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Abstract
In shea production zones in Sub-Saharan Africa, shea butter is mostly produced by women
using traditional methods. Improvement of their practices would allow them to obtain better
monetary returns for their activities. Roasting of crushed shea kernels is a processing step that
has a major influence on the quantity and quality of extracted shea butter. Using a central
composite face-centered design (CCFD), the effect of roasting, specifically roasting time and
temperature was investigated. Both factors influenced fat content (44-53% dw) of the crushed
kernels; colour characteristics and free fatty acid (FFA) content (0.5-3%) of the butter. In shea
butter from differently roasted kernels, 58 volatile compounds were identified, of which 11
were quantitatively dominant, against 27 compounds in butter from unroasted kernels. The
ideal practice according to the CCFD model is roasting at 171 ºC for 15 min, which resulted
in a fat content of 49% dw of the kernels, a butter yield of 32%, a FFA of 1.2% of the butter,
and a peroxide value of 3.2 meq O2/kg. This optimum roasting time is appreciably shorter
than the current practice, suggesting that the use of firewood during traditional processing can
be reduced.
Keywords: Roasting, Volatile compounds, SPME-GC-MS, Carbonyls, Hexanal, FFA
1. Introduction
The economy of Benin is based on the agricultural sector, in which about 70% of the
population is involved. Cotton has been the most important export crop for a long time,
providing 90% of the agricultural export value. Due to national and international difficulties
in cotton chains, the Beninese government decided to encourage diversification of
agricultural export commodities. Among the selected products was the produce of the shea
tree (Vitellaria paradoxa). In Benin, shea kernels represent the third export commodity after
cotton and cashew nuts (Elias & Carney, 2004). From the shea kernels, butter can be
extracted, which to date is mostly done by traditional methods. Shea butter and shea kernels
play a significant role in poverty alleviation (Elias & Carney; 2004 Master et al., 2004), not
only in Benin but also in other Sub-Saharan African countries where shea trees occur. A first
step in the empowerment of local women and women’s groups to produce shea-based
products for the international market is to determine how local low-input production impacts
the quality of shea kernels and butter, and subsequently how local processing practices can be
optimised.
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Shea butter is used as cooking and frying fat in the production zones, while it is used for
medical and cosmetic purposes as well as a cocoa butter substitute in chocolate at an
international level. For the various purposes, different qualities of shea butter are used: as
cooking fat, more flavourful butters are preferred by consumers (Alander & Andersson, 2002).
To substitute cocoa butter, shea butter without odour and with high palmitic and stearic acid
contents is preferred due to its crystallisation and melting characteristics essential in
chocolate confectionery (Lipp & Adam, 1998). White or light coloured shea butter with a
high amount of unsaponifiables is desired for personal care products (i.e. cosmetics,
moisturisers, creams) (Di Vincenzo et al., 2005); the unsaponifiable fraction is a characteristic
that makes shea butter special due to its antioxidant and claimed anti-inflammatory properties
(Maranz & Wiesman, 2004). Apart from these desired attributes, and based on free fatty acids
(FFA), peroxide value and moisture content, three shea butter grades are recognised and
approved by shea production countries for international trade: the first grade refers to
unrefined shea butter, obtained by manual or mechanical methods. It is the highest quality of
shea butter, mainly used in the cosmetic industry; its FFA percentage has to be less than 1%,
the peroxide value less than 10 meq O2/kg and the moisture content less than 0.05%. The
second grade concerns unrefined shea butter used for food purposes and as edible oils; its
FFA content must be between 1 and 3%, the peroxide value between 11 and 15 meq O2/kg
and the moisture content between 0.06 and 0.5%. The third grade of shea butter is mainly
used in the soap industry or is refined (USAID/WATH, 2005; NB 04.02.001, 2006).
Among the traditional unit operations in shea kernel processing, roasting is reported to be
critical for butter quality and yield (Womeni, 2004; Kapseu et al., 2007). Crushed shea
kernels are commonly dry roasted for 30 - 60 min in a pot with direct heating by firewood
(Honfo et al., 2012). Roasting is performed to facilitate fat extraction and to improve sensory
characteristics, such as smell, colour, taste, and flavour of butter (Honfo et al., 2012),
although it may also affect the overall flavour in a negative way. Certain desirable aroma
compounds may be lost and compounds that cause off flavours formed, when roasting is not
done properly (Krysiak, 2002). In other words, insufficient heating might reduce the yield of
oil, and too high temperatures may lead to undesirable volatile compounds derived from
peroxides or hydroperoxides (Nawar, 1998; Frankel, 1985; Krysiak, 2002; Krysiak &
Motyl-Patelska, 2006). Most volatile compounds in shea butter can be characterised as fat
degradation products, viz. ketones, aldehydes, hydrocarbons, and alcohols (Choe & Min,
2006). Furthermore, sugars can condense with free amino acids, peptides, or proteins leading
to the formation of brown Maillard reaction products (Krysiak & Motyl-Patelska, 2006).
Previous studies on the processing of shea nuts into butter (Womeni, 2004; Kapseu et al.,
2007; Bup et al., 2011) have not assessed the relationship between roasting time and
temperature during shea processing on the yield and quality, including the volatile
compounds of the butter. The main objective of this study was therefore to assess the impact
of roasting conditions of shea kernels on fat yield, and on the FFA percentage, peroxide value
and volatile compounds of the butter to optimise production practices in rural, low-input
settings.
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2. Materials and Methods
2.1 Experimental Design
The response surface methodology is a statistical method that uses quantitative data derived
from an appropriate experimental design with quantitative factors to estimate the relationship
between a response and the factors in order to optimize processes or products (Giovanni,
1983). In this study, a central composite face-centered design (CCFD) with 2 factors
(Montogomery, 2001) was used to assess the simultaneous effect of roasting time (15-45 min)
and roasting temperature (120-180 °C) of crushed shea kernels on quality parameters of the
resulting butter and to determine the optimum roasting processing conditions. Ranges of
roasting time and temperatures were chosen to reflect the actual roasting practices of shea
butter processors in most shea production zones, including Benin (Honfo et al., 2012). The
design generated 13 combinations (Table 1) and each of them was duplicated, giving a total
of 26 combinations.
Table 1. Different combinations of roasting time and temperature generated by the central
composite face-centered design
Treatment

Roasting time: X1 (Minute)

Roasting temperature: X2 (°C)

1

30

150

2

15

150

3

45

120

4

15

120

5

30

120

6

15

180

7

30

150

8

45

150

9

30

150

10

30

180

11

30

150

12

45

180

13

30

150

2.2 Experimental Processing
Dried shea kernels were bought at the local market of Bassila (9°00 N and 1°40 E), a location
in Borgou Department, North-Benin. The characteristics of these kernels were: fat content
(42-49% dw), moisture content (7-9%), and FFA percentage (6-7%). The kernels were
cleaned, sun-dried for 4 hours, sorted and crushed at the laboratory of the Nutrition and Food
Science Department of the University of Abomey-Calavi, Benin. The crushed kernels were
roasted according to the experimental treatments. Once the oven had reached the desired
temperature, 500 g of crushed kernels were spread on three trays (48 cm x 35 cm) and put in
the oven. The time of roasting was measured from the moment when the temperature reached
the desired temperature after putting the trays in the oven. Roasted kernels were cooled at
room temperature before processing them into butter by milling with an electric milling
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machine (Kenwood blender) to get a paste which was churned with water (1 volume of paste
against 4 volumes of water). The creamy, fatty layer obtained after churning was washed
three times and subsequently heated. The oil was washed and heated again to remove
particles and mucilage from the first stage of heating. The resulting oil was then filtered and
left to cool. Samples were taken from the roasted kernels and the butters. Samples were
packed in plastic containers and stored at 4 °C until analysis. Two independent samples were
prepared for each treatment.
2.3 Characterization of Shea Kernels and Butter
Fat content of kernels, butter yield, FFA percentage, peroxide value and volatile compounds
were the quality parameters measured. Fat content of shea kernels was determined by
extraction in a Soxhlet apparatus using petroleum ether as solvent (AOAC, 2002). Yield of
shea butter was expressed on wet weight as percentage of the mass of the filtered oil (butter)
on the mass of kernels used. Colour parameters (brightness L* and yellowness b*) of the
butter samples were measured with a Minolta CR-410 (Konica Minolta Optics, INC, Japan).
FFA percentage was determined by titration and calculated as oleic acid percentage (NB ISO
660, 2006). Titration was also used to determine peroxide values (NB ISO 3960, 2006). Each
parameter was tested in triplicate.
Volatile compounds in shea butter were assessed by Solid-Phase Micro-Extraction
Gas-Chromatography and Mass-Spectrometry (SPME GC-MS) according to Bail et al.
(2009a) and Krist et al. (2006). SPME sampling was done by putting two grams of shea
butter in vials that were tightly closed with a septum by using a GC crimper and extracted
isothermally for 10 h at room temperature using a preconditioned Supelco 57348 2 cm, 50/30
mm DVB/Carboxen/PDMS Stable-Flex fibre for analysing volatile compounds. After
sampling, the SPME device was immediately placed into a splitless-mode injection port of a
GC-MS instrument (Thermo Scientific DSQ II). Volatile compounds were separated using a
Rxi-5ms GC column (60 m length x 0.25 mm inner diameter, 0.25 µm film thickness). The
initial temperature of the oven was held for 1 min at 38 °C and then increased by 2.5 °C/min
to 175 °C. From that point, the temperature was increased by 50 °C/min to a temperature of
220 °C, which was held for 2 min. The injector port temperature was 250 °C. After using
splitless modes for 2 min, a split ratio of 1:40 was used to expurgate the system. A constant
carrier gas (helium: 5.0) flow of 1 mL/min was applied. The transfer line temperature was
250 °C, which resulted in an ion source temperature of approximately 225 °C. The same GC
was used to obtain the peak areas. The mass spectrometer was operated in electron impact (EI)
mode with the ionization voltage set at 70 eV. The scan range was 32-250 amu. Compounds
were identified by matching mass spectra with AMDIS and the XcaliburQual Browser library
of standard compounds. Relative quantifications of compounds were performed as% peak
area using integration data.
2.4 Statistical Analyses
The experimental design was set with Minitab 16.0 software, which was also used for the
analyses of variance of the different responses. A polynomial model was proposed to
establish the relationship between the responses (Y) and the variables (X) as follows:
Y= I + aX1 + bX2 + cX12 + dX22 + eX1X2
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Where, I is a constant; a and b are linear effect coefficients; c and d are quadratic effect
coefficients; and e is an interaction effect coefficient. X1 and X2 are the variables roasting time
and roasting temperature, respectively. The fitted polynomial equations were expressed by
different contour plots for each quality parameter in which the surface showed the response
of such parameters. Tests for lack of fit and R2 values were used to determine the adequacy of
the models.
3. Results and Discussion
3.1 Quality Parameters
Analysis of the fat content of the crushed kernels (FC) gave the following regression
equations for the effect of roasting time (X1) and roasting temperature (X2):
FC (% dw) = 49.2263 + 0.3822X1+ 0.2250X2 - 0.0012X12 + 0.0012X22- 0.0017X1X2

(2)

This model explains 94% of the variation in the fat content of crushed kernels, which ranged
from 44 to 53% dw. With a non-significant lack of fit with a P value of 0.61 for fat content,
the model could be effectively used to make accurate predictions. For instance a lack of fit is
generally used to check the fitness of the regression models and a non-significant lack of fit P
value is linked to the adequacy of the model and the accuracy of the predictions
(Montogomery, 2001). Unroasted kernels contained 42±4% dw of crude fat. Linear terms of
the roasting time and roasting temperature influenced the fat content positively and
significantly (Table 2). The interaction of both factors had a significant and negative
influence on the fat content of shea kernels. Irrespective of the roasting time, the contour
plots showed a gradual increase of the fat content with increasing roasting temperature
(Figure 1a). This observation might be explained by the reduction of the oil viscosity and the
breakdown of cell walls and membranes of the plant material, both caused by heat (Akoh &
Min, 2008), making the fat present in the crushed kernels better extractable.
Table 2. Regression coefficients (RC), coefficient of determination (R2) and lack of fit P
value for fat content of shea kernels, butter yield, L*, b*, FFA and peroxide values of shea
butter obtained from kernels subjected to different roasting treatments
Fat content (%

Butter yield

dw)

(%)

Roasting time: X1

0.3822**

0.4228**

Roasting

0.2250*

-0.0062

L*

b*

FFA (%)

Peroxide value(meq
O2/kg)

-0.8429*

-0.2124

0.2581**

0.0073

1.2181** 0.8180** -0.1059*

-0.0039

temperature: X2
X12

-0.0012

-0.0086**

X2

2

0.0012**

X1X2

-0.0040

-0.0016*

0.0007

0.0001

-0.0055** -0.0032** 0.0004*

0.0004

-0.0017**

0.0011*

0.0073**

0.0019* -0.0011**

0.0006

RC

49.2263

20.9828

11.8046

-32.9767

7.0019

2.5221

R2

0.94

0.93

0.87

0.86

0.84

0.78

Lack of fit

0.61

0.52

0.01

0.01

0.16

0.77

* Significant at P <0.05; ** Significant at P <0.01.
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Butter yield increased with increasing roasting time and temperature (Figure 1b). Also, the
linear and quadratic terms of roasting time as well as the interaction of the two factors had
significant effects on butter yield, which varied from 27% to 34% (Table 2). The regression
model of butter yield explained 93% of these variations with a non-significant lack of fit with
a P value of 0.52. Unroasted kernels yielded 23 ± 1% of butter, significantly less than yields
from roasted kernels. In general, yields of shea butter extracted by traditional methods vary
between 28% and 32% of kernels mass (Kassamba, 1997). Thus, most of the yields found in
this study are in this range and some of them exceed the upper boundary of the range.
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Figure 1. Contour plots showing the effect of roasting time and roasting temperature of shea
kernels on some quality characteristics of shea butter
Colour is one of the most important attributes used during the purchase of shea butter.
Brightness (L*) and yellowness (b*) were the colour parameters taken into account for butter
colour. The second order regression equation developed for L* was as follows:
L* = 11.8046 - 0.8429X1+1.2181X2 - 0.004X12 - 0.0055X22 + 0.0073X1X2

(3)

This regression equation for the L* value of butter samples explained 87% of the variation in
the brightness values, which ranged from 57 to 80, and had a significant lack of fit with a P
value of 0.01. The regression coefficients in Table 2 show that the linear terms of the two
factors and the quadratic term of the roasting temperature as well as the interactions between
the roasting time and the roasting temperature had a significant influence on the L* value.
The contour plots (Figure 1c) showed the gradual decrease of L* values with the increase of
roasting temperature, indicating that the butter samples became darker when the roasting
temperature of crushed kernels increased.
Yellowness (b*) of butter samples was also affected by roasting time and roasting
temperature of crushed kernels. The CCFD model developed for b* explained 86% of the
variation of b* values which varied from 10 to 19 and had a significant lack of fit with a P
value of 0.01. The linear and quadratic terms of roasting temperature significantly influenced
the yellowness of butter samples (Table 2). It was observed that the interaction between the
roasting time and temperature also significantly influenced the yellowness of butter. The
contour plots (Figure 1d) developed for b* by the model showed linear curves with roasting
temperature of kernels, irrespective of the roasting time. During roasting, as the temperature
increased, butters lost their yellowness, indicated by decreasing b* values.
The FFA percentage is one of the most important quality parameters for oil and fat, which is
often used as a general indication of oil conditions (Akoh & Min 2008). Linear terms,
quadratic terms as well as the interaction of the two factors were found to have a significant
effect on FFA percentages (Table 2). The regression model linked to FFA percentages was
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following:
FFA (%) = 7.0019 + 0.2581X1 – 0.1059X2 – 0.0016X12 + 0.0004X22 – 0.0011X1X2

(4)

This model explained 84% of the variation in FFA percentages. Since the model showed a
non-significant lack of fit (P value = 0.16), the regression equation explained the variation of
the response. For the linear terms, a positive effect was found for the roasting time while a
negative effect was found for the roasting temperature. Therefore, an increase in FFA
percentage coincided with an increase of roasting time, and lower FFA percentages with an
increase in roasting temperature. These results are illustrated by the contour plots that first
show a decrease of the FFA percentages with increasing roasting temperature, irrespective of
the roasting time; and second, an increase of the FFA percentages with increasing roasting
time (Figure 1d). The FFA percentages (0.5-3%) were higher than the value of 0.3% tolerated
for cosmetic purposes at international level (Codex Alimentarius, 1992), but lower than the
maximum value of 4% accepted by the Codex Alimentarius for food purposes (Morales et al.,
2005). Relatively low FFA percentages were found for the highest roasting temperature,
probably due to the total reduction of moisture in the kernels, preventing hydrolysis.
No significant effects of roasting time and temperature were found on the peroxide values as
well as the P value of the lack of fit of the model (Table 2). Nevertheless, a slight increase in
peroxide values (from 2.8 meq O2/kg to 3.8 meq O2/kg) occurred with increasing roasting
time and temperature (Figure 1e). As primary products of oxidation, peroxides might be
decomposed during oxidation into secondary products viz. hydrocarbons, ketones, aldehydes,
furans, which are among the identified volatile compounds (Frankel, 1985; Akoh & Min,
2008). This degradation might reduce the amount of peroxide, which would explain that no
significant effect of roasting conditions on peroxide values was found.
3.2 Volatile Compounds
Twenty seven compounds were identified in the samples of shea butter from unroasted
kernels, whereas 58 compounds were detected in shea butter from different roasting
treatments. These compounds were clustered in 11 groups, among which carbonyls (14
compounds), hydrocarbons (13 compounds) and benzenoid hydrocarbons (8 compounds)
dominated in terms of numbers (Table 3). Compounds in relatively high concentrations were
2-octene (0.1-9.2%), furfural (0.6-7.1%), acetic acid (1.4-6.7%), 5-methyl
2-furancarboxaldehyde (0.5-4.7%) and hexanal (0.3-2.6%) (Table 4). Most compounds were
also detected by Krist et al. (2006) and Bail et al. (2009a) in shea butter from different
regions, and by Bail et al. (2009b) in several nut oils mainly used as food ingredients. Most of
the identified compounds were generated by the roasting of the kernels, as apparent from the
comparison of volatile components of shea butter from unroasted and roasted kernels: furans,
ketones, pyrazines, esters, and phenols were absent in shea butter from unroasted kernels and
consequently were generated during the roasting process (Jung et al., 1999). Roasting time
significantly influenced the number of compounds (p=0.001); for instance, the number of
compounds increased from 28 to 37 when the roasting time increased from 15 to 45 min at
120 °C. The highest number of volatile compounds was from butter obtained from kernels
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that were roasted at 180 °C for 30 min. Furthermore, the relative content of each volatile
compound varied with roasting time and roasting temperature. For example, the relative
content of acetic acid increased from 1.4 to 6.2% when the roasting time increased from 15 to
45 min at 120 °C.
Table 3. Number of identified volatile compounds in shea butter obtained from kernels
subjected to different roasting treatments
Roasting treatments
120 °C

150 °C

180 °C

Volatile

15

30

45

15

30

45

15

30

45

Shea butter from

compounds

min

min

min

min

min

min

min

min

min

unroasted kernel

Carbonyls

6

a

9

9

5

11

11

5

12

10

7

Hydrocarbons

7

7

7

10

8

7

8

7

8

8

hydrocarbons

6

5

7

6

6

5

7

8

5

5

Furans

1

4

3

3

3

3

4

3

4

0

Acids

3

4

3

1

4

2

1

2

3

4

Alcohols

2

1

3

1

3

2

1

2

1

2

Ketones

2

3

4

3

3

3

4

4

3

0

hydrocarbons

1

1

1

1

1

1

1

1

2

1

Pyrazines

0

0

0

0

0

0

0

1

2

0

Esters

0

1

0

0

0

0

1

0

0

0

Phenols

0

0

0

0

0

0

0

0

1

0

In total

28

35

37

30

39

34

32

40

39

27

Benzenoid

Monoterpene

a

Number of volatile compounds.
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Table 4. Relative contents of volatile compounds identified in shea butter obtained from
kernels subjected to different roasting treatments

a

RI calculated according to the formula: RIx = 100 n0 + 100 (RTx – RTn0) / (RTn1 – RTn0); wherex is the name

of the target compound, n0 is identified volatile compound directly eluting before x, n1 is identified volatile
compound

directly

eluting

after

x,

RT

is

retention

time

(in

min),

(http://massfinder.com/wiki/Retention_index_guide)
b

The relative content of each volatile compound was evaluated as % peak area using integration data

(percentage related to the total level of volatiles)
c

Not detectable.

Independent of the processing steps, volatile compounds in shea butter mainly resulted from
degradation of long chain and unsaturated fatty acids by hydrolysis and oxidation reactions.
Indeed, at high temperature, hydroperoxides, which are the primary oxidation products of
lipids, were decomposed into alkoxy radicals and formed aldehydes, ketones, acids, esters,
alcohols, and short-chain hydrocarbons (Frankel, 1985). As one of the degradation products
of fatty acids, the relative content of acetic acid is an indicator of the quality of shea butter
(Krist et al., 2006). Volatile compounds in shea butter may also result from the Maillard
reaction, and typical Maillard products such as furans could be identified. The large numbers
of volatile compounds are formed as minor products and many of them are responsible for
off-flavours in fats, oils and other lipid-containing foods (Grosch, 1982; Grosch & Ullrich,
1987). Therefore, the detection of one or more of these compounds has often been used to
indicate the early occurrence of oxidation or to obtain an objective assessment of the flavour
changes. For example, pentanal, hexanal and 2,4-decadienal, which are formed during the
autoxidation of linoleic acid, have been proposed as indicators for the development of
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off-flavours in vegetable oils (Frankel, 1985; Grosch, 1986). However, hydrocarbons and
benzenoid hydrocarbon compounds might not only have resulted from fat oxidation and the
Maillard reaction (Farmer & Mottram, 1990); they could also come from the surface used for
the sun-drying of the kernels as this processing operation is generally done on the tar on
roadsides, which is a known source of hydrocarbons (Basha et al., 2009).
Finally, when comparing the changes in acid compounds to the FFA percentage of the same
samples, differences were observed. These differences might be due to the nature of FFA in
shea butter. For instance, the FFA percentage is calculated as the percentage of oleic acid and
this fatty acid is not volatile due to its high molecular weight, and thus is not present in the
headspace fraction.
3.3 Optimization of Roasting Process Conditions
Optimum conditions for the roasting time and roasting temperature are predicted by the
CCFD models. A condition is considered optimal if the desirability value associated to the
response is 1 or close to 1 (Minitab 16 guide). The desirability value is generally between 0
and 1 and explains the level of validity of the predicted optimum conditions. With the global
desirability of 0.8 the RSM model generates the optimal conditions of roasting time of 15 min
and roasting temperature of 171 ºC to get a high fat content (49% dw or 46% wet weight) and
butter yield (30% wet weight of kernel mass) as well as low FFA percentage (0.8%) and
peroxide value (3.2 meq O2/kg). Shea butter with these characteristics is classified as first
grade according to the standards set by shea production countries for international trade, and
so this butter would be suitable for all purposes, specifically for cosmetic purposes without
refining (NB 04.02.001, 2006). An optimum roasting treatment with respect to the presence
of volatile compounds cannot be given on the basis of this study as this requires an in-depth
olfactory evaluation.
4. Conclusion
Roasting time and temperature applied separately or in combination had significant effects on
all quality parameters investigated. Longer roasting at higher temperatures yielded more fat
while a high roasting temperature resulted shea butter with low FFA percentage. However, it
also generated more volatile compounds of which some may have some negative effects on
butter flavour. Most of the compounds found were generated during roasting by hydrolysis,
oxidation, and the Maillard reaction and some of them contributed to the aroma profile of
shea butter. The optimum roasting treatment for crushed shea kernels according to the
mathematical model is for 15 min at a temperature of 171 ºC. This mathematically calculated
optimum roasting time is shorter than the current practice, suggesting that the use of scarce
and expensive firewood during traditional processing is higher than necessary. Therefore it is
recommended to test the optimum roasting conditions under field conditions using firewood,
and also to assess the effects of these conditions on the unsaponifiable fraction, the sensorial
attributes such as colour, flavour, taste, smell, and the nutritional value of shea butter.
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