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Abstract

:

Soybean products have nutrients, dietary fiber, and phytoalexins beneficial for cardiovascular and overall health. Despite their high consumption in Asian populations, their safety in Western diets is debated. We conducted a dose-escalating clinical trial of the safety and tolerability of soybean products in eight older adults (70–85 years) with obesity. Whole green soybean pods grown under controlled conditions were processed to flour (WGS) at the United States Department of Agriculture using common cooking techniques such as slicing and heat treatment. WGS incorporated into food products was consumed at 10 g, 20 g, and 30 g/day for one week at each dose. The gastrointestinal outcomes, clinical biomarkers, and adverse events were evaluated. We explored the stimulation of phytoalexin (glyceollin) production in live viable soybean seeds (LSS-G). We compared the compositions of WGS and LSS-G with commercial soybean flour and its fermented and enzymatically hydrolyzed forms. We found that although 30 g WSG was well-tolerated, and it made participants feel full. Our processing produced glyceollins (267 µg/g) in LSS-G. Processing soybean flour decreased the iron content, but reduced the oligosaccharides, which could attenuate flatulence. Providing soybean flour at <30 g/day may be prudent for overall health and to prevent the exclusion of other food groups and nutrients in older adults with obesity.






Keywords:


soybean; older adults; obesity; tolerability; glyceollin; processing












1. Introduction


Plants produce an array of secondary metabolites that are non-essential for basic metabolic processes, but have evolved to bestow a selective advantage against microbial or predatory attacks. These compounds are functionally defined as phytoalexins, which are synthesized de novo by the plant in response to stress, and phytoanticipins, which are pre-formed infection inhibitors. Phytoalexins are toxic to microbes but have biological activities that confer health benefits on other species [1]. Thus, resveratrol is a phytoalexin that has been widely studied for its benefits to human health [2]. Similarly, glyceollins are a group of phytoalexins synthesized de novo from the isoflavone daidzein (found in soybean) in response to environmental stresses, including fungal invasions and chemical molecules such as beta-glucan, ultraviolet rays, and metal ions. These stressors have diverse structural features so they may act simply by injuring plant cells and stimulating the phytoalexin biosynthesis pathway [3].



We investigated the concept of injuring plant cells by slicing whole green soybean pods to induce stress, and found that it stimulated the production of glyceollins when subsequently incubated [4]. Glyceollins modulate blood glucose control in animal models, which has been attributed to improvements in pancreatic beta cell function and glucose uptake in adipocytes [5,6]. We administered the glyceollin-enriched whole green soybean pods milled to flour (WGS) to mice fed an obesogenic diet and found that it reduced weight gain and fat mass [4]. Commercial soybeans are dehulled, the oil is extracted, and the remaining soybean flakes are used for food applications such as soybean flour, soybean protein concentrate, and soybean dietary fiber [7]. Unlike the soybeans used for making commercial soybean flour, glyceollin-enriched WGS was made from fresh green soybeans that were not dehulled or defatted and that contained nutrients in their original proportions. Moreover, the slicing and heat treatment used in our processing method are common cooking techniques.



Soybeans needed to be harvested at a particular reproductive stage and processed within 24 h of harvesting for glyceollin production by our processing method. Our facilities are located in Louisiana where the soybean harvesting period coincides with hurricane season, which poses many challenges for the production of glyceollin-enriched WGS. The 24-h time limitation for processing required a close proximity between the laboratory and harvesting site, which precluded obtaining fresh green soybeans from other growers. For the clinical trial reported in this paper, because of the seasonal limitations and Covid-19 restrictions from the United States Department of Agriculture (USDA), New Orleans, LA processing facility, incubation of the sliced WGS necessary for glyceollin synthesis was precluded [4].



Soybean products and consequently isoflavones form part of the traditional diets in Asian cultures. Despite their high consumption in Asian populations, some debate about their safety in the Western diet still pervades the literature [8,9,10,11]. Furthermore, including soybean in a Western diet in the amounts consumed by Asian populations may not always be culturally applicable. Moreover, processing soybeans can affect the acceptability and tolerability of their food products [12]. Therefore, our primary goal was to evaluate the safety and tolerability of food products made with WGS. To enhance the availability of glyceollin-enhanced soybean, we subsequently used our processing method to stimulate glyceollins in live viable soybean seeds that can be kept in dry storage (LSS-G), in a separate study. We report our methods and the results of the processing of LSS-G. Commercial soybean meal is processed either by fermentation or enzymatic hydrolysis to enhance the bioavailability of the isoflavones. We also present a comparison of the compositions of LSS-G, WGS, commercial soybean flour, and fermented and enzymatically hydrolyzed forms of commercial soybean flour.




2. Materials and Methods


2.1. Study Design


We conducted a three-week dose-escalating clinical trial at the Pennington Biomedical Research Center, in Baton Rouge, Louisiana. We tested the safety and tolerability of WGS incorporated into food products in older adults with obesity in preparation for an intervention trial that is ongoing in this population. The doses were determined on the basis of the dietary fiber in WGS, as there are recommendations for the consumption of dietary fiber. WGS contained approximately 36% dietary fiber. Relatively large doses of dietary fiber are tolerated if the daily intake is gradually increased and divided into small portions throughout the day [13]. The maximum recommended starting dose (MRSD) for supplemental dietary fiber was estimated at 4 g, which, when added to the average dietary fiber intake in the US of approximately 17 g [14], was not in excess of the recommended adequate intake of 25–38 g/day [15]. The dose escalation scheme recommended for first-in-human trials is rapid dose escalation initially (MRSD × 2) until the estimated desirable dose (8 g) is reached and then at a more cautious escalation (e.g., MRSD × 1.5) [16]. Participants were provided with foods containing WGS at 10 g/day (3.6 g/dietary fiber), 20 g/day (7.2 g/day dietary fiber), and 30 g/day (10.8 g/day dietary fiber) for one week at each dose, incorporated into their usual diet.




2.2. Participants


This clinical trial was patterned according to the National Cancer Institute’s (NCI’s) recommendation for dose escalation to determine the toxicity of a drug [17]. Accordingly, eight men and women (70–85 years) were enrolled. Participants were eligible if they presented with a body mass index between 30 and 40 kg/m2; no evidence of diabetes (fasting blood sugar <126 mg/dL), dementia (Mini Mental State Examination score > 25) or depression (Geriatric Depression Scale-15 [GDS-15] < 6); and if their weight was stable (<3 kg weight change in the past three months). Participants were excluded if they (a) had type 1 or type 2 diabetes; (b) had a diagnosis of cancer (within the last five years); (c) reported advanced disease of any major organs; (d) reported clinically significant gastrointestinal malabsorption syndromes, such as chronic diarrhea or celiac disease; (e) had clinically significant abnormal laboratory markers; (f) reported history of substance abuse or alcoholism or significant psychiatric disorder that would interfere with the ability to complete the study; and (g) if they were current smokers.



Screening involved measurement of the body weight, height, vital signs (blood pressure and pulse rate), complete blood count and blood chemistry-15 panel (glucose, creatinine, potassium, uric acid, albumin, calcium, magnesium, creatine phosphokinase, alanine aminotransferase, alkaline phosphatase, iron, cholesterol (total, high-density lipoprotein, and low-density lipoprotein), and triglycerides). This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects were approved by our Institutional Review Board. All participants provided written informed consent. The trial was registered with ClinicalTrials.gov Identifier: NCT04499482. The participant characteristics at screening are presented in Table 1.




2.3. Study Procedures


Baseline assessments included collection of a fecal sample and completion of a tolerability questionnaire. Each eligible participant completed three weekly visits to the center. Each week, participants provided a fresh stool sample, completed the tolerability questionnaire, and turned in used and unused study product packages, through which compliance was assessed. They were advanced to the next dose if they tolerated the prior dose. The study dietitian provided weekly nutrition counseling on adherence to the protocol and participants were given supplies of the study products for each week. At the end of the study, for each participant, the complete blood count and chemistry panel conducted at the screening visit were repeated. Based on our prior study in rodents showing an increase in short chain fatty acids with WGS supplementation [4], homogenized fecal samples were analyzed for short chain fatty acids, as previously described [4,18].




2.4. Whole Green Soybean Flour (WGS)


The soybean plants were grown under carefully monitored conditions at the Louisiana State University Agricultural Center and were harvested at reproductive stage six or when the green pods contained soybeans that filled the pods. The whole soy pods were processed at the USDA, New Orleans, LA, Food Processing and Sensory Quality Research Unit. The pods were sliced into thin cross-sections, frozen at −80 °C, lyophilized, and milled to flour. Nutrient analysis was performed at Eurofins Food Chemistry Testing (Madison, WI) using the methods of analysis from the Association of Official Analytical Chemists [19].




2.5. Diet Intervention


WGS was incorporated into foods and prepared in our metabolic kitchen. Each food item contained 5 g of WGS. Participants received two, four, and six food items for each day in weeks one, two, and three, respectively. A list of 14 foods developed for the study is presented in Table 2. Participants had the flexibility to consume the required number of food items for each day from among the choices provided for the week.




2.6. Food Tolerability


Participants completed a version of the gastrointestinal symptoms questionnaire designed as a validated assessment for dyspepsia [20], and modified it to make it specific by only including the symptoms that may be experienced with a high dietary fiber intake. The scale is ranked as none, mild, moderate, and severe for each of four gastrointestinal symptoms (bloating, abdominal rumbling, flatulence, and abdominal pain). Additionally, participants rated their stool consistency based on the Bristol Stool scale [21], as well as their stool frequency over a period of 72 h.




2.7. Adverse Events


Adverse events (AE) were recorded at each visit. We defined AE as any unfavorable and unintended sign (including a clinically significant abnormal laboratory finding), symptom, or disease (new or exacerbated) temporally associated with ingestion of the foods. A serious adverse event (SAE) was defined as any untoward medical occurrence that results in death, was life threatening, required inpatient hospitalization or prolongation of existing hospitalization, or resulted in persistent or significant disability/incapacity. An AE that was easily tolerated by the participant, causing minimal discomfort, and not interfering with everyday activities was classified as mild. An AE that was sufficiently discomforting to interfere with normal everyday activities was classified as moderate, and one that prevented normal everyday activities was classified as severe. Adverse events were evaluated through open-ended and non-leading verbal questioning of the participant. Based on signs, symptoms, and clinical information, a diagnosis was reached.




2.8. Statistical Analysis


The primary objective of the study was to determine the maximum tolerated dose of WGS. Six participants at each dose were sufficient to detect tolerability [17,22,23]. However, we enrolled eight participants to test each dose of WGS. Dose safety was investigated by compiling, by treatment (for example, 10 g dose, 20 g dose, and 30 g dose), a list of adverse events such as frequency of headaches, nausea, and vomiting. For gastrointestinal symptoms, the scale was ranked as none (no symptoms), mild, moderate, or severe intensity for each of four gastrointestinal symptoms (bloating, abdominal rumbling, flatulence, and abdominal pain). The assessment of intensity was similar to that of AEs. Moderate and severe ratings were considered as intolerance to the dose. A stool frequency of one to three/day, or three times/per week was considered regular. Therefore, a stool frequency of less than one and more than nine over a 72-h period was a consideration for determining intolerance. A stool consistency of type three to five on the Bristol Stool Scale was considered normal. Any other rating was considered as intolerance if participants also rated stool frequency and consistency as being an adverse event of a moderate to severe intensity.



According to the NCI convention for dose limiting toxicity to a drug [17]: (1) if two out of three (66%) participants were intolerant to the dose, the next lower dose was the maximum dose tolerated, and (2) if one out of three (33%) were intolerant to a dose, then that dose was considered the maximum tolerated dose. We determined that if (1) five out of eight (63%) were intolerant, the next lower dose would be adopted, and (2) if three out of eight (37%) were intolerant to a dose, then that dose would be taken as the maximum tolerated dose. Statistical tests for differences in gastrointestinal symptoms were conducted with Chi-squared tests of associations. A mixed effect linear model was used to estimate the changes in the blood biomarkers and fecal short chain fatty acids, while accounting for participant correlation across time using all of the available data from subjects tested at each dose. The outcomes were within participant changes over time. Significance was set at p < 0.05. All of the analyses were performed using SAS 9.4 (SAS Institute, Cary, NC, USA).




2.9. Study to Evaluate Nutrition and Glyceollin Content of LSS-G


To overcome the 24-h time limitation following harvesting for the processing of WGS to stimulate glyceollins, live viable soybean seeds, which are available throughout the year and are used for planting the crop, were obtained from Nutrien Ag Solutions (New Roads, LA, USA). The seeds were soaked for 30 min in peroxyacetic acid, which is a safe ingredient commonly used in the food industry [24]. The seeds were rinsed three times in water and soaked in water for 8 h. The seeds were cut for 2 min in a food processor, placed on sterile food trays, spread out in a 1.27 cm layer, and incubated for 72 h at 25 °C and 55% humidity. The cut seeds were then frozen at −80 °C, lyophilized, and milled to flour. The seeds were processed and the glyceollin content was measured by high performance liquid chromatography, at the USDA (New Orleans, LA, USA). Nutrient analysis was conducted by Eurofins (Madison, WI, USA).





3. Results


One participant dropped out of the clinical trial on day three of week one, stating that for personal reasons, he could not meet the demands of the study. The remaining seven participants who completed the study met the criteria for establishing tolerability at all three doses of WGS. The average compliance with the consumption of study foods was 97%, 97%, and 94% in weeks 1, 2, and 3, respectively. A summary of the gastrointestinal symptoms is presented in Table 3. There was no change in the fecal short chain fatty acids compared with baseline. There were two adverse events reported by one participant in week two as mild flatulence and one participant in week three as mild constipation. One participant had more than 1 g below normal hemoglobin levels before and after consuming the study foods. Four participants had less than 1 g below normal hemoglobin levels before starting the study and in two participants, the levels were more than 1 g at the end of the study. There were no clinically significant changes from baseline in the other blood biomarkers. There were statistically significant changes from baseline in the values for high density lipoprotein cholesterol, triglycerides, creatinine, calcium, and albumin. However, the values for each participant were within the normal range, except for one participant whose triglyceride concentrations were below normal before and after the study (Table 4). Participants reported that soybean products containing 30 g/day WGS made them feel very full.



The macronutrient and micronutrient composition and glyceollin content of WGS and LSS-G are presented in Table 5 Unlike commercial flour, WGS and LSS-G are not defatted and have a lipid content that is seven- to eight-fold higher than that of the commercially processed flours. As WGS contains the soybean pod, the dietary fiber content is ~15% higher than the LSS-G and commercial forms, largely due to increased insoluble fiber. Similar to fermentation and enzymatic hydrolysis, slicing and incubating soybean appeared to reduce its iron content by ~25%. Compared with LSS-G and the commercial forms, WSG had approximately twice the amount of calcium and 33% less phosphorus. Compared with commercial soybean flour, the enzymatically hydrolyzed and fermented soybean flours, WSG, and LSS-G had 75–100% less of the oligosaccharides raffinose and stachyose (Table 5).




4. Discussion


This study was conducted in preparation for an ongoing 12-week randomized controlled trial in older adults with obesity investigating the effect of whole soybean products as part of a low energy dense diet on insulin sensitivity (ClinicalTrials.gov identifier: NCT05649176). Although all doses were well-tolerated, the foods tended to make participants feel very full at the 30 g dose containing 10.8 g of dietary fiber. Our data suggest that less than 30 g/day WGS may be appropriate for older adults with obesity. Live viable soybean seeds can be stored prior to processing, which overcomes the 24-h time limitation for glyceollin stimulation in WGS. Thus, LSS-G widens the geographical availability of glyceollin-enriched soybean.



Intervention trials investigating the effect of soybean products have largely investigated the effect of soy protein supplementation on metabolic outcomes [25,26,27,28,29]. Few clinical trials have tested whole soybean products. In intervention trials, commercial soy nuts containing 10 g or 12 g dietary fiber for four weeks [30,31] or 10 g of dietary fiber for eight weeks [32] were tolerated in adults with average ages ranging from 53 to 56 years. Muffins containing approximately 10.4 g of dietary fiber from soybean flour were tolerated in adults with an average age of 55 years over a four-week intervention period [33]. The high daily intake of soy protein (37.5 g/day) and dietary fiber (13–16 g/1000 kcal) in commercially available soy foods for 24 weeks in a four-arm crossover trial led to a high drop-out rate among older adults (average age of 65 years) [34]. Together with the results from our study, the evidence suggests that 10–12 g/day dietary fiber from soybean is well tolerated.



In the present study, we did not stimulate glyceollin synthesis in WGS. Based on our prior study [4], WGS has a lower glyceollin content (175 µ/g) than LSS-G (267 µ/g). Inoculation with Aspergillus sojae and being incubated for 72 h produced ~1400 µg/g glyceollins, which was much higher than that produced with our method [35]. However, our processing involves the use of fundamental cooking techniques that result in food with sensory properties that conform with the natural product. Compared with commercial defatted soybean flour, WGS and LSS-G had a higher lipid content, but 66% to 80% of the lipids in soybean are unsaturated, which have a health benefit [36]. Consistent with the fermented and enzymatically hydrolyzed forms of soybean flour, the oligosaccharides raffinose and stachyose were also diminished in WSG and LSS-G. Oligosaccharides cause bloating and flatulence associated with legume consumption, and the reduction in oligosaccharides may enhance the acceptability of WSG and LSS-G [37].



The iron content diminished after processing WSG and LSS-G, similar to the commercial enzymatically hydrolyzed and fermented forms of soybean flour. The iron in soybean is non-heme iron, which is usually not absorbed as well as heme iron from animal sources, and its absorption depends on the iron status of a person [38]. The phytate content of soybean ranges from 1–1.47% on a dry matter basis, which represents 51.4–57.1% of the total phosphorous in seeds [39]. Highly charged phosphate groups make phytic acid (the salts of phytates) very reactive. If present in foods, phytic acid binds divalent cations, such as calcium, iron, zinc, and magnesium, rendering them nutritionally unavailable [40]. However, WGS had 33% less phosphorus than the commercial soybean meals. The progression from low serum iron of less than 1 g below normal before the study to more than 1 g below normal at the end of the study in two participants suggests that the satiating effect of the study foods may reduce the intake of more bioavailable sources of iron.



In a mouse model of type 2 diabetes, after the administration of fermented soybeans containing glyceollins and a mixture of isoflavones, the blood glucose response to an oral glucose challenge improved compared with mice given unfermented soy devoid of glyceollins but containing isoflavones. The effects were supported by improvements in the markers of hepatic insulin signaling [35]. Our prior studies show that in rats, glyceollins stimulate basal and insulin-stimulated glucose uptake, and experiments in 3T3-L1 adipocytes suggest that the effect may be mediated by up-regulation of the glucose transporter [5]. Furthermore, we found that in mice fed a high-fat diet supplemented with glyceollin-enhanced WGS, there was a reduction in weight gain and fat mass and increased glucose excretion [4].



The glyceollin content of the diet in the rodent studies translates into very high human doses. LSS-G contains glyceollins at approximately 267 µg/g and it would require copious quantities to be included in the diet to meet the dose for efficacy based on the rodent studies. Often, the constituents of a plant interact with one another to synergistically improve the solubility and thereby enhance the bioavailability of a particular component compared with the isolated constituent [41]. Therefore, a whole diet approach that includes LSS-G with its myriad health-promoting components in their natural proportions warrants further investigation for its effects in diseases and conditions of impaired glucose metabolism.



Similar to our tolerability study of three weeks, the main limitation of studies investigating the effects of whole soybean products is the short time frame, ranging from 4–8 weeks. Nevertheless, we found that in older adults, up to 30 g/day of WGS incorporated into food was well-tolerated. It may be prudent to consider a reduced dose so as to prevent the exclusion of other food groups and nutrients in this population accustomed to consuming a Western-type diet. Glyceollin production can be stimulated in live viable soybean seeds using common cooking methods, and its inclusion in a Western diet so as to secure the health benefits of soybeans warrants investigation.
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Table 1. Participant characteristics at screening.
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	Age a
	73 (2)



	Body mass index (kg/m2) a
	34.0 (2.8)



	Gender
	



	Females
	3



	Males
	4



	Race
	



	White
	5



	Black
	2 b







a Values are mean (SD); b One male and one female.
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Table 2. List of foods each containing 5 g of whole green soybean flour (WGS).
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	1
	Lime pound cake



	2
	Banana bread



	3
	Corn bread



	4
	Spinach tomato quiche



	5
	Tomato soup



	6
	Chili with carrots and corn



	7
	Apple cinnamon muffin



	8
	Crackers



	9
	Herbed tomato bread



	10
	Berry banana shake



	11
	Vanilla peach shake



	12
	Mocha shake



	13
	Tropical lime shake



	14
	Blueberry shake
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Table 3. Participant responses to gastrointestinal symptoms, stool consistency, and stool frequency.
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Event

	
Baseline

	
Week 1

	
Week 2

	
Week 3






	
Bloating




	
Mild

	
1

	
1

	
0

	
1




	
None

	
6

	
6

	
7

	
6




	
Total Participants

	
7

	
7

	
7

	
7




	
Abdominal Rumbling




	
Mild

	
1

	
2

	
1

	
1




	
None

	
6

	
5

	
6

	
6




	
Total

	
7

	
7

	
7

	
7




	
Flatulence




	
Mild

	
4

	
2

	
5

	
5




	
None

	
3

	
5

	
2

	
2




	
Total Participants

	
7

	
7

	
7

	
7




	
Abdominal Pain




	
Mild

	
0

	
0

	
0

	
1




	
None

	
7

	
7

	
7

	
6




	
Total Participants

	
7

	
7

	
7

	
7




	
Stool Consistency




	
1

	
0

	
0

	
0

	
1 *




	
3

	
2

	
2

	
0

	
0




	
4

	
3

	
3

	
5

	
2




	
5

	
2

	
2

	
2

	
4




	
Total

	
7

	
7

	
7

	
7




	
Stool Frequency




	
1–2

	
1

	
2

	
1

	
1




	
3–4

	
3

	
4

	
5

	
3




	
5–6

	
3

	
1

	
1

	
3




	
Total Participants

	
7

	
7

	
7

	
7








* Participant rated the intensity as mild. The change from baseline for all of the measures was not statistically significant, p > 0.05.
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Table 4. Changes in blood biomarkers from baseline to week 3.
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	Biomarker
	Baseline
	Week 3
	p-Value





	Chemistry-15 Panel
	
	
	



	Glucose (mg/dL)
	94.57 ± 3.62
	99.29 ± 3.62
	0.28



	Creatinine (mg/dL)
	0.83 ± 0.08
	0.91 ± 0.08
	0.02 *



	Potassium (mmol/L)
	4.23 ± 0.15
	4.28 ± 0.15
	0.69



	Uric acid (mg/dL)
	6.06 ± 0.53
	5.97 ± 0.53
	0.78



	Albumin (g/dL)
	4.20 ± 0.09
	3.96 ± 0.09
	0.01 *



	Calcium (mg/dL)
	9.55 ± 0.10
	9.21 ± 0.10
	<0.01 *



	Magnesium (mg/dL)
	2.04 ± 0.06
	2.03 ± 0.06
	0.81



	Creatine phosphokinase (IU/L)
	186.71 ± 56.60
	172.57 ± 56.60
	0.49



	Alanine transaminase (IU/L)
	25.71 ± 3.67
	26.0 ± 3.67
	0.86



	Alkaline phosphatase (IU/L)
	72.14 ± 7.17
	67.14 ± 7.17
	0.19



	Iron (µg/dL)
	97.13 ± 9.54
	84.14 ± 9.54
	0.05



	Total cholesterol (mg/dL)
	173.57 ± 20.73
	173.71 ± 20.73
	0.98



	High density lipoprotein cholesterol (mg/dL)
	52.71 ± 3.34
	48.67 ± 3.34
	<0.01 *



	Low density lipoprotein cholesterol (mg/dL)
	99.49 ± 17.14
	97.16 ± 17.14
	0.66



	Triglycerides (mg/dL)
	106.86 ± 19.20
	139.43 ± 19.20
	0.04 *



	Complete Blood Count
	
	
	



	Hemoglobin (g/dL)
	13.17 ± 0.41
	12.81 ± 0.41
	0.20



	Hematocrit (%)
	39.59 ± 1.07
	38.5 ± 1.07
	0.16



	Mean cell volume (fL)
	87.46 ± 1.68
	86.87 ± 1.68
	0.30



	Platelet count (×103 cells/µL)
	242.14 ± 20.11
	231.86 ± 20.11
	0.30



	White blood cell count
	6.01 ± 0.50
	5.64 ± 0.50
	0.15



	Absolute Granulocytes (×103 cells/µL)
	3.34 ± 0.38
	3.13 ± 0.38
	0.16



	Neutrophil count (×103 cells/µL)
	3.09 ± 0.36
	2.87 ± 0.36
	0.16



	Eosinophil count (×103 cells/µL)
	0.23 ± 0.05
	0.23 ± 0.05
	1.00







* p < 0.05.
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Table 5. Composition of the whole green soybean (WGS) and live soybean seeds (LSS-G) processed in the study and commercial soybean flour (SBF) and its fermented (FSBF) and enzymatically hydrolyzed (ESBF) forms.






Table 5. Composition of the whole green soybean (WGS) and live soybean seeds (LSS-G) processed in the study and commercial soybean flour (SBF) and its fermented (FSBF) and enzymatically hydrolyzed (ESBF) forms.













	Composition
	WGS
	LSS-G
	SBF *
	FSBF *
	ESBF *





	Macronutrients/Ash/Fiber g/100 g
	
	
	
	
	



	Ash
	6.04
	5.35
	6.50
	7.00
	6.70



	Protein
	25.40
	38.30
	47.50
	51.70
	48.20



	Lipid
	14.00
	16.60
	2.20
	1.90
	1.50



	Total carbohydrate
	51.60
	36.60
	42.60
	36.90
	39.20



	Dietary fiber
	35.60
	28.80
	27.30
	30.40
	28.10



	Insoluble fiber
	32.50
	23.70
	-
	-
	-



	Soluble fiber
	3.10
	5.05
	-
	-
	-



	Minerals mg/100 g
	
	
	
	
	



	Copper
	0.85
	0.73
	0.83
	0.91
	0.83



	Manganese
	3.40
	2.81
	2.40
	2.60
	2.40



	Zinc
	3.38
	4.49
	4.00
	4.50
	4.00



	Iron
	6.17
	6.78
	9.10
	6.70
	6.00



	Sodium
	2.50
	7.54
	13.20
	18.10
	12.10



	Calcium
	549.00
	284.00
	260.30
	286.10
	267.00



	Magnesium
	438.00
	277.00
	269.70
	287.60
	263.00



	Phosphorus
	349.00
	646.00
	522.00
	581.80
	526.10



	Potassium
	2170.00
	1880.00
	2046.30
	2202.60
	2022.90



	Oligosaccharides g/100 g
	
	
	
	
	



	Sucrose
	1.90
	5.15
	4.30
	Not detected
	2.30



	Glucose
	0.22
	0.12
	-
	-
	-



	Fructose
	0.21
	<0.10
	-
	-
	-



	Maltose
	<0.10
	<0.10
	-
	-
	-



	Lactose
	<0.10
	<0.10
	-
	-
	-



	Galactose
	<0.10
	<0.10
	-
	-
	-



	Raffinose
	0.26
	0.16
	0.82
	Not detected
	0.43



	Stachyose
	0.65
	0.63
	2.72
	Not detected
	1.59



	Energy kcal/100 g
	297.00
	340.00
	-
	-
	-



	Glyceollins µg/g
	-
	266.91
	
	-
	-







- indicates that data are not available; * Values are taken from [12].
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