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Abstract:

In recent years, due to the continuous growth of the global
population, especially in developing regions where dietary
habits are changing, and the general shift towards higher
protein intake, the demand for meat products has been
steadily increasing. However, traditional animal husbandry
remains the main source of global meat supply and has
led to increasingly prominent environmental issues. These
issues include significant greenhouse gas emissions, which
are the main cause of global climate change. In the urgent
context, alternative proteins such as plant-based proteins
from soybeans, peas, and other crops, fungal proteins, and
insect proteins from crickets and whiteflies have gradually
become important ways to alleviate resource pressure. Due
to their favorable environmental characteristics, including
a smaller carbon footprint and lower resource consumption
compared to traditional animal husbandry, these alternative
proteins have attracted increasing attention from academia
and industry in recent years, and have shown enormous
market growth potential. This article provides a systematic
review of key literature on alternative proteins published
both domestically and internationally over the past decade.
It focuses on comparing the essential differences between
alternative and traditional animal proteins in three aspects:
nutritional composition (such as amino acid profile and
micronutrient content), bioavailability (i.e. the efficiency
of nutrient absorption by the human body), and consumer
perception (such as acceptance levels and existing
misunderstandings). In addition, this article also analyzes
relevant strategies for improving alternative proteins in
the future, such as gene editing technology, amino acid
complementarity, and biotechnology.
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1. Introduction

Driven by global population growth and dietary upgrades,
the increasing demand for meat poses severe environmen-
tal challenges to traditional animal protein production:
about one-third of the world‘s land is used for animal
husbandry, but the greenhouse gas emissions generated
by animal husbandry account for 14.5% of anthropogenic
greenhouse gas emissions and consume 60% of the bio-
mass harvested globally [1]. Therefore, the issue of sus-
tainable development has become increasingly important.
Under such environmental conditions, alternative proteins
with high resource efficiency and low carbon emissions
(AP, including plant, insect, and fungal proteins) have
become the key to sustainable food systems. However,
the core controversy surrounding alternative proteins still
exists: animal protein, as a long-term staple of compre-
hensive amino acids, has high bioavailability and nutri-
ents such as vitamin B12. Currently, due to the nutritional
deficiencies of alternative proteins, they do not have the
ability to compete with animal protein in the market in a
short period of time.

Therefore, this paper aims to screen high-quality research
over the past 10 years by comparing plants (soybeans,
peas), insects (yellow mealworms, crickets), fungal pro-
teins and animal proteins (beef); And systematically eval-
uate the nutritional equivalence of alternative proteins and
animal proteins using thematic induction method, in order
to clarify the advantages and disadvantages of alternative
proteins at present. At the same time, provide theoretical
support for the reinforcement and processing optimization
of alternative proteins to enhance nutrition through the
study of relevant technical articles.

2. Comparison of Nutritional Compo-
nents

2.1 Protein Content

Different types of animal proteins and substitute proteins
have differences in protein content, and animal proteins
are generally higher.

Among them, the protein density of processed animal
proteins is particularly prominent, such as whey protein
(dairy derived) with a content of up to 80g/100g, which
is currently the source of animal protein with high protein
content; And the common whole meat animal protein in
daily life, such as beef with a content of 26-28g/100g and
chicken breast meat with a content of about 23-25g/100g,
belongs to the above average level [2]. Among alternative
proteins, insect protein performs the most outstandingly.
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Taking mealworms as an example, their protein content
can reach 60-65g/100g , which is significantly higher
than that of whole meat animal proteins such as beef and
chicken breast; Fungal proteins (e.g., mycelial protein)
range from 30 to 40 g/100 g [3].In plant protein, soybean
protein has a relatively high content, about 40-41g/100g,
which is also higher than beef [4]. However, other plant
substitute proteins such as pea protein and oat protein gen-
erally have lower content than insect protein and soybean
protein mentioned above.

Overall, in terms of protein content, processed animal
proteins such as whey protein, insect proteins such as
mealworms, and soy protein are currently the categories
with higher protein density, each with its own advantag-
es. However, most common plant substitute proteins and
whole meat animal proteins are relatively low.

2.2 Essential Amino Acid Composition

In terms of protein richness, animal proteins generally
have a relatively complete amino acid composition. Ani-
mal protein generally contains all essential amino acids,
which meet the nutritional needs of the human body. The
protein digestibility corrected amino acid score (PDCAAS)
of beef is 1.00, which is the highest among all digestibili-
ty rates [5]. In contrast, alternative proteins generally lack
specific essential amino acids. As for soy protein, due to
its low methionine content, the PDCAAS of soy protein is
only 0.85. The PDCAAS of insect protein is generally the
lowest among alternative proteins, while the protein score
of crickets is only 0.65. These ratings reflect the current
differences in protein richness between alternative pro-
teins and animal proteins [6].

3. Biological Utilization and Digestive
Mechanisms

3.1 Mineral Absorption Efficiency

In the comparison of mineral utilization efficiency be-
tween animal protein and substitute protein, minerals such
as iron and zinc in animal protein have relatively high
bioavailability. In plant proteins, mineral absorption is in-
hibited due to the constraints of some anti nutritional fac-
tors such as phytic acid and oxalic acid; For example, the
RBYV of iron in soybeans is only 5-10% [7]. In contrast,
the absorption efficiency of animal protein has not been
affected. For example, the relative bioavailability (RBV)
of iron in beef is about 20% -30%, and the mineral utiliza-
tion rate of animal protein is significantly higher than that
of substitute protein [8].
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3.2 Effects of Anti-Nutritional Factors

In the practical application of alternative proteins, anti-nu-
tritional factors are a key issue that limits their nutritional
efficiency, especially in plant and insect proteins. They
directly reduce the body*s absorption of these proteins and
nutrients, which is a major disadvantage compared to an-
imal proteins. For plant proteins, phytic acid and protease
inhibitors can cause significant harm. Phytic acid, which
is common in plant seeds, binds to minerals such as zinc,
iron and calcium to form insoluble phytic acid complex-
es. These cannot be broken down by digestive enzymes,
hindering mineral absorption and wasting nutrients. At the
same time, protease inhibitors bind to digestive enzymes,
inactivating them, slowing protein digestion, and even
causing bloating [9]. In insect proteins, despite being rich
in nutrients, chitin still poses a digestive challenge. As
part of the insect exoskeleton, chitin has benefits but can-
not be broken down by human chitinase. Excessive un-
processed insect protein can lead to chitin accumulation in
the intestines, blocking the access of nutritional enzymes
and causing discomfort [10]. Due to the influence of these
anti-nutritional factors, the nutrient absorption rate of al-
ternative proteins is not as ideal as that of animal proteins.

4. Consumer Perception Differences

4.1 Influence of Cultural Backgrounds

The acceptance of alternative protein sources by consum-
ers varies depending on the cultural background of the
region. In Western culture, insects do not appear as food,
and consumers generally have a low acceptance of insect
protein. According to relevant surveys, only 20% of con-
sumers are willing to try insect protein [11]. In contrast,
for the Asian region dominated by Southeast Asia, insects
are a traditional part of the diet, and people are general-
ly more accepting of insect protein, with nearly 50% of
the respondents willing to try insect protein [12]. This
significant difference mainly comes from the traditional
cognitive status of alternative proteins in culture and the
differences in dietary habits in different regions.

4.2 Factors of Age and Income

The age and income of consumers can also affect their
perception of alternative proteins. From an age perspec-
tive, compared to the elderly population, teenagers have
a higher acceptance of new technologies and innovations,
with a high acceptance rate of 58% among young people
in relevant surveys. In contrast, due to the influence of
traditional dietary concepts, the acceptance rate of alter-
native proteins among middle-aged and elderly people is

relatively lower, only 32% [13].

For the impact on income, high-income individuals priori-
tize health and sustainability in their protein intake, there-
fore they have a higher acceptance of alternative protein
products. Due to price constraints, the relatively high cost
of alternative protein products greatly limits the purchas-
ing willingness of low-income groups [14].

5. Nutrient Fortification Methods

5.1 Amino Acid Complementation

In the nutritional comparison between substitute proteins
and animal proteins, an imbalance in amino acid composi-
tion is a common shortcoming. Most single substitute pro-
teins (such as soy protein lacking methionine and quinoa
protein with low lysine content) suffer from insufficient
content of specific essential amino acids, which direct-
ly results in low protein bioavailability and difficulty in
meeting the human body‘s demand for high-quality pro-
tein. Therefore, achieving amino acid complementarity by
combining different alternative proteins is an efficient and
low-cost strategy to address this deficiency.

Amino acid complementarity allows the mixed protein
system to cover all essential amino acids, and the ratio of
each amino acid is closer to human needs, thereby signifi-
cantly improving the nutritional richness and quality of
proteins, making them comparable to animal proteins. For
example, when soy protein and quinoa protein are mixed
in a ratio of 3:1, the abundant lysine in soy protein can
compensate for the deficiency of quinoa protein, while the
sufficient methionine in quinoa protein can supplement
the shortcomings of soy protein. Under the synergistic ef-
fect of the two, the protein digestion rate corrected amino
acid score(PDCAAS), an internationally recognized pro-
tein nutrition evaluation index) of the mixed protein can
be improved to 0.95- this score is close to the full score of
PDCAAS (1.0), which means that the mixed protein not
only has a balanced amino acid composition, but also has
a high digestion and absorption rate, and its nutritional
quality has reached the level of high-quality animal pro-
tein [15]. This nutritional optimization method based on
»combination complementarity* has strong application
feasibility in the food industry, providing a practical and
feasible path for the nutritional upgrade of alternative pro-
teins.

5.2 Processing Optimization

The nutritional limitations of alternative proteins are also
reflected in their bioavailability. Due to the presence of
anti nutritional factors in some substitute proteins, the nu-



tritional and mineral bioavailability of substitute proteins
has also been affected to some extent. There are currently
a series of processing strategies to compensate for the
functional gap between them and animal proteins. For
example, the techniques of squeezing and fermentation
can effectively reduce anti nutritional factors and improve
nutrient utilization efficiency. The literature shows that by
adopting extrusion treatment, the phytic acid content in
plant protein can be effectively reduced by 40-60%, which
can greatly improve the absorption efficiency of iron [16].
The application of simultaneous fermentation technology
not only degrades anti nutritional factors, but also produc-
es beneficial metabolites.

5.3 Bioengineering

In biotechnology, gene editing technology provides a
precise solution to the nutritional deficiency problem of
protein substitution for animal proteins. Gene editing
technology targets genes involved in nutrient synthesis or
absorption through targeted modification. For example,
in most plant and microbial proteins, the naturally scarce
nutrient B12 is upregulated through CRISPR mediated
genetic engineering to specifically upregulate the expres-
sion of genes related to vitamin B12 biosynthesis in yeast
proteins, thereby significantly increasing their vitamin
B12 content. Similarly, in plant-based alternative proteins,
scientists can introduce or overexpress genes encoding
iron transporters (such as ferritin related genes) in crops
such as soybeans or peas; This modification not only ef-
fectively increases the total iron content of plant proteins
themselves, but also enhances the bioavailability of iron,
solving the problem of low absorption and utilization of
iron in plant proteins by the human body [17]. These ap-
plications greatly bridge the nutritional gap between alter-
native proteins and animal proteins.

6. Conclusion

This study systematically compares alternative proteins
and animal proteins across three dimensions: nutritional
composition, bioavailability, and consumer cognition,
revealing that while alternative proteins still lag signifi-
cantly behind animal proteins in nutritional content and
bioavailability, they hold unique advantages in advancing
environmental sustainability—with technologies like ge-
netic engineering poised to narrow this gap in the future;
regarding consumer attitudes, cultural differences lead
to varied perceptions, such as East Asians showing nota-
bly higher acceptance of insects as a protein source than
Europeans. However, the research has limitations due to
current constraints in alternative protein studies: although
literature confirms the feasibility of using alternative pro-
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teins for nutritional enhancement, high costs hinder their
large-scale application, technological limitations leave no
mature methods to address their nutritional deficiencies
(requiring more experimental data to verify the stability of
their nutritional value), and inherent consumer stereotypes
about alternative proteins remain hard to change quickly.
For the future development of alternative proteins, the top
priority is to optimize their nutritional enhancement tech-
nologies to reduce production costs and complexity, while
also improving their in-vivo digestibility and nutritional
composition; additionally, efforts should be made to boost
consumer acceptance and revise existing marketing strate-
gies to drive broader adoption.
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