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The study was conducted to evaluate the effect of beta-aminobutyric acid (BABA) on negative intestinal bacteria and gastrointestinal 

tissues (stomach, small intestine and large intestine) of male rats. The rats were dosed with BABA orally four times a week. The results 

showed that the histological structure of the digestive system of the control treatment was normal. Also, the histological structure of the 

stomach was normal for all concentrations of acid. As for the small intestine and large intestine, its histological structure was affected with 

the increase in concentration. As for the studied negative enterococcus bacteria, it was also affected by the addition of (BABA), it decreased 

with increasing concentration. 
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INTRODUCTION 
The stomach is the most important part of the digestive system. The most complex endocrine organs with physiology, 

biochemistry, immunology, and microbiology. It is also the first line of defense against foodborne microbes. It may be 

affected physiologically when infected with a chronic bacterial infection that causes most peptic ulcer diseases and 

stomach cancer (Hunt et al, 2015). The small intestine is an abdominal tubular structure that absorbs important nutrients. 

Likewise, the large intestine is a tube consisting of several sections. The small intestine is connected to the large intestine, 

via the ileal valve. It is a physiological sphincter that reduces reflux into the small intestine (Freeman, 2006) 

 

The microbial community that inhabits the host gut is associated with several physiological functions (Geva-Zatorsky et 

al, 2017; Gould et al, 2018).   
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There is an association between intestinal microbiota, bowel disease, cancer, and obesity (Xu et al, 2017; Ma et al, 2018). 

There is also an association between the gut microbiota and cardiovascular disease, chronic disease (Ipci et al, 2017; Ruiz-

Rodriguez & Rello, 2017; Shivaji, 2017; Blutt et al, 2018; Davidson & Epperson, 2018). Gut bacteria may lead to 

metabolic disease (Rivera-Piza & Lee, 2020). 

 

Amino acids are the building blocks of proteins, and may contribute to improve cell function in T2DM mice (Ayon, 2020; 

Tan et al, 2021). Its introduction into peptides can enhance biological activities, improve membrane permeability and 

drug encapsulation, and may play an effective role in protecting neuron-like cells so it is considered a pharmacological 

agent for the treatment of neurological diseases, but also account for undesirable effects such as toxicity or 

immunogenicity (Song et al, 2021; Arokianathan et al, 2020; Minato et al, 2022; Ding et al, 2020). (Song et al, 2021; 

Arokianathan et al, 2020; Minato et al, 2022; Ding et al, 2020) 
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Beta-aminobutyric acid (BABA) was shown to reduce insulin resistance in skeletal muscle, modulate the defense system 

at the molecular level, non-allergy producer, improve antioxidant capacity, and have anti-diabetic activities (Sawada et 

al, 2019; Choudhary et al., 2021; Sagheer & Jasim, 2020; Selim et al., 2022; Mahmud et al., 2022; Quan et al, 2022). Low 

concentrations of (BABA) did not affect the tissues of male rats (Saleh & Jasim, 2018). Amino acids such as BABA can 

help fight many diseases and have the ability to reduce liver tissue damage in diabetic mice (Tao et al., 2022; Yao et al., 

2020; Thamer and Jasim, 2021). No signs of toxicity were seen when rats were dosed with GABA at doses of up to 1 

g/kg (Oketch-Rabah et al, 2021). 

 

Non-proteinogenic amino acids (NPAAs) have attracted great interest for their fundamental applications in biology and 

chemistry (Yuan et al, 2020). It can be involved in the food chain. Some are toxic through their ability to mimic the amino 

acids of the protein (Samardzic et al, 2019). Some of them are implicated in the induction of neurodegenerative diseases 

and Alzheimer's disease, are water soluble, and can bioaccumulate in the food chain (Dunlop & Guillemin, 2019). Amino 

acids not only act as regulatory molecules, Furthermore, they can be included in catabolism or have toxic effects (Hener 

et al, 2018). It has also been shown to be neurotoxic as BMAA and may play an important role as an environmental factor 

in disease onset (Main, 2018). 

 

Transport of amino acids through enterocytes in the intestinal mucosa is complicated by their entry into either the anabolic 

or catabolic pathways, thus reducing their availability (Macillline et al, 2021). It has the ability to increase resistance 

against organisms, thereby inhibiting it and limiting its spread (Li et al, 2021). It was also found that BABA has the ability 

to resist bacteria (Al-Ta'i, 2021). Compounds containing non-proteinogenic amino acids show high antimicrobial activity 

(Yokoo et al, 2021). It may stimulate immune responses resulting in long-lasting resistance (Hegedos et al, 2022). D-

amino acids may also have a number of toxic effects and should be added at low levels (Grishin et al, 2020).  

 

MATERIAL AND WORKING METHODS 
Experience Design 
Male rats were used with ages ranging from 10-12 weeks, weights varied between (210-160) grams, suitable 

environmental conditions were created for them, and they underwent a period of acclimatization for 10 days before 

starting the experiment. Rats were divided into four groups, each group had five animals, and dosed at four levels: 100, 

200, 300 g/kg and the control treatment (without addition) A, B, and C, respectively, and the animals dosed at four stages 

(T1 = the first dosing stage, T2 = second dosing stage, T3 = third dosing stage and T4 = fourth dosing stage. 

 

Processing of beta-aminobutyric acid 
Prepared by dissolving it in 10 ml of distilled water, according to the concentration assigned to each group, then preparing 

the required doses according to the weight of the animal and the dose of the animals every seven days for four weeks. 

Using a dosing gavage (Perret-Gentil, 2010). 

 

Collection of models 
Samples were taken from the waste of male rats before starting the dose and after each stage of dosing, then transferred 

to the laboratory for the necessary procedure. 

 

Bacterial isolation and identification 
Characterization of bacterial isolates by culturing them on Mac Conkey agar medium and Nutrient agar medium and then 

performing phenotypic and biochemical assays. 

 

Phenotypical bacterial tests 
Bacterial tests were performed morphologically and microscopically (MacFadden, 2000). 

 

Biochemical bacterial tests 
Several tests were carried out on bacterial colonies isolated from rat excreta after the dilution procedure, and the studied 
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bacterial isolates were confirmed using the VITEK®2 device (MacFadden, 2000). 

 

Identification of Tissue Sections 
Organs were preserved in 10% formalin solution. The tissues were taken out of the solution, then cut and placed in special 

capsules, then placed in a device containing eight cylinders. The first five cylinders contain ethyl alcohol at sequential 

levels starting from 50%, 70%, 90%, 100%, 100%. The sixth cylinder contained xylene, while the seventh and eighth 

cylinders contained paraffin with a melting point of 60 ° C. The samples remain in the cylinders for a specified period of 

time (Drury, Allington & Cameron, 1967).        

                                                                                                                                                      

The samples are placed in molds and then wax with a melting point of 80 ° C is poured over the samples and left to 

solidify. Excess wax was removed with a special device. To facilitate the cutting process, the molds are heated to 20 ° C. 

4 μm thick sections were cut, surfaced in a 45°C water bath, and loaded onto glass slides after coating them with glycerol 

and egg white in order to increase adhesion. 

 

RESULTS AND DISCUSSION 
Effect of β-aminobutyric acid (BABA) on gastrointestinal tissues of male rats 
1- Stomach 
The results of the examination of histological sections (Figure 1) showed that the geometric structure of the stomach 

tissues was normal and there were no changes in both the control group (without adding acid), the first concentration 

group A (100 mg / kg) and the second concentration B (200 mg / kg). kg) of dosing with amino acid, as well as the third 

concentration group (300 mg / kg), despite the increase in concentration, but the examination of histological structure 

showed that the layers of stomach tissue appeared normally, and this indicates that dosing with β-amino butyric acid 

(BABA) did not affects the histological structure of stomachs of male rats used in the experiment. This is what Al-Kubaisi, 

(2020) found in his study that adding BABA at certain concentrations did not affect the geometric structure of stomach 

tissues. It also agrees with (Chen et al, 2021), as they found that GABA led to an increase in body weight with a specific 

rate of growth, and an increase in the efficiency of nutrition and protein. The results were consistent with results (Tang & 

Chen, 2016), which showed that γ‐aminobutyric acid improved immune function, development and tissue integrity. It 

also agreed with the results (Al-Karishi et al., 2021) that GABA-A acid represents a new treatment method for patients 

with type 1 and type 2 diabetes, and it also works to improve pancreatic cell function and insulin sensitivity by activating 

GABA-A receptors. In line with the results (Aktas & Gur, 2021a,b), the histological structure of the hippocampus, cortex 

and cerebellum in diabetic mice was normal and no pathological changes were detected in the central nervous system. 

(Aktas & Gur, 2021b) found that BAIBA preserved histological and biochemical changes in serum and kidneys of rats. 

Also (Tamai et al, 2020) that a compound containing non-proteinogenic amino acids attenuates liver damage in mice.  

 

  

Focus Group I (A) 
control group (D) 

 

  
Focus group III (C) Second focus group (B) 

Figures 1. Shows histological sections of the small intestine of male rats, stained with H&E (Haematoxylin and Eosin) stain. 

 

2. Small intestine 
It was found through histological examination of the small intestine (Figure 2) that beta-amino-butyric acid (BABA) had 

a clear effect on the geometrical structure of small intestine tissues at all concentrations, but in varying proportions 

according to the increase in concentration compared to the control group D (without addition) in which the geometric 

structure appeared For the small intestine normally, concentration group A (100 mg/kg) showed infiltration of 

inflammatory cells with shedding of endothelial cells, and focus group B (200 mg/kg) showed an overabundance of goblet 

cells and shedding of endothelial cells with inflammation in the cells. Focus group C (300 mg/kg) Acute inflammation 

with villous union and adhesion. The reason may be attributed to the nature of the function of the small intestine through 

its high absorptive capacity, in which nutrients are digested and absorbed. It agrees with (Barido et al, 2021) that high 

doses of GABA may lead to a significant impairment in the performance of the animal and its tissues. This is also 
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consistent with (Bouchebti et al, 2022) as it was found that an increase in the concentration of BABA can negatively 

affects body tissues. 

  

  
Focus Group I (A) control group (D) 

  

Focus group III (C) Second focus group (B) 

Figures 2. Of histological sections of stomach of male rats. H&E (Haematoxylin and Eosin) dyed dye. 

 

3. Large Intestine 
The results of the histological examination of the large intestine (Figure 3) showed that the amino acid (BABA) had an 

effective role in influencing the geometric structure of the large intestine tissues in the different concentrations used in 

the study, but in varying proportions according to the increase in concentration, as it was found that the first concentration 

(100 mg / kg) did not significantly affect the engineering structure of the large intestine despite the presence of a slight 

inflammation in the endothelial cells, while the second concentration (200 mg / kg) of homocysteine caused the infiltration 

of inflammatory cells into the mucosa with hyperproliferation of endothelial cells and the concentration also led The third 

(300 mg/kg) leads to an increase in the infiltration of inflammatory cells within the mucosa and submucosa with 

hyperproliferation of endothelial cells. It also agrees with (Barido et al, 2021), who indicated in his study about the effect 

of a diet supplemented with beta-aminobutyric acids, High doses of GABA may lead to a significant imbalance in the 

performance of the animal and its tissues. This is consistent with (Bouchebti et al, 2022) as it was found that an increase 

in the concentration of non-proteinogenic amino acid can negatively affect body tissues. 

 

EFFECT OF BABA ON SOME ENTERO-NEGATIVE BACTERIA 
1. E. coli 
The results of the current study (Fig. 1) showed that animal dosing with amino acids had an effective effect on bacteria, 

as the third level (C) gave the lowest rate of the number of bacterial colonies, but rather the disappearance of bacteria, 

especially in the third and fourth dosing stages compared to the control treatment that achieved higher Average isolates 

reached 87 isolates. It was also found that the stages of dosing have an effective role in influencing E. coli and thus led 

to a reduction in the number of isolates and even their disappearance, especially in the last stages of dosing compared to 

the control treatment. This shows the importance of the animals being dosed in batches, which had a significant impact 

on the number and type of bacteria. These results agree with (Gur, Reuveni & Cohen, 2021) which showed that BABA 

showed resistance against microorganisms. It also agrees with (Al-Taei, Jassem and Zughayer, 2021; Bellamici et al., 

2021) that BABA can act as an antibacterial. This is what (Jafarbeigi, Samih & Alaei, 2021) found that compounds 

containing BABA have the ability to regulate defensive responses to resist biotic and abiotic stresses.  

 

  
Focus Group I (A) control group (D) 

  
Focus group III (C) Second focus group (B) 

Figures 3. Shows histological sections of the large intestine of male rats. H&E (Haematoxylin and Eosin) dyed. 
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2. Klebsiella Pneumoniae 
The results (Fig. 2) showed that BABA had a significant effect on K. pneumoniae bacteria, as the third level (C) gave the 

lowest average number of bacterial colonies, followed by the second level and the first level, in order. Compared with the 

control treatment, which gave the highest rate of the number of bacterial colonies, it was 72 isolates. The stages of dosing 

effectively affected the bacteria, if the third and fourth stages of dosing gave the lowest rate of bacterial colonies. It also 

led to the disappearance of bacteria in high levels of acid. It is clear from the above the ability of the amino acid to increase 

the resistance of animals and strengthen their immune system and thus reduce the proliferation of bacteria. It also agrees 

with what was mentioned (Yu et al, 2022) that treatment with non-proteinogenic amino acid (BABA) led to a reduction 

in the proliferation of living organisms, as well as with (Khlaif et al, 2020), as it was found that β-aminobutyric acid 

(BABA) can act as an anti-bacterial . 

 

 
Figure 1. Effect of Beta-aminobutyric acid (BABA) on E. coli. 

 

 
Figure 1. Effect of Beta-aminobutyric acid (BABA) on Klebsiella pneumonia. 

 

3. Brucella Melitensis 
It was found through the results that β-aminobutyric acid (BABA) led to the inhibition and disappearance of bacteria, 

especially the third concentration (C) for all stages of dosing, Followed by the second concentrations (B) and the first (A) 

in order, compared to the control treatment, which achieved the highest average number of bacterial colonies of 43 

bacterial isolates (Fig. 3). The dosing stages also had an effective role in influencing the number of bacterial isolates, as 

the fourth (T4) and third (T3) dosing stages reduced the disappearance of bacteria for different concentrations, followed 

by the second dosing stage. a. The results are in agreement with (Asif et al, 2021) as it was found that BABA effectively 

affected the proliferation of microbes. It also agrees with his findings (Chalupowicz et al, 2021) that BABA inhibits 

bacterial multiplication. The results also agree with what was mentioned (Farris et al, 2022) that the addition of GABA 

improved the resistance against endogenous streptococcal infection. It is consistent with what was found (Ansari et al, 

2019) that the addition of BABA led to a decrease in the number of bacteria. It also agrees with (Ikeda et al, 2021) as it 

was revealed that non-protein amino acids show an inhibitory activity of bacterial biofilms, which leads to their inhibition.  

 

CONCLUSIONS 
The results showed that the histological structure of the stomach was not affected by the addition of B-amino butyric acid, 

and the tissues appeared normally, while it clearly affected the tissues of the small intestine, and also led to the emergence 

of acute inflammation with associated and villous adhesion. The large intestine was also affected by the addition of 

BABA, which resulted in increased infiltration of inflammatory cells with excessive proliferation of endothelial cells. 

The results showed that the negative enteric bacteria (E. coli, K. pneumonia, B. melitensis) decreased significantly and 

even disappeared with increasing concentration.  
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Figure 3. Effect of Beta-aminobutyric acid (BABA) on Brucella melitensis. 

 

REFERENCES 
1. Aktas, I., & Gur, F. M. (2021b). The effects of thymoquinone and β-aminoisobutyric acid on brain tissue of streptozotocin-induced diabetic rats. 

International Journal of Veterinary and Animal Research (IJVAR), 4(1), 01-06. 

2. Aktas , İ., & Gur, F. M. (2021a). Investigation of the protective and therapeutic effects of β-aminoisobutyric acid (BAIBA) and Thymoquinone in 

the diabetic nephropathy. Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas, 20(3). 
3. Al-Kubaisi , Inas Abdul Rahman Hameed Thamer .(2020). Study of Beta-Amino Butyric acid (BABA) effect on some physiological and genetic 

parameters in the streptozotocin-induced diabetic rats. The College Of Education For Women University Of Anbar The For The Degree of Master 

in Education-Biology. 
4. Al-Kuraishy, H. M., Hussian, N. R., Al-Naimi, M. S., Al-Gareeb, A. I., Al-Mamorri, F., & Al-Buhadily, A. K. (2021). The potential role of 

pancreatic γ-aminobutyric acid (GABA) in diabetes mellitus: A critical reappraisal. International Journal of Preventive Medicine, 12. 

5. Altaee, Z. A., Jasim, M. A., & Zgair, A. (2021) Immunological and antioxidants variation affected by B-Amino butyric acid in Sprague dawley 
males rats infected with methicillin resistance staphylococcus aureus (MRSA). Turkish Journal of Physiotherapy and Rehabilitation, 32, 3. 

6. Al-Tai, Zainab Akab Hamid Dahr. (2021). Study of the immunological and physiological effects of Beta-aminobutyric acid (BABA) in male rats 

infected with S. aureus. Master's thesis - College of Education for Girls/ University of Anbar. 
7. Ansari, M., Taghavi, S. M., Hamzehzarghani, H., & Afsharifar, A. (2019). Induction of resistance in tomato by β-aminobutyric acid against 

Clavibacter michiganensis subsp. michiganensis Ta18 strain isolated from Iran. Iranian Journal of Plant Pathology, 55(3), 209-226. 

8. Arokianathan, J. F., Ramya, K. A., Janeena, A., Deshpande, A. P., Ayyadurai, N., Leemarose, A., & Shanmugam, G. (2020). Non-proteinogenic 
amino acid based supramolecular hydrogel material for enhanced cell proliferation. Colloids and Surfaces B: Biointerfaces, 185, 110581. 

9. Asif, M., Khan, F., Ansari, T., Ahmad, F., Tariq, M., Khan, A., ... & Siddiqui, M. A. (2021). dl-β-Amino butyric acid induced resistance in tomato 

against root-knot nematode Meloidogyne incognita under salt stress condition. Indian Phytopathology, 74(3), 839-842. 

10. Ayon , N. J. (2020). Features, roles and chiral analyses of proteinogenic amino acids. AIMS Molecular Science, 7(3), 229-268. 

11. Barido, F. H., Lee, C. W., Park, Y. S., Kim, D. Y., & Lee, S. K. (2021). The effect of a finishing diet supplemented with γ-aminobutyric acids on 

carcass characteristics and meat quality of Hanwoo steers. Animal Bioscience, 34(4), 621. 
12. Bellameche, F., Jasim, M. A., Mauch-Mani, B., & Mascher, F. (2021). Histopathological aspects of resistance in wheat to Puccinia triticina, induced 

by Pseudomonas protegens CHA0 and β-aminobutyric acid. Phytopathologia Mediterranea, 60(3), 441-453. 

13. Blutt , S. E., Crawford, S. E., Ramani, S., Zou, W. Y., and Estes, M. K. (2018). Engineered human gastrointestinal cultures to study the microbiome 
and infectious diseases. Cell. Mol. Gastroenterol. Hepatol. 5, 241–251. doi: 10.1016/ j.jcmgh.2017.12.001 

14. Bouchebti, S., Bodner, L., Bergman, M., Magory Cohen, T., & Levin, E. (2022). The effects of dietary proline, β-alanine, and γ-aminobutyric acid 

(GABA) on the nest construction behavior in the Oriental hornet (Vespa orientalis). Scientific Reports, 12(1), 1-8. 
15. Chalupowicz, L., Manulis-Sasson, S., Barash, I., Elad, Y., Rav-David, D., & Brandl, M. T. (2021). Effect of plant systemic resistance elicited by 

biological and chemical inducers on the colonization of the lettuce and basil leaf apoplast by Salmonella enterica. Applied and Environmental 

Microbiology, 87(24), e01151-21. 
16. Chen, X., Gao, C., Du, X., Xu, H., Wang, G., & Zhang, D. (2021). Effects of dietary γ‐aminobutyric acid levels on the growth, serum biochemical 

indexes, immune‐related signalling molecules of Jian carp. Aquaculture Research, 52(3), 1096-1105. 

17. Choudhary , A., Kumar, A., Kaur, H., Balamurugan, A., Padhy, A. K., & Mehta, S. (2021). Plant Performance and Defensive Role of β-Amino 
Butyric Acid Under Environmental Stress. In Plant Performance Under Environmental Stress (pp. 249-275). Springer, Cham. 

18. Davidson , R. M., and Epperson, L. E. (2018). Microbiome sequencing methods for studying human diseases. Methods Mol. Biol. 1706, 77–90. 

doi: 10.1007/978-1- 4939-7471-9_5 

19. Ding , Y., Ting, J. P., Liu, J., Al-Azzam, S., Pandya, P., & Afshar, S. (2020). Impact of non-proteinogenic amino acids in the discovery and 

development of peptide therapeutics. Amino Acids, 52(9), 1207-1226. 

20. Drury, R. A. B., Wallington, E. A., & Cameron, S. R. (1967). Carleton's histological technique. London. 
21. Dunlop, R. A., & Guillemin, G. J. (2019). The cyanotoxin and non-protein amino acid β-methylamino-L-alanine (L-BMAA) in the food chain: 

incorporation into proteins and its impact on human health. Neurotoxicity research, 36(3), 602-611. 

22. Farris, N. W., Hamidoghli, A., Bae, J., Won, S., Choi, W., Biró, J., ... & Bai, S. C. (2022). Dietary Supplementation with γ-Aminobutyric Acid 
Improves Growth, Digestive Enzyme Activity, Non-Specific Immunity and Disease Resistance against Streptococcus iniae in Juvenile Olive 

Flounder, Paralichthysolivaceus. Animals, 12(3), 248. 

23. Freeman, D. E. (2006). Small intestine. Equine surgery, 4, 416-453. 
24. Geva-Zatorsky, N., Sefik, E., Kua, L., Pasman, L., Tan, T. G., Ortiz-Lopez, A., ... & Kasper, D. L. (2017). Mining the human gut microbiota for 

immunomodulatory organisms. Cell, 168(5), 928-943. 

25. Gould, A. L., Zhang, V., Lamberti, L., Jones, E. W., Obadia, B., Korasidis, N., ... & Ludington, W. B. (2018). Microbiome interactions shape host 
fitness. Proceedings of the National Academy of Sciences, 115 

26. Grishin, D. V., Zhdanov, D. D., Pokrovskaya, M. V., & Sokolov, N. N. (2020). D-amino acids in nature, agriculture and biomedicine. All Life, 

13(1), 11-22. 
27. Gur, L., Reuveni, M., & Cohen, Y. (2021). β-Aminobutyric Acid Induced Resistance against Alternaria Fruit Rot in Apple Fruits. Journal of Fungi, 

7(7), 564. 

28. Hegedus , G., Nagy, A., Decsi, K., Kutasy, B., & Virag, E. (2022). Transcriptome datasets of β-Aminobutyric acid (BABA)-primed mono-and 

dicotyledonous plants, Hordeum vulgare and Arabidopsis thaliana. Data in Brief, 107983. 

29. Hener, C., Hummel, S., Suarez, J., Stahl, M., & Kolukisaoglu, Ü. (2018). d-amino acids are exuded by Arabidopsis thaliana roots to the rhizosphere. 
International journal of molecular sciences, 19(4), 1109. 

30. Hunt, R. H., Camilleri, M., Crowe, S. E., El-Omar, E. M., Fox, J. G., Kuipers, E. J., ... & Tack, J. (2015). The stomach in health and disease. Gut, 

64(10), 1650-1668. 
31. Ikeda, K., Shoda, T., Demizu, Y., & Tsuji, G. (2021). Discovery of non-proteinogenic amino acids inhibiting biofilm formation by S. aureus and 

methicillin-resistant S. aureus. Bioorganic & Medicinal Chemistry Letters, 48, 128259. 



225 

225 Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Special Issue 2 ¦ 2022 225 
  

 

32. Ipci , K., Altintoprak, N., Muluk, N. B., Senturk, M., and Cingi, C. (2017). The possible mechanisms of the human microbiome in allergic diseases. 

Eur. Arch. Otorhinolaryngol. 274, 617–626. doi: 10.1007/s00405-016-4058-6 

33. Jafarbeigi, F., Samih, M. A., & Alaei, H. (2021). Expression patterns of ASR1, PIN2, and PAL genes in tomato and eggplant after treatment with 

different inducers. International Journal of Tropical Insect Science, 41(4), 2927-2935. 

34. Khlaif, H. M., Rajeh, O. N., Wreikat, B. I., & Mohammad, I. (2020). Induce resistance against bacterial speck disease of tomato Pseudomonas 
syringae pv. tomato by the chemical inducer ß-aminobutyric acid. Bulgarian Journal of Agricultural Science, 26(2), 355-364. 

35. Li , C., Lei, C., Huang, Y., Zheng, Y., & Wang, K. (2021). PpWRKY22 physically interacts with PpHOS1/PpTGA1 and positively regulates several 

SA-responsive PR genes to modulate disease resistance in BABA-primed peach fruit. Scientia Horticulturae, 290, 110479. 
36. Ma, C., Han, M., Heinrich, B., Fu, Q., Zhang, Q., Sandhu, M., ... & Greten, T. F. (2018). Gut microbiome–mediated bile acid metabolism regulates 

liver cancer via NKT cells. Science, 360(6391), eaan5931. 

37. Macelline , S. P., Chrystal, P. V., Liu, S. Y., & Selle, P. H. (2021). The Dynamic Conversion of Dietary Protein and Amino Acids into Chicken-
Meat Protein. Animals, 11(8), 2288. 

38. MacFaddin, J.F. (2000). Biochemical tests for Identification of Medical Bacteria. 3rd ed. The William & Wilkins, Baltimore., USA, 689-691. 

39. Mahmud , J. A., Hasanuzzaman, M., Khan, M. I. R., Nahar, K., & Fujita, M. (2020). β-Aminobutyric acid pretreatment confers salt stress tolerance 
in Brassica napus L. by modulating reactive oxygen species metabolism and methylglyoxal detoxification. Plants, 9(2), 241. 

40. Main, B. J. (2018). The role of non-protein amino acids in protein folding disorders (Doctoral dissertation). 

41. Minato, T., Nakamura, N., Saiki, T., Miyabe, M., Ito, M., Matsubara, T., & Naruse, K. (2022). β-Aminoisobutyric acid, L-BAIBA, protects PC12 
cells from hydrogen peroxide-induced oxidative stress and apoptosis via activation of the AMPK and PI3K/Akt pathway. IBRO Neuroscience 

Reports, 12, 65-72. 

42. Oketch-Rabah , H. A., Madden, E. F., Roe, A. L., & Betz, J. M. (2021). United States Pharmacopeia (USP) safety review of gamma-aminobutyric 

acid (GABA). Nutrients, 13(8), 2742. 

43. Perret-Gentil, M I. (2010). Rat biomethodology. university veterinarian & director. laboratory animal resources center. The university of Texas at 

san Antonio, 210, 458-6173. 
44. Quan, J., Zheng, W., Wu, M., Shen, Z., Tan, J., Li, Z., ... & Zang, Y. (2022). Glycine Betaine and β-Aminobutyric Acid Mitigate the Detrimental 

Effects of Heat Stress on Chinese Cabbage (Brassica rapa L. ssp. pekinensis) Seedlings with Improved Photosynthetic Performance and Antioxidant 

System. Plants, 11(9), 1213. 
45. Rivera-Piza, A., & Lee, S. J. (2020). Effects of dietary fibers and prebiotics in adiposity regulation via modulation of gut microbiota. Applied 

Biological Chemistry, 63(1), 1-12. 

46. Ruiz-Rodriguez, M., and Rello, J. (2017). Human microbiome in respiratory diseases. Ann. Transl. Med. 5, 248. doi: 10.21037/atm.2017.06.21 
47. Sagheer , Z. M., & Jasim, M. A. (2020). The effect of Beta-amino Butyric Acid in Levels of Interleukin4 & Interleukin 10, Complement Proteins 

C3 & C4 and Immunoglobin IgM in Males Rats Sprague Dawley Infected with Pseudomonas aeruginosa. Indian Journal of Forensic Medicine & 

Toxicology, 14(2). 
48. Saleh , E. N. and Jasim M. A. .(2018). HISTOLOGICAL STUDY OF THE BETA-AMINO BUTYRIC ACID (BABA) EFFECTS ON RAT 

CELLS. Life Science Archives (LSA), Volume 4 (6): 1509 -1516. 

49. Samardzic, K., & Rodgers, K. J. (2019). Cell death and mitochondrial dysfunction induced by the dietary non-proteinogenic amino acid L-azetidine-
2-carboxylic acid (Aze). Amino Acids, 51(8), 1221-1232. 

50. Sawada , M., Yamamoto, H., Ogasahara, A., Tanaka, Y., & Kihara, S. (2019). β-aminoisobutyric acid protects against vascular inflammation 

through PGC-1β-induced antioxidative properties. Biochemical and biophysical research communications, 516(3), 963-968. 
51. Selim, S., Akhtar, N., El Azab, E., Warrad, M., Alhassan, H. H., Abdel-Mawgoud, M., ... & Abdelgawad, H. (2022). Innovating the synergistic 

assets of β-amino butyric acid (BABA) and selenium nanoparticles (SeNPs) in improving the growth, nitrogen metabolism, biological activities, 
and nutritive value of Medicago interexta sprouts. Plants, 11(3), 306. 

52. Shivaji, S. (2017). We are not alone: a case for the human microbiome in extra intestinal diseases. Gut Pathog. 9:13. doi: 10.1186/s13099-017- 

0163-3 
53. Song , H., Burton, A. J., Shirran, S. L., Fahrig‐Kamarauskaitė, J., Kaspar, H., Muir, T. W., ... & Naismith, J. H. (2021). Engineering of a Peptide 

α‐N‐Methyltransferase to Methylate Non‐Proteinogenic Amino Acids. Angewandte Chemie International Edition, 60(26), 14319-14323. 

54. Tamai, M., Uchisawa, H., Saito, Y., Matsue, H., Kawase, M., Naraoka, T., & Tagawa, Y. I. (2020). Acorbine, a Corbicula japonica–derived 
tripeptide containing non-proteinogenic amino acids, suppresses ethanol-induced liver injury. Biochemical and Biophysical Research 

Communications, 522(3), 580-584. 

55. Tan , C., Zheng, Z., Wan, X., Cao, J., Wei, R., & Duan, J. (2021). The role of gut microbiota and amino metabolism in the effects of improvement 
of islet β-cell function after modified jejunoileal bypass. Scientific reports, 11(1), 1-14. 

56. Tang, J., & Chen, Z. (2016). The protective effect of γ‐aminobutyric acid on the development of immune function in chickens under heat stress. 

Journal of Animal Physiology and Animal Nutrition, 100(4), 768-777. 
57. Tao , C. N., Buswell, W., Zhang, P., Walker, H., Johnson, I., Schwarzenbacher, R., & Ton, J. (2022). A single amino acid transporter controls the 

uptake of priming-inducing beta-amino acids and the associated trade-off between induced resistance and plant growth. bioRxiv. 

58. Thamer, I. A. R. H., & Jasim, M. A. (2021). Anti-diabetic effect of β-amino Butyric Acid in Streptozotocin induced Rats. Systematic Reviews in 
Pharmacy, 12(5), 1700-1705. 

59. Xu , P., Wang, J., Hong, F., Wang, S., Jin, X., Xue, T., ... & Zhai, Y. (2017). Melatonin prevents obesity through modulation of gut microbiota in 

mice. Journal of pineal research, 62(4), 37.  
60. Yao, L., Zhong, Y., Wang, B., Yan, J., & Wu, T. (2020). BABA application improves soybean resistance to aphid through activation of 

phenylpropanoid metabolism and callose deposition. Pest management science, 76(1), 384-394. 

61. Yokoo, H., Hirano, M., Misawa, T., & Demizu, Y. (2021). Helical Antimicrobial Peptide Foldamers Containing Non‐proteinogenic Amino Acids. 
ChemMedChem, 16(8), 1226-1233. 

62. Yu, H. L., Kim, J. Y., Lim, S. H., & Kang, H. W. (2022). The defense response of pepper (Capsicum annuum L.) induced by exopolysaccharide 

from Schizophyllum commune. Physiological and Molecular Plant Pathology, 118, 101810. 
63. Yuan, Z., Liu, X., Liu, C., Zhang, Y., & Rao, Y. (2020). Recent Advances in Rapid Synthesis of Non-proteinogenic Amino Acids from 

Proteinogenic Amino Acids Derivatives via Direct Photo-Mediated C–H Functionalization. Molecules, 25(22), 5270. 


