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Abstract

The effect of some food preparation techniques on the crude proteins, dietary fibres, total fats, total reducing sugars, vitamins A and C levels of four  Vernonia spp. (Bitter V. amygdalina and V. calvoana; Non-bitter: V. colorata and V. calvoana) were studied. The preparation techniques used were simple squeeze-washing before and  after boiling with clean water or with different concentrations of natron. The results obtained show that the different Vernonia species were good sources of crude proteins (18.16  in V. colorata and 24.1g/100g  in V. calvoana). Vitamin C  levels ranged from 137.5in V. calvoana  to 197.5 in V. colorata) while vitamin A was from 30.0 in V. amygdalina to  41.5 mg/100gin V. colorata. The dietary fibre contents were 24.9  in V. colorata and 30.1 g/100g ) in V. calvoana. During preparation of the samples,  crude protein levels were slightly reduced fibre levels increased from  11.9 to 24.6% and the reducing sugars and total fats contents decreased by 58 and 59%, respectively. Losses of vitamin C were more prominent in the bitter species (V. amygdalin77%, V. calvoana 55%) that required intense squeeze-washing and rinsing than in the non-bitter species. Comparatively, squeeze-washing  proved to be the best preparation technique that ensured minimum loss of  vitamins. 
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Introduction 
Malnutrition persists in developing countries in spite of the increase in the production of basic foods. Leafy vegetables offer the most efficient and cheapest method of providing substantial supplies of crude proteins, minerals, fibres and vitamins to the most vulnerable groups (ICN, 1992). However, in tropical Africa, millions of people still suffer from nutrient insufficiency despite the increased consumption of leafy vegetables. 

Vernonia spp. (Bitterleaf or Ndolè) grown in most West and Central African countries is one of the most widely consumed leafy vegetables. In Cameroon two main types exist: non-bitter (V. colorata and V. calvoana) and bitter (V. amygdalina and V. calvoana). Though consumed by a large proportion of the population, cultivation is limited to the southern parts of the country and in the rainy season. Therefore, there is a need for storage during the six months of dry season. Post harvest losses are hence a serious problem, which requires much attention. non-bitter preparation  involves squeeze-washing the untreated or boiled leafy vegetable to remove the bitter taste and foam. The leaves are tenderised and the greenish colour preserved by boiling with natron. The washed bitter leaf can be preserved by freezing or by drying. Generally these preparation techniques lead to losses of some nutrients and anti-nutritional factors. Food processing and preparation techniques cause losses in nutrients and the extent  depends on the type of technique used (Bender, 1966). 

Studies on the nutritional composition of Vernonia spp. are numerous and limited to V. amygdalina. It has been , reported that ascorbic acid levels decreased with storage time (Faboya, 1990) while Oshodi (1992) found that  V. amygdalina dried leaves were rich in minerals, especially phosphorus and that the contents in ascorbic were temperature dependent.

Little is known about the effect of preparation techniques on the chemical composition of different species of Vernonia. This study was aimed at determining the effect of different preparation techniques on the nutrient levels of four species of Vernonia found in Cameroon. This information will be useful in determining the best conditions for preparation capable of minimising losses in nutrients and prolonging their shelf life

Materials and Method

Young shoots and fresh leaves of bitter types (Vernonia amygdalina and V. calvoana) and non-bitter (V. colorata and V. calvoana) were harvested from an experimental farm in Ngaoundéré. These were rinsed in water to remove dirt, sorted, sliced and subjected to the following different preparation techniques:

1. Untreated  

2. Squeeze-washing : The traditional method of squeeze-washing which involves crushing and rinsing to remove the green colour and bad odour was used on 450 gram portions of the sliced samples. 

3. Blanching and squeeze-washing : 450 grams of the fresh sliced samples were blanched in 400 ml of boiling water for 5 minutes followed by the traditional squeeze-washing.  

Combination of blanching in natron (a naturally occurring alkaline salt) and squeeze-washing: It involved squeeze-washing after boiling for 10 minutes in 1N  and 2N  concentrations. These concentrations were determined following a survey of the amount used traditionally. 
4. 450-g portions of the fresh sliced samples were blanched in 400 ml of boiling water containing 10 g of natron for 5 minutes before squeeze–washing.
The untreated and prepared samples were dried at 45°C, ground and stored in airtight containers for laboratory analysis. 

Chemical analysis

Dietary fibres were determined by the enzymatic and gravimetric method (AOAC, 1997), crude proteins using the method of Lowry et al. (1951), total fats using the method proposed by Bourely (1982) and total reducing sugars by the  colorimetric method of Dubois et al 1956. Vitamin C levels were determined using the N-bromo-succinimide method (Evered, 1960) recommended for pigmented solutions while carotenoids were first extracted using a mixture of hexane/acetone (30/70;v/v) then separated by column chromatography and quantified  spectrophotometerically following the (AOAC, 1965) method. Results obtained for the vitamin analyses were expressed in retinol equivalent according to the following conversions: 6µg of carotenoid = 1µg of retinol equivalent (Coullete, 1988). The analyses were carried out in duplicate. 

Results

Crude protein levels of the different species of Vernonia as influenced by the different preparation techniques are presented in Table 1. The contents for the untreated samples varied from 18.2 in V. colorata to 24,1g/100g, ondry weight basis, in V. calvoana . The crude protein contents for all the untreated species studied were slightly significantly different  from values obtained when the leafy vegetables were subjected to different preparation treatments.  

The total reducing sugars of the untreated samples ranged from 13.1 to 15.8 g/100g (Table 2). There were no significant differences in reducing sugar contents for all four species  but were considerably affected by the preparation treatments . V. calvoana samples which were boiled in 2N natron had as much as 58% loss in total reducing sugars for while V. amygdalina  had only 12% loss after squeeze-washing.  

The effects of the preparation techniqueson the dietary fibre levels of the four species are shown in Table 3. Dietary fibre values ranged from 24.9 in V. colorata to 30.1g /100g in V. calvoana . These values increased by as much as 24.8% when V. amygdalina was treated with natron.  The non-bitter species had 11 and 12% increases in dietary fibre contents for V. calvoana and V. colorata, respectively.

Table 1: Effects of the different preparation techniques on the crude protein levels of the different Vernonia spp. 

	
	Bitter types
	Non-bitter types

	Preparation techniques
	V. amygdalina
	V. calvoana
	V. colorata
	V.  calvoana

	Untreated
	19.2±0.2a
	21.3±0.3 a
	18.2±2.3 a
	24.1±1.0 a

	Squeeze-washing 
	19.5±0.5 a
	20.7±0.4 a
	17.0±0.3 a
	24.3±0.9 a

	Blanching in boiling water and squeeze-washing 
	18.9±0.3 a
	19.2±0.1 a
	18.9±0.2 a
	23.3±0.9 a

	Blanching in 1N natron and squeeze-washing
	18.7±0.2 a
	19.4±0.2 a
	18.8±0.9 a
	21.6±1.9 a

	Blanching in 2N natron and squeeze-washing
	18.1±0.8 a
	18.0±0.2 a
	18.0±0.8 a
	22.1±0.7 a


Means ± SD (g/100g, on dry weight basis)

Means in the same column having different superscript are significantly different (P <0.05)

Table 2: Effects of the different preparation techniques on total reducing sugars levels of the different Vernonia spp. 

	
	Bitter types
	Non-bitter types

	Preparation techniques
	V. amygdalina
	V. calvoana
	V. colorata
	V.  calvoana

	Untreated 
	14.3±0.4 a
	15.8±0.1 a
	14.8±1.5 a
	13.1±1.4 a

	Squeeze-washing 
	12.6±0.4 b
	13.8±0.3 b
	12.6±0.7 b
	10.6±1.1 b

	Blanching in boiling water and squeeze-washing 
	11.9±0.2 c
	11.2±0.6 c
	12.2±0.2 b
	11.0±0.8 b

	Blanching in 1N natron and squeeze-washing 
	11.0±1.1 c
	7.7±0.7 d
	8.2±0.3 c
	7.3±0.6 c

	Blanching in 2N natron and squeeze-washing 
	10.6±0.8 c
	6.7±1.1 d
	8.5±0.1 c
	7.5±0.3 c


Footnotes as in Table 1.
Table 3: Effects of the different preparation techniques on the dietary fibres levels of the different Vernonia spp.

	
	Bitter types
	Non-bitter types

	Preparation techniques
	V. amygdalina
	V. calvoana
	V. colorata
	V.  calvoana

	Untreated 
	25.5±0.3 c
	27.6±2.0 b
	24.9±1.3 b
	30.1±1.0b

	Squeeze-washing 
	29.9±0.7 a
	32.1±0.4 a
	29.3±1.6 a
	34.5±0.5 a

	Blanching in boiling water and squeeze-washing 
	30.0±0.4 a
	32.1±1.0 a
	28.7±1.1 a
	33.1±0.3 a

	Blanching in 1N natron and squeeze-washing 
	31.8±2.5 b
	31.4±0.3 a
	27.7±0.2 a
	33.5±1.6 a

	Blanching in 2N natron and squeeze-washing 
	31.7±0.7 b
	30.3±0.5 a
	27.9±0.9 a
	33.7±0.8 a


Footnotes as in Table 1.
Total fats  for the untreated samples varied between species and ranged from 2.5 for V. calvoana  to 7.2g/100g for V. colorata (Table 4). These levels  decreased when the samples were subjected to the different preparation treatments, which increased with squeeze-washing and blanching with or without natron. This explains why V. calvoana  had 12% decrease in total fat contents while V amygdalina had 59% loss. 

Table 5 shows the levels of vitamin C in the 4 species of Vernonia as affected by different preparation techniques. Vitamin C values for the untreated leaves of all four species of Vernonia varied from 137.5  in V. calvoana to 197.5 mg/100g, on dry weight basis  in V. colorata. These values were generally high for all the  Vernonia spp. Studied. However, losses were noticed between 55 and 77% in V. calvoanaand V. amygdalina, respectively with the greatest losses in the bitter species . For preparation treatments , simple squeeze-washing had the least loss of vitamin C while the highest were observed when natron was used. 

The levels of Vitamin Ain the untreated samples, measured as retinol ranged from 30.0 in V. amygdalina to 41.5 mg/100g in V. colorata (Table 6). These levels were considerably reduced when the samples were subjected to the different preparation treatments . More losses of vitamin A were observed for the bitter species (V. amygdalina 50% and V. calvoana 67%). Meanwhile the non-bitter species V. calvoana and V. colorata had 43% and 49% losses, respectively. The greatest losses were noticed when 2N natron was used during the preparation of the leaves. 

Table 4: Effects of the different preparation techniques on total fat contents of the different Vernonia spp.
	
	Bitter types
	Non-bitter types

	Preparation techniques
	V. amygdalina
	V. calvoana
	V. colorata
	V.  calvoana

	Untreated
	4.7±0.4 a
	4.0±0.4 a
	7.2±0.2 a
	2.6±0.5 a

	Squeeze-washing
	2.3±0.1 b
	3.1±0.3 b
	4.3±0.5 b
	2.3±0.2 a

	Blanching in boiling water and squeeze-washing 
	2.1±0.6 b
	2.1±0.1 c
	4.7±0.5 b
	1.2±0.1 b

	Blanching in 1N natron and squeeze-washing
	1.9±0.3 b
	2.5±0.1 c
	4.5±0.4 b
	1.0±0.3 b

	Blanching in 2N natron and squeeze-washing
	2.8±0.2 c
	2.4±0.1 c
	4.7±0.1 b
	1.1±0.1 b


Footnotes as in Table 1.
Table 5: Effects of different preparation treatments on vitamin C levels of the different species of Vernonia spp. 
	
	Bitter types
	Non-bitter types

	Preparation techniques
	V. amygdalina
	V. calvoana
	V. colorata
	V.  calvoana

	Untreated
	166.5(2.1a
	178.5(16.2 a
	197.5(3.5 a
	137.5(3.3 a

	Squeeze-washing
	75.5(6.4 b
	117.0(12.7 b
	95.0(4.2 b
	98.5(16.3 b

	Blanching in boiling water and squeeze-washing 
	57.5(6.4 c
	79.5(2.1 c
	90.0(4.2 b
	95.0(7.1 b

	Blanching in 1N natron and squeeze-washing 
	66.0(1.4 bc
	97.0(18.4 b
	77.0(1.4 c
	53.0(1.8 c

	Blanching in 2N natron and squeeze-washing 
	38.0(1.4 d
	63.0(2.8 c
	75.0(2.1 c
	51.0(4.2 c


Means ± SD (mg/100g, on dry weight basis)

Means in the same column having different superscript are significantly different (P <0.05)

Table 6: Effects of different preparation treatments on vitamin A levels, expressed as retinal equivalent, of the different species of Vernonia spp.

	
	Bitter types
	Non-bitter types

	Preparation techniques
	V. amygdalina
	V. calvoana
	V. colorata
	V.  calvoana

	Untreated
	30.0(1.0 a
	38.5(0.3 a
	41.5(0.9 a
	35.8(0.2 a

	Squeeze-washing
	21.6(0.4 b
	16.9(1.0 b
	26.0(0.5 b
	28.5(0.3 b

	Blanching in boiling water and squeeze-washing 
	21.9(0.4 b
	16.5(1.5 b
	21.0(0.3 b
	27.8(0.2 b

	Blanching in 1N natron and squeeze-washing 
	16.4(0.3 c
	14.9(1.8 b
	22.5(0.1 b
	21.8 ( 0.4 c

	Blanching in 2N natron and squeeze-washing 
	14.9(0.4 cd
	12.8(0.4 c
	21.2(0.2 b
	20.2(0.3 c


Footnotes as in Table 5.
Discussion

High values of crude proteins were obtained for the different untreated Vernonia spp. In addition, these were slightly reduced when the different preparation treatments were applied. Crude protein contents for both untreated and treated samples are close to values reported for V. amygdalina (Igile et al. 1995) and for other leafy vegetables (Favier et al., 1996). Animal crude proteins are generally known to have a high biological value than plant crude proteins but plant foods, when rightly combined with other foods can satisfactorily meet the protein needs of adults (Favier and Virobin, 1996). 

The levels of reducing sugars in all four species were similar but preparation treatments caused considerable losses. These losses were more pronounced in samples treated with natron. This is an indication of the fact that natron being a base, hydrolysis the sugars present in the samples into soluble forms (Cheftel et al 1977). Igile et al. (1995) reported slightly higher values for V. amygdalina, the difference being linked to the physiological state of the plant before harvesting (Singhal and kulkarni, 1988). These sugars are the molecules responsible for Millard reaction during blanching of leafy vegetables and therefore responsible for the brown colour if proper precautions are not taken (Cheftel et al 1977). 

In this study, high dietary fibre contents were obtained but preparation treatments brought about great variations. It ahs also been reported that affirmed that leafy vegetables are particularly rich in dietary fibre (Craplet et al., 1979; Tanya et al., 1997). Eun-Hee et al. (1993) reported the average  dietary fibre contents in leafy vegetables of Asian countries to be 33 g/100g, on dry weight basis. The present study reports values that are slightly lower. High levels of dietary fibre in leafy vegetables are advantageous for their active role in the gastrointestinal tract (Jenkin et al, 1986). It is worthy to recall that dietary fibres are constituents of plant foods that remain undigested by human intestinal enzymes (Lairon, 1990). In effect they are essentially made up of cellulose, hemicelluloses, lignin and pectin. There were no significant differences in the dietary fibre contents of the Vernonia spp. However, significant increases were observed when the untreated samples were subjected to the different processing techniques. These increases could be due to the fact that as samples were subjected to the different preparation treatments, all soluble components were lost in the process thereby increasing the crude fibre contents. Slight increases in dietary fibres have been reported for different leafy vegetables during culinary and industrial treatments (Nyman et al., 1987; Lintas and Cappelloni, 1988).

Total fats levels for the untreated samples varied with species. Igile et al (1995) reported similar values for V. amygdalina while higher values have been reported for Amaranthus spp. (Singhal and Kulkarni, (1988). The results obtained in this study  show that leafy vegetables are poor sources of lipids.  Total fats also decreased when the samples were subjected to the different preparation treatments. These losses are linked to squeeze-washing and to the effect of  boiling.

Vitamin C values were high for all the species studied with as much as 77% losses during the preparation of the samples. Bender (1966) observed this same trend for other vegetables, and reportedthe losses in vitamin C were dependent on  the method of processing. In this same light, Machlin (1984) found 50% loss after cooking V. amygdalina. These losses are justified since vitamin C is thermo-sensitive and hydro-soluble. 

Vitamin A deficiency remains a major problem in Cameroon, affecting mostly the people in the Northern Provinces (Domngang et al, 1990). Its role in vision and growth regulation has made the public health officials to look for urgent and rapid methods of combating the problem. Leafy vegetables remained one of the most important and cheapest sources of Vitamin A. Generally, processing  leads to losses in vitamin A (Nagra and Khan, 1989).  High levels of vitamin A, found in the untreated samples of the different species of Vernonia were destroyed during processing. These losses were accentuated in the bitter species (V. amygdalina and V. calvoana). This could be explained by the fact that preparation treatments were more intense in the bitter species. The losses observed in this  study are higher than those reported in the literature (Nagra and Khan, 1989; Renquist et al., 1978), and this could be attributed to variations in preparation treatments.   

Conclusion 


The different  Vernonia spp. studied  are important sources of crude proteins, dietary fibres, vitamins A and C with levels particularly higher, in most cases, in the non-bitter species. Unfortunately, some of these nutrients are lost during the preparation treatments. Boiling with high natron concentrations favoured more losses in reducing sugars (58%) though these same treatments had a milder effect on the levels of crude crude proteins levels.  Squeeze-washing and rinsing seems to be the best treatment to preserve both vitamins A and C.  Due to the increased demand for these nutrients, and the lack of possibility to avoid processing and conservation, it is therefore pertinent that supplementation of vitamin A and exploitation of other sources of nutrients be considered imperative.
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