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Abstract: The significance of preservatives in food preparations lies in their ability to inhibit or retard the
growth of microorganisms which in turn reduces their deteriorative effects on food. The preservative effects of
varying concentrations (1%, 3%, 5% v/v) of extracts of cloves (Syzygium aromaticum myrtaceae), guinea-
pepper (Xylopia aethiopica annonaceae) and a combination of the two extracts on soymilk were studied in both
shelfed and refrigerated samples. The pH, protein and fat contents, and microbial load were used as parameters
for determining the stability of the milk. The pH values for clove extract-treated soymilk samples on shelf
showed increased level of acidity (5.16+0.13) compared to treated-refrigerated samples (6.62+0.03), while the
protein contents decreased more with storage time and these were concentration dependent. The fat contents of
the treated samples especially those treated with a combination of extracts were significantly higher (P<0.05)
than the untreated soymilk samples. Reduction in total microbial count was more pronounced in samples treated
with clove extract (1.92 x 10°) than those treated with guinea pepper extract (2.70 x 10°) and the controls. The
cloves-guinea pepper extract combination demonstrated the best preservative effect than the single extracts in
terms of nutrient content but the antimicrobial activity of the clove extract at 3% was significantly higher
(P<0.05) than those of guinea-pepper and the combination. The use of cloves as a preservative increased shelf
life of soymilk by 2 on shelf and 8 days in the refrigerator, guinea pepper extended shelf life by 1 day on shelf
and 6 days in refrigerator while combination of the extracts maintained a longer shelf life of 12 days in the
refrigerator and 2 days on the shelf. The result of the study shows that a combination of the extracts is a better
preservative of soymilk than the single extracts.
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l. Introduction

The importance of protein in the diet of growing children and its continuous supply is very vital in
Africa where the occurrence of protein energy malnutrition (PEM) is very rampant. Soybean, a highly
proteinous seed has been identified over the years as a cheap and readily available source of protein that could
be exploited to supply much of the needed nutrient. In developing countries and indeed in tropical regions of
sub-saharan Africa (except East Africa), the production of milk and milk products are limited, scarce and
expensive (Fashakun and Unokiwedi, 1992). Milk is an excellent source of nutrients such as vitamins, amino
acid, fats, minerals, proteins and sugar, making it an excellent medium for microbial proliferation (Akinyele et
al, 1999). Soybean seeds contains by weight approximately 32% carbohydrate, 20% fat, 5% minerals, 40%
protein and 5% vitamins (I.1.T.A.1990). It’s lipid content is rich in polyunsaturated fatty acids like linoleic acid
(52.3%) and linolenic acid (7.2%) (Lie and Prawirannegatae, 1974).These essential fatty acids reduce
cholesterol content of blood thereby decreasing the possibilities of heart and blood vessel diseases in human
beings (Morita et al, 1977).

Following the increasing awareness of the high nutrient value of soybean, there has been an increase in
consumption and marketing of soybean products like soymilk, soy-cheese, soy-ogi, soy-cake, soy-flour and a
host of others. Soymilk is the most popular of these products in Nigeria and efforts towards extending the
shelf-life of soymilk is of utmost important (Gbodi et al, 2002).The extension of the shelf life of soybean
products will help to save both time and labour spent in the preparation. The use of preservatives inhibiting and
retarding the growth of microorganism responsible for the spoilage or decay of food substance needs to be
addressed. Thus, the essence of natural preservatives over synthetic preservatives which is less costly and
presents no toxicological problem and environmental hazards is of great of interest (Ihekoronye and Ngoody,
1985). Spices and condiments used as flavouring in foods also have antimicrobial properties. 1t’s effectiveness is
governed by its concentration. Garlic, ginger, cinnamon, rosemary, and cloves have shown to have bactericidal
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and antifungal properties. Their antimicrobial action is as a result of the phenolic compound content that binds
to the microbial enzymes thus inhibiting microbial growth.

The antimicrobial activity of cloves against mycotoxigenic Aspergillus has been shown to be due to
engenol (Bullerman et al., 1977). The essential oil fraction particularly in cloves (Syzygium aromaticum
myrtaceae) has eugenol in high concentration approximately 95%.The presence of this compound in cloves
when added to baked food impacts flavour, aroma and functions as mold inhibitors (Paster et al., 1995).
Although the antimicrobial activity of some spices and herbs has been documented, the amounts added to foods
for flavour is not sufficient to completely inhibit microbial growth. This work was designed to determine the
effect of varying concentrations of extracts and their combination on microbial growth and nutrient composition.

MATERIALS
Soybean seeds, cloves (syzygium aromaticum myrtaceae) Guinea pepper (xylopia aethiopica
annonaceae) were purchased from Minna central market, Niger State, Nigeria.

1. Methods
Preparation of Water Extracts of Guinea pepper and Cloves
The fruit of guinea pepper and cloves were sun dried and ground into powder. 600ml of distilled water
was added to 100gm each of powdered cloves, guinea pepper and blended. The mixture was allowed to stand for
30 minutes and was filtered using muslin cloth with the filtrate collected in a conical flask and stored.

Preparation of Soy-Milk Samples

The traditional Hausa method described by Gbodi et al., (2002) was adopted for the preparation of the
soymilk. Soybean was thoroughly sieved to remove any possible stones and discoloured beans. 100gm of
soybean was weighed and soaked in water for 30 minutes. The beans were dehusked and immediately blended
with 250ml of distilled water. After blending, another 250ml of distilled water was added and sieved using
muslin cloth with the filtrate collected in a beaker. 4gm of granulated sugar was then added to 100ml of the
filtered soy-milk, 3(three) batches of four flasks each containing 100ml of filtered soymilk was prepared.

To each batch of four flasks of soymilk, varying concentration of aqueous extract of cloves, guinea
pepper and clove-guinea pepper mixture were added. Extracts in concentrations of 1%, 3%, and 5%v/v were
used to treat three batches of soymilk separately while the fourth batch was untreated serving as control. The
treated and untreated samples were then grouped into 2 batches. A batch was boiled for 15 minutes while the

other was pasteurized for 30 minutes at temperatures between 69-70°C in a controlled water bath.

pH Determination

The pH values of samples were determined using a pH meter (Crison micropH 2000)

Fat Content Determination

The determination of the fat content of treated and untreated soymilk samples were carried out using Werner
Schmid method as described by Bassir (1978). The samples were mixed with concentrated HCI acid and heated
in the steam bath until the mixture became dark brown. Ether was used to extract the fat in the bath. The weight
of the remaining fat was taken and the fat content calculated on percentage basis.

Protein Content Determination

Biuret method as outlined by Stroev and Markarova (1989) was used in the determination of the
protein content. A standard calibration curve was plotted using Bovine Serum Albumin (BSA) as standard
protein and absorbance read at a wavelength of 540nm.

Microbial Analysis / Microbiology

Total microbial count was determined to assess the number of microbial cells and the effects of the
different extracts on the microorganism. 1ml of each soymilk sample was dissolved in 9ml distilled water, after
which serial dilutions were carried out (for both initial preparation and after spoilage) aseptically as described
by Fawole and Oso (1988). 0.1ml of each sample after serial dilution was plated out in duplicates on plate count

nutrient agar (NA) plates for bacterial isolation and incubated at 37°C for 24 hours. Fungal counts were carried

out using potato dextrose agar (PDA) and incubated at 28°C for 24 hours. Fungi were identified based on their
appearance, texture, colour, rate of spreading and spore types under the microscope and matched with
illustrations and characteristics in a standard laboratory fungi catalog.

Characterization of the bacterial isolates was carried out by the methods described by Cowan (1974),
Ruickshank et al (1975) and Anisworth et al (1973). The morphology of the isolates were examined and
characteristic colonies identified using the following microscopic techniques and biochemical tests: Gram stain
reaction, catalase test, motility test to show presence of flagella, lactose fermentation test using Maccocky agar
and gelatine hydrolysis test. Others include Hydrogen sulphide test using triple sugar iron (TSI) agar, Ejikman
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test to indicate production of acid and gas, VVoges-Proskauer test (VP) methyl red and spore stain test were

carried out.

1. Results

pH Determination

The pH of the spice extracts in treated and untreated soymilk samples decreased with storage time
indicating increased tendency towards acidity as shown in Table 1 for the various concentrations of extract as
compared to the control. The samples treated with the highest concentration of cloves (5%) had the highest
decrease in pH (5.16+0.13) compared to other samples while the lowest decrease in pH values was recorded for
guinea pepper extract — treated samples.

Table 1: pH values of treated and untreated soymilk samples

Soymilk Concentration Mean+SEM  Sample
Samples of DAYS OF STORAGE Code

extract(%ov/v)

1 2 4 8 12

+Cloves 1 6.30 6.27 6.23 6.00 5.96 6.15+0.07 PS

3 6.88 580 5.71 5.67 556 5.92+0.24 PR

5 5.66 520 5.05 498 490 5.16+0.13 us
control - 6.71 6.69 6.60 6.57 6.52 6.62+0.03 UR
+Guinea- 1 6.48 6.38 6.23 6.19 6.12 6.28+0.06 PR
pepper

3 6.51 6.47 6.41 6.38 6.29 6.41+0.03 UR

5 6.57 6.18 6.09 598 5.80 6.12+0.12 us
control - 6.61 6.50 6.41 6.30 6.12 6.39+0.08 PS
+Clove- 1 6.34 6.20 6.11 6.02 596 6.13+0.06 PS
guinea
pepper

3 6.18 6.09 6.00 592 5.82 6.00+0.06 PR

5 6.09 599 5.90 579 5.65 5.88+0.07 us
control - 6.71 6.69 6.60 6.58 6.52 6.62+0.03 UR

NOTE: PS - Pasteurized soymilk on shelf

PR - Pasteurized soymilk refrigerated
US - Unpasteurized but boiled soymilk on shelf

UR - Unpasteurized but boiled soymilk on shelf refrigerated

Fat content

The effect of the different spice extract on the fat content of soymilk was determined after 24 hours of
storage and is shown on Figure 1 and Table 2. The clove-guinea pepper combination produced the highest

increase in percentage fat content of soymilk than those of individual spice extracts.
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Figure 1 Effect of Spice extract on Fat content of Soymilk after 24 hours

g.pep means guinea-pepper
Clv+g.pep means clove+guinea-pepper combination
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Table 2: Fat content of treated and untreated soymilk samples after 24 hours

Soymilk Concentration % Fat  Sample
Samples of extract(%v/v) Code
+Cloves 1 12.60 PS

3 15.90 PR

5 17.20 us
control - 11.80 UR
+Guinea-pepper 1 18.50 PR

3 29.00 UR

5 34.20 us
control - 11.95 PS
+Clove-guinea pepper 1 32.20 PS

3 41.20 PR

5 48.10 us
control - 11.80 UR

NOTE: PS - Pasteurized soymilk on shelf

PR - Pasteurized soymilk refrigerated

US - Unpasteurized but boiled soymilk on shelf

UR - Unpasteurized but boiled soymilk on shelf refrigerated

Protein Content

The protein content in treated soymilk samples (Table 2) showed a decrease with storage time for all
concentrations of extracts used when compared to the control. There was no significant (P>0.05) difference
between clove and clove-guinea-pepper extract, but a significant (P<0.05) difference was observed for guinea-
pepper when compared to control. However refrigerated samples had the least decrease in protein content than
samples on shelf when compared and this decrease tended to reduce the nutritive value of the milk with respect
to storage time.

Table 3: Protein concentration of treated and untreated samples of Soybean milk

Soymilk Concentration DAYS OF STORAGE MeanzSEM  Sample
Samples of 1 2 4 8 12 Code
extract(%v/v)
+Cloves 1 2295 2215 2200 21.75 21.50  22.07£0.24 PS
3 22,70 2220 2200 21.90 21.70  22.10+0.17 PR
5 2250 2050 1950 15.50 1150 17.90+1.96 us
Control - 2450 2400 2345 23.15 2290 23.60+0.29 UR
+Guinea- |1 2395 2350 2315 22,95 2250  23.21+0.24 PR
pepper
3 23.60 2310 2285 2250 22.00 22.81+0.27 UR
5 2350 23.00 2245 2215 21.90 22.60+0.40 us
control - 2450 2390 2315 22,95 22,15  23.44+0.18 PS
+Clove- 1 2250 2150 20.95 20.00 19.17  20.82+0.58 PS
guinea
pepper
3 22.00 2150 21.00 20.00 19.25  20.73+0.50 PR
5 2150 21.00 20.95 20.00 19.15  20.54+0.41 us
control - 2450 2400 2345 23.15 2290 23.60+0.29 UR
NOTE PS - Pasteurized soymilk on shelf

PR - Pasteurized soymilk refrigerated
US - Unpasteurized but boiled soymilk on shelf
UR - Unpasteurized but boiled soymilk on shelf refrigerated

Total Microbial Count

During the storage period, there was significant bacterial and fungal growth observed in both the
control and treated soymilk samples as shown in (Tables 3 and 4) respectively, but the counts were lower
compared to the control. The clove-guinea pepper combination significantly (P<0.05) reduced microbial growth
than the single extracts. The result also showed that the mean bacterial and fungal count for treated and
untreated refrigerated soymilk samples were lower than values for samples on shelf.
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Table 4: Bacteria total plate counts for treated and untreated soymilk samples (x 10°)

Soymilk | Concentration DAYS OF STORAGE Mean+SEM  Sample
Samples | of 1 2 4 8 12 (x 10°) Code
extract(%ov/v)
+Cloves |1 0.2 2.1 2.8 3.9 5.4 2.88+0.87 PS
3 0.6 1.0 1.9 2.3 3.8 1.92+0.55 PR
5 0.1 1.7 2.1 3.2 4.0 2.22+0.67 us
control - 0.7 2.3 3.3 6.5 11.0 4.76+1.82 UR
+Guinea- | 1 0.1 2.3 3.0 4.7 6.2 3.26+1.04 PR
pepper
3 0.2 1.8 2.8 3.2 5.5 2.70£0.87 UR
5 0.5 25 3.1 45 6.9 3.50+1.06 us
control - 1.2 3.2 4.6 6.9 13.5  5.88+2.11 PS
+Clove- |1 0.1 3.1 4.0 4.7 5.2 3.42+0.90 PS
guinea
pepper
3 0.1 1.9 2.2 3.3 4.0 2.30+0.66 PR
5 0.6 3.0 3.8 4.0 44 3.16+0.67 us
control - 0.7 2.2 3.3 6.5 11.0  4.74+1.83 UR
NOTE PS - Pasteurized soymilk on shelf

PR - Pasteurized soymilk refrigerated
US - Unpasteurized but boiled soymilk on shelf
UR - Unpasteurized but boiled soymilk on shelf refrigerated

Table 5: Fungal count for treated and untreated soymilk samples (x 10°)

Soymilk Concentration DAYS OF STORAGE Mean+SEM Sample
Samples of extract(%v/v) 1 2 4 8 12 (x10°) Code
+Cloves 1 45 5.2 9.1 13.6 15.0 9.48+2.13 PS

3 2.5 3.5 7.9 9.8 14.4 7.62+2.17 PR

5 1.0 1.8 3.9 11.5 14.0 6.44+2.65 us
control - 4.0 5.2 12.0 16.8 18.0 11.20+2.88 UR
+Guinea- 1 2.8 3.4 8.1 11.7 125 7.70+2.02 PR
pepper

3 2.2 3.0 6.1 10.5 15.4 7.44+2.47 UR

5 0.8 1.7 2.9 7.8 8.9 4.42+1.65 us
control - 6.0 9.5 15.5 18.6 19.8 13.88+2.66 PS
+Clove- 1 1.3 2.5 6.2 10.0 115 6.30+2.00 PS
guinea
pepper

3 1.1 2.1 4.2 9.6 10.2 5.44+1.89 PR

5 1.3 1.9 3.2 5.2 11.5 4.62+1.85 us
control - 4.0 5.2 12.1 16.8 18.1 11.24+2.90 UR
NOTE PS - Pasteurized soymilk on shelf

PR - Pasteurized soymilk refrigerated
US - Unpasteurized but boiled soymilk on shelf
UR - Unpasteurized but boiled soymilk on shelf refrigerated

(\V2 Discussion

The microbial contaminants isolated in this study are of great importance because of their pathogenic
effects. The seven fungi isolated; Aspergillus niger, Aspergillus flavus, Mucors species, Rhizopus stolonnifer,
Penicillium species, Microsporium canis and Candida species are important food spoilage microbes that have
been reported to be involved in the deterioration of fruit, vegetables and various food products (Akano et al,
1985; Smith and Moss, 1985; Atanda et al., 1990). The isolated and identified bacteria include Bacillus cereus,
Staphylococcus aureus, Staphylococcus epidermis, Micrococcus luteus, Bacillus polymyxa, Klebsiella antlantae,
Escherichia coli, Klebsiella edwardsii and Enterobacter species. These bacteria species are also important food
spoilage agents (Frazier and Westhoff, 1978). Some of these bacterial species like the Lactobacillus species are
known to produce lactic acid during fermentation while Staphylococcus species and Escherichia coli elicit
gastrointestinal disorder in man. Apart from the health problem, the presence of microorganisms in soymilk
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results in the deterioration of the product and subsequent utilization of the valuable nutrients such as fat, protein
and minerals for its own metabolic activity. This might explain the decrease in protein content while the
increase in fat in the treated samples can be attributed to the high percentage of oils in cloves and guinea-pepper
and this was demonstrated in the high fat content of the combination-treated sample. The presence of bacteria
and fungi in soymilk as revealed in this work may be due to unhygienic handling, processing and use of
equipment without aseptic methods of production (Farouk, 1989).

In this study, preservation of soymilk samples using a combination of Cloves and Guinea-pepper which
are natural spices was found to be a more effective than the single spices used against almost all of the food -
borne microbes thus indicating synergistic action of the two extracts. Cloves increased the shelf life of soymilk
by 2 days on shelf and 8 days in the refrigerator while Guinea-pepper extended the shelf life by a day on shelf
and 6 days in the refrigerator. Samples treated with a combination of clove- guinea pepper extract showed a 2
day increase on shelf and 12 days in the refrigerator. The inhibitory activity of these extracts may be attributed
to the presence of several constituents mainly eugenol, eugenyl acetate, beta- caryophyllene, 2-heptanone
(Chaieb et al., 2007b), acetyl- eugenol, alpha-humulene, methyl salicylate, iso-eugenol, methyl-eugenol (Yang
et al., 2003). The main constituents of their essential oils are phenyl-propanoides such as carvacrol, thymol,
eugenol and cinnamaldehyde (Chaieb et al., 2007a). Several studies have demonstrated potent antifungal (Arina
and Igbal, 2002; Giordani et al., 2004; Pawar and Thaker, 2006; Park et al., 2007), antiviral (Chaieb et al.,
2007a) and antibacterial effects of clove (Cai & Wu, 1996; Bae et al., 1998; Lopez et al., 2005; Li et al., 2005;
Betoni et al., 2006; Fu et al., 2007). The modes of action by which microorganisms are inhibited by essential
oils and their chemical compounds seem to involve different mechanisms. It has been hypothesized that the
inhibition involves phenolic compounds, because these compounds sensitize the phospholipid bilayer of the
microbial cytoplasmic membrane causing increased permeability, unavailability of vital intracellular
constituents (Juven et al., 1994) and/or impairment of bacterial enzymes systems (Farag et al., 1989). The
components with phenolic structure such as eugenol have been found to be highly active against the test
microorganisms. Clove oil has 79.2% eugenol (Ranasinghe et al., 2002). Members of this class are known to be
either bactericidal or bacteriostatic agents, depending upon the concentration used (Pelczar et al., 1988, Dorman
et al., 2000). The high activity of the extract may be further explained in terms of the alkyl substitution into the
phenol nucleus, which is known to enhance the antimicrobial activity of phenols (Pelczar et al., 1988; Dorman
et al., 2000; Campo et al., 2003).

Refrigeration, the commonest basic house hold preservation method involves storage of food items at

low temperatures of between 0 — 4°C. At this temperature, the survival and growth of most spoilage agents is
inhibited. The inhibitory effect of refrigeration accounts for the lower total microbial counts and slows the
deteriorative rate with minimal nutrient loss in refrigerated samples as compared to those on shelf.
The inability of the clove, guinea pepper and a combination of clove-guinea pepper extract to completely inhibit
fungal and bacterial growth may be due to the low concentration of the extracts used, as high concentrations of
plant extracts are required before antimicrobial properties are observed (Ritcher and VVore, 1989). Moreover it is
observed that higher amounts of spices are necessary to inhibit microbial growth in food than in culture media
(Shelef, 1983). However, large amounts of the spice extracts required for complete microbial inhibition would
affect the organoleptic properties of the milk product.

V. Conclusion
This study confirms that the use of aqueous extracts of clove-guinea pepper in combination coupled
with refrigeration can appreciably prolong the shelf life of soymilk. Hence, the extracts of these spices represent
an alternative source of natural antimicrobial substances for use in food systems to prevent the growth of food-
borne microorganisms and extend the shelf-life of the processed food.
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