Highlights
Substituting refined flour with ancient wheats (0-100%) enhanced protein, fiber, minerals, and phenolics in bread
Einkorn showed the highest soluble fiber and methionine; spelt showed the highest insoluble fiber and phenolics
[bookmark: _GoBack]High substitution levels reduced bread volume and increased hardness; 25% einkorn matched control volume
Sensory scores ranked einkorn highest (6.80), followed by purple wheat (6.09) and spelt (5.27)
Optimal substitution range of 25-50% balances nutritional gains with technological and sensory quality
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