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Abstract
The growing incidence of metabolic disorders such as diabetes and obesity has become a global health
concern, necessitating the exploration of dietary interventions with functional and therapeutic benefits.
Among these, microgreens have gained significant attention for their rich phytochemical composition
and antioxidant properties. Additionally, iron and zinc are critical micronutrients that play a vital role
in maintaining metabolic health and mitigating oxidative stress. This study aimed to evaluate the
combined therapeutic potential of microgreens and iron and zinc fortification in modulating oxidative
stress and metabolic dysfunction in streptozotocin-nicotinamide (STZ-NA)-induced diabetic models.

The research was conducted in three phases. The first phase involved a comprehensive evaluation of the
selected microgreens, including cereal grasses (wheat, barley, sorghum), brown and green seaweeds
(Sargassum fusiforme, Ulva lactuca), and leafy vegetables (taro Colocasia esculenta L. and kenaf
Hibiscus cannabinus L.). These plant sources were analyzed for their proximate composition,
phytochemical profile, and in vitro antioxidant properties. The findings revealed a high concentration
of bioactive compounds, including phenolics, flavonoids, and carotenoids, contributing to their strong
antioxidant activity. Additionally, iron and zinc fortification was integrated into value added products
to enhance their micronutrient density. The fortified samples demonstrated improved bioavailability
and synergistic effects in antioxidant potential, making them promising candidates for therapeutic
applications.

In the second phase, in vivo experiments were conducted using male Wistar rats, divided into
obesogenic (high-fat diet-induced) and diabetogenic (NA-STZ-induced) groups. Over a nine-week
period, dietary supplementation with microgreens and fortified formulations was administered, and its
impact on serum and hepatic biomarkers was assessed. The results indicated a significant reduction in
hyperglycemia, dyslipidemia, and oxidative stress markers in the treated groups. The most pronounced
effects were observed in groups supplemented with S. fusiforme and U. lactuca combined with iron and
zinc fortification.
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Notably, these interventions enhanced insulin sensitivity, reduced hepatic lipid accumulation, and improved
antioxidant enzyme activity. Histopathological examinations further confirmed the protective role of
microgreens and mineral fortification, demonstrating tissue restoration and reduced inflammation in pancreatic
and hepatic cells.

The final phase focused on the development of functional food products by incorporating microgreens and
fortified ingredients. Various formulations, including fortified biscuits, energy bars, and mixes, were designed to
provide enhanced nutritional and antioxidative benefits. Sensory evaluations indicated high acceptability, with
formulations enriched with microgreens and fortified with iron and zinc exhibiting improved taste, texture, and
shelf stability. Physicochemical assessments revealed increased protein, fibre, and micronutrient content, making
these products suitable for long-term dietary inclusion. In conclusion, this study underscores the potential of
microgreens and iron and zinc fortification as natural, functional interventions for managing diabetes and
oxidative stress. Their combined impact on metabolic health highlights their role as promising nutraceuticals in
addressing chronic diseases through sustainable dietary solutions.
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