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ABSTRACT

Isolated starch of bambarra groundnut (Voandzeia subterranean) was

subjected to hydrothermal modifications through annealing and heat moisture

conditioning. Both annealing and heat moisture conditioning reduced the swelling

power and solubility of the starch. Water binding capacity reduced after annealing,

heat moisture conditioning at 18% moisture level (HMB18) and heat moisture

conditioning at 2 1 % moisture level (HMB21). Both heat moisture conditioning at

24% moisture level (HMB24) and heat moisture conditioning at 27% moisture level

(HMB27) increased the water binding capacity. Hydrothermal modifications

reduced the oil absorption capacity of the raw starch. Annealing and heat moisture

conditioning reduced the peak viscosity, (Pv) viscosity at 95°C (Hv) and viscosity at

95°C after 30 minutes holding (Hv30). However, viscosity increased on cooling

down to 50°C after annealing. Annealing and heat moisture treatments as revealed

by scanning electron micrograph and light micrograph did not alter the shape and

size of the raw starch. The results indicate a rearrangement within the starch

granule following hydrothermal treatments.



1 Introduction

Bambarra groundnut belongs to the family fabacea. It is an indigenous

African legume grown primarily by subsistence farmers.[1] It is widely cultivated

throughout tropical Africa, India, Sri Lanka, Indonesia and Malaysia [2,3,4]. Of the

total annual production of around 300,000 tonnes, approximately half is produced

in West Africa [5]. The seed is consumed in various forms for food in different

parts of the world. Fresh seed may be consumed raw, boiled, grilled or the dry

seeds made into a powdery form to make cakes [6]. Although considering the

nutritional status, it has been reported that Bambarra groundnut has low protein

content (18.8%) compared to some other tropical legume crops [7]. It however has

a high calorific value (367 cal/100g) and this has registered it as a legume of

importance [8]. The high carbohydrate content of Bambarra groundnut (72.27%)[8]

makes it a rich source of starch.

Starches over the years have been used naturally or in modified form as

components and/or processing materials in the food industries. This natural

polymeric material is valued for some of its properties which include thickening,

gelling and film forming. Different food products make different demands on the

starches to use in their formulations, depending upon the desired properties of the

food product in production.

Although starch is abundant in many plants as a reserve for carbohydrate,

the main sources for commercial starch has been cereal grains (rice, maize,

wheat), tubers (potato) and root crops (sweet potato, cassava and arrow roots),

virtually all these sources compete with the demand for use as cooked food or

other applications. Consequently, there is the need to look for other alternative

sources of starch, to reduce the load on the existing sources. Tropical countries

are blessed with diverse of indigenous species of plants that could serve as

alternative sources of starch and these have been reported [9-11]. A promising
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source of starch is bambarra groundnut, because of its high yielding potential,

excellent caloric and nutrient source.

Physical modifications such as annealing and heat moisture conditioning

have been applied to starches in the past to alter their physicochemical properties

with a view to meeting the various industrial needs of the starches. Investigators

have shown that when starches with low moisture level are heated, the functional

characteristics change considerably, particularly those obtained from tubers or

roots [12, 13]. Annealing as a way of physical modification, which entails heating a

starch sample in the presence of excess water at sub-gelatinization temperature

has been established to cause a narrowing of the temperature range of the

gelatinization and a higher maximum temperature of gelatinization [14].

The objective of the present study was, therefore to characterise bambarra

groundnut starch and provide information on the effect of annealing and heat

moisture conditioning on the physicochemical characteristics of the starch, which

may prove useful when considering its applications to food industries.

2 Materials and Methods

2.1 Materials

Bambarra groundnut seeds were purchased from a local market, Ayetoro,

Ogun State, Nigeria. The sample was identified at International Institute of

Tropical Agriculture (IITA), Ibadan, Nigeria. Unless otherwise mentioned, all

chemicals used were of Analar grade.

2.2 Isolation and Purification of Starch

1 kg of the sample was soaked in 4 litres of 0.2% (w/v) solution of NaOH at

4°C for 12 hours. The seeds were then manually dehulled, blended for 30 minutes

in a WARING blender (Braun Multimix de luxe MX40, type 2291). The slurry



obtained after blending was re-suspended in 5 litres of sodium hydroxide solution

(pH 8.0-8.5). It was stirred manually for 30 minutes, while maintaining the pH

between 8.0 and 8.5. After stirring, the suspension was screened through 75 urn

sieve. It was centrifuged at 10,000 rpm for 30 minutes.

This process was repeated four times. The starch thus obtained was air dried for

72 hours at 30 ± 2°C.

2.3 Annealing

Annealing of the starch was carried out according to the method of Jacob's

[15] Starch Suspension in distilled water (1:2 w/v) was heated for 24 hours in a

sealed container in a water bath at 50°C. After 24 hours incubation period, the

suspension was filtered through a Whatman number 1 filter paper and air-dried at

30 ± 2°C for 72 hours. It was then stored in sealed polyethylene bag at 4°C prior

use.

2.4 Heat Moisture Conditioning

The method of Celia [16] was used. The moisture level of the starch

samples were raised to 18, 21, 24 and 27% (the moisture level of the raw

unmodified starch was pre determined), by dispersing in distilled water. This was

then heated at 100°C for 16 hours in an air oven. The starches were then dried at

30 ± 2°C for 24 hours. It was thereafter stored in sealed polyethylene bag at 4°C

prior use.

2.5 Physicochemical Analyses

Proximate analyses for moisture, protein (N x 6.25) crude fat, ash and crude

fibre were carried out in triplicate according to the standard methods already

described by the Association of Official Analytical Chemists AOAC [17]. Results

were reported as the mean of triplicate determinations.



Swelling power and solubility of the starches were recorded in the

temperature range of 60°C - 90°C using the method of Leach et al [18] with slight

modifications. 1 g of starch was dispersed in 50 cm3 of distilled water. The

resultant slurry was heated at desired temperature for 30 min in a temperature

regulated water bath. Suspension was centrifuged at 5000rpm, for 15min. Aliquots

(5ml of supernatant) was dried to a constant weight at 110°C. The residue obtained

after drying the supernatant represented the amount of starch solubilized in water.

Solubility was calculated as g per 100g of starch on dry weight basis.

Effect of pH on swelling and solubility was determined. Starch slurries

(1%w/v) were prepared in distilled water and the pH adjusted to the desired value

with 0.1M NaOH. The slurries were then allowed to stand at 30 ± 2°C for additional

30 mins, centrifuged (5000rpm, 15mins) and swelling capacity and solubility

determined.

For water and oil absorption determinations the method of Beuchat [19] was

employed. One gram of sample was mixed with 10ml of distilled water

or oil (Executive chef oil, Lever Brothers Nig. Pic) as the case might be, using a

fast mixer (VARIWHIRL mixer) for 30 seconds. The mixture was then allowed to

stand for 30 minutes at 30 ± 2°C, centrifuged at 5000 rpm for 30 minutes and the

volume of the supernatant noted. Mass of oil and water absorbed was expressed

as dry weight basis.

The pasting properties of starches were determined in a Brabender

Visco/Amylograph (Type 801203 W.G.) equipped with a 700 cmg sensitivity

cartridge, operating at 75 rpm bowl speed. 8% starch paste (36 g of starch on dry

weight basis in 450 ml of water) was heated from 50°C to 95°C, kept at this

temperature for 30 minutes, then cooled to 50°C and held at this temperature for

30 minutes.



2.6 Microscopic Studies

For scanning electron micrograph, a thin layer of starch granules was mounted on

an aluminium specimen holder by a double sided tape. The specimen holder was

loaded in a POLARON SC 7610 sputter coater (Fisons instrument, England). It

was coated with gold - palladium with a thickness of about 30nm.The specimen

holder was then transferred to a XL 20 Series (Phillips) scanning electron

microscope SEM and the starch samples were examined at 10 KV. Light

micrograph of the starch samples were taken with a Diplan-microscope model GF

(Leitz Wetzlar, Germany). Measurement of starch granule size was carried out

according to the method of Sathe and Salunkhe[20].

2.7 Statistical Analysis

All analyses were done in triplicate. Analysis of variance was performed to

calculate significant differences in treatment means, and LSD (P< 0.05) was used

to separate means (SAS, 1988) [21].

3. Results and Discussion

3.1 Physicochemical Properties

The results of the proximate analyses of the native, annealed and heat

moisture conditioned starches of Bambarra groundnut are presented in Table 1.

Annealed bambarra starch had highest moisture level, after drying all the samples

at the same condition. All the heat moisture conditioned starches have values

higher than the raw unmodified starch, with HMB-|8 having the lowest value and

HMB27 recording the highest level of 9.3%. Annealed starch recorded a slightly

higher moisture value than other forms of the starches. The lipids content of the

modified starches are lower, compared to the unmodified starches. However,



among the modified starches, HMB27 records the lowest value of 0.6%. The starch

extraction procedure significantly removed the proteins in the starch samples. The

exhaustive purification, achieved through alkaline solubilisation, gave a range

between 2.3 -1.6%, with raw starch recording the highest value.

The results of effect of temperature on swelling and solubility of the starch

samples are presented in Table 2. The results reflects a general reduction of the

swelling power of the raw starch sample after heat moisture conditioning and

annealing . This observation is in agreement with the lowering of swelling power of

wheat and potato starches after heat moisture conditioning [13]. A similar trend

was reported for native green arrow pea, eston lentil, othello pinto bean and

express field pea[14]. Also the swelling power of all samples increased with

temperature. Similar observation has been reported for normal maize, waxy maize,

dull waxy maize and amylomaize[23]. The reduction in swelling power following

hydrothermal modification has been attributed to internal rearrangement within the

starch granules, which brings about further interaction among the starch bonding

functional groups[12, 21-23], making it to form more of ordered double helical

amylopectin side chain clusters, which accounts for increased starch crystallinity.

Increased starch crystallinity is probably responsible for reduction in swelling

power because the crystalline granules limit starch swelling[24-26]. Similar

lowering of swelling power was reported for heat moisture conditioned wheat, oat,

lentil and potato starches[27].

In all the samples investigated, solubility increased with temperature.

However, following hydrothermal treatment, the solubility of the raw starch reduced

at all the temperature values studied. Solubility is generally found to decrease as a

result of heat moisture treatment and annealing[13, 28-31] but increase in solubility

following hydrothermal modification has been reported for the starches of

rye[32],barley and triticale [33].



The effect of pH on swelling and solubility is presented on Table 3. Swelling and

solubility of the raw starch reduced after heat moisture conditioning and annealing.

The swelling capacity of annealed starch is lower than the values obtained for all

the heat moisture conditioned starches in the alkaline range. The swelling

capacity of all the starches increased with increasing pH in the alkaline region, with

raw starch having the highest value of 7.2 at pH12. In the acidic range, apart from

annealed starch and HMBi8 which have the minimum value of 0.8 at pH6, all other

samples investigated have their minimum swelling capacities at pH4. The

maximum swelling capacity recorded in the acidic range was at pH 2. The

solubility pattern of the sample investigated reflects an increasing trend in all the

samples in the alkaline range as alkalinity increases, with raw starch having the

highest value of 6.2 at pH12. All the heat moisture conditioned starches have

values greater than the annealed starch at all the pH levels studied . Increased

swelling capacity and solubility in the alkaline range is a consequence of changes

in the starch granule brought about by the alkaline environment [34] It seems

apparent that alkalinity causes a partial disintegration of the crystalline region of

the starch, consequently breaking the bonding attractive forces within the starch

granules, which permits increased swelling. Swelling is basically brought about

by progressive hydration of the amorphous areas of the starch. The water and

oil absorption capacities of the starches under investigation are presented in

Figure 1. The minimum tendency for water absorption was observed in HMB18,

which has a value of 0.65(g/g). Among the heat moisture conditioned starches,

water absorption capacity increased with increasing level of moisture conditioning.

The water absorption capacity of the raw starch reduced significantly after

annealing, although heat moisture conditioning at HMB-|8 and HMB21 appear to

have produced a more significant reduction in water binding capacity.
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This result does not agree with the effect of heat moisture conditioning (100

°C/16h) on water binding capacity of corn starch [16], in which case heat moisture

conditioning at 21% caused an increase in the water binding capacity of corn

starch. The report corroborates the realignment of the bonding forces in the

granule of the starch after modification, thus increasing the binding forces of

attraction at moisture levels 18% and 21%. However, progressive increase in the

moisture level probably weakened the binding forces of attraction in the granule

after 21% moisture level, thus enhancing the tendency of the starch granules to

absorb more water. The values of oil absorption observed for all the samples were

lower than the values obtained for water absorption capacities. This result

indicates a higher level of hydrophilicity compared to hydrophobicity in the starches

investigated. Among the heat moisture conditioned starches, there was a

progressive increase in the oil absorption capacity of the starches as the level of

moisture increased.

3.2 Pasting Properties

The Brabender pasting properties of the starches under investigation are

presented on Table 4. An increase in gelatinization temperature was observed

after heat moisture conditioning at 21%, 24% and 27%. However, annealing and

HMBis appear not to have altered the gelatinisation temperature. Both annealing

and heat moisture conditioning reduced the peak viscosity of the raw bambarra

starch. Peak viscosity however reduced with increasing level of moisture in the

heat moisture conditioned starches. The hot paste viscosity (Hv) of the modified

starches was considerably lower than the hot paste viscosity of the raw starch.

Generally, there was an increase in the viscosity of the starches after cooling to

50°C (Cv), with annealed starch, having a value of 2000 B.U., compared to 1500

B.U. of the raw starch. Heat moisture conditioning however, reduced the cold
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paste viscosity of the raw starch. Setback value of the starches also reduced after

heat moisture conditioning. The trend observed was that setback value reduced

as the level of moisture increased in the heat moisture conditioned starches.

Hydrothermal treatments normally bring about a lower peak viscosity and higher

cold paste viscosities for potato starch [35]. Although starches from different

botanical sources had different pasting properties after annealing at 3-4°C lower

than gelatinization temperature for 24 h [15]. Potato starch had lower peak

viscosities and higher cold paste viscosities while wheat and rice starches had

higher peak viscosities and cold paste viscosities. A consistent decrease of

branbender pasting viscosities at 95°C after 30 min. holding time has been

reported for heat moisture treated normal maize, amylomaize [23], oat, lentil, yam

starches [35] and cassava [36]. It appears hydrothemal conditioning makes the

granules to be resistant to deformation by strengthening the intragranular binding

forces. It is believed that high cold paste viscosity of the annealed starch could be

attributed to rigid nature of the swollen gelatinized starch.

3.3 Microscopic studies

The samples were examined by light and scanning electron microscope and the

results presented in Figs.2-7. The shape of the starch granules were

predominantly oval, a few ones have concave shape and round shape, those that

have round shape were smaller in size. The range of the granule size after taking

40 representative, was18-36//m for width and 20-61/;m for length. The result is in

close agreement to the granule size of navy and pinto bean starches (12-36 and

16-28 //m for width, 12-40 and16-40//m for length) respectively [37].The light

micrograph shows the presence of hyla on some of the starch granules, with

different shapes. Presence of hyla has been reported for black gram starch [38]

and great northern bean starch[20]. Hyla are dark bands fissures or cracks on the
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starch granules[37]. It has been suggested that they are due to internal cracking

during air drying of the starch [39]. The results of both scanning electron

micrograph and light micrograph did not show any change in granule size or shape

after hydrothermal modification of the raw starch. The observation is in agreement

with the result of physically modified cassava starch [36] and annealed wheat, oat,

potato and lentil starch[35].

4. Conclusions

Annealing and heat moisture conditioning affected the physicochemical

characteristics of raw bambarra groundnut starch. The swelling power and

solubility were reduced following hydrothermal modifications contrary to results

obtained with barley starch after modification. In comparison to cassava starch

however water absorption capacity reduced following heat moisture conditioning.

Water absorption capacity improved at 24% and 27% level of heat moisture

conditioning while annealing and heat moisture conditioning at 18% and 2 1 %

reduced the tendency to absorb water. Both annealing and heat moisture

conditioning reduced the hydrophobicity of the raw starch. Heat moisture

conditioning improved the pasting stability of the raw bambarra groundnut starch,

whereas annealing increased the retrogradation tendendcy.

Bambarra groundnut starch following hydrothermal treatments exhibited

better physicochemical properties that could make it a good component for gelling

and thickening functions in food systems.
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TABLE CAPTIONS

Table 1

Proximate composition of raw, Heat Moisture Conditioned and Annealed Starches
of Bambarra Groundnut

Table 2

Effect of temperature on swelling power and solubilities of starches of raw,
annealed and heat moisture conditioned starches of Bambarra groundnut

Table 3

Effect of pH on swelling power and solubility of raw, annealed and heat moisture
conditioned starches of Bambarra Groundnut

Table 4

Pasting properties of raw, annealed and heat moisture conditioned starches of
Bambarra groundnut
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TABLE 1

Starch

Raw

Annealed

HMB18

HMB21

HMB24

HMB27

Yield

38.2a

98.9"

98.1°

98.1°

98.2°

98.5°

Moisture

8.0a

9.4"

8.5a

8.9a

8.9a

9.3"

Ash
to/ \

0.5a

0.5a

0.5a

0.5a

0.5a

0.5a

Fat

1.2a

0.8a

0.8a

0.8a

0.7a

0.6a

Crude Fibre

1.2a

0.9ab

0.9ab

0.9ab

0.7ab

0.6"

Protein**

2.3a

1.7"

2.0ab

2.0ab

1.9ab

1.6"

* Means of triplicate determinations reported
Means within columns with different letter are significantly different (P<0.05).

+ % yield calculated on native starch basis
N x 6.25

TABLE 2

Starch

Starch
Raw

Annealed

HMB18

HMB21

HMB24

HMB27

Percentage swelling power at
°C (g/g)
60
6.2a

5.8a

6.0a

5.8a

5.8a

5.7a

70
13.8°

9.4"

8.5a

8.9a

8.9a

9.3"

80
15.1a

12.8"

14.3a

14.1a

12.8"

12.8"

90
19.7a

17.5"

19.4a

18.1°

17.5ab

17.5"

Solubility (%) at

60
8.2a

7.7a

7.9a

7.6a

7.3a

6.7a

70
10.3"

7.8a

8.1 a

7.9a

7.5a

7.4a

°C (g/100g)

80
10.4°

8.3a

9.4"

9 .1"

8.8a

8.3a

90
10.7°

8.9a

10.2°

9.8"

9.4"

9.3"

* Means of triplicate determinations reported
Means within columns with different letter are significantly different (P<0.05).
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TABLE 3

Starch
Raw

Annealed

HMB18

HMB21

HMB24

HMB27

2
1.9'

1.6'"

1.4ab

1.4ab

1.4'"

1.2"

4
1.4'

0.9a

1.1a

0.9a

0.6"

0.7"

Swelling Power"1"
PH

6
2.4 '

0.8a

0.8"

0.9"

0.9"

0.8"

8
3.5'

1.1"

3.2a

2.4°

1.9C

1.8C

10
4.3a

2.1"

3.9'

3.9a

3.3C

3.3°

12
7.2a

3.2"

5.6C

4.5d

4 .1 d

3.9d

2
3.9'

2.8"

3.7a

3.4'

3.3"

2.1C

4
1.1 '

1.2'

1.9'

1.9a

1.4a

1.3a

Solubility"1"
PH

6
3.1"

2.6a

2.6'

2.6'

2 . 1 '

1.9"

8
3.6b

2.0a

3.4"

3 .1 "

2.7"

2.2a

10
4.7"

2.6a

4.5"

3.7"

3 .1 a

3.0a

12
6.2"

3.0'

5 .1"

3.8"

3.2a

3.2a

Means of triplicate determinations reported.
Means within columns with different letter are significantly different (P<0.05).

TABLE 4

Starch

Raw

Annealed

HMB18

HMB21

HMB24

HMB27

Tp

75

75

75

80

86

87

Pv
(B.U)
430

210

292

150

98

81

Hv
(B.U)
418

190

275

150

98

81

Hv30

(B.U)
425

238

318

150

125

110

Cv
(B.U)
1500

2000

1000

800

530

380

SB
(B.U)
1570

1790

708

650

432

299

* Values are means of duplicate determinations.
Tp initial pasting temperature
Pv Peak viscosity during heating
Hv Viscosity at 95°C
Hv30 Viscosity after 30min holding at 95°C
Cv Viscosity at 50°C
SB Setback value
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FIGURE CAPTIONS

Figure 1

Water and oil absorption capacities of raw, annealed and heat moisture
conditioned starches of Bambarra groundnut

Figure 2

Light micrograph of raw Bambarra groundnut starch

Figure 3

Light micrograph of annealed Bambarra groundnut starch

Figure 4

Light micrograph of heat moisture conditioned Bambarra groundnut starch at 18%
moisture treatment (HMB18)

Figure 5

Scanning electron micrograph of annealed Bambarra groundnut starch

Figure 6

Scanning electron micrograph of raw Bambarra groundnut starch

Figure 7

Scanning electron micrograph of heat moisture conditioned Bambarra groundnut
starch at 18% moisture treatment (HMB18)
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FlgUXC 1: Water and oil absorption capacities of the raw annealed and
heat moisture conditioned staches of Bambara groundnut**



FIGURE 4



FIGURE 7


