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This study demonstrates that supplementing the diet of perinatal Hu ewes with 200 g/d of whole cottonseed (WCS) significantly enhances lactation performance, improves the antioxidant status of the ewes, and promotes the growth of their lambs. The research, involving 44 ewes, revealed that WCS supplementation led to a significant increase in milk protein percentage by day 21 of lactation, alongside positive linear trends in milk solids-not-fat and ash content. This improvement in milk quality directly translated to enhanced lamb performance, with lambs from WCS-fed ewes exhibiting significantly higher body weights at 14 and 28 days of age and a greater average daily gain over the first month of life. Critically, WCS contributed to a marked improvement in the health status of the ewes by dramatically boosting their plasma antioxidant capacity. Key antioxidant enzymes, including catalase (CAT), superoxide dismutase (SOD), and glutathione peroxidase (GSH-Px), as well as total antioxidant capacity (T-AOC), were all significantly elevated in the treatment group, while malondialdehyde (MDA), a marker of oxidative stress, showed a decreasing trend. Metabolomics analysis of milk and plasma provided deep insights into the underlying mechanisms. WCS induced significant changes in the metabolome, with lipids and lipid-like molecules being the most prominently altered. In milk, the purine metabolism pathway was most significantly enriched, suggesting a role in nucleic acid and energy metabolism that supports milk synthesis. In plasma, the sphingolipid signaling pathway emerged as the key differential pathway, with metabolites like sphingosine and sphingosine-1-phosphate playing a central role in regulating inflammation and oxidative stress. Correlation analyses further highlighted the importance of specific polyunsaturated phospholipids (PCs and PEs), which showed strong positive correlations with the enhanced antioxidant indices and negative correlations with urea nitrogen, indicating improved nitrogen utilization and reduced metabolic stress. In conclusion, whole cottonseed acts as a valuable feed resource that optimizes lipid metabolism, bolsters the antioxidant defense system, and improves milk composition in ewes, ultimately leading to healthier, faster-growing lambs. This research provides a strong scientific basis for strategically using WCS, a by-product of the cotton industry, to improve the sustainability and productivity of intensive sheep production systems.
