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Abstract
Background
Small-scale poultry farming plays a major role as a source of income for farmers through the sale of birds and eggs. Furthermore, in households’ poultry products are a valuable source of protein in the diet—especially in low-income communities. However, these farmers are facing a challenge with the rising cost of conventional feed. Climate change and global warming play a role in changing farming activities and affecting household food security. Therefore, replacing traditional ingredients with insects in chicken diets is gaining popularity worldwide. The purpose of this study was to assess the willingness of small-scale poultry farmers to adopt the use of yellow mealworm in diets for chickens. A total number of 107 farmers in the City of Tshwane Metropolitan Municipality were selected using snowball sampling and were interviewed face to face using a semi-structured questionnaire.

Results
Descriptive statistics and binary logistic regression were used to analyse the data. The results of the study showed that 72% of respondents, the majority of whom were male, were willing to adopt mealworm as poultry feed. About 51% of the participants were willing to eat chicken that was reared using mealworms, even though 85% had not seen mealworms before. Furthermore, it was found that farmers who used mixed corn and who had secondary education were more willing to adopt mealworms as an alternative protein source in chicken feed.

Conclusion
Small-scale poultry farmers in Tshwane accept the use of mealworm as chicken feed. It is recommended that the early adopters of mealworms as poultry feed be profiled so that communication strategies can be developed to deal with the fears and attitudes of farmers who are not willing to adopt mealworms as poultry feed. Since the majority of the farmers who are willing to adopt mealworm had secondary education, it would be beneficial if small-scale poultry farmers are educated about the benefits of using yellow mealworm as a substitute in poultry feed.
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Background
The animal feed industry is a billion-dollar market globally. The poultry sector is the biggest consumer of animal feed, with countries such as China, the United States of America (USA) and Brazil being the main producers. South Africa is the largest producer and consumer of animal feed on the African continent [1]. Maize and soya bean are the major ingredients used in the feed industry, with broilers and layers as the main consumers of these products [2]. Although fishmeal and soya bean are important sources of high-quality protein in poultry feeds, concerns about their costs and sustainability are making them less attractive feed materials. Replacing soya bean and fishmeal with insects in poultry diets is a practice that is gaining momentum. This is because insects are not only a good source of protein; they also have a low initial investment requirement; therefore, their use in poultry diets could benefit commercial as well as smallholder farmers from low-income countries [3, 4]. When included in poultry diets, edible insects have the potential to simplify issues related to food security in developing countries [5]. Over the years, there has been much debate on food security. However, there is a lack of consensus on how to establish which countries are in need of improved food security status [6]. Food insecurity is caused by inadequate food production; therefore, global warming and climate change are considered a threat to food production and agriculture [7]. In developing countries such as Lao People’s Democratic Republic and Thailand edible insects are providing livelihood opportunities such as income and employment for a household that is food insecure [8]. In South Africa, it has been reported that 28.3% of households are at risk of food insecurity, while 26% are food insecure [6]. Furthermore, the general household survey reported that 10.6% of adults and 12.2% of children in South Africa were always or sometimes hungry [9]. This is a concern because one of the sustainable development goals of the United Nations is to improve and achieve food security. Innovative changes in food production are needed to address the food insecurity challenges that are facing the rapidly growing human population [10]. Therefore, households should be educated to consume more diverse and nutritionally adequate foods [9]. Yellow mealworms or edible insects in general, on their own without other ingredients do not guarantee food security for a household, however, their inclusion could play a role on household food security composite indicator as sources of average supply of protein of animal origin.
Insect meal in the feed industry, regardless of how important it is to animals, is still at an early stage of adoption by farmers and the commercial animal feed industry. However, considering the increase in feed prices, the large ecological footprint of conventional feeds and other factors, there is a need for alternative ingredients. Climate change and global warming play a key role in changing farming activities and affecting household food security. South Africa and many other countries are not immune to the adverse effects of climate change. In 2008, researchers at Stanford University projected that South Africa could lose more than 30% of maize production from now to 2030 and maize is the country’s staple diet and is used as part of the important ingredient in animal feed. Therefore, The use of insects in poultry feeds can play a role in managing some key elements of sustainable development goals such as alleviating poverty (1), zero hunger (2) and gender equality (5). Furthermore, feeding chickens with insects could improve the livelihood of smallholder farmers, contribute to a circular economy and improve food security [11].
Several works of literature have proven that yellow mealworm has the potential to be used as an alternative source of protein in animal diets [12–17], although other insects such as cockroaches, termites, crickets, earthworms, grasshoppers and black soldier flies can be included in animal feeds [18–23]. Most of the insects are harvested from the wild using traditional methods which are unsustainable [24]. However, mealworms have the advantage of being easy to breed and they do not require a large area for production and commercialisation. Mealworms lay about 400–500 eggs on average, their incubation period is between 4 and 34 days, and the hatchability rate of the eggs is about 70% [12]. Furthermore, the larva can be harvested before it turns into a pupa and be given to chickens with other ingredients. There are different substrates that can be used to rear mealworms. Wheat bran is the most commonly used substrates for rearing mealworms [25]. Mealworms can be reared in a climate-controlled environment where light, relative humidity and temperature can be controlled and monitored. In addition, the nutritive value of mealworm is comparable to that of soya bean—thus, a good source of amino acids, fatty acids and micronutrients [14].
The use of yellow mealworms in animal feed can improve the sustainability of poultry diets and meet the ever-growing demand for animal protein [12]. Moreover, mealworms produce much less greenhouse gas as compared to other animals [26]. Free-range indigenous chickens have been eating insects for ages and most smallholder farmers are aware of this behaviour [19]. Recently, several organisations have started to commercially produce different types of insects as animal feeds. However, it is not clearly understood how farmers perceive this phenomenon. A sizable number of consumers reported to be ready to incorporate insects into animal feeds and to eat products such as chocolate or biscuits that were made using insects such as grasshoppers [27]. Consumers in Belgium were reported to be willing to accept the use of insects as poultry feeds [28]. In Uganda it was found that feed traders, processors and poultry farmers were willing to accept insects as an alternative source of protein in poultry diets [18]. In addition, insects such as grasshoppers, cockroaches, termites and white ants were most preferred by poultry farmers to rear and use for feeding poultry [18]. In the Eastern Cape province of South Africa, it was discovered that most farmers were concerned about the health risks associated with feeding earthworms to chickens. Nevertheless, the study concluded that farmers had a positive attitude towards the use of earthworms as a protein supplement for their chickens [29]. It is of paramount importance to note that the point at which a new idea is adopted depends on its characteristics. These characteristics affect the adoption of an innovation and can be classified as relative advantage, compatibility, complexity, trialability and observability [30].
Most studies conducted on the adoption of insects as poultry feed focused on earthworms, grasshoppers, termites and insects in general [18, 27, 28]. In recent years, a growing number of studies have concentrated on the replacement of traditional protein ingredients in poultry diets. However, not much research has been conducted on the acceptability unconventional ingredients such as insects amongst the farmers. Although the acceptability of insects as feed is still limited, the feasibility of insect-based products is increasingly being investigated and products are being developed [31]. However, it is unknown whether smallholder poultry farmers in South Africa will accept the inclusion of yellow mealworms in poultry diets. The current study intends to fill this gap by investigating the willingness of small-scale poultry farmers to adopt the use of yellow mealworm in the poultry diet, as well as factors influencing their decisions.
Materials and methods
Study site
The study was conducted in the City of Tshwane Metropolitan Municipality in the Gauteng province of South Africa (Fig. 1). The geographical location of the area lies along longitude 28° 09′ 60.00" E and latitude − 25° 39′ 59.99" S at an altitude of 1339 m above sea level. Tshwane has an average annual rainfall of 573 mm, with the most rain occurring in the summer season (November to January) and sometimes overlapping to autumn (February to April). The mean annual temperature of the area is about 18.7 °C.[image: ../images/40066_2021_288_Fig1_HTML.png]
Fig. 1City of Tshwane Metropolitan Municipality map [32]


This area was relevant for investigating the willingness to adopt mealworms in the chicken feed because it is characterised by a growing number of small-scale poultry farmers, who normally buy spent hens/layers and broilers from local commercial farmers and sell them for meat consumption to local communities, mainly in the townships and alongside roads leading to residential areas. The researcher visited the respondents on their smallholdings or at their market stalls. Areas that formed part of the study are Winterveldt, Soshanguve, Ga-Rankuwa, Akasia, Mamelodi, Irene, Atteridgeville, Bronkhorstspruit, Refilwe and Cullinan. The aforementioned study areas were chosen because they are dominated by small-scale poultry farmers in the city due to high population.
Sampling procedure and data collection
According to the information received from the Provincial Ministry of Agriculture’s regional office in the City of Tshwane, there were about 163 poultry farmers in the Municipality who receive government extension and advisory services. However, during data collection and interaction with farmers it was discovered that there were farmers who did not appear in the records of the agricultural regional office in the City, especially those who purchased mature chickens and sold them in townships. Furthermore, some of the poultry farms were dysfunctional, whereas some farmers declined to participate in the study because of unknown reasons. As a result, the snowball sampling method was adopted whereby interviewed farmers were requested to refer the researcher to other farmers in their vicinity. Through snowball sampling methods, 107 small-scale poultry farmers were identified and interviewed face to face using semi-structured survey questionnaires. After interviewing the aforementioned number of farmers, saturation was reached because there were no other farmers available to participate in the study. A sample size of 107 participants was therefore considered a fair representation of farmers in the study area because statistical conclusion can be drawn from such a number of participants. The participants who formed part of the study resided in different communities (formal and informal) within Tshwane Metro.
Permission to conduct this study was sought from the Gauteng Provincial Department of Agriculture and Rural Development. Furthermore, the research was approved by the Human Research Ethics Committee of the College of Agriculture and Environmental Sciences at the University of South Africa, with ethical clearance number: 2019/CAES_HREC/138. The interviews were conducted only after consent forms had been signed, indicating the participants’ willingness to be part of the study. The structured questionnaire comprised three sections, namely socio-demographic characteristics, awareness about mealworms and willingness to adopt yellow mealworm-based chicken feed. Data were collected through face-to-face interviews at smallholdings or at market stalls of the respondents. The participants were interviewed about their willingness to adopt yellow mealworms as feed for chickens. The question expected an answer of Yes, which was equated to 1, or No, which was captured as 0. Farmers were asked about their attitude towards chickens that were reared using yellow mealworms instead of conventional feed; the purpose was to determine whether they would consume meat from such chickens or not. The answer to the question was captured on a rating scale of 1 = do not agree, 2 = not sure and 3 = agree.
Statistical analysis
Data collected were analysed using IBM SPSS version 25 [33]. Frequencies were used to analyse the demographic characteristics and project description of the respondents. Furthermore, a binary logistic regression model was used to determine factors that influence farmers’ willingness to adopt mealworm as chicken feed. The backward stepwise regression method was used to eliminate the variables from the regression model to find a reduced model that best explains the data. The logistic model is specified as follows:[image: $$\mathrm{Zi}=\mathrm{ln}\left(\frac{Pi}{1-Pi}\right)={\beta }_{0}+{\beta }_{1}{X}_{1i}+{\beta }_{2}{X}_{2i}+\dots {\beta }_{k}{X}_{ki}+{U}_{i},$$]



where [image: $$Pi$$] is the probability of a poultry farmer adopting mealworm as chicken feed, [1–Pi] is the probability of a farmer not adopting mealworm as chicken feed, β0 is the intercept, β1…β13 is the regression coefficient of predictors, X1…X12 the predictor variables, and U the random residual error.
In this study, the explanatory (independent) variables used in the model included:
X1 Gender of the head (1 = Male, 2 = Female).
X2 Age of the household head (1 ≤ 35, 2 = 36–45, 3 = 46–55, 4 = 56–65, 5 ≥ 66).
X3 Education level of the household head (1 = no formal education, 2 = primary, 3 = secondary, 4 = tertiary).
X4 Annual farm net income (1 = 100–3500, 2 = 3501–10,000, 3 = 10,001–20,000, 4 = 20,001–30,000, 5 ≥ 30,001).
X5 Flock size (1 = 1–99, 2 = 100–300, 3 = 301–600, 4 = 601–900, 5 = 901–1200).
X6 Starter feeds (1 = yes, 0 = no).
X7 Grower feeds (1 = yes, 0 = no).
X8 Finisher feeds (1 = yes, 0 = no).
X9 Mixed corn feeds (1 = yes, 0 = no).
X10 Knowledge about mealworms (1 = yes, 0 = no).
X11 Willingness to eat insect-fed chicken (1 = do not agree, 2 = not sure, 3 = agree).
X12 Access to extension services (1 = never, 2 = rarely, 3 = sometimes, 4 = very often, 5 = always).
X13 Annual feed costs (estimated feed costs per farm/household).
The explanatory variables listed above were chosen because they play an important role in the sustainability of poultry production. Furthermore, such factors can reliably predict whether farmers will accept alternative commercial animal feed made from uncommon ingredients such as insects.
Results
Socio-demographic characteristics
Farmers’ demographic and socio-economic characteristics are presented in Table 1. The results in Table 1 show that most of the respondents were male (60.7%), most of whom (47.7%) were married. The dominant group was in the age group of 36–45 years (34.6%), whereas 28% were younger than 35 years old. More than half (60.7%) of the respondents had secondary education, which implies that most of the farmers in the study area could read and write. About 47.7% had spousal support because they were married.Table 1Socio-demographic characteristics of farmers


	Characteristics
	Status
	Frequency
	Percentage

	Gender
	Male
	65
	60.7

	Female
	42
	39.3

	Marital status
	Married
	51
	47.7

	Single
	42
	39.3

	Divorced
	6
	5.6

	Widowed
	8
	7.4

	Age
	 < 35
	30
	28

	36–45
	37
	34.6

	46–55
	24
	22.4

	56–65
	10
	9.3

	66 > 
	6
	5.6

	Education
	No formal education
	9
	8.4

	Primary
	23
	21.5

	Secondary
	65
	60.7

	Tertiary
	10
	9.3

	Farming activity
	Broiler
	26
	24.3

	Layer
	22
	20.6

	Broiler and layer
	59
	55.1

	Indigenous
	0
	0

	Type of poultry house
	Climate controlled
	0
	0

	Open-sided
	8
	7.5

	Organised material
	99
	92.5

	Flock size
	1–99
	39
	36.4

	100–300
	44
	41.1

	301–600
	14
	13.1

	601–900
	6
	5.6

	901–1200
	3
	2.8

	1201–3500
	1
	0.9

	Annual poultry net income
	R100–3500
	18
	16.8

	R3501–10,000
	46
	43

	R10,001–R20,000
	21
	19.6

	R20,001–R30,000
	10
	9.3

	 >  R30,000
	12
	11.2




The results in Table 1 also indicate that more than half (55.1%) of the respondents had both broiler and layer enterprises, with a flock size of up to 3500. The poultry houses/structures were constructed from bricks and mortar, iron sheets or chicken cages. None of the small-scale poultry farmers interviewed had a climate-controlled poultry house. The results indicate that less than half (43.0%) of the farmers made between R3501 and R10,000 per annum (U$233 and U$666 per annum). Income level plays an important role in farming, as it enables the farmer to decide whether to continue investing in an activity or not.
Farmers’ willingness to adopt mealworms as poultry feed
Table 2 summarises the comparison of characteristics of the respondents willing and unwilling to adopt yellow mealworm as chicken feed. The results show that almost three-quarters (72.0%) of the respondents, most of whom were male (52.3%), were willing to adopt yellow mealworm as chicken feed. In addition, most of the respondents who were willing to adopt mealworms were married (34.6%), in the age group of 36–45 years (27.1%) and had secondary education (48.6%). The willingness to adopt mealworm as part of the important ingredients in poultry feed could be influenced by economic and environmental factors. In the current study, farmers held the perception that using mealworm in the poultry diet would reduce their feed costs and increase profit. Some of the farmers were optimistic about the adoption of unconventional poultry diets containing mealworm, even though the benefits were unknown to them. Farmers who are not willing to adopt yellow mealworm as part of a poultry diet could also be influenced by factors related to lack of knowledge about mealworms.Table 2Comparison of characteristics of the respondents willing and not willing to adopt mealworm as poultry feed (n = 107)


	Characteristics
	Status
	Willing to adopt (Yes)
	Unwilling to adopt (No)

	Frequency
	Percentage
	Frequency
	Percentage

	Gender
	Male
	56
	52.3
	9
	8.4

	Female
	21
	19.6
	21
	19.6

	Total
	77
	72
	30
	28

	Marital status
	Married
	37
	34.6
	14
	13.1

	Single
	33
	30.8
	9
	8.4

	Widow/er
	3
	2.8
	3
	2.8

	Divorced
	4
	3.7
	4
	3.7

	Total
	77
	72
	30
	28

	Age
	< 35
	22
	20.6
	8
	7.5

	36–45
	29
	27.1
	8
	7.5

	46–55
	18
	16.8
	6
	5.6

	56–65
	5
	4.7
	5
	4.7

	66–>
	3
	2.8
	3
	2.8

	Total
	77
	72
	30
	28

	Education
	No formal education
	2
	1.9
	7
	6.5

	Primary
	13
	12.1
	10
	9.3

	Secondary
	52
	48.6
	13
	12.1

	Tertiary
	10
	9.3
	0
	0

	Total
	77
	72
	30
	28




Of the 107 small-scale poultry farmers who were interviewed, 51.4% agreed that they would eat chicken that was reared using yellow mealworm, 25.2% disagreed and 23.4% were not sure. Farmers were further asked if they were willing to rear mealworms on their respective smallholdings (farms) and use them to feed their chickens. 63.5% agreed that they would adopt this innovation of rearing yellow mealworms on their farms. Furthermore, farmers were asked about the number of times they had contact with the extension agents or agricultural advisor or animal welfare agents. Nearly two-thirds (62.0%) of the respondents reported that they never had contact with extension agents. This is corroborated by the fact that more than two-thirds (> 66.6%) of the farmers were not listed in the records of the regional extension office. Such farmers may be those who purchase mature chickens and sell them in the townships and other residential areas.
Farmers’ awareness or knowledge of insects used as poultry feed
The respondents’ awareness of the use of insects as poultry feed was also determined. The results reveal that most of the smallholder poultry farmers (78.0%) were not aware that yellow mealworms could be used as chicken feed. Farmers were presented with mealworm beetles, larvae and pupae in a transparent container for identification purposes and to create awareness. The majority (85.0%) of the respondents had never seen yellow mealworms and only a few (15.0%) had.
Factors influencing farmers’ willingness to adopt yellow mealworm as poultry feed
The results of the binary logistic regression are presented in Table 3. The explanatory variables that were positive/negative and significant will be interpreted. The results show that ten out of fourteen variables positively influenced the willingness of the respondents to adopt mealworm as poultry feed. However, only education level, age, finisher feeds and usage of mixed corn were statistically significant at the 5% interval level, whereas starter feeds, and consumption of insect-fed chicken were significant at 10%. The values of the null model with no predictors were 100% and 0% for likely to adopt and unlikely to adopt, respectively, with an overall percentage of 71.95%. The predicted chance of adopting yellow mealworm was 2.566; this value was achieved by dividing 77 (willing to adopt) by 30 (not willing) (77/30 = 2.566). The Chi-square value of omnibus tests of model coefficient was 49.226 with a P-value of 0.000; this shows that the whole model fits the data significantly better than an empty model or a model without predictors. Furthermore, the classification table shows that the findings of the three predictors were 91.5% of the observed respondents who would adopt and 73.9% who would not adopt a yellow mealworm chicken diet, with an overall percentage of 85.7%. Therefore, the null model has a lower value, which implies that it can predict the decision better than the model summary. The values for Cox and Snell R-square and Nagelkerke R-square were 0.369 and 0.531, respectively. This implies that there is a 37 to 53% variation of the probability that farmers will adopt yellow mealworm as chicken diet.Table 3Results of logistic regression model of the willingness to adopt mealworm as poultry feed (N = 107)


	Variable
	B
	SE
	Wald
	Sig
	EXP (B)

	Gender
	− 0.563
	0.715
	0.620
	0.431
	0.570

	Age
	− 0.592
	0.288
	4.228
	0.040*
	0.553

	Education
	1.568
	0.506
	9.602
	0.002**
	4.798

	Annual net income
	0.397
	0.371
	1.145
	0.285
	1.488

	Flock size
	0.105
	0.398
	0.070
	0.791
	1.111

	Starter feeds
	3.288
	1.707
	3.711
	0.054
	26.799

	Grower feeds
	0.786
	0.868
	0.819
	0.366
	2.194

	Finisher feeds
	1.509
	0.723
	4.352
	0.037*
	4.521

	Mixed corn feeds
	2.518
	0.884
	8.114
	0.004**
	12.409

	Knowledge about mealworms
	− 0.707
	0.876
	0.651
	0.420
	0.493

	Willing to eat insect-fed chicken
	0.743
	0.443
	2.815
	0.093
	0.493

	Access to extension and advisory services
	− 0.414
	0.351
	1.394
	0.238
	0.661

	Distance to feed store
	0.195
	0.350
	0.312
	0.577
	1.215

	Annual feed costs
	0.000
	0.000
	0.734
	0.392
	1.000

	Constant
	− 5.028
	2.747
	3.351
	0.067
	0.007


*P ≤ 0.05 and **P ≤ 0.01



The education level of the respondents was positive (β = 1.568) and statistically significant at the 1% interval. This implies that farmers with a higher education level were more willing to adopt mealworm as poultry feed, with other factors held constant. The coefficient of farmers using mixed corn to feed their chickens had a positive (β = 2.518) and significant influence on farmers’ willingness to adopt mealworm as poultry feed. This indicates that farmers who used mixed corn to feed their chickens were more willing to adopt mealworm as poultry feed, all things being equal. Furthermore, farmers’ age had a negative (β = − 0.592) and significant influence on the respondents’ willingness to use mealworm to feed their chickens, at a 5% significance interval. This implies that as farmers’ age increased, their willingness to adopt mealworm as poultry feed decreased, all factors being equal.
The type of feed the farmer used (finisher) was positive (β = 1.509) and statistically significant at a 5% interval. This implies that farmers who used finisher feed were more willing to adopt mealworm in the poultry diet, with other factors held constant.
Discussion
The results obtained in this study indicate that the willingness of farmers to adopt yellow mealworms is strongly influenced by the education level of the farmers, which was the most significant factor. Educated farmers are more likely to make informed decisions because they can read, write and interpret information. According to Kielbasa [34], education plays a key role in influencing a farmer’s response towards innovation. This was evident in the current study because poultry farmers who had higher educational levels envisaged the benefits of using yellow mealworm as an alternative protein source in poultry feeds. As reported by O’Donoghue [35], in most cases early adopters of innovation are likely to have a formal agricultural education background. These results are in line with those of Espinosa-Diaz [36], who indicated that the education level of the farmer plays a determining role in the person’s intention to adopt insect farming for animal feed. It could be evidence that farmers who are more educated are willing to adopt new agricultural technologies than those with a low education background. The adoption of new technologies is influenced by many factors [30]. The theory of diffusion is relevant to this study because the idea of using mealworm as poultry feed, particularly for exotic breeds, is relatively new. However, understanding farmers’ perception of the new technology is crucial because they may evaluate it differently than scientists [37, 38]. In most cases agricultural innovations are poorly understood and this affects the adoption phase [39].
The attitude of farmers towards the use of insects as animal feed has been studied by several researchers [13, 28, 29, 36]. The willingness of small-scale farmers to adopt mealworm as poultry feed may result in lowering dependency on soya bean and fishmeal as the only protein supplement in poultry feeds. In the current study a considerable number of farmers showed an interest in rearing mealworms on their farm to feed their chickens. The results are in line with previous studies which found that the use of insects in animal feed can lower reliance on conventional poultry feed [4, 36, 40]. Furthermore, it could also have an impact on the livelihood of small-scale poultry farmers by reducing transaction costs and possibly increasing farm income. However, mealworm meal is still not regarded as a competitive protein source—due to its current market price compared to conventional feeds. Farmers in some areas, however, consider insects such as termites as a very useful protein source for poultry [19]. The inclusion of mealworm in broiler diets is also acceptable as a protein feedstuff in some areas [41]. Therefore, finding profitable ways to introduce this phenomenon will have a long-lasting economic benefit for all stakeholders. It is therefore imperative to determine the financial viability of using insects such as yellow mealworm as alternative protein source in poultry diets.
The consumption of end products from chickens that were fed mealworms was accepted by half of the poultry farmers in the current study. These outcomes are consistent with the findings of other researchers [20, 26]. Those who disagreed could be affected by other factors such as customer perception of insect-based chicken, health concerns, and lack of knowledge about the importance of mealworms as chicken feed, or old age and unwillingness to try new things. Furthermore, in South Africa there is no national policy framework regulating the use of insects as animal feeds [42]. As a result, the use of insects as a protein source for poultry has not been popular amongst the farmers because there is no political and administrative will from government. Nonetheless, Adesina [43] has reported that consumers have the power to determine the success or failure of any product; therefore, awareness about the benefits related to insect-based products that are closely related to economic and environmental sustainability is extremely important. Despite lack of a relevant legislation framework in South Africa, the perceptions could change if a large proportion of the farmers are well informed about the economic benefits of using mealworms as protein source for poultry. The unwillingness to adopt mealworm as poultry feed could also emanate from food safety issues related to the microbial quality of mealworms. According to Vandeweyer [31], mealworm sampled from different rearing facilities had microorganisms such as Spiroplasma and Erwinia species. This could have some health implications if food safety guidelines are not adhered to.
It is further noted in this study that nearly half of the younger farmers (18–45 years) were more interested in adopting mealworms as their chicken feed than older farmers (> 46 years). It could be interpreted that older farmers are not willing to try new innovations and are thus more conservative/unwilling to take risks [44]. Having younger farmers willing to adopt mealworm as poultry feed is a positive sign for the future of alternative sources of protein for chickens. This is in line with other studies in which the age of the farmer was found to be significant in the person’s intention to adopt agricultural innovations or not [44, 45]. Younger farmers are interested in innovation and they are willing to take the risk [36]. These outcomes were expected, given that mealworms are not common in South Africa and are found mostly at universities and research institutions. This study further revealed that farmers who were using mixed corn to feed their chickens were more willing to adopt mealworms as poultry feed. It has been reported that some poultry farmers prefer their own mixed feed because it is cheaper than commercial feed [18].
Agricultural extension agents are primarily responsible for providing farmers with agricultural information that enhances their knowledge and skills and could thus help in adopting new technologies [38]. Mainly the Ministry of Agriculture through extension agents/agricultural advisors [46] provides the agricultural extension service in South Africa. However, the SPCA (Society for the Prevention of Cruelty to Animals) also plays a key role by teaching farmers about animal welfare [47, 48]. Most farmers who reported to have been in contact with the extension agents were not willing to adopt mealworm. A contradictory result was reported by other researchers [38, 49–52], namely, that agricultural extension visits significantly affect the adoption of agricultural technologies by farmers.
Conclusion
In the study it was found that the majority of small-scale poultry farmers in the City of Tshwane Metro were not familiar with mealworms. However, more than two-thirds of the farmers, of which most were married men, were willing to adopt yellow mealworm as alternative protein source for their poultry. Nearly half of the farmers who were willing to feed their poultry (birds) with yellow mealworm had secondary education. This was corroborated by the findings of binary regression which showed that highly educated people were more likely to adopt yellow mealworm as an alternative poultry feed. It is thus recommended that awareness about the nutritional and economic benefits of yellow mealworm for poultry should be created amongst older farmers (above 46 years) who have primary education but no formal education. On the other hand, age had a negative and significant influence on farmers’ willingness to accept the inclusion of yellow mealworm in poultry diets. That is supported by large proportion of farmers aged between 18 and 45 who were willing to adopt poultry feeds that contained yellow mealworm as a source of protein. Therefore, it is important to educate older farmers about the benefits of including insects such as yellow mealworm and others as a protein source in animal feeds. Such awareness programmes can be implemented through extension agents. As a result, a well-represented number of farmers, mainly those with secondary education and below the age of 45, were willing to adopt mealworm as their poultry feed. Furthermore, early adopters of mealworms as poultry feed should be profiled so that communication strategies can be developed to deal with the fears and negative perceptions towards poultry feed that contains mealworm as a protein source. Moreover, this research could provide insight for private companies and policymakers into developing strategies to increase the acceptance and commercialisation of mealworms as an alternative protein source in poultry feed. It is also recommended that an experimental study should be conducted to determine the feasibility of including live or dried yellow mealworm as alternative source of protein in poultry feed, with specific reference to nutritional benefits, growth of birds and profitability. Such study will enhance the acceptability and adoption rate of poultry feed containing yellow mealworm. In addition, farmers feeding their birds with mixed corn showed significant interest in adopting mealworm as poultry feed. This proves that some of the poultry farmers were aware of the large quantity of protein found in insets such as yellow mealworm compared to mixed corn (maize). It is therefore recommended that experimental research be conducted about using yellow mealworm as protein source in poultry feeds, incorporating mixed corn in the diet given to the birds. That is more likely to enhance the adoption rate of poultry diets with yellow mealworm and mixed corn (maize) as sources of protein.
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