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ABSTRACT
This work evaluated the quality of sorrel seeds as function of irradiation doses (0, 2.5, 5, 10, and 20kGy, respectively) so as
to determine dose level causing minimal undesirable changes to sorrel seed. Physicochemical properties (proximate, color,
peroxide value, free fatty acid value, saponification value and fatty acids), and functional properties (Water and oil holding
capacity, foaming capacity, emulsification and protein solubility) of the oil were determined using standard analytical
methods. The results showed that irradiation decreased crude protein and crude lipids significantly, while the ash content
and the crude fiber remained unaffected. Significant changes in peroxide values, saponification and free fatty acids were
observed after irradiation. Gas chromatography (GC) results revealed a clear trend toward an increase in the amount of
saturated fatty acids with increasing irradiation dose and a decrease in the amount of polyunsaturated fatty acids in the
triacylglycerol composition of the irradiated samples compared to the unirradiated sample. An inducement of trans-fatty
acids at 20kGy was also observed. The functional properties showed fluctuation with increasing dose of irradiation.
Key words: Fatty acids, Irradiation, Peroxides, Trans fatty acid

INTRODUCTION
Actually, Sorrel crop has attracted great interest because
of the high antioxidant properties that is contained in the
calyxes, which has been thoroughly evaluated (Tee et al.,
2002; Tsai et al., 2002; Tsai and Huang, 2004; Tseng et
al., 1997; Prenesti et al., 2007). The large-scale production
of calyx is expected to lead to large quantity of seeds as
by-product. Most of these seeds are used to be discarded
as waste in the time pass, until recently when attention is
being shifted to the possible utilization of food byproducts, waste and underutilized agricultural product
(Glew et al., 1997; Arinathan et al., 2003; Sridhar and
Bhat, 2007; Vadivel and Janardhanan, 2004).

In developing countries, there is an urgent need for new
plant foods to meet the nutritional requirements of everincreasing populations. Large segments of the populations
from these countries suffer from malnutrition (Akubor et
al., 2004). In Nigeria for example, popular legumes, such
as cowpea, beans and groundnut, are widely consumed to
complement the low protein contents of cereals (rice,
maize), and tubers (cassava and yam); as animal proteins
such as meat, milk and eggs are expensive and relatively
difficult to acquire. Therefore, other rich protein sources
need to be identified.
There are quite a lot of underutilized plant crops that have
been put to use in recent time (Sridhar and Bhat, 2007).
Many of them have been considered for usage because of
their high protein content which readily serves as
substitute for the expensive animal protein. Among these
underutilized seeds are Sorrel (Hibiscus sabdariffa, Linn.)
seeds. According to Al-Wandawi et al., 1984 and Balami,
1998, Sorrel seeds are valuable food source, when its
protein, calories, fiber and micronutrients contents are put
into consideration. It is an excellent source of culinary oil
(Omobuwajo et al., 2000).

Food irradiation has been adjudged as a reliable and safe
method for preservation of food, improve hygienic and
nutritional value of foods (Diehl, 2002; Gampbellet al.
1983; Al-Kaisey et al. 2002). Furthermore, regulatory
body such as the Joint Food and Agriculture organization,
World Health Organisation and International Atomic
Energy Agency ( FAO/WHO/IAEA)Study Group on High
Dose Irradiation had considered the wholesomeness of
food irradiated with doses above 10kGy, the current limit
in the Codex General Standard for Irradiated Foods
(CODEX STAN 106-1983), and had confimed that food
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Color measurement: The color of sorrel flour was
measured in the L* a* b* mode of CIE (angle 10°,
illuminant D65) using a Hunter Lab (DP 9000, Hunter
Associates Laboratory, Reston, VA, USA). L*, a*, b*
indicated
lightness,
redness/greenness,
and
yellowness/blueness, respectively.

irradiated to any dose appropriate to achieve the
technological objective was both safe and nutritionally
adequate. To the best of our knowledge, information on
the effect of gamma irradiation on grain beyond 10kGy
are limited and the chemical analysis of sorrel seeds at
20kGy showed effect of cis-trans isomerization of the
unsaturated fatty acids which is reported in this study.
Being underutilized seeds, not much work has been done
on the preservation of the seeds industrial use. Irradiation
as a method of preservation and decontamination looks
attractive for quarantine purpose in international trade, as
chemical methods in being widely discouraged because of
its effect on ozone layer (Aziz et al., 2006). The objectives
of this study, therefore, were to investigate the impact of
gamma irradiation on the physicochemical properties of
the seed flour, its oil, and the fatty acids profile,
respectively.

Determination of physical properties of sorrel seed
oil: Peroxide value, Iodine value, and Saponification
value of sorrel oil, extracted using soxhlet method, were
determined according to standard analytical methods
(AOAC, 2010).

Fatty acid determination of Sorrel Seeds Oil: Fatty
acids of sorrel seeds treated with gamma irradiation were
determined using gas chromatographic analysis as
described by Mexis, and Kontominas, (2009).

MATERIALS AND METHODS

Determination of Functional properties: The
functional properties of sorrel seed flour: water absorption
capacity, oil absorption capacity, emulsifying properties,
and foaming properties, respectively were determined
according to the standard methods described by Kaptso et
al. (2007).

Materials
Dried Sorrel seeds (Hibiscus sabdariffa) from a single lot,
weighing 50kg, were obtained from a local market in
Kano, Kano State, Nigeria. The seeds were sorted to
remove physically damaged and immature seeds, dirt,
stones, and pebbles. The seeds were then kept in airtight
polyethylene bag, and stored in a dry and cool
environment until ready for use. All the chemicals and
reagents used in the study were of analytical grade.

Statistical Analysis: All analyses were replicated (n>3).
Data were statistically evaluated by one-way analysis of
variance (ANOVA) using the SPSS 15.0 statistical
software program. Significant differences between mean
values were determined by the Duncan’s multiple range
test procedure at the 5% significance level (p<0.05).

Irradiation and Packaging
The moisture content of the seeds was pre-determined.
The cleaned seeds were packaged in 500g portions, in 8cm
by 12cm size of 140µm thick polyethylene bags and heat
sealed, then placed in a Multipurpose gamma irradiator
with a Cobalt60 source (Model GS 1000, Category 4,
Panorama Wet Storage Source, Siemen, Germany) at the
Gamma irradiation Facility, Nuclear Technology Center,
Sheda, Abuja, Nigeria. The raw grains were treated with
gamma rays at doses of 0, 2.5, 5.0, 10.0 and 20.0kGy with
an overall uncertainty of ± 4%. The pouches of the
samples were rotated 180o half way during radiation
process, to ensure even distribution of radiation
absorption. The absorbed dose was measured by
employing Alanine/ E-scan. The packaged seeds were
stored in cool and dried place until used.

RESULTS AND DISCUSSION
Effect of gamma irradiation on the proximate
composition of sorrel seed
The effect of irradiation on the proximate chemical
composition of sorrel seed is presented in Table 1.
Irradiation significantly decreased the protein content of
the seed from 31.94% in non-irradiated seed to 27.38,
25.92, 26.48, 27.55, and 30.63% in 2.5kGy, 5kGy,
7.5kGy, 15kGy, and 20kGy, γ- irradiated seed
respectively. The data obtained were similar to that
reported by Mohammed et al. (2012). Nzikou et al.
(2011) reported that sorrel seed contained 27.78% protein.
The difference could be due to varietal differences and
condition of maturity at the time of harvest. Sridhar and
Bhat (2007), also, reported a significant decrease in the
protein content of γ-irradiated lotus bean seeds. However,
other studies have also suggested that irradiation could
bring about modification in the protein content of

Determination of proximate composition of sorrel
seed
The recommended methods of AOAC, (2010) were
adopted for proximate analysis, which was carried out to
determine moisture, crude protein, ash, crude fat and crude
fibre.
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reported by Nyam et al. (2009) for seed oil. The data
obtained is in general agreement with that of Al- Bachir,
(2004), who reported that there was no significant
differences in the peroxide value of both γ-irradiated and
non-irradiated walnut at doses up to 2kGy, but
contradicted the report of Mexis and Kontominas,
(2009), who reported that irradiation increased the PV
value of cashew nut from 0.48 in non- irradiated cashew
to 2.65meqO2/kg up to doses of 7kGy. The PV value
(1.38meqO2/kg of oil) obtained in this study was lower
than that reported by Nyam et al. (2009).
Lipid
oxidation resulted in the formation of hydroperoxides,
which are unstable and decomposes to form secondary
compounds such as aldehydes, ketones, alcohol, and
hydrocarbons.

irradiated samples. A significant dose-dependent
decrease (p<0.05) in crude lipid was recorded at all doses
compared with the control. The decrease in lipid content
upon irradiation of sorrel seeds was also reported by
Bhat and Sridhar (2008). It decreased from 26.43% in
non-irradiated seed to 23.70% in sample irradiated at
20kGy.Irradiation had no significant effect on the crude
fibre and ash content of the seed. There was no
significant difference between crude ash and crude fibre
of sorrel seed irradiated at different kGy, respectively.
High ash content in sorrel seeds indicated that it could
contain high mineral constituents.

Colour of irradiated sorrel seed
The changes in colour as affected by γ-irradiation are
presented in Table 3.
There was no significant
difference in the colour intensity index (L*) and (b*) of
sorrel seed. The (a*) values decreased with increase in
irradiation doses. This observation contradicted the
report of Mexis et al., 2009, that there is a breakdown of
glycosidic and peptidic linkages during irradiation,
which brings about maillard reaction, and results in
darkening of seed colour.

The saponification value of both gamma irradiated and
non-gamma irradiated oil showed no difference
significantly. A constant value of 173.41mgKOHg-1 was
recorded up till 20kGy dose level, which was in
agreement with the values obtained for linseed oil
(190.86mgKOHg-1), sunflower (188.98mgKOHg-1) and
soybeans (179.45mgKOHg-1) as reported by Nehdi
(2011). The free fatty acid of the non-irradiated and
gamma-irradiated oil ranges between 1.39 mg KOHg-1
and 2.92 mg KOHg-1 which were lower than 6.50 mg
KOHg-1 reported for sorrel seed oil by Nyam et al.
(2009). This variation could be as a result of differences
in variety, or the duration of storage before analysis.

Physical properties of the Oil
There was no significant difference in the peroxide value
(PV) of gamma irradiated and non-gamma irradiated
sorrel oil as shown in Table 2. The PV value (1.38meq of
O2/kg of oil) obtained in this study was lower than that

Table 1: Proximate composition of γ-irradiated sorrel seed (on dry weight basis) (n=3, mean ± SD)
Dose (kGy)
Component (%)
0
2.5
5
7.5
10
Crude protein
31.94±0.04e
27.38±0.37c
25.92±0.02a
26.48±0.35b
26.34±0.04b
Crude lipid
26.43±0.4c
24.58±0.52b
22.78±0.25a
22.58±0.52a
23.00±0.5a
a
a
a
a
Crude fibre
11.51±0.14
11.50±0.14
11.46±0.04
11.67±0.16
11.41±0.07 a
a
a
a
a
Total ash
6.49±0.02
6.44±0.03
6.42±0.02
6.35±0.11
6.43±0.11 a
a
b
d
c
Carbohydrate
23.66±0.13
29.56±0.13
33.92±0.02
32.40±0.23
33.21±0.06d

15
27.55±0.05c
23.41±0.35a
11.43±0.07 a
6.44±0.06 a
32.32±0.21c

20
30.63±0.04d
23.70±1.35a
11.47±0.05 a
6.39±0.06 a
29.39±0.05b

Values followed by the same letter along the same row are not significantly different. (P<0.05)

Table 2: Effect of γ-irradiation on physical properties of sorrel seed oil
Component
Peroxide value
(meqO2/ kg oil)
Saponification
value (mgKOHg-1)
Free fatty acid
value (mgKOHg-1)

0
1.38±0.02a

Dose (kGy)
2.5
5
6.67±0.12b
6.89±0.45b

7.5
7.77±0.06c

10
8.24±0.10c

15
8.56±0.11c

20
9.45±0.41d

173.41±0.78a

201.56±1.57d

191.52± 1.76d

178.40±2.10b

177.99±1.24b

2.06.48±4.52e

202.13±2.18d

1.39±0.13a

2.24±0.12b

2.54±0.02c

2.55±0.00c

2.71±0.09d

2.82±0.06e

2.92±0.03e

Values with different superscript in the same column are significantly different. (P<0.05)
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1.12mgKOHg-1 in peanuts oil. Free fatty acid is an index
of oil quality, used to determine its edibility and
suitability for use in industry. Bhatti et al., (2013)
reported that irradiation increased the acidity of oil.

The values obtained in this study was similar to that
reported for irradiated Almond nut oil (1.14mgKOHg-1)
after storage for a period of 12months by Al-Bachir,
(2004), and that of Bhatti et al. (2010) who found

Table 3: Colour changes of irradiated sorrel seeds (Hibiscus sabdariffa L.)

Lightness (L*)
Redness (a*)
Yellowness b*)
Hue
Chroma

Irradiation dose (kGy)
0
2.5 k Gy
63.97±0.05a
64.69±0.12b
29.08±0.01b
17.72±0.03a
b
36.86±0.21
35.48±0.25a
a
51.72±0.12
63.46±0.15b
c
46.95±0.02
39.60±0.2 a

5 k Gy
63.99±0.13a
17.41±0.01a
35.46±0.17a
63.59±0.05b
39.15±0.0 a

7.5 k Gy
64.20±0.18a
17.32±0.05a
35.40±0.07a
63.93±0.12b
39.41±0.17a

10 k Gy
64.04±0.31ab
17.06±0.03a
35.85±0.15a
63.40±0.13b
39.48±0.02 a

15 k Gy
64.37±0.04b
17.56±0.03a
36.70±0.06b
64.44±0.16c
39.48±0.13a

20 k Gy
63.96±0.22 a
17.73±0.07a
35.19±0.09a
63.20±0.21b
40.05±0.05b

Values represent means ±SD of triplicate determination.

Table 4: Fatty acid composition of flours of Sorrel seeds treated with γ-irradiation
Fatty Acids
Saturated fatty acids
Lauric acid (C12:0)
Myristic acid (14.0)
Pentadecanoic acid (C15.0)
Palmitic acid (C16.0)
Hepatadeconoic acid (17.0)
Stearic acid (18.0)
Arachidic acid (C20.0)
Behenic acid (C22:0)
Lignoceric acid (C24:0)
Polyunsaturated fatty acids
Myristoleic acid (C14:1)
Pentadeconoic acid ( C15:1)
Palmitoleic C16:1 trans
Palmitoleic C16:1
Heptadecanoate C17:1
Oleic acid (C18:1)cis
Oleic acid (C18:1)trans
Linoleic acid (C18:2)cis
Linoleic acid (C18:2) trans
Linolenic acid (C18:3)
Eicosadienoic acid (C20:1)
Total trans
Total saturated
Total monounsaturated
Total polyunsaturated
Total Unsaturated
Total unsaturated/Total saturated

Dose(kGy)
0

2.5

5

10

20

0.20±0.02b
17.11±0.11b
0.13±0.01b
5.41±0.13b
0.73±0.01a
0.27±0.01a
0.37±0.03b

0.22±0.01b
16.79±0.01b
4.97±0.06b
0.79±0.02a
0.34±0.00a
0.38±0.01b

0.21±0.02b
16.06±0.32b
0.05±0.07c
4.91±0.11b
0.77±0.03a
0.32±0.02a
0.39±0.01b

0.24±0.02b
16.72±0.01b
4.97±0.14b
0.74±0.02a
0.57±0.21a
0.53±0.01a

1.06±1.06
3.05±0.12a
0.28±0.00
19.82±0.24a
0.42±0.04a
8.43±0.56a
0.34±0.03b
0.34±0.16a
0.04±0.05c

0.32±0.01b
0.15±0.01a
31.16±0.16a
41.28±0.48b
0.26±0.00b
24.33
31.49
41.54
73.03
3.01

0.34±0.02b
32.32±0.56a
41.08±0.29b
0.26±0.05b
23.11
32.66
41.32
74.00
3.20

0.33±0.02b
0.06b
30.41±0.58b
40.92±0.16b
0.30±0.01b
22.68
30.74
41.22
71.96
3.17

0.37±0.00b
30.41±0.24b
42.74±0.31a
0.34±0.01b
23.77
30.78
43.08
73.86
3.11

0.08±0.03
0.52±0.01
4.60±0.16a
0.17±0.01a
24.76±1.16c
1.07±0.08
11.17±0.22c
0.12±0.06
1.08±0.09a
1.26±0.02
1.71
33.28
30.62
14.55
45.17
1.36

Values followed by the same letter along the same row are not significantly different. (P<0.05)
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non-irradiated
irradiated flour to 37.50 % in flour irradiated at
20kGy, while foaming capacity was not significantly
s
affected up to doses of 10kGy. Foaming capacity was
significantly increased to 47.00 % and 48.10 % in 20 and
15kGy flour, respectively. This might be as a result of
differences in the protein solubility and chemical
composition. Bhat and Sridhar
ar (2008) also observed
increase in foam stability of mucuna seeds even at
30kGy, while Pednekar et al,
al (2010) reported no
significant difference in the foaming capacity of
irradiated soybean up to 30kGy. Irradiated sorrel flour
could find application in pastry
astry and baking industry.

Functional properties of sorrel seed flour
The effect of γ-irradiation
irradiation on the water absorption
capacity (WAC) and oil absorption capacity (OAC) of
sorrel seeds flour is presented in Figure 1. The WAC of
the sorrel seed flour significantly increased from
3.43g/100g in the non-gamma
gamma irradiated flour to
3.75g/100g in flour with doses up to 15kGy. Decrements
in the WAC (3.57 g/100g and 3.68 g/100g) were
observed at 5kGy and 20kGy, respectively. Bhat et al.
(2007) also observed the same trend with Mucuna seed
flour, while Abu et al. (2005) did not find any
appreciable increase in WAC of irradiated Cowpea flour
at 50kGy. The increase in WAC might be attributed to
the depolymerisation of starch into short chain dextrin
with a higher affinity for water (Whistler and Daniel,
1985). Bhat et al.(2007)
.(2007) reported that high WAC of
flours is advantageous in the preparation of pastries such
as bread and sausages, to maintain freshness and for easy
handling.

Figure 2:: Foaming properties of irradiated sorrel seeds

Emulsion capacity (EC) and emulsion stability (ES) of
irradiated sorrel seed flour are presented in Figure 3.
Emulsifying properties increased as the doses increased
which made it important in the preparation of milk-like
milk
beverages and meat analogues as reported by Fasasi et
al., (2007).

Figure 1: Water and oil absorption capacity for irradiated
sorrel seeds

Oil Absorption Capacity significantly decreased from
1.87g/100g in untreated flour to 1.9g/100g, and then to
1.63g/100g in flour treated with 2.5kGy and 20kGy
flour, respectively which might be due to denaturation of
the seed protein during irradiation, wh
which in turns
destroyed the hydrophobic domain of the seed and
reduced fat binding. The values obtained in this study
may be attributed to the high fat content of the sorrel
seed. Kinsella, (1976) explained that the mechanism of
oil absorption involves the physical entrapment of oil by
food component and the affinity of non
non-polar protein
side chain for lipids. Mwangwela et al.,., (2007) did not
observed any significant changes in OAC of cowpea
flour micronized at temperatures of 130 and 170oC,
respectively.

Figure 3:: Emulsion properties of irradiated sorrel seeds

Fatty acids profile

The
he Foaming properties of sorrel seed flour is presented
in Figure 2. Foaming stability decreased as the
irradiation doses increased. It increased from 57.66 % in

The main monounsaturated fatty acids (MUFA) present
in the non-irradiated
irradiated sorrel seed was Oleic (31.17%) with
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preferable for the seeds preservation than the higher dose
of 20 kGy.

traces of palmitoleic acid (Table 4).
The major
polyunsaturated fatty acid (PUFA) present was linoleic
acid (41.28%) with a small amount of linolenic acid
(0.26%). The major saturated fatty acids present were
palmitic acid (17.11%) and stearic acid (5.41%), small
quantities of myristic (0.20%), behenic (0.27%),
lignoceric acid (0.37%) and arachidic acid (0.73%) were
detected. In irradiated sorrel seeds oil, PUFA were
relatively stable to irradiation up to the dose of 10kGy,
but their concentration decreased from 41.54% at 0kGy
to 14.55% at 20kGy.
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