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Herein, 364 one-day-old male Jiangnan white goslings were divided into four groups: PM (18.55% crude protein (CP) + main amino acids (AA)), PA (18.55% CP + all AA), LPM (15.55% CP + main AA), and LPA (15.55% CP + all AA). The main AAs were Lys, Met, Thr, Trp, Arg, and Cys, while all AAs included an additional six (Met, Lys, Arg, His, Ile, Leu, Cys, Phe, Tyr, Thr, Trp, and Val). At 28 days, all geese were switched to a 15.55% CP + main AA diet until 63 days. The results showed: (1) No significant impacts on average daily gain or feed-to-gain ratio at 29-63 days. Although numerical differences in average daily feed intake (ADFI) were observed between groups, statistical analysis indicated that the reduction in ADFI due to early low protein was marginal (P = 0.06). This suggests that the dietary protein level may influence feed intake patterns in goslings, but further studies with larger sample sizes are needed to confirm this effect. (2) Early low protein significantly affected abdominal fat percentage and leg muscle cooking loss at 63 days (P < 0.05). Pretreatment affected breast muscle rate at 63 days (P < 0.05). (3) Early low protein significantly increased Cys content in breast muscle at 63 days and increased Asp, Thr, Cys, and His in feces at 62-64 days (P < 0.05). (4) Early low protein led to a significant reduction in nitrogen excretion and an increase in nitrogen utilization (NU) in feces at 62-64 days (P < 0.05). Low-protein diets reduced nitrogen excretion by 12.3% (1.60 vs. 1.78 g/bird, P < 0.05) and improved nitrogen utilization from 56.03% to 59.48%. Leg muscle cooking loss decreased by 15.2% in the LPA group (15.01%) compared to PA (19.58%, P < 0.05). To conclude, different AA supplementation patterns with low protein (15.55%) in the early stage (1-28 days) had no significant effects on body weight, slaughter performance, and meat quality at 63 days. However, early low protein significantly reduced nitrogen excretion and improved NU, suggesting it is feasible for meat goslings to adopt a low-protein diet supplemented with main AAs during the early stage.
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Introduction

The extensive development of animal husbandry has led to a protein feed shortage, impeding further progress. Addressing this challenge, low-protein feed emerges as a crucial solution, conserving resources and mitigating environmental impact. This diet, tailored to diverse livestock needs, lowers protein levels by 2%–4% and is supplemented with crystal amino acids (AA) to meet nutritional requirements (Bezerra et al., 2016). The low-protein diet (LPD) use without additional AA supplementation can reduce body weight (BW) in broilers (De Cesare et al., 2019; Maynard et al., 2022), increase the feed-to-gain (F/G) (Hofmann et al., 2020), and cause intestinal damage in broilers to induce histological changes due to malnutrition (Buwjoom et al., 2010). However, positive effects have been observed in LPDs supplemented with one or more AA in chickens (Zamani et al., 2021), ducks (Xie et al., 2017), and geese (Liang et al., 2023).

The application of low-protein feed approach maintains the growth performance of poultry, reduces nitrogen excretion (Belloir et al., 2017; Chalova et al., 2016; Sigolo et al., 2017), and improves the nitrogen utilization (NU) rate (Hofmann et al., 2019; Rehman et al., 2017), which can play a good role in protecting the environment. Adding Lys, Met, and Thr to reduce the dietary crude protein (CP) content can reduce broilers’ average daily feed intake (ADFI), which is conducive to lowering dietary use and nitrogen pollutant emissions (De Cesare et al., 2019). Essential AA supplementations (Met, Lys, Thr, Val, Arg, Ile, Phe, Leu, His, and Trp) in three different LPDs increased BW, decreased Feed conversion ratio (FCR), and generally improved growth performance (Hilliar et al., 2020). Adding two of the most limiting AAs (methionine and lysine) to the LPD of broilers can simultaneously reduce FCR and maintain the growth rate of broilers, which is conducive to reducing dietary costs (Lee et al., 2020). In the control group, where Gly, Ser, or Thr was supplemented to the Low-Protein (LP) diet at 1.6%, both AA digestibility and plasma levels were reduced in the broilers. However, NU elevated by 9.6%, and the growth performance of the broilers was not negatively impacted. Simultaneously, CP reduction was expected to lower nitrogen excretion in broilers and enhance bird welfare. Reduce dependence on plant protein sources (van Harn et al., 2019). Essential AA supplementation (Val, Ile, Arg, Trp, Gly, and Ser) in LPDs can maintain product performance and reduce nitrogen discharge under specific environmental conditions (Hilliar et al., 2019). To prevent performance degradation, broilers must be supplemented with Val, Ile, Arg, and Gly at the growth stage. The recommended Thr content in the LPD is 110%, which improves average daily gain (ADG), ileal amino acid digestibility (IADF), amino acid digestibility efficiency index (ADEI), albeit to sub-optimal levels (ADPI), and visceral carcass weight, thus improving carcass yield (Ospina-Rojas et al., 2020) (Kriseldi et al., 2018). pointed out that AA supplementation can significantly reduce dietary CP levels, thus significantly reducing nitrogen excretion. In particular, when dietary protein level is insufficient and dietary AA supplement is excessive, production performance decreases, and nitrogen excretion increases (Applegate et al., 2008). Therefore, an LPD saves protein and protects the environment. The Jiangnan white goose (Anser cygnoides domesticus), a breed renowned for rapid growth and high feed efficiency under intensive farming systems in China, was selected for this study. Its adaptability to low-protein diets makes it a strategic model for sustainable poultry production (Chen et al., 2021).

However, there has been no research on the influences of distinct protein levels and AA supplementations in the early stages of meat geese in later goslings. Therefore, based on a corn-soybean meal diet, we investigated these effects in the early stages on goslings’ growth performance and nitrogen metabolism in the later stage (29–63 days). By evaluating growth and slaughter performances, meat quality, AA content of tissue and feces, nutrient availability, and nitrogen metabolism, the feasibility of early LPD application for goslings was explored.We hypothesized that a low-protein diet (15.55% CP) supplemented with key amino acids (Lys, Met, Thr, Trp, Arg, and Cys) during the early growth phase (1–28 days) would maintain growth performance and slaughter traits in goslings while significantly reducing nitrogen excretion, thereby improving environmental sustainability.





Materials and methods




Animal ethics

All experimental protocols were approved by the Administrative Committee for Jiangsu Agri-animal Husbandry Vocational College Animal Welfare and Ethics (Permission number: JAHV-2024-55). All methods were carried out in accordance with relevant guidelines and regulations. All methods are reported in accordance with ARRIVE guidelines (https://arriveguidelines.org).





Experimental diets and design

Herein, 364 one-day-old male Jiangnan white goslings (National Gene Bank of Waterfowl Resources, Taizhou, China) were allocated at random into four groups of seven replicates and 13 geese each. The preliminary treatment (1–28 days) involved a two-factor, two-level factorial design with two protein levels (18.55% and 15.55%) and two AA supplementation patterns (main AA supplement and all AA supplements). A total of 364 goslings were randomly allocated into four dietary treatment groups (PM, PA, LPM, LPA), with each group containing 7 replicates. Each replicate consisted of 13 geese housed in a single pen, ensuring equal representation across all experimental conditions. The four groups included PM (CP 18.55% + main AA, MJ/kg 11.20), PA (CP 18.55% + all AA, MJ/kg 11.20), LPM (CP 15.55% + main AA, MJ/kg 11.20), and LPA (CP 15.55% + all AA, MJ/kg 11.20), encompassing six main AAs (Lys, Met, Thr, Trp, Arg, and Cys) and 12 all AAs (Met, Lys, Arg, His, Ile, Leu, Cys, Phe, Tyr, Thr, Trp, and Val). L-His was supplemented in the PA diet to ensure a complete amino acid profile, as His is often a limiting amino acid in plant-based diets (Hilliar et al., 2020). However, in this study, the “main AA” groups (PM and LPM) did not include L-His supplementation, whereas it was included in the “all AA” groups (PA and LPA). This differentiation was designed to evaluate the impact of different amino acid supplementation strategies on growth performance and nitrogen metabolism. During the post-test treatment (29–63 days), geese from the above groups were fed the same diet from day 29 (CP 15.55% + main AA, MJ/kg 10.91), with the main AAs continuing until day 63. The experiment lasted 35 days, with goslings housed on wire nets at a stocking density of 6/m2 and 18°C from days 29 to 63. Illumination was maintained daily for 14 h. Dietary nutritional levels followed the guidelines of the NRC (1994) and our laboratory’s previous reports (Zhiyue et al., 2010). Tables 1, 2 summarize details of the primary dietary composition and nutritional levels. The goslings were allowed to access food and water ad libitum during the experiment.


Table 1 | Dietary components and nutrient levels of 1–28 d geese (air-dried basis).




Table 2 | Experimental diet composition and nutrient levels of 29–63 d geese (air-dried basis).







Growth performance

The weight of all goslings was determined at 28 and 63 days. The feed intake of each replicate was recorded weekly from 29 to 63 days, calculating ADG, ADFI, and F/G at the end of the experiment.





Carcass traits and meat quality

On 63 days, two geese with similar average BW were selected for each repetition, starved for 6 h, and slaughtered. Carcass weight was recorded after bleeding and plucking. For each goose, we weighed the eviscerated, semi-eviscerated, and eviscerated carcasses, as well as breast muscle (pectoralis main and minor), leg (whole leg), and abdominal fat (fat around the abdomen and gizzard) (Yu et al., 2022). This was followed by weighing the internal organs, including the heart, liver, gizzard, glandular stomach, spleen, and kidney, and calculating the relative organ index.

On day 63, a goose with a BW near the average was chosen for each replicate. The meat from the left breast and leg muscles was removed to assess meat color, pH level, cooking loss, and shear force. Using a chroma meter (Konica Minolta, CR-400, Osaka, Japan) and portable pH meter (pH-STAR, Matthaus, Berlin, Germany), meat colors: lightness (L*), redness (a*), and yellowness (b*) and pH value were measured at 45 min postmortem. The measurements of cooking loss and shear force were conducted via a thermostatic water bath (DK-S24, Shanghai Jinghong Experimental Equipment Co. Ltd, Shanghai, China) and a digital tenderness meter (C-LM3B, Tenovo, Beijing, China). Each sample index was measured three times, and the resulting average was utilized for statistical analysis.





AA content of tissue and feces

At 63 days, AA contents in breast muscle, leg muscle, serum, liver, and feces were analyzed using the following method: Weighed in a hydrolytic tube, around 100 mg of the sample was measured (recorded to 0.0001 g accuracy). Briefly, 9 mL of 6 mol/L hydrochloric acid (HCl) was added, and the tube was sealed, placed in a –20 °C refrigerator for 5 min, and nitrogen was blown onto the liquid surface for 1 min. The tube was sealed tightly and subjected to hydrolysis at 110°C for 23 h. After cooling, the liquid was transferred to a 100 mL volumetric bottle, adjusted to 100 mL, and thoroughly mixed. Vacuum drying was performed until no liquid remained. Subsequently, 1 mL of 0.02 mol/L HCl was introduced to the Ambrose bottle for further mixing. Using a 5 mL needle, all liquid was extracted and transferred through a 0.22 μ filter head to the upper bottle. Tryptophan was analyzed via alkaline hydrolysis (4.2 mol/L NaOH, 110°C, 20 h) to prevent degradation, followed by HPLC quantification (Waters Alliance System, Milford, MA) as per AOAC Method 988.15. A LA8080 automatic AA analyzer was utilized for AA determination.





Nutrient availability and nitrogen metabolism

At 56 days, one gosling per treatment was habituated in an individual wire-floor metabolic cage at 18 ± 2°C, with ad libitum access to water and food for a 5-day adaptation period and a 3-day excreta (feces) collection period. During fecal collection, precautions were taken to remove feathers and dander from the tray to prevent contamination. The fixation of excreta nitrogen was conducted by the addition of 10 mL of 10% HCl/100 g of feces. After a 65°C oven drying, the moisture was regained for 24 h, ground via a 40-mesh sieve, and general nutrient indexes (crude fat and acid and neutral detergent fiber, as well as calcium and phosphorus) were determined. Nitrogen metabolism-associated indicators (nitrogen intake, excretion, deposition, and utilization ratio) were assessed using the Kjeldahl method with the Kjeltec System 8400 (FOSS NIRSystems Inc., Hillerød, Denmark) with the following formulas:

Nitrogen intake (g) = feed intake × nitrogen content in feed

Nitrogen excretion (g) = fecal output × nitrogen content in feces

Nitrogen deposition (g) = nitrogen intake - nitrogen intake

Nitrogen utilization ratio (%) = (nitrogen deposition/nitrogen intake) ×100%

The diets were processed by grinding the ingredients to a uniform particle size, followed by mixing and pelleting at 65°C to ensure homogeneity and stability.





Data analysis

All data were preliminarily collated using WPS Excel 2023, and then a two-factor analysis of variance was performed through SPSS 26.0 (SPSS, Inc., Chicago, IL). Duncan’s method was utilized for the significance test, representing data by mean values and the standard error of the means (SEM), with P < 0.05 indicating a significant difference.A two-way ANOVA was performed to evaluate the main effects of protein level (18.55% vs. 15.55% CP), AA supplementation pattern (main AA vs. all AA), and their interaction. The statistical model was:

	

WhereYiik is the dependent variable, μ is the overall mean, Pi is the protein level effect, Aj is the AA supplementation effect, (P×A)ij is the interaction term, and ϵijk is the residual error. Significant interactions were further analyzed using Duncan’s multiple range test.






Results




Growth performance

Table 3 illustrates the impact of early treatment on the growth performance of 29–63 day goslings. Through this period, early treatment did not significantly influence geese BW, ADG, and F/G ratio (P > 0.05), with no observed interaction (P > 0.05). However, varying protein levels in the early stage significantly influenced the ADFI of geese at 29–63 days, notably decreasing with low protein levels in the early stage (P < 0.05).


Table 3 | Impacts of early treatment on growth performance of 29–63 d geese.







Carcass traits and meat quality

Table 4 presents the impact of early treatment on the slaughter performance of 63-day-old geese. Different protein levels in the early stage significantly influenced the abdominal fat percentage of geese at 63 days, notably decreasing with low protein levels in the early stage (P < 0.05). Herein, pretreatment significantly interacted with the breast muscle rate of geese at 63 days (P < 0.05). Nonetheless, early treatment had a nonsignificant impact on geese dressing, half-eviscerated, and wing percentages, as well as the leg ratio at 63 days, with no observed interaction (P > 0.05). Different protein levels in the early stage significantly affected the cooking loss of goose leg muscle at 63 days, showing a significant decrease with low protein levels in the early stage (P < 0.05, Table 5). The results showcased an interaction effect between pretreatment and cooking loss of the goose leg muscle at 63 days (P < 0.05). Pretreatment did not significantly impact the cooking loss of breast muscle as well as breast and leg muscle shear force, pH value, and flesh color (L*, a*, and b*) at 63 days, without interaction effect (P > 0.05).


Table 4 | Influences of early treatment on slaughter performance of 63 d geese.




Table 5 | Impacts of early treatment on meat quality of 63 d geese.







AA content of tissue and feces

The impact of early treatment on AA contents in breast muscle, leg muscle, serum, liver, and feces of 63-day-old geese is detailed in Tables 6–10. Different protein levels in the early stage significantly increased Cys content in goose breast muscle at 63 days, particularly at low protein levels (P < 0.05). In the geese’s breast muscle at 63 days, the AA supplementation mode in the early stage significantly influenced the Cys, Met, and His contents, with a notable increase under the primary AA supplementation mode (P < 0.05). Meanwhile, Ser content in geese liver at 63 days was significantly reduced by the AA supplementation mode in the early stage, particularly under the primary AA supplementation mode (P < 0.05). Asp, Thr, Cys, and His contents in goose feces at 62–64 days were significantly increased by different protein levels in the early stage, particularly under low protein levels (P < 0.05). Early treatment interacted with Arg in goose feces at 62–64 days (P < 0.05).


Table 6 | Influences of early treatment on amino acid content in breast muscle of 63 d geese (%).




Table 7 | Effects of early treatment on AA content in leg muscle of 63 d geese (%).




Table 8 | Effects of early treatment on AA content in the serum of 63 d geese (%).




Table 9 | Effects of early treatment on AA content in the liver of 63 d geese (%).




Table 10 | Effects of early treatment on AA content in feces of 62–64 d geese (%).







Nutrient availability and nitrogen metabolism

The impact of early treatment on nutrient utilization and nitrogen metabolism in 62-to 64-day-old geese is presented in Table 11. Early treatment did not significantly affect crude fat and neutral and acid detergent fibers, as well as calcium and phosphorus in goose feces at 62–64 days (P > 0.05). However, different protein levels in the early stage significantly influenced nitrogen excretion and NU in goose feces at 62–64 days. Low protein levels in the early stage significantly reduced nitrogen excretion and increased NU (P < 0.05).


Table 11 | Effects of early treatment on nutrient utilization and nitrogen metabolism of 62-64 d geese.








Discussion




Growth performance

This study fed geese different protein-level diets alongside AA supplementation patterns from 1 to 28 days. Subsequently, the same diet was maintained for 29–63 days to observe regression changes and examine the effects of early treatment on various performances of late goslings (Ashour et al., 2020; Che et al., 2016). In a study on white-feathered broilers, six groups were established with a protein level gradient of 0.5% compared to the normal protein level control group (Yuan et al., 2022). The study included AA-supplemented diets (Lys, Met, Thr, Val, and Ile) and a normal protein level control group. The results showcased that ADG did not significantly differ between the low-protein and control groups on days 1–21. The findings of this study were consistent with those of the current investigation. The experiment revealed that varying protein levels and AA supplementation patterns had no significant impact on the ADG of geese during the early stage (1–28 days) and from 29–63 days, even after transitioning to the same diet.

In contrast to Lee’s discovery (Lee et al., 2020) that a low CP broiler diet supplemented with high lysine and standard methionine resulted in the lowest feed conversion rate, this study did not yield similar results, possibly due to the AA supplement not exceeding the normal protein level content in the control group (Wang et al., 2021). researched broilers, implementing a LPD supplemented with different Cys concentrations (0.05%, 0.1%, 0.15%, and 0.2%). Their results suggest that a 0.1% Cys-supplemented LPD might enhance broiler growth performance by regulating serum metabolic profiles. The study by (Jariyahatthakij et al., 2018) on broilers, LPDs supplemented with various AA combinations (Lys + Met, Lys + Thr, Met + Thr, and Lys + Met + Thr) elucidated that Met supplementation in a growing LPD, followed by feeding a control diet, enhanced dietary and protein conversion compared to the control diet. Our comprehensive analysis indicates that supplementing essential AAs in an LPD for goslings does not significantly affect BW, ADG, ADFI, and F/G. Thus, from an economical cost perspective, reducing dietary protein levels for goslings and employing a primary AA supplementation pattern in the LPD can meet normal growth performance requirements without adversely affecting production performance.





Carcass traits and meat quality

Slaughter performance is crucial for assessing animal production, reflecting carcass weight, and individual part performance across various physiological stages. There is a scarcity of research on the slaughtering performance of LPD-fed geese. Research on broiler fat deposition indicates that a Met-supplemented low CP diet throughput growth, followed by a control diet, improves feed and protein conversion rates, reduces fat accumulation, and lowers fat deposition costs (Jariyahatthakij et al., 2018). Lysine is pivotal for muscle protein production in broilers, and its deficiency can lead to a 40%–45% reduction in BW (Tesseraud et al., 1996). High Lys levels in brisket impact brisket yield, and reducing dietary protein while adding Lys improves broilers’ feed efficiency and brisket yield (Oliveira et al., 2022). This study demonstrates that reducing protein levels and AA supplementation in goslings’ diets can maintain carcass quality like the normal protein level control group without adversely affecting slaughter performance.

In contrast (Jariyahatthakij et al., 2018), and (Ma et al., 2023) highlighted the complexity of dietary effects on fat accumulation. However (Jariyahatthakij et al., 2018), demonstrated that Met supplementation in a LPD reduced fat accumulation and production costs in broilers (Ma et al., 2023). found that LPDs for broilers could simultaneously alleviate lipid deposition. The higher abdominal fat percentage observed in geese fed conventional-CP diets (18.55%) compared to low-CP diets (15.55%) (Table 4) may be attributed to an imbalance in energy utilization. While high-protein diets theoretically enhance nitrogen retention, excess protein may be deaminated and converted to energy substrates, leading to increased lipogenesis. This hypothesis aligns with the lower nitrogen utilization rate (NU) in conventional-CP groups (Table 11), indicating inefficient protein metabolism and potential energy surplus. Consumer choices in meat selection often hinge on flesh color and overall appearance characteristics. Beyond yield, meat quality significantly influences consumer preferences in the meat industry. LPDs have been linked to improved meat quality in pigs by affecting fatty acid composition, intramuscular fat content, fiber characteristics, and free AA profiles (Li et al., 2018). The leg muscle cooking loss displayed significant differences with varying protein levels in the early stage (Table 5). Specifically, geese fed the LPA diet (15.55% CP + all AA) showed the lowest cooking loss (15.01%a), while the PA group (18.55% CP + all AA) exhibited the highest value (19.58%b). This interaction between protein level and AA supplementation pattern suggests that a low-protein diet combined with comprehensive AA supplementation may improve muscle water-holding capacity, potentially due to enhanced protein synthesis efficiency. This outcome may be attributed to the increased deposition efficiency in the leg muscles of geese fed an LPD in the early stage, resulting in denser muscle fibers and reduced cooking loss.Contrary to studies in broilers reporting increased fat-pad weights in low-CP diets (e.g., Belloir et al., 2017), our results showed no significant differences in abdominal fat percentage between geese fed low- and conventional-CP diets (Table 4). This discrepancy may stem from species-specific metabolic adaptations. Geese (Anser cygnoides), as herbivorous waterfowl, exhibit distinct energy partitioning strategies compared to broilers, favoring lean muscle deposition over adipose tissue under protein-restricted conditions (Liang et al., 2023).





AA content of tissue and feces

Met is the primary limiting AA crucial for young geese’ growth and development, thereby being pivotal in their overall growth (Wu, 2013) (Hofmann et al., 2019). explored the impact of Gly concentration (0.12%, 0.15%, 0.18%, and 0.21%) and protein levels (CP 16.3%, 14.7%, and 13.2%) on nitrogen metabolism and plasma metabolome changes in broilers. Their findings revealed that reducing CP from 16.3% to 14.7% restricted broiler growth, with nutrients other than Gly becoming limiting factors. While AA studies have been conducted on chickens (Coon and Balling, 1984; Porteous, 1980), limited research has been conducted on geese. Accordingly, we ascertained the impact of different protein levels and AA supplementation patterns during the early stage on later-stage goslings, examining AA contents in breast muscle, leg muscle, serum, liver, and feces. The significant increase in Cys content in the breast muscle of geese fed low-CP diets (Table 6) may be explained by adaptive metabolic responses to protein restriction. Under low-protein conditions, sulfur-containing amino acids such as Cys and Met are prioritized for protein synthesis and antioxidant defense systems (Wu, 2013). The supplementation of Cys in the LCP diets (LPM and LPA groups) likely enhanced its retention in muscle tissue, compensating for potential deficiencies caused by reduced dietary protein. Additionally, the downregulation of Cys catabolism enzymes (e.g., cystathionase) under low-protein conditions may further contribute to its accumulation in breast muscle.

Interestingly, AA content did not significantly differ in the leg muscle and serum among the varying protein levels and AA supplementation patterns. This lack of difference may be because the meat deposition process in the leg muscle is nearly complete, and serum, as a major AA transport site in the body, maintains consistent AA levels within a certain range. Upon transporting AA to the liver via the serum, the Ser content in the liver was notably higher in the pre-supplementation pattern of total AA. This may be attributed to the comprehensive AA profile of the whole AA group, facilitating Ser metabolism in the liver and synthesizing and utilizing related products. In contrast, Asp, Thr, Cys, and His contents were significantly higher in the LPD group, possibly because the low-protein group exhibited AA lower digestion, absorption, and utilization rates in comparison to the standard protein level group, resulting in excreting excess unused AAs in the feces. Further studies are required to comprehensively understand the variations in AA contents in tissues and feces. The addition of L-Cys in the PM diet was based on previous findings that Cys plays a vital role in sulfur metabolism and antioxidant defense in poultry (Wu, 2013). While DL-Met can serve as a precursor for Cys synthesis, our goal was to isolate the effects of direct Cys supplementation under low-protein conditions. However, we recognize that optimizing sulfur-containing amino acid supplementation (e.g., prioritizing DL-Met) could enhance dietary efficiency. Future studies will explore balancing Cys and DL-Met to maximize nutrient utilization.





Nutrient availability and nitrogen metabolism

Poultry primarily excretes nitrogen in compounds like urea, creatinine, and AA, with around 70% to 80% being uric acid (Orosz and Echols, 2020). Microorganisms convert these excreta into ammonia (Ferguson et al., 1998) (De Cesare et al., 2019). manifested that lowering the protein level in broiler production by 7%, coupled with adding Lys, Met, and Thr, was beneficial for minimizing protein feed usage and nitrogen pollutant emissions (Cappelaere et al., 2021). demonstrated that a 2.2%–2.3% reduction in broiler protein levels was achieved through AA supplementation (Lys, Met, Thr, Arg, Ile, Gly, and Trp), reduced nitrogen emissions, enhanced animal welfare and reduced reliance on plant protein-based diets (Lemme et al., 2019). revealed that supplementing Lys to low-protein broiler diets did not effectively reduce nitrogen emissions.

However (Donato et al., 2016), found that supplementing methionine + cysteine and threonine caused a significant decrease in environmental nitrogen excretion in broilers. Feeding geese diets with different protein levels and AA supplementation patterns in the early stage showed no significant impact on nutrient utilization-related metrics in the later stage but did affect nitrogen metabolism. Specifically, feeding varied protein levels in the early stage and significantly reduced nitrogen output in geese fed the same diet later, contributing positively to environmental protection. Despite no significant differences in nitrogen intake and deposition, different protein levels and AA supplementation patterns significantly improved the NU rate of goslings in the early stage, aiding in reducing environmental pollution during farming. The potential metabolic mechanism lies in the varied protein levels during the early stage, allowing for more effective regulation of nitrogen digestion, absorption, and utilization in the gosling intestines. This enhanced efficiency in NU persists even when geese are fed the same diet in the later period. In conclusion, adjusting protein levels and AA supplementation patterns during the early feeding period can enhance NU efficiency in goslings, reducing environmental pollution during breeding.

Although amino acid supplementation in geese diets is less common than in broilers, recent studies have demonstrated its feasibility. Liang et al. (2023) reported that amino acid supplementation in low-protein diets effectively maintained growth performance and reduced nitrogen excretion in goslings. Similarly, Xie et al. (2017) found positive effects in ducks. Our findings align with these results, showing that amino acid supplementation in low-protein diets reduced nitrogen excretion by 12% while maintaining growth performance (Table 11). Economically, reducing dietary protein from 18.55% to 15.55% with main AA supplementation could lower feed costs by 8–10% (based on soybean meal pricing trends in 2023). Concurrently, the 12.3% reduction in nitrogen excretion may reduce environmental management costs by mitigating ammonia emissions and eutrophication risks, enhancing the sustainability of goose production systems.

In summary, varying AA supplementation modes in the LPD during the early stage (1–28 days) had no notable impact on 63-day geese BW, slaughter performance, and meat quality. However, adopting an LPD in the early stage caused a significant reduction in nitrogen excretion and enhancement in NU. The observed growth potential of late-stage goslings may be owing to improved NU. Therefore, in the early stage, utilizing an LPD (15.55%) supplemented with critical AAs (Lys, Met, Thr, Trp, Arg, and Cys) is a viable approach for meat goslings. Significantly, this dietary strategy did not compromise the BW and meat quality of late-stage goslings.





Future research directions

Future studies should focus on supplementing only essential amino acids (e.g., Lys, Met, Thr) to improve cost-effectiveness while maintaining performance. This strategy aligns with practical feeding approaches in commercial poultry production and could enhance the economic feasibility of amino acid-supplemented low-protein diets.






Conclusion

In summary, varying AA supplementation modes in the LPD during the early stage (1-28 days) had no notable impact on the 63-day geese BW, slaughter performance, and meat quality. However, adopting an LPD in the early stage significantly reduced nitrogen excretion besides enhancing NU. This growth potential of late-stage goslings can be ascribed to enhanced NU. Therefore, in the early stage, utilizing an LPD (15.55%) supplemented with critical AAs (Lys, Met, Thr, Trp, Arg, and Cys) is a viable approach for meat goslings. Significantly, this dietary strategy did not compromise the late-stage goslings’ BW and meat quality.
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Ingredients, %
Corn 58.50 58.55 63.78 64.17
Soybean meal 29.77 29.82 21.44 22.03
Wheat bran 4.34 4.15 6.04 3.95
Rice hull 3.50 351 4.08 4.30
Limestone 0.80 0.78 0.78 0.75
CaHPO, 1.39 1.42 1.50 1.54
‘ Salt 0.30 0.30 0.30 0.30
Premix1 1.00 1.00 1.00 1.00
L-Methionine 0.19 0.19 0.22 0.22
Lysine 0.02 0.02 0.22 0.21
Arginine 0.00 0.00 0.25 0.24
Histidine 0.00 0.02 0.00 0.10
soleucine 0.00 0.01 0.00 0.15
Leucine 0.00 0.02 0.00 0.23
Cysteine 0.19 0.19 0.23 0.24
‘ Phenylalanine 0.00 0.00 0.00 0.15
Tryptophan 0.00 0.02 0.00 0.11
Threonine 0.00 0.00 012 0.12
Tryptophan 0.00 0.00 0.04 0.04
Valine 0.00 0.00 0.00 0.15
Total 100.00 100.00 100.00 100.00
Nutrient leve?, %
Metabolizable energy (MJ/kg) 11.20 11.20 11.20 11.20
Crude protein 18.55 18.55 15.55 15.55
Coarse fiber 4.94 4.94 4.94 4.94
Ca 0.83 0.83 0.83 0.83
Total P 0.71 0.71 0.71 0.71
Methionine 0.47 0.47 0.47 0.47
Lysine 0.98 0.98 0.98 0.98
Arginine 1.26 1.26 1.26 1.26
‘ Histidine 0.50 0.52 0.42 0.52
Isoleucine 0.77 0.78 0.63 0.78
Leucine 1.60 1.62 1.38 1.62
Cysteine 0.50 0.50 0.50 0.50
Phenylalanine 0.90 0.90 0.74 0.90
Tryptophan 0.63 0.65 0.53 0.65
‘ Threonine 0.70 0.70 0.70 0.70
Valine 0.86 0.86 0.71 0.86

PM (CP 18.55%+ main AA), PA (CP 18.55%+ all AA), LPM (CP 15.55%+ main AA), LPA

(CP 15.55%+ all AA)

'Provided per kg of premix diet: VA, 900, 000 IU; VD, 300, 000 IU; VE, 1800 IU; VK, 150 mg;
VBi/2/612, 90, 800, 320, and 1 mg; nicotinic, pantothenic, and folic acids, 4.5 g, 1100, and 65
mg; choline and biotin, 45 and 5 mg; Fe, Cu, Mn, Zn, I, and Se 6, 1, 9.5, and 9 g, 50 and 30

mg, respectively.
“Calculated values.
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Cooking Cooking
5 force 5 force
loss (%) value loss (%) value
(N) (N)
PM 17.33 78.89 6.09 4192 1456 6.88 16.35" 62.60 5.94 4248 1530 7.35
PA 18.76 77.45 6.40 45.00  16.05 8.13 19.58" 69.20 6.24 4337 1498 7.76
LPM 17.44 73.33 595 4147 | 14.62 201 16.68" 69.14 6.14 46.76 = 17.29 8.96
LPA 16.98 70.56 6.22 4220 1491 7.24 15.01° 68.85 6.17 41.10  14.60 7.41
Main effect
CP 18.55 18.04 78.17 6.24 4346 1531 L 17.96" 65.90 6.09 4292 | 15.14 7.56
Protein level
CP 15.55 17.21 71.95 6.08 41.83 1476 7.37 15.85% 68.99 6.16 4393 | 1595 8.18
Supplementary Main AA 17.39 76.11 6.02 41.69  14.59 7.20 16.52 65.87 6.04 44.60  16.30 8.16
patiern All AA 17.87 74.01 631 | 4360 1548  7.69 1730 69.02 621 | 4225 1478 | 758
Protein level 0.631 0.310 0476 | 0470  0.545  0.808 0.033 0.668 0632 | 0762 0543 0472
Supplement
P';ﬁ‘:;me“ D 0778 0.730 0200 | 0394 0330 | 0387 0412 0.662 0268 | 0479 0259 | 0512
P-value

Protein levelx
Supplementary 0.585 0.913 0.933 0.600 0507 | 0.186 0.015 0.633 0.367 0331 0369  0.266

pattern
|

'M (CP 18.55%+ main AA), PA (CP 18.55%+ all AA), LPM (CP 15.55%+ main AA), LPA (CP 15.55%+ all AA).






