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			Abstract | Purine derivatives, the by-products of microbial metabolism, serve as key indicators of microbial protein synthesis in ruminants. Among these, allantoin is the predominant purine derivative excreted in urine and reflects the extent of microbial protein production. Its concentration is positively correlated with organic matter intake and the proportion of concentrate in the diet, both of which enhance microbial biomass yield. Numerous studies have demonstrated that higher allantoin levels indicate greater microbial protein synthesis.The present study aimed to evaluate the effect of protein-rich diets on purine derivative excretion in ruminants through a meta-analysis. A total of 32 Scopus-indexed studies were screened, and 11 qualified datasets were compiled into a comprehensive database. Data were analyzed using a random-effects model in OpenMEE software. Purine derivatives were classified as the experimental variables, while corresponding lower-protein or protein-free diets served as controls. Publication bias in the primary parameters of purine derivative excretion (allantoin, uric acid, xanthine + hypoxanthine) was assessed using funnel plots.The meta-analysis revealed a significant difference between high-protein and low- or protein-free diets with respect to allantoin levels in ruminants (P<0.001). Similarly, uric acid levels differed significantly between dietary groups (P = 0.048). Overall, the findings suggest that feeding ruminants low-protein diets reduced excessive protein degradation in the rumen, whereas high-protein diets may alter purine metabolism and microbial efficiency.
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			INTRODUCTION

			Modern concepts in ruminant ration formulation must consider the balance of protein and energy to support maximum rumen microbial protein production in addition to the supply of feed protein that escapes rumen degradation (Firkins 2021; Moorby and Fraser 2021; Lima et al., 2023; Yunilas et al., 2023; Febrina et al., 2025). However, the expectation that increasing dietary protein will always increase microbial protein synthesis (MPS) and urinary purine derivative (PD) excretion is not necessarily valid across study contexts, because microbial capture of nitrogen depends on concurrent fermentable energy supply and nitrogen–energy synchrony. When rumen-degradable nitrogen is oversupplied relative to fermentable energy, ammonia capture may decline and nitrogen is diverted to loss pathways rather than microbial biomass formation, implying a non-linear (threshold) response beyond an optimal range (Santos et al., 2021).

			The ability of rumen microbes to synthesize their cell protein depends on the substrate being fermented and the rate of microbial growth (Febrina et al., 2017a; Amin and Mao 2021; Liu et al., 2021). Microbial Protein Synthesis (MPS) is the largest contributor to total protein available and absorbed in the duodenum (Febrina et al., 2016; Putri et al., 2021; Rosmalia et al., 2022). Several methods are used to estimate microbial protein synthesized in the rumen such as microbial markers (2,4 diaminopimelic acid: DAPA and purine bases) (Gresner et al., 2021; Mahanani et al., 2021a; Lima et al., 2023; Mahboobi et al., 2023), tracer methods using isotopes such as 15N (Lima et al., 2023), 32P and 35S (Mahboobi et al., 2023) and PD excretion through urine (Chen et al., 1990; Kazemi-Bonchenari et al., 2022; Del Valle et al., 2023; Nichols et al., 2024) are the most commonly used methods (Castro-Montoya et al., 2016; Wu et al., 2021).

			Purine derivatives are by-products of purine base and nucleic acid metabolism, and serve as a useful index for estimating the quantity of microbial protein synthesised within the rumen. Nucleic acids exiting the rumen originate from microbes, as feed contains only a limited amount of purines that undergo extensive degradation due to rumen microbial fermentation (Crawford et al., 2020; Keum et al., 2024). Absorbed purine nucleic acids are further degraded and subsequently eliminated through urine in the form of their derivatives, including allantoin, xanthine, hypoxanthine, and uric acid (Chen et al., 1990; Lestari et al., 2021; Sousa et al., 2022; Mahboobi et al., 2023). Purine derivatives entering the bloodstream arise not only from absorption but also from the breakdown of nucleic acid tissues, known as basal (endogenous) purine derivatives (Putri et al., 2021). In cattle, basal purine derivative excretion is three times higher than in sheep (Silva et al., 2021; Valizadeh et al., 2021).

			In ruminants, allantoin is the main product of purine catabolism and the largest amount of purine derivatives in urine, so that it can be used as an indicator of the amount of microbial protein formation (Harun et al., 2017). Allantoin, the primary product of purine catabolism, stands as the most abundant purine derivative in ruminant urine, making it a valuable indicator of microbial protein synthesis (Molaei et al., 2021). Allantoin constitutes 80–85% of endogenous purine derivatives in urine, while uric acid accounts for 15–20%, with proportions remaining relatively constant yet varying among animals (Chen et al., 1990).

			Purine derivatives concentration is closely linked to organic matter intake, as digested organic matter within the rumen serves as the energy source for rumen microbial formation (Mahboobi et al., 2023). Elevated organic matter consumption leads to increased rumen microbial biomass production, consequently raising the concentration of excreted purine derivatives (Febrina et al., 2017b; Newbold and Ramos-Morales 2020; Gonzalez-Ronquillo et al., 2021). Urinary excretion of purine derivatives, particularly allantoin, exhibits a positive correlation with nucleic acid supplementation (Chen et al., 1990) and urea-ammoniated feed administration (Müller et al., 2021; Silva et al., 2021; Valizadeh et al., 2021; Ortolani et al., 2022). Increasing concentrate levels in rations also enhances allantoin concentration, with high allantoin levels indicative of substantial microbial protein formation (Valizadeh et al., 2021; Ningrum et al., 2022). Rumen protozoa play a crucial role in nitrogen utilization, as evidenced by the correlation between plasma allantoin concentration and total purine derivative excretion in sheep (Solomon et al., 2022; Jalayerinejad et al., 2024).

			Nevertheless, PD output is not governed by crude protein supply alone; it is highly modulated by the degradability profile of protein (RDP vs RUP) and fermentable carbohydrate supply, which determine whether absorbed nitrogen is incorporated into microbial nucleic acids or lost as ammonia/urea. Recent evidence shows that altering the rumen-degradable starch to rumen-degradable protein ratio changes fermentation characteristics and microbial protein synthesis, supporting the concept that energy–nitrogen synchrony can shift the expected PD response even at comparable protein intake (Chen et al., 2022). Therefore, it is plausible that beyond an optimal point, additional dietary protein becomes “detrimental” to PD output not because protein is intrinsically harmful, but because oversupply without matching energy reduces microbial nitrogen capture efficiency and thus microbial purine flow (Santos et al., 2021; Chen et al., 2022).

			Several studies have evaluated how various factors influence purine excretion. For example, Nguyen and Nguyen (2021) examined differences in purine excretion among herbivorous species. Valizadeh et al. (2021) investigated the influence of the ratio of rumen undegradable protein to rumen degradable protein on purine excretion, reporting an increase in purine-based measurements as the ratio increased. Ortolani et al., (2022) studied the effects of feeding, fasting, and re-feeding conditions on purine excretion. Mahanani et al. (2021) evaluated the role of sex in purine excretion, while Gonzalez-Ronquillo et al. (2021) demonstrated that the form in which forages are offered, either as hay or silage, can influence purine derivatives. Finally, Purwati et al. (2024) reported on the influence of breed differences on purine excretion. However, there are limited studies evaluating how high- and low-protein diets affect purine excretion, as well as on identifying patterns and synchrony among studies conducted in different locations and at different times using meta-analytical means. Importantly, while the prevailing premise states that PD excretion correlates positively with protein intake, our meta-analytic evidence indicates that higher-protein diets can be associated with lower PD excretion in certain contexts creating a central paradox that motivates this study and must be explicitly tested.

			Accordingly, this paper aims to evaluate the relationship between protein-rich feeds and purine derivative excretion in ruminants using a meta-analysis, with the explicit working hypothesis that the protein–PD relationship may be context-dependent and potentially non-linear (i.e., increasing up to an optimal point and decreasing/plateauing under oversupply or asynchrony), while also quantifying pooled effects and between-study variability (Galyean and Tedeschi, 2024).

			MATERIALS AND METHODS

			Ethical approval

			This study followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses PRISMA protocol (Page et al., 2021). Ethical approval was not required since all data was obtained from previously published studies.

			Search strategy

			A systematic and comprehensive literature search was conducted in Scopus and Web of Science to identify studies assessing the relationship between dietary protein supply and urinary purine derivative excretion in ruminants. The search strategy combined free-text terms using Boolean operators as follows: (“ruminant” OR “cattle” OR “sheep” OR “goat”) AND (“purine derivatives” OR “allantoin” OR “uric acid” OR “xanthine” OR “hypoxanthine”) AND (“protein feed” OR “dietary protein” OR “protein level” OR “protein supplementation”). No restriction was imposed on publication year; however, only peer-reviewed journal articles published in English were eligible. The reference lists of included articles were also screened to identify additional studies.

			The PRISMA 2020 study selection process is summarized in Figure 1. A total of 475 records were identified through database searching. Duplicate records were removed using Mendeley Reference Manager (n = 406), leaving 69 unique records for title/abstract screening. During screening, 37 records were excluded because they were unrelated to purine derivatives, involved non-ruminant species, or were review/non-original publications. The full texts of the remaining 32 reports were assessed for eligibility; 21 reports were excluded with reasons (incomplete numerical data, no defined dietary-protein comparison/control group, or incompatible intervention). Ultimately, 11 studies met the inclusion criteria and were included in the quantitative meta-analysis.
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			Figure 1: flow chart artical with PRISMA protocol

			Inclusion and exclusion criteria

			Studies were included if they (i) involved ruminant species (cattle, sheep, goats, or other domesticated ruminants), (ii) investigated the impact of dietary protein level/nitrogen supply on urinary purine derivatives (allantoin, uric acid, xanthine, and/or hypoxanthine), and (iii) reported sufficient quantitative data (mean, standard deviation/standard error, and sample size) to compute standardized effect sizes. Eligible studies were required to include at least two dietary conditions that differed in protein level (e.g., higher vs. lower protein, protein supplementation vs. reduced protein) with a clearly defined comparator.

			Studies were excluded if they were review papers, abstracts, or non-peer-reviewed publications; lacked essential numerical information (mean ± SD/SE and n); did not specify diet composition or comparator definitions; or focused primarily on non-dietary interventions. Of the 32 full-text reports assessed, 21 were excluded due to incomplete numerical data (n = 10), absence of a defined dietary-protein comparator/control group (n = 6), or incompatible intervention/outcome design (n = 5). Details of included studies are presented in Table 1.

			Definition of groups and data extraction

			The included studies were categorized based on experimental conditions into high-protein diets, low-protein diets, protein-free diets, and fasting conditions (animals withheld from feed but not water). To avoid conceptual and physiological confounding, fasting trials were treated as a distinct subgroup and were not pooled with fed low-protein/protein-free conditions. Primary meta-analyses focused on fed comparisons (higher-protein vs lower-protein/protein-free); while fasting comparisons were evaluated separately as subgroup/sensitivity analyses.

			Data extraction was performed manually using Microsoft Excel 2019. Extracted variables included: study ID (author, year), ruminant species/physiological state, diet descriptions (including protein level where reported), outcome type (allantoin, uric acid, xanthine, hypoxanthine, total PD), sample size (n), mean, and SD/SE for each group, and sampling time/duration. The unit of analysis was an independent comparison (effect size) per outcome. Each row in the final dataset represented one comparison (treatment vs comparator) for one outcome, including the computed Hedges’ g and its variance.

			Handling multi-arm studies and repeated time points: (i) 

			If a study reported more than two protein levels, we used the contrast between the highest and lowest protein levels under fed conditions. When multiple contrasts shared a common control, the control group sample size was divided across contrasts to avoid double-counting. (ii) If multiple time points were reported, the endpoint corresponding to the longest feeding/adaptation period was selected to preserve independence. The final database comprised 11 studies and 48 independent effect sizes.

			Statistical analysis

			The data analysis was conducted using a meta-analysis approach. Effect size calculations were performed using Hedge’s g. Hedge’s g is obtained by first defining Cohen’s d. The calculations performed in this study are as follows:
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			Where Me is the mean value of the treatment group and Mc is the mean value of the control group. S represents the standard deviation between the group means. d is the Cohen’s d:
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			Where Ne is the sample size of the treatment group, Nc is the sample size of the control group. Se is the standard deviation of the treatment group, and Sc is the standard deviation of the control group. Variance can be defined as:
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			Table 1: Details of articles selected for the meta-analysis study.

			
				
					
					
					
					
					
					
				
				
					
							
							No

						
							
							Control Type

						
							
							Experiment

						
							
							Animal

						
							
							Animal Sex

						
							
							Ref.

						
					

					
							
							1

						
							
							Feed with Protein

						
							
							Fasting

						
							
							Llama

						
							
							Female

						
							
							Bakker et al. (1996)

						
					

					
							
							2

						
							
							Feed with protein

						
							
							Feed without protein

						
							
							Lamb

						
							
							Female

						
							
							Chen et al. (1990) 

						
					

					
							
							3

						
							
							Feed with protein

						
							
							Feed without protein

						
							
							Sheep

						
							
							Male

						
							
							Chen et al. (1990)

						
					

					
							
							4

						
							
							Feed with protein

						
							
							Fasting

						
							
							Sheep and goat

						
							
							Female

						
							
							Fujihara et al. (2007)

						
					

					
							
							5

						
							
							Feed with protein

						
							
							Feed without protein

						
							
							Sheep

						
							
							Male

						
							
							Lestari et al. (2021)

						
					

					
							
							6

						
							
							Feed with protein

						
							
							Feed without protein

						
							
							Steer

						
							
							Male

						
							
							Verbic et al. (1990)

						
					

					
							
							7

						
							
							Feed with protein

						
							
							Little feed protein

						
							
							Sheep

						
							
							Male

						
							
							Hanim et al. (2019)

						
					

					
							
							8

						
							
							Feed with protein

						
							
							Feed without protein

						
							
							Lamb

						
							
							Male

						
							
							Silva et al. (2016) 

						
					

					
							
							9

						
							
							Feed with protein

						
							
							Feed without protein

						
							
							Cow

						
							
							Female

						
							
							Henke et al. (2017)

						
					

					
							
							10

						
							
							Feed with protein

						
							
							Feed without protein

						
							
							Goat

						
							
							Male

						
							
							Harun et al. (2017)

						
					

					
							
							11

						
							
							Feed with protein

						
							
							Feed without protein

						
							
							Cow

						
							
							Female

						
							
							Castro-montoya et al. (2016) 

						
					

				
			

			A positive effect size is indicated by the observed parameter being larger than that of the control group, and vice versa. J is a correction factor for small sample sizes and is calculated as:
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			The effect size value obtained from Hedge’s g is calculated using the equation:
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			Borenstein et al. (2009). Data processing was carried out by importing Comma Separated Value (CSV) files from Microsoft Excel 2019 into the OpenMEE software for effect size and standard error calculations. A random-effects model was applied to account for the biological and methodological diversity across studies, assuming that true effect sizes varied among experiments. Effect sizes (Hedges’ g) were computed in OpenMEE, while heterogeneity and publication-bias analyses were performed using JASP 0.16.2. To ensure comparability, fasting studies were analyzed separately from dietary treatments, recognising their distinct physiological mechanisms.

			Heterogeneity was quantified using Cochran’s Q and I² statistics, which indicated considerable variation (I²> 98%) attributable to species and dietary differences. Consequently, the pooled estimates were interpreted as directional trends rather than absolute magnitudes, emphasizing consistency across subgroups. Sensitivity analyses, conducted by sequentially omitting individual studies, confirmed the stability of the results.

			Publication bias, assessed by Egger’s regression (p < 0.001) and funnel-plot asymmetry, suggested the presence of selective reporting. The application of the trim-and-fill method reduced the effect size slightly but did not alter its direction or significance. This potential bias is acknowledged as a limitation, and findings are interpreted cautiously within the biological framework of nitrogen metabolism in ruminants.

			RESULTS AND DISCUSSION

			In this meta-analysis, effect sizes were coded so that a positive Hedges’ g indicates higher PD values under high-protein diets relative to the comparator (low-protein/protein-free), whereas a negative Hedges’ g indicates lower PD values under high-protein diets. Therefore, the negative pooled estimates reported here should be interpreted as reduced PD excretion/levels in the high-protein group.

			The results of the meta-analysis are summarised in Table 2. Overall, forest plots were generated to visualise the direction and precision of each study estimate and the pooled effect. The forest plot for allantoin is shown in Figure 2, uric acid in Figure 3, and xanthine+hypoxanthine in Figure 4.

			For allantoin, the pooled effect size was strongly negative (SMD = −7.02; 95% CI: −10.85 to −3.20; p < 0.001), indicating that high-protein feeding was associated with lower allantoin compared with low-protein/protein-free diets (Table 2, Figure 2). This direction is important because allantoin is often considered a major end-product of purine catabolism and a commonly used indirect marker of microbial protein synthesis in ruminants. The magnitude of the pooled SMD is very large, and together with the extreme heterogeneity (I² ≈ 99.76%), it suggests that the estimate is highly influenced by between-study differences in diet formulation, animal type, sampling/analytical methods, and experimental contrasts rather than reflecting a uniform “high vs low protein” effect.
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			Figure 2: Forest plot of the effect of high-protein on allantion in ruminant livestock.

			Biologically, the negative allantoin response under high-protein diets can be reconciled with rumen nitrogen dynamics when protein supply exceeds the capacity for microbial capture because fermentable energy and nitrogen release are not synchronised. Under such conditions, ammonia production may rise beyond microbialassimilation, reducing microbial growth efficiency and potentially lowering the microbial purine flow that ultimately contributes to urinary PD output (Verbic et al,. 1990; Zhou et al., 2017; Mahanani et al., 2021b; Pazla et al., 2025). This interpretation is consistent with the concept that microbial protein synthesis depends not only on crude protein supply but also on the synchrony of degradable nitrogen and fermentable carbohydrate availability in the rumen (Zhang et al., 2020).
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			Figure 3: Forest plot of the effect of high-protein on urie acid levels livestock.

			For uric acid, the pooled effect was also negative (SMD = −1.96; 95% CI: −3.90  to −0.02; p = 0.048), indicating a small but statistically significant reduction under high-protein feeding (Table 2, Figure 3). Compared with allantoin, uric acid showed greater variability in individual study directions, which is plausible given that uric acid may reflect not only microbial purine turnover but also post-ruminal purine metabolism and host tissue nucleic acid catabolism. Thus, uric acid may behave as a “more mixed” systemic signal than allantoin, potentially weakening the dietary contrast effect even when allantoin changes are pronounced.

			Classically, higher nitrogen intake is expected to increase rumen microbial nitrogen production and, consequently, urinary PD excretion (Wang et al., 2017). Some individual studies also report higher purine outputs with protein-rich ingredients compared with energy-based diets (Mahanani et al., 2021b) and this aligns with the findings of Hu et al. (2025). However, the present meta-analysis indicates that in the evaluated dataset, higher protein supply was frequently associated with lower PD output. This apparent contradiction is biologically plausible if “high protein” in the included trials often coincided with (i) insufficient fermentable energy to capture ammonia into microbial protein, (ii) poor energy–nitrogen synchrony, and/or (iii) differences in degradability (RDP vs RUP) that shift nitrogen flow away from rumen microbial synthesis and toward post-ruminal digestion. Under such scenarios, PD excretion may decrease despite higher crude protein intake because microbial protein yield and purine outflow do not increase proportionally when nitrogen is oversupplied relative to energy (Ranilla and Carro, 2003; Ma, 2014; Verbic et al., 1990; Zhou et al., 2017).

			Importantly, some contrasts in the dataset involve protein-free (and in some studies fasting) conditions, which represent nitrogen deprivation rather than a modest dietary adjustment. Such extreme comparators can amplify effect sizes and contribute to heterogeneity. Therefore, the pooled results should be interpreted as evidence that crude protein concentration alone is an insufficient descriptor, and that the response of PD is likely strongly modified by dietary context (energy availability, degradability, and adaptation period) rather than reflecting a universal “high protein reduces PD” law.

			Additionally, low PD output could coincide with shifts in rumen fermentation, including VFA profiles, because microbial growth and fibre digestion depend on adequate nitrogen and branched-chain VFA supply. Diets differing in degradable true protein can alter iso-acid concentrations and, in turn, acetate patterns (Wang et al., 2017; Febrina et al., 2021a; Febrina et al., 2021b). Fibre-digesting bacteria require BCVFA for maximal activity (Bryant, 1973; Wang et al., 2019), and iso-acid supplementation can stimulate fibre digestibility and influence acetate concentration (Soltani et al., 2017). Collectively, these points reinforce that diet formulation should target  a balance between rumen-degradable protein and degradable energy rather than maximising crude protein.

			Table 2: Descriptive statistics of database.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							Parameters

						
							
							n

						
							
							SMD/d

						
							
							Lower

						
							
							Upper

						
							
							p-SMD

						
							
							I2(%)

						
							
							p-Egger

						
					

					
							
							Allantoin

						
							
							11

						
							
							-7,022

						
							
							-10,847

						
							
							-3,198

						
							
							<0,001

						
							
							99,76

						
							
							<0,001

						
					

					
							
							Uric acid

						
							
							10

						
							
							-1,959

						
							
							-3,900

						
							
							-0,018

						
							
							0,048

						
							
							98,85

						
							
							<0,001

						
					

					
							
							Xanthine + Hypoxanthine

						
							
							8

						
							
							-0,874

						
							
							-2,569

						
							
							0,820

						
							
							0,312

						
							
							98,19

						
							
							0,026

						
					

				
			

			n= number of articles used; SMD/d= Standardized Mean Difference; Lower= Lower Limits of the 95% Confidence Interval; Upper= Upper Limits of the 95% Confidence Interval; p-SMD= p-value Standardized Mean Difference; I2= Heterogeneity; p-Egger= p-value Egger’s test.
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			Figure 4: Forest plot of the effect of high-protein feed on xanthine hypoxanthine levels in ruminant livestock.

			For xanthine+hypoxanthine, the pooled estimate was negative but non-significant (SMD = −0.87; 95% CI: −2.57 to 0.82; p = 0.312; I² ≈ 98.2%) (Table 2, Figure 4). Individual studies varied considerably, with some reporting increases (Fujihara et al., 2007; Harun et al., 2017) and others decreases (X. B. Chen et al., 1990; Silva et al., 2016). Because xanthine and hypoxanthine are upstream intermediates in purine catabolism, their concentrations can be shaped by multiple processes (microbial turnover, salvage pathways, and host enzymatic conversion). The lack of a consistent pooled effect suggests that high-protein feeding does not uniformly affect early purine-catabolism intermediates, even when downstream metabolites (allantoin and uric acid) show reductions. This may indicate buffering or pathway-level variability across diets and experimental contexts (Hu et al., 2025).

			The funnel plot asymmetry and significant Egger’s test

			(p < 0.05) indicate risk of small-study effects/publication bias (Table 2, Figure 5). However, it is not correct to state that publication bias is “minimised” by applying a random-effects model. Random-effects models address between-study heterogeneity, but they do not correct selective reporting or selective publication. This is particularly relevant here because with a small number of studies per outcome (≈8–11) and extreme heterogeneity, funnel-plot asymmetry and Egger’s regression can also reflect genuine heterogeneity, metric choice, or chance rather than publication bias alone (Nakagawa et al., 2022; Afonso et al., 2024).

			From an environmental perspective, if high-protein feeding does not translate into proportional microbial capture and productive use, excess nitrogen is more likely to be excreted (especially in urine), increasing the potential for ammonia and other nitrogen losses. This manuscript’s inference is therefore mainly qualitative (directional) because the meta-analysis pooled PD outcomes rather than direct nitrogen excretion metrics. Nevertheless, evidence from dairy housing and emission studies shows that reducing crude protein intake can reduce urinary nitrogen and ammonia emissions, supporting the plausibility of increased nitrogen losses under protein oversupply (Schrade et al., 2023). The general point that only a fraction of nutrients are retained and the remainder excreted also supports this interpretation (Teenstra et al., 2015).

			More robust sensitivity analyses for selective publication have been proposed in the broader meta-analysis literature (Mathur, 2024), and such approaches may be considered in future work to evaluate how strongly selective publication would need to operate to overturn the main conclusions.

			Finally, the I² values approaching 99% indicate that the “high vs low protein” contrast is likely too coarse to explain the variability across studies. The most defensible
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			Figure 5: Funnel plot off the effect of high-protein feed on purine derivatives in ruminant livestocks.

			interpretation is that the pooled estimates represent an average across highly diverse conditions and should be treated as directional. Future syntheses should prioritise moderator analyses (species, protein source and degradability, fermentable energy supply, adaptation period, measurement matrices) and clearer comparator definitions to reduce conceptual and statistical heterogeneity.

			CONCLUSION

			It can be concluded that high-protein diets were often associated with lower urinary purine derivative excretion. Therefore, the relationship between dietary protein level and purine derivatives appears context-dependent, likely influenced by protein–energy synchrony and diet composition, and warrants further controlled studies with better reporting of key dietary modifiers (e.g., RDP/RUP and fermentable carbohydrate indices).
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			AUTHORS’ CONTRIBUTION

			DF, NQ: Format analysis; DF, RPH: Visualization; DF, NQ, JAP, SS, MJA, ERAR: Writing-review and editing; DF: Conceptualization; DF, SS: Supervision; AJ, RPH: Data curation; DF: Methodology; DF, NQ: Writing-original draft; DF: Project-administration; SS: Resources; RPH, SS: Software; AJ: Validation.

			Generative AI and AI-assisted technology statement

			The authors used generative AI tools only for language refinement, and they take full responsibility for the accuracy and integrity of the manuscript’s scientific content.

			Conflict of interest

			All authors declare that there is no conflict of interest. 

			References

			Afonso J, Ramirez-Campillo R, Clemente FM, Büttner FC, Andrade R (2024). The perils of misinterpreting and misusing “publication bias” in meta-analyses: An education review on funnel plot-based methods. Sports Med., 54(2):257–269. https://doi.org/10.1007/s40279-023-01927-9 

			Amin AB, Mao S (2021). Influence of yeast on rumen fermentation, growth performance and quality of products in ruminants: A review. Anim. Nutr., 7(1):31–41. https://doi.org/10.1016/j.aninu.2020.10.005

			Bakker ML, Chen XB, Kyle DJ, Ørskov ER, Bourke DA (1996). Urinary and plasma purine derivatives in fed and fasted llamas (Lama glama and L. guanacoe). Comp. Biochem. Physiol. Biochem. Mol. Biol., 1996; 113:367–374. https://doi.org/10.1016/0305-0491(95)02053-5 

			Borenstein M (2009). Effect sizes for continuous data. Di dalam: Cooper H, Hedges L V., Valentine JC, editor. The handbook of research synthesis and meta-analysis (2nd edition). Russell Sage Found., hlm 221–235.

			Bryant MP (1973). Nutritional requirements nof the predominant rumen cellulolytic bacteria. Di dalam: Federation Proc., hlm 1809–1813.

			Castro-Montoya J, Henke A, Molkentin J, Knappstein K, Susenbeth A, Dickhoefer U (2016). Relationship between milk odd and branched-chain fatty acids and urinary purine derivatives in dairy cows supplemented with quebracho tannins-A study to test milk fatty acids as predictors of rumen microbial protein synthesis. Anim. Feed. Sci. Technol., 214:22–33. https://doi.org/10.1016/j.anifeedsci.2016.01.016

			Crawford GI, MacDonald JC, Watson AK, Erickson GE, Klopfenstein TJ (2020). Diurnal and dietary impacts on estimating microbial protein flow from urinary purine derivative excretion in beef cattle. Transl Anim. Sci., 4(3):1–13. https://doi.org/10.1093/tas/txaa140

			Del Valle TA, de Morais JPG, Campana M, Azevedo EB, Louvandini H, Abdalla AL (2023). Purine derivatives and creatinine urine excretion as a tool to estimate sheep feed intake. Anim. Feed. Sci. Technol., 301 November 2022:115666. https://doi.org/10.1016/j.anifeedsci.2023.115666

			Dickersin K, Chan S, Chalmersx TC, Sacks HS, Smith H (1987). Publication bias and clinical trials. Control Clin Trials., 8(4):343–353. https://doi.org/10.1016/0197-2456(87)90155-3

			Febrina D, Febriyanti R, Zumarni, Juliantoni J, Yendraliza, Elfawati, Irdha, Mirdhayati, Mochtisar Y, Rabani (2021a). The effect of addition of fermented oil palm fronds extract on rumen fermentation and blood metabolites of kacang goat. J. Anim. Heal. Prod., 9(1):58–64. https://doi.org/10.17582/journal.jahp/2021/9.1.58.64

			Febrina D, Jamarun N, Zain M, Khasrad (2017b). Effects of using different levels of oil palm fronds (FOPFS) fermented with Phanerochaete chrysosporium plus minerals (P, S and Mg) instead of Napier grass on nutrient consumption and the growth performance of goats. Pak. J. Nutr., 16: 612-617. https://doi.org/10.3923/pjn.2017.612.617 

			Febrina D, Jamarun N, Zain M, Khasrad (2016). The Effects of P, S and Mg supplementation of oil palm fronds fermented by Phanerochaete chrysosporium on rumen fluid characteristics and microbial protein synthesis. Pakistan J. Nutr., 15: 299-304. https://doi.org/10.3923/pjn.2016.299.304

			Febrina D, Jamarun N, Zain M, Khasrad (2017a). Digestibility of goat rations containing fermented oil palm fronds by phanerochaete chrysosporium supplemented with Phosphorus, Sulfur and Magnesium. J. Biol. Sci., 17: 298-304. https://doi.org/10.3923/jbs.2017.298.304

			Febrina D, Sadarman S, Mirdhayati I, Adelina T, Hidayat T, Al Afid A, Nasution RR, Qomariyah N, Pazla R (2025). Effect of microbial growth precursor supplementation on chemical composition and fermentation characteristics of palm stem pith silage. J. Anim. Feed. Sci., 34(1):98–112. https://doi.org/10.22358/jafs/189933/2024

			Febrina, D, Zumarni, Febriyanti R, Juliantoni J, Yendraliza, Mirdhayati, I, Elfawati, Rifai M, Khan I, Prasiyo R (2021). Digestibility of nutrient and performance of kacang goats which are given fermented oil palm fronds extract. Adv. Anim. Vet. Sci., 9(3): 422-428. https://doi.org/10.17582/journal.aavs/2021/9.3.422.428

			Firkins JL (2021). Invited Review: Advances in rumen efficiency. Appl. Anim. Sci.. 37(4):388–403. https://doi.org/10.15232/aas.2021-02163

			Fujihara T, Shem MN, Matsui T (2007). Urinary excretion of purine derivatives and plasma allantoin level in sheep and goats during fasting: Original article. Anim. Sci. J., 78(2):129–134. https://doi.org/10.1111/j.1740-0929.2007.00416.x

			Galyean ML, Tedeschi LO (2024). Predicting microbial protein synthesis in cattle: evaluation of extant equations and steps needed to improve accuracy and precision of future equations. Anim., 14, 2903. https://doi.org/10.3390/ani14192903

			Gonzalez-Ronquillo M, Robles-Jiménez LE, Romero-Bernal J, Ariciaga-Gonzalez C, Valdez-Ramírez B, Chay-Canul A, Vargas-Bello-Pérez E (2021). Effect of ryegrass hay and ryegrass silage, cut at two stages of development, on nutrient digestibility, nitrogen balance, and purine derivative excretion in growing sheep. Ital. J. Anim. Sci., 20(1):2110–2121. https://doi.org/10.1080/1828051X.2021.2000342

			Gresner N, Rodehutscord M, Südekum K-H (2021). Amino acid pattern of rumen microorganisms in cattle fed mixed diets—An update. J. Anim. Physiol. Anim. Nutr., 106(4):721–956. https://doi.org/10.1111/jpn.13676

			Hanim C, Yusiati LM, Muhlisin (2019). Evaluation of rumen microbial nitrogen supply in Batur sheep fed different ratio of concentrate-forage diets. IOP Conference Series: Earth Environ. Sci., vol. 387. 2019:012104. https://doi.org/10.1088/1755-1315/387/1/012104

			Harun NLA, Alimon AR, Jahromi MF, Samsudin AA (2017). Effects of feeding goats with Leucaena leucocephala and Manihot esculenta leaves supplemented diets on rumen fermentation profiles, urinary purine derivatives and rumen microbial population. J. Appl. Anim. Res., 45(1):409–416. https://doi.org/10.1080/09712119.2016.1205499 

			Hu L, Su H, Pu Z, Yang S, Ma Y, Rehemujiang H, Xu G (2025). Effects of ten types of diets on nitrogen balance and excretion of purine derivatives. Di dalam: Bio. Web.  Conf., hlm 01014. https://doi.org/10.1051/bioconf/202518201014

			Chen P, Li Y, Shen Y, Cao Y, Li Q, Wang M, Liu M, Wang Z, Huo Z, Ren S, Gao Y, Li J (2022). Effect of dietary rumen-degradable starch to rumen-degradable protein ratio on in vitro rumen fermentation characteristics and microbial protein synthesis. Anim. (Basel). 12(19):2633. https://doi.org/10.3390/ani12192633 

			Chen X. B., Ørskov ER, Hovell FDD (1990). Excretion of purine derivatives by ruminants: endogenous excretion, differences between cattle and sheep. Br J Nutr., 63(1):121–129. https://doi.org/10.1079/BJN19900097 

			Chen X.B., DeB Hovell FD, Orskov ER, Brown DS (1990). Excretion of purine derivatives by ruminants: Effect of exogenous nucleic acid supply on purine derivative excretion by sheep. Br. J. Nutr., 63:131–142. https://doi.org/10.1079/BJN19900098

			Jalayerinejad R, Kazemi-Bonchenari M, Mirzaei M, HosseinYazdi M (2024). Effects of low-quality forage and starter protein content in starter diet of young calves on growth performance, rumen fermentation, and urinary purine derivatives. Trop. Anim. Health Prod. 56(2). https://doi.org/10.1007/s11250-024-03942-y

			Kazemi-Bonchenari M, Khanaki H, Jafari A, Eghbali M, Poorhamdollah M, Ghaffari MH (2022). Milk feeding level and starter protein content: Effects on growth performance, blood metabolites, and urinary purine derivatives of Holstein dairy calves. J. Dairy Sci., 105(2):1115–1130. https://doi.org/10.3168/jds.2021-21208

			Keum GB, Pandey S, Kim ES, Doo H, Kwak J, Ryu S, Choi Y, Kang J, Kim S, Kim HB (2024). Understanding the diversity and roles of the ruminal microbiome. J. Microbiol., 62(3):217–230.https://doi.org/10.1007/s12275-024-00121-4

			Lestari EA, Hanim C, Yusiati LM, Kurniawati A (2021). The effect of additional tannins source from Mahagony leaves (Swietenia mahagoni) to purine derivate excression in urine and synthesis of rumen microbial protein of Merino sheep. Di dalam: IOP Conference Series: Earth Environ. Sci., Volume ke-667. hlm 012062. https://doi.org/10.1088/1755-1315/667/1/012062

			Lima J, Ingabire W, Roehe R, Dewhurst RJ (2023). Estimating microbial protein synthesis in the rumen—can ‘omics’ methods provide new insights into a long-standing question? Vet Sci., 10(12):1–14. https://doi.org/10.3390/vetsci10120679

			Liu K, Zhang Y, Yu Z, Xu Q, Zheng N, Zhao S, Huang G, Wang J (2021). Ruminal microbiota–host interaction and its effect on nutrient metabolism. Anim. Nutr., 7(1):49–55. https://doi.org/10.1016/j.aninu.2020.12.001

			Ma T (2014). Study of Methods for Predicting Ruminal Microbial Protein Synthesis in Mutton Sheep. Chin. Acad. of Agricultural Sci.,

			Mahanani MMP, Hanim C, Kustantinah K, Bachruddin Z, Widyobroto BP, Yusiati LM (2021b). Estimation of rumen microbial nitrogen supply based on purine derivatives excreted in the urine of male and female Garut sheep fed ad libitum. Di dalam: Proceedings of the 6th international seminar of animal nutrition and feed science (Isanfs 2021) (Advances in biological sciences research). Atlantis Press. hlm 99–108. https://doi.org/10.2991/absr.k.220401.021

			Mahanani MMP, Hanim C, Kustantinah K (2021a). estimation of rumen microbial nitrogen supply based on purine derivatives excreted in the urine of kejobong and bligon goat feed by king grass and peanut straw. Proc 3rd AINI Int Semin. 21 Isanfs 2021:96–100.

			Mahboobi Z, Karimi N, Jahanbakhshi A (2023). Estimation of microbial protein synthesis in the rumen of growing lambs based on the purine derivative excretions and the dietary forage-to-concentrate ratio. J. Adv. Vet. Anim. Res., 10(3):385–394. https://doi.org/10.5455/javar.2023.j691

			Mathur MB (2024). Assessing robustness to worst case publication bias using a simple subset meta-analysis. BMJ. 384:e076851. https://doi.org/10.1136/bmj-2023-076851

			Molaei M, Kazemi-bonchenari M, Mirzaei M, Esmaeili HR (2021). The physical form of starter (finely ground versus pelleted) and alfalfa hay (chopped versus pelleted) in Holstein dairy calves: Effects on growth performance, feeding behaviour, ruminal fermentation, and urinary purine derivatives. Anim. Feed. Sci. Technol., 279(6):115031. https://doi.org/10.1016/j.anifeedsci.2021.115031

			Moorby JM, Fraser MD (2021). Review: New feeds and new feeding systems in intensive and semi-intensive forage-fed ruminant livestock systems. Anim., 15:100297. https://doi.org/10.1016/j.animal.2021.100297

			Müller CBM, Görs S, Derno M, Tuchscherer A, Wimmers K, Zeyner A, Kuhla B (2021). Differences between Holstein dairy cows in renal clearance rate of urea affect milk urea concentration and the relationship between milk urea and urinary nitrogen excretion. Sci. Total Environ., 755:143198. https://doi.org/10.1016/j.scitotenv.2020.143198 

			Nakagawa S, Lagisz M, Jennions MD, Koricheva J, Noble DWA, Parker TH, Sánchez-Tójar A, Yang Y, O’Dea RE (2022). Methods for testing publication bias in ecological and evolutionary meta-analyses. Methods Ecol Evol., 13:4–21. https://doi.org/10.1111/2041-210X.13724

			Newbold CJ, Ramos-Morales E (2020). Review: Ruminal microbiome and microbial metabolome: Effects of diet and ruminant host. Anim., 14(S1):S78–S86. 

			Nguyen BT, Nguyen VT (2021). Preliminary results of investigated urine purine derivatives and microbial nitrogen synthesis of domestic herbivores selected in Mekong Delta of Vietnam. J. Anim. Sci. Technol., 120:99–108.

			Nichols K, Wever N, Rolland M, Dijkstra J (2024). Effect of source and frequency of rumen-protected protein supplementation on mammary gland amino acid metabolism and nitrogen balance of dairy cattle. J. Dairy Sci., 107(9):6797–6816. https://doi.org/10.3168/jds.2023-24370 

			Ningrum TW, Hanim C, Yusiati LM (2022). correlation between ratio of purine derivative: creatinine concentrations in spot urine sampling with total urinary excretion of purine derivative in garut rams and ewes. Di Dalam: proceedings of the 2nd international conference on smart and innovative agriculture (ICoSIA 2021). Volume ke-19. hlm 93–99. https://doi.org/10.2991/absr.k.220305.014

			Ortolani EL, Maruta CA, Júnior RAB, Mori CS, Antonelli AC, Sucupira MCA, Minervino AHH (2022). Selected ruminal variables and purine urinary excretion rate of steers subjected to feeding, fasting, and re-feeding conditions. Pol. J. Vet. Sci., 25(1):175–182. https://doi.org/10.24425/pjvs.2022.140854

			Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, Shamseer L, Tetzlaff JM, Akl EA, Brennan SE (2021). The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. Int. J. Surgery, 88: 105906. doi: 10.1016/j.ijsu.2021.105906.

			Pazla R, Antonius A, Ikhlas Z, Jayanegara A, Ardani LR, Hadiatry MC, Jumjunidang J, Budiyanti T, Firsoni F, Ardinal A, Iswari K, Febrina D, Ratni E (2025). The potential of tannin from Sonneratia alba fruit in defaunation of rumen protozoa and reducing methane gas production: An approach to increase livestock digestive efficiency. Czech J. Anim. Sci., 70(6):223–233. https://doi.org/10.17221/130/2024-CJAS

			Purwati CS, Hanim C, Yusiati LM, Widyobroto BP (2024). Comparison of genetic diversity based on the excretion of purine derivatives of Etawa Crossbreed and (Sannen × Etawa Cross) Sapera goats. Di dalam: IOP Conference Series: Earth Environ. Sci., hlm 012005. https://doi.org/10.1088/1755-1315/1476/1/012005

			Putri EM, Zain M, Warly L, Hermon H (2021). Effects of rumen-degradable-to-undegradable protein ratio in ruminant diet on in vitro digestibility, rumen fermentation, and microbial protein synthesis. Vet. World. 14(3):640–648. https://doi.org/10.14202/vetworld.2021.640-648

			Ranilla MJ, Carro MD (2003). Diet and procedures used to detach particle-associated microbes from ruminal digesta influence the chemical composition of microbes and the estimation of microbial growth in Rusitec fermenters. J. Anim. Sci., 81(2):537–544. https://doi.org/10.2527/2003.812537x 

			Rosmalia A, Permana IG, Despal D (2022). Synchronization of rumen degradable protein with non-fiber carbohydrate on microbial protein synthesis and dairy ration digestibility. Vet. World. 15(2):252–261. https://doi.org/10.14202/vetworld.2022.252-261

			Santos SA, de Carvalho GGP, Azevêdo JAG, Zanetti D, Santos EM, Pereira MLA, Pereira ES, Pires AJV, Valadares Filho SdC, Teixeira IAMdA, Tosto MSL, Leite LC, Mariz LDS (2021). Metabolizable Protein: 1. Predicting equations to estimate microbial crude protein synthesis in small ruminants. Front. Vet. Sci., 8:650248. https://doi.org/10.3389/fvets.2021.650248 

			Schrade S, Zeyer K, Mohn J, Zähner M (2023). Effect of diets with different crude protein levels on ammonia and greenhouse gas emissions from a naturally ventilated dairy housing. Sci. Total Environ., 896:165027. https://doi.org/10.1016/j.scitotenv.2023.165027 

			Silva JM da J, Rodrigues JPP, Filho SV, Detmann E, Paulino MF, Rennó LN (2021). Estimating purine derivatives and nitrogen compound excretion using total urine collection or spot urine samples in grazing heifers. J. Anim. Physiol. Anim. Nutr., 105(5):861–873. https://doi.org/10.1111/jpn.13525 

			Silva RVMM, De Carvalho GGP, Pires AJV, Pereira MLA, Pereira L, Campos FS, Perazzo AF, Bezerra LS, Moreira JV, Rufino LMDA (2016). Nitrogen balance, microbial protein synthesis and ingestive behavior of lambs fed diets containing cottonseed cake in substitution of soybean meal. Semin Agrar., 37(4):2155–2166. https://doi.org/10.5433/1679-0359.2016v37n4p2155

			Solomon R, Wein T, Levy B, Eshed S, Dror R, Reiss V, Zehavi T, Furman O, Mizrahi I, Jami E (2022). Protozoa populations are ecosystem engineers that shape prokaryotic community structure and function of the rumen microbial ecosystem. ISME. J., 16(4):1187–1197. https://doi.org/10.1038/s41396-021-01170-y

			Soltani M, Kazemi-Bonchenari M, Khaltabadi-Farahani AH, Afsarian O (2017). Interaction of forage provision (alfalfa hay) and sodium butyrate supplementation on performance, structural growth, blood metabolites and rumen fermentation characteristics of lambs during pre-weaning period. Anim. Feed .Sci. Technol., 230:77–86. https://doi.org/10.1016/j.anifeedsci.2017.06.002 

			Sousa LB, Pereira MLA, Silva HGO, Silva LS, Santos EJ, Pereira TCJ, Correia GS, Sousa LB, Pereira CAR (2022). Creatinine and purine derivatives excretion and microbial synthesis in lambs fed rain tree pod meal. Arq. Bras. Med. Vet. Zootec. 74(1):160–168. https://doi.org/10.1590/1678-4162-12376 

			Teenstra E, De Buisonje F, Ndambi A, Pelster D (2015). Manure management in the (sub) tropics: Training manual for extension workers (Livestock Research Report 919). Wageningen Univ. Res. Centre, Livestock Res.,

			Valizadeh A, Kazemi-Bonchenari M, Khodaei-Motlagh M, Moradi MH, Salem AZM (2021). Effects of different rumen undegradable to rumen degradable protein ratios on performance, ruminal fermentation, urinary purine derivatives, and carcass characteristics of growing lambs fed a high wheat straw-based diet. Small Rumin Res., 197 December 2020:106330. https://doi.org/10.1016/j.smallrumres.2021.106330 

			Verbic J, Chen XB, Macleod NA, Orskov ER (1990). Excretion of purine derivatives by ruminants: effect of microbial nucleic acid infusion on purine derivative excretion by steers. J. Agric. Sci. Cambridge, 114:243–248. https://doi.org/10.1017/S0021859600072610 

			Wang C, Liu Q, Guo G, Huo WJ, Zhang YL, Pei CX, Zhang SL (2019). Effects of rumen-protected folic acid and branched-chain volatile fatty acids supplementation on lactation performance, ruminal fermentation, nutrient digestion and blood metabolites in dairy cows. Anim. Feed. Sci. Technol., 247:157–165. https://doi.org/10.1016/j.anifeedsci.2018.11.015

			Wang WW, Wang CY, Hao LZ (2017). Effects of dietary nitrogen level on urine purine derivatives excretion and microbial nitrogen production in yaks. Chin. J. Anim. Nutr., 29(1):3932–3941.

			Wu Q, La SK, Wang C, Zhang J, Liu Q, Guo G, Huo WJ, Pei CX (2021). Effects of coated copper sulphate and coated folic acid supplementation on growth, rumen fermentation and urinary excretion of purine derivatives in Holstein bulls. Anim. Feed. Sci. Technol., 276 March:1–8. https://doi.org/10.1016/j.anifeedsci.2021.114921 

			Yunilas Y, Zain M, Tanuwiria UH, Syamsu JA (2023). The balance of rumen degradable protein and readily available carbohydrate in sheep rations on in vitro fermentability. J. Adv. Vet. Anim. Res., 10(4):738–743. https://doi.org/10.5455/javar.2023.j729 

			Zhang J, Zheng N, Shen W, Zhao S, Wang J (2020). Synchrony degree of dietary energy and nitrogen release influences microbial community, fermentation, and protein synthesis in a rumen simulation system. Microorganisms. 8(2):231. https://doi.org/10.3390/microorganisms8020231 

			Zhou JW, Mi JD, Degen AA, Ding LM, Guo XS, Shang ZH, Wang WW, Long RJ (2017). Urinary purine derivatives excretion, rumen microbial nitrogen synthesis and the efficiency of utilization of recycled urea in Tibetan and fine-wool sheep. Anim. Feed. Sci. Technol., 227 March:24–31. https://doi.org/10.1016/j.anifeedsci.2017.03.005 

		

	OEBPS/image/974958141_Figure_1_ok_(03022026)-1.jpg
Records removed belore
screening

Records dentifed from Scopus i roous emoed
Records marked as inelgible
by automalion 00l (1= 0)
Records removed for other
reasons (n=0)

Records screened
(n=69)

Records excluded (n = 37)

Reports excluded:

« Not related to purine
derivaives

« Non-ruminant species

« Review arlcles/conference
papers / non-original studies

——»

v

Report for ligbl Records excluded (n = 21)
mezcszs)assessed or eligibilty Recorts exced

+No comparison of dietary
protein levels
+No quantiative purine
derivative data (mean/SD or
convertble statstcs)
v +Incompatiie outcomes or
experimental design

Total studies included in review
(n=11)






OEBPS/image/Image49312055.png
Funnel Plot “The Effeet of High Protein Feed on Allantoin™

Standard Error

-40
Effect Size
Funnel Plot “The Effect of High Protein Feed on Urle Acid”

Standard Error

Effect Size

‘Funnel Plot “The Effect of High Protein Feed on Xanthine Hypoxanthine™

o

0.5

Standard Error

25






OEBPS/image/Image49270447.png
g=]xd





OEBPS/image/Image49239869.png
158 + (Ve = 1)5¢

Swithin =





OEBPS/image/Image49252429.png
v N, +N, d?
T N.+N. 2N+ N)






OEBPS/image/1217915554_Figure_4._Tabel_Hasil_Meta_Analisis_Xanthine_Hypoxanthine_(1)_copy_2.jpg
Fujhra et l. (2007)
Fujhara et l. (2007) 2

177(7.46,16.06)
1226 (648, 1804]

Lestr el (2021 156246, 066]
Lestar etal, (2021).2 034 [412,044)
Hanim et al. (2019) | ] 0.94(-1.76,-0.12)
Hanim el al. (2019) 2 - AR50, 28]
Sivaetal 201) 149[100,199]
Sivaetal (20162 n 296472, 320]
Sivaetal. 20163 " 248307, 489]
Balder et (1996) " 076(21,059
Bakier ol (1996) 2 - 089[:226,048
Chenetal. (19901 X 097473, 021)
Chenetal. (1990)2 [T 4371649, 225)
Chenetal (19%0)2 - 2601426, 112)
Chenetal (19%0)3 i 244(38,095]
Crenetal (19%0) 4 e 4571677, 231)
Chenetal. (1990, 5 bt 9451359, 537]
Horun eta. (2016) - 11 (468,154
Haru el (201).2 x 061[465,043]
Horunetal. (2016)_3 a4 4531659, 259
Horunetal. (2016)_4 " 139(025,259]
Harun et . (2016) 5 [ 018(08,120)
Herun etal. (2016)_6 S 617(360,874)
RE Mode + 0871287,082)

O B S
1510 -5 0 5 10 15 20

Effect Size





OEBPS/image/Image492704471.png
Vg = J2 X vd





OEBPS/image/102287836_Figure_3._Tabel_Hasil_Meta_Analisis_Uric_Acid_(1)_copy.jpg
Fujinara et a. (2007) - 16.80 [10.74, 22.86]
Fujihara et al. (2007)_2 - 997 (523, 1471)
Lostar ot a. (2021) [} 027(:051,105]
Lestari ot al. (2021)_2 . 130(0.44, 216)
Verbic ot al. (1990) . -571[-11.16, -0.26)
Verbic ot al. (1990)_2 3 -8.2916.03, 05]
Verbic et al. (1990)_3 i 14,97 (2877, -1.47)
Verbic e al. (1990)_4 —i 12,86 -24.74,-0.98]
Verbic et al. (1990)_5 i 1379 26,51, -1.07)
Verbic ot al. (1990)_6 —_ 4332 183,05, -3.59)
Verbic ot al. (1990)_7 — 35,44 :67.96, -2.92]
Hanim et al. (2019) [} 132(0.44,220]
Hanim ot al. 2019)_2 ] 296(1.80.4.12)
Siva et al. (2016) [} 210155, 2.65)
Silva otal. (2016) 2 [} 074029, 1.19)
Siva et al. (2016)_3 [ 062047, 1.07)
Bakor ot al. (1996) [ 0411090, 172)
Bakker et al. (1996) 2 [} 105 (246, 0.36]
Chen etal. (1990).1 L] 239335, -1.43)
Chen etal. (1990).2 " -4.06 (608, -2.04)
Chen et al. (1990)_2 ™ 672(972,:372)
Chen etal. (1990)_3 - 9.92(-14.19, 5.65]
Ghen et al. (1990)_4 -y 10,67 (1524, 6.10]
Chen ot al. (1990) 5 - 76711104, -4.30)
Honke ot al. (2016) " 801970, 6.32)
Henke et al. 2016) 2 [} 062[005, 1.19)
Harun et al. 2016) ] -0.97 205, 0.11)
Harun ot al. (2016)_2 . 066 (+1.70,038)
al.(2016)3 L] <086 [+1.92.020)
al.(2016) 4 [] 090198, 0.18]
Harun et al. (2016)_5 [} 265408, -1.22)
Harun ot . (2016)_6 . 033 (-1.35, 0.69]

.

Harun

Harun

RE Model 196 (-390, -0.02)

T T -
100 -80 60 40 20 0 20 40

Effect Size





OEBPS/image/694012878_Figure_2,_Tabel_Allantoin_.jpg
Fuiinara ot . (2007)
Fuihara ot . (2007) 2
Lostari otal. (2021)
Lostari otal. (2021) 2
Vorbic et al. (1990)
Vorbic otal. (1990)_2
Vorbic ot al. (1900) 3
Vorbic ot al. (1990)_¢
Vorbic ot al. (1990)_5
Vorbic ot al. (1990)_6
Verbic ot al. (1990)_7
Hanim ot al. (2010)
Hanim et al. (2019) 2
@10
(@016 2
(20163
Bakkor ot al (1996)
Bakkor ot al. (1996)_2
Ghen otal. (1990)1
Ghen etal. (1990)2
Ghen otal. (1990) 2
Ghen otal. (1990) 3
Chen stal. (1990) 4
Chan otal. (1990) 5
Henke ot al. (2016)
Honko ot al. (2016) 2
Harun ot al. 2016)
Harun et al. (2010)_2
Harun ot al. (2016)_3
Harun etal. (2016)_4
Harun et al. 2016)_5
Harun etal. (2016) 6
Castro-montoya et a. (2016)
Castro-montoya ot al. (2016) 2

RE Model

-120100-80 -60 -40 20 0 20
Effect Size

16,03 [21.81,-10.25)
-14.04 121,94, 7.94)
0.66(-1.46,0.14]
0.46(-1.26,034]
2511:6.25,023]
-3.65(7.32,002)
17.751:34.10, -1.40]
1211 123.30,-092)
+12.82 (:24.66,-0.98)
28.651:54.05, -2.35)
2537 148,67, -2.07)
0541026, 1.34]
3371212, 462
4611645, -377)
-8.211.9.56, -6.86)
3.4014.09,-271)
2087 131,90, -0.84]
1124 117.30,-5.18)
1401060, 2.20
10161453, -6.79]
22,41 (3180, 13.02)
46,31 (:66.64, -26.98)
55,17 [-78.16, 32.18)
71.49 (101,28, -41.70)
2701194, 3.46)
4.25(3.25,525)
+1.00(-2.08,0.08]
2641121, 4.07)
210(081,330]
346(1.79,5.13)
145(:261,-020)
605 (352, 8.58]
0311000, 062

046 (0.15,0.77)

70211085, -3.20]





OEBPS/image/Image49264530.png
3
PR S
(Nt Ne—2) 1






OEBPS/image/Image49231705.png
Me — Mc





OEBPS/image/1.png
OPEN a ACCESS Advances in Animal and Veterinary Sciences

Research Article

Gheck for
updates.

Dietary Protein Level and Purine Derivative Excretion in Ruminants:

A Systematic Review and Meta-Analysis.
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Nigeria; *Faculty of Veterinary Medicine and Zootechnics, Autonomous University of Tamaulipas,Victoria City,
Tamaulipas, Mexico.

Abstract | Purine derivatives, the by-products of microbial metabolism, serve as key indicators of microbial protein
synthesis in ruminants. Among these, allantoin is the predominant purine derivative excreted in urine and reflects
the extent of microbial protein production. Its concentration is positively correlated with organic matter intake and
the proportion of concentrate in the diet, both of which enhance microbial biomass yield. Numerous studies have
demonstrated that higher allantoin levels indicate greater microbial protein synthesis.The present study aimed to
evaluate the effect of protein-rich diets on purine derivative excretion in ruminants through a meta-analysis. A total
of 32 Scopus-indexed studies were screened, and 11 qualified datasets were compiled into a comprehensive database.
Data were analyzed using a random-effects model in OpenMEE software. Purine derivatives were classified as the
experimental variables, while corresponding lower-protein or protein-free diets served as controls. Publication bias in
the primary parameters of purine derivative excretion (allantoin, uric acid, xanthine + hypoxanthine) was assessed using
funnel plots.The meta-analysis revealed a significant difference between high-protein and low- or protein-free diets
with respect to allantoin levels in ruminants (P<0.001). Similarly, uric acid levels differed significantly between dietary
groups (P = 0.048). Overall, the findings suggest that feeding ruminants low-protein diets reduced excessive protein
degradation in the rumen, whereas high-protein diets may alter purine metabolism and microbial efficiency.
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