
131Soy protein on the various health aspects 

An insight into the harmful effects of soy protein: A review  
K. Sukalingam1, K. Ganesan2, S. Das1, Zar Chi Thent1

1Department of Anatomy, 18th Floor, Pre-Clinical Block, Faculty of Medicine, Universiti Kebangsaan Malaysia, Jalan Yaacob Latif, 
Bandar Tun Razak, 56000 Cheras, Kuala Lumpur, Malaysia. 2Department of Biochemistry, Faculty of Medicine, International Medi-
cal School, Management and Science University, Shah Alam- 40100, Selangor, Malaysia 

Review        Clin Ter 2015; 166 (3):131-139.      doi: 10.7417/CT.2015.1843

Correspondence: Dr. Zar Chi Thent. Department of Anatomy, Faculty of Medicine, Universiti Kebangsaan Malaysia, 18th Floor, Pre-Clinical 
block, Jalan Yaacob Latif, Bandar Tun Razak, 56000 Cheras, Kuala Lumpur, Malaysia. Tel.: 006-03-91458634, Fax: 006-03-91458607.
E-mail: zarrchii@gmail.com

Copyright © Società Editrice Universo (SEU)
ISSN 0009-9074

Introduction

Seed legumes provide one-fifth of all plant proteins con-
sumed by humans (1,2). Soy protein (SP) is a classic edible 
protein isolated from soy bean (Glycine max), a leguminous 
plant related to peas, clover, and alfalfa (3). The nutritional 
content of SP is twofold that of meat, 4 folds that of eggs, 
and 12 folds that of milk (4). Since from past decades, SP 
was used as healthy, rich product for foods in many countries 
(5). At present, about 1.6 million tonnes of soybeans are 
cultivated Worldwide. Major production is from USA (38%), 
followed by Brazil (25%), Argentina (19%), China (7%), 
India (3%), Canada (2%), and Paraguay (2%). Worldwide 
statistic showed that approximately 64 million tonnes of SP 
are used for consumption (6).

In Malaysia, SP is mainly used in the meat industries as 
food binder and filler. The main purpose is to reduce the cost 
of production as SP is the substitute of the meat (7, 8). SP is 
produced from raw whole soybeans by removing the lipid 
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and indigestible components to obtain the concentrated pro-
tein. Following the particular steps used in the process such 
as cooking, grinding, extracting, fermenting, and sprouting, 
isolated soy protein (ISP), soy protein concentrate, or soy 
flour was yielded as the form of final product (9).

Uses of Soy Protein

SP is utilized by consumers in the form of fermented and/
or non fermented such as tofu, shoyu (soy sauce), tempeh 
and miso. It is easily available in the form of nuts, milk, 
yogurt and cheese. SP is present in variable amount in the 
products based on specific technology applied during the 
preparation (10). Soy contains approximately 70% of the 
total soy protein. SP is a “complete food” as it provides all 
nutrition and 9 essential amino acids (11). The digestibility 
of SP depends on the range of processed soy named as 
steamed soybeans 65%, tofu 93%, soy milk 93%, and SP 
isolate 95% (12). In human, both concentrated and isolated 
SP are easily digested and gives an equal nutritional value 
of the protein. In addition, SP does not possess any cho-
lesterol and lactose. Digestibility standards for SP isolates 
and SP concentrates in humans is 93.5%, compared to the 
cow’s milk and other proteins (13). The compounds in SP 
provide moisture, flavor retention and emulsification. It also 
increases the texture of many foods such as meat, peanut 
butter, and cheese.

Preparation of Soy Protein

SP is originated from “white flakes,” prepared by dehul-
ling, flaking and defatting the soy beans. Then, it is powde-
red into defatted flours and extracted with ethyl alcohol to 
remove flavour and sugars, followed by alkali extraction. 
Subsequently, the unwanted fibres were removed by the 
centrifugation, re-precipitation and drying. From the soy 
isolates, full-fat products, a variety of dried soy foods (soy 
milk and tofu) are produced. SP constituents are used for 
the absorption of water and fat, emulsification, aeration and 
heat setting (14).
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Soy isolates are mainly used to develop the quality of 
meat products, enhance the moisture retention and protein 
content. SP concentrate and isolates were prepared by the 
several procedures such as ultrafiltration membranes (15), 
swellable gel method (16), hydrophobic interaction chroma-
tography (17), pH and temperature methods (18), alternative 
defatting and extraction procedures (19, 20), defatted soy 
flake suspensions at pH 4.5 and pH 3.0 in the presence of 
calcium chloride (21-23), alkaline medium (24), ultra filtra-
tion (25) and mechanical method (26).

Active Ingredients of Soy Protein

SP possesses a rich source of proteins and other isoflavo-
nes. It contains numerous products such as oil, isoflavones 
(genistein, daidzein and glycitein) (27,28) and many other 
compounds (β-conglycinin, Glycinin, Soybean agglutinin, 
Glyceollins, Lunasin, saponins, phytosterols, phospholipids, 
ferritins and Glysojanin) (Table 1) (29, 30).

Therapeutic Uses of Soy Protein

SP contains essential amino acids required for human 
growth and maintenance (31). Due to the presence of ben-
eficial effects in SP, there is an increase in SP consump-
tion in the general population. SP has a lesser quantity of 
methionine, but, having adequate lysine, which is poor in 
most cereal proteins. Therefore, SP amino acid profile is 
corresponding to cereal amino acid profile. The content 
of essential amino acids present in soy protein depends on 
the cultivar that has been used.

SP has a protective effect on plasma cholesterol, diabetes 
mellitus, cancer and obesity (32). It improved the kidney and 
gastrointestinal disorders (33). SP is safe to combine with 
other protein such as meat, milk, and cereal grains (34, 35). 
The nutritional competence of SP was confirmed in infant 
formulas, where protein needs are most important (36). SP 
is used as an extraordinary formula in geriatric, hospital, 
and postoperative feeding by providing absolute nutrition, 
caloric content, and a balance between calories such as 
carbohydrate, protein, and fat (37). Previous studies showed 
that SP has hypocholesterolaemic, anti-atherogenic effect 
and cardioprotective effect (38-40). Intake of isolated SP 
reduced the risk of coronary heart diseases (41-43). 

Since SP is nutritive, the intake of SP varies from country 
to country. In Japan and Malaysia, SP intake ranges between 
6.0 g and 10.5g/day, In comparison to Japan, soy intake of 
Hong Kong and China is approximately 3.0- 5.0 g/day. In 
Korea, the intake ranges seem as that of Japan and Hong 
Kong. According to WHO, SP is considered to have same 
protein quality as that of animal proteins. Egg white has a 
protein digestibility-corrected amino acid score of 1.00, soy 
concentrate 0.99, beef 0.92, and isolated soy protein 0.92. 
The scores above 1.0 are considered to indicate the protein 
contains essential amino acids in excess of the human re-
quirements.

Adverse Effects of Soy Protein

Although SP is believed to possess several positive 
effects on human health, the reports suggest that the con-
sumption of SP above its recommended dose is detrimental 
to the human body. SP contains major quantities of bioactive 
compounds with toxic and/or adverse effects. It was reported 
that the body mechanism was altered following the consum-
ption of raw soybean (44). In another experimental study, the 
disruption of the intestinal brush border membranes, atrophy 
of the microvilli and reduced viability of the epithelial cells 
was observed with the use of raw soybean (45-51). It may 
be possibly due to the reduction of the nutritional value of 
raw soybean as it composed of toxic compounds. Resear-
chers have found out that trypsin inhibitors and lectin is the 
major proteins responsible for the low nutritional value of 
raw soybean meals (48-50). Lectin binds to the intestinal 
epithelium and cause the gastrointestinal disturbance by 
altering the body mechanism (51) (Fig. 1).

Toxicity Studies on Soy Protein

Researchers reported that the injection of aqueous extract 
SP to the rabbits (52) and dogs (53) was found lethal. The 
crude extract contains a high urease activity, a toxic agent, 
which cause death in the animals. In general, SP produces 
two urease isoenzymes (54). The embryo-specific urease is 
synthesized only in the developing embryo (55, 56), whe-
reas the ubiquitous urease is found in all tissues, namely 
cultured cells, leaves, embryos, roots and seed coats (57, 
58). The increased level of urease in SP was shown to have 
anti-nutritional effects in rats (59, 60). The injection of an 
albumin-like fraction derived from raw soy beans was toxic 
in guinea pigs. Moreover, two other toxic proteins; soya toxin 

Table 1. Amino acid composition in soy protein, adapted from 
reference (36).

Amino acid mg/g protein

Arginine 77.16

Alanine 40.23

Aspartic acid 68.86

Cysteine 25.00

Glutamic acid 190.16

Glycine 36.72

Histidine 34.38

4-hydroxy proline 1.40

Isoleucine 51.58

Leucine 81,69

Methionine 10.70

Phenylalanine 56.29

Proline 52.91

Serine 54.05

Threonine 41.94

Tryptophan 12.73

Tyrosine 41.55

Valine 41.55
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Fig. 1. Schematic diagram of mechanism of action of SP.

Table 2. In vivo studies on Soy isoflavones, soy products and their effects

and soybean toxin were isolated from soybean seeds (61). 
It was revealed that SP induced toxic effect in the stomach 
of animals (62). 

Effect of Soy Isoflavone- Genistein

Genistein, an active compound, in SP possesses oestro-
genic effect that stimulate the multiplication of oestrogen 
receptor in the breast cancer (63, 64). Further investigation of 
in vitro and in vivo studies revealed that the dietary intake of 
genistein stimulates proliferation of implanted human breast 
cancer cells and influences the ovarian hormonal profile re-
sulting in the formation of mutagenesis and carcinogenesis 
(65). Another study suggested that the increased risk of ade-
noma or adenocarcinoma was observed in genistein treated 
rats compared to the untreated genistein rats (65).

No. Soy Isoflavones/ soy products Adverse effects References

1. Alpha and beta-conglycinin Potential Allergenic effect 66-68

2. Gly m 5 or Gly m 6 Potential Allergenic effect 68

3. Glycinin Potential Allergenic effect 69

4. P34 Potential Allergenic effect 70

5. Genestein Hepatotoxicity & Genotoxicity 71

6. Genistein and daidzein Antithyroid activity 72-75

7. Genestein Goitrogenic and oestrogenic activity 76, 77

8. Genestein Hypothyroid activity 78

9. Genestein Postmenopausal breast cancer 79

10. Genestein Reproductive toxicity 80

11. Genestein Tumourogenic agents 81

12. Genestein Oestrogen-dependent (MCF-7) tumours 82 -84

13. Daidzein Oestrogenic activity 82

14 Genestin Oestrogen-dependent breast cancer tumours 85, 86

15. Glycitein Oestrogenic activity 85

16. Genestein Oestrogen-dependent mammary tumours 86

17. Genestein Intestinal toxicity 87

18. Genestein Endocrine disruption 88,89

19. Soy phytoestrogens Reduce brain Neuroactivity 90

20. Soy phytoestrogens Infertility and hepatotoxicity 91, 92

21. Soy tofu Memory loss 93

22. Soy tofu Alzheimer’s dementia 94

23. Soy bean Potential Allergenic effect 95, 96

24. Genestein Genotoxicity 97

25. Genistein Accelerates puberty 98, 99

26. Genistein Mammary gland Development 100

27. Genistein Growth toxicity, Myelotoxicity, Cytotoxicity 101-103

28. Genistein and daidzein Neurotoxicity 104
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Effect of soy protein on endocrine glands

High quantity of SP contains a number of phytoestrogens 
such as zenistein, biochalin A and daidzein. Most of the 
phytoestrogens are potential endocrine disrupting chemicals 
that interrupt the normal functions of hormones as well as 
reproductive system (105). Various studies showed that 
phytoestrogens have significant effects on sexual develop-
ment in terms of puberty time alteration, oestrogen cycle 
impairment, functions of ovary and alterations of pituitary 
as well as hypothalamus dysfunctions (103). Moreover, it 
was mentioned that increase consumption of SP produced 
harmful oestrogenic and goitrogenic activities (77).

A meta-analysis of 25 trials observed that soy phytoe-
strogens did not improve hot flashes or other menopausal 
symptoms (106). Intake of SP supplements for 12 weeks in 
the treatment of menopausal symptoms in patients with early 
breast cancer did not show any significant effect compared 
to placebo (107). Therefore, there is no concrete evidence 
to support any beneficial effect of SP intake on menopausal 
symptoms at this stage.

Effect of Soy Protein on Mammary Gland 

The regular consumption of SP causes breast abnor-
malities due to the powerful oestrogenic effects (108). The 
chief isoflavone present in SP is genistein, which affects the 
development of the mammary gland. The chronic exposure 
to genistein caused ductal/alveolar hyperplasia in young 
pups (109). The low dose treatment of genistein in mice 
showed advanced maturation with enhanced duct elongation, 
where as high dose exhibited diminished lobular alveolar 
development (100).

The inhibitory action of genistein on topoisomerase II 
cause chromosomal damage with a threshold dose (110) 
and some experimental data suggested that genistein can 
stimulate breast cancer development via its oestrogenic 
activities (111). A previous case study showed that a high 
intake of SP produced the lower risk of breast cancer in 
adult (112). However, the recent Japanese 
cohort study reported that the consumption 
of SP and their products has no effect on 
breast cancer (113). In addition, another 
clinical study showed that isoflavones of 
SP stimulated epithelial cell proliferation 
in the breast of premenopausal women 
(114). 

Effect of Soy Protein on Male Reproductive 
System

SP isoflavone, genistein is broadly 
consumed by humans. However, its oe-
strogenic action adversely causes the pro-
gression of the male reproductive system. 
In vivo study observed that sperm counts 
in epididymis and testes were decreased 
in the genistein-exposed group compared 
to the control group (115). Studies on ge-
nistein administration in animals caused 

hyperplasia of Leydig cells in the testis and severe damage 
to the epdidymis. Furthermore, the reduced sperm count and 
increased sperm motility in the stage of juvenile period was 
also observed (116, 117).

Effect of Soy Protein on Growth 

Okano et al. (118) reported that the injection of SP albu-
min fraction showed toxicity and oral administration showed 
growth retardation. The protease inhibitors of SP consist 
of two groups, namely Kunitz inhibitor and Bowman-Birk 
inhibitor. Kunitz inhibitor is directed primarily against tryp-
sin and Bowman-Birk inhibitor inhibits both chymotrypsin 
and trypsin at independent binding sites. Both proteinase 
inhibitors in SP are responsible for inhibition of growth 
hormones in rats (119), chicks (120) and mice (121). Mo-
reover, these inhibitors decreased the digestibility of protein 
in the diet (122). 

Effect of Soy Protein on Thyroid Gland

SP contains potent thyroid inhibitors, daidzein. SP acts 
as an anti-thyroid agent which decrease the absorption of 
iodine (123, 124). Hypothyroidism and goitre were reported 
in infants receiving soy-containing formula (125). Based on 
the thyroid function test, many researchers have highlighted 
that the high consumption of SP cause thyroid suppression 
and goitre (122) in iodine-deficient rodents and infants (126, 
127). It was observed that extra iodine supplementation was 
required in the experimental group received SP compared 
to the control group. Hence, in the recent studies, consum-
ption of soy formula milk is contraindicated in infants with 
congenital hypothyroidism (126, 127). 

Additionally, SP stimulates the development of thyroid 
hyperplasia in iodine deficient rats (128, 129). The further 
study evidenced that consumption of SP may gradually 
reduce the functions of thyroid hormones and utilization 
of iodine (130). However, this problem is reversed by the 
dietary supplementation of adequate iodine. 

Figure 2. The schematic diagram illustrate the soy protein inhibit the catalytic activities of 
thyroid peroxidise (required for synthesis of T4 in thyroid tissues) and deiodinase (required 
for synthesis of biologically active T3 in target cells) resulting in the consequences of 
thyroid hyperplasia and more production of T4 by TSH.
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Figure 2. The schematic diagram illustrate the soy protein 
inhibit the catalytic activities of thyroid peroxidise (requi-
red for synthesis of T4 in thyroid tissues) and deiodinase 
(required for synthesis of biologically active T3 in target 
cells) resulting in the consequences of thyroid hyperplasia 
and more production of T4 by TSH.

Carcinogenic property of soy protein

Pancreatic Cancer

Foods containing SP were proven to alter the biochemical 
and physiological mechanism of the pancreatic tissues in 
experimental animals. Increase consumption of raw soybe-
an products enhanced the pancreatic carcinogenic process. 
Previous experimental studies observed that SP enhanced 
the growth of azaserine-induced pancreatic foci (131). Fol-
lowing 48 weeks of daily consumption of SP, it was observed 
that there were presence of hyperplastic and neoplastic no-
dules in the pancreas of the experimental rats (133). Feeding 
of SP stimulated the production of pancreatic carcinogens. 
The pancreatic growth induced by dietary soybean is due 
to the lectins and trypsin inhibitors (133).

Breast Cancer

In adults, the increase consumption of SP induces the 
risk of developing breast cancer. It was reported that SP 
stimulated the growth of mammary tumours in experimental 
animals (134, 135). SP supplements are contraindicated for 
female patients at higher risk of breast cancer (136). Further 
studies are advised to authenticate the underlying mechani-
sms of SP on the breast cancer.

Cancer

The relation between SP consumption and thyroid cancer 
has studied in Southeast Asian men and women. Population 
who consumed SP was shown to have two fold increase 
in the risk of developing thyroid cancer compared to the 
other populations (137). In a pivotal study, it was observed 
that thyroid carcinoma was induced in rats by feeding the 
iodine-deficient diet fortified with 30% SP. The mechanism 
by which SP induced cancer was discussed earlier (75). 
The elevated level of TSH resulted from the inhibition of 
thyroid peroxidase by the soy isoflavone lead to increase 
the follicular cell proliferation and developed the neoplastic 
changes (137).

Other toxic effects

Nephrotoxicity

SP inhibits protein tyrosine kinase and affects the kidney 
in abnormal immune conditions (138). It was observed that 
in the autoimmune disease, the consumption of SP (20%) 
and soybean oil (5%) has an adverse effect on kidney by 
elevating the proteinuria and serum creatinine level with 

decrease in creatinine clearance (139, 140). Further detai-
led investigations are mandatory to reveal the underlying 
mechanisms of nephrotoxic effect of SP. 

Hepatotoxicity

Multiple studies have highlighted the hepatotoxic effect 
of SP and soy peptides (141, 142). Interestingly, SP extract 
is used as a “natural” hormone-replacement therapy pill. 
However, it is also important to mention that the active 
compounds present in SP alter the catabolism of oestrogen 
4-hydroxyestrone (4OHE1), a putatively potent genotoxic 
oestrogen. Accumulation of 4OHE1 attributed to hepato-
toxicity in long term treatment (143). Single-nucleotide 
polymorphism of lignans involved in the oestrogen pathway 
damaged the liver enzymes and the hepatic tissue architectu-
re (144). Following consumption of SP, hepatotoxicity was 
observed in cheetahs (91).  

Allergic Reaction

The incidence of SP is rising alarmingly. It is important 
to increase the public awareness about the SP as it is widely 
consumed by both vegetarian and non-vegetarian commu-
nity. In the ranking of allergic food, the position of the soy 
derivatives is listed among as one of the most important 
allergic foods (135). According to a recent report by Jarmila 
et al. (145) one-third of the patients with atopic dermatitis 
had a history of consuming SP.

Conclusion

In summary, soy protein (SP) is isolated from soy bean, 
peas, and clover. Although SP has some therapeutic effects, 
high intake or prolong consumption of SP or raw soy bean 
is injurious to health. In the present review, it was observed 
that SP has adverse effects on the endocrine glands; carci-
nogenic effects on the pancreas, breast and thyroid gland; 
toxic effects on kidney and liver; and allergic reactions. This 
review also highlighted the effect of soy isoflavone- genistein 
on the multiple organs. It is believed that the present review 
will increase the public awareness of consumption of SP 
and will draw the attention of many researchers to specify 
the detailed analyses on SP and its compounds. Many of the 
studies stated the negative effects of the consumption of SP 
based on animal models and it is a questionable fact that the 
same result may be implied to humans. Nevertheless, the 
mechanism of action remains the same. It would be interest-
ing to observe the effect soy protein consumption in humans 
in larger clinical trials to be conducted in the future. 
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