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Abstract

Background and Objective: Different researches have been achieved on non-dairy products as an alternative to dairy products. The
interest in tiger nut tubers has considerably increase in recent years due to its nutritional and health benefits. Fermented drinks of non-
dairy origin play an important role in diets worldwide. The aim of this study was to investigate the growth behavior and viability of
L. casei-01 in tiger nut milk made with milk permeate or cheese whey as an extraction medium. Materials and Methods: Tiger nut milks
were prepared using tiger nut tubers at ratios 1 to 3 (w/v) of water, milk permeate or cheese whey as extract media. Tiger nut milks and
Skimmed milk were inoculated with L. case01 at 2%. The Titratable Acidity (TA) and L. case/01 were determined during fermentation
at37°Cfor 8 hrsas well as during cold storage at 4°C for 20 days. Results: Results showed that the substitutions of water with permeate
orwhey led to the change of chemical composition of tiger nut milk. Fermented permeate or whey-tiger nut milk significantly had higher
rate of titratable acidity development during fermentation or during cold storage as compared with fermented water-tiger nut
milk or skimmed milk. The total viable counts of /. case;01 were the highest in fermented whey-tiger nut milk after 10 days.
Conclusion: Lactobacillus casef01 can grow with high viability in permeate or whey-tiger milk.
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INTRODUCTION

Tiger nut (Cyperus esculentus) is edible, sweet
almond-like tubers of tropical and Mediterranean regions.
Tiger nut has many names, such as chufa in a Spanish and
Sudan, whereas Hab-El-Aziz in Egypt'? and it is available
throughout the year. Tubers of tiger nut can be consumed
raw or inverted into flour, oil and milk®*. Its nutritional
constituents reflect a high content of lipid and dietary fiber,
starch, P, Ca and phenolic compounds, which contribute
to their antioxidant activity’. In Europe and United States,
the beverage derived from tiger nut tubers are highly
appreciated as an alternative to milk and for gluten-free
diets.

A Lactobacillus casei is an aciduric and belongs to the
featured class of thermophilic LAB. Further the L. case/group
can be divided into three species. .. rhamnosus, L. zeaeand
L. caseiincluding the strains of L. paracasei and L. caser.
Lactobacillus caseigroup is widely used in the food industry
due to its biotechnological significance of heat resistance
and ability to survive adverse conditions during food
preparation>4. Tiger nut beverage can be fermented with lactic
acid bacteria and give sweet-sour, lactose-free fermented
products that could act as a substantial source of food
nutrients’. Fermentation of tiger nut beverages by probiotic
cultures has proven the ability of lactic acid bacteria to acidify
the beverages *.

Water was the main liquid used for preparation of tiger
nut milk. Utilization of milk by-products, (i.e, whey and
permeate), for preparation of fermented tiger nut milk
encourages the growth of starter bacteria. The valorization of
milk by-products such as whey or permeate has become a
major topic of research to develop the sustainability of food
chain. Whey can be utilized in various food products for its
nutritional and functional properties’®, Ultra-Filtration (UF) of
milk produces a large quantity of permeate, which is
considered as a solution of nutritious significance due to its
contents of lactose and some soluble vitamins and salts.
Utilization of UF permeate in food industry is considered an
added value®™,

More studies are necessarily to pick out lactic acid
bacterial starters which are well adapted to tiger nut beverage
and result in a well-accepted beverage. Therefore, the aim of
this study was to evaluate the growth behavior of probiotic
L. caser01 in tiger nut milk made with whey or permeate
compared with skimmed milk during fermentation or during
cold storage.
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MATERIALS AND METHODS

Materials: Dried tiger nut tubers (Cyperus esculentusL.) were
purchased from local market, Cairo, Egypt in December, 2020.
Skimmed milk and cheese whey were obtained from the Dairy
Technology Unit of Faculty of Agriculture, Cairo University,
Giza, Egypt, while permeate was obtained from Animal
Production Research Institutes, Cairo, Egypt. Probiotic
Lactobacillus casei-01 was obtained from MIFAD Company,
Cairo, Egypt. De Man-Rogosa-Sharpe Agar (MRS) medium was
purchased from Hi-media Company, India. All chemicals were
obtained from Sigma-Aldrich Cairo, Egypt.

Methods

Preparation of tiger nut milk (TNM): Water, milk permeate
and cheese whey were utilized as extraction media.100 g of
dried tiger nut tubers were sorted, washed, put in boiling
water for 10 min then drained and divided to 3 portions. The
first portion of tubers was soaked in distilled water, the second
portion was soaked in milk permeate and the third portion
was soaked in cheese whey for 24 hrs. The tubers were
washed, then milled with distilled water, permeat or sweet
whey using blender atratio of 1:3 (tubers/extraction medium).
Each filtrate was then homogenized at two stages (1500 and
500 psi).

Growth behavior of L. case/01 in TNM compared with
skimmed milk: Lactobacillus casef01 was active at 37°Cusing
skimmed milk medium. The three Tiger Nut Milks (TNM) and
the skimmed milk were heated at 70°C for 2 min, then cooled
to 37°Cand each was inoculated with 2% L. case/01and then
incubated at 37°C. Thettitratable acidity and counts of L. caser
01 were determined during the fermentation period (0, 2, 4,6
and 8 hrs).

Evaluation of L. case/01 viable in TNM during cold storage:
All fermented tiger nut milks were stored at 4°C for 20 days.
The titratable acidity and the viability of L. case/01in all
fermented tiger nut milks were followed during cold storage.

Methods of analysis
Chemical analysis:Titratable acidity, total solids, total protein,
fat and ash contents were determined according to AOAC'.

Bacterial analysis: Lactobacillus caseF01counts were
enumerated using de Man, Rogosa and Sharpe (MRS) medium,

according to APHA™,
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Statistical analysis: The TNM treatments were carried out in
duplicate, where each trial for each sample was done in
triplicate. Data were recorded as the meanzStandard
Deviation (SD). The Mstat-C software was used to calculate the
Least Significant Differences (LSD) at p<0.05 that compare the
significant differences among the means of different
treatments.

RESULTS AND DISCUSSION

Chemical composition of tiger nut milk: Chemical
composition of skimmed milk and different tiger nut milks
that were extracted with water, milk permeate or cheese whey
were presented in Table 1. The results showed that water-
tiger nut milk contained 9.28% total solids, 0.41% protein,
1.47%fat,0.22% ash and 7.18% total carbohydrates. Compared
to water-tiger nut milk, permeate or whey-tiger nut milk
significantly had the highest percentages of total solids,
protein and ash as shown in Table 1. Whey-tiger nut milk was
the highest in fat and total carbohydrates content. In this
regard, Kizzie-Hayford et a/™ found that tiger nut milk
extracted using water contained10.40% total solids, 1.02%
protein, 2.23% fat, 0.28% ash and 6.87% total carbohydrate.
Another study by Wakil et a/'* declared that milk extracted
from the three different tigernut varieties of tubers contained
arange of 13.44 10 9.64% total solids, 0.76-1.66% protein ,0.76-
1.66% fat, 0.32-0.42% ash and 7.77-8.34%carbohydrates.

Growth behavior of L. case/01 in TNM compared with
skimmed milk during fermentation: Titratable acidity and
total viable counts of L. case/ in fermented TNM and in
skimmed milkduring fermentation were tabulated in Tables
2 and 3.Concerning the titratable acidity during fermentation
for 8hrs, it ranged between 0.19-0.36 in water-tiger nut milk
(T1), 0.24-0.50 in permeate-tiger nut milk (T2), 0.18-0.51 in
whey-tiger nut milk (T3) and 0.17-0.35in skimmed milk (T4).
The titratable acidity significantly differed among fermented
tiger nut milk treatments, where fermented permeate and
whey-tiger nut milk significantly had higher titratable acidity
than that of fermented water-tiger nut milk and fermented
skimmed milk. This result may be attributed to that the
permeate and the whey contain lactose and whey proteins
which encourage the growth of L. case/thusincrease the lactic
acid. Khedkar et a/’ observed that whey has been found to be
useful as a base for growth of some of the lactic acid bacteria
in the preparation of whey beverage. Also, enrichment of
TNM with proteins significantly increased the lactic acid
content, which was higher in the fermented products with
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higher protein content'®. Wakil et a/'* noticed that there was
an increase in lactic acid content and decrease in pH of the
fermenting tigernut milk with increase in fermentation time.

The total viable counts of L. case/in different fermented
tiger nut milk samples during fermentation were shown in
Table 3. The viable counts of L. casei during fermentation
were ranged between 6.78-7.65, 6.31-8.34, 6 .58-8.33 and
6.42-8.52 (log CFUmL=")forT1,T2, T3 and T4, respectively. The
results showed that the counts at the end of fermentation
period increased in all treatment compared with their initial
counts. At the end of fermentation at 37°C, fermented water-
tiger nut milk had the lowest viable counts of L. casei. The
growth and viability of L. caseiwas enhanced in Tiger nut milk
made with permeate or whey at the end of fermentation
period compared with water-tiger nut milk.

In a similar study by Fiagbor', tiger nut milk extracted in
water alone could not support the growth and viability of
L. rhamnosus, while the addition of whey protein and pectin
tothe extractled toanincrease of 1.37 log CFU g~ in bacterial
population of the treated over the control. In different study,
Wakil et a/™ noticed that heat treated Yellow tiger nut milk
sample (90°C/15 m) had the highest lactic acid bacterial count
after24 hrs (2.0 X 108 CFU mL~") while the lowest was recorded
in same sample at zero hour (2.0 X 10*CFU mL~"). It could be
concluded that using of permeate and whey enhance growth
and viability of L. casei.

Evaluation of L. case/01 viability in TNM during cold
storage: The changes in titratable acidity and L. case/viable
counts of different treatments of fermented tiger nut milk
during storage at 4°C for 20 days were shown in Tables 4 and
5, respectively. Titratable acidity had increased during cold
storage in all treatments. It was noticed that TThad the lowest
rate of increase of titratable acidity compared to other
treatments during storage at 4°C. At the end of storage, T3
had the highest rate of increase of titratable acidity than T1
and T2. This could be due to the dominance of LAB in the
fermentation environment which contains more
carbohydrates. It was reported that the ability of a high acid
production has been demanded for lactic cultures to be used
as starter cultures for dairy fermentation technology'®. The
results were in harmony with that obtained by Kizzie-
Hayford et a/'” who found that fortification of tiger nut milk
with sodium caseinate or whey proteins significantly reduced
the pH and increased titratable acidity of the fermented tiger
nut milk after 15 days of cold storage. In this regard, Fiagbor'
observed that addition of whey protein and pectin to tiger
nut milk extract could support the growth and viability of
L. rhamnosus.
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Table 1: Chemical composition of tiger nut milk made with milk by-product

Treatments
Parameters (%) T1 T2 T3 T4
Total solids 9.28+0.04¢ 11.76+0.07° 13.76£0.09° 8.99+0.11¢
Ash 0.22+0.03¢ 0.38+0.03¢ 0.4540.02° 0.75+0.012
Protein 0.4110.04¢ 0.841+0.04¢ 1.20%£0.06° 3.60+0.022
Fat 1.47+0.05° 1.38+0.03° 2.10£0.112 0.10+0.01¢
Carbohydrate 7.18+0.07¢ 9.16+0.10° 10.01£0.09° 4.54+0.119

Values in the same column or row for each parameter with different superscript letters differ significantly (p<0.05). T1: Water-tiger nut milk, T2: Permeate-tiger nut

milk, T3: Whey-tiger nut milk and T4: Skimmed milk (control)

Table 2: Titratable acidity values of tiger nut milk and skim milk samples during fermentation using Lactobacillus casei01

Fermentation time (hrs)

Treatments 0 2 4 6 8

T1 0.19£0.0V 0.22+0.006' 0.2610.01f 0.3240.029% 0.36£0.02¢
T2 0.2410.015" 0.27%0.01° 0.3240.02¢ 041£0.017° 0.50£0.012
T3 0.18£0.01J 0.24%+0.0219" 0.30%0.006% 0411£0.012° 0.51£0.0212
T4 0.17£0.0V 0.19£0.006 0.23£0.015" 0.30£0.016¢ 0.35£0.01¢

Values in the same column or row for each parameter with different superscript letters differ significantly(p<0.05). T1: Fermented water-tiger nut milk, T2: Fermented
permeate-tiger nut milk, T3: Fermented whey-tiger nut milk and T4: Skimmed milk (control)

Table 3: Total viable count of Lactobacillus casei01 (log CFU mL~") in tiger nut milk and skim milk samples during fermentation

Fermentation time (hrs)

Treatments 0 2 4 6 8

T1 6.78+0.120 7.4210.21f" 7.3940.909 7.4310.10%f" 7.6510.144df
T2 6.311£0.26/ 7.09£0.29N 7.9610.23bd 7.89£0.19°9 8.341+0.512¢
T3 6.58+0.28 7.8210.09%9 7.85+0.07¢9 7.93+0.35%¢ 8.33+0.28%¢
T4 6.42+0.104 7.9110.13%f 7.7010.27%f9 8.36+0.12* 8.52+0.23?

Values in the same column or row for each parameter with different superscript letters differ significantly (p<0.05). T1: Fermented water-tiger nut milk, T2: Fermented
permeate-tiger nut milk, T3: Fermented whey-tiger nut milk and T4: Skimmed milk (control)

Table 4: Titratable acidity values of tiger nut milk treatments during storage at
4£1°C
Storage periods (days)

Treatments 1 10 20

T 0.36+0.006" 0.46+0.006 0.50%+0.006°
T2 0.50£0.0159 0.54+0.012¢ 0.72%0.015°
T3 0.51£0.015¢ 0.65£0.021¢ 0.75+0.015°

Values in the same column or row for each parameter with different
superscript letters differ significantly (p<0.05). T1: Fermented water-tiger nut
milk, T2: Fermented permeate-tiger nut milk, T3: Fermented whey-tiger nut
milk

Table 5: Total viable count of Lactobacillus casei-01 (log CFU mL™") in tiger nut
milk treatments during storage at 4+1°C

Storage periods (days)

Treatments 1 10 20

T 8.29+0.12b 7.75+0.13¢ 6.851+0.22¢
T2 8.88+0.12% 8.8310.04% 6.70+0.61¢
T3 8.57+0.15% 8.98+0.10° 8.51£0.10*

Values in the same column or row for each parameter with different
superscript letters differ significantly (p<0.05). T1: Fermented water-tiger nut
milk, T2: Fermented permeate-tiger nut milk, T3: Fermented whey-tiger nut
milk
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The growth of L. caseidiffered in all fermented tiger nut
milk treatments with diverse extents. The L. case/ viable
counts on the day 1 of storage were as follows log 8.29, 8.88
and 8.57 (CFU mL~") for T1, T2 and T3, respectively. However,
after 10 days of storage at refrigeration (4°C), the numbers
significantly decreased in fermented water-tiger nut milk
while significantly increased in fermented whey-tiger nut milk.
After 20 days of storage, L. casei count exhibited a drastic
decline in fermented water and permeate-tiger nut milk
compared to that of fermented whey-tiger nut milk. These
results may be attributed to that whey contains lactose and
whey proteins which encourage the growth of L. casei. Also,
Yeboah® mentioned that the growth of L. case/ depended
upon its ability to utilize the nutrients available in the growth
medium for its survival. In addition according to Yeboah®
lactobacillito survive in any media aside from the fermentable
carbohydrate, there is the need for amino acids, vitamins and
related growth factors.

Concerning this field, Kizzie-Hayford et al/'” reported
that the enrichment of fermented tiger nut milk extracted
in water with whey proteins or sodium caseinate led to
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increase the viable counts of yogurt starter. In this respect,
El-Shenawy et a/'® observed that the viable counts of
L. plantarum, L. acidophilus and Bifidobacterium breve in
fermented permeate-tiger nut beverages slightly increased
until day 3 of storage and reduced thereafter. In another study,
the viable counts of S. thermophilus, L. bulgaricus and
Bifidobacterium bifidum of yogurt prepared with tiger nut
extract and skimmed buffalo milk slightly increased until day
3 of storage and reduced there after’s,

CONCLUSION

From the obtained results, Milk by-products (whey and
permeate) were preferable in preparation of tiger nut milk
than water. It was noticed that using Permeate or whey as
extraction media in preparing tiger nut milk enhance the
growth and viable counts of L. casei. Therefore, it's successful
to offerfermented tiger nut milk to consumer as a wholesome
food for different age groups.
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