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Abstract

Trypsin inhibitors are proteins found in plant-based foods, mainly legumes and cereals. They have traditionally
been described as anti-nutrients since their consumption leads to lower protein digestibility along with pancreat-
ic hypertrophy. Given the problems which can arise, there are various technologies used in food processing which
help reduce trypsin inhibitors to safe levels. It has also been described that trypsin inhibitors can be related with
beneficial effects for human health. The present review seeks to evaluate the evidence about trypsin inhibitors’

health benefits in both in vitro and in vivo studies.
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1. Introduction

Antinutritional factor or antinutrients are compounds present
within foods, which can decrease efficiency of proteins and miner-
als from human diet, generally plant-based (Elizalde et al., 2009).
Many of these compounds are the result of plants’ defense mecha-
nisms against their surrounding environment (Lopez-Moreno et al.,
2022). Legumes can contain lectins related with altered intestinal
functions, phytates which in some cases can inhibit iron absorp-
tion, and oxalates which can inhibit calcium absorption (Petroski
and Minich, 2020). Other antinutrients, such as tannins in grapes
and green tea, can inhibit digestive enzymes and eventually inhibit
iron absorption, and goitrogenic substances present in broccoli, cab-
bage, cauliflower, and sprouts can cause hypothyroidism in specific
situations (Manzoor et al., 2021). Because of this, anti-nutrients are
traditionally considered to be compounds which are harmful for hu-
man health (Lépez-Moreno et al., 2022), leading some people to opt
for decreasing their plant-based food intake (Petroski and Minich,
2020). However, it has been reported that at low concentrations,
some of them can have positive health benefits (Thakur et al., 2019).
In this regard, Lopez-Moreno et al. (2022) mentioned anti-tumor ef-
fects, anti-diabetic effects from lectins, antioxidant effects, anti-cho-
lesterolemic effects, and antidiabetic effects from phytates. Das et

al. (2022) also mention that lectins have antioxidant and anti-tumor
properties, and can modulate blood sugar levels.

Protease inhibitors are another group of anti-nutrients. Within this
group, the most reported are the trypsin inhibitors, mainly present in
legumes and cereals (Sarwar Gilani et al., 2012). Trypsin inhibitors
can inhibit the activity of the pancreatic enzyme trypsin, leading to
reduced protein digestion and absorption via the formation of non-
digestible compounds (Avilés-Gaxiola et al., 2018). As with other
anti-nutrients, there is evidence showing beneficial effects, such as
the anti-cancer properties of protease inhibitors (Das et al., 2022).
However, there is still a lack of clarity about trypsin inhibitors’ role
as an anti-nutrient or as a bioactive compound. The purpose of this
review is thus to give an overall perspective on trypsin inhibitors,
ranging from the contents, inhibitor types present in foods, and the
technologies available to decrease them during food processing up
to the scientific evidence related to in vitro and in vivo studies which
help with understanding their toxic or beneficial effects in humans.

2. Trypsin inhibitors in food

Trypsin inhibitors are a group of protease inhibitors which are pre-
sent in plant-based foods, such as legumes, cereals, and some other
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vegetables (Sarwar Gilani et al., 2012). They drew significant at-
tention during the 1970s and 1980s due to their interference with
growth and digestion in animals (Sharma, 2021). They are charac-
terized by reducing the biological activities of proteolytic enzymes
such as trypsin and chymotrypsin, interfering with protein diges-
tion and causing pancreatic disorders (Li et al., 2017).

Both trypsin and protease inhibitors are joined to their sub-
strates via different mechanisms to form complexes (Oliveira de
Lima et al., 2019). These can act through competitive inhibition,
competitive inhibition assisted by exocytosis joining with a sec-
ondary site different from the active protease site, and also through
irreversible inhibition where protease catalyzes the activation of its
respective inhibitor (Jmel et al., 2021).

Protease inhibitors in plants intervene in protecting vegetable
tissue from elicitors (viruses, bacteria, and fungi) and predators
(animals) (Velisek, 2014). Trypsin inhibitors’ content is highly var-
ied in foods. Soy has the highest concentration, ranging between
8.6 and 48.2 mg/g of sample or 20.3 to 122.6 mg/g of protein
(Sharma, 2021). Avilés-Gaxiola et al. (2018) shows trypsin inhib-
iting activity in various foods, where we can note that the lowest
trypsin inhibiting activity is from black beans while the highest is
with soy. It is also apparent that the inhibiting activity can vary
by different food variety. For example, sweet lupines had greater
inhibiting activity than bitter lupines (Embaby, 2010).

3. Trypsin inhibitor types

Trypsin inhibitors’ activity is mainly attributed to two polypep-
tides: the Kunitz trypsin inhibitor and the Bowman-Birk inhibitor
(Kumar et al., 2018).

3.1. Kunitz-type inhibitors

Kunitz-type inhibitors were the first protease inhibitor to be isolat-
ed and characterized (Savage and Morrison, 2003). They are char-
acterized by having molecular weights between 18 and 22 kDa,
a primary structure composed of 181 amino acid residues with 2
disulfide bridges stabilized by four cysteine residues which, upon
breaking, cause a loss of inhibiting activity (Oliveira de Lima et
al., 2019). The joining points, where the inhibitor interacts with
the trypsin, are the residues of arginine amino acids where an in-
hibitor molecule interacts with a trypsin molecule (Velisek, 2014),
which occurs because of a competitive inhibition mechanism re-
sulting in hydrolysis of the peptide links between the residues of
the reactive site of the inhibitor or substrate (Savage and Morrison,
2003). Likewise, it has been described that the Kunitz-type trypsin
inhibitor from Erythrina caffra seeds can bind and inhibit tissue
plasminogen activator (Onesti et al., 1991).

Kunitz-type inhibitors are primarily responsible for the total
inhibiting activity of trypsin, and are considered damaging to hu-
man health. However, given the presence of only two disulfide
links, they are thermolabile, so that thermal treatment can reduce
their activity (Kumar et al., 2018). This group mainly contains soy
trypsin inhibitors, which are the ones related with the damaging
health effects of soy on human health (Kumar et al., 2019).

Kunitz inhibitors are generally proteins which plants use as a
defense mechanism due to their various activities, including an-
tibacterial and antifungal properties. They also act as a defense
against predatory insects. However, it has also been reported that
they act against inflammation, coagulation, thrombosis, and cancer
(Bonturi et al., 2022).

3.2. Bowman-Birk type inhibitors

Bowman-Birk type inhibitors have a relative molecular weight of
around 6-10 kDa, a greater number of disulfide bridges (Velisek,
2014), and show specificity sites of inhibition, one at Lys 16-Ser
17 against trypsin and the other at Leu 43-Ser 44 against chymo-
trypsin (Birk, 1985). The presence of 7 disulfide bridges makes
them more heat-resistant than Kunitz-type inhibitors (Guerrero-
Beltran et al., 2009), as well as being proteolysis resistant and non-
toxic. They are reportedly beneficial in treating various pathologi-
cal states (Gitlin-Domagalska et al., 2020).

They are found in various species of monocotyledonous grass
family including wheat (7riticum aestivum), rice (Oryza sativa)
and barley (Hordeum vulgare), and among legumes such as soy
(Glycine max), garbanzos (Cicer arietinum), common beans (Pha-
seolus vulgaris), lentils (Lens culinaris) and peas (Pisum sativum)
(Clemente et al., 2011).

4. Reduction techniques in food

Given that consuming foods with trypsin inhibitors can interfere with
protein digestibility (Vagadia et al., 2017), there is a wide range of
methods and technologies available for their reduction. Physical pro-
cesses described include heat treatment, extrusion, ultrasound, high
hydrostatic pressure, soaking, gamma radiation and ultrafiltration,
chemical processes such as using acids and bases, reducing agents
and the use of functionalized copolymers, and biological processes
such as germination and fermentation (Avilés-Gaxiola et al., 2018).

Table 1 shows the use of various technologies to reduce trypsin
inhibitors in legumes. Other technologies have been described as
well, including dielectric barrier plasma discharge which can re-
duce trypsin inhibitors by 86.1% in a soy drink exposed to 51.4
W for 21 min (Li et al., 2017). However, using microwaves and
boiling processes with specific parameters can cut trypsin inhibi-
tors by up to 100%.

5. Trypsin inhibitors anti-nutrients or compounds with benefi-
cial properties

Constant consumption of food with high trypsin inhibitor contents
can lead to excessive digestive enzyme secretion and pancreatic
hypertrophy, along with decreased or delayed growth (Savage and
Morrison, 2003). Since trypsin is rich in sulfurous amino acids, a
large amount of them is needed for greater trypsin synthesis, dete-
riorating other metabolisms which require sulfurous amino acids
and leading to weight loss (Das et al., 2022). /n vivo studies mostly
done on rats showed lower protein digestibility, along with pancre-
atic pathologies or lower growth; these appear in Table 2.

Despite the aforementioned effects, depending on trypsin in-
hibitors’ application beneficial effects can occur. Trypsin inhibitors
have been described as being used in obesity treatments due to
their action on satiation-relate mechanisms (Oliveira de Lima et
al., 2019). Gitlin-Domagalska et al. (2020) mention that Bowman-
Birk inhibitors have immunomodulating activities, along with
anti-inflammatory and chemopreventive properties. According to
Clemente et al. (2011) these can reach the large intestine in an ac-
tive form, as they can resist acidic conditions such as proteolytic
enzymes’ action. Table 3 shows different studies using cell cul-
tures, animals and humans describing possible anti-inflammatory
and anti-cancer activities from purified trypsin inhibitors.
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6. Conclusions

Trypsin inhibitors’ presence in foods raises concern among con-
sumers due to their well-known anti-nutritional effects, shown via
in vivo studies with rats. However, the existence of a wide range
of technologies with adequate parameters for its decrease could
ensure the harmless consumption of foods with trypsin inhibi-
tors, both domestically and industrially. There is also evidence
to consider trypsin inhibitors as bioactive compounds, following
studies on cell cultures and animal models, and highlighting the
anti-cancer effects (with a particular emphasis on Kunitz-type
inhibitors). Despite trypsin inhibitors’ potential importance for
consumer health, there are apparently no reports on toxicologi-
cal parameter such as NOAEL or LOAEL. One potential starting
point would be to standardize methodologies for trypsin inhibi-
tor measurements in food and establishing toxicological param-
eters for frequently consumed foods and products which can
cause problems among high-risk populations like children and
the elderly. While evidence shows the potential role of trypsin
inhibitors as an anti-nutrient or a bioactive compound, we cannot
conclude on a specific effect (whether toxic or beneficial) among
humans related with the trypsin inhibitors present in foods. The
effect considered depends on the doses used in the studies, and
the use of inhibitors which are purified or contained in a food ma-
trix. The concentrations needed to achieve one effect or another
still remain to be seen.
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