
According to Chegini et al. (2019), SBM is an efficient dietary protein source for lambs fed low-quality forage
such as wheat straw. Nevertheless, using large amounts of SBM in ruminant diets is not economical. Hassan et al.
(2024) found that a small supplementation of SBM (33-66g/kg DM) can still improve the economic return of
growing lambs. Obeidat et al. (2020) reported that supplementing lambs with a small amount of soybean meal
(125-250g/head/day) improved the utilization of low-quality forages, nutrient digestibility, and growth
performance. Soybean meal usually degrades rapidly in the rumen, and its degradability is influenced by feed
processing, dietary ingredients, and animal variation (Dabiri & Thonney, 2004). According to Ross et al. (2024),
body weight, average daily gain, feed efficiency, and protein deposition improved in finishing beef steers when
dietary rumen-degradable protein was increased with soybean meal supplementation. A study by Hassan et al.
(2024), reported that the diet containing soybean meal had a greater percentage of crude protein (CP) than the
alternative protein source, which helped growing lambs utilize nutrients more effectively and maintain normal
rumen fermentation processes.

Due to their high energy content, which promotes high milk production or rapid growth rates, cereal grains (e.g.,
barley) have constituted a significant part of ruminant diets in many countries (Ahmadi et al., 2022). For ruminants,
barley grains (barley) are efficient energy supplements that have highly digestible protein and readily available starch,
which accelerates fermentation rate, resulting in high ruminal starch digestibility (Nikkhah, 2012; Bosnjak et al.,
2025). A study by Al-Lataifeh et al. (2024) found that the feed intake, average daily gain, nutrient digestibility, and
N retention were improved in lambs when fed a diet containing ground Barley grain. According to the study by
Bosnjak et al. (2025), supplementing barley to an alfalfa-based diet is more beneficial in improving crude protein
digestibility, nitrogen retention, and nutrient utilization and, in turn, sustainability in sheep nutrition than
supplementing corn.

The hypothesis was that supplementing low-quality forages with SBM or BAR would improve forage intake and
utilization, nutrient digestibility, and N balance, as well as growth performance in lambs, compared with non-
supplemented low-quality forages. Despite research evaluating the effects of supplementing diets with protein or
energy sources, information on the comparative supplementation of low-quality forages with barley grain or soybean
meal in small ruminants is limited. Therefore, this study aimed to compare the effects of supplementing low-quality
forage with 300 g/head/day of soybean meal or barley grain on performance, nutrient intake and digestibility, nitrogen
balance, and rumen pH in Awassi lambs. The results are expected to highlight the importance of implementing
strategic supplementation with protein and energy sources to promote sustainable feeding practices in resource-
limited settings.

2. MATERIALS AND METHODS

Study procedures and animal care methods followed the guidelines of the Institutional Animal Care and Use
Committee at Jordan University of Science and Technology (JUST). The experimental period was divided into trial
1 (growth period) and trial 2 (digestible period).

2.1. Growth Period

Twenty-four male Awassi lambs (29.3 £+ 1.17 kg of body weight; 5-6 months of age) were used in a completely
randomized design. All lambs were fed low-quality forage consisting of a mix of 70% wheat straw and 30% Alfalfa
hay and were supplemented with the basal diet per head. The lambs were randomly assigned to three dietary
treatments: (1) control with no supplemental barley grain or soybean meal (CON; n = 8), (2) 300 g barley grain per
head per day (BAR; n =8), and (3) 300 g soybean meal per head per day (SBM; n = 8). The inclusion rate was chosen
to provide sufficient quantities of the test ingredient to assess its nutritional, biological, and economic effects while
maintaining the diet's nutritional balance. The composition of the forage mix was 931, 65.5, 620.1, and 319.3 g/kg of
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dietary dry matter (DM), crude protein (CP), neutral detergent fiber (NDF), and acid detergent fiber (ADF),
respectively. Following AOAC (1990) procedures, dry matter (DM) was determined by oven drying at 100°C, and
crude protein (CP) was measured using the Kjeldahl method (N x 6.25). Neutral detergent fiber (NDF) and acid
detergent fiber (ADF) were assessed using the Van Soest (1991) ANKOM 2000 procedure.

The growth study consisted of a 10-day adaptation period followed by a 60-day experimental feeding period.
Lambs were housed individually in separate pens (1.5 x 0.75 m) and were adapted to the pens for 10 days before the
study began. The test feeding period lasted 60 days. The lambs were fed ad libitum daily at 8:30 a.m. to assess nutrient
intake. Fresh water was available ad libitum throughout the study period. Refusals were recorded daily. To record
average daily gain (ADG), lambs’ body weights were measured before feeding at the start of the study and biweekly
thereafter until the end of the experimental period.

2.2. Digestible Period

A 10-day digestible period (5 days for adaptation and 5 days for data collection) started at the end of the growth
period (after the 60-day growth period). Twelve of the 24 lambs from the growth trial (four per dietary treatment)
were selected for the digestibility and nitrogen-balance trial and remained on their respective dietary treatments before
being housed individually in metabolic cages (0.8 x 1.05 m) to evaluate nutrient digestibility and nitrogen balance.
Each lamb’s feces (about 10%) were collected daily and pooled for subsequent chemical analysis. and stored at -
20°C. Thereafter, each lamb's fecal samples were dried at 55°C in an oven, crushed, and stored for additional chemical
analysis. Using methods developed by AOAC International (1990), fecal and feed samples were examined for DM
(100°C in an oven for 24 hours), CP (Kjeldahl process; 6.25 x N), and EE (Soxtec method). Van Soest (1991)
ANKOM 2000 method was used to assess the fiber contents (NDF and ADF). The detailed methods used to determine
DM, CP, EE, ADF, and NDF contents were as described by Obeidat (2023).

Urine samples were obtained from each lamb using a urine collection vessel containing 50 mL of 1 N HCL. The
samples were measured and documented, and a 5% aliquot of the urine was taken as a subsample for nitrogen analysis.
The subsamples were then combined, and nitrogen content was determined using the Kjeldahl method. On the last
day of the study, 5 mL of rumen fluid at 0, 2, and 4 h following morning feeding were sampled using a syringe fitted
with a G14 needle to determine rumen fluid pH.

2.3. Statistical Procedures

The experiment was carried out using a completely randomized design. All data were analyzed using SAS
version 8.1 (SAS Institute, 2000). Treatment diet was considered a fixed effect, and lamb was considered a
random effect. The experimental unit was a lamb. Ruminal pH collected at the fixed times after feeding was
analyzed as a repeated measure. The model included treatment, time, and the treatment-by-time interaction.
Data are presented as the mean and standard error of the mean across treatments. Differences were declared to
be significant at P<0.05.

3. RESULTS

Forage intake was greater (P<0.002) in the group supplemented with SBM than in those on the BAR and CON
diets (Table 1). The SBM diet had the highest DM and CP intake (g/day) (P<0.0001), followed by the BAR diet, and
the CON diet had the lowest. Lambs fed the SBM diet had greater (P<0.003) intake of NDF and ADF compared to
the lambs fed the BAR and CON diets.

Table I: Effect of barley grain (BAR) or soybean meal (SBM) supplementation on nutrient intake of Awassi lambs fed low-quality forages

ltem/ Diets*

Nutrient intake CON BAR SBM SEM P-value
Hay intake, g/d 682.9a 603.9a 829.3b 49.37 0.0015

Dry matter, g/d 682.9a 875.4b 1099.3c 55.75 <0.0001
Crude protein, g/d 44.7a 72.4b 179.9¢ 3.23 <0.0001
Neutral detergent fiber, g/d 424.1a 434.7a 544.7b 30.66 0.0025
Acid detergent fiber, g/d 218.1a 207.7a 276.7b 15.77 0.0013

*Diets: 0 g BAR or SBM supplementation (CON; n=8), 300 g BAR per head per day (BAR; n=8) or 300 g SBM per head per day (SBM; n=8).
SEM: Standard error of the mean. Within a row, means without a common alphabet differ (P<0.05).

The SBM diet had the highest digestibility of DM (P=0.0004) and CP (P<0.0001), followed by the BAR diet,
while the CON diet had the lowest (Table 2). The digestibility of NDF and ADF was higher (P<0.0001) in the SBM
diet than in those on the BAR and CON diets. EE digestibility was similar among dietary treatments. Nitrogen intake
and nitrogen excreted in feces and urine (g/day) were highest (P<0.0012) in the SBM diet, followed by the BAR diet,
and were lowest with the CON diet. Nitrogen retention (g/100g) and retained (g/day) were higher (P<0.0001) in the
SBM diet than in those on the BAR and CON diets. The lambs' initial body weight was comparable among dietary
treatments (Table 3). The SBM diet had the highest final BW, TG, and ADG (P<0.0001), followed by the BAR diet,
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while the CON diet had the lowest.

Rumen fluid pH among the diets showed a treatment % time period interaction (P<0.0001) (Fig. 1). After two
and four hours of feeding, lambs fed the BAR diet had the lowest rumen pH, followed by those fed the SBM diet, and
those fed the CON diet had the highest.

Table 2: Effect of barley grain (BAR) or soybean meal (SBM) supplementation on nutrient digestibility and N balance of Awassi lambs fed low-
quality forages

ltem Diets*

Digestibility coefficients CON BAR SBM SEM P - value
Dry matter 56.3a 63.3b 68.8c 1.78 0.0004
Crude protein 58.5a 64.4b 76.8¢c 1.67 <0.0001
Neutral detergent fiber 53.2a 54.9a 65.6b 1.34 <0.0001
Acid detergent fiber 48.8a 49.9a 57.4b 0.72 <0.0001
Ether extract 69.9 65.0 723 2.66 0.0667

N Balance
N intake, g/d 6.9a 11.9b 28.6¢ 0.80 <0.0001
N feces, g/d 3.0a 4.5b 6.7¢c 0.63 0.0012
N urine, g/d 2.6a 5.2b 7.8c 0.42 <0.0001
N retained, g/d 1.3a 22a 14.1b 041 <0.0001
N retention, g/100 g 19.92 18.42 49.3b 3.73 <0.0001

*Diets: 0 g BAR or SBM supplementation (CON; n=4), 300 g BAR per head per day (BAR; n=4) or 300 g SBM per head per day (SBM; n=4).
SEM: Standard error of the mean. Within a row, means without a common alphabet differ (P<0.05).

Table 3: Effect of barley grain (BAR) or soybean meal (SBM) supplementation on growth performance of Awassi lambs fed low-quality forages

Diets*
Item CON BAR SBM SEM P - value
Initial body weight (kg) 29.1 29.3 29.4 1.23 0.9793
Final body weight (kg) 24.3a 31.6b 34.4c 1.42 <0.0001
Total gain (kg) -4.8a 2.3b 5.0¢c 0.77 <0.0001
Average daily gain (g) -80.2a 38.8b 83.3c 12.81 <0.0001

*Diets: 0 g BAR or SBM supplementation (CON; n=8), 300 g BAR per head per day (BAR; n=8) or 300 g SBM per head per day (SBM; n=8).
SEM: Standard error of the mean. Within a row, means without a common alphabet differ (P<0.05).
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Fig. 1: Effect of barley grain (BAR) or soybean meal (SBM) supplementation on rumen fluid pH over time of Awassi lambs fed low-quality forage
diets. pH values at the same time period (0, 2, 4 h) with different letters differ significantly (P<0.05).

4. DISCUSSION

Forages are essential for meeting the nutrient needs in ruminant production worldwide (Wrobel et al., 2025;
Vastolo & Cutrignelli, 2025). The nutritional content of these forages varies throughout the year and can sometimes
be less optimal, which could detrimentally affect overall ruminant productivity. Strategies to improve utilization of
low-quality forages include protein supplementation (Shreck et al., 2021) and energy supplementation (Ponnampalam
et al., 2004; Mahgoub et al., 2025). Accordingly, the hypothesis of the present study was supported by differential
improvements with SBM or BAR supplementation. In the current study, forage intake significantly improved in the
SBM diet (+21.4%) but numerically decreased in the BAR diet (—11.6%) compared to the control diet. Additionally,
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compared to the control diet, SBM supplementation significantly increased dry matter intake by 61% and crude
protein intake 4.0-fold, while BAR supplementation significantly increased these intakes by 28.2% and 62.0%,
respectively. Higher dry matter and higher hay (forage) intakes are the main causes of the notable increase in NDF
and ADF intake in diet SBM compared to diet CON and BAR. Similarly, Sanson et al. (2003) reported greater hay
intake and DMI in lambs and steers supplemented with SBM compared with those receiving no supplements. A
previous study by Mathis et al. (1999) reported that when beef cattle are fed low-quality forages, supplementary SBM
is an efficient way to improve their intake, digestion, and performance. According to Cappellozza et al. (2021) forage
and total DM, organic matter intake increased with protein supplementation in ruminants consuming low-quality
forages. Other researchers, such as Haddad et al. (2001), reported that as dietary CP levels increase, dry matter and
CP intakes significantly increase in Awassi lambs. Bohnert et al. (2011), Cox & Wickersham (2023), and Cox &
Wickersham (2024) reported that forage and total DM and OM intake, N intake, and NDF intake were affected in
steers when low-quality forage was supplemented with protein. In contrast, a study by Ponnampalam et al. (2004)
shows that when barley grain was provided for lambs as an energy supplement, CP intakes and estimated ME and
DM digestibility increased while Hay DMI was reduced compared with the lambs fed a basal diet containing a low-
quality forage. Furthermore, Moura et al. (2015) reported that when sheep were fed diets containing varying amounts
of supplemental proteins, there were no variations in the intake and digestibility of nutrients including dry matter,
organic matter, crude protein, and neutral detergent fiber. According to a study by Boyles et al. (1998), when steers
are fed forage deficient in CP, forage consumption is increased by SBM supplementation and decreased by increasing
levels of barley supplementation.

Compared with the CON diet, SBM supplementation increased DM digestibility from 56.3% to 68.8%, whereas
BAR supplementation increased it to 63.3%. In the present study, soybean and barley supplementation increased dry
matter and crude protein digestibility, potentially by providing additional nitrogen and fermentable nutrients that
support ruminal microbial activity. The digestibility of fibers in the SBM diet was improved due to increasing CP
consumption by lambs. This led to improved rumen activity for fiber fermentation. Such findings are consistent with
previously reported results by Sanson et al. (2003), who reported that apparent DM digestibility was greater for
supplemented lambs and steers with SBM than for nonsupplemented counterparts. Moreover, compared with corn,
sheep fed the barley-only supplement showed higher CP digestibility (Bosnjak et al., 2025). However, Boyles et al.
(1998) found that digestibility was comparable among treatments (no supplement, soybean meal-based supplement,
barley-based supplements) for steers fed forage low in CP. McGuire et al. (2013) found that lambs and steers
consuming low-quality forage can use supplements containing SBM as an additional N source without negatively
affecting N efficiency, nutritional intake, or nutrient digestibility.

In the present study, compared to the control diet, SBM supplementation significantly improved nitrogen
utilization efficiency (approximately 7-fold), mostly due to greater absolute nitrogen retention, while BAR
supplementation improved nitrogen utilization (30.9%). The significant differences in CP intake and digestibility
among treatments led to differences in total N intake. These notable variations led to varying amounts of total nitrogen
excretion (fecal and urine) among treatments, indicating that total N intake is more important in determining loss
levels. The greater nitrogen retention observed with SBM supplementation may reflect improved synchronization
between available nitrogen and fermentable energy; however, this mechanism was not directly evaluated in the
present study. This aligns with prior studies' findings (Ferrell et al., 1999; Bohnert et al., 2002; Rauch et al., 2025;
Zhao et al., 2026). According to Bosnjak et al. (2025), barley inclusion in the wether sheep diet can improve nitrogen
efficiency and aid in lowering environmental nitrogen losses without compromising intake or digestibility.

In this study, supplementation improves animal performance when ruminants consume low-quality forage. The
addition of BAR enhanced overall growth performance by increasing final body weight by about 30% and resulting
in an approximately 2.5-fold increase in total gain and average daily gain compared with the control. In contrast,
SBM celicited greater responses, increasing final body weight by about 42% and improving total gain and ADG by
about 3-fold, suggesting a significantly superior growth-promoting effect. These findings are consistent with other
studies (Chegini et al., 2019; Obeidat et al., 2020) that found SBM supplementation increased ADG and BW gain in
growing lambs. This may result from increased energy intake when a high-concentrate supplement is consumed; from
the protein fraction supplying the ruminal microflora with additional amino acids and ammonia N; or from a portion
of the protein bypassing ruminal degradation and providing the small intestine with more amino acids (Ferrell et al.,
1999; Mirzaei-Alamouti et al., 2025). According to Wang et al. (2024), sheep's growth performance, nutrient
digestibility, rumen fermentation, and microbiota are all impacted by dietary energy levels. Rapidly growing
ruminants have high amino acid requirements. Feeds with low protein degradability are crucial because diets designed
solely to meet the nitrogen requirements of rumen bacteria cannot support animals' growth potential (Manso et al.,
1998; Jan et al., 2026; Tian et al., 2026). However, Hill et al. (1995) showed that supplementing late Gestation and
lactating ewes fed low-protein grass hay with either barley or soybean meal resulted in comparable performance. A
study by Ata and Obeidat (2021) showed that barley-based diets did not affect average daily gain and total weight
gain of growing lambs compared to corn- based diets. Furthermore, including up to 30% of forages in concentrate-

Citation: Al-Khaza'leh, J., & Obeidat, B. (2026). Optimizing low-quality forages with barley grain or soybean meal for lambs:
implications for growth performance. Agrobiological Records, 25, 328-336. https://doi.org/10.47278/journal.abr/2026.067

RESEARCH ARTICLE AGROBIOLOGICAL RECORDS

332


https://doi.org/10.47278/journal.abr/2026.067

ISSN: 2708-7182 (Print); ISSN: 2708-7190 (Online)
Open Access Journal

based diets maintained lamb growth performance under tropical conditions (Escalante Raz et al., 2026). Rumen
pH is a crucial indicator of the state of rumen fermentation and is influenced by several factors (Chen et al., 2025).
In the current study, increasing rumen fermentation time from 0 to 2 and 4 hours caused a decline in ruminal fluid
pH across the dietary treatments evaluated. Obeidat et al. (2020) reported a similar pattern of pH reduction when
low-quality forage supplemented with soybean meal was fed to lambs. The range of ruminal pH values for all
treatments and sampling periods was 5.78 to 7.11. Lambs fed the BAR diet had the lowest rumen pH at two and
four hours of feeding; this is likely due to the fact that barley has easily accessible starch, which accelerates
fermentation rate (Moura et al., 2015; Bosnjak et al., 2025). Our findings show that the barley grain inclusion level
was appropriate for the forage type and animal needs and helped avoid detrimental ruminal pH effects on fiber
digestion and cellulolytic bacterial growth. A study by Al-Lataifeh et al. (2024) showed that the inclusion level of
barley in the diet, regardless of the processing method, was critical in the drop in rumen pH. However, Boyles et
al. (1998) found no differences in ruminal pH across treatments, including soybean meal and all levels of barley
supplementation (low, moderate, and high) in steers.

5. CONCLUSION

The results showed that supplementing low-quality forages with barley grain or soybean meal improved forage
intake, nutrient digestibility, and growth performance in lambs. However, soybean meal supplementation resulted in
more pronounced improvements than barley grain. Strategic supplementation of protein and energy sources can
support sustainable livestock production in resource-limited settings without compromising animal health and
performance.

Because adding protein sources to a low-quality forage diet is more expensive, farmers will likely continue to
use grain as a readily available and inexpensive energy supplement. Future studies are recommended to evaluate the
effects of supplementing low-quality forage with specified rates of soybean meal or barley grain on production costs.

Declarations

Funding: This study is funded by the Deanship of Scientific Research at Jordan University of Science and
Technology (29/2025).

Acknowledgement: We would like to thank the Deanship of Scientific Research at Jordan University of Science and
Technology for funding this study.

Conflicts of Interest: All the authors declare that they have no conflicts of interest regarding this manuscript.
Data Availability: Data will be available upon request.

Ethics Statement: This study was approved by the Institutional Animal Care and Use Committee of Jordan
University of Science and Technology (Approval No. 59/12/4/16A).

Author’s Contributions: Ja'far Al-Khaza'leh: Writing - review & editing, Writing - original draft, Formal analysis.
Belal Obeidat: Funding acquisition, Conceptualization, Supervision, Software, Formal analysis, Data curation,
Methodology, Writing - review & editing.

Generative Al Statements: The authors declare that no Gen Al/DeepSeek was used in the writing/creation of this
manuscript.

Publisher’s Note: All claims stated in this article are exclusively those of the authors and do not necessarily represent
those of their affiliated organizations or those of the publisher, the editors, and the reviewers. Any product that may
be evaluated/assessed in this article or claimed by its manufacturer is not guaranteed or endorsed by the
publisher/editors.

REFERENCES

Abdul-Jalil, S., Luckmann, J., & Grethe, H. (2024). Assessing economic and distributional impacts of restoring degraded rangelands
in Jordan. GEWISOLA  64th  Annual Conference, Giessen, Germany, September 25-27, 2024.
https://doi.org/10.22004/ag.econ.364734

Aguirre, L., Camara, L., Smith, A, Fondevila, G., & Mateos, G. G. (2024). Apparent metabolizable energy and ileal amino acid
digestibility of commercial soybean meals of different origins in broilers. Poultry Science, 103(7), 103786.
https://doi.org/10.1016/j.psj.2024.103786

Citation: Al-Khaza'leh, J., & Obeidat, B. (2026). Optimizing low-quality forages with barley grain or soybean meal for lambs:
implications for growth performance. Agrobiological Records, 25, 328-336. https://doi.org/10.47278/journal.abr/2026.067

RESEARCH ARTICLE AGROBIOLOGICAL RECORDS

333


https://doi.org/10.47278/journal.abr/2026.067
https://doi.org/10.22004/ag.econ.364734
https://doi.org/10.1016/j.psj.2024.103786

RESEARCH ARTICLE AGROBIOLOGICAL RECORDS
ISSN: 2708-7182 (Print); ISSN: 2708-7190 (Online)
Open Access Journal

Ahmadi, A, Yari, M., & Hedayati, M. (2022). Effect of graded substitution of barley grain with raisin waste in diet contained low
quality forage on growth performance, blood metabolites and nutrient digestibility of growing ram lamb. Iranian Journal of
Applied Animal Science, 12(3), 539-545.

Al-Atiyat, R. M., Tabbaa, M. ., & Barakeh, F. S. (2026). Successful strategic breeding plan for small ruminants in Middle East: Case
of Awassi sheep and Shami goat of Jordan. Emirates Journal of Food and Agriculture, 38, [-II.
https://doi.org/10.3897/ejfa.2026.172035

Al-Barakeh, F., Khashroum, A. O., Tarawneh, R. A, Al-Lataifeh, F. A., Al-Yacoub, A. N., Dayoub, M., & Al-Najjar, K. (2024).
Sustainable  sheep and goat farming in arid regions of Jordan. Ruminants, 4(2), 241-255.
https://doi.org/10.3390/ruminants4020017

Al-Khaza’leh, J. M., Reiber, C., Al Baqain, R., & Valle Zarate, A. (2015). Drinking water sources, availability, quality, access and
utilization for goats in the Karak Governorate, Jordan. Tropical Animal Health and Production, 47(1), 163—169.
https://doi.org/10.1007/s11250-014-0702-6

Al-Lataifeh, F. A, Obeidat, B. S., & Ata, M. A. (2024). Performance, rumen fluid pH, and blood metabolites of lambs fed on whole
or ground barley grain. Jordan Journal of Agricultural Sciences, 20(2), 149—157. https://doi.org/10.355 | 6/jjas.v20i2.1 146

Al-Tabini, R., Al-Khalidi, K., & Al-Shudiefat, M. (2012). Livestock, medicinal plants and rangeland viability in Jordan’s Badia, through
the lens of traditional and local knowledge. Pastoralism, 2(4), |—-16. https://doi.org/10.1186/2041-7136-2-4

Association of Official Analytical Chemists (AOAC) (1990). Official methods of analysis (15th ed.). AOAC.

Ata, M., & Obeidat, B. S. (2021). The impact of lamb diets containing either barley or corn on growth performance and carcass
quality. Veterinary World, 14(6), 1487—1491. https://doi.org/10.14202/vetworld.2021.1487-1491

Bohnert, D. W., DelCurto, T., Clark, A. A., Merrill, M. L., Falck, S. J., & Harmon, D. L. (201 1). Protein supplementation of
ruminants consuming low-quality cool- or warm-season forage: Differences in intake and digestibility. Journal of Animal
Science, 89(11), 3707-3717. https://doi.org/10.2527/jas.2011-3915

Bohnert, D. W.,, Schauer, C. S., & DelCurto, T. C. (2002). Influence of rumen protein degradability and supplementation frequency
on performance and nitrogen use in ruminants consuming low-quality forage: Cow performance and efficiency of nitrogen
use in wethers. Journal of Animal Science, 80(6), 1629—1637. https://doi.org/10.2527/2002.806 1 629x

Bosnjak, K., Vrani¢, M., Pinti¢ Pukec, N., Vrani, |., & Babi¢, A. (2025). Optimising sheep diets for sustainability: Corn or barley
with alfalfa? Sustainability, 17(19), 8601. https://doi.org/10.3390/sul 7198601

Boyles, S. L., Caton, J. S., & Sime, D. M. (1998). Influence of soybean meal or increasing levels of barley supplementation on intake,
ruminal fermentation, site of digestion, in situ forage degradibility, and duodenal amino acid flow in steers fed bromegrass
hay. The Professional Animal Scientist, 14(2), | 18—126. https://doi.org/10.15232/S1080-7446(15)31805-2

Cappellozza, B. I, Bohnert, D. W., Reis, M. M., Van Emon, M. L., Schauer, C. S,, Falck, S. J., & Cooke, R. F. (2021). Influence of
amount and frequency of protein supplementation to ruminants consuming low-quality cool-season forages: Efficiency of
nitrogen utilization in lambs and performance of gestating beef cows. Journal of Animal Science, 99(6), skabl22.
https://doi.org/10.1093/jas/skab 122

Carberry, C. A, Kenny, D. A, Han, S., McCabe, M. S., & Waters, S. M. (2012). The effect of phenotypic residual feed intake (RFl)
and dietary forage content on the rumen microbial community of beef cattle. Applied and Environmental Microbiology,
78(14), 4949-4958. https://doi.org/10.1 128/AEM.07759-1 |

Chegini, R., Kazemi-Bonchenari, M., Khaltabadi-Farahani, A. H., Khodaei-Motlagh, M., & Salem, A. Z. M. (2019). Effects of liquid
protein feed on growth performance and ruminal metabolism of growing lambs fed low-quality forage and compared to
conventional protein sources. The Journal of Agricultural Science, 157(3), 272-280.
https://doi.org/10.1017/500218596 19000595

Chen, H,, Jiang, Y., Li, W., Cui, Z,, Cao, Z., & Yang, H. (2025). Effect of replacing alfalfa hay with wheat silage on growth
performance, nutrient digestibility, ruminal fermentation, and serum metabolites in feedlotting lambs. Animal, 19, 101500.
https://doi.org/10.1016/j.animal.2025.101500

Cox, J. R., & Wickersham, T. A. (2023). PSII-22 Effect of protein supplementation level and degradability on N balance by steers
consuming low-quality forage: I|. Bos taurus taurus. Journal of Animal Science, 101(Suppl-3), 613-614.
https://doi.org/10.1093/jas/skad281.715

Cox, J. R., & Wickersham, T. A. (2024). 401 Effect of protein and starch supplementation level on intake and digestibility by steers
consuming low-quality forage: |. Bos taurus indicus. Journal of Animal Science, 102(Suppl-3), 378.
https://doi.org/10.1093/jas/skae234.429

Dabiri, N., & Thonney, M. L. (2004). Source and level of supplemental protein for growing lambs. Journal of Animal Science,
82(11), 3237-3244. https://doi.org/10.2527/2004.82113237x

DelCurto, T., Hess, B. W., Huston, J. E., & Olson, K. C. (2000). Optimum supplementation strategies for beef cattle consuming
low-quality roughages in the western United States. Journal of Animal Science, 77(suppl_E), 1-16.
https://doi.org/10.2527/jas2000.77E-Suppl | v

Escalante Raz, D., Cantén Castillo, J., & Alcaraz Romero, A. (2026). Effects of tropical forage inclusion in concentrate-based diets
on digestibility, growth performance, carcass traits, and meat quality of hair sheep under intensive tropical conditions.
Veterinary World, 19(5), 2252-2263. https://doi.org/10.14202/vetworld.2026.2252-2263

Ferrell, C. L., Kreikemeier, K. K., & Freetly, H. C. (1999). The effect of supplemental energy, nitrogen, and protein on feed intake,
digestibility, and nitrogen flux across the gut and liver in sheep fed low-quality forage. Journal of Animal Science, 77(12),
3353-3364. https://doi.org/10.2527/1999.77123353X

Grieshop, C. M., Kadzere, C. T., Clapper, G. M., Flickinger, E. A,, Bauer, L. L, Frazier, R. L., & Fahey, G. C,, Jr. (2003). Chemical
and nutritional characteristics of United States soybeans and soybean meals. Journal of Agricultural and Food Chemistry,
51(26), 7684-7691. https://doi.org/10.1021/jf034690c

Citation: Al-Khaza'leh, J., & Obeidat, B. (2026). Optimizing low-quality forages with barley grain or soybean meal for lambs:
implications for growth performance. Agrobiological Records, 25, 328-336. https://doi.org/10.47278/journal.abr/2026.067

334


https://doi.org/10.47278/journal.abr/2026.067
https://doi.org/10.3897/ejfa.2026.172035
https://doi.org/10.3390/ruminants4020017
https://doi.org/10.1007/s11250-014-0702-6
https://doi.org/10.35516/jjas.v20i2.1146
https://doi.org/10.1186/2041-7136-2-4
https://doi.org/10.14202/vetworld.2021.1487-1491
https://doi.org/10.2527/jas.2011-3915
https://doi.org/10.2527/2002.8061629x
https://doi.org/10.3390/su17198601
https://doi.org/10.15232/S1080-7446(15)31805-2
https://doi.org/10.1093/jas/skab122
https://doi.org/10.1128/AEM.07759-11
https://doi.org/10.1017/S0021859619000595
https://doi.org/10.1016/j.animal.2025.101500
https://doi.org/10.1093/jas/skad281.715
https://doi.org/10.1093/jas/skae234.429
https://doi.org/10.2527/2004.82113237x
https://doi.org/10.2527/jas2000.77E-Suppl1v
https://doi.org/10.14202/vetworld.2026.2252-2263
https://doi.org/10.2527/1999.77123353X
https://doi.org/10.1021/jf034690c

RESEARCH ARTICLE AGROBIOLOGICAL RECORDS
ISSN: 2708-7182 (Print); ISSN: 2708-7190 (Online)
Open Access Journal

Haddad, S. G., Nasr, R. E., & Muwalla, M. M. (2001). Optimum dietary crude protein level for finishing Awassi lambs. Small
Ruminant Research, 39(1), 41—46. https://doi.org/10.1016/S0921-4488(00)00172-3

Hassan, O. G. A, Hassaan, N. A, Kholif, A. E., Chahine, M., & Mousa, G. A. (2024). Influence of replacing soybean meal with
Nigella sativa seed meal on feed intake, digestibility, growth performance, blood metabolites, and antioxidant activity of
growing lambs. Animals, 14(13), 1878. https://doi.org/10.3390/anil4131878

Hill, T. M., Christen, S. D., & Davis-Dentici, K. (1995). Effect of supplementing late gestation and lactating ewes receiving low
protein grass hay with barley or soybean meal. Journal of Sustainable Agriculture, 7(2-3), 4I1-5I.
https://doi.org/10.1300/J064V07N02_06

Jan, R. U, Yu, Z,, Ahmad, S. Z., Zhong, X., Zhang, X., Wang, M., & Khan, R. U. (2026). Effects of rumen-undegradable protein
and rumen-protected amino acids on small-intestinal microbiota in sheep with special reference to Chinese Hu breed.
Pakistan Veterinary Journal, 46(7), 1636—1648. https://doi.org/10.2926 | /pakvetj/2026.159

Li, R., Teng, Z, Lang, C., Zhou, H., Zhong, W., Ban, Z., Yan, X,, Yang, H., Farouk, M. H., & Lou, Y. (2019). Effect of different
forage-to-concentrate ratios on ruminal bacterial structure and real-time methane production in sheep. PLOS ONE, 14(5),
e0214777. https://doi.org/10.1371/journal.pone.0214777

Lv, X, Cui, K., Qi, M., Wang, S., Diao, Q., & Zhang, N. (2020). Ruminal microbiota and fermentation in response to dietary
protein and energy levels in weaned lambs. Animals, 10(l), 109. https://doi.org/10.3390/anil0010109

Mahgoub, O., Osman, N. E. H. I. E,, & Lu, C. D. (2025). Nutrient utilization and requirements in sheep and goats raised under
different systems and fed low nutritional novel feeds for meat production. Animals, [15(18), 2658.
https://doi.org/10.3390/anil 5182658

Manso, T., Mantecdn, A. R, Giraldez, F. ., Lavin, P., & Castro, T. (1998). Animal performance and chemical body composition of
lambs fed diets with different protein supplements. Small Ruminant Research, 29(2), 185—-191. https://doi.org/10.1016/S092 1 -
4488(97)00122-3

Mathis, C. P., Cochran, R. C,, Stokka, G. L., Heldt, J. S., Woods, B. C., & Olson, K. C. (1999). Impacts of increasing amounts of
supplemental soybean meal on intake and digestion by beef steers and performance by beef cows consuming low-quality
tallgrass-prairie forage. Journal of Animal Science, 77(12), 3156—3162. https://doi.org/10.2527/1999.77123156X

McGuire, D. L., Bohnert, D. W., Schauer, C. S,, Falck, S. J., & Cooke, R. F. (2013). Daily and alternate day supplementation of
urea or soybean meal to ruminants consuming low-quality cool-season forage: |. Effects on efficiency of nitrogen use and
nutrient digestion. Livestock Science, 155(2—-3), 205-213. https://doi.org/10.1016/j.livsci.2013.05.015

Mirzaei-Alamouti, H., Salehi, S., Khani, M., Vazirigohar, M., & Aschenbach, J. R. (2025). Changes in ruminal fermentation and
growth performance in calves after increasing ruminal undegradable protein at two different time points pre-weaning.
Animals, 15(6), 804. https://doi.org/10.3390/anil 5060804

Moura, E. dos S,, Silva, L. D. F. da, Bumbieris Junior, V. H., Ribeiro, E. L. de A,, Peixoto, E. L. T., & Mizubuti, I. Y. (2015). Use of
soybean cake replacing soybean meal in diets of lambs. Semina: Ciéncias Agrarias, 36(3), 1643—1654.
https://doi.org/10.5433/1679-0359.2015v36n3p 1643

Mwangi, P. M., Eckard, R., Gluecks, I, Merbold, L., Mulat, D. G., Gakige, J., Marquardt, S., & Pinares-Patino, C. S. (2024).
Supplementation of a tropical low-quality forage with Calliandra calothyrsus improves sheep health and performance, and
reduces methane emission. Frontiers in Animal Science, 5, 1296203. https://doi.org/10.3389/fanim.2024.1296203

Nikkhah, A. (2012). Barley grain for ruminants: A global treasure or tragedy. Journal of Animal Science and Biotechnology, 3(1),
22. https://doi.org/10.1186/2049-1891-3-22

Obeidat, B. S. (2023). Effect of Saccharomyces cerevisiae supplementation during the suckling period on performance of Awassi
ewes. Tropical Animal Health and Production, 55, 140. https://doi.org/10.1007/s11250-023-03555-x

Obeidat, B. S., Alawneh, I. A,, & Awawdeh, M. S. (2010). Effects of replacing soybean meal with xylose-treated soybean meal on
performance of nursing Awassi ewes and fattening lambs. Italian Journal of Animal Science, 9(3), e62.
https://doi.org/10.4081/ijas.2010.e62

Obeidat, B. S, Kridli, R. T., Mahmoud, K. Z., Obeidat, M. D., Haddad, S. G., Subih, H. S., Ata, M., Al-Jamal, A. E., Abu Ghazal, T,
& Al-Khazileh, J. M. (2019). Replacing soybean meal with sesame meal in the diets of lactating Awassi ewes suckling single
lambs: Nutrient digestibility, milk production, and lamb growth. Animals, 9(4), 157. https://doi.org/10.3390/ani9040157

Obeidat, B. S, Subih, H. S., & Ata, M. (2020). Protein supplementation improves performance of lambs fed low-quality forage.
Animals, 10(1), 51. https://doi.org/10.3390/anil 001005 |

Oviedo-Ronddn, E. O,, Toscan, A,, Fagundes, N. S, Vidal, . K,, Barbi, J. H. T., & Thiery, P. (2024). Soybean meal nutrient
composition, amino acid digestibility, and energy content according to the country of origin and year of harvest evaluated
via NIRS. Journal of Applied Poultry Research, 33(3), 100448. https://doi.org/10.1016/j.japr.2024.100448

Ponnampalam, E. N., Dixon, R. M., Hosking, B. J., & Egan, A. R. (2004). Intake, growth and carcass characteristics of lambs
consuming low digestible hay and cereal grain. Animal Feed Science and Technology, |14(1—4), 31-4l.
https://doi.org/10.1016/j.anifeedsci.2003.12.005

Ramos, Z., de Barbieri, |, van Lier, E., & Monossi, F. (2019). Body and wool growth of lambs grazing on native pastures can be
improved  with  energy and  protein  supplement.  Small  Ruminant  Research, 171,  92-98.
https://doi.org/10.1016/j.smallrumres.2018.11.009

Rauch, R., Nichols, K., de Carvalho, I. P. C,, Daniel, J.-B., Martin-Tereso, J., & Dijkstra, J. (2025). Effects of partial or full
replacement of soybean meal with urea or coated urea on intake, performance, and plasma urea concentrations in lactating
dairy cows. Journal of Animal Physiology and Animal Nutrition, 109(1), 64-75. https://doi.org/10.1111/jpn.14034

Ross, C. R, Smith, Z. K., Francis, F. L., Menezes, A. C. B., & Rusche, W. C. (2024). Increased dietary rumen degradable protein
from soybean meal improved growth performance but increased liver abscess severity in finishing beef steers. Applied
Animal Science, 40(5), 627-638. https://doi.org/10.15232/aas.2024-02503

Citation: Al-Khaza'leh, J., & Obeidat, B. (2026). Optimizing low-quality forages with barley grain or soybean meal for lambs:
implications for growth performance. Agrobiological Records, 25, 328-336. https://doi.org/10.47278/journal.abr/2026.067

335


https://doi.org/10.47278/journal.abr/2026.067
https://doi.org/10.1016/S0921-4488(00)00172-3
https://doi.org/10.3390/ani14131878
https://doi.org/10.1300/J064V07N02_06
https://doi.org/10.29261/pakvetj/2026.159
https://doi.org/10.1371/journal.pone.0214777
https://doi.org/10.3390/ani10010109
https://doi.org/10.3390/ani15182658
https://doi.org/10.1016/S0921-4488(97)00122-3
https://doi.org/10.1016/S0921-4488(97)00122-3
https://doi.org/10.2527/1999.77123156X
https://doi.org/10.1016/j.livsci.2013.05.015
https://doi.org/10.3390/ani15060804
https://doi.org/10.5433/1679-0359.2015v36n3p1643
https://doi.org/10.3389/fanim.2024.1296203
https://doi.org/10.1186/2049-1891-3-22
https://doi.org/10.1007/s11250-023-03555-x
https://doi.org/10.4081/ijas.2010.e62
https://doi.org/10.3390/ani9040157
https://doi.org/10.3390/ani10010051
https://doi.org/10.1016/j.japr.2024.100448
https://doi.org/10.1016/j.anifeedsci.2003.12.005
https://doi.org/10.1016/j.smallrumres.2018.11.009
https://doi.org/10.1111/jpn.14034
https://doi.org/10.15232/aas.2024-02503

RESEARCH ARTICLE AGROBIOLOGICAL RECORDS
ISSN: 2708-7182 (Print); ISSN: 2708-7190 (Online)
Open Access Journal

Sanson, D. W,, Paisley, S. I., & Gaebe, R. ]. (2003). Utilization of mature low-quality grass hay by lambs and steers supplemented
with soybean meal products. The Professional Animal Scientist, 19(4), 290-296. https://doi.org/10.15232/S1080-
7446(15)31425-X

SAS Institute Inc (2000). Base SAS® 8.1 procedures guide: Statistical procedures. SAS Institute Inc.

Shreck, A. L., Zeltwanger, ]. M., Bailey, E. A., Jennings, J. S., Meyer, B. E., & Cole, N. A. (2021). Effects of protein supplementation
to steers consuming low-quality forages on greenhouse gas emissions. Journal of Animal Science, 99(7), skabl47.
https://doi.org/10.1093/jas/skab 147

Tian, C., Wang, Z, Hu, S,, Yun, B,, Liu, Z.,, Qian, X., & He, Z. (2026). Effects of dietary rumen-undegradable protein and protein
levels on growth performance, fermentation parameters, slaughter performance, and meat quality of fattening Hu sheep.
Animals, 16(15), 2407. https://doi.org/10.3390/anil 6 52407

Van Soest, P. J., Robertson, J. B,, & Lewis, B. A. (1991). Methods for dietary fiber, neutral detergent fiber, and nonstarch
polysaccharides in relation to animal nutrition. Journal of Dairy Science, 74(10), 3583-3597.
https://doi.org/10.3168/)DS.50022-0302(91)78551-2

Vastolo, A., & Cutrignelli, M. I. (2025). Hydroponic forage in ruminant nutrition: A systematic review of nutritional value,
performance outcomes, and sustainability. Animals, 15(24), 3544. https://doi.org/10.3390/ani | 5243544

Wang, X,, Zhovu, ., Lu, M., Zhao, S, Li, W., Quan, G., & Xue, B. (2024). Effects of dietary energy levels on growth performance,
nutrient digestibility, rumen barrier and microflora in sheep. Animals, 14(17), 2525. https://doi.org/10.3390/anil4172525

Wrébel, B., Zielewicz, W., & Paszkiewicz-Jasinska, A. (2025). Improving forage quality from permanent grasslands to enhance
ruminant productivity. Agriculture, 15(13), 1438. https://doi.org/10.3390/agriculture|5131438

Zhao, Y., Tan, Z,, He, Z., Wu, ., & Jiao, J. (2026). Gastrointestinal microbial nitrogen metabolic landscape underlies nitrogen
utilization efficiency of goats fed distinct dietary protein sources. Microbiome, 14(1), 158. https://doi.org/10.1186/s40168-
026-02398-6

Citation: Al-Khaza'leh, J., & Obeidat, B. (2026). Optimizing low-quality forages with barley grain or soybean meal for lambs:
implications for growth performance. Agrobiological Records, 25, 328-336. https://doi.org/10.47278/journal.abr/2026.067

336


https://doi.org/10.47278/journal.abr/2026.067
https://doi.org/10.15232/S1080-7446(15)31425-X
https://doi.org/10.15232/S1080-7446(15)31425-X
https://doi.org/10.1093/jas/skab147
https://doi.org/10.3390/ani16152407
https://doi.org/10.3168/JDS.S0022-0302(91)78551-2
https://doi.org/10.3390/ani15243544
https://doi.org/10.3390/ani14172525
https://doi.org/10.3390/agriculture15131438
https://doi.org/10.1186/s40168-026-02398-6
https://doi.org/10.1186/s40168-026-02398-6

