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ABSTRACT 
 

Cactus pear fruits are rich in phytochemical compounds. They are dominant in the 
Kenya’s Arid and Semi-Arid [ASAL] areas due to their adaptation to prolonged 
drought. However, processing technologies to utilize these fruits in making 
consumer acceptable, therapeutic and quality products are almost non-existent in 
Kenya. This study sought to process the cactus fruits from Laikipia and Baringo to a 
high quality and acceptable red wine using Saccharomyces cerevisiae [Wine yeast 
BV818 and Baker's yeast] as fermentation factors. It incorporated a completely 
randomized study design to assess the wines' physicochemical parameters and a 7-
point hedonic scale for sensory evaluation. Total soluble solids and pH were 
monitored over 24 days after which the wines were evaluated for sensory 
acceptability, color and phytochemical compositions. There were significant [p<0.05] 
differences in sensory parameters between the fruit wines, with Laikipia-made wines 
more accepted [5.28-5.46] and with higher scores in color [6.06-6.21], mouthfeel 
[5.39-5.42] and astringency [5.13-5.31] compared to Baringo-made wines that 
ranged between 5.33-6.04 for color, 4.64-5.29 for mouthfeel and 4.56-5.23 for 
astringency. Laikipia-made wines had a higher redness value [7.00-8.83] than 
Baringo ones [5.50-7.33]. Wine yeast [BV818], produced a higher alcohol content 
that ranged 14.08-14.17 % though not significantly [p>0.05] different to ones 
fermented by bakers' yeast [13.67-13.92. The pH, titratable acidity [T.A] and Total 
soluble solids [TSS] levels for the wines ranged at 4.1 -4.4, 0.8-1.4 g 100-1 L and 
6.8-7.30 brix respectively. Vitamin C levels ranged [519.16-1078.91 mg 100-1 g], free 
phenolics [180.79-285.10 mg GAE 100-1 g] and flavonoids levels [179.26 – 242.46 
mg CE 100-1 g]. The findings on high phytochemical compounds, average overall 
acceptability [5.17], and alcohol percentage within still table wines [6.5-16.5%] range 
maps cactus fruits as an alternative fruit for red wines in the local markets and 
indicate their potential in commercial utilization in the food industry. 
 

Key words: Cactus, fermentation, phytochemicals, wine, alcohol levels, Laikipia, 
Baringo, acceptability 
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INTRODUCTION 
 

Cactus pear fruits contain phytochemicals such as polyphenols and vitamin C [1] 
and well-adapted to survive and thrive in hot and harsh ecological conditions [2]. 
They possess a deep red color due to naturally coloring pigments-betalain that gives 
products an attractive red color [3]. Unfortunately, there exists very few processing 
technologies and value-addition practices for the fruits in Kenya, despite the 
dominance and prevalence of the fruits in the arid and semi-arid areas [4]. The fruits 
experience high post-harvest losses especially in seasons of glut with the fruits either 
being fed on by both wild and domestic animals while the rest end up rotting [5]. 
Whereas globally cactus plants have been commercially utilized to make several 
products, very little has been realized from the Kenyan cactus fruits [6]. Several 
studies across the globe have reported the possibility of cactus pear fermentation to 
make wines [7,8]. During fermentation, the health-promoting phytochemical and 
bioactive compounds from the fruits are translated to the fruit wines [9]. An acre of 
land is estimated to produce up to 50 tons of the cactus fruits annually, which 
requires processing to counter post-harvest losses [4]. With Kenya’s wine industry 
slowly taking pace, utilizing the Kenyan cactus fruits to develop a red wine would 
provide an alternative to the red wines processed from grapes [10]. Value addition 
on cactus pear fruits and developing a processing technology will boost utilization 
and raise the socioeconomic status of the communities where the crop grows in 
Kenya. This study was designed to develop a fruit wine from the Kenyan cactus 
fruits, and evaluate their physicochemical properties and consumer acceptability. 
 

METHODOLOGY 
 

Study Area 
Cactus fruit wine development was carried out at the Department of Food Science, 
Nutrition and Technology, University of Nairobi between the months of November 
2022 to February 2023. Approximately 200 kgs of mature-firm ripe fruits were 
procured from each study area [Laikipia and Baringo counties], with the mature firm-
ripe fruits harvested between 6 am to 10 am to counter losses due to field heat, 
collected under shade to prevent direct sunlight on the fruits, put in airtight food 
grade storage plastic containers and immediately transported via road to the Food 
processing hub at the University of Nairobi. On arrival, they were sorted to remove 
any bruised/ injured fruit before being stored in a cold room set at a temperature of 
10±2o C and relative humidity RH 75% for further analysis. This aimed to control 
faster spoilage and deterioration on the fruits which are non-climacteric in nature. 
 

Study design  
A two-stage factorial design was incorporated in cactus fruit sourcing from Laikipia 
and Baringo and fermenting fruits using wine yeast [BV818] and baker’s yeast. 
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Approximately, 100kg of cactus fruits from each study zone were purposively 
selected for pulp preparation using a locally fabricated crusher, presser, and pulper 
machine. The pulp was then homogenized by stirring before being split into 
duplicates of four equal batches of about 25 kgs each per region source for further 
amelioration and yeast inoculations. 
 

Cactus fruit wine fermentation 
The wine yeast was directly imported from Angel Yeast Co., Ltd in Yichang City, 168 
Chengdong Avenue, Yichang, Hubei 443003, China due to unavailability in the 
Kenyan market while the Angel instant dry yeast was purchased in a randomly 
selected local supermarket within Nairobi County, Kenya. Initial levels of total soluble 
solids [TSS], pH, and titratable acidity were determined in the fruit. TSS was 
regulated by the addition of 240g/L sugar to the must to adjust the brix of the must 
and acidity lowered by the addition of 0.2 % of calcium bicarbonate. Given the pulpy 
nature of the cactus pulp, 0.05 % pectinase enzyme was added to the must and held 
at 45-55 o C for 1-2 hours to allow the breakdown of the pulp fibers. Fermentation 
was carried out in 25-liter micro fermenter tanks purchased from Kariokor market, 
Nairobi, modified to have an air lock fitted at the top and the other end immersed in 
water to allow escape of excess CO2 gas, maintain anaerobic conditions and had an 
air-tight tap was fitted at the bottom side of the fermenter tanks that allowed sample 
drawing for analysis during fermentation. Bakers and wine yeast were first activated 
by adding 1 % of yeast by weight of must to 2 % sugar solution at 30 o C, gently 
swirled, and left to stand for about 15 minutes for yeast rehydration after they were 
inoculated to the respective fermenter bottles. Fermentation was conducted at room 
temperature [25±5oC] with monitoring of pH and Total soluble solids [TSS] done at 
an interval of two days until all activity of the yeast was done. After 10 days, they 
were transferred into a cold room [10±2oC] for 20 days for aging after which wine 
was filtered using a high-pressure Filtrox – Werk AG machine [CH 9001, St Gallen, 
Switzerland] fitted with square [0.4m] Beco KD 5 filter sheets. The final wine was put 
in cherry green 750 ml wine bottles, tightly sealed, and pasteurized by immersing 
the bottles in hot water [85 o C] for 3-5 minutes. They were then transferred to a dark 
chamber at room temperature for storage until further analysis. 
 

Sensory analysis 
Sensory evaluation of the cactus fruit wines was carried out in well-lit and ventilated 
individual booths set aside in the sensory analysis room at room temperature [25°C]. 
Randomly selected untrained panelists [n=39] from the Faculty of Agriculture, the 
University of Nairobi comprising of adults of mixed gender [>18 years] with varying 
age categories were allowed to evaluate the sensory aspects of the fruit wines 
including color, flavor, smell, sourness/bitterness, sweetness, mouthfeel, and 
astringency. The evaluation scores were based on a 7-point hedonic scale following 
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procedures described by Granato et al. [11]. The panelists were presented with eight 
wine samples to include two samples made from Laikipia-sourced fruits fermented 
by either bakers or wine yeast and two samples made from Baringo-sourced fruits 
fermented either bakers or wine yeast and their duplicates. They were guided on the 
evaluation process of the 8 samples to rate on a scale of 1-7 [1=dislike very much, 
2=slightly dislike, 3=moderately dislike, 4=neither like nor dislike, 5=slightly like, 
6=moderately like, 7=like very much] and allowed to re-test to ensure the correct 
ranking in filling the sensory sheets. Fifty millilitres [50ml] of fruit wine samples were 
put in clear and coded wine glasses and presented to the panellists alongside a 
bottle of potable water for mouth rinsing in between from one sample to the other 
during evaluation. 
 

Analytical methods for the wines 
 

Proximate composition  
The moisture content of the pulps was determined using the AOAC [2005], method 
number 930.5. The crude fat content was determined by solvent extraction method as 
specified in AOAC 2000 b, method number 960.39. The crude protein contents were 
determined using the Kjeldahl method as specified in AOAC [2006] method number 
990.03, getting the Total Nitrogen which was multiplied by a protein conversion factor 
of 6.25 to obtain the protein content. The ash content was determined as per AOAC 
method protocol 942.05. Carbohydrate content was determined by the difference method, 
where CHO = 100 - [Protein% + Moisture% + Fiber + Fat% + Ash%] and energy was 
calculated based on Atwater factors for protein [4], carbohydrate [4], and fat [9] and 
expressed in kilojoules per 100 g. The results were determined in duplicates. 
 

Chemical composition 
The titratable acidity of the wine samples was determined titrimetically following 
AOAC, [2000a] protocol 942.15, as described by Balogun et al. [13]. Total soluble 
solids were determined using a hand-held refractometer [SK106R-SATO, Japan] by 
placing a drop of wine on the refractometer screen on one end and reading taken in 
degree Brix on the scale. The pH values were determined using a digital Five Easy 
pH meter, model F20 [Mettler, Toledo, USA], calibrated with 4.1, 7.0, and 9.1 pH 
water. Readings of the fresh samples were recorded in duplicates and tabulated as 
means and standard deviations  
 

Phytochemical composition 
Vitamin C was analyzed using the AOAC official method 967.21 [2, 6-
dichloroindophenol] titrimetric method as described by Okumu et al. [14] where ten 
milliliters [10ml] of the samples were put in a 100ml conical flask and filled to the 
mark with 5% Trichloro Acetic Acid [TCA] and titrated against 2,6- dichlorophenol 
indophenol. The folin-Ciocalteu method was used to determine the Total phenolic 
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content according to the procedure outlined by Okumu et al. [14], with slight 
modifications using about 0.2 g of dried cactus wine put in a falcon tube added to 
2ml petroleum ether and vortexed for 10 minutes at 3000g centrifugation for fat 
removal. The supernatant was discarded and the sample left to dry. To extract the 
phenolics, 2ml of 80% methanol, 2ml of 50% methanol and 2ml of 70% acetone 
acidified with 1% concentrated HCL was added and topped to 10 ml with distilled 
water. Three [3ml] of the extract was added to 1.5 ml of folin reagent, and centrifuged 
for 5 minutes after which, 1.2 ml of 7.5% aqueous sodium carbonate was added. 
The sample was left at room temperature for 30 minutes and absorbance was read 
at 765nm with the blank being distilled water using Hitachi 2900, UV/VIS 
spectrophotometer [Tokyo, Japan]. Phenolics were expressed in mg gallic acid 
equivalent [mg.GAE.g-1] per 100 g dry weight basis. Flavonoids were determined by 
the aluminium chloride colorimetric method as described by Atanassova et al. [15] 
with their milligrams of catechin [mgCE] per 100 g in dry weight basis and readings 
taken in duplicates. Reducing sugars were determined by the Luff-Schoorl method 
as Garro-Mellado et al. [16] described. The alcohol content was determined 
hydrometrically. All the results were recorded in duplicates on dry weight basis.  
 

Color Analysis 
The wine samples were subjected to color analysis for l*, a*, b*, hue angles, and 
Chroma using a PCE colorimeter [PCE Instruments, London, UK]. Following the 
manufacturer's manual, the colorimeter was first black and white calibrated to ensure 
accuracy and precision in color determination. Three milliliters [3ml] of the wine 
samples were put in a clear 10 ml container and placed in the colorimeter for color 
determination. The color values of the samples were taken in duplicates and outputs 
including hue angle and chroma displayed through an interlinked colorimeter 
software. 
 

Data Analysis 
Data from both the laboratory and sensory evaluation data was filled in Microsoft 
excel for analysis. Sensory parameters were analyzed using sensory packages in 
XLSTAT to show the panelist scores on the different organoleptic parameters and 
display the most preferred. The physicochemical compositions of the cactus fruit 
wines were determined using one-way ANOVA and Tukey’s HSD test to separate 
significantly [p<0.05] different means among the different fruit wines parameters 
using XLSTAT Microsoft Excel plugin software [17].  
 

RESULTS AND DISCUSSION 
 

Sensory evaluation of cactus fruits 
The significant [p<0.05] differences in all the organoleptic scores by the panelists 
are an indication of the variations in the four wine formulations (Table 1). The 
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aesthetic value of foods and consumer product acceptance is influenced by the 
sensory attributes of foods [18]. All wine samples scored > 5 in overall acceptability 
on the 7-point hedonic scale except the Baringo fermented by baker's yeast [4.56] 
(Table1). The lower score could have been influenced by the slight color deviation 
of the samples at the time of sensory analysis linked to probable exposure to 
uncontrolled oxygen during storage resulting in oxidative browning and off-flavor 
formation of the wine [19]. Color was the highest scored parameter compared to 
the rest of the parameters with a mean of 5.91. The wine samples from Laikipia-
sourced fruits were higher at 6.06 and 6.21 for the bakers and wine yeast 
respectively compared to samples from Baringo for bakers [5.33] or wine yeast 
[6.04]. In addition, Laikipia-made wines had a deeper color [L*] [39.50-40.67] and 
higher redness index [a*] [7.00-8.83] compared to Baringo wines 41.50-42.83 for 
lightness and 5.50-7.33 redness (Table 2). Further, betalains [natural coloring 
pigments] in the cactus fruits [20], and viscous and thick mucilage in Laikipia fruits 
could have contributed to their higher color intensity [21]. There were significant 
[p<0.05] differences in flavor and smell parameters among wine samples. Whereas 
samples fermented by wine yeast had higher flavor scores [5.12 and 5.08] for 
Laikipia and Baringo respectively, those fermented by baker's yeast from Laikipia 
[5.52] had the highest overall score in smell. Differences in yeast metabolism 
during fermentation to release aroma-active esters and phenolics and influence 
pungency could have resulted in the variations [22]. Wine samples fermented with 
baker's yeast were more liked for bitterness/sourness [5.18], mouthfeel [5.39], and 
astringency [5.31] due to mellowness and velvet-like sensation caused by glycerol 
production during fermentation [23]. In addition, high phenolic quantities in the 
wines resulted in oral sensation of dryness, the puckering effect of astringency, 
and taste of bitterness [22]. Sweetness was the least scored parameter for all the 
wine samples by the panelist, which can be linked to little residual after action of 
yeasts [Saccharomyces cerevisiae] on the must-release alcohol [24]. This would 
necessitate back sweetening to balance the sourness and sweetness to obtain a 
better taste [25]. 
 

Chemical characterization of the cactus fruit wines 
The significant [p<0.001] variations in proximate compositions of wines between the 
Baringo and Laikipia regions, could be due to morphological and genetic factors of 
fruits [1,26]. Further, high moisture content with a range of 98.40-99.27 gives the 
wines a quench-thirsting characteristic, suitable for beverages (Table 3) [26]. 
Fermentation process led to a decline in pH levels [Figure 1.1] in the most from 4.72-
4.33 and 4.54-4.12 for Baringo and Laikipia fruits respectively (Table 4) which is 
critical in enabling yeast growth and ethanol formation during fermentation [27]. The 
minimal fluctuation in pH during fermentation of the must inoculated by both the 
bakers and wine yeast indicates minimal production of organic acids, which would 

https://doi.org/10.18697/ajfand.134.24900


 
 

 https://doi.org/10.18697/ajfand.134.24900 24663 

have raised the pH to cause microbial spoilage of the wines [28]. Similar trends of a 
decrease in pH levels with an increase in fermentation time has been reported in 
probiotic drinks [29]. Acidity plays a vital role in determining wine quality by aiding 
the fermentation process and enhancing the overall characteristics and balance of 
the wine [26]. Lower levels of titratable acidity were noted in wine samples fermented 
by wine yeast for both Laikipia and Baringo regions [0.94 and 0.86g/L] when 
compared to those fermented by baker’s yeast [1.22 and 1.17g/L] respectively 
(Table 1.4). Titratable acidity was lower than findings of 6.91g/L and 17g/L on 
fermented cactus pear juice reported in separate studies by Ayed et al. [30] and 
Panda et al. [31] respectively. Total Soluble Solids [TSS] steadily declined from day 
0 to day 8 after which there was a slight decrease and remained constant until the 
end of the maturation period [day 24] [Figure 2] with the final TSS level of the fruit 
wines ranging 6.8-7.3º brix (Table 1.4). There were insignificant [p=0.322] 
differences in TSS in wines fermented by either the wine or baker's yeast. Yeasts 
utilized sugars as substrates during fermentation to produce ethanol thus a decline 
in TSS levels until when all the activity ended with results in line with findings by 
Roda et al. [28] and Gaharwar et al. [32] on the fermentation of pineapple wines 
decreasing from 12.93-5.42 o brix and 20-7.3o brix respectively. The reducing sugar 
levels were higher in wine samples from Baringo-sourced fruits at 54.47-71.51 
g/100g compared to the ones fermented from Laikipia-sourced fruits at 40.32-69.90 
g/100g for reducing sugars (Table 4) irrespective of the type of yeast used during 
fermentation. Variation in yeast's ability to utilize the sugars efficiently could have 
led to differences in residual sugars among the wines and an extent explain the 
higher activity of wine yeast [BV818] in utilizing more sugars between days 0 – 2, 
leading to a higher decline in TSS compared to baker’s yeast [28]. Despite the 
variance, both the baker’s yeast and wine yeast could achieve complete 
fermentation rates in regards to sugar utilization, and ethanol production and 
influence final wine characteristics i.e. aroma, taste, and flavor [33]. Cactus fruit 
wines fermented by wine yeast [BV 818] from both Laikipia and Baringo regions, had 
higher levels of alcohol content at 14.17% and 14.08% compared to those fermented 
by baker’s yeast at 13.67% and 13.92% respectively. However, the differences were 
not significant [p>0.05] with a range of 13.00- 15.00 v/v which collated with the 
potential alcohol calculated and expected from the initial TSS must at 23 o brix and 
within the limits set by regulatory agencies in East Africa of 6.5-16.5 % for still table 
wines [34]. Notably, with rising consumer preference and acceptance of higher 
alcohol concentration and fruit flavor-rich profiles in wines, cactus fruits among other 
tropical fruits can be adopted for fermentation [35].  
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Figure 1: Changes in pH during wine fermentation and maturation 
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Figure 2: Changes in TSS during wine fermentation and maturation 
The bars indicate the standard error of the means 
BB - Baringo fruits fermented with Baker’s yeast, BW – Baringo fruits fermented with 
Wine yeast, LB – Laikipia fruits fermented with Baker’s yeast, LW – Laikipia fruits 
fermented with Wine yeast 

 

Phytochemical composition 
Total free phenolics [TFP] were significantly [P<0.001] different in all the cactus 
wines with those from Laikipia fermented by baker’s yeast [LB] having the least 
quantities 185.35 mg GAE 100g-1 while those from Baringo fermented by baker’s 
yeast [BB] had the highest quantities 275.49 mg GAE 100g-1 (Table 4). The 
quantities were lower than 580-980 mg GAE 100 -1 ml reported by Karabagias et al. 
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[36] on a fermented cactus bio-functional beverage with variation due to differences 
in fermentation times, origin of fruits, and time of harvesting [current fruits were 
harvested during the dry season]. However, the free phenolic levels fairly compared 
with moderate grape wines from 8 grape varieties reported by Bin et al. [37] that 
ranged from 103.1 -257.0 mg GAE 100-1g. Flavonoids, significantly [p<0.001] varied 
with wine samples from Laikipia fruits higher 232.83-242.46 mg CE/100g than those 
from Baringo sourced fruits [221.38-223.72 mg CE/100 g]. The levels were higher 
compared to cabernet sauvignon [notable grape wine] at 55.5mg CE 100 -1 ml [38]] 
and above the range of 34.5-171.9 mg 100 -1 g for various red wines categorized on 
the USDA data base [39]]. Vitamin C levels were significantly [p<0.001] different and 
lower in wines from Laikipia [601.01-665.96 mg 100g-1] than in Baringo [888.43-
989.56 mg 100g -1] regardless of the type of yeast used to ferment the fruits (Table 
4). Vitamin C quantities surpass the recommended daily intake of 90mg for adult 
men and 75 mg for adult women by the National Institutes of Health [NIH], office of 
Dietary Supplements [ODS] [40] which suggests that 100 ml of the cactus fruit wine 
per day from either the Baringo or Laikipia regions would be overly adequate to meet 
the daily vitamin C requirement for a person. 
 

CONCLUSION AND RECOMMENDATIONS FOR DEVELOPMENT 
 

The current study resulted in the successful development of red wine high in 
phytochemical properties from cactus fruits. Though fruit wines made from Laikipia-
sourced fruits were more accepted by the panelist, those from Baringo-sourced fruits 
had a higher nutritional and phytochemical profile, generally accepted by the panelist 
and hence recommended for processing. From the findings, either the bakers or 
wine yeast can be used in fermentation to produce the high alcohol levels required 
for wines in Kenya. This study recommends further work to assess the changes in 
wine characteristics during storage and optimization of fermentation of the cactus 
fruit wine to achieve a higher standard and quality that can meet international 
standards and compete. 
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Table 1: Sensory scores of cactus fruit wine 

Values [means± standard deviation] with different superscripts along a column are statistically different [Tukey’s test] 
LB - Fruit wine fermented with Baker’s yeast from Laikipia sourced fruits; LW - Fruit wine fermented with Wine yeast 
from Laikipia sourced fruits; BB - Fruit wine fermented with Baker’s yeast from Baringo sourced fruits; BW - Fruit wine 
fermented with Wine yeast from Baringo sourced fruits  
 
 
Table 2: Color of cactus fruit wines fermented by wine and baker’s yeasts 
 

Cactus 
fruit 
wines 

Color parameters 

L* a* b* Chroma  Hue Angle 

LW 40.67±0.52a  7.00±0.00b 5.67±0.52a 9.00±0.00ab 38.00±1.79b 
LB 39.50±1.38a 8.83±0.98b 6.00±0.00a 10.50±0.55c 33.83±2.32a 
BB 42.83±0.98b 5.50±0.55a 6.83±0.41b 8.50±0.55a 52.67±1.75d 

BW 41.5±1.87ab 7.33±1.75b 6.67±0.52b 9.83±0.98bc 48.17±1.83c 

P value 0.001 <0.0001 <0.0001 0.001 <0.0001 
Values [means± standard deviation] with different superscripts along a column are statistically different [Tukey’s 
test, P≤0.05] LB - Fruit wine fermented with baker’s yeast from Laikipia sourced fruits; LW - Fruit wine fermented with 
Wine yeast from Laikipia sourced fruits; BB - Fruit wine fermented with Baker’s yeast from Baringo sourced fruit; BW 
- Fruit wine fermented with Wine yeast from Baringo sourced fruits 
 
 

Cactus 
fruit 
wines 

Color Flavor Smell Sourness/ 
bitterness Sweetness Mouthfeel Astringency Overall 

 acceptability 

LB 6.06±1.02b 5.03±1.49b 5.53±1.19b 5.18±1.41b 4.78±1.61ab 5.39±1.26b 5.31±1.37b 5.46±1.28b 

LW 6.21±1.04b 5.12±1.69b 5.17±1.39ab 5.03±1.46b 4.97±1.79b 5.42±1.38b 5.13±1.51ab 5.28±1.39b 

BB 5.33±1.63a 4.33±1.78a 4.74±1.68 a 4.41±1.44a 4.21±1.71a 4.64±1.60a 4.56± 1.62a 4.56±1.41a 

BW 6.04±1.14b 5.08±1.54b 5.42±1.17b 4.91±1.45ab 4.86±1.70ab 5.29±1.36b 5.23± 1.45b 5.36±1.37b 
         

P Value  <0.0001 0.008 0.002 0.007 0.028 0.001 0.009 <0.0001 
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Table 3: Proximate composition of Cactus fruit wines  

Cactus fruit wine 
samples 

Proximate composition in g 100-1g (wet weight basis) 

MC (%) 
Crude fat 

(g) 
Crude Protein 

(g) 
Crude 
Ash (g) 

Crude 
Fiber (g) CHO (g) Energy (Kcal)  

LW 98.51±0.09a 0.07±0.02b 0.52±0.08b 0.04±0.02a 0.02±0.01a 0.85±0.12b 6.09±0.70b  

LB 98.93±0.02a 0.04±0.02ab 0.58±0.03b 0.03±0.01a 0.03±0.01a 0.76±0.10ab 5.75±0.23b  

BW 99.15±0.09b 0.03±0.01a 0.33±0.04a 0.03±0.01a 0.02±0.01a 0.56±0.11a 3.82±0.36a  

BB 99.00 ± 0.09b 0.02±0.01a 0.38±0.03a 0.02±0.02a 0.03±0.01a 0.51±0.12a 3.73±0.34a  

P Value <0.001 0.011 <0.001  0.046 0.176 0.019 <0.001  
 
Values [means± standard deviation] with different superscripts across the row are statistically different [Tukey’s test, P<0.05] 
 LB - Fruit wine fermented with Baker’s yeast from Laikipia sourced fruits; LW - Fruit wine fermented with Wine yeast from Laikipia sourced fruits; BB - Fruit wine 
fermented with Baker’s yeast from Baringo sourced fruits; BW - Fruit wine fermented with Wine yeast from Baringo sourced fruits; MC - Moisture Content, DMC- Dry 
Matter Content, CHO – Carbohydrates 
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Table 4: Phyto-chemical and chemical composition of cactus fruit wines 
 

 Cactus fruit wines   
 

  

Chemical parameters LW LB BW BB GM Range 
 

C.V 
[%] P value 

TSS [FW] 7.01±0.17b 7.1±0.13b 7.13±0.16b 6.98±0.15a 6.94 6.00-7.3  2.8 0.322 

pH [FW] 4.12±0.03a 4.17±0.02b 4.33±0.01c 4.36±0.01c 4.24 4.08-4.37  0.5 <0.001 
T.A [citric acid g/L FW] 0.94±0.03a 1.22±0.11b 0.86±0.02a 1.17±0.03b 1.05 0.83-1.35  5.5 <0.001 
Reducing Sugars [g/100g DWB] 40.32±3.81 69.90±1.31 71.51±3.26 54.47±7.56 59.05 35.43-76.92  7.9 <0.001 
TFP [mg GAE/100g DWB] 218.44±2.25b 185.35±3.00a 275.49±5.72c 221.19±0.88b 225.12 180.79-285.10  1.5 <0.001 
Flavonoids [mg CE/100g DWB] 232.83±5.78ab 242.46±1.86b 223.72±12.57a 221.38±9.63a 230.10 206.94-245.27  9.0 <0.001 
Vitamin C [mg/100g DWB] 601.01±64.89a 665.96±53.22a 989.56±59.31b 888.43±81.70b 786.24 519.16-1078.91  8.3 <0.001 
Alcohol content [%] 14.17±0.26a 13.67±0.61a 14.08±0.38a 13.92±0.58a 13.92 13.00-15.00  4.2 0.384 

Values [means± standard deviation] with different superscripts across the row are statistically different [Tukey’s test, P<0.05] 
LB - Fruit wine fermented with Baker’s yeast from Laikipia sourced fruits; LW - Fruit wine fermented with Wine yeast from Laikipia sourced fruits; BB - Fruit wine fermented with Baker’s 
yeast from Baringo sourced fruits; BW - Fruit wine fermented with Wine yeast from Baringo sourced fruits; TSS -Total Soluble Solids; F.W - Fruit weight; T.A – Titratable Acidity; C.V – 
Coefficient of Variation; DWB – Dry weight basis, TFP – Total free phenolics 
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