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Abstract

Addition of natural flavouring agents to locally produced beverages and consumption of probiotic products is a strategy aimed at reducing overdependence in chemically synthesized flavouring agents and beverages. This study evaluated the effect of two storage conditions as well as two flavouring agents in the physicochemical properties and viability of probiotic lactic acid bacteria incorporated into tigernut-milk drink. Mixed culture lactic acid bacteria (LAB) comprising Lactobacillus plantarum, Lactobacillus acidophilus, Streptococcus thermophilus and Lactobacillus brevis isolated from ogi were introduced into tigernut-milk drink, flavoured separately with 3%(w/v) ginger, 5%(w/v) ginger, 3%(w/v) garlic and 5%(w/v) garlic and stored at refrigeration (4±2 °C) and ambient temperature (28±2 °C) for 12 weeks. Non-flavoured tigernut-milk drink was used as control. During storage of the flavoured and non-flavoured lactic acid bacterial tigernut-milk drink, there was increase in percentage titratable acidity (% TTA), LAB count, total heterotrophic bacterial count and lactic acid produced by the four species of LAB but reduction in pH. Based on standard set by Codex Alimentarius regarding safe dairy milk and recommended minimum of biovalue (MBV), the 5%(w/v) garlic flavoured tiger nut-milk drink stored at both storage conditions and 5%(w/v) ginger flavoured tigernut- milk drink stored at refrigeration temperature were considered safe probiotic products at Week 12. All the lactic acid bacterial tigernut-milk drink preparations at Week 8 met the criteria. Non-flavoured tigernut-milk drink maintained highest LAB count and its shelf life is 8 weeks. Ambient and refrigeration temperature favour probiotic stability while refrigeration temperature storage and flavouring agents prolonged the shelf life of these products .
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Introduction

Tigernut drink is an energetic, diuretic, whitish beverage rich in nutrients and minerals prepared using tigernut tubers [1,2]. It is considered as a medicinal drink. Tigernut drink can be used to develop a yoghurt-like product [3,4]. A good yoghurt is an example of a probiotic product. Tigernut drink can be subjected to spontaneous fermentation by its natural flora [5]. Using tigernut extract, [6] was able to produce probiotic yoghurt. Commercially, the production of yoghurt involves a ready-to-use starter culture of lactic acid bacteria. In many countries, packaged probiotic products are popular but traditionally fermented products is the major source of probiotics in Nigeria [7]. Yoghurt of different flavours such as vanilla, strawberry etc. is readily available as a variety to traditional sour tasty yoghurt [8-10]. Many flavouring agents added to yoghurt are chemically synthesized which has lower nutritive value compared to natural flavouring agents such as ginger (Zingiber officinale Rose.) and garlic (Allium sativumL.) which also has therapeutic benefits [11-13]. Spices are easily identified by its aromatic or strong taste [14]. Adding spices to beverages improves taste. It also adds flavour and aroma. Spices can function as a food preservative by inhibiting growth of some spoilage microbes. Adding spices as flavouring agent to probiotic tigernut drink and storage conditions such as refrigerated storage temperature can affect the viability of probiotic lactic acid bacteria in probiotic yoghurt [15-17]. The level of activity of LAB in the tigernut drink is indicated by physicochemical parameters such as lactic acid produced, pH and TTA in addition to LAB count [15]. Shelf life studies of edible products involves monitoring total heterotrophic bacterial count in the product among other parameters considering standards set by relevant regulatory bodies [18]. Although a universally acceptable minimum of biovalue (MBV) of viable probiotic microbial cells in a probiotic product had not been adopted, the food industry recommends 1x106cfu ml-1. Daily dose of about 3-5 billion live probiotic bacteria is recommended for human consumption [19]. At the end of shelf life of a probiotic product, the functional level of live LAB should be 106-107cfu/ml [20]. This study is aimed at determining the effect of two flavouring agents and storage conditions on the viability of LAB that had been incorporated into tigernut-milk drink and its physicochemical properties as a potential probiotic product.

Material and Methods

Big yellow variety Tigernut tubers, ginger, garlic and freshly prepared ogi were purchased from Oshodi Market Lagos State.


Preparation of tigernut-milk drink

The fresh big yellow variety of tigernut tubers was used to produce tigernut-milk drink using slightly modified method described by [5].

Preparation of lactic acid bacteria fermented tigernut- milk drink using LAB isolates from ogi

deMan, Rogosa and Sharpe (MRS) agar was used to isolate lactic acid bacteria (LAB) from ogi. Morphology of the colonies was noted. Gram staining and test for catalase was carried out on the isolates. Using the procedure of [21], specie name of the isolates were confirmed using API 50 CHL (Biomerieux®, France) carbohydrate profiling following manufacturer's instruction. A slightly modified method described by [5] was adopted in preparing mixed culture lactic acid bacterial inoculum comprising four bacterial isolates from ogi identified as Lactobacillus plantarum, Lactobacillus acidophilus, Streptococcus thermophilus and Lactobacillus brevis. The already prepared tigernut-milk drink contained in four separate Erlenmeyer bottles was pasteurized at 72 °C for 15 minutes. A mixed culture of 2%(w/v) lactic acid bacteria species namely Lactobacillus plantarum, Lactobacillus acidophilus, Streptococcus thermophilus and Lactobacillus brevis was introduced into six separate Erlenmeyer bottles containing 500 ml pasteurized tigernut-milk drink.

paration of garlic and ginger flavoured lactic acid bacteria fermented tigernut-milk drink

The method of [22,23] was adopted in preparing 3%(w/v) and 5%(w/v) ginger; 3%(w/v) and 5%(w/v) garlic flavouring agents. Each flavouring agent of a particular concentration was mixed with 500 ml pasteurized lactic acid bacteria tigernut-milk drink. A set of non-flavoured pasteurized lactic acid bacteria tigernut-milk drink is control.

Storage of garlic and ginger flavoured lactic acid bacteria fermented tigernut-milk drink

Duplicate samples of lactic acid bacteria fermented tigernut- milk drink of ginger flavour in two concentrations 3%(w/v) and 5%(w/v) were prepared. Similarly, duplicate samples of lactic acid bacteria fermented tigernut-milk drink of garlic flavour in two concentrations 3%(w/v) and 5%(w/v) were also prepared. Duplicate sample of non-flavoured tigernut-milk drink without any flavouring agent added is control. Each of the lactic acid bacteria fermented tigernut-milk drink composition was stored at ambient temperature and the duplicate sample stored at refrigeration temperature for 12 weeks. The pH, %TTA, total culturable lactic acid bacterial count, percentage lactic acid produced and total heterotrophic bacterial count in the flavoured and non-flavoured lactic acid bacteria fermented tigernut-milk drink was monitored at 4 weeks interval for a period of 12 weeks.

Results
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Figure 1: The pH of flavoured and non-flavoured lactic acid bacterial tigernut-milk drink stored at refrigeration temperature.





[image: ]

Figure 2: The pH of flavoured and non-flavoured lactic acid bacterial tigernut-milk drink stored at ambient temperature. 



Figure 1 shows the pH of flavoured and non-flavoured lactic acid bacterial tigernut-milk drink stored at refrigeration temperature while Figure 2 depicts the pH of flavoured and non-flavoured lactic acid bacterial tigernut-milk drink. These results indicated that there was reduction in pH in the flavoured and non-flavoured lactic acid bacterial tigernut-milk drink during refrigeration and ambient temperature storage. During refrigeration temperature storage, the non-flavoured lactic acid bacterial tigernut-milk drink had the lowest pH except at Week0	when 5%(w/v) garlic flavoured lactic acid bacterial tigernut- milk drink had the lowest pH. Throughout ambient temperature storage period, Figure 2 shows that non-flavoured lactic acid bacterial tigernut-milk drink maintained the lowest pH except 3%(w/v) garlic flavoured lactic acid bacterial tigernut-milk drink at Week 12 which had the lowest pH. The absence of ginger or garlic which exhibit antimicrobial properties capable?of inhibiting growth of LAB present in the non-flavoured lactic acid bacterial tigernut-milk drink could be the reason for its consistent lower pH than the ginger and garlic flavoured lactic acid bacterial tigernut-milk drink during the storage period. At Week 0, the relatively high pH of both flavoured and non-flavoured lactic acid bacterial tigernut-milk drink which steadily decreased as storage period increased could be as a result of LAB present in the tigernut-milk drink being at the lag phase.

It is obvious in Figure 1 &2 that a significant reduction in pH occurred at Week 12 during refrigeration temperature storage whereas it occurred earlier at Week 8 during ambient temperature storage except in lactic acid bacterial tigernut-milk drink flavoured with 5%(w/v) ginger and 5%(w/v) garlic. The reason for high pH in the 5%(w/v) ginger flavoured and 5%(w/v) garlic flavoured lactic acid bacterial tigernut-milk drink could be as a result of high concentration of antimicrobial substances in 5%(w/v) ginger and 5%(w/v) garlic which inhibited growth of LAB in the lactic acid bacterial tigernut-milk drink compared with the 3%(w/v) ginger flavoured and 3%(w/v) garlic flavoured lactic acid bacterial tigernut-milk drink which contain lower concentration of ginger and garlic. Reduction in pH asstorage period increased is similar to result reported by [5,24]. Throughout the storage period at both storage conditions, low pH of all the lactic acid bacterial tigernut-milk drink preparations did not limit growth of LAB nor did it greatly affect probiotic stability contrary to assertion by [25] that very low pH could reduce viability of probiotic bacteria. In a related study carried out by [26] to determine the suitability of using African yam bean as a non-dairy probiotic beverage, they observed that there was decrease in pH and increase in TTA of the beverage during storage at refrigeration and ambient temperature.

Table 1 & 2 shows the percentage titratable acidity of both flavoured and non-flavoured lactic acid bacterial tigernut- milk drink monitored at 4 weeks interval during storage at refrigeration and ambient temperature, respectively for 12 weeks. During refrigeration and ambient temperature storage, there was increase in percentage titratable acidity possibly as a result of acidification due to activities of dominant lactic acid bacteria present in both flavoured and non-flavoured tigernut- milk drink [24]. Usually, during lactic acid bacteria fermentation, reduction in pH is accompanied with higher percentage titratable acidity [5]. 



Table 1: Titratable acidity (%) of flavoured and non-flavoured lactic acid bacterial tigernut drink stored at  at refrigeration temperature
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Values show means of triplicate analysis±SD. Figures with different superscript down the column are significantly different (P<0.05). 


Table 2: and non-flavoured lactic acid bacterial tigernut drink stored at ambient temperature
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Values show means of triplicate analysis±SD. Figures with different superscript down the column are significantly different (P<0.05). 

As shown overleaf in Table 3 & 4, there was increasing lactic acid bacterial count during ambient and refrigeration temperature storage in both flavoured and non-flavoured tigernut-milk drink. The non-flavoured lactic acid bacterial tigernut-milk drink recorded higher LAB count each week monitored compared to ginger and garlic flavoured lactic acid bacterial tigernut-milk drink throughout the storage period.This could be attributed to absence of garlic and ginger in the non-flavoured lactic acid bacterial tigernut-milk drink which might have interfered with growth of LAB. High LAB count in non-flavoured lactic acid bacterial tigernut-milk drink projects the product as a potential probiotic drink above the ginger and garlic flavoured tigernut-milk drink.

Values show means of triplicate analysis±SD. Figures with different superscript down the column are significantly different (P<0.05).


Table 3: : Lactic acid bacterial count (Log10CFU/ml) in flavoured and non-flavoured lactic acid bacterial tigernut-milk drink stored at ambient temperature.
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Values show means of triplicate analysis±SD. Figures with different superscript down the column are significantly different (P<
0.05).


Table 4: Lactic acid bacterial count (Log10CFU/ml) in flavoured and non-flavoured lactic acid bacterial tigernut- milk drink stored at refrigeration temperature.
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Values show means of triplicate analysis±114:SD. Figures with different superscript down the column are significantly different (P<0.05).


The 3%(w/v) garlic flavoured and 3%(w/v) ginger flavoured lactic acid bacterial tigernut-milk drink stored at ambient and refrigeration temperature maintained a higher LAB count than the 5%(w/v) garlic flavoured and 5%(w/v) ginger flavoured lactic acid bacterial tigernut-milk drink also stored at ambient and refrigeration temperature. It could be that LAB in the 3%(w/v) ginger flavoured and 3%(w/v) garlic flavoured lactic acid bacterial tigernut-milk tolerated low concentration flavouring agent better than the 5%(w/v) ginger flavoured and 5%(w/v) garlic flavoured lactic acid bacterial tigernut-milk drink. At Week 6, only the non-flavoured lactic acid bacterial tigernut- milk drink stored at refrigeration and ambient temperature met the recommended minimum of biovalue (MBV) 6 log10CFU/ ml for dairy probiotic products. The garlic and ginger flavoured lactic acid bacterial tigernut-milk drink stored at refrigeration and ambient temperature met the MBV requirement at Week 8.
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Figure 3: Total heterotrophic bacterial count in flavoured and non-flavoured lactic acid bacterial tigernut-milk drink stored at ambient temperature.
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Figure 4: Total heterotrophic bacterial count in flavoured and non-flavoured lactic acid bacterial tigernut-milk drink stored at refrigeration temperature.



Figure 3 & 4 represent the total heterotrophic bacterial count monitored at 4 weeks interval for a period of 12 weeks during storage at ambient and refrigeration temperature, respectively. In terms of total heterotrophic bacterial count, ambient temperature storage had minimal variation in the flavoured and non-flavoured lactic acid bacterial tigernut-milk drink compared to refrigeration temperature storage. This study has shown that the shelf life of all the flavoured lactic acid bacterial tigernut-milk preparations including the non-flavoured lactic acid bacterial tigernut-milk drink is 8 weeks irrespective of any of the two storage conditions based on the standard set by Codex Alimentarius Commission regarding safe dairy milk which stipulate that the level of microorganisms in the product must be below 2.0x105CFU/ml i.e. 5.30 log10CFU/ml for it tobe considered safe and acceptable for human consumption [24]. However, at Week 12 during refrigeration temperature storage of non-flavoured and flavoured lactic acid bacterial tigernut- milk drink, only 5%(w/v) ginger flavoured lactic acid bacterial tigernut-milk drink and 5%(w/v) garlic flavoured lactic acid bacterial tigernut-milk drink having a total heterotrophicbacterial count 3.92 log10CFU/ml and 4.96 log10CFU/ml,respectively is considered safe for human consumption. All the flavoured lactic acid bacterial tigernut-milk drink including the non-flavoured stored at ambient temperature at Week 12 are unsafe for human consumption except 5%(w/v) garlic flavoured tigernut-milk drink which had a total heterotrophic bacterial count 4.95 log10CFU/ml. This is an indication that refrigeration storage and higher concentration of the flavouring agent (ginger and garlic) contributed significantly in extending the shelf life of these potential probiotic products. The result in this study is in agreement with [27,28] which demonstrated that Lactobacillusacidophilus and Lactobacillus plantarum considerably tolerated antimicrobial effect from garlic. In this study, the viability of LAB which includes Streptococcus thermophilus in garlic flavoured lactic acid bacterial tigernut-milk is in agreement with successful production of garlic flavoured yoghurt which is a similar product [29]. The viability of LAB in ginger flavoured lactic acid bacterial tigernut-milk drink offers some useful information regarding ginger spiced yoghurt which is a similar product [30].

At Week 0, 4, 8 and 12 during ambient temperature storage of both flavoured and non-flavoured lactic acid bacterial tigernut-milk drink, maximum heterotrophic bacterial count 2.92 log10CFU/ml, 4.70 log10CFU/ml, 5.05 log10CFU/ml and 9.88 log10CFU/ml, respectively were recorded. Maximum heterotrophic bacterial count 2.87 log10CFU/ml, 3.73 log10CFU/ ml, 4.94 log10CFU/ml and 7.73 log10CFU/ml were also recorded at Week 0, 4, 8 and 12, respectively during refrigeration temperature storage of flavoured and non-flavoured lactic acid bacterial tigernut-milk drink. The result of this study shows that refrigeration temperature storage is better than ambient temperature storage in terms of shelf life of these products possibly as a result of refrigeration temperature not favouring rapid growth of heterotrophic bacteria that can cause spoilage of both the flavoured and non-flavoured lactic acid bacterial tigernut-milk drink. Although, this result is similar to that of [24], there is improvement in terms of longer shelf life of the flavoured and non-flavoured lactic acid bacterial tigernut-milk drink from 14 days reported by [24] to 8 weeks. The reason for this observation could be as a result of ginger and garlic added to the lactic acid bacterial tigernut-milk drink which functioned as a natural preservative. In addition, the presence of LAB in the flavoured and non-flavoured tigernut-milk drink which produces antimicrobial substances could also have contributed in extending the shelf life of these potential probiotic products [31,32] (Table 5 & 6). 



Table 5: Percentage lactic acid produced in flavoured and non-flavoured lactic acid bacterial tigernut-milk drink stored at refrigeration temperature.
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Values show means of triplicate analysis±SD. Figures with different superscript down the column are significantly different (P<0.05).


Table 6: : Percentage lactic acid produced in flavoured and non-flavoured lactic acid bacterial tigernut-milk drink stored at ambient temperature.
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Values show means of triplicate analysis±SD. Figures with different superscript down the column are significantly different (P<0.05).


Shelf life study carried out by [26] which involved lactic acid fermentation of milk blends comprising soybean milk, coconut milk and African yam bean milk revealed that refrigeration temperature storage for 28 days and ambient temperature storage for 21 days ensured that viability of LAB was maintained as well as its physicochemical properties as a potential probiotic product.

The result shown in Table 5 & 6 is the percentage lactic acid produced during refrigeration and ambient temperature storage, respectively of flavoured and non-flavoured lactic acid bacterial tigernut-milk drink. Lactic acid is the major product of homofermentative LAB during lactic acid bacteria fermentation. Lactic acid has been commercialized for different industrial applications [33]. The increase in percentage lactic acid produced during storage of both flavoured and non-flavoured lactic acid bacterial tigernut-milk drink is an indication that population of LAB was increasing during the storage period which was confirmed by the result presented in Table 3 & 4.

The non-flavoured lactic acid bacterial tigernut-milk drink recorded the highest percentage lactic acid produced by LAB each week monitored throughout the period of storage at refrigeration and ambient temperature except at Week 0 when 3%(w/v) ginger flavoured lactic acid bacterial tigernut-milk drink at both storage conditions recorded the highest percentage lactic acid. Lower percentage lactic acid in the non-flavoured lactic acid bacterial tigernut-milk drink at Week 0 could be as a result of LAB in the non-flavoured tigernut-milk drink being at the lag phase which rapidly entered the log phase before LAB in the flavoured lactic acid bacterial tigernut-milk. The antimicrobial properties of ginger and garlic could have played a role in the percentage lactic acid produced in the flavoured tigernut-milk drink. This could be the reason why higher percentage lactic acid was produced by LAB in the non-flavoured lactic acid bacterial tigernut in subsequent weeks compared to ginger flavoured and garlic flavoured tigernut-milk drink during storage in both ambient and refrigeration temperature. Comparison between ambient and refrigeration storage in terms of percentage lactic acid produced by LAB in the non-flavoured and flavoured lactic acid bacterial tigernut-milk drink shows that ambient temperature storage favoured the production of higher percentage lactic acid compared to refrigeration temperature storage. However, the lactic acid bacterial count shows that little difference exist between samples stored at ambient and refrigeration temperature.

Conclusion

Ambient and refrigeration temperature storage seem to support probiotic stability in flavoured and non-flavoured lactic acid bacterial tigernut-milk drink while refrigeration temperature storage, synergistic effect of lactic acid bacteria and natural preservatives namely ginger and garlic might have resulted in prolonged shelf life of these potential probiotic products and still maintained probiotic stability. Due to financial limitations, the use of culture-independent methods in order to enumerate viable but not culturable (VBNC) bacteria present in the flavoured and non-flavoured tigernut drink were not adopted in this study [34].
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