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ARTICLE DETAILS ABSTRACT

Article History: . . . - - - - .
"y Microbial quality and quantity in fermentation is critical to obtaining value added products. This research

aimed at investigating the interactive effect of group, day and concentration in thefermentation ofleaf extracts
of A. annua and V. amygdalina intomore value added products. The aqueous leaf extracts of A. annua (A.AAQ)
and aqueous V. Amygdalina (V.AAQ) were fermented with Saccharomyces cerevisiae and Lactobacillus
acidophilus respectively for 35days and evaluated for Colony Forming Units (CFU). Data were statistically
analyzed using analysis of variance to compare and separate the means.The effect and interactive effectsof
group alone, group and day, group and concentration, group, day and concentration, group and concentration
on CFU of Saccharomyces cerevisiae and Lactobacillus acidophiluswere not significantly different (p>0.05). On
the other hand, the effect of day, concentration, day and concentration on CFU of Saccharomycescerevisiae as
well as effect of group on Saccharomyces cerevisiae and Lactobacillus acidophilusWere significantly different
(p<0.05; 0.001). The effect of day, concentration and interactive effect of day and concentration on CFU of
Lactobacillus acidophiluswere significantly different (p<0.05; 0.001).In conclusion, the effect of day and
concentration as well as the interactive effect of day and concentration may have significantly affected the
CFU of both organisms used in the fermentation there by accounting for facilitating the fermentation process.
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1. INTRODUCTION

Fermentation is affected by types of microorganisms involved and their
Colony Forming Units. Other factors are the concentration and
composition of the plants extracts, pH, temperature among others. Colony
Forming Units (CFU) allows producers, manufacturers and researchers to
monitor and control fermentation. The higher the CFU, the higher the
fermentation rate and the better the flavour, taste, and other desired
qualities (Sharma et al, 2020).These microbial actionsassist
intheconversionofmultifarious sugarstoalcohols, proteins to peptides and
aminoacids as well as oils and fats to fatty acids and
glycerol.Consequently, it enhances the provision of food security, good
health, higher income source and general industrial growth (Ross et al.,
2018).Factorswhicheasefermentation are type of microorganisms used,
type and composition of plant extracts used, fermentation time and
experimental conditions and equipment used (Nkhata et al., 2018; Ross et
al, 2018). The process often decreases cooking time of fermented and
supports positive reforms leading to value-added feel, eminence, flavour,
colour, aroma, longer shelf life and nourishing value (Nkhata et al.,, 2018;
Ross et al,, 2018). Some of the microorganisms used in fermentation are
Lactobacillus, yeasts, Debaryomyces, Saccharomyces, Mucor and Rhizopus
species. These and other microorganisms exhibitactivities which
enhancedigestibility and availability of nutrients during fermentation due
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to the enzyme activity from the microbe (Nkhata et al., 2018; Xiang et
al,2019; Fernandes et al.,2020). documented that the bacteria count
varied with the total count ranged from 3.265 to 7.254 log CFU/mL. The
study opined that in the evaluation of microbial diversity of fermented
Tapai (an alcoholic drink), there was an increase in CFU/g of 105 and 106
in yeast and Lactic Acid Bacteria after two weeks of fermentation (Adacsi
et al, 2022; Chiang et al,, 2006).In this work, the extracts of A. annuavar,
chiknensis with batch number (PCN 004651/PAC4.8/CIC) and V.
amygdalina reported to have antidiabetic and other properties will be
fermented with S. cerevisiae and Lactobacillus acidophilus (Ogbonna et al.,
2017).

2. MATERIAL AND METHODS

2.1 StudyArea

This study was performed in the College of Biological Sciences Joseph
SarwuanTarka University, Makurdi and Evidence Laboratory Makurdi,
Benue State.

2.2 Collectionandidentificationofplant materials

The leaves of A. annua and V. amygdalina were obtained from Centre for
Biotechnology and Genetic Engineering (CBGE) University of Jos, Jos
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Plateau State and the farm behind Modern Market Makurdi, Benue State
respectively.

The A. annuavar, chiknensis with batch number (PCN
004651/PAC4.8/CIC). The V. amygdalina was identified in the taxonomy
unit in the Department of Botany, Joseph SarwuanTarka University,
Makurdi. Theywererinsed with cleanwater, shade dried at room
temperature and stored in glass bottles until needed for use.

2.3 Preparation of extracts

Leaf powerof A. annua and V. amygdalina (400geach) was poured intoa
conical flask enclosing 2000ml of sterilizedcondensed water and heated
with a Bunsen flame for 10 minutes and cooled to room temperature. All
the set up were aseptically filtered using Whatman filter paper(No1)to
separate the residue from the filtrate and allowed to dry on hot water
bath.The extracts were deposited in a refrigerator at 5 °C.

2.4 Preparation of fermented plant samples

Previously boiled water was dispensed into a sterile flask, left for 2-3
minutes and again poured into sterile bottles. Leaf extracts (20g each of A.
annuaand V. amygdalina) weredischarged into bottles containing 300ml
each of sterile distilled water. Ten (10) ml each of S. cerevisiae and
Lactobacillus acidophilus culture were added to different bottles
containing the extract of A. annua and V. amygdalina respectively, airtight
and preserved in a dark environment unperturbed for fourteen days.

Thereafter, racking was performed bydecanting the
clearpartintoanothersterilevessel and rackedagainafteranother fourteen
days and then after seven days.After thirty five
days,thecontentsinthebottlewerelefttoage.

2.5 Total heterothropic count analysis of the extracts of A. annuaand
V. amygdalina

Peptone (1g) was poured into a sterile glass container followed by
addition of 1000mL of distilled water and wasrobustly stirred to form a
solution. Then 0.5-1.0% of NaCl was transferred into the solution for extra
osmotic equilibrium and finally sterilized by autoclaving at 121°C for 15
minutes and  15psipressure.  Aserialdilutionofbetween10-1to10-
Swasthenmadeusing1ml of each fermented sample.

The different dilutions ofthe fermented A. annuaand V. amygdalinawere
plated on already prepared Sabouraud Dextrose Agar (SDA) and De Man
Rogosa Sharpe Agar (MRSA) agar respectively andallowed toincubate for
between 24 to 48 hours in an anaerobic and aerobic condition at 37°C
(Cheesebrough, 2006). To the Sabouraud Dextrose Agar (SDA), 0.05mg/ml
of streptomycin was poured to stop bacterial growth

. The extracts were allowed to ferment for thirty five days each. The
colonies obtained were sub-cultured on newculture agar to get pure
cultures of S. cerevisiae and L. acidophilus by incubating at 37°C and 25°C
respectively for between 24 to 48 hours.

The colonies were counted manually and the CFU/mL were evaluated
using the formula

CFU/mL =(Number of colonies x Dilution factor 2x...x Dilution factor n)
/Volume of sample plated mL).

2.6 Statistical Analysis Of Results

Data gotten were analysedwith R-Studio software and expressed as mean
+ Standard Error of Mean (SEM). The Analysis of variance (ANOVA) was
used to compare the means. Statistical significance was established at
p<0.05 and LSD was used to separate the mean.

3. RESULTS

There was no significant effect of the group (extracts) on the Colony
Forming Unit (CFU) of S. cerevisiae and L. acidophilus (p>0.05) (Table 1).

The effect of days on the CFU of S. cerevisiae during fermentation was

significantly different (p<0.001) (Table 2).

The effect of concentration on the CFU of Lactobacillus acidophilus during
fermentation was significantly different (p<0.001) (Table 3).

The interactive effect of group and day on the CFU of S. cerevisiae and L.
acidophilus was not significantly different (p>0.05) (Table 4).

The interactive effect of group and concentration on the CFU of S.
cerevisiae and L. acidophilus was not significantly different (p>0.05) (Table
5).

The interactive effect of day and concentration on the CFU of S. cerevisiae
significantly different (p>0.001) (Table 6).

The effect of group on the CFU of S. cerevisiae and L. acidophilus isolates
was significantly different (p<0.05) (Table 7).

The effect of day on the CFU of Lactobacillus acidophilus not significantly
different (p>0.05) (Table 8).

The effect of concentration on the CFU of Lactobacillus acidophilus
significantly different (p<0.001) (Table 9).

The interactive effect of group and day on the CFU of Lactobacillus
acidophilus S. cerevisiae not significantly different (p>0.05) (Table 10).

The interactive effect of day and concentration on the CFU of Lactobacillus
acidophilus was significantly different (p<0.001) (Table 11).

The interactive effect of group and day on the CFU of Lactobacillus
acidophilus S. cerevisiae was not significantly different (p>0.05) (Table 12).

Table 1: Effect of Group on Colony Forming Units (CFU/mL) of
Lactobacillus acidophilus and S. cerevisiae

Group CFU p-value
AAF 28.08 + 3.31 >0.05
V.AF 2517 +3.35

Values are means and standard error of means (Mean + SEM) of three
replicates. Mean values not significantly different (p>0.05)

A.AF= A. annua fermented V.AF= V. amygdalina fermented

Table 2: Effect of Day on Colony Forming Units (CFU/mL) of S.
cerevisiae
Day CFU p-value LSD
1 15.67 £2.24c <0.001 4.67
14 26.06 * 3.6°
28 38.22 £5.362
35 26.56 + 5.5b

Values are means and standard error of mean (Mean + SEM) of three
replicates. Mean values with superscript down the column are
significantly different (p<0.001).

Table 3: Effect of Concentration on Colony Forming Units (CFU/mL)
of S. cerevisiae
Concentration CFU p-value LSD
1/100 47.83+3.772  <0.001 4.04
1/1000 22.63 £1.47°
1/10000 9.42 +1.2¢

Values are means and standard error of mean (Mean + SEM) of three
replicates. Mean values with superscript down the column are
significantly different (p<0.001).

Table 4: Interactive Effect of Group and Day on Colony Forming Units (CFU/mL) of L. acidophilus and S. cerevisiae
Group Day CFU p-value
A.AF 1 16.33 +3.06 >0.05
A.AF 14 26.44 £5.21
A.AF 28 39.78 + 8.08
A.AF 35 29.78 £ 7.42
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Table 4 (Cont): Interactive Effect of Group and Day on Colony Forming Units (CFU/mL) of L. acidophilus and S. cerevisiae

V.AF 1 15+ 3.44

V.AF 14 25.67 £5.27
V.AF 28 36.67 £7.51
V.AF 35 23.33+841

Values are means and standard error of mean (Mean * SEM) of three replicates. Mean values down the column are not significantly different (p>0.05)

Table 5: Interactive Effect of Group and Concentration on Colony Forming Unit (CFU/mL) of L. acidophilus and S. cerevisiae.

Group Concentration CFU p-value
A.AF 1/100 49 +5.62 >0.05
AAF 1/1000 24.17 +1.96
AAF 1/10000 11.08 + 1.34
V.AF 1/100 46.67 £5.25
V.AF 1/1000 21.08 +2.19
V.AF 1/10000 7.75 £ 1.94

Values are means and standard error of mean (Mean + SEM) of three replicates. Mean values down the column are not significantly different (p>0.05)

Table 6:Interactive Effect of Day and Concentration on Colony Forming Unit (CFU/mL) of S. cerevisiae
Day Concentration CFU p-value LSD
1 1/100 24 +(0.78de <0.001 8.086
1 1/1000 19.17 £ 2.21¢f
1 1/10000 3.83+1.118
14 1/100 45.17 £ 2.75¢
14 1/1000 21.83 £1.62¢
14 1/10000 11.17 + 0.87%
28 1/100 66.17 £ 5.662
28 1/1000 31.83 +1.82d
28 1/10000 16.67 + 0.88¢f
35 1/100 56 +5.07b
35 1/1000 17.67 + 2.16¢f
35 1/10000 6 +2.058

Values are means and standard error of mean (Mean + SEM) of three replicates. Mean values with superscript down the

column are significantly different (p<0.001).

Table 7: Effect of Group on Colony Forming Units (CFU/mL) of L.
acidophilus and S. cerevisiae

Table 9: Effect of Concentration on Colony Forming Units (CFU/mL)
of Lactobacillus acidophilus

Group CFU p-value LSD Concentration CFU p-value LSD
A.AF 28.08 +3.312 <0.05 2.08 1/100 46.75 £ 2.592 <0.001 2.54
V.AF 25.17 £ 3.35P 1/1000 21.48 £ 0.98b

Values are means and standard error of mean (Mean + SEM) of three 1/10000 9.08 + 0.83¢

replicates. Mean values with superscript down the column are

significantly different (p<0.05).

Table 8: Effect of Day on Colony Forming Units (CFU/mL) of L.

Values are means and standard error of mean (Mean + SEM) of three
replicates. Mean values with superscript down the column are
significantly different (p<0.001).

Table 10: Interactive Effect of Group and Day on Colony Forming
Units (CFU/mL) of Lactobacillus acidophilus

acidophilus
Day CFU p-value LSD
1 14.78 £ 1.53¢ <0.001 2.94
2 25.56 + 2.53b
3 37 £3.632
4 25.75 + 3.76b

Values are means and standard error of mean (Mean + SEM) of three
replicates. Mean values with superscript down the column are
significantly different (p<0.001).

Group Day CFU p-value
AAF 1 15.22 £ 2.08 >0.05
AAF 2 25.56 £3.56
AAF 3 38.11£5.35
AAF 4 28.78 £4.99
V.AF 1 14.33£23
V.AF 2 25.56 £3.71
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Table 10: Interactive Effect of Group and Day on Colony Forming
Units (CFU/mL) of Lactobacillus acidophilus

V.AF 3 35.89 £ 5.04
V.AF 4 22.72 £ 5.67

Values are means and standard error of mean (Mean + SEM) of three
replicates. Mean values without superscript down the column are not
significantly different (p>0.05)

Table 11: Interactive Effect of Group and Concentration on Colony
Forming Units (CFU/mL) of Lactobacillus acidophilus and S. cerevisiae

Group Concentration CFU p-value

A.AF 1/100 47.54 £3.78 >0.05

A.AF 1/1000 22.63+1.32

A.AF 1/10000 10.58 £ 0.95

V.AF 1/100 45.96 + 3.63

V.AF 1/1000 20.33 +1.45

VAF 1/10000 758 + 132 Plate 2: Culture plate of L. acidophilus

Values are means and standard error of mean (Mean + SEM) of three
replicates. Mean values down the column are not significantly
different (p>0.05)

Table12: Interactive Effect of Day and Concentration on Colony
Forming Units (CFU/mL) of Lactobacillus acidophilus

Day Concentration CFU LSD p-value
+061°

1 1/100 2325+ (;..%%360 <0.001
1 1/1000 17.83 £ 1.42f
1 1/10000 3.25+0.68h

14 1/100 45 + 1.84¢

14 1/1000 21.08 £ 1.02¢f

14 1/10000 10.58 £ 0.53s

28 1/100 64.25 + 3.8

28 1/1000 30.25 +1.084

28 1/10000 16.5 + 0.49f

35 1/100 54.5 + 3.6

35 1/1000 16.75 + 1.44f

35 1/10000 6+ 1.38h

Values are means and standard error of mean (Maen + SEM) of three
replicates. Mean values with superscript down the column are
significantly different (p<0.001).
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Plate 2: Culture plate of L. acidophilus

4. DISCUSSIONS

Group, day and concentration showed various effects on the CFU of the
isolates of S. cerevisiae and L. acidophilus during fermentation. Day
(fermentation period) and concentration of extracts both individually and
interactively significantly increased the CFU of S. cerevisiaein the first four
weeks of fermentation. This may have facilitated fermentation rates which
resulted in the synthesis of some bioactive compounds and introduction
of flavors and other desirable qualities. However, the cells of S. cerevisiae
decreased in the fifth week of fermentation possibly due to increase in
acidity as a result of a decrease in pH. Also, the group (extract) and
concentration of the extract individually significantly increased the CFU of
L. acidophilus. The interactive effect of fermentation period (days) and
concentration significantly increased the cells of L. acidophilus. This is
supported by the report who documented similar findings of (Bello and
Ojokoh, 2013).

Analysis has published severalfeatures of Lactobacillus acidophilus and S.
cerevisiae. These physiognomies may have facilitated the survival of these
organisms in extreme environmental conditions thereby supporting their
growth which in may have enhanced the fermentation.These probiotics
have industrial and other important functions (Park et al, 2007;
Kechangia et al.,, 2013andDelgado-Ospino et al., 2022; Rahmati, 2017).

A decrease in pH may have aided the rise in CFU of the starter organisms
leading to increasing fermentation rate. While decrease in pH adversely
influences the microbes in a wide wvariety of ways
(CharkrabortyandKenney,2018),these microbes often adopt coping
strategies such as use of the enzyme-catalyzed reactions in order to
destroy proton from the cellat the cost ofATP intake, manufacture
ofcomplexes to neutraliselow pH (Shabala and Ross 2008; Mira et al
,2010).

5. CONCLUSION

CFU is very important in fermentation. In this study, the effect of day and
concentration as well as the interactive effect of day and concentration
were found to significantly affect the CFU of both organisms used in the
fermentation there by accounting for facilitating the fermentation process
resulting in end products which have undergone several value added
modifications for domestic and industrial purposes.
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