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ABSTRACT 

Aloe secundiflora contributes to over 90% of traded aloe gum in Kenya. It is also the most 

common aloe species grown in Kwale County for commercial exploitation. The sap quantity and 

quality variation of Aloe secundliflora in the County was studied to provide information for 

investment decisions. Samples were obtained from 41 sites from 10 locations in Kinango and 

Msambweni sub-counties. All the aloe plants within a circular sample plot (0.01 ha) at the centre 

of each farm were counted and recorded. The total area of each farm was established using a 

GPS. The mean sap yield was obtained from 3 leaves (large, medium and small) from at least 10 

aloe plants per plot. The moisture and ash contents of the sap were established at KEFRI Karura 

laboratories using standard procedures. The results indicate a significant (P<0.05) variation in 

the number of harvestable leaves per aloe plant (mean 13; Range 5 to 31), with sites. The mean 

sap yield per aloe plant was 68.3 ml (Range 8.3 to 380 ml) but no significant variation with sites.  

It is estimated that the potential aloe gum yield is 175.3 Kg per hectare (worth about KShs. 

45,578), the mean moisture content is 36.6 % (ranging from 27. 8 to 41 %) while the mean ash 

content is 2.7 % (ranging from 1.3 to 3.4%). It is observed that the Aloe secundiflora grown in 

Kwale has an acceptable ash and moisture content but a low sap yield. It is concluded that Aloe 

secundiflora in Kwale has acceptable ash content but a low sap yield. It is recommended that 

higher yielding varieties of indigenous aloes be produced and promoted for commercial 

exploitation. Financial analysis of aloe growing should also be carried out to establish the 

profitability of the enterprise. 
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The genus Aloe has approximately 360 succulent species and sub-species distributed in Africa, 

the Arabian Peninsula and certain islands of the Indian Ocean (Cites, 2003).  Kenya has the 

highest diversity of the genus Aloe in East Africa and is the main source of aloe extracts traded 

internationally from the region for medicinal or cosmetic applications. The country has 

approximately 60 taxa of which 26 are indigenous (Lubia et al 2008, KEFRI 2014). Only five of 

these (Aloe turkanensis, Aloe scabrifolia, Aloe secundiflora, Aloe calidophia and Aloe rivae) are 

exploited commercially (KEFRI, 2014).  The plants are harvested from the wild and sap 

collected from their leaves and heated to produce a solidified resin known as ' aloe bitter gum' 

which is exported for use in medicine and fermentation processes. Among these species, A. 

secundiflora has the widest distribution and contributes to over 90% of traded aloe gum in the 

country.  

Aloe secundiflora Engl. (Family: Asphodelaceae)  is a perennial plant with a dense rosette of 

about 20 spear-shaped leaves that grows mainly in the wild in grassland and open woodland on 

sandy soil at elevations from 600 - 2,000 metres (Newton, 2006). It is well adapted to dry semi-

arid conditions in the tropics and subtropics. Harvesting of aloe sap is done in the dry season, 

only mature leaves (approximately 2 ½ - 3 years of age) are harvested starting from the outer-

most leaves, leaving the juvenile leaves of less than 20 cm in length (KEFRI 2014). Studies on 

the phytochemical profile of Aloe secundiflora leaf exudate indicate that the plant comprises a 

mixture of phenolic compounds, mainly anthrones (aloenin, aloenin B, isobarbaloin, barbaloin 

and other aloin derivatives), chromones and phenylpyrones  and therefore useful in ethno-

vetinary (Waithera et al, 2003).  

 It is estimated that about 85,000 kg of solid ‘ bitters’ valued about US$ 840,000 are exported 

from Kenya per year, main importers being China and Saudi Arabia (Newton, 2006). Currently, 

the main commercial activities on aloe in Kenya are concentrated in Baringo, Turkana, Laikipia, 

Taita Taveta, Samburu, Marsabit and Kwale counties. Aloe secundliflora has been grown in 

Kwale County, through the support of a number of both local and international organizations, as 

means of rehabilitating the dry areas in the county. A number of community based organizations 

have been trained by KEFRI on processing of various aloe products using simple technologies. 

However, the main challenge in the aloe trade in Kwale County has been inadequate supply of 

good quality aloe products, caused by among others: poor quality and little quantities of sap 
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produced and lack of quality control by the enterprise groups (Mayunzu et al 2014). However, 

there is no information on aloe sap quality and yield for Aloe secundiflora grown in Kwale 

County. An assessment on Aloes carried out by Kavaka et al, (2008) did not have any 

information on sap quantity and quality variation in Kwale County.   

This study sought to establish sap quantity and quality variation for Aloe secundliflora in Kwale 

County. The specific objectives include (1) To determine the variation in the number of 

harvestable leaves per aloe plant and its variation with sites, (2) To establish the mean sap yield 

per aloe plant and its variation with sites, (3) To establish the potential yield and income per 

hectare of an aloe plantation, and (4) To determine the moisture and ash contents of aloe sap 

from Kwale County. 

MATERIALS AND METHODS 

 Study area 

Kwale County is one of the seven counties in Coast Province. The county covers an area of 

8,322 Km
2
 of which 62 Km

2
 are under water. The county is divided into 4 sub-counties namely:

Kinango, Lunga Lunga, Matuga and Msambweni.  The study was carried out in Kinango and 

Msabweni sub-counties in Kwale County, where aloes had been planted. A total of 41 sites from 

18 sub locations, 10 locations, and 2 sub-counties were visited and mapped (Table 2).  

Sampling and site selection 

Aloe production in Kwale County is mainly in Kinango sub-county with more concentration in 

Samburu Division.  Aloe growing is not well developed in Mwambeni Sub-County. Sub 

locations with aloes visited during the survey are indicated in Figure 1.  

Table 1: Locations and Sub locations visited 

Su-County Division Location Sub Location 

Kinango Samburu Taru Taru 

Dupharo 

Taru 
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Taru 

Chegoni Chegoni 

Chegoni 

Samburu Kinangoni 

Bofu 

Gandini 

Kinangoni 

Makinonn road Makinonn road 

Makinonn road 

Puma location Ndovu dam 

Virungani Virungani Primary 

Kinango Kinango Ndumbule 

Kibandaongo 

Mtaa 

Magongo 

Mabesheni 

Buyani 

Banga 

Msambweni Lunga Lunga Lunga Lunga Sega 

Mwereni Kilimangodo 

The sample farms were randomly selected within a cluster site in each sub-location. The area of 

each farm was established using a Global positioning system (GPS). The centre of the farm was 

also located and marked using a GPS. A circular sample plot (0.01 ha) with a radius of 5.64 m 

was established at the centre of each farm (Mukonyi et al, 2005). All the aloe plants within the 

sample farm were counted and recorded.  Two perpendicular rows were selected and the number 

of mature (harvestable), juvenile and dead leaves for all the plants in each row counted. From 

each row, 5 aloe plants were selected. Three (3) harvestable leaves (large, medium and small) 

were randomly cut from at the 10 sampled aloe plants per farm. The 3 leaves were put in plastic 

basins for 30 minutes and the volume of sap released was measured using a calibrated measuring 

cylinder (Kavaka et al, 2008). The dimensions (length, width and depth) of each of the mature 

(leaves) were measured. The collected sap was transported in cool boxes to KEFRI Karura 

laboratories to determine moisture and ash contents. 
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Figure 1: Sub locations with aloes visited during the survey 

Determination of moisture content and ash content 

Moisture Content 
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The moisture content of the samples was determined based on the oven dry method at a 

temperature of 105
o
C for 12 hours (ASTM D4442). The moisture content was established based

on the following formula (Equation 1).  

100
W

WW
M

d

dt
db 


 -------  Equation 1 

Where: Mdb- moisture content (dry basis), Wt – original weight, Wd - dry weight: 

Total ash content 

The ash content was established based on the Association of Official Analytical Chemists 

(AOAC) official methods of Analysis. The percentage ash content was determined based on 

Equation 2.  

Ash content (%) = Mass of ash*100/Mass of dry weight  --------- Equation 2 

Data analysis  

The data obtained was organized using excel spread sheets and analysis done using SPSS version 

20. The assessment of the variation in the quantity of aloe sap with site was done based on mean

sap yields from each plot. 

Estimation of Aloe gum yield  

On average three litres (3000 ml) of sap when boiled produces 1 Kg (1/1000 MT) of gum; 

therefore 3,000,000 ml of sap would produce 1 MT of gum, (Mukonyi et al, 2008)]. Based on the 

total number of aloe plants in each farm, the following formula was used to calculate the aloe 

gum yield per farm: 

Estimated Yield (MT) = (Total number of stems x mean aloe sap yield per 

plant/3,000,000) 

RESULTS AND DISCUSSIONS 

Variations in  number and dimensions of leaves and sap yield with site, location and 

district   

Number of Aloe Leaves per plant 
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The mean number of mature leaves per aloe plant was 13 (ranging from 5 to 31) and comprising 

of 46.4 % of all the leaves, this varied significantly (P<0.05) with sites (Tables 4). Sites in 

Msambweni sub-county tended to have higher number of harvestable leaves per aloe plant (17) 

than those in Kinango sub-county (13).  The mean number of juvenile leaves per aloe plant was 

10 (ranging from 4 to 24) and comprising of 35.7 % of all the leaves, this varied significantly 

(P<0.05) with sites. The mean number of dead leaves per aloe plant was 5 (ranging from 0 to 29) 

and comprising of 17.9 % of all the leaves.  

The number of dead leaves was lower than those reported by Muchiri et al. 2004 for Elangata 

Wuas in Kajiado County. All the parameters varied significantly (P< 0.05) with sites. Variation 

in parameters with site is summarized in Table 3.  

Dimensions/ sizes of Aloe leaves 

The mean length of aloe leaves in Kwale County was 43.8 cm ranging from 25 to 65 cm.  This 

compares closely to 30 – 75 cm reported by Newton (2006). Plants in Msambweni tended to be 

slightly taller (44.4 cm) than Kinango (43.7 cm).  The mean mid width of aloe leaves in Kwale 

County was 11.2 cm ranging from 6 to 16.5 cm. This closely compares with but is slightly lower 

than 8 – 30 cm reported for base widths by Newton (2006). Plants in Msambweni tended to be 

wider (12.8 cm) than Kinango (11.0 cm). The mean depth of aloe leaves in Kwale County was 

1.69 cm ranging from 0.7 to 3.2 cm with leaves from Kinango tending to be thicker (1.7 cm) than 

Msambweni (1.5 cm). All the parameters varied significantly (P< 0.05) with sites and locations, 

except for leaf length for locations. 

Table 3: Variation in parameters by Sub-County 

Parameter Sub County Sample size 

(N) 

Mea

n 

Standard 

deviation 

Coefficient of variation (%) 

Harvestable 

leaves 
Msambweni 14 17 4.64 26.6 

Kinango 85 13 6.00 47.8 

Total 99 13 6.05 45.7 
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Juvenile leaves Msambweni 14 8 1.69 20.9 

Kinango 85 11 4.76 45.0 

Total 99 10 4.54 44.4 

Dead leaves 
Msambweni 14 4 2.52 66.4 

Kinango 85 6 5.23 94.2 

Total 99 5 4.97 93.7 

Mean Depth 

(cm) 
Msambweni 14 1.5 0.33 21.8 

Kinango 117 1.7 0.48 28.1 

Total 131 1.7 0.47 27.8 

Mean Length 

(cm) 
Msambweni 14 44.4 8.41 18.9 

Kinango 117 43.7 7.56 17.3 

Total 131 43.8 7.62 17.4 

Mean Width 

(cm) 
Msambweni 14 12.8 1.65 12.8 

Kinango 117 11.2 2.00 17.8 

Total 131 11.4 2.02 17.8 

Yield per leaf 

(ml) 
Msambweni 14 4.7 2.28 48.2 

Kinango 118 3.8 1.88 49.15 

Total 132 3.91 1.93 49.39 

Yield Per Plant 

(ml) 

Msambweni 14 90.8 61.16 67.35 

Kinango 84 64.6 61.59 95.40 

Total 98 68.3 61.91 90.62 

Aloe sap yield per plant 

The mean aloe sap yield per aloe leaf in the County was 3.9 ml ranging from 1 to 12.7 ml with 

plants in Msambweni producing more sap per leaf (4.7 ml) than Kinango (3.8 ml). This is higher 

than a mean of 3.7 ml (with a range of 1.8 to  5.0 ml) reported by Muchiri et al, 2004 for Kajiado 

County and within the range of 2.1- 6.2 ml reported by Kavaka et al, (2005) and can be classified 

as low yield.  The mean sap yield per aloe plant in the County was 68.3 ml ranging from 8.3 to 

380 ml with plants in Msambweni tending to produce more sap per plant (90.8 ml) than Kinango 

(64.6 ml). This could be due to wider aloe leaves in Msabweni as the study established a strong 

and significant correlation (P< 0.05) between leaf width and sap yield (R=0.71; R
2
= 0.5). Aloe

sap yield per leaf varied significantly (P< 0.05) with sites while aloe sap yield per plant only 

varied significantly (P< 0.05) with sites.  
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The sap yield in Kinango (64.6 ml) is higher than (60 ml) for Maundu Ni Mere site reported by 

Kavaka et al, 2008 but lower than those reported by Newton, (2006) of 80-100 ml, Mukonyi et 

al, (2005) of 80.3 ml in Baringo and Mukonyi et al, 2004 of 105 ml. The mean aloe sap yield of 

aloes in Msambweni sub-county (90.8 ml) is within the range of 80-100 ml.  The mean aloe sap 

yield per plant in Kwale County tends to be low as compared to the expected production range 

(80-100 ml). These low figures could have been influenced, partly by precipitation and 

prevailing weather conditions as sap yield is known to be at its peak shortly after the rains, and 

partly due to genetic and agronomic factors.  

Estimated potential yield of aloe in Kwale County 

There were a total of 60,301 plants from the 135 plots sampled with an average of 666 aloe 

plants per plot. The estimated aloe gum yield of 1597.1 Kg (Table 4) from the 60, 301 plants 

were valued at approximately KShs. 415, 246 per harvest (KShs.260 per Kg). Based on the total 

area under aloe, it was estimated that the number of aloe plants/ha in Kwale was 7,700. This is 

lower than the recommended 12,250 plants /ha at a spacing of 1 m x 1 m (Kavaka et al., 2008). 

The 7,700 plants per hectare and a mean sap yield of 68.3 ml/ plant have a potential yield of 

175.3 Kg of aloe gum per hectare. This yield of 175.3 Kg of crude aloe gum per ha at a selling 

price of KShs. 260/Kg translates to about KShs. 45,578 /ha/ per harvest. Given that there are two 

harvesting cycles per year, the estimated annual income would be KShs. 91,156. Assuming a ten 

year rotation with a nearly constant yield, the total expected total income from aloe in Kwale 

would be KShs. 911,560 per ha.  

 A study on the total inputs for purchase of aloe suckers, planting of the suckers and costs of 

harvesting, transportation and processing of the leaves is necessary in order to establish the total 

costs of the inputs. This translates to about KShs. 35,060 /ha/ per harvest.   

Table 4: Estimated potential yield of aloe sap in Kwale County 
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Sub-county Location Total 

No. 

Plants 

Sample 

Plots 

(N) 

Mean No 

of 

plants/pl

ot 

Mean 

Sap yield 

per 

plant(ml) 

Estimated 

Aloe gum 

yield /plot 

(Kg ) 

Estimated aloe 

gum yield per 

location (Kg) 

Kinango Taru 12975 15 865 63.1 18.2 273 

Chegoni 8647 35 247.1 63.1 5.2 78 

Samburu 11467 23 502.5 63.1 39.8 597 

Mackinonn 

road 

7809 23 339.5 63.1 7.1 

106.5 

Kinango 18414 34 541.6 63.1 11.4 171 

Ndovu 27 1 27 63.1 0.57 8.55 

Virungani 

Primary 

430 1 430 63.1 9 

135 

Omar 100 1 100 63.1 2.1 31.5 

Sub-total 59,869 133 450 63.1 11.7 1400.6 

Msambweni Lunga 

Lunga 

121 1 121 90.8 3.7 

55.5 

Mwereni 311 1 311 90.8 9.4 141 

Sub-total 432 2 216 90.8 6.5 196.5 

Grand total 60301 135 666 153.9 18.7 1597.1 

NB: 3 liters of sap produces 1 kg of gum 

Variation in quality of aloe sap with locations in Kwale County 

Based on 14 samples from three locations in the county, the moisture content ranged from 27. 8 

to 41 % while the ash content ranged from 1.3 to 3.4% (Table 5). The differences in ash and 

moisture contents of aloe sap with locations were not significant. The moisture content was 

much lower than (81. 3 %) obtained by Ondiaka et al., 2011 probably due to timing of sampling 

or the fewer samples (3) used.  

Moisture content determines the amount of heat required to remove the excess water before the 

sap is transformed to a stable sap paste. This becomes significant especially in traditional 

methods of processing A. secundiflora leaf sap into paste, which has been estimated to require 

about 4,119 g of fuel wood (Ondiaka et al, 2011) to process 1 ton of the paste. If the excess 

water is not removed, the aloe sap can be attacked by micro-organisms.  The mean ash content of 

2.7 % is much lower than that of Aloe Vera (16.9 %), Muaz and Hussain, 2013.  However, aloe 



Journal of Applied Sciences, Engineering and Technology 

for Development JASETD, Volume 1, Issue 1, June, 2017

27

sap with an ash content of 2 % is regarded by Jasso de Rodriguez et al., 2006 to be of high 

quality. Furthermore, producers in Kenya prefer aloes with at least 1.5% ash content. High ash 

content implies presence of high quantities of essential inorganic content in the gum. 

Table 5: Moisture and ash content of aloe sap from Aloe secundiflora 

Location N % Moisture Content % Ash Content 

Taru 7 38.7 2.4 

Kinango 5 34.2 2.4 

Makinnon 2 37.0 3.3 

CONCLUSION 

Aloe secundiflora planted in Kwale County have about 46 % of the leaves that can be harvested 

to produce aloe sap, acceptable ash and moisture contents but low sap yield. Sites in 

Msambweni sub-county tend to produce aloes with higher number of harvestable leaves and 

higher sap yield per plant than those in Kinango sub-county, though it is recognized that there is 

a very high variation in these parameters, data was based only on one season and that the number 

of samples from Msambweni were substantially fewer than those from Kinango. It is also 

established that an average income of about KShs. 45,578 /ha/ per harvest could be obtained 

from the sale of aloe gum.  

There is need to maximize yield by harvesting all leaves. Chemical analysis should then be 

carried out to provide information on aloin content and its variation with sites. The higher 

yielding varieties of indigenous aloes need to be produced and promoted for commercial 

exploitation.  Financial analysis of aloe farming needs to be undertaken to establish the 

profitability of the enterprise. 

ACKNOWLEDGEMENT 

The authors acknowledge with appreciation the financial support from the Governments of 

Finland and Kenya for facilitating this study through the Miti Mingi Maisha Bora Programme 

(MMMB).  The technical inputs from Kefri and KFS staff during field work are highly 



Journal of Applied Sciences, Engineering and Technology 

for Development JASETD, Volume 1, Issue 1, June, 2017

28

appreciated. The authors are also indebted to the MMMB programme Personnel for financial 

resources and logistical support.  

REFERENCES 

[1] Cites (2003). https://cites.org/sites/default/files/eng/com/pc/14/E-PC14-09-02-02-A4.pdf. 

Accessed on 4 November 2016. 

[2] KEFRI, 2014. Drylands forest livelihoods fact sheet No. 1: Aloe. http://kefri.org/wp-

content/uploads/PDF/FACT/20SHEET/20NO/201220ALOE.pdf. Accessed on 4 

November 2016. 

[3] Lubia I.K., Kyalo S.N., Mukonyi K.W., Lusweti A.M., and  Situma C.A. (2008). Strategy for 

conservation and management of commercial aloe species in Kenya. Kenya Wild Life 

Service. 

[4] Lubia I.K, Kyalo S. N, Mukonyi K. W; Situma C. (2005). National guidelines on utilization 

of Aloe species in Kenya. Workshop report, Kenya Wildlife Service Training Institute, 

Naivasha 21-23 June 23. 

[5] Kavaka, M.W. Oduor, N.,Njuguna, J., and Wachira, N. (2008). Guidelines for growing aloes. 

A guide to farmers and extension officers. Kenya Forestry Research Institute, Guideline 

No. 8. 

[6] Muchiri, M.N, Watai, K and Wachira, N.W. (2004).  Densities and Sap Yield of Aloe 

secundiflora in Natural Woodlands in Elangata Wuas in Kajiado District.  Cited in Recent 

advances in forestry research and technology development for sustainable forest 

management. Proceedings of the 2nd KEFRI Scientific Conference, 1-4 November 2004. 

KEFRI, Muguga.  Pp : 298-300. 

[7] Mukonyi K.W, Situma ,C.A, Lusweti A, Kyalo S. (2008). Strategy for conservation and 

management of commercial aloe species in Kenya. Kenya Wildlife Service. 

[8] Mukonyi, K.W, Situma, C.A, Lusweti A, Kyalo S. and Khamala E. (2007). Wild Aloe 

Resource Base in Kenyan and Ugandan Drylands as Alternative Livelihoods for Rural 

Communities. Discovery and Innovation Journal, 2007.  

[9] Mukonyi, K. W.; Owuor, B.; Chikamai, B. N.; Wabuyele, E. (2007).  Status of Aloe 

exploitation, conservation and its distribution to communities’ livelihoods in Kenyan 

drylands. J. Disc. Innov, 2007, 19, 231-241 

[10] Mukonyi  KW (2005). Tapping Wealth from Aloes: Aloe bio-prospecting through 

communities in Kenyan semi-arid regions.  Final research report for Research 

Programme on sustainable utilization of dryland resources (RPSUD) at National 

Museums of Kenya  (NMK). 

[11] Mukonyi, K. W. Situma, C. A., Lusweti, A. and Kyalo, S. (2005). Sustainable utilisation of 

Aloe resources in the drylands of Kenya 

https://cites.org/sites/default/files/eng/com/pc/14/E-PC14-09-02-02-A4.pdf
http://kefri.org/wp-content/uploads/PDF/FACT/20SHEET/20NO/201220ALOE.pdf
http://kefri.org/wp-content/uploads/PDF/FACT/20SHEET/20NO/201220ALOE.pdf


Journal of Applied Sciences, Engineering and Technology 

for Development JASETD, Volume 1, Issue 1, June, 2017

29

[12] Newton, L.E., (2006). Aloe secundiflora Engl. [Internet] Record from PROTA4U. 

Schmelzer, G.H. & Gurib-Fakim, A. (Editors). PROTA (Plant Resources of Tropical 

Africa / Ressources végétales de l’Afrique tropicale), Wageningen, Netherlands. 

<http://www.prota4u.org/search.asp>.Accessed 5 September 2016 

[13] Wabuyel, E. and Kyalo S.N. (2008). Sustainable use of East African aloes: the case of 

commercial aloes in kenya. NDF Workshop case studies WG 3 – Succulents and Cycads. 

Case Study 1. Mexico. 

http://www.prota4u.org/search.asp



