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Introduction

The stability of essential nutrients within food matrices is a critical factor influenc-
ing their nutritional value and overall quality. pH, a fundamental chemical param-
eter, plays a pivotal role in these degradation processes, affecting a wide array of
vitamins, minerals, proteins, and pigments. Understanding these pH-dependent
changes is paramount for optimizing food processing, storage, and fortification
strategies to ensure the delivery of safe and nutritious food products to consumers.
The complex interplay between pH and nutrient stability has been the subject of
extensive research across various food systems. For instance, the degradation ki-
netics of ascorbic acid (vitamin C) in fruit juices have been thoroughly investigated,
revealing significant loss under extreme pH conditions, both acidic and alkaline,
attributed to mechanisms like hydrolysis and oxidation [1]. Similarly, the stability of
vitamin B1 (thiamine) in fortified cereals is markedly influenced by pH, with neutral
conditions favoring stability and acidic environments accelerating degradation [2].
Folate, another crucial B vitamin, also exhibits susceptibility to pH-mediated degra-
dation, with accelerated loss observed at both highly acidic and alkaline pH values,
though other food components can modulate this effect [3]. Carotenoids, important
antioxidants and pigments, demonstrate varying stability profiles across different
pH levels, with neutral to slightly acidic conditions generally promoting their reten-
tion, while alkaline environments can lead to isomerization and degradation [4].
The structural integrity and functional properties of proteins are also significantly
impacted by pH, with optimal stability often observed near their isoelectric point
and substantial denaturation occurring at extreme pH values [5]. Vitamin D, vital
for bone health, has been shown to be susceptible to degradation, particularly in
acidic environments, through processes like isomerization and oxidation, under-
scoring the need for pH control in fortified beverages [6]. The bioavailability of
essential minerals, such as iron, is also pH-sensitive, with interactions between
iron and components like phytic acid being modulated by pH, affecting absorption
from plant-based foods [7]. Vitamin E (tocopherols), a key fat-soluble antioxidant,
exhibits greater stability in neutral and slightly acidic conditions, becoming prone
to oxidation and degradation in alkaline environments, a critical consideration for
edible oils [8]. Anthocyanins, natural pigments found in fruits and vegetables, are
highly pH-dependent, with optimal stability and color retention occurring in acidic
conditions, transitioning to degradation and color changes at neutral and alkaline
pH [9]. Finally, vitamin K1 (phylloquinone) in leafy green vegetables is found to
be more stable in neutral to slightly acidic conditions, with alkaline environments
accelerating its degradation during processing [10].

Description

The intricate relationship between pH and the stability of diverse food components
has been a focal point of scientific inquiry, yielding valuable insights for food sci-

ence and technology. Ascorbic acid (vitamin C) exhibits notable susceptibility to
pH-induced degradation, with studies demonstrating that both highly acidic and al-
kaline environments lead to significant losses throughmechanisms such as hydrol-
ysis and oxidation [1]. This understanding is crucial for maintaining the nutritional
quality of fruit juices and other vitamin C-rich products. Vitamin B1 (thiamine) in
fortified cereals showcases a distinct pH-dependent stability profile, performing
best at neutral pH and undergoing accelerated degradation in acidic conditions,
with alkaline environments also posing a risk [2]. This highlights the importance
of pH control during fortification and storage. Folate’s susceptibility to degrada-
tion is significantly influenced by pH, with accelerated loss observed in both highly
acidic and alkaline conditions; furthermore, the presence of other food components
can modulate these effects, indicating a complex interplay within food systems [3].
Carotenoids, recognized for their antioxidant and coloring properties, display en-
hanced stability in neutral to slightly acidic conditions, whereas alkaline environ-
ments promote their isomerization and degradation, impacting both visual appeal
and nutritional benefits [4]. The structural integrity and functional properties of
proteins are profoundly affected by pH, with maximal stability typically observed
near their isoelectric point. Extreme pH values, both acidic and alkaline, induce
denaturation and aggregation, which are critical considerations in food processing
operations such as fermentation and baking [5]. Vitamin D, an essential nutrient
for bone health, is vulnerable to degradation, especially in acidic environments,
through processes like isomerization and oxidation, emphasizing the need for pH
management in functional beverages to preserve its integrity [6]. The bioavailabil-
ity of iron from plant-based foodmatrices is a pH-sensitive phenomenon, where the
interaction between iron and components like phytic acid is significantly influenced
by pH, impacting iron absorption and informing strategies for iron-fortified foods
[7]. Vitamin E (tocopherols), potent fat-soluble antioxidants, are relatively stable in
neutral and slightly acidic pH ranges but are prone to oxidation and degradation
in alkaline environments, particularly when combined with elevated temperatures,
a key factor in the formulation and storage of lipid-based food products [8]. Antho-
cyanins, natural pigments responsible for the vibrant colors in many fruits and veg-
etables, exhibit a strong pH-dependent stability. They are most stable and retain
their characteristic colors in acidic conditions, while transitioning to degradation
and altered hues in neutral and alkaline environments [9]. Vitamin K1 (phylloqui-
none), found in leafy green vegetables, demonstrates greater stability in neutral
to slightly acidic conditions. Exposure to alkaline environments, especially when
coupled with heat, accelerates its degradation, thereby diminishing its nutritional
contribution during food processing [10].

Conclusion

This compilation of research highlights the significant impact of pH on the stability
of various essential food nutrients. Extreme pH conditions, both acidic and alka-
line, generally lead to increased degradation of vitamins such as ascorbic acid,

Page 1 of 2



Hassan F. J Exp Food Chem , Volume 11:3, 2025

thiamine, folate, vitamin D, vitamin E, and vitamin K1. Carotenoids and antho-
cyanins also show reduced stability and altered properties at non-acidic pH levels.
Proteins are most stable near their isoelectric point, with denaturation occurring at
extreme pH. Furthermore, pH influences mineral bioavailability, as seen with iron
absorption. Understanding these pH-dependent mechanisms is crucial for opti-
mizing food processing, fortification, and storage to preserve nutritional value and
product quality.
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