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Abstract

There is increased interest in the study and application of finger millet derived yeast (FM), especially in bioethanol industry.
Several studies have shown the vitality of this yeast, but its preservation has been a challenge hindering its wider application.
Natural antioxidant sources such as sorghum are promising non-toxic preservatives with strong radical scavenging activity.
However, it is unknown whether its antioxidants have no side effects on FM, or can extend its shelf life. This study aimed at
analysing sorghum grain extracts (SEs) antioxidant activity in terms of their antioxidant content and activity to preserve these
yeasts, in small or large quantities for laboratory or industrial applications. Acombination of in vitro and in vivo methods were
used to determine the antioxidant potential of SEs, and high performance liquid chromatography for compound characterization.
The highest total phenolic content was recorded in K71S2814 (76.25) and lowest in KARI MATIMAL (43.57) in mgGAE
/100gdm, and that of total flavonoid content was reported in GBK006801 (37.31), and lowest in K15 OCHUTI (10.14) in mgCE
/100gdm. The highest radical scavenging activity (ICso) was reported in GBK006801 (25.82ug/ml), and lowest in GBK032096
(86.01ug/ml), GBK006801 (25.82), (Severe>5density) and K7152814 (44.11), (Severe>5density) had higher in vitro and in vivo
antioxidant activity than ASCORBIC ACID (46.25) (moderate survival <2.5density). Epigallocatechin gallate (0.002939-
0.035139%), and epicatechin gallate (0.007525-0.251397%) very powerful antioxidants than ascorbic acid were isolated. Based
on the study, it is concluded that sorghum is non-toxic, with antioxidants that can significantly extend FM shelf life.
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1. Introduction

Yeast is an indispensable ingredient in bioethanol produc-  changes with time, and the intensity of change depends on
tion. It is a key determinant component for the quantity of eth- ~ storage conditions [1] Sorghum is an annual food crop, and
anol, and production rate depends on its active or passive  one of the most widely grown cereal crops in the world [2],
spontaneity. However, yeast composition determines the fer-  endowed with high phytochemical content [3]. Its phenolic ac-
mentation rate and bioethanol vyield. Yeast composition
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ids are divided into two main categories: benzoic acid and cin-
namic acid derivatives [4]. These categories are characterized
by high levels of 2, 2-diphenyl-1-picrylhydrazyl (DPPH) free-
radical scavenging capacity [5]. This acts as a pointer to its in
vitro antioxidant activities. Several studies have identified
polyphenols such as phenolic acids, flavonoids [6] and con-
densed tannins [7] in sorghum grain. However, most analyses
of the total polyphenols in sorghum were limited to spectro-
photometric methods [8]. Nevertheless, the in vitro antioxi-
dant activity of these polyphenols do not reflect the actual an-
tioxidant capacity [9]. This among other reasons necessitated
for a comprehensive analysis of SEs. The sorghum phenolics
have unique features [10]. Anthocyanins in sorghum are par-
ticularly distinct due to lack of hydroxyl group or oxygen mol-
ecule at the highly active C-3 position of its structure, which
gives them stability to temperature [11], chemical stability
[12], and higher reactivity than other anthocyanins. The hy-
droxyl groups on aromatic rings of polyphenols scavenges re-
active species of nitrogen, and oxygen [13], by promoting the
transfer of hydrogen atoms from the active hydroxyl group to
the free radicals [14]. Several studies have shown that poly-
phenols exhibit excellent antioxidant, and antimicrobial activ-
ity [15]. The ability of sorghum polyphenols to scavenge free
radicals confers preservative properties, however, their appli-
cation as a preservative is not well understood.

Protein oxidation, and lipid peroxidation are caused by free
radicals, chemical reactions such as redox reactions [16], and
is one of the causes of food deterioration [17]. Current global
research focus is on plant metabolites that are healthy and eco-
friendly. These metabolites make an excellent lead for the de-
velopment of preservatives used for extension of material
shelf life. Synthetic antioxidants, such as butylated hydroxy-
toluene (BHT), butylated hydroxyanisole (BHA), and tertiary
butyl hydroquinone, have been used to stabilize lipids against
oxidation [18]. However, they are reported to be carcinogenic
[19]. This has created a strong demand for safe antioxidant
sources [20]. However, lack of deeper and detailed studies on
antioxidant capacity of different natural sources on its com-
prehensive utilization has created the dilemma of their use.

These necessitated research on sorghum grain antioxidant ca-
pacity. Sorghum phenols such as deoxyanthocyanidins have
exhibited excellent antioxidant, and antibacterial properties
[21]. Increasing interest in understanding the active molecules
in sorghum with strong antioxidant activity, demands for
proper screening to be undertaken in a more comprehensive
manner. The current study therefore, aimed at evaluating sor-
ghum extracts free radical-scavenging potential, of ten sor-
ghum varieties based on in vivo and in vitro methods. This
provides a greater insight of the role of sorghum grain extracts
(SEs) in scavenging active oxygen species, thus projecting the
possibility of its industrial application. Most studies have con-
centrated on determining the concentration of phytonutrients
in sorghum grains [22]. It provides a greater understanding of
the role of sorghum grain extracts antioxidant radical scaveng-
ing capacity for yeast preservation, and the latent potential to
make sorghum more profitable for farmers in marginalized ar-
eas throughout the world.

2. Experimental

2.1. Sorghum Varieties

Ten sorghum varieties, were obtained from Maseno re-
search farm. Field cultivation was carried out in Busia, Samia
Sub County in Kenya, Latitude 0.2092° N and longitude
34.029° E. Planting was done in September 2024 in Samia,
Kenya during Sirumbi season, and mature grains harvested in
November 2024 for experimental analysis. The Soil found in
this region is sandy loam, and with a high-water holding ca-
pacity. The study was done using randomized complete block
design with three replications. The sorghum grains were col-
lected upon maturity and washed with clean running tap water,
then shade dried at room temperature for 14 days. The samples
were then ground to a coarse powder, sieved through a 1-mm
mesh, packed in an airtight container and kept at 5<C awaiting
analysis. The ten samples of sorghum grains were categorized
according to (coat) color (Table 1).

Table 1. Classification of sorghum grains based on their phenotype.

Group Variety

| GBK006801, K150CHUTI, K13FRAMIDA, KALROLANET158798

I GBKO032096, KARI MUTAMAL, K12159830

1l K7152814, OCHUTIBROWN, UYOMAA47B

2.2. Samples Extraction

For the extractions, (0.5g) of each powdered sample was

96

Pericarp Color

Red
White

Brown

soaked in 50ml of 1% acidified methanol. This was shaken and
incubated for 2 h at 20<C in the dark on a shaker at 100 rpm [5]
then incubated at —20<C for 24 h. The extracts were filtered by
whatman no. 4 filter paper. The residues were washed twice with
additional 100ml volumes of solvent with shaking for 6min, and
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decanting in each case. The crude filtrates were combined and
concentrated using a rotary evaporator then dried in an oven
(35<C) [24], and kept at -4 T in the dark.

2.3. In Vitro Analysis of Phytochemicals

2.3.1. Evaluation of Total Phenolic Content

Gallic acid standard solution and the diluted 1% acidified
methanol extracts at 0.5 mg/mL for each sample was used. 25 L
of 1 M Folin-Ciocalteu reagent was added to 25 L of extracts
and mixed thoroughly [25]. This was then incubated for 5 min,
and 25 pL of 20% Na,COs and 140 L of distilled H,O was
added. For blank sample Folin-Ciocalteu reagent was replaced
with distilled water. After 1h at R.T, the absorbance was taken at
760 nm by use of UV spectrometer. Total phenolic content was
extrapolated using gallic acid calibration curve [23]. Gallic acid
(25200 1g/mL), was applied as control reference and the results
was denoted as equivalents of gallic acid per 100-gram sample
(mg GAE/100 g). TPC was calculated using a calibration curve
for gallic acid shown in appendix I11. All samples were analyzed
in triplicate and values expressed as mean +SD

2.3.2. Determination of Total Flavonoid Content

Catechin standard solution and the 1% acidified methanol
extracts at 0.5 mg/mL for each sample were used. 100 i of
2% AICI; solution were put in 100 pi of extract, and after 15
min at R.T, absorbance of the samples was recorded at 415 nm
using the UV spectrometer [25]. Blank sample was made with
AICl; & distilled H,0. The TFC was evaluated using catechin
(25200 pg/mL) curve. Results were given in terms of cate-
chin per 100 grams of sample (mg CE/100 g). Sample analysis
was done in triplicate and values expressed as mean £SD.

2.3.3. 2, 2-diphenyl-1-picrylhydrazyl Assay

The 2, 2-diphenyl-1-picrylhydrazyl (DPPH) assay free rad-
ical-scavenging activity was assessed by a slightly modified
method [15]. 100 piL of 100 pg/mL freshly prepared methanol
solution of DPPH was added to 100 pL of extract solution at
(25, 50, 75, 150 and 200 pg/mL) of each extract then incubated
at R.T in the dark for 50 min, and absorbance of the samples
taken at 517 nm (UV-vis 1100 spectrometer) [25], and com-
pared to the absorbance of standard ASC. The stock DPPH
solution was used as blank®. The% DPPH inhibition was de-
termined by the following formula: %inhibition= [1 -
(AX/ADPPH)] =100, Where Ax represents the absorbance of

DPPH with the sample and DPPH- absorbance of stock DPPH.

The antioxidant activity was noted as the IC50 (minimum in-
hibitory concentration). The 1Csg is the amount of antioxidant
needed to reduce the primary DPPH amount by 50%. The es-
timation was done by plotting the obtained inhibition%
against the concentrations of the solutions used. Ascorbic acid
(ASC) measurements, ranged between 25 and 200 pg/mL.
The extract concentrations ranged between (25-150 pg/mL),
and each solution was treated as indicated for the ASC. The
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results were denoted as the mean £SD of the triplicates.

2.4. High Performance Liquid Chromatography
(HPLC) Analysis of Phytochemicals

Samples were filtered and analyzed using method described
by [26]. A high Performance Liquid Chromatography instru-
ment component (fitted with an auto sampler (SIL 20A) and a
UV detector (SPD 20) from Shimadzu Japan was used in the
analysis of sample extracts. The column used was A C6 - Phe-
nyl 25 cm x 0.46 cm Gemini 5 M, (Phenomenex, Torrance,
CA, USA) for partitioning, reodyne precolumn filter disk was
utilized. Mobile phases were degassed using a sonicator prior to
injection into the HPLC column. A varied mobile phase sepa-
ration program by use of the enlisted solvent order: Eluent A,
comprising of (acetic acid/acetonitrile double distilled water
2/9/89/ vIviv), Eluent B (acetonitrile /double distilled water/
acetic acid 80/18/2 v/viv). The eluent composition for a binary
gradient condition started with mobile phase A for 10 min then
a linear gradient to 60% mobile phase A for 15 min, followed
by mobile phase B at 32% and for 7 min held at this composi-
tion. Running program was adjusted to pure eluent A and then
left to stabilize for 10 min prior to the subsequent sample intro-
duction. Flow of the eluent was one milliliter per min with col-
umn temperature kept at 35.0 £0.50C. Specific catechins iden-
tification was done by comparison of the time elapse between
sample injection and appearance of a chromatogram and UV-
absorbance of analyte chromatograms with ones acquired using
a mixture of known standards of catechin subjected to similar
experimental conditions. Determination of concentration of cat-
echin was performed at a wavelength in the visible region of the
spectrum of 278 nm obtained by use of standard calibration
curve whose R?=0.9984 in conjunction with the corresponding
individual catechin relative response factor values based on caf-
feine calculated on a dry matter basis. Total catechin as percent-
age on dry matter content by mass on a sample reported based
on total levels of individual catechins, all the samples were sim-
ilarly treated. Analysis of catechins by HPLC was done accord-
ing to the ISO 14502 procedure (ISO 14502-2-2005E).

2.5. In Vivo Antioxidant Assay Using Yeast
Finger Millet Malt (FM) and S. Cerevisiae

2.5.1. Yeast Strain and Cultivation Medium and
Conditions

The samples of yeast prepared in appendix | were pretreated
for 2h or not with each of sorghum extracts (SEs) or standard
and sub-cultured on sterilized YPDA (yeast extract 10g/l, pep-
tone 20 g/l, dextrose 20 g/l, and agar 7.5g/l) not or containing
H20;. The preliminary studies involved in vitro exposure of the
yeast to varying concentrations of the SEs as well as the control.
Yeast cultured in sterile water and ascorbic acid medium were
considered as the negative and positive control respectively.
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The volumes for the standard (ASC) solution aliquots concen-
trations used ranged from 5 to 80mM and that of the extracts
ranged from 6.25ug/ml to 100ug/ml in order to first a certain the
best concentration to be used as a reference for the experiment.

2.5.2. Treatment of Yeast Cells with Sorghum
Extracts and Ascorbic Acid

Using a micro-pipette, 500-piL aliquots of each yeast strain
suspension was lightly shaken, placed on a 24-well plate and
I treated with 100 L of water (control), ascorbic acid (30mM
reference), or each of the sorghum extracts at a concentration
of 100ug/ml [27]. The plates were stirred on a rotatory shaker
at 30 <C with shaking at 200rpm for 2h; the samples were fur-
ther analyzed for total antioxidant activity, and intracellular
antioxidant activity.

2.5.3. Total Antioxidant Activity Assay of Sorghum
Extracts and Ascorbic Acid

Fractions of the treated suspensions were taken to a 96-well
plate followed by four serial dilutions (*/10, /30, */90, and */270).
Aliquots from the thinning were sub cultured onto (YPDA)
medium containing 3mM H20- or without H20- and the plates
were incubated at 30<C for at least 48hrs. The plates were
filled with the media to /5 level and each plate swabbed with
100ul of each diluted inoculum of each yeast strain and kept
for 15min for adsorption. The experiments were carried out in
duplicates. The evidence of growth was observed through in-
verted microscope (Euromex oxion in verso range 100-
240V/50-60Hz.T3.15A250V).

2.5.4. Antioxidants Intracellular Effects Assay of
Sorghum Extracts and Ascorbic Acid

The assays were performed as in section (Treatment of Yeast
Cells with sorghum extracts and ascorbic acid), above up to the
treatment for 2 h. After these treatments, each of the suspension
was centrifuged at 3900 rpm for 3min and cells collected, the
supernatants were discarded and the cells were re-suspended in
1 mL of water. The step was repeated one more time, the cells
were then re-suspended in enough sterile water to produce the
same initial volume. The cells were then transferred to a 96-well

plate followed by four serial dilutions (*/10, Y30, Y00, & /270).
Fractions from the dilutions were spotted onto YPD agar me-
dium containing 3mM H,0- or without H,O, and the plates
were incubated at 30<C for 48hrs. Plates were filled with the
media to ¥/5 level and each plate swabbed with 100ul of inocula
of each yeast strain and kept for 15min for adsorption. The ex-
periments were carried out in triplicates. The evidence of cell
growth was observed through inverted microscope (Euromex
oxion in verso range 100-240V/50-60Hz.T3.15A250V).

2.6. Statistical Analysis

The experiments were done in triplicate; the means and
standard deviations determined as the average of repetitions.
Descriptive statistics were used to summarize the ethanol con-
centration. All the data was subjected to analysis of variance
using SAS. Version 9.1. The level of significant differences p
<.05 of mean values were also determined.

3. Results

3.1. Quantification of Total Phenolic and
Flavonoid Content of Sorghum Grain
Varieties

The total phenolic content (TPC) was estimated by the Folin
Ciocalteu method using gallic acid as a standard and expressed
as mg of gallic acid equivalents (GAE) per 100gram of dry mat-
ter (Table 2). The TPC ranged from 43.98- 76.25mgGAE
/100gdm. The maximum value was observed in K71S2814
(76.25) and lowest in KARI MATIMAL (43.57) in mgGAE
/100gdm. No significant differences were observed (p<0.05).
The total flavonoid content (TFC) was significantly (p<.0001)
different across the sorghum varieties tested, ranging from
10.14-37.31mgCE /100gdm. The maximum value was ob-
served in GBK006801 (37.31) and lowest in K15 OCHUTI
(10.14) in mgCE /100gdm as shown in Table 2. The TFC of
GBKO006801 (37.31mgCE /100gdm) was significant with
brown sorghum variety K12159830 (37. 03mgCE /100gdm).

Table 2. Analysis of sorghum total phenolic and flavonoid content.

Variety TPC (mgGAE /100gdm)
K17-1S2814 76.25%
K12-159830 57.332
GBKO032096 53.772
UYOMA 47B 59.932
K13-FRIMIDA 51.612
GBKO006801 70.212

TFC (mgCE /100gdm) DPPH Activity (1Cso)

37.032 44,11%
26.34¢ 58.63%¢
10.14¢ 86.01°
31.37% 69.61%
14.89¢% 77.712
37.312 25.82¢
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Variety TPC (mgGAE /100gdm)
OCHUTI BROWN 64.962

K15-OCHUTI 49.982

KARI MATIMAL 43.982

KALRO LANET 158798 50.872

ASCORBIC ACID

LSD 68.801

P 0.062

%CV 2.08596

TFC (mgCE /100gdm)

DPPH Activity (I1Cso)

20.17% 48,330
15.62% 64.87%¢
9.271¢ 84.46°
32.78% 72.952
46.25
27.85 45.848
0.0039 0.9081
2.08596 2.08596

Legend: Values with different superscripts in the same column are significantly different (p <0.05). S.A. S Test; GAE: gallic acid equivalents.
TPC: total phenolic content. TFC: total flavonoid content. DPPH- 2, 2-diphenyl-1-picrylhydrazyl. CE: catechin equivalents. dm: dry matter
basis. Mean 4SD (n = 3). ICso, concentration of the compound needed to reduce the absorbance of the control by 50% (for the extracts, pg dry

matter /mL).

3.2. High Performance Liquid Chromatography
Analysis of Sorghum Grain Phytochemicals

High Performance Liquid Chromatography (HPLC), was
used to further study the sorghum phenolic compositions
among the different sorghum samples. Figure 1 shows HPLC
profiles of sorghum phenolic extracts recorded at 278 nm. In
accordance with the retention time of commercially available
catechin standards, a variety of bioactive compounds were

identified in the different sorghum extracts. The HPLC chro-
matograms of catechins extracted from the sorghum grain, re-
vealed the presence of some phytochemical compounds,
which seem to have unique properties and identified by com-
parison of their spectroscopic data with the corresponding lit-
erature which showed complete resemblance with those re-
ported. The isolated metabolites were identified as Epigallo-
catechin (44), Catechin (45), caffeine (46), epicatechin (26 ep-
icagallocatechin gallate (47), and epicatechin gallate (43), and
from the HPLC chromatogram (Figure 1), and their structures
are shown in Figure 2.
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EGC: Epigallocatechin, C: Catechin, CAFF: Caffeine, EC: Epicatechin, EGCG: Epigallocatechin Gallate, EGC: Epicatechin gallate.

Figure 1. High performance liquid chromatography chromatograms of isolated sorghum phenolic compounds and flavonoids from ten Sor-

ghum bicolor samples
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Figure 2. Compounds as isolated from Sorghum bicolor by High performance liquid chromatography.

3.3. Percentage Composition of Sorghum Grain
Metabolites

In this study, the content of the six polyphenols isolated in
sorghum grains samples were found to vary as displayed in
Figure 3. The content of catechins in GBK006801 variety rep-
resented 1.15876% of the extracts with the most abundant cat-
echins being EC (0. 068845%). Epigallocatechin content

ranged from 0.03072% to 0.26469% and that of catechin
ranged from 0.010556% to 0.538688%. The content of caf-
feine ranged from 0.001911% to 0.033933% and that of epi-
catechin ranged from 0.001825% to 0.068845%. The content
of epigallocatechin gallate ranged from 0.002196% to
0.035139%, while that of epicatchin gallate ranged from
0.007525% to 0.251397%. The total catechin ranged from
0.05740% to 1.15876% and that of total phenolic content
ranged from 0.21032% to 5.71485%, as displayed in Table 3.

Table 3. Percentage composition of phenolic content in ten Sorghum bicolor grain samples.

MEAN% MEAN%C MEAN%E MEAN%E MEAN%E  MEAN%TO- MEAN%
0

VARIETY EGC MEAN%6C AFF C GCG CG TAL CAT TP
K15-OCHUTI  0.05785%F  0.0271039f 0.006191°% 0.019859¢ 0.008035¢ 0.021297¢4  0.18215¢ 2.37686¢
KALRO
LANET 0.08180%¢  0.082291° 0.008591°¢  0.036904° 0.011704¢ 0.035130° 0.24783° 2.83554°
158798
}:QillMAT_ 0.05992¢F  0.0232479f 0.000955¢ 0.001825¢ 0.002939¢ 0.007525¢ 0.09545¢ 0.472049
K12-159830 0.10727¢¢  0.055673 0.010937¢ 0.035414¢ 0.014329%¢  0.019388 0.23208°¢ 2.13475¢
K71-S2814 0.11225¢ 0.046862% 0.0141745 0.035189¢ 0.015700%¢  0.022995% 0.23299¢ 2.85023°
UYOMA47B  0.13518%  0.062964 0.014926b 0.027785>¢  0.016001° 0.022670°% 0.2646% 2.62174°¢
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MEAN% MEAN%C MEAN%E MEAN%E MEAN%E  MEAN%TO- MEAN%
0,

VARIETY EGC MEAN%C AFF C GCG CG TAL CAT TP
OCHUTI b b b b b b d
BROWN 0.15066 0.067835° 0.015264b 0.033209° 0.021535 0.021547¢ 0.29479 2.36921
?Rl’?lg/IIDA 0.07128¢ 0.033955¢f 0.012782cb  0.023329 0.010994¢ 0.014492¢ 0.15405¢ 1.61666"
GBKO032096 0.03072° 0.0105569 0.001911d 0.002862¢ 0.002196¢ 0.011066% 0.05740f 0.21032"
GBK006801 0.264692 0.5386882 0.033933a 0.0688452 0.0351392 0.2513972 1.158762 5.71485%
LSD 0.0293 0.0169 0.008 0.0121 0.0077 0.0138 0.0339 0.1942
%CV 2.08596 2.08596 2.08596 2.08596 2.08596 2.08596 2.08596 2.08596
P-Value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Legend: Mean £SD (n-3); EGC: Epigallocatechin, C: Catechin, CAFF: caffeine, EC: Epicatechin, EGCG: Epigallocatechin Gallate, EGC:
Epicatechin gallate; VValues with different superscripts in the same column are significantly different (p <0.05). S.A. S Test

GBKO006801 recorded the highest content of all the isolated
compounds, with epigallocatechin and catechin being the
most abundant, while Kari Mutama 1 contained the least
amount. The differences in these bioactive constituents be-

tween sorghum samples could possibly affect the potential bi-
oactivities of these sorghum samples. Statistical analysis re-
vealed a significant difference of the content of six phenolic
compounds in the test sorghum varieties (p<0.0001) as dis-
played in Table 3.
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EGC: Epigallocatechin, C: Catechin, CAFF: Caffeine, EC: Epicatechin, EGCG: Epigallocatechin gallate, EGC: Epicatechin gallate

Figure 3. Comparison of isolated polyphenols in the selected sorghum bicolor grain extracts.

Catechins contain numerous phenolic hydroxyl groups con-
nected to a benzene ring as their chemical structure (Figure 2).
Radical scavenging activity is derived from their ability to do-
nate electrons or hydrogen atoms to free radicals, breaking
chain reactions. As a proton donor (H*), the hydroxyl group
helps stabilize the free radical, and the aromatic ring plays a

role in maintaining the proxy stability via electronic resonance.

101

3.4. Effect of Sorghum Grain Extracts on the
Survival of Finger Millet Derived Yeast

The intreated FM cells were sub-cultured on a medium with
or without H,O,. There were colonies in all SEs in-treated and
unwashed samples cultured in absence of H,O as shown in
(Table 4). For unwashed cells cultured in presence of H,O;


http://www.sciencepg.com/journal/sjc

Science Journal of Chemistry

http://www.sciencepg.com/journal/sjc

there was no growth in mediums in-treated with (K13FRAM-
IDA, K121S9830 and GBK 032096) in all the dilutions. For
standard ascorbic acid, there were no colonies observed in the
3 dilution. For the cells washed and cultured in a medium

with H2O; there were no colonies in medium in-treated with
(K13FRAMIDA, K121S9830, & GBK 032096), while there
was high growth in (GBK 006801) for all the three dilutions.

Table 4. Survival of the finger millet malt derived yeast as observed under a light microscope after in-treatment with sorghum extracts in the

presence or absence of hydrogen peroxide.

Unwashed cells without

Assay H202(Yeast cells + Extracts)
Varieties Dilution No:

Dilution ! ) 2
K13-FRIMIDA t ot t
K12-1S9830 +++ +++ +++
GBK 032096 +++ o+ +++
KALRO LANET158798  +++ +++ +++
GBK 006801 +++ o+ +++
UYOMA 47B . o -
K17-152814 . - +++
KARI MATAMA 1 t ot i
OCHUTI BROWN +++ +++ 4
K15-OCHUTI . -t .
ASCORBIC ACID - o+ T
BLANK +++ +++ 4

Unwashed cells (Yeast cells + Ex-

Washed cells(Yeast cells +Ex-

tracts +H202) tracts+H202)

Dilution No: Dilution No:

1 2 3 1 2 3
+++ ++ + + + -
+++ ++ ++ +++ + +
+++ ++ + ++ - -
+ ++ ++ + + -
+ + - - - -
+ + - - - -
++ + - ++ + -
++ + - ++ + -

Legend: (-) Represented absence of detectable and live yeast while +++ represented maximum survival (Severe>5) (density) of the yeast, ++
represents moderate survival rate (<2.5) (density) of the yeast and + represents normal survival (<0) (density) of the yeast. H202-Hydrogen
peroxide. The initial concentration was 100 pg/ml (0.1mg/ml) serially diluted by a factor of 2.

4. Discussion

In this study, there were considerable deviations in total
phenolic content among varieties assayed, red ranged from an
equivalent of 49.98 to 70.21mg GAE/100g, brown varieties
ranged from 49.93 to 76.25, while white varieties contained
low levels of phenolic compounds ranging from 49.98 to
57.33 mg GAE/100gdm values. Brown varieties had the high-
est concentration of polyphenols, compared to white. Accord-
ing to [28], brown sorghum contains many condensed tannins,
which possess high antioxidant activity. These values are
within the range of those observed in other studies for sor-
ghum accessions. TPC results are similar to the one reported
by [29], but higher than that of one obtained by [5], and lower
than one obtained by [30]. The total phenolic content obtained
is also within limit with that of 78 grain accessions (9.97 -
333.58 mgGAE/100gdm), a study conducted [25]. The total
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flavonoid content (TFC) results are similar to the one reported
by [3], higher than that obtained by [31], but lower than one
obtained by [32].

In 2, 2-diphenyl-1-picrylhydrazyl (DPPH) assay, a stable
free radical, was reduced and its purple color turned yellow
upon addition of SEs. The color intensity varied with the anti-
oxidant concentration and ability of the compounds in the test
sample (oxidizing agent) to donate an electron against nitro-
gen radicals. Similar results were reported by [33], who noted
that the DPPH, free radical changed from purple to yellow due
to reduction and color loss. The color loss was proportional to
the strength of the oxidizer to donate an electron against nitro-
gen radicals. According to [34], antioxidants’ capacity to do-
nate hydrogen is hypothesized to have an impact on DPPH. In
the present study, all SEs assayed showed radical scavenging
activity. The lower the 1Cso value, higher the antioxidant ac-
tivity, and it ranged from 25.82 to 86.01 pg/mL (Table 2). The
maximum ICso, was recorded in GBK006801 (25.82 pg/mL)
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and the minimum in GBK032096 (86.01 pg/mL). The ICso of
red GBK006801 (25.82 pg/mL) and brown variety K7152814
(44.11 pg/mL) was significant. This can be attributed to their
high content of gallated catechins such as ECG, and EGCG.
The antioxidant activity of catechins differs depending on the
number of hydroxyl groups attached to the structure. The more
the hydroxyl groups attached, the more the protons are avail-
able for donation for free radical stabilization [35]. EGCG (47)
has eight hydroxyl sites (Figure 2), that are vital in the for-
mation of free radicals, and radicalization reactions will pro-
duce antioxidant radicals with minimal reactivity. Of the eight
hydroxyl groups, six are in the ortho position, this makes
EGCG have the most vigorous antioxidant activity among all
catechin monomers [7]. The presence of proton donors in the
ortho-hydroxyl group in ring B (Figure 4) creates oxidized
EGCG (47), which is more stable than meta-hydroxyl [26].
After contributing a proton, EGCG (47) creates a resonance to
stabilize the antioxidant radical, which is more stable than free
radicals [8]. K71S2814 and GBK006801 showed higher anti-
oxidant activity than ascorbic acid a pointer to high ROS scav-
enging index. The 1Cso values obtained are within the range of
those observed in a study that involved 78 grain accessions,
(11.91 -1343.90 ug/ml) [6], and differed with that of [36].
Most of the assayed sorghum samples had higher antioxidant
activity than even the seven wild plants collected by [27].
Generally white varieties (GBK032096 (86.01ug/ml), and
KARI MUTAMAL (84.46 ug/ml), had a lower antioxidant ac-
tivity in comparison to the brown and red counterpart, which
showed a correlation between pericarp color, and antioxidant
activity. This was in contrary to a study by [37], which inves-
tigated a broad spectrum of antioxidant activities in 10 sor-
ghum genetic resources collected from 5 different regions.

In vivo test involved oxidative stress induction with hydro-
gen peroxide on the finger millet derived yeast. Oxidative
stress induction process induces, the formation of the intramo-
lecular disulfide bond in Yapl, which is catalyzed in the pres-
ence of hydrogen peroxide [38]. K7152814, and GBK 006801
allowed better growth conditions in the presence of hydrogen
peroxide (H202) as compared to the ascorbic acid medium
(Table 4). This acts, as an indicator of their ability to inhibit
disulfide bond formation and thus inhibition of cell oxidation.
The antioxidant activity of these sorghum samples could be
associated with their catechin composition. KARI MTAMAL,
showed the least survival rates. This might be associated to
their low catechin content. The excellent yeast growth sam-
ples in-treated with SEs in the presence of H,O,, can be ex-
plained by the fact that sorghum contain, polyphenolic com-
pounds like flavonoids, phenolic acids and tannins that are ex-
cellent antioxidant. According to [39], availability of atoms
which can donate electron to free radicals and convert them to
more stable metabolites is key.

The SEs hindered cell oxidation which reduced the chances
of occurrence of cell death, by internally and externally inhibit-
ing yeast lipid oxidation or cell oxidation in H,O, medium. Sim-
ilarly, [38], also reported that yeast cultured on coffee infusion
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medium, were protected against free radicals after H,O, treat-
ment. This is strong evidence that SEs has strong antioxidants,
as samples treated with SEs showed efficient growth in the pres-
ence of H,O,, which demonstrated that SEs in-treatment stabi-
lizes yeast cultures improving their survival rate in presence of
oxidants. This can be linked to the presence of catechins in the
sorghum grains. Several studies have proven the EGCG activity
as an antioxidant to suppress OS by donating hydrogen ions
(H"), and stimulating endogenous antioxidant enzymes [40].
[25], noted that due to its powerful reduction ability, EGCG in
particular possesses a potent antioxidant effect. Yeast survival
rate in the H,O, medium varied with the SEs type (Table 4), this
is due to the fact that different sorghum varieties contain varia-
ble catechin composition and content. [41], reported an order of
EGCG > ECG > EGC > EC, based on their ability as antioxi-
dants. In the absence of the H20-, all the samples studied al-
lowed better growth conditions with no side effect on yeast cells.
As maximum yeast cell colonies were noted in the case of yeast
samples in-treated with SEs and cultured in the absence of H,O,
which demonstrates that SEs are non-toxic. The cell viability
was indicated by survival rate and there was a progressive de-
cline in number of yeast growth cultured on oxidant medium
with dilution rate, which implied that H,O, had a deleterious ef-
fect on yeast cells. There was no single growth in the blank sam-
ple (water), in the H,O, medium, which further affirmed the SEs
antioxidant capacity. The total catechin content varied from va-
riety to another, thus the scavenging power. Similar results were
obtained by [25], among coffee varieties where the Arabica cof-
fee had a significant effect on the chronological aging of the
wild-type strain, while Robusta only extended the chronological
lifespan.

There was a correlation between the in vivo antioxidant ac-
tivity as varieties such as K71S2814, and GBK 006801 had high
ICso (Table 2) and also depicted high activity in vivo. [37], noted
that the DPPH and ABTS reducing power of compounds is cor-
related to their ROS scavenging activity. Sorghum extracts
stronger H,O- inhibition, can be explained by the fact that SEs
contains metabolites that hinder oxidative processes by quench-
ing H20- radicals. According to [25] phytochemicals particu-
larly flavonoid are responsible for scavenging free radicals. Per-
forming both intracellular and extracellular assays was advan-
tageous as in vivo assay helped identify absorbable and trans-
portable metabolites inside the cells. Two washing steps after
the treatment with the antioxidants were included, before intro-
ducing H20, to distinguish the total from the intracellular ef-
fects. As shown in (Table 4), the protective effects were more
evident when the cells had not been washed after the treatment
with SEs. This result suggests a stronger extracellular effect for
the SEs, by which the SEs antioxidants are acting directly on
the H»O,. On the other hand, when the antioxidants were
washed out before the H,O; treatments, the resistance levels de-
creased but were clear. These results are similar to that of [27],
who noted that protective effects of aqueous extracts of seven
wild plant were more evident when the cells had not been
washed after the treatment with the antioxidants. This result
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suggests a stronger extracellular effect for the extracts, by which
the antioxidants are acting directly on the H,O.. [27], reported
that washing out antioxidants before the H,O, treatments, de-
creases the resistance levels of yeast cells to oxidants. GBK
006801 good radical scavenging activity is attributed to their
higher level of gallated catechin forms such as EGCG and ECG
that are generally recognized as the most potent antioxidants.
EGCG has the greatest antioxidant capacity, due to presence of
ortho-phenolic hydroxyl groups which are potentially in bind-
ing free radicals [41], as shown by the mechanism in Figure 4.

(-

CATECHINS

L Direct antioxidant eff ects_]

This result indicates that the in vivo yeast assay allows for an
efficient distinction between the intracellular and extracellular
antioxidant effects and at the same time effectively test toxicity
of sorghum extracts. Most of sorghum samples had higher in
vivo antioxidant activity than ascorbic acid, this might be due
to catechins presence. A study by [42], also reported that cate-
chin antioxidant activity, is much higher than even L-ascorbic
acid’s activity. This makes catechins crucial for both human
health and food preservation, due to their high effectiveness at
neutralizing radicals.
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Figure 4. Mechanism of antioxidant activity of sorghum bicolor catechins.
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5. Conclusions

This study presents the phenolic and flavonoid profile of ten
sorghum varieties in Kenya and their antioxidant activity. Sor-
ghum has the potential of being used in material storage due
to its excellent antioxidant activity. Overall, GBK 006801 was
found to exhibit high flavonoid, phenolic and antioxidant ac-
tivity among the sorghum samples assayed. Our findings
showed that the GBK 006801 and K71S2814 varieties had
good in vitro and in vivo radical scavenging activity, even af-
ter being subjected to hydrogen peroxide (oxidant), suggesting
their suitability for incorporation into yeast storage, especially
since this cereal extracts have no side effect both to human
and environment. Moreover, of the most antioxidant natural
sources, sorghum has very high potential to be bred specifi-
cally to produce high levels of different phenols that can be
easily concentrated by simple processes. These special sor-
ghums have reasonable grain yields and agronomic character-
istics that make them productive and economical to produce.
Given that these SEs contain strong radical scavengers such
as epigallocatechin gallate, and epicatechin gallate can be
used to prevent rancidity, or reduce microbial spoilage in in-
dustrial food storage.

6. Recommendations

A combination of in vitro and in vivo methods are recom-
mended for efficient and effective antioxidant screening,
while coloured varieties such as brown (K7152814) and red
(GBKO006801) sorghum varieties for optimal antioxidant pro-
duction. In vivo assay helps to test for both antioxidant activ-
ity and toxicity of the extracts.

Abbreviations
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EGC Epicatechin gallate

DPPH 2, 2-diphenyl-1-picrylhydrazyl
HPLC  High Performance Liquid Chromatography
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Appendix

Appendix I: Preparation of Finger Millet
(Eleusine coracana) Malt

The finger millet (Eleusine coracana), grains were sorted
to remove extraneous matter. 1Kg of the grains were steeped
under distilled water in a domestic plastic container for 2 days,
drained and air rested for 3hrs. 1 Kg of grain sample was
spread on pre-wetted fresh banana leaves and covered with
pre-wetted banana leaves and allowed to sprout at room tem-
perature for 96 h. The grains were turned at 24-h intervals to
avoid excessive malting and distilled water sprinkled twice (in
the morning and evening). The malted finger millet was sun-
dried for 2 days and milled.

Appendix I1: Yeast Preparation

The yeast cells were cultivated in YPD broth medium, con-
taining yeast extract 10g/l, peptone 20 g/l, and dextrose 20 g/I.
The media was heated to boil for about 2min to allow it dis-
solve completely then autoclaved for 15min at 121<C and
15psi, the media was allowed to cool and then inoculated with
the yeast strains (S. cerevisiae & finger millet malt derived
yeast). Starter cultures comprised 50 ml YPD in Erlenmeyer
flask labelled X1 and X2, sealed, each inoculated with 1g of
active dry yeast (S. cerevisiae & finger millet malt derived
yeast), and incubated in an orbital shaker at 30 <C and 200rpm
for 48hrs, which is the optimal conditions for yeast growth.
Yeasts were centrifuged at 5000 rpm to obtain yeast while
maintaining cellular integrity.
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Appendix III: Calculation of Total Phenolic
Content

Where;

__ D(sample-D intercept)xV samplexdx100
T SstdxM samplex1000xWDM,sample

WT

D sample-is the optical density of the sample test solution
D intercept-is the optical density at the point of the best fit

linear calibration
M sample-is the mass (g) of the sample test portion

V sample-is the sample extraction volume in millilitres

(10ml for grain sorghum)
DM sample-is the dry matter

y=0.0112x+0.0225
R2=0.9989

0 10 20 30 40 50 60
Concentration

Figure 5. Calibration curve for total phenolic determination.
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