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ABSTRACT

Smallholder dairy farmers in semi-arid regions of Zimbabwe still depend heavily for dry-season feed on maize residues, generally stored in traditional unroofed stores.  This presents a possible risk of mould and mycotoxin contamination which could be carried over into milk.  Analysis of crop residues from both traditional and improved roofed stores found the presence of certain mycotoxins, but not at levels approaching any national/international guidelines for animal feed, and not giving rise to any cause for concern over carry-over of mycotoxin contamination into milk.  However, the high level of two Fusarium mycotoxins, zearalenone and T-2 toxin, found during the year 2000, is a cause of some concern on animal health and production grounds. There are signs that smallholder dairy farmers are adopting roofed stores to insure against large-scale losses of stored crop residues to heavy rains.  

INTRODUCTION

In Zimbabwe, as in other developing countries, there is increasing involvement of smallholders in milk production for the market.  In 1998 the proportion of formally traded milk sourced from smallholders was estimated at 3% and has probably risen since, particularly as the Dairy Development Project which has done much to stimulate smallholder milk production and marketing has spread into lower-potential areas (Smith et al.1998).  Recent developments in the large-scale commercial sector are likely to increase the need for smallholder-sourced milk.  

Smallholder dairy farmers in the Zimbabwean context include Communal Area farmers, farmers on resettlement schemes and Small-Scale Commercial farmers.  The two former categories are operating at low levels of investment and in farming systems fundamentally similar to the mass of mixed crop-livestock farmers in the Communal Areas.  In the semi-arid areas of Zimbabwe, as elsewhere in semi-arid Africa (Sandford 1989), farming systems are characterised by a dependence on stored residues of human food crops, notably maize, as a dry-season feed (Smith et al. 1990, Ndlovu and Sibanda 1990, Mupunga and Dube 1993, Wolmer et al. 2002).  Smallholders diversifying into dairy production will continue for the foreseeable future to follow this general pattern.  Some smallholders are purchasing commercial dairy feeds or cultivating fodder by small-scale irrigation, and there are encouraging developments in small-scale silage technologies suitable for smallholder dairying (Titterton 2001, Mhere et al. 2001, Mugweni et al. 2001).  However, stored crop residues (or stover) are continuing to be used alongside these technologies, both for dairy cattle and for other members of the herd (Morton et al. 2003).

In Matabeleland South Province, where the research reported here took place, maize stover is stored in a number of ways, including on rocks and in trees, but the most common form of storage is a simple traditional wooden platform, raised off the ground but unroofed, known as an ingalani (Morton et al. 2003).

Stover is stored in this way during the dry-season from harvest in June, and are most important as feed during the late dry-season months of August, September and October, when natural grazing is very restricted.  However, even in this semi-arid climate, unroofed stores are exposed to dry-season rains in a significant proportion of years, as shown in Table 1. Rainfall was recorded in 18 of the 37 years over the June to August period, there being no obvious pattern to the distribution of years with wet winter seasons.  However, rainfall in this period is clearly common.  Over the 37 year period June to August rainfall averaged 3.7 mm (standard deviation 6.48 mm).  Above average rainfall fell in 12 of the 37 years, the highest being recorded at 30.6 mm in 1982 (a year with a strong El Niño phenomenon).

Table 1  Rainfall at Matopos Research Station, July 1960 to June 1997 

(above average values in bold)

	Year
	Total rainfall (mm)
	June + July rainfall (mm)
	June  to August rainfall (mm)

	1960-61
	839.1
	7.7
	11.7

	1961-62
	495.4
	0
	0

	1962-63
	704.5
	7.2
	7.2

	1963-64
	339.9
	0
	0

	1964-65
	412.0
	0
	0

	1965-66
	483.6
	4.3
	4.3

	1966-67
	629.2
	0
	1.2

	1967-68
	364.5
	0
	0

	1968-69
	606.9
	0
	0

	1969-70
	336.3
	4
	4

	1970-71
	492.1
	0
	0

	1971-72
	676.1
	0
	0

	1972-73
	394.6
	1.2
	1.2

	1973-74
	974.6
	3.2
	6.2

	1974-75
	832.1
	0.6
	0.6

	1975-76
	686.7
	0
	0

	1976-77
	696.6
	0
	14.6

	1977-78
	986.0
	1.9
	1.9

	1978-79
	416.0
	0.3
	0.3

	1979-80
	568.2
	3.3
	3.3

	1980-81
	753.7
	0
	0

	1981-82
	380.9
	21.1
	30.6

	1982-83
	382.5
	11.3
	15.5

	1983-84
	344.4
	4.5
	4.5

	1984-85
	546.5
	0
	0

	1985-86
	504.8
	0
	0

	1986-87
	325.2
	0
	0

	1987-88
	778.2
	2.1
	8.4

	1988-89
	415.3
	0
	0

	1989-90
	445.7
	0
	0

	1990-91
	547.1
	0
	0

	1991-92
	241.0
	0
	0

	1992-93
	519.5
	9.2
	9.2

	1993-94
	439.9
	0
	0

	1994-95
	475.6
	0
	0

	1995-96
	830.6
	13.6
	13.6

	1996-97
	617.7
	0
	0

	Average
	552.1
	2.6
	3.7


Out-of season rainfall, as well as mists and dew, may favour attack by moulds capable of producing mycotoxins, which can seriously affect animal performance and human health as they pass into the food chain through the milk (Prelusky 1994).  The fact that mycotoxins cannot be seen, tasted or smelt by farmers makes them an even more significant hazard.  Previous studies in Zimbabwe, conducted by Wareing and Medlock (1992), identified a number of potentially mycotic, allergenic and mycotoxigenic species of Aspergillus, Penicillium, Fusarium, Alternaria, Phoma and Cryptococcus in maize and sorghum residues.  However, detailed mycotoxin analysis was not undertaken.  

Concern over levels of mycotoxins in unroofed stores, together with concerns over loss of nutritive value to both sun and rain, led to a research project on the effect of post-harvest practices on maize residues (Morton et al. 2003, also Wood et al  2001).  This paper focuses on the results concerning levels of mycotoxins.

MATERIALS AND METHODS

Field trials took place in Bidi, a Communal Area 130km south of Bulawayo town.  Bidi is too arid and too far removed from markets for farmers to become involved in dairy production, although later in the project participatory trials and qualitative monitoring took place in two communities nearer Bulawayo that were involved, and which were also using unroofed stores for stover.  For reasons discussed elsewhere (Morton et al. 2003), the project instituted researcher-managed trials in 1998 using 10 volunteer farmers.  The trials compared on each farm traditional unroofed stores and improved stores which, though simple, were of a design and materials too expensive for farmers to afford unassisted (Mark 1 stores).  In 1999, trials took place on three further farms, comparing traditional unroofed stores with roofed stores built by farmers to their own designs and with virtually no project assistance (Mark 2 stores).  In 2000, because of lack of maize residue on the latter farms, three farms with Mark 1 stores were used.

Maize stalks are relatively large and heterogeneous compared to materials such as grains or maize cobs. Maize stover stores are haphazard piles of loose stalks, many up to 1.5 metres long.  All of the biological processes under investigation will have different effects on stover, depending whether it is at the bottom, middle or top of the heap, and in the middle or towards the outside: many individual stalks run from the middle to the outer edges of the heap.  The project therefore was faced with a lack of knowledge on the variance of nutritional and mycotoxicological parameters within and between stores, and therefore what sample sizes and sampling protocols would be appropriate.  The problems and the solutions adopted are discussed in more detail elsewhere (Wood et al. 2001, Morton et al. 2003) but essentially samples representative of the totality of each store were obtained as summarised in Table 2.

Table 2: Summary of sampling procedures from traditional and improved stores, 1998-2000

	Storage Season
	No. and types of stores sampled
	No. and mass of samples drawn from each store

	
	
	At start of storagea
	At end of storageb

	1998c
	10 traditional stores
	5 x 1kg
	1 x 5kg

	
	10 Mark 1 stores
	1 x 5kg
	1 x 5kg

	1999
	3 traditional stores
	10 x 1kg
	10 x 1kg

	
	3 Mark 2 stores
	10 x 1kg
	10 x 1kg

	2000
	3 traditional stores
	10 x 1kg
	10 x 1kg

	
	3 Mark 1 stores
	10 x 1kg
	10 x 1kg


a) 1-5 June 1998, 26-30 July 1999, 21-22 June 2000

b) 12-17 September 1998, 13 November – 1999, November 2000
c) In 1998, an additional sample of 5kg was taken from stover in the field at each farm in mid-April.  

In 1999 and 2000, a protocol was used whereby in the first instance, a representative subsample was collected from each 1kg sample, and the samples combined to afford a composite sample, which was screened for mycotoxin contamination.  The balance of each 1kg sample was further analysed if the composite sample contained significant levels of mycotoxin(s).
Samples were analysed at the Natural Resources Institute, University of Greenwich, UK.  The following mycotoxins were determined using standard operating procedures, involving a combination of solid phase extraction clean-up and high performance thin layer chromatography (HPTLC) or high performance liquid chromatography (HPLC): aflatoxins B1, B2, G1 and G2, fumonisin B1, deoxynivalenol, T-2 toxin, zearalenone, and ochratoxin A.  (Deoxynivalenol and T-2 toxin were determined from Time 2 collection, November 1999, onwards after the presence of Fusarium moulds in samples had been demonstrated at the beginning of the storage period.)

RESULTS

All samples collected during 1998 contained insignificant levels of mycotoxins.

Results from 1999 and 2000 are summarised in Tables 3-6.

Table 3:  Mycotoxin analysis of composite samples collected July 1999

	Mycotoxin
	Mycotoxin Level (µg/kg)

	
	Farm/Store Type

	
	 Farm 28 

Traditional(Open)
	Farm 28 

Mark 2

(Covered)
	Farm 30 

Traditional (Open)
	Farm 30 

Mark 2

(Covered)
	Farm 22 

Traditional (Open)
	Farm 22
Mark 2

(Covered)

	Aflatoxin B1
	0
	0
	0
	0
	0.8
	1.6

	Aflatoxin B2
	0
	0
	0
	0
	0
	0

	Aflatoxin G1
	0
	0
	0
	0
	0
	0

	Aflatoxin G2
	0
	0
	0
	0
	0
	0

	Fumonisin B1
	109
	267
	129
	116
	199
	752

	Zearalenone
	0
	0
	0
	0
	65
	73


Table 4:  Mycotoxin analysis of composite and individual 1kg samples collected November 1999

	Mycotoxin
	Mycotoxin Level (µg/kg)

	
	Farm/Store Type

	
	 Farm 28 

Traditional

(Open)
	Farm 28

Mark 2

 (Covered)
	Farm 30 

Traditional

(Open)
	Farm 30 

Mark 2

 (Covered)
	Farm 22 

Traditional

(Open)
	Farm 22 

Mark 2

 (Covered)

	Aflatoxin B1
	0.5
	0.9
	0.3
	2.1
	0
	0.3

	Aflatoxin B2
	0
	0
	0
	0
	0
	0

	Aflatoxin G1
	0
	0
	0
	0
	0
	0

	Aflatoxin G2
	0
	0
	0
	0
	0
	0

	Fumonisin B1
	32
	24
	0
	0
	11
	38

	Ochratoxin A
	0
	4.3
	0
	3.8
	0
	2.2

	Deoxynivalenol
	0
	0
	0
	0
	0
	0

	T-2 Toxin
	0
	0
	0
	0
	0
	0

	Zearalenone
	
	
	
	
	
	

	a). Combined
	135
	0
	47
	10
	268
	73

	b). Individual
	
	
	
	
	
	

	1
	
	
	
	
	40
	

	2
	
	
	
	
	609
	

	3
	
	
	
	
	245
	

	4
	
	
	
	
	539
	

	5
	
	
	
	
	313
	

	6
	
	
	
	
	182
	

	7
	
	
	
	
	142
	

	8
	
	
	
	
	224
	

	9
	
	
	
	
	225
	

	10
	
	
	
	
	268
	

	Mean
	
	
	
	
	278.7
	


 ‘0’ = Not detected

Table 5:  Mycotoxin analysis of combined and individual 1 kg samples, June 2000

	Mycotoxin
	Mycotoxin Level (µg/kg)

	
	Farm/Store Type

	
	 Farm 5 

Traditional

(Open)
	Farm 5

Mark 1

 (Covered)
	Farm 9 

Traditional

(Open)
	Farm 9 

Mark 1

 (Covered)
	Farm 10 

Traditional

(Open)
	Farm 10 

Mark 1

 (Covered)

	
	
	
	
	
	
	

	Aflatoxin B1
	No aflatoxin was detected

	Aflatoxin B2
	

	Aflatoxin G1
	

	Aflatoxin G2
	

	Fumonisin B1
	88
	102
	85
	55
	59
	132

	Ochratoxin A
	No ochratoxin A was detected

	Deoxynivalenol
	No deoxynivalenol was detected

	T-2 Toxin
	0
	235
	680
	483
	0
	0

	Zearalenone
	100
	371
	461
	90
	453
	151


 ‘0’ = Not detected

Table 6:  Mycotoxin analysis of combined and individual 1 kg samples, November 2000

	Mycotoxin
	Mycotoxin Level (µg/kg)

	
	Farm/Store Type

	
	 Farm 5 

Traditional

(Open)
	Farm 5

Mark 1

 (Covered)
	Farm 9 

Traditional

(Open)
	Farm 9 

Mark 1

 (Covered)
	Farm 10 

Traditional

(Open)
	Farm 10 

Mark 1

 (Covered)

	
	
	
	
	
	
	

	Aflatoxin B1
	No aflatoxin was detected

	Aflatoxin B2
	

	Aflatoxin G1
	

	Aflatoxin G2
	

	Fumonisin B1
	430
	40
	34
	89
	13
	50

	Ochratoxin A
	No ochratoxin A was detected

	Deoxynivalenol
	No deoxynivalenol was detected

	T-2 Toxin
	705
	717
	0
	0
	0
	0

	Zearalenone
	1140
	0
	644
	97
	379
	104


 ‘0’ = Not detected

DISCUSSION

The above results must be considered in the context of weather conditions over the three years of the project.  Rainfall data for Kezi, the District administrative centre for Bidi, are given below for 1998, 1999 and 2000.  

Table 7:  Monthly rainfall (mm) at Kezi for 1998, 1999 and 2000

	Year
	1998
	1999
	2000

	Jan
	165.3
	108.1
	n/a

	Feb
	14
	60.2
	n/a

	Mar
	25.6
	48
	n/a

	Apr
	0
	0
	12.9

	May
	0
	0
	13.7

	June
	0
	0
	77.6

	July
	0
	0
	0

	Aug
	0
	0
	0

	Sep
	1
	1.3
	0

	Oct
	29
	16.5
	3.5

	Nov
	65.3
	107
	65.3

	Dec
	137.8
	93.8
	68.1

	Total
	438
	434.9
	n/a


For 1998 and 1999 there was no rain at all in the April to August period.  Rainfall in September was very low, in October there were some heavy rains (>10mm in a day).  In 1998, the stover sampled at the latest sampling time had not been rained on at all during storage, while in 1999 the stover had been exposed to one heavy day's rain (13.5 mm on 27 October 1999) and light rain (3 mm of rain or less) on a total of six days from late September to the mid November 1999 sampling.  In contrast, in 2000 there were heavy rains in June, after the stover had been harvested and stored.  The 2000 season was therefore a test of the stores under adverse weather conditions, unlike the two preceding years, and might have been expected to produce levels of mycotoxins giving cause for concern.

The results must also be considered in the context of national/international regulations and guidelines for permitted maximum levels of mycotoxin in animal feeds, some of which are summarised in Table 8

Table 14: Maximum permitted levels of mycotoxin contamination for livestock feeds

	Toxin/Commodity
	Animal
	Country
	Max. permitted level

(g/kg

	
	
	
	

	Aflatoxin B1/

complete feed
	Mature cattle, sheep, goats

Mature pigs & poultry

Immature animals

Dairy cattle
	EU
	50

20

10

5

	Ochratoxin A/Feed
	Not specified

Swine

Poultry
	Israel

Sweden

Sweden
	300

100

1000

	Zearalenone
	No regulations specifically focused upon feed

	Total fumonisins

20% diet max.

50% diet max.


	Rabbits

Breeding ruminants & poultry 

Poultry for slaughter
	USA (FDA draft guidelines)
	5000

30,000

100,000


To summarise the results in their context:

· Aflatoxin B1, fumonisin B1, ochratoxin A, zearalenone and T-2 toxin were all detected in maize stover at various points of the project. 

· Aflatoxin B1 was only found in 1999 and at levels well below EU regulations for dairy feed.  No other aflatoxins were detected. 

· Levels of ochratoxin A and fumonisin B1 were very low by comparison with feed guidelines and of no practical significance.  Deoxynivalenol (only analysed for from November 1999) was not detected.

· Levels of T-2 toxin on two farms in 2000 might be cause for concern on animal health grounds. Although there are no widespread regulations for T-2 toxin in livestock feeds, experimental studies have indicated that T-2 toxin can cause impaired immunocompetence in calves when fed at concentrations of around 600 (g/kg T-2 toxin in the diet, and haemorrhagic syndrome in dairy when fed mouldy corn containing 1000 (g/kg T-2 toxin. The result for T-2 toxin is based upon our standard procedure (High Performance Thin Layer Chromatography) for the determination of this toxin.  However, given the high level, and its implications, the result should be confirmed by, for example, liquid chromatography/mass spectrometry.  

· The level of zearalenone found on Farm 5 (1140 (g/kg) in November 2000 is also a cause of some concern for animal health and production.  Although zearalenone itself is not considered to be an important factor in dairy cow productivity, levels as low as 1.5 (g/kg in combination with Fusarium trichothecenes (e.g. T-2 toxin) have been reported to have a serious impact on fertility and productivity.

· However, current knowledge indicates that the carry-over of the fumonisins (Richard et al. 1996) and zearelenone (Prelusky et al. 1990) into milk is not a problem. Little or no studies have been published on the carry-over of T-2 toxin.  However, when this mycotoxin was cultured with rumen fluid it was completely biodegraded to a variety of metabolites (Swanson et al. 1987).

CONCLUSIONS AND RECOMMENDATIONS

There were no consistent patterns of mycotoxins being present at lower or higher levels in improved, roofed stores than in traditional unroofed ones, nor of mycotoxin levels increasing over the storage period (for more detail see Morton et al. 2003).   There is therefore no justification from the point of view of animal health or food safety for encouraging farmers to build roofed stores.  However, farmers both at Bidi, and at Irisvale (a Resettlement Area involved in dairy production), reported that out-of-season rains could rapidly render the entire contents of a stover store unpalatable and useless as anything but compost.  It became apparent over the project that this risk is a greater concern to farmers, rather than more insidious processes of degradation.   For some farmers, including some smallholder dairy farmers, it will be a justification for investing in better stover storage (Morton et al. 2003).

However, it is just as important to report the negative result, that systematic analysis carried out of smallholder feed stores over three years, including one year of heavy rains in the early part of the storage period, failed to find mycotoxin levels of concern from a food safety point of view.  While not conclusive, especially not with widely varying practices of utilisation of stored stover, this is a reassuring finding in that it largely removes one possible source of concern about the health risks of smallholder milk at a time when its market share in Zimbabwe is likely to increase. 
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