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Abstract: Whole grains are rich in nutrients and antioxidants and can be fermented to increase their
biological functions. This study used two fermentation steps to ferment eight whole grains. The
bio-functional compounds, ACE inhibition, and antioxidant capacity were measured during the
second fermentation step. The results indicate that the total phenols content increased by 2605%, total
flavonoid content increased by 1707%, ABTS radical scavenging capacity increased by 239%, DPPH
radical scavenging capacity increased by 325%, GABA increased by 4810%, glucuronic acid increased
by 4278%, ACE inhibition increased by 69.28%, and total amino acids increased by 2197.72% after
13 weeks of fermentation. These results showed that a fermentation beverage with eight whole grains
could be considered a drink with health benefits.

Keywords: angiotensin-converting enzyme inhibition; GABA; glucuronic acid; two-step fermentation;
whole grain fermentation

1. Introduction

Grains are an essential source of nutrition and energy [1]. Whole grains are rich in nu-
trients: dietary fiber, protein, and phytochemicals, including phenols, flavonoids, vitamins,
and minerals, which are essential to human health [2]. Consuming whole grains has been
associated with lower inflammation-related chronic diseases, including cardiovascular
diseases, type-2 diabetes, and cancer [3]. Whole grains are rich in glutamic acid, which
catalyzes the synthesis of γ-aminobutyric acid (GABA) and acts as a major inhibitory
neurotransmitter in the mammalian central nervous system [4].

Microbial fermentation has been used to improve the nutritional and functional proper-
ties of grains in the cereal industry. Lactic acid bacteria fermentation is a cheap and effective
value-added processing method for edible substances [5]. The microbial activity involved in
the fermentation process alters the ratio of various nutrients and anti-nutrients, affects the
product’s sensory properties, and increases nutrients’ bioaccessibility and bioavailability [6].
When oligopeptides in whole grains are released through microbial fermentation, they
positively affect healthy functioning, such as increasing angiotensin converting enzyme’s
(ACE) inhibition activity [7]. In addition, research has determined that many organic acids
and GABA are produced during the microbial fermentation process [8].

No previous studies have been conducted on whole multigrains to quantify the
metabolites’ bio-functional components and antioxidant capacity by using two-step fermen-
tation. Unlike traditional fermentation that uses sugar as the starter, this research method
uses the fermentation broth of eight whole grains saccharified by microorganisms as the
fermentation starter (EGS). This study aimed to produce an eight-whole-grain fermentation
beverage (EGB) using eight selected whole grains, including millet, wheat, sorghum, black
rice, buckwheat, pear rice, black glutinous rice, and red quinoa. The EGB was evaluated in
terms of GABA, glucuronic acid, amino acids, total flavonoid content, total phenols content,
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and the ability of DPPH radical scavenging, ABTS radical scavenging, and ACE inhibition
during fermentation.

2. Materials and Methods
2.1. Chemicals and Reagents

NaCl (Sodium chloride) was purchased from Sigma Aldrich (Saint Louis, MO, USA).
Quercetin was obtained from the Tokyo Chemical Industry Co. (Osaka, Japan). Methanol was
purchased from Macron Fine Chemicals (Center Valley, PA, USA). Vitamin C (L-ascorbic acid)
was obtained from Riedel-de Haën (Seelze, Germany). Gallic acid was purchased from
Alfa Aesar (Santa Ana, CA, USA). NaOH (Sodium hydroxide), Acetonitrile, and Ortho
phosphoric acid were obtained from Honeywell (Muskegon, MI, USA). All reagents were
of the highest commercially available purity.

2.2. Materials

The eight whole grains used to ferment EGS and EGB in this study included the
following: millet, wheat, sorghum, black rice, buckwheat, pear rice, black glutinous rice,
and red quinoa. The grains were purchased at the Xing Yuan Xing store in Chiayi, Taiwan.
The grains were crushed to a particle size of less than 5 mm and then filtered through a
10-mesh sieve to collect larger particles.

2.3. EGS and EGB Preparation

The EGS preparation involved mixing grains with a total of 5000 g (each grain weight
was 625 g) with 20 L of reverse osmosis (RO) water and placed into a 69-liter jar. The
jars of grain/water were stirred with a hand-held iron rod twice a day and maintained at
30 ◦C. After four months of fermentation, the mixtures were filtered and stored at room
temperature for further analysis.

The total amount of grains for EGB was 1543 g (each kernel weighs 192 g), mixed
with reverse osmosis water (6000 mL) and EGS (2000 mL). The fermentation process was
conducted in three identical glass jars (10 L) for 13 weeks. Each jar was stirred twice a day
and maintained at 30 ◦C. After stirring each jar for 15 min, a 120 mL sample was collected,
filtered, and stored at 4 ◦C for subsequent analysis once a week.

2.4. Culture of Lactic Acid Bacteria and Identification

Identification of LAB viable cells (CFU/mL) was carried out by plating ten-fold
dilutions of the EGB samples on MRS agar. Plates were incubated at anaerobically 37 ◦C
for 48 h. Counting was performed in triplicate.

A single colony was selected and cultured for one day. The colony PCR was performed
with 16S primers (16F: GTATTACCGCTGCTG/16R: AGAGTTTGATCCTGGCTCAG). DNA
fragments were amplified as follows: initial denaturation at 95 ◦C for 5 min, followed by
35 cycles consisting of denaturation at 94 ◦C for 1 min, annealing at 36 ◦C for 1 min,
extension at 72 ◦C for 1 min, and a 5 min final extension step at 72 ◦C. The PCR products
were sequenced in The National Cheng Kung University Center for Genomics Medicine.

2.5. Total Phenolic Content (TPC) Assay

The total concentration of phenolic in the crude extract was determined by modifying
the method of Taga et al. [9]. Test solutions of 25 µL were added to 1.0 mL of 2% Na2CO3.
After 2 min, 250 µL of 50% Folin-Ciocalteau reagent was added and allowed to stand
at 25 ◦C for 30 min. Absorbance was measured at 750 nm with a spectrophotometer
(Metertech SP-830 Plus, Taipei, Taiwan). The blank sample consisted of all reagents and
solvents without test compounds or standards. The standard was gallic acid prepared
from 0.001 mg/mL to 1.0 mg/mL. The final TPC value was expressed as µg gallic acid
equivalence (GAE) per gram (µg GAE/g) according to a gallic acid standard curve.
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2.6. Total Flavonoid Content (TFC) Assay

The TFC of the extracts was determined using the modified method of Samsonowicz
et al. [10]. This method involved mixing 0.2 mL of the appropriately diluted sample with
0.8 mL methanol, 400 µL 10% aluminum chloride, 400 µL 1 M potassium acetate, and
200 mL redistilled water. The sample was allowed to stand at 25 ◦C for 40 min. The
absorbance of the reaction mixture was subsequently measured with a spectrophotometer
(Metertech SP-830 Plus, Taipei, Taiwan) at 415 nm.

2.7. ABTS Radical Scavenging Assay

The ABTS radical inhibition was determined using the modified method of Samsonow-
icz et al. [10]. The stock solution of ABTS was prepared by dissolving 14 mM of ABTS
salt and 4.9 mM K2S2O8 in 20 mL of deionized water. The prepared ABTS+ solution was
diluted with deionized water and kept in darkness for 16 h.

After incubation, the radical solution was detected by spectrophotometry (Metertech
SP-830 Plus, Taipei, Taiwan) until the initial absorbance value of 0.7 ± 0.005 at 734 nm
was reached.

To determine the radical scavenging ability, 0.05 mL of the sample was added to
1.95 mL of diluted ABTS solution. Absorbance was measured after 6 min at 734 nm against
water as blank. The inhibition of absorbance at 734 nm was calculated and plotted as a
function of the antioxidants and Trolox concentrations for standard reference data.

2.8. DPPH Radical Scavenging Assay

The ability of tested infusion samples to quench the stable DPPH radical was deter-
mined by measuring the absorbance using a spectrophotometer (Metertech SP-830 Plus,
Taipei, Taiwan). For the DPPH radical scavenging assay, 0.4 mL of the sample was added
to 1 mL of a methanolic solution of DPPH (absorbance is approx. 1.2). The samples were
incubated in the dark at room temperature for 50 min. Absorbance was measured at
λ = 517 nm with water as the reference [10].

2.9. pH and Total Titratable Acidity (TTA) Determination

The pH of grain fermentation broth was measured using a pH meter (pH 2–11, Hanna,
Padova, Italy). TTA analysis was carried out following the method outlined by Barbosa
et al. [11]. Briefly, each sample (1 mL) mixed with distilled water (20 mL) was titrated
with 0.1 M NaOH solution and used 1% phenolphthalein as an indicator. Then, the mass
was stirred constantly while waiting for the first noticeable pink change. The results were
expressed as the sample’s lactic acid concentration.

2.10. Analysis of Organic Acid, Carbohydrates, and Ethanol

EGB was filtered through a 0.22 µm sterile microfilter, and 10 µL of the filtrate
was injected into the HPLC system (Shimadzu sci–10a, Kyoto, Japan). A C-18 column
(4.6 mm × 250 mm, 5 µm; Hitachi High-Tech Fielding Corporation, Tokyo, Japan) employ-
ing a UV detector (210 nm) was used for the analysis. Moreover, the HPLC system was
controlled with a flow rate of 0.6 mL/min and a running time of 40 min at 30 ◦C. We used
0.05 M H3PO4 to separate the three organic acids in the grain fermentation broth. The
standards of lactic acid, acetic acid, and glucuronic acid were used in comparative analyses
with the fermentation broth samples.

The analysis of glucose, fructose, and ethanol content was performed using an Agilent
Hi-Plex H ion exchange column (300 mm × 7.7 mm) employing an RI detector. The HPLC
system was controlled with a flow rate of 0.6 mL/min and a running time of 40 min at 30 ◦C.

2.11. GABA Measurements

GABA stock standard solutions (1000 ppm) were prepared by dissolving standards in
separate 10 mL volumetric flasks and kept in a dark room. Working solutions of 1000, 500,
250, 125, and 62.5 ppm for each measure were prepared by diluting them with water. Each
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working solution (1 mL) was treated with 1 mL of 2-hydroxynaphthaldehyde (0.3% w/v) in
methanol, followed by the addition of 0.5 mL of boric acid-NaOH buffer (pH 8.5) in a 5 mL
volumetric flask. The resultant mixture was heated at 85 ◦C for 15 min in a water bath, and
the solution was allowed to cool at room temperature. The volumes were adjusted to 5 mL
with methanol and were kept at 4 ◦C until analysis, following the procedures conducted
by [12,13]. The samples were filtered through a 0.22 µm sterile microfilter, and 10 µL of the
filtrate was injected into the HPLC system (Shimadzu sci–10a, Japan).

2.12. ACE Inhibition Activities Assay

The samples’ ACE inhibition activity was determined by modifying the previous
method [14]. For each assay, 9 µL of 0.1 M a potassium phosphate buffer (containing
0.3 M NaCl, pH 8.2) was mixed with 15 µL of Hippuryl-Histidyl-Leucine (4 mmol/L
Hip-His-Leu in 0.1 M potassium phosphate buffer), along with 6 µL of the sample and
30 µL of ACE to a total volume of 60 µL. The solution was immersed in a water bath at
37 ◦C for 1 h. Next, 50 µL of HCl (1 N) was added to stop the reaction. Then, 100 µL of
the coloring agent Pyridine and 50 µL of BSC were added. The mixture was shaken and
quickly cooled to room temperature using an ice bath. Finally, 200 µL was transferred
to a 96-well plate and measured at 410 nm with an absorbance spectrophotometer (BMG
LABTECH, SPECTROstar Nano, Offenburg, Germany).

2.13. Amino Acid Analysis

Crude protein was calculated from the total nitrogen content determined using the
Kjeldahl method with a nitrogen-to-protein conversion factor of 6.25 [15]. The samples
were centrifuged at 15,000 rpm for 2 min, and the supernatant was appropriately diluted
with 0.02 M HCl. An amino acid analyzer (L-8500 Amino Acid Analyzer, Hitachi co., Ltd.,
Tokyo, Japan) was used to perform the analysis for free amino acids, including Aspartic
acid (Asp), Threonine (Thr), Serine (Ser), Proline (Pro), Glycine (Gly), Glutamic acid (Glu),
Alanine (Ala), Cysteine (Cys), Valine (Val), Methionine (Met), Isoleucine (Ile), Leucine (Leu),
Threonine (Tyr), Phenylalanine (Phe), Lysine (Lys), Histidine (His), and Arginine (Arg).

2.14. Statistical Analysis

All data were expressed as mean ± standard deviation (SD). Statistical significance
was determined using an analysis of variance (one-way ANOVA) followed by IBM SPSS
10.0. The values were considered significantly different when p < 0.05. Duncan’s multiple
range tests were used to rank the very different groups. All analyses were performed with
Sigma Plot 10.

3. Results
3.1. Variable Bacteria Counts and Lactic Acid Bacteria Identification after Fermentation

The lactic acid bacteria concentration reached its highest value of 8.17 ± 0.08 log
CFU/mL during the first week (Table 1). Three types of lactic acid bacteria were isolated,
sequenced, and identified throughout the fermentation process: Limosilactobacillus fermen-
tum LYC 1694, Levilactobacillus brevis LYC 1720, and Lactiplantibacillus plantarum LYC1721.
All three strains are acid-resistant probiotics that produce a variety of organic acids and in-
hibit miscellaneous bacteria. Lactic acid bacteria species, such as L. fermentum, L. acidophilus,
and L. plantarum, are widely used as probiotics in the food industry [6]. Limosilactobacillus
fermentum can have the highest combined GABA and ACEi levels in milk containing from
8% to 12% skimmed solids and from 0.6% to 1% MSG at 37 ◦C [16]; it tolerates a pH between
3.4 and 8.8. Levilactobacillus brevis has the potential to produce GABA, provide numerous
health benefits, and enhance food flavor [17].
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Table 1. Variety of EGB from weeks 0 to 13 of bacteria concentration and composition value changes
during fermentation.

Time
(Week)

Total Latic
Acid Bacteria
(Log CFU/mL)

Acidity
(%) pH Acetic Acid

(mg/L)
Lactic Acid
(mg/L)

Glucose
(mg/L)

Fructose
(mg/L)

0 2.41 ± 0.08a 1.13 ± 0.04a 3.73 ± 0.05f 7461.16 ± 51.57a 3690.08 ± 374.88a 247.41 ± 4.03a 1987.55 ± 148.19f
1 8.17 ± 0.08n 1.61 ± 0.04d 3.71 ± 0.03def 14,371.71 ± 30.50g 9515.13 ± 71.54b 3290.32 ± 70.86h 2391.98 ± 47.92g
2 7.11 ± 0.43e 2.14 ± 0.08g 3.50 ± 0.04a 14,360.30 ± 62.67g 13,267.98 ± 75.77d 1233.54 ± 48.50e 1429.02 ± 34.23e
3 7.24 ± 0.12g 2.02 ± 0.08f 3.62 ± 0.05bcd 13,754.15 ± 89.99f 12,634.07 ± 171.07c 1050.98 ± 29.09b 689.88 ± 130.90d
4 7.32 ± 0.06m 1.88 ± 0.07e 3.56 ± 0.07ab 11,960.60 ± 419.38d 17,165.70 ± 135.35g 1191.99 ± 1.66de 511.35 ± 23.72c
5 7.52 ± 0.06k 1.78 ± 0.06e 3.67 ± 0.03cde 11,729.57 ± 253.93d 17,165.70 ± 47.98g 1185.23 ± 1.82d 188.57 ± 35.18b
6 7.20 ± 0.13d 1.80 ± 0.08e 3.69 ± 0.02cdef 12,089.86 ± 68.15de 19,448.19 ± 679.30i 1280.39 ± 8.51f 99.50 ± 9.03ab
7 6.61 ± 0.23b 1.78 ± 0.02e 3.60 ± 0.04bc 12,142.85 ± 27.60de 18,449.03 ± 151.61h 1363.73 ± 24.41g 46.48 ± 2.70a
8 7.07 ± 0.05c 1.65 ± 0.03d 3.68 ± 0.02cdef 10,488.22 ± 43.81b 15,082.07 ± 519.15e 1128.48 ± 4.77c 25.05 ± 2.80a
9 7.31 ± 0.09f 1.47 ± 0.11c 3.72 ± 0.06def 10,892.34 ± 23.53c 16,094.12 ± 183.63f 1191.64 ± 9.98de 47.46 ± 6.32a
10 7.43 ± 0.28h 1.66 ± 0.09d 3.77 ± 0.05ef 12,413.94 ± 207.60e 18,760.00 ± 203.33h 1336.00 ± 21.36g 37.25 ± 1.62a
11 7.40 ± 0.07i 1.45 ± 0.03c 3.74 ± 0.05ef 15,623.31 ± 315.64h 17,067.05 ± 17.57g 1287.97 ± 4.10f 40.38 ± 3.41a
12 7.49 ± 0.21j 1.40 ± 0.05c 3.71 ± 0.02def 16,448.87 ± 200.12i 13,087.13 ± 60.47cd 1011.62 ± 4.20b 51.37 ± 0.30a
13 7.40 ± 0.03l 1.27 ± 0.07b 3.88 ± 0.13g 14,585.03 ± 600.99g 13,246.34 ± 206.11d 1102.80 ± 3.49c 57.53 ± 0.04a

Values are expressed as the mean ± SD. Means in the same line followed by different letters are significantly
different (p < 0.05). (p < 0.05) based on the one-way analysis of variance (ANOVA). The letters “a, b, c, d, e, f, g, h,
i” from small row to large mark significant differences.

In the first week, the lactic acid bacteria increased significantly. The amount of glucose
rapidly rose to 3290.32 ± 70.86 ppm with an increase of 1229.91%. This is likely due to
starch hydrolysis in the early fermentation stage. Raw materials, grains, and EGS are
carbon sources for lactic acid bacteria. Their hydrolytic enzymes converted the substrates
into free fructose and glucose. Fructose is an energy source for bacterial growth, and
glucose is the primary precursor for synthesizing the final product. Lactic acid bacteria
have high starch decomposition and proteolytic activity, promoting saccharification and
protein degradation [18]. The lactic acid bacteria species caused the highest acidity value
of 2.14% and the lowest pH value of 3.5 during the second week. Both lactic acid and
acetic acid showed a significant increase and were positively correlated with the number of
bacteria in the first week. The fermentation process likely provided abundant nutrients
and an optimal environment for lactic acid bacterial growth, resulting in increased lactic
acid and acetic acid production.

The increase in acetic acid and lactic acid leading to a decreased pH value may be
primarily produced by the three lactic acid bacteria—Limosilactobacillus fermentum LYC1694,
Levilactobacillus brevis LYC1720, and Lactiplantibacillus plantarum LYC1721 [19,20]. After the
bacteria increased to a maximum in the first week, since the food source was depleted
and acidity increased, the number of bacteria dropped rapidly to a low concentration
in the second week. The second reduction in the number of bacteria occurred during
week 7; lactic acid bacteria decreased to 6.61 ± 0.23 log CFU/mL, and fructose dropped to
46.48 ± 2.70 mg/L. This explains the rapid reduction in food source—fructose—and the
worse environment, i.e., reduced pH value. During weeks 8 to 13, the number of bacteria
showed an upward growth trend; however, the acidity slowly decreased in the last three
weeks, and the pH increased to 3.88.

From weeks 1 to 8 of fermentation, the fructose was reduced by 97.78%, and glucose
was decreased by 66.5% (Table 1). This indicates that the fermenting bacteria fully utilized
fructose. The three bacteria could be monitored during the entire fermentation process,
showing that they survived in an environment as low as pH 3.5 ± 0.04 and an acidity
level of 2.14 ± 0.08%. These three acid-tolerant bacteria were dominant strains during the
fermentation process. They produced lactic acid and acetic acid, propionic acid, phenyl
lactic acid (PLA), formic acid, and succinic acid, which can all lower the pH value of an
environment, thereby inhibiting the growth of several microorganisms [21].
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3.2. Performance of Functional Compounds

Table 2 shows that the TPC increased by 422% in the first week and continued to
increase until the 12th week, with a total increase of 2740.91%. Fermentation increases yield
and the ability to change the profile of phenolic compounds. This is due to the degradation
of cell wall structure by microbial enzymes produced during fermentation, combined
with the release of phenolic compounds [22]. Polyphenolic compounds are secondary
metabolites with health-promoting, tangible benefits, including antioxidant and anti-cancer
activity [23]. TFC reached its peak in the 5th week, with a maximum of 83.33%.

Table 2. Changes in glucuronic acid, GABA, total phenolic contents, and total flavonoid contents
during 13 weeks of fermentation.

Time (Week) Glucuronic Acid (ppm) GABA (ppm) TPC (mg Gallic Acid/mL) TFC (mg Quercetin/L)

0 5.29 ± 0.02a 36.16 ± 3.82a 0.044 ± 0.01a 10.43 ± 0.69a
1 5122.65 ± 45.87b 82.98 ± 4.23a 0.23 ± 0.07b 17.86 ± 1.53d
2 6193.77 ± 44.90c 701.81 ± 12.34b 0.35 ± 0.01c 13.56 ± 1.10bc
3 6497.49 ± 56.96d 742.53 ± 8.14b 0.84 ± 0.04d 15.00 ± 0.70c
4 8019.57 ± 25.02f 780.58 ± 14.03bc 0.93 ± 0.02ef 15.10 ± 0.87b
5 8059.23 ± 51.16f 951.34 ± 19.24d 0.85 ± 0.05d 20.58 ± 1.54e
6 8890.20 ± 74.60h 803.90 ± 20.26bc 0.90 ± 0.07de 17.94 ± 0.39d
7 8672.23 ± 72.85g 884.68 ± 22.80cd 0.94 ± 0.02 ef 18.49 ± 0.10d
8 7454.21 ± 43.55e 1503.62 ± 5.54e 0.94 ± 0.03ef 14.08 ± 1.33bc
9 7970.00 ± 35.45f 1523.23 ± 49.95e 0.96 ± 0.02efg 13.53 ± 0.58bc
10 9644.19 ± 110.85i 1750.23 ± 8.56f 1.08 ± 0.01fg 12.90 ± 1.30b
11 8793.23 ± 77.04gh 1547.32 ± 12.35e 1.04 ± 0.01g 12.95 ± 0.94b
12 8857.65 ± 67.10gh 1516.91 ± 25.16e 1.25 ± 0.04i 12.21 ± 1.36b
13 8683.66 ± 42.02gh 1775.61 ± 84.28f 1.19 ± 0.05h 12.21 ± 1.20b

Data are the means ± SD of two independent experiments. Means in the same line followed by different letters
are significantly different (p < 0.05). The letters “a, b, c, d, e, f, g, h, and i” from small row to large mark significant
differences (p < 0.05) based on the one-way analysis of variance (ANOVA). Abbreviations: TPC: Total phenols
contents; TFC: Total flavonoids contents.

After 13 weeks of fermentation, glucuronic acid increased from 2.05 ppm in week 0 to
8770.93 ppm in week 13 (Table 2). This study’s findings established the health benefits of
using microorganisms to oxidize glucose to produce glucuronic acid directly. Microbial
fermentation catalyzed the conversion of the C-6 hydroxyl group of glucose into a carboxyl
group to form uronic acid. Glucuronic acid is well-known for its detoxifying effects through
conjugation in liver metabolism [24].

Lactic acid bacteria can produce GABA, especially strains of Levilactobacillus brevis,
that can accumulate high levels of GABA [25]. Throughout the 13 weeks of fermentation
in this study, the concentration of GABA increased significantly, especially between the
2nd and 3rd weeks (Table 2). GABA increased from 36.16 to 1775.61 ppm, an increase of
4810.43% after fermentation. The increase in GABA is due to glutamate decarboxylase
(GAD, EC 4.1.1.15), which catalyzes the irreversible α-decarboxylation of glutamate to
produce GABA [26] through lactic acid bacteria. The primary function of GABA acts as an
inhibitory neurotransmitter in the central nervous system; it has been shown to produce
potential therapeutic effects on blood pressure, stress, cancer, depression, and inflammatory
diseases [27,28]. Synthetic GABA, however, may exhibit undesirable side effects, such as
drowsiness and dizziness, whereas natural GABA has fewer side effects [29].

3.3. Effect on Antioxidant Capacity

Free radical reactions, especially with the participation of oxidative stress, result in
damage to lipids, proteins, cell membranes, and nucleic acids, thereby causing various
diseases [30]. The DPPH and ABTS (free radical scavengers) antioxidant capacity increased
over 13 weeks to 1680% and 239%, respectively. This increase is possibly due to the
enhanced extractability of the polyphenols and the microbial metabolism of polyphenols
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into more redox forms (e.g., flavonoid aglycones and phenolic acid) [31]. Although TFC
began to decline slowly in the 6th week, the overall DPPH and ABTS continued to increase
to the end of fermentation; the TPC continued to grow throughout the fermentation
process. This study revealed that whole grain fermentation has a strong/potent free radical
scavenging capacity.

3.4. Effect on Amino Acids

In this study, total amino acids (TFAAs) were measured before and after fermentation
and tested using the amino acid hydrolysis method. The crude protein content of the
EWG fermentation sample was 1.14 g/100 g before fermentation; it was not detected
after 13 weeks. After fermentation, total amino acids showed a significant increase of
2197.72% of total amino acids from 0.414 mg/g to 9.496 mg/g (Figure 1A). This indicates
that microorganisms metabolize the crude protein to amino acids during the fermentation.
Glutamic acid (Glu) is considered the body’s most abundant and versatile amino acid. It is a
critical compound in cellular metabolism and a source of umami. This study found that the
amount of Glu was highest after fermentation; the other 16 amino acids showed an increase
of 1749.52% from 0.105 to 1.942 mg/g during fermentation. Aspartic acid (Asp) was the
second highest content among the 17 tested amino acids, with an increase of 2033.33%
from 0.048 to 1.024 mg/g. Asp is the raw material for various amino acids, including four
essential amino acids: methionine, threonine, isoleucine, and lysine. A large population-
based cohort study reported that nine amino acids, including Glu and Asp, are associated
with decreased insulin secretion and increased glucose levels [32]. The most significant
increase was tyrosine (Tyr), with a rise of 6100%. Tyr is the precursor for neurotransmitters
and increases plasma neurotransmitters (mainly dopamine and norepinephrine). Tyr plays
a role in the body’s response to stress and temperature regulation [33]. Methionine (Met)
increased to 5300%. Met is one of nine essential amino acids in humans. Met plays a vital
role in the process of angiogenesis. In addition, Met is an antidote to copper poisoning, and
other heavy metal poisonings, by providing sulfhydryl groups [34].
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Figure 1. Content changes in amino acid fermentation when unfermented and after 13 weeks of
fermentation: (A) total free amino acids; (B) bitter amino acids (BFAAs), sweetish amino acids
(SFAAs), umami amino acids (UFAAs), essential amino acids (TEAAs), and branched chain amino
acids (BCAAs).

After 13 weeks of fermentation, seven of the nine essential amino acids (TEAAs,
including histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, and
valine) and two branched-chain amino acids (BCAAs, including leucine, isoleucine, and
valine) showed a significant increase. Before and after fermentation, TEAAs and BACCs
significantly increased by 3191% and 3762%, respectively (Figure 1B). Two BCAAs, Leucine
(Leu) and Valine (Val), increased by 4170% and 3309.52%, respectively, because whole
grains are rich in Leu and Val. BCAAs could increase alanine aminotransferase, aspartate
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aminotransferase, serum albumin, nitrogen balance, ammonia, and urea, and the general
condition of the patient for improving malnutrition, hypercatabolism, and sarcopenia [35].

The sensory properties of amino acids can be classified into three groups: sweetish
amino acids (SFAAs), bitter amino acids (BFAAs), and umami amino acids (UFAAs). SFAAs
include Ala, Gly, Pro, Ser, and Thr. Meanwhile, UFAAs include Asp and Glu [36]. BFAAs
include Pro, Gly, Ala, Val, Leu, Tyr, and Phe [37]. In terms of sensory qualities, BFAAs,
SFAAs, and UFAA had a significant increase of 3193%, 1839%, and 1939%, respectively,
before and after fermentation. Although the content of BFAAs increased the most, it
(1.85 mg/g) was still the lowest among the three groups. Sweet and umami accounted for
49.24% of all amino acid contents, with a luscious taste.

3.5. Effect on the ACE Inhibition Capacity

ACE inhibition has the effect of lowering blood pressure [38]. ACE inhibition capacity
showed a significant increase after fermentation in our study; it reached the highest in the
13th week. ACE inhibition rose from 44.52% to 75.34%, an increase of 69.28% (Table 3), after
13 weeks of fermentation. The protein hydrolysate of α-kefiran likely has ACE inhibition
qualities [39] through grain fermentation. While ACE inhibition lowers blood pressure [38],
clinical studies have shown that synthetic ACE inhibition has negative side effects on
the human body [40]. These negative effects have prompted the development of natural,
safe, and novel ACE-inhibiting foods. Bioactive peptides, produced by eight-whole-grain
fermentation, can be a healthier, natural alternative to ACE-inhibiting drugs.

Table 3. ACE inhibition, antioxidant capacity of EGB during 13 weeks of fermentation.

Time (Week) ABTS (µg Trolox/mL) DPPH (µg Trolox/mL) ACEi (%)

0 181.43 ± 21.72a 88.21 ± 5.76 a 44.52 ± 0.05b
1 307.22 ± 20.07b 183.55 ± 16.03b 37.40 ± 0.02a
2 329.05 ± 15.48bc 227.99 ± 15.25c 46.23 ± 0.01b
3 354.05 ± 28.15c 240.86 ± 4.35cd 58.77 ± 0.02c
4 357.22 ± 31.86c 264.10 ± 15.17de 56.03 ± 0.01c
5 420.32 ± 14.69d 280.90 ± 10.24ef 70.55 ± 0.08g
6 453.25 ± 8.10de 311.11 ± 7.38gh 66.44 ± 0.01def
7 465.56 ± 15.07ef 352.86 ± 23.14hi 69.80 ± 0.04fg
8 442.94 ± 11.50de 294.70 ± 3.71fg 66.93 ± 0.02efg
9 497.70 ± 17.10f 319.02 ± 16.29ghi 64.04 ± 0.01de
10 554.05 ± 30.88g 348.03 ± 14.63ijk 65.55 ± 0.01de
11 581.43 ± 31.97gh 359.23 ± 13.77jk 64.04 ± 0.04de
12 605.24 ± 2.06h 331.11 ± 15.74hij 62.67 ± 0.06d
13 614.76 ± 4.12h 374.87 ± 20.08k 75.34 ± 0.05h

Values of ACE inhibition, ABTS, and DPPH after 13 weeks of EGB. Values are expressed as the mean ± SD. Means
in the same line followed by different letters are significantly different (p < 0.05). The letters “a, b, c, d, e, f, g,
h, i, j, and k” from small row to large mark significant differences (p < 0.05) based on the one-way analysis of
variance (ANOVA).

3.6. Correlation Analysis

There was a moderate positive correlation between acidity and flavonoids (r = 0.5)
(Figure 2). This is because flavonoids contain phenolic hydroxyl groups. Glucose was
moderately positively correlated with bacillus strains (r = 0.56); bacillus strains continu-
ously metabolized fructose to produce glucuronic acid and cellulose, and carbohydrates
were continuously glycolyzed to make glucose, lactic acid, and fructose. Our findings
indicate that glucuronic acid and fructose were negatively correlated. The three strains
produced ethanol in heterogeneous fermentation with the duration of fermentation time.
Lactic acid, ethanol, TPC, DPPH, ABTS, GABA, and glucuronic acid all increased with
fermentation duration, resulting in moderate to strong positive correlations. TFC, ABTS,
GABA, and ethanol showed a moderate positive correlation with lactic acid; however, lactic
acid showed a strong negative correlation with fructose (r = −0.78). The Bacillus strains
metabolized fructose to produce lactic acid, decreasing fructose with fermentation time.
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This resulted in a strong negative correlation of fructose with TPC, DPPH, ABTS, glucuronic
acid, GABA, and ethanol (r = −0.92, −0.87, −0.80, −0.83, −0.84, −0.83, respectively). TPC
had a strong positive correlation with DPPH and ABTS (r = 0.9, r = 0.88), indicating that
the antioxidant capacity strongly correlated with TPC. There was no significant correlation
between the number of bacteria and other components except glucose. We found that the
metabolites of ethanol and fructose were not directly related to the number of bacteria but
related to other biologically active components.
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4. Conclusions

This study used two fermentation steps to ferment eight whole grains. Three new
lactic acid bacteria strains were isolated from EGB. The phytochemical compounds (TPC,
TFC, GABA, glucuronic acid) and the abilities of ACE inhibition and free radical scavenging
activities (DPPH, ABTS) of EGB significantly increased during 13 weeks of fermentation. All
the amino acids increased in concentration; seven increased by more than 30%. Significant
increases in SFAAs and UFAAs after fermentation enhance flavors and provide substrates
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beneficial to the human body in producing proteins. These results indicated that the
EGB could be a potential beverage leading to agricultural-based, health-care, and disease-
prevention benefits. In the future, the EGS can be fermented by adding other vegetables,
fruits, or herbs to develop more functional beverages.
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