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Abstract

Fermented tigernut milk (FTM) was prepared from three different varieties (fresh yellow, big and
small dry brown) of tigernut (Cyperus esculenta) obtained from Bodija market, Ibadan, Oyo state.
Fifty two microbial isolates were obtained from FTM at different fermentation times, 32 of which
were on MRS agar, 12 on nutrient agar and 8 on malt extract agar. Lactic acid bacteria were identi-
fied as Lactobacillus plantarum (LP), Lactococcus lactis (LC), Lactobacillus brevis, Lactococcus cre-
moris, Lactobacillus bulgaricus and Lactococcus thermophilus (LT). The non-LAB identified in-
cludes E. coli, Bacillus species and Proteus species while the yeasts include Saccharomyces cere-
visiae and Candida kefyr. Lactic acid bacteria were found to predominate the total microflora of
the FTM with their count ranging between 2.0 x 10 cfu/ml to 2.0 x 108 cfu/ml. Microbiological
examination revealed that the FTM was safe for consumption as non-LAB counts were below the
limit of acceptance which is 2.0 x 105 cfu/ml for dairy milk by Codex Alimentarius Commission.
The quantity of lactic acid produced by the LAB isolates ranged between 0.86 g/l - 2.86 g/1 while
that of hydrogen peroxide ranged between 0.16 g/1 - 0.51 g/1. Starter cultures were selected based
on predominance of isolate, physiological characteristics, quantity of lactic acid and hydrogen
peroxide production. The tiger nut varieties were fermented with the following starter combina-
tions LP, LP/LC, LP/LC/LT, LP/LT while the fifth was spontaneously fermented. The nutritional,
chemical and sensory properties of the starter fermented tiger nut milk were evaluated. The
highest protein content (24.80%) was obtained in FTM with mixed cultures of LP/LC/LT while the
least (3.00%) was obtained in spontaneously fermented milk. There was a significant difference in
the FTM varieties. The highest fat content (9.40%) was obtained in spontaneously fermented tiger
nut milk while the least (3.40%) was found in FTM with mixed cultures of LP/LC/LT. Fermentation
decreased the pH and increased the lactic acid of the starter developed FTM, while sensory
evaluation test showed that the FTM with mixed cultures of LP/LC/LT was highly acceptable. In
conclusion, an excellent and acceptable FTM can be produced using treatments which comprise of
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pasteurization at 90° for 15 minutes, fermentation at 45°C for 18 hours using mixed cultures of
Lactobacillus plantarum, Lactococcus lactis and Lactococcus thermophilus.
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1. Introduction

Milk has been recognised as an important food for infants and growing children [1]. In developing countries, the
cost of dairy milk and their products is prohibitive and this has led to the development of alternative source of
milk from plant materials [2]. An inexpensive milk substitute extracted from locally available plant foods like
legumes with satisfactory quality and rich in protein could play an important role in protein malnutrition [3],
source of producing acceptable nutritious drink [4] and alleviate problem of short food supply [5].

Tigernut (Cyperus esculenta), also known in Nigeria as “Ayaya” in Hausa, “Ofio” in Yoruba and “Akiausa”
in Igbo has three varieties (black, yellow and brown) which are underutilized due to lack of information on their
nutritional potentials [6]. It can be eaten raw, roasted, dried, baked or be made into milk [7].

Fermentation of tigernuts could produce varieties of milk products such as natural tigernut milk, pasteurized
tigernut milk, sterilized tigernut milk, ultra-high temperature tigernut milk, concentrated and condensed tigernut
milk [3]. Tigernut milk is a very nutritive and energetic drink both for old and young people [8], rich in energy
content (starch, fat, sugars and protein), mineral (phosphorus, potassium) and vitamins E and C [9]. It has enor-
mous health benefits which include prevention of heart attacks, thrombosis, activation of blood circulation and
reduction in the risk of colon cancer [10]. It is also suitable for diabetic patients and helps in reducing weight
[11].

The nuts are soaked in water, wet milled, sieved, sweetened and flavoured. Soaking is a major unit operation
because it can be used to reduce soluble antinutrients such as tannins and polyphenols [12]. Sponteneous fer-
mentation of tigernut milk results from the competitive activities of a variety of contaminating microorganisms.
Those best adapted to the substrate and to technical control parameters, eventually dominate the process. The
production of metabolites inhibitory to other contaminating organisms may provide additional advantage during
fermentation [13].

Milk contains different species of microorganisms in varying numbers and their activity is uncontrolled, thus,
uniformity of product is difficult to achieve during fermentation. It is often necessary and desirable to carry out
controlled fermentation with specific organisms and this has led to the propagation and selection of known cul-
tures, usually referred to as starter cultures.

Similar to any other milk, principal organisms employed as starter include species of lactic acid bacteria in-
cluding Streptococcus, Leuconostoc and Lactobacillus which may be a pure or mixed cultures. The proper se-
lection and balance for starter culture are critical for the manufacture of fermented products of desirable texture
and flavour. Quality and reproducibility of fermented milks and processes are ensured by using industrial start-
ers, nevertheless, consumers prefer traditional fermented milks since artisanal starters give these products more
typical flavours [14].

2. Materials and Methods

2.1. Sample Collection

Three different varieties of tigernut (yellow, big brown and small brown) were obtained from Bodija market in
Ibadan, Oyo state, Nigeria. They were taken to the laboratory in a clean polythene bag for processing and analy-
sis.

2.2. Preparation and Fermentation of Tigernut Milk

The nuts were sorted to remove stones, pebbles, dirt materials, rotten stems and broken tubers before rinsing in
water to remove adhering soils. It was later rinsed in distilled water and soaked for 6 hrs at 60°C to soften the fi-
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bre [15]. 500 mls of warm distilled water was added to 200 g of tigernut and blended several times with sterile
kenwood blender [3]. The mash was filtered through a clean sterile muslin cloth to separate the milk and it was
further strained to obtain a fine consistency. The filtered tigernut milk was transferred into a clean container,
pasteurized in a water bath at 90°C for 15minutes, cooled to a temperature of 43°C and later maintained for 12
hrs [16]. Spontaneous fermentation was carried out for 18 hrs by the natural flora of the milk and sampled 6
hourly for the analysis of the microbial quality, pH, chemical and proximate compaosition with initial sampling
before commencement of active fermentation (0 hr).

2.3. Microbiological Analysis

Nutrient agar (NA), De Mann Rogosa and Sharpe (MRS), Malt extract agar (MEA) and Plate count agar (PCA)
was used for microbial culturing of aerobic bacteria, lactic acid bacteria, yeast and total viable bacteria respec-
tively. All media were prepared according to the manufacturers specifications and sterilized at 121°C for 15
minutes.1ml from appropriate dilutions (10* to 10%) was pour plated on sterile molten agar, swirled and allowed
to set. NA and PCA plates were incubated aerobically at 37°C for 24 hrs, while MRS agar was incubated at 37°C
for 48 hrs anaerobically and MEA at 30°C for 2 - 5 days. After incubation, colonies on each plate were counted,
streaked out repeatedly until pure cultures of each was obtained and maintained on appropriate agar slants at
4°C.

2.4. Characterization of Isolates

Bacteria isolates were characterized and identified on the basis of their cultural, morphological, physiological
and biochemical properties using Bergeys Manual of Systematic Bacteriology [17]. The yeast isolates were
identified according to the methods of Barnett et al. [18].

2.5. Screening for Potential Starters

Pre selected starter cultures were screened for the ability to produce antimicrobial compounds (lactic acid and
hydrogen peroxide) [19].

2.6. Preparation of Inoculums

The pure cultures of LAB (Lactobacillus plantarum, Lactococcus lactis and Lactococcus thermophilus) isolated
from spontaneously fermented tigernut milk were used after being screened for their potentials as starters [19].
The LAB culture was inoculated onto fresh MRS agar slants and incubated anaerobically at 30°C for 48 hrs. Af-
ter incubation, the culture was covered with 9 ml of sterile distilled water and shaken to disperse the cells. Ap-
propriate dilutions were made and number of cells determined [20]. A 10° cfu/ml was achieved when checked as
viable count on MRS agar. An inoculums size of 2.9 x 10’cfu/ml to 3.2 x 10’ cfu/ml as viable count was used
for the production of starter fermented tigernut milk.

2.7. Laboratory Production of Starter Developed Fermented Tigernut Milk

Four treatments of each tigernut milk variety mixtures were processed as described during traditional production.
The pasteurized and cooled mixtures were inoculated with 1% washed cells of starter cultures. Fermentation was
allowed to occur in fermenting vessels at 45°C for 18 hrs. Each treatment has an uninoculated vessel as control.
Samples were withdrawn for chemical analysis and quantity of lactic acid determination. Each treatment was as
follows:

Vessel I—Lactobacillus plantarum (LP)

Vessel Il—L. plantarum + Lactococcus lactis (LP/LC)

Vessel I11—L. plantarum + L. lactis + Lactococcus thermophilus (LP/LC/LT)

Vessel IV—L. plantarum + L. thermophilus (LP/LT)

Vessel V—Uninoculated (SP)

2.8. Physicochemical and Proximate Analysis of Fermented Milk

The pH, titratable acidity and proximate composition (moisture, ash, fat, protein content and total sugar content)
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of each treatment were determined using the method of A.O.A.C. [19].

2.9. Sensory Evaluation of Starter Fermented Tigernut Milk

The acceptability of the milk was determined by the evaluation of the sensory qualities (texture, appearance,
taste, aroma and overall acceptability). A 10 men panel was set up and the organoleptic assessment evaluated
through degree of likeness or preference on an 8 point hedonic scale ranging from 8 indicating like extremely to
1 indicating dislike extremely.

2.10. Statistical Analysis

The experimental data was analyzed using Analysis of variance (ANOVA) to determine significance difference
between the means and was expressed as mean + standard deviation (SD). The level of significance was P <
0.05. The data were analyzed using SPSS version 15.0.

3. Results

An increase in the total bacteria count was observed in all milk samples within the first 6 hours of fermentation
of unpasteurized samples after which a decline was noticed. The count ranged from 1.3 x 10 cfu/ml to 9.6 x 10°
cfu/ml at different fermentation times. Insignificant count was observed in pasteurized milk samples within the
first 12 hours and a decline was noticed thereafter, with the highest in sample A at 6 hours (2.7 x 10® cfu/ml)
and the lowest in B at 24 hours after pasteurization (8.0 x 10* cfu/ml). Generally, higher microbial load was ob-
served in unpasteurized milk samples than pasteurized as shown in Tables 1 and 2.

Unlike in pasteurized milk samples where increase in fermentation time leads to an increase in LAB load, the
lactic acid bacteria count in samples A and B decreases within the first 12 hours, and increases thereafter while
it increases as fermentation progresses in sample C of unpasteurized milk. Pasteurized sample A has the highest
count at 24 hours (2.0 x 10° cfu/ml) while the lowest was recorded in samples A and C at 0 hour (2.0 x 10*
cfu/ml).

Table 1. Microbial count of unpasteurized fermented milk.

Sample A B C
Time (hr) 0 6 12 18 24 0 6 12 18 24 0 6 12 18 24
Total

30x 27x 63x 35x 96x 70x 17x 13x 34x 62x 50x 18x 52x 30x 35x

bacteria "7 Ty 997 106 10° 107 10°  10' 10° 10°  10' 10° 10'  10°  10°

count
Total LAB 13x 68x 60x 77x 14x 24x 92x 10x 24x 87x 15x 62x 17x 23x 51x
count 10° 10° 10° 10° 10° 10° 10° 10° 10° 10° 10° 10° 10° 10° 10°

10x 20x 80x 11x 16x 20x 62x 12x 80x 10x 41x 50x

veastcount Typs qgz 102 10t 100 NG NGy g 100 NG g2 10 100 10

Key: A—Yellow tigernut milk; B—Big, dry, brown tigernut milk; C—Small, dry, brown tigernut milk; NG—No growth.

Table 2. Microbial count of pasteurized fermented milk.

Sample A B C
Time (hr) 0 6 12 18 24 0 6 12 18 24 0 6 12 18 24
Total

48x 40x 38x 20x 13x 19x 10x 12x 18x 80x 22x 20x 18x 24x 11x

bacteria o6y 105 105 10°  10°  10°  10° 10°  10°  10°  10°  10°  10°  10°

count

Total LAB 20x 72x 18x 25x 20x 40x 25x 75x 21x 18x 20x 29x 92x 18x 17x
count 10* 10° 108 10° 108 10* 10° 10° 10° 108 10* 10° 10° 10° 108

Yeast 10x 20x 50x 90x 10x o o 10x 30x 13x . 30x 26x 28x 29x
count 10* 10* 10* 10* 10° 10* 10* 10° 10* 10° 10° 10°

Key: A—Yellow tigernut milk; B—Big, dry, brown tigernut milk; C—Small, dry, brown tigernut milk; NG—No growth.

498
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Generally, an increase in total yeast count as fermentation time increases was observed in all samples of both
pasteurized and unpasteurized milk.

The pH of the fermenting tigernut milk decreased with increase in fermentation time (Table 3). The least pH
(4.6) was observed in sample C at 24 hours and the highest in sample A at 6 hours (6.9).

Based on the results of the morphological, physiological and biochemical tests, different LAB and yeast spe-
cies were identified and their percentage frequency of occurrence showed Lactobacillus plantarum (22.7%) be-
ing the most frequent among lactic bacteria species followed by Lactococcus lactis (18.2%) and Saccharomyces
cerevisiae having the highest (75%) among yeast species.

The result of the production of antimicrobial compounds was shown in Figures 1 and 2 where the highest lac-
tic acid measured using the total titratable acidity, was observed at 48 hours in all LAB isolates. The highest
value was produced by L. thermophilus (2.86 g/l) while the least was from L. cremoris (0.86 g/l). L. plantarum,
L. thermophilus, L. cremoris and L. lactis had an increase in production as incubation tine increases. The highest
quantity of hydrogen peroxide produced was 0.51 g/l by L. plantarum and L. thermophilus at 24 hr and 48 hr
respectively while L. brevis and L. cremoris has the least quantity (0.16 g/l) at 6 hours.

The pH and titratable acidity of starter developed fermented milk, using single and combined starters, as illus-
trated in Tables 4 and 5 showed that there was an increase in lactic acid content and decrease in pH as fermenta-
tion time increases. The least pH (3.9) was observed in treatments LP and LP/LT of varieties A and B both at 18
hours. The highest pH for variety A (4.9), B (4.8) and C (4.6) were all recorded in the spontaneously fermented
milk and was significantly different (p > 0.05) from their starter fermented product (Table 4). The highest ti-
tratable acidity in varieties A (1.8%), B (1.85%) and C (1.84%) were produced from the treatment LP/LC/LT
and the least observed in spontaneously fermented milk which was significantly different (p > 0.05) from starter
produced milk (Table 5).

The analysis of the proximate contents of the unpasteurized milk extracted from the three tigernut varieties as
shown on Table 6 revealed that the big fresh yellow tigernut milk (sample A) has the highest moisture content
(90.36%), carbohydrate (8.34%) and protein content (1.66%) while the least proximate content was recorded in
small dry brown tigernut milk (sample C) .These constituents were significantly different (p < 0.05) from each

Table 3. The pH of fermenting tigernut milk.

Sample pH
0 6 12 18 24
A 6.8 6.9 55 51 4.9
B 6.6 6.7 54 5.0 4.8
C 6.5 6.5 55 5.0 4.6

Key: A—Yellow tigernut milk; B—Big, dry, brown tigernut milk; C—Small, dry, brown tigernut milk.
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Figure 1. Quantity of lactic acid (mg/ml) produced by isolated LAB.
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Figure 2. Quantity of hydrogen peroxide (g/l) produced by isolated LAB.

Table 4. The pH of starter developed fermented tigernut milk.

pH
isolates/-‘I;'?:atments A B c
0hr 18 hrs 0 hr 18 hrs 0 hr 18 hrs

SP 6.8 £ 0.028° 4.9 £0.042° 6.6 +0.028" 4.8 +0.000° 6.5 +0.042° 4.6 £0.028°

LP 6.7 £ 0.042® 3.9 +0.028" 6.7 £0.042° 3.9 +0.014 6.5 +0.028" 4.1+0.014°

LP/LC 6.8 £ 0.042° 4.2 +0.028" 6.6 +0.042° 4.1 +0.042° 6.5 +0.028" 4.1+0.042°
LP/LC/LT 6.8 £ 0.028° 4.0 £0.000° 6.7 £0.014° 4.1+0.028" 6.5+0.014° 4.2 +0.042°
LP/LT 6.6 +0.057° 3.9 +0.042° 6.6 = 0.000° 4.0 £0.014° 6.6 £ 0.042° 4.1+0.057°

Values are means of three replicates £ SD. Mean values with similar superscript along the column are not significantly different, p < 0.05. Key: A—
Yellow tigernut milk, B—Big, dry, brown tigernut milk, C—Small, dry, brown tigernut milk, SP—Spontaneously fermented, LP—Lactobacillus
plantarum, LP/LC—L. plantarum and L. lactis, LP/LC/LT—L. plantarum, L. lactis and Lactococcus thermophilus, LP/LT—L. plantarum and L.
thermophilus.

Table 5. Percentage lactic acid produced by starter developed fermented tigernut milk.

Lactic acid (%)
Test

isolates/Treatments o e ©
0hr 18 hrs 0hr 18 hrs 0hr 18 hrs
SP 0.34 +£0.0071° 0.62 + 0.0000¢ 0.35+0.0014° 0.52+0.0057¢  0.36 +0.0042°  0.52 + 0.0057°
LP 0.35+0.0028*  0.80 + 0.0057° 0.34 +0.0028 0.75 +0.0042° 0.35 +0.0057° 0.76 + 0.0042¢
LP/LC 0.35+0.0042*  1.35+ 0.0042" 0.35 +0.0042° 0.81 + 0.0028° 0.38 +£0.0071% 0.78 £ 0.0071°
LP/LC/LT 0.36 + 0.0057° 1.80 +0.0071° 0.37 + 0.0057° 1.85+0.0028*  0.37 £0.0014®  1.84 +0.0042
LP/LT 0.38 +0.0071% 0.81 +0.0042° 0.38 +0.0000* 0.80+0.0042°  0.36 +0.0042° (.81 + 0.0028°

Values are means of three replicates + SD. Mean values with similar superscript along the column are not significantly different, p < 0.05; Key as in
Table 4 above.

other. The highest fat (3.02%) was observed in sample C and least fat (0.76%) in sample A while big dry brown
tigernut milk (sample B) has the highest (0.42%) ash content.

From Table 7, the proximate composition at the end of fermentation of the yellow variety with different com-
binations of starter culture indicated that, nutritionally, the best protein, fat, moisture and sugar contents was
observed in treatment LP/LC/LT. The protein content of treatment LP/LC/LT was the highest (24.8%) while the
least was from the spontaneously fermented milk. The milk sample A5 also has the highest fat, moisture and ash
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Table 6. Proximate composition of unpasteurized tigernut milk varieties.

Tigernut variety Moisture content % Protein % Fat % Ash % Carbohydrate %
A 90.36 +0.198° 1.66 £ 0.156° 0.76 + 0.085° 0.39 £ 0.0071° 8.34 £ 0.014°
B 87.31+0.156" 1.23£0.113° 2.19+0.113° 0.42 + 0.0085° 8.05+0.141°
C 86.59 + 0.226° 0.79 £0.127° 3.02+0.141° 0.32 £ 0.0000° 7.77 £0.042°

Values are means of three replicates £ SD. Mean values with similar superscript along the column are not significantly different, p < 0.05; Key: A—
Yellow tigernut milk; B—Big, dry, brown tigernut milk; C—Small, dry, brown tigernut milk.

Table 7. Proximate composition of pasteurized starter-fermented yellow variety of tigernut milk.

Fermented tigernut milk (yellow variety)

Parameter (%)

Al A2 A3 A4 A5
Protein 5.90 +0.012° 14.0+0.017° 24.8 +0.035 8.80 + 0.006° 4.20 +0.0012°
Fat 6.00 +0.115° 6.70 +0.115° 3.40 +0.058° 5.10 +0.231° 9.40 +0.231°
Moisture 80.7 £0.115° 73.0+0.173¢ 70.0 +0.058° 76.0 £0.115° 85.4 +0.023°
Ash 0.12 £ 0.006" 0.10 £0.012° 0.10 % 0.006" 0.10 % 0.006° 0.27 £0.012°
Total sugar 7.28 £0.012° 6.20 +0.012° 1.70+0.173° 5.70 +0.012° 5.03 + 0.006°

Values are means of three replicates + SD. Mean values with similar superscript across rows are not significantly different, p < 0.05; Al—Yellow va-
riety milk with LP, A2—Yellow variety milk with LP + LC, A3—Yellow variety milk with LP + LC + LT; A4—Yellow variety milk with LP + LT,
A5—Spontaneously fermented yellow variety milk.

contents, whereas, it was totally reduced in the milk with starter LP/LC/LT. The proximate composition was
significantly different (p > 0.05) among the treatments.

Table 8 shows that the highest fat (9.10%), moisture (83.7%) and ash (0.30%) contents were observed in
treatment B5 of the fermented big, dry brown tigernut milk while B3 has the least. Protein content was highest
(22.7%) in the treatment fermented with LP/LC/LT (B3), while its total sugar was the lowest (1.30%).

Similar to previous result, combination of three LAB starters (C3) recorded the least amounts of fat, moisture,
total sugar and highest protein content (21%) which was significantly different (p > 0.05) from other treatments.
The highest fat (6.8%), moisture (79.7%), ash (0.27%) and least protein (3%) was recorded in the spontaneously
fermented small, dry brown tigernut milk (Table 9).

Tables 10-12 showed the result of sensory properties evaluation of freshly prepared fermented tigernut milk
from the three varieties using single and combined starter cultures. Sample A3 was rated best for all sensory
evaluation with highest overall values. There was no significant difference (p < 0.05) in aroma and appearance
of all the sample B milk, although the highest mean values for taste, texture and general acceptance was ob-
served in treatment B3. For sample C milk, there was no significant difference (p < 0.05) in the aroma, appear-
ance and general acceptance of all treatments, with C3 having the highest mean value for all the sensory attrib-
utes.

4. Discussion

The identified non-lactic acid bacteria (E. coli, Bacillus species and Proteus species) reported in this study has
also been reported by other authors [21] [22]. E. coli has been associated with the contamination of milk and
milk products [23]. Researchers have linked the presence of E. coli with other enteric pathogens such as Proteus
and Bacillus sp [22] [24] [25]. The thermoduric nature of Bacillus spores ensures survival at pasteurization
temperatures and hence, their presence in the fermented tigernut milk samples that have been subjected to heat
treatment during processing.

The high incidence of LAB species in fermented tigernut milk is in accordance with earlier report by Cogan et
al. [26], from lactic acid bacteria of different fermented milk and dairy products. The presence of yeast in the
fermenting tigernut milk could be as a result of the substrate which is a plant material as reported by Holzapfel
[27].

In the quantitative determination of lactic acid produced, increase in incubation time leads to increase in lactic
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Table 8. Proximate composition of pasteurized starter-fermented big, dry brown variety of tigernut milk.

Parameter (%)

Protein
Fat
Moisture
Ash

Total sugar

B1

5.20 + 0.006°
4.10 £ 0.058°
78.5 % 0.058°
0.10 + 0.000°
12.1+0.058°

Fermented tigernut milk (big, dry brown variety)

B2
15.0 £0.115°
6.20 £ 0.115°
732 +0.115°
0.20 £ 0.029°
5.40 £ 0.115°

B3
22.7 +0.029°
3.40 £ 0.029°
72.4 +0.029°
0.20 £0.012°
1.30 +£0.029°

B4
4.80+0.017°
5.90 +0.115°
78.1£0.173
0.10 +0.006°
11.1£0.173°

B5
3.50 £0.023°
9.10 £0.115
83.7 £3.151°
0.30 + 0.006*
6.40 £ 0.115°

Values are means of three replicates + SD. Mean values with similar superscript across rows are not significantly different, p < 0.05. Code as in Table

7.

Table 9. Proximate composition of starter fermented small, dry brown variety of tigernut milk.

Parameters (%)

Protein
Fat
Moisture
Ash

Total sugar

c1
3.80 £ 0.006°
4.30 £ 0.006°
78.5+0.198°
0.10 £0.012°
13.1+0.058°

Fermented tigernut milk (small, dry brown variety)

c2
9.00 % 0.006"
5.40  0.006"
77.3+0.058°
0.05+0.017¢
6.25 + 0.006°

c3
21.0 £0.017°
3.90 £ 0.017°
72.7 £0.058°
0.19 £ 0.007°
220 £0.173°

C4
8.10 £0.017°
430 +0.017°
76.4 £ 0.058°
0.20  0.006"
11.0£0.173°

@5
3.00 £0.115°
6.80 £ 0.012°
79.7 £0.437°
0.27 +0.006
9.93 +£0.012°

Values are means of three replicates + SD. Mean values with similar superscript across rows are not significantly different, p < 0.05. Code as in Table

7.

Table 10. Sensory evaluation of fermented yellow variety tigernut milk.

Sensory
characteristics

Taste
Aroma
Texture
Appearance

Acceptability

Al

46 £0.16
4.2 +0.39"
2.6 £0.22°
25£0.22°
35£0.17®

Fermented tigernut milk (yellow variety)

A2
3.1+0.28°
3.7+0.30°
27£0.21°
25£0.27°
3.2 £0.25™

A3
5.7+0.26%
55+0.27%
3.5+0.22*
3.7+0.33
41+0.31°

Ad
3.4+0.22°
5.1 £0.38®
35+0.17°
3.2 £0.25%
33£0.21°

A5
5.2 £0.25%
4.0 +0.26°
2.0£0.22°
3.0 £0.26®
2.6 +0.16°

Values are means of three replicates + SD. Mean values with similar superscript across rows are not significantly different, p < 0.05. Code as in Table

7.

Table 11. Sensory evaluation of fermented big, dry brown variety tigernut milk.

Sensory
characteristics

Taste
Aroma
Texture
Appearance

Acceptability

B1

47+0.21%
3.9+0.31°
3.6 £0.22®
33+0.21°
3.1+0.35°

Fermented tigernut milk (big, dry brown variety)

B2
5.1 £0.28%
45 +0.22°
4.2 +0.20°
3.1+0.35°
4.2 +0.20°

B3
5.5+0.22*
4.8+0.33°
4.2+0.25°
3.8+0.33
4.3+0.26°

B4
4.0 £0.26%
43 +0.30°
3.4£0.22°
34+0.27
3.9 £0.35%

B5
3.8 £0.29°
4.1+0.28°
3.1£0.10°
3.1+0.23°
35£0.17*

Values are means of three replicates + SD. Mean values with similar superscript across rows are not significantly different, p < 0.05. Key as in Table

7.
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Table 12. Sensory evaluation of fermented yellow variety tigernut milk.

Fermented tigernut milk (small, dry brown variety)

Sensory
characteristics c1 c2 c3 ca c5
Taste 46+0.22° 48+0.25° 5.0+0.26* 37+£021° 46+0.31°
Aroma 46+0.37° 48+0.33" 51+0.31° 45+0.27° 43+0.33"
Texture 3.9+0.18° 42 £0.25™ 49+0.23 3.9 +£0.23¢ 46 £0.22®
Appearance 4.1+0.38° 41+0.28 46+0.16° 42+0.25° 44 +0.22°
Acceptability 43+0.21° 41+0.28 43+0.21° 42+0.25° 41+0.18°

Values are means of three replicates + SD. Mean values with similar superscript across rows are not significantly different, p < 0.05. Key as in Table
7.

acid produced. L. thermophilus produced the highest quantity at 48 hrs, followed by L. lactis and L. plantarum.
The difference in acidifying properties may be ascribed to the specificity of the strain and the species, as re-
ported in many studies [28]-[31]. Badis et al. [31] explained these differences by linking the acidification activ-
ity of each strain to its capacity to use medium substrates. It was reported that the ability of a high acid produc-
tion has been demanded for lactic cultures to be used as starter cultures for dairy fermentation technology [32].

Fermentation was observed to decrease the pH and increase the titratable acidity of the starter fermented ti-
gernut milk. This could be due to the dominance of LAB in the fermentation environment which degrades car-
bohydrates to simple sugars, resulting in acidification with accordance to the work done by Wakil and Onilude
[33] in fermentation of cereal weaning food fortified with cowpea. The pH values of fermented tigernut milk
produced with different varieties recorded in this study ranged between 3.90 and 4.25, and according to Reed
[34], a good quality yoghurt (also a fermented milk product) should have a pH of 4.15.

Fermentation, compared with other processing methods such as roasting, cooking etc, has been found to in-
crease the nutritional value of foods [35]-[38]. In this study, the use of starter resulted in an improved nutritional
value of the milk as compared with the spontaneously fermented samples. It was established that the use of
starter both singly and in combination affects the proximate composition of the fermented milk. The protein
content of milk varieties produced with combined starter of Lactobacillus plantarum, Lactococcus lactis and
Lactococcus thermophilus was observed to be higher than 8.07% previously reported by Belewu and Belewu [9].
Also, the high fat content of some fermented milk products was similar to that reported by Belewu et al. [39],
but however, high compared to the 8% standard for dairy milk [40] [41] and 5.3% reported by Ukwuru and Og-
bodo [3]. Belewu and Belewu [9] reported that total energy value of milk is from the fat content hence, higher
fat content is an indication of more total energies available.

All starter developed milk of the three varieties had high moisture content between 70.0% and 80.0%. This
could affect the stability and safety of milk with respect to microbial growth and proliferation, therefore, the
product requires cold storage in agreement with the work of Ukwuru and Ogbodo [3].

The increase in the protein and fat content of pasteurized fermented milk as compared to the unpasteurized in
Table 8 could be attributed to the concentration of the constituents during pasteurization brought about by loss
of moisture and reduction/destruction of certain protease and lipase inhibitors which form complexes with pro-
tein and makes them unavailable during hydrolysis as it was observed and reported that pasteurized fermented
tigernut milk was reflected notably by increase in the protein content [42].

Despite the significant difference in sensory quality of some fermented tigernut milk from the three varieties,
all the product samples were generally acceptable to the penalists. Similar works carried out on tigernut milk [43]
[44] recorded high acceptability of the milk. Although, from the figures obtained however, little or no difference
exists in all the sensory attributes between the samples, the level of acceptance of the tigernut milk produced
from the three varieties using starter combination Lactobacillus plantarum, Lactococcus lactis and Lactococcus
thermophilus is still very high.

The aroma produced may be due to the formation of acetaldehyde and other aromatic compounds resulting
from the anaerobic breakdown of carbohydrates by relevant microbes [16]. Pasteurization modify milk protein
S0 as to enhance proper viscosity and gelatinization of the product [34] and this could account for the uniformity
and smoothness in body texture of all products as observed in this study.
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5. Conclusions

In conclusion, lactic acid fermentation processes contributes towards the safety, nutritional value and general
acceptability of tigernut milk, thus, this study strengthens the position of starter developed tigernut milk as good
supplier of protein and moderate fat. It also revealed that pasteurization and fermentation improved the micro-
bial, nutritional and chemical qualities of the products. Microbiological examination showed that all pasteurized
fermented milk was safe for consumption. The yellow variety tigernut milk pasteurized at 90°C for 15 minutes
and fermented with combined three lactic starter cultures (Lactobacillus plantarum, Lactococcus lactis and
Lactococcus thermophilus) at 45°C for 18 hours resulted in the best quality milk compared to other varieties and
starters.

It has been reported that lower temperature slows down chemical reactions, enzyme actions and microbial
growth [45]; it is therefore recommended that when tigernut milk is not to be served immediately, it should be
stored at low temperatures (i.e. in the refrigerator) so as to prevent the growth of spoilage organisms and main-
tain the quality of the milk.
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