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Abstract

Vegetarianism is becoming a common practice among people. Products of vegetable origin
are also on the rise, such as vegetable “milk” and legume-based snacks, which may lead to
legume sensitivity and allergies in vegetarian diet followers. Furthermore, products derived
from legumes, such as lupin flour or fenugreek powder, are often used as food additives. They
function as hidden allergens, not always evident on the precautionary labeling, favoring aller-
gic reactions. As dietary allergen restriction is the fundamental pillar in managing patients
with food allergies, this review aims to reflect on practical aspects—diagnosis and nutritional
management—in managing legume allergies in vegetarians, aiming to reduce the negative
nutritional impact of an even more restrictive diet.

© 2022 Codon Publications. Published by Codon Publications.

America,? have been endorsing well-planned and carefully
monitored vegetarian diets.

A vegetarian diet is defined as one that does not include
any type of meat, fish, mollusks, or crustaceans. Dairy
products, eggs, and honey may or may not be included

Introduction

For many years, vegetarian food was considered as an
unsafe alternative that could generate health risks.
Currently, nutrition societies in various countries and

expert groups, such as the European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition (ESPGHAN),'
and the Academy of Nutrition and Dietetics (AND), in

in this type of diet.? Lacto-ovo vegetarians have a plant-
based diet but sometimes consume dairy products, eggs,
and honey—foods that help supplement their nutritional
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needs. On the other hand, a strict vegetarian diet consists
of plants as the only food source, which imposes a greater
need for dietetic planning and monitoring.*

Over the years, allergic reactions to food and rates
of hospitalization due to food-related anaphylaxis have
increased.>® Among the leading foods commonly related
to food allergy, some are from the plant kingdom. Peanuts
and soybeans are the legumes commonly implicated in food
allergies.> Manifestations of legume allergies are likely to
increase because plant-based diets are increasing, and pre-
packaged products and vegetable drinks’ based on these
protein sources are commonly available.

Studies have been conducted on manifestations of
hypersensitivity to other legumes such as lentils, peas,
lupin, and chickpeas.®? A recent review showed that,
despite most of these studies being European, the number
of North American publications has increased in the last
decade." Lupin, for example, is considered a food source
with mandatory label declaration in Europe and as an
emerging food allergen in the United States." IgE-mediated
manifestations (i.e., anaphylaxis), and non-IgE-mediated,
usually Food Protein-Induced Enterocolitis Syndrome
(FPIES) by soy,'® are the most common hypersensitivity
reactions when it comes to legumes.

The veganism and food allergy binomial raise greater
concerns on the adequate intake of macro- and micronu-
trients. As legumes are significant bases of the vegetarian
diet, this article aims to address the aspects related to the
nutritional management of strict vegetarian patients with
manifestations of immediate hypersensitivity to legumes.

Legume Allergies—Diagnosis

The legume family (Leguminosae) consists of plants that
produce a pod with seeds inside."” In this article, the term
“legumes” is used to describe the seeds of these plants,
basically the dried seeds of beans, chickpeas, lentils, lupini
beans, peas, soybeans, and peanuts. The World Health
Organization (WHO) considers this food group essential due
to its high protein content and low cost.”

In recent years, high legume consumption rates have
resulted in higher rates of sensitization and allergic reac-
tions. In Spain, where legumes are popular, legumes rep-
resent the fifth most common cause of food allergy in
children under 5 years of age.” The high rate of cross-
reactivity between different legumes—individuals allergic
to one are often allergic to others but not necessarily to
all—makes accurate diagnosis essential to avoid extensive
dietary restrictions with nutritional loss.'?°

The clinical history is essential when attempting to
establish a causal relationship between the food and symp-
toms presented and when making the etiological definition
of the immunological mechanism involved.?' In IgE-mediated
allergies, the signs and symptoms have a rapid onset, and
the allergic reactions occur within minutes to 2 hours after
exposure to the allergen. The causal relationship becomes
more evident in these cases, and sensitization can be con-
firmed using tests capable of detecting specific IgE.??

The pattern of sensitization to legumes varies geo-
graphically according to consumption pattern and exposure

to pollens.?*?* For many of them, commercial tests are
already available to measure specific serum IgE in vitro
and in vivo (skin prick test [SPT]). Routine skin tests for
legumes are limited to chickpeas, mixed beans, lentils (not
specified), and peas.?® When inaccessible, the test can
be carried out using the legume itself in diluted legume
flour.24% Serum IgE and SPT values for lupini beans were
not able to predict lupin allergy.? As for peanuts, the most
studied legume, a papilla size greater than or equal to
8 mm and a specific serum IgE > 15 kU, /L showed a predic-
tive value above 90% for the diagnosis of allergy in individ-
uals with a suggestive history.?”

With Component-resolved diagnosis, it was easier to esti-
mate the genuine sensitization than the cross-reactivity. Even
though new legume components have been identified,? not
many genuine sensitization markers are currently commer-
cially available (Table 1).

Although there is in vitro reactivity among several
legumes, clinical reactivity is not always correlated (5-20%),
coallergy with nuts is more frequent (~-33%).2° Therefore,
the oral food challenge (OFC) is almost always necessary
for this differentiation, especially when the food being
tested for had not been consumed previously. In a study
comprising 69 children sensitized to multiple legumes, only
2 had allergies to two legumes, which was confirmed using
OFC.%®

The cross-reactivity of soybean with peanuts was also
observed in a study with 140 patients allergic to peanuts.
Seven percent (7%) of them were also allergic to soy-
beans.3' People who are allergic to peanuts have a 25-40%
greater chance of being allergic to oilseeds and becoming
sensitive to sesame seeds.*? It must be emphasized that if
a child is already consuming foods that present a chance of
cross-reactivity with peanuts and does not show a reaction,
these foods do not need to be excluded from the diet, and
no investigation is required.

Clinical cross-reactivity between peanuts and lupine is
often more common,'2>3 estimated at 20%.%°

The OFC is essential to differentiate allergy from sen-
sitization, considered the “gold standard” in food allergy
diagnosis. Laboratory test results should never be an abso-
lute indication or contraindication for performing an OFC.
They should always be interpreted in the patient’s individ-
ual clinical context.**

Thermal processing can alter the allergenicity of foods,
even legumes. Roasting increases the allergenicity of pea-
nuts by up to 90 times, while boiling them decreases it."
On the other hand, the allergens in lentils, chickpeas,
green beans, and peas maintain great stability even after
cooking."

Guidance for Reading Labels

Except for peanuts, soybeans, and lupini beans, legumes are
rarely covered by precautionary labeling in most European
countries. It is also necessary to be alert of legumes being
used as food additives. Fenugreek, a legume used for Indian
curry production and as an additive in food and bever-
ages,®3¢ has already been related to the manifestation of
anaphylaxis in patients allergic to peanuts.® Lupin flour
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Table 1 Identified legume and allergen components. In grey, the components identified as primary sensitization markers to

currently commercially available legumes.

Legume Component Biochemical name
Needle bush Aca f 1 Ole e 1-like protein
(Acacia farnesiana) Aca f 2 Profilin
Amendoim Arah 1 Cupin (vicilin-type, 7S globulin)
(Arachis hypogaea) Arah2 Conglutin (2S albumin)
Arah 3 Cupin (Legumin-type, 11S globulin, Glycinin)
Ara h 4 Renamed to Ara h3.02
Arah 5 Profilin
Arah 6 Conglutin (2S albumin)
Arah 7 Conglutin (2S albumin)
Arah8 Pathogenesis-related protein, PR-10
Arah9 Nonspecific lipid-transfer protein type 1
Ara h 10 Oleosin
Ara h 11 Oleosin
Ara h 12 Defensin
Ara h 13 Defensin
Ara h 14 Oleosin
Ara h 15 Oleosin
Ara h 16 Nonspecific lipid transfer protein 2
Ara h 17 Nonspecific lipid transfer protein 1
Ara h 18 Cyclophilin
Chickpea Cica 1 Late embryogenesis protein 4
(Cicer arietinum)
Soy Gly m 1 Hydrophobic protein from soybean
(Glycine max) Glym 2 Defensin
Gly m 3 Profilin
Gly m 4 Pathogenesis-related protein, PR-10, Bet v 1 family member
Glym5 Beta-conglycinin (vicilin, 7S globulin)
Glym 6 Glycinin (legumin, 11S globulin)
Glym?7 Seed biotinylated protein
Glym 8 2S albumin
Lentil Lenc1 Gamma-vicilin subunit
(Lens culinaris) Lenc?2 Seed-specific biotinylated protein
Lenc3 Seed-specific biotinylated protein
White lupine Lup a5 Profilin
(Lupinus albus)
Narrow-leaved blue lupin Lup an 1 Conglutin beta (7S seed storage globulin, vicilin)
(Lupinus angustifolius) Lup an 2 Nonspecific lipid transfer protein
Green bean Phav 3 Nonspecific lipid transfer protein type 1
(Phaseolus vulgaris)
Pea Pis s 1 Vicilin
(Pisum sativum) Piss 2 Convicilin
Piss 3 nsLTP
Mesquite
(Prosopis juliflora) Proj 1 Ole 1-like protein
Proj2 Profilin
Mung bean Vigr 1 Pathogenesis-related protein, PR-10, Bet v 1 family member
(Vigna radiata) Vigr 2 8S Globulin (Vicilin)
Vigr 3 Renamed to Vig r 2.0201
Vigr 4 Seed albumin
Vigr 5 Identified as fragment of Vig r 2
Vigr 6 Cytokinin-specific binding protein (CSBP), Bet v 1 family member

WHO/IUIS Allergen Nomenclature Sub-Committee website (visited 11.03.2021).
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Table 2 Lysine content in plant foods.

Food (100 g) Lysine (mg)
Cereals and Pseudocereals
Cooked rice 86
Cooked noodles 130
Cooked corn 282
Oatmeal 700
White bread 224
Whole-grain bread 166
Cooked quinoa 240
Legumes
Cooked lentils 624
Cooked peas 490
Cooked chickpeas 593
Cooked beans (average) 560
Cooked soybeans 1,100
Soy drinks 439
Tofu 462
Oilseeds
Roasted peanuts 205
Almonds 575
Hazelnuts 420
Cashews 823
Walnuts 428
Seeds
Roasted pumpkin seeds 1200
Toasted sesame 540
Linseed 860

Source: USDA Table, 2016.

and flour from other legumes such as peas are used as food
additives or are found in gluten-free foods,'3¢3” especially
in vegan foods.

Nutritional Management of Legume Allergies for
Vegans

Legumes are known for their high protein content (25%),
and soybeans can contain up to 40% protein. As such,
legumes are significant components in the diet of people
who cannot acquire animal proteins or in the diet of those
who choose to be vegetarians. In addition to proteins,
legumes are good sources of carbohydrates and fiber and
contain vitamins and minerals such as iron, zinc, magne-
sium, potassium, tocopherols, folic acid, riboflavin, and
other B-complex vitamins.3%3°

The biggest concern about protein adequacy in the
vegan diet is the bioavailability of plant proteins,® primarily
with the physiologically available concentration of essential
amino acids. Animal proteins have optimal levels of essen-
tial amino acids for the human body to grow and maintain
itself. Vegetable proteins have some essential amino acids
in lower concentrations. Therefore, the dietary supple-
mentation of these proteins is necessary to obtain qual-
ity protein intake.* For example, cereal proteins have a
lower concentration of the amino acid lysine, and legume

proteins have a lower concentration of the amino acid
methionine. Combining these foods helps to complement a
diet with amino acids. This combination does not need to
be in the same meal, as the liver can store essential amino
acids.*42

The American Dietetic Association and Dietitians of
Canada state that plant proteins can meet the amino acid
needs of a vegetarian diet if there is a variety of plant foods
and if energy needs are met for adequate nitrogen reten-
tion.”® However, it is estimated that the vegan diet limits
more of the amino acid lysine due to the consumption of a
greater proportion of cereal proteins.>#4 Therefore, the
dietary assessment of vegans with legume allergies must
also include the amino acid intake or ensure the intake of
foods such as quinoa, walnuts, nuts, and pumpkin seeds,
which are also sources of lysine, in addition to an adequate
medical evaluation to certify the safe intake of other indi-
vidually tolerated legumes.

As shown in Table 2, with a well-planned diet, vegan
individuals with an allergy to legumes can achieve the esti-
mated mean recommendation of 30 mg/kg of lysine“® from
other tolerated vegetables and/or legumes.

The lower digestibility of proteins in plant foods is
another concern about protein adequacy in vegetarian
diets, although there is still a debate on this topic.* It may
be appropriate for vegans to consume a greater amount of
protein than what is recommended for the general popu-
lation, primarily individuals who cannot consume legumes
(the most traditional protein source in vegetarian diets).
This is not considered a problem because the protein
intake tends to exceed dietary requirements for omnivo-
rous individuals and vegetarians.*+

The most limiting micronutrients in the vegan diet are
iron, zinc, calcium, riboflavin, vitamin B12, n-3 series fatty
acids, and iodine (Table 3).%4® Although vitamin D body
status depends primarily on sun exposure, low vitamin D
levels and reduced body bone mass have been observed
in some northern latitude vegan populations who did not
consume supplements or fortified foods.*

To ensure adequate total protein and lysine intake in
the diet of vegans allergic to legumes, special attention
is required in the intake of iron, zinc, and riboflavin, as
legumes contribute to the supply of these micronutrients.
Given the greater risk of vegan diets presenting insufficient
energy intake and a greater amount of empty calories,
energy intake must also be carefully monitored when man-
aging the diet of vegans with legume allergies.®

Table 4 describes the amount of iron, zinc, calcium,
and n-3 series fatty acids per portion of commonly con-
sumed foods.

Future Perspectives

Vegetarianism has recently become prominent whether for
promoting good health, economic factors, or concerns for
environmental impact or animals. Likewise, there has been
increased awareness and diagnoses for plant-origin food
allergies, particularly legumes, the primary protein-rich
food group for complementing micronutrients in vegetarian
diets.



Management of allergy to legumes in vegetarians

Ll

Table 3 Nutrients most at risk of deficiency in the vegan diet.

Nutrient

Particularities in veganism

Vegan food sources

Iron

Zinc

Calcium

Riboflavin

Vitamin
B12

Vegetables contain only nonheme iron, which
is more sensitive to absorption inhibitors
such as phytates, calcium, teas, coffee,
cocoa, and fiber. Of these, phytates are

the primary inhibitors of iron absorption.
According to the Institute of Medicine (2001),
the recommendation for iron intake for
vegetarians is 1.8 times the recommendation
for nonvegetarians, given the bioavailability.
Vegans may experience a compromised zinc
intake, given that in a standard diet, meat,
fish, and poultry contribute 40% of this
nutrient, and dairy products contribute 20%.
Although zinc deficiency is not observed

in vegetarians, the effects of marginal
deficiency are poorly understood, and the
serum dosage of this nutrient is not reliable
for verifying the body status of zinc.

As phytate bonds to zinc and animal protein
appear to favor absorption, zinc bioavailability
appears to be lower in vegetarian diets.
Calcium intake by vegans tends to be

lower than that by lactovegetarians and
nonvegetarians.*4

Studies have shown that vegans have
a low intake of riboflavin compared to
nonvegetarians.

No single vegetable contains significant
amounts of vitamin B12. Marine vegetables,
spirulina, and tempeh may contain inactive
vitamin B12 analogues and therefore cannot
be considered sources of this vitamin.*
Because they compete for the same
absorption site, these analogs can lead to
more rapid vitamin B12 deficiency.
Vegetarian diets typically have high folic acid
content, which can mask the hematologic
symptoms of vitamin B12 deficiency.
Therefore, if B12 deficiency is suspected,
serum homocysteine, methylmalonic

acid, and holotranscobalamin Il should

be measured. Assessing only vitamin B12
levels and hematological parameters

does not usually establish the diagnosis of
deficiency.>"*?

Legumes, leafy vegetables, broccoli, pumpkin seeds, almonds,
cashews, tahini (sesame paste), sunflower seeds, quinoa, and
fortified foods.

Vitamin C and some organic acids found in fruits and vegetables
reduce the effect of absorption inhibitors when consumed
together with vegetable sources of iron.

Some food preparation techniques, such as soaking, germination,
and fermentation of grains and seeds, can hydrolyze the phytate
and favor iron absorption.

Legumes, almonds, peanuts, cashews, pumpkin seeds, tahini
(sesame paste), sunflower seeds, wheat germ, and fortified
foods. The techniques indicated to increase iron absorption also
apply to zinc.

Tahini (sesame paste), dehydrated figs, bok choy, broccoli,
collard greens, okra, turnip leaves, kale, sugarcane syrup, and
fortified products.

In some foods, such as spinach, beetroot, and Napa cabbage, oxalate
and phytate can significantly reduce calcium absorption.

Factors that increase calcium absorption include vitamin D and protein.
Leaves and inflorescences with low oxalate content, such as bok
choy, broccoli, collard greens, okra, kale, and turnip leaves,
provide high bioavailable calcium (50-60%),.

Excessive sodium intake can promote urinary calcium loss. Therefore,
sodium intake should also be considered in dietary guidance, despite
the vegan diet having lower levels of this nutrient.4

Asparagus, bananas, legumes, broccoli, figs, collard greens,
seeds, tahini (sesame paste), sweet potatoes, tofu, sprouted
wheat, tempeh.

These foods provide 1 mg of riboflavin per serving, on average.
Fortified foods such as nutritional yeast, cereals, and soybean
products fortified with this vitamin.

Vegans should be encouraged to consume reliable sources of
vitamin B12, such as fortified foods or supplements.

Depending on the status of vitamin B12 and the age of the
individual, oral vitamin B12 supplements 5-25 pg/day are
recommended; recommendations of 1-3 ug/day refer only to
individuals who have sufficient reserves.*

In cases of overt vitamin B12 deficiency, it is advised to initially
treat with a single intramuscular injection of 1000 pg,* although
several treatment protocols are described. Treatment with high
oral doses (e.g., 1000 pg/day for 10 days and then weekly for 4
weeks) is also effective and has been increasingly adopted due to
it being noninvasive and less expensive.**

Several studies show that infants of vegan mothers are at
increased risk of developing vitamin B12 deficiency with
irreversible neurological damage.*>> Therefore, vegan mothers
need to receive vitamin B12 supplementation during pregnancy

and lactation.” .
(continues)
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Table 3 Continued

Nutrient

Particularities in veganism

Vegan food sources

n-3 Fatty
acids

lodine

Vitamin D

Individuals with increased requirements
such as infants, pregnant women, nursing
mothers, and individuals at risk for low
conversion (e.g., the elderly, diabetes, and
other chronic diseases) may benefit from the
consumption of direct vegan sources of DHA
or supplementation.*53

Furthermore, the diet influences the
conversion of a-linolenic acid to EPA and
DHA: a high concentration of linoleic acid
(n-6 series), inadequate intake of energy,
protein, and some micronutrients such as
calcium, copper, magnesium, zinc, and biotin
can reduce conversion.?

Vegans who do not consume iodized salt may
have a deficient intake of iodine.

Sea salt and kosher salt are generally not iodized.

Vitamin D3 (cholecalciferol) is of animal
origin, and vitamin D2 (ergocalciferol) is
acceptable for vegans.

Vitamin D2 appears to be less effective
than vitamin D3 in raising the total serum
concentration of 25(0H)D,**%¢ which may
increase the requirements of vegetarians

who depend on D2 supplements to meet their

vitamin D needs.*

The only n-3 series fatty acid found in proper amounts in plant
foods is a-linolenic acid (ALA). Its primary sources are walnuts,
flaxseed, chia seeds, and their oils.# Some marine vegetables
are direct sources of EPA and DHA.>

Vegans can improve the conversion of ALA to EPA and DHA by
reducing the consumption of linoleic acid sources, such as corn
and sunflower oil, and with adequate protein-energy intake.
There are vegan sources of DHA supplements derived from
microalgae in nongelatin capsules.

Marine vegetables and iodized salt.

Fortified foods such as cereals and vegetable drinks fortified
with ergocalciferol.

Sun exposure represents the primary source of vitamin D via
body synthesis.

Source: Elaborated by the authors.
DHA: Docosahexaenoic acid; EPA: Eicosapentaenoic acid

Table 4 Amounts of iron, zinc, calcium, and n-3 series fatty acids per portion of commonly consumed foods.

Food Commonly consumed Weight (g)/volume (ml) Amount of nutrient per
portion serving

Iron mg
Legumes (average) Y2 cup 125 ml 2.3
Almonds Y4 cup 60 ml 1.5
Cashews Y4 cup 60 ml 2.1
Roasted pumpkin seeds Ya cup 60 ml 5.2
Tahini 2 Tbs 30 ml 2.7
Roasted sunflower seeds Y4 cup 60 ml 2.3
Cooked quinoa Y cup 120 ml 2.1
Boiled potato, with skin 1 medium unit 170 g 2.3
Cooked broccoli 1 cup 9 g 0.5
Cooked collard greens Y2 cup 95 g 11

Zinc mg
Legumes (average) Y2 cup 120 ml 1.4
Almonds Y4 cup 60 ml 1.2
Cashews Y4 cup 60 ml 1.9
Roasted peanuts Y4 cup 60 ml 1.2
Roasted pumpkin seeds Ya cup 60 ml 2.6
Tahini 2 Tbs 30 ml 1.4
Sunflower seeds Y4 cup 60 ml 1.8
Wheat germ 2 Tbs 14g 1.8

(continues)
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Table 4 Continued

Food Commonly consumed portion Weight (g)/volume (ml)  Amount of nutrient per
serving

Calcium mg
Tahini 2 Tbs 30 ml 128
Dehydrated figs 2 units 100 g 162
Cooked bok choy 1 cup 250 ml 167-188
Broccoli 1 cup 95 g 95
Cooked collard greens 1 cup 250 ml 239
Cooked kale 1 cup 250 ml 181
Cooked okra 1 cup 250 ml 107
Cooked turnip leaves 1 cup 250 ml 208
Sugarcane syrup 1 Ths 15 ml 172

a-linolenic acid g
Canola oil 1 Tbs 15 ml 1.3-1.6
Linseed flour 1 Tbs 15 ml 1.9-2.2
Linseed oil 1 Tbs 15 ml 2.7
Soybean oil 1 Ths 15 ml 0.9
Cooked soybeans Y2 cup 120 ml 1.0
Walnuts Y4 cup 60 ml 2.7
Walnut Oil 1 Tbs 15 ml 1.4-1.7

Source: adapted from the ADA, 2003; USDA table, 2016.

Conclusion

Both legume allergy and consumption of vegetarian diet
could increase the risk of nutritional deficiencies, par-
ticularly in calories, proteins, iron, zinc, riboflavin, vita-
mins B12 and D, and calcium from n-3 series fatty acids.
Therefore, an allergist must evaluate and monitor vegetari-
ans with legume allergies to accurately diagnose and define
allergens to be excluded from their diet. A clinical dieti-
tian must also carefully manage their nutritional status and
dietary planning to promote an adequate supplementary
intake of nutrients and vitamin B12 from reliable sources.
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