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ABSTRACT
High protein from meat consumption has been associated recently to environmental depletion and
health related issues despite the important contribution of meat and meat products in diet and
growth development. This has motivated debates on a drastic shift from excessive meat
consumption amongst stake holders, academics, animal rights activists and environmentalist as
informed consumers are pushing food scientist for a more sustainable alternative protein source.
Plant proteins are considered a suitable alternative protein. However, the nutritional, functional
potential and the form of presentation have shown some technological difficulties which indicates
that direct transformation of plant proteins to meat products is less feasible. Though meat
alternative research is promising in developed countries, there are technological breakthroughs
that have permitted to replace in part or fully certain sensory attributes of meat inspired by the
technology behind the ancient east Asian traditionally structured products like tofu, seitan and
tempeh. However, despite the global increase in meat consumption associated with high standard
of living, the search for the meat protein alternative from plant products have been limited to the
conventional sources of soybeans, beans, lentils, vegetables and pulses. Future research could be
diversified and orientated towards improving the existing African foods produced endogenously
from wild orchid tubers widely consumed in low middle income countries in the form of cakes, meat
substitutes, fake meat, mock meat and/or meat replacements. The successful production of a
convenient and acceptable plant-based meat replacement will go a long way to reduce or eliminate
excessive meat consumption. This review is geared towards a wider data search concerning the
advances in meat alternative research and particularly to illustrate on some neglected African
endogenously processed products consumed as meat alternatives that needs further research on
the wild tubers sources as ingredients for potential convenient and acceptable meat alternatives or
extender.

Keywords: Meat alternatives; non-animal protein; healthy and environmentally friendly; wild orchid
tubers; low middle income countries.
products
fulfill
consumer
demands
for
acceptance by contributing significantly to
salvage the prevailing environmental challenges
[9,10]. In most cases, supporting a healthy diet is
critical for both individual well-being and
containment of treatment cost [11]. A radical
change is therefore necessary to address the
short comings of the present food system
within the present globalization [12,13] required
as the health and environmental target will not be
achieved by the current trend of the food system
[14]. Though changes in dietary habits (patterns
and choices) might be a plausible solution to
reduce excessive consumption of meat and
animal protein products [9,15], partial and/ or
total substitution of meat by plant-based products
is regarded as an emerging strategy to achieve
the goal [16,17]. The development of protein
from sources other than conventional plants and
livestock has therefore been the focus of food
scientist in the last decades [18].

1. INTRODUCTION
Meat has been an important diet component in
many food cultures since prehistoric era, and
principal meals are often composed around such
protein supply [1]. Nutritionally, meat is one of
the main sources of animal protein in foods [2]
The red meat represents a nutrient rich protein
food that is stored for complete protein with all
essential amino acids, highly bioavailable iron,
zinc, selenium, and B vitamins, especially vitamin
B-12 in the diet [3]. Although, the prevailing
increased in the world’s population and potential
rise in disposable incomes due to development
and modernization might lead to an increase in
global meat consumption [4,5] of about 72% by
2030 [6,7], the perceived health, social and
environmental [7] impact linked to high levels of
meat consumption is of great concern. An
important global debate is ongoing among policy
makers, practitioners and academics [5,8] to
recommend for the global reduction in meat
consumption. The sensitization for a healthy and
environmentally sustainable food consumption
has directed many towards a plant protein-based
meat alternative and this requires that new

However, some “food futurologists” anticipate
new products in order to create new food
cultures from the known sensory experience [19]
while others, in addition to products that replace
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meat will wish to orientate the research towards
products that partially substitute or “extend” meat
[20]. Though, insects might have received
considerable attention for the diverse and simple
application
[21],
fungi-derived
proteins
(mycoprotein)
products
from
Fusarium
venenatum [22] are amongst the most
commercially successful novel products to date
[23].

freshwater use [42]. Following emissions,
animals production is linked to 14.5 -24% of all
human greenhouse gas (GHG) emissions [43] of
all CO2 emissions which is the main contributor
of global warming [44]. United Nations (UN)
report in 2006 indicated that emissions from
cattle rearing were higher than all of traffic
emissions combined [14]. Food and Agricultural
Organization (FAO) reports have also been
critical about the ecological impact of high levels
of meat consumption [45].

Plant proteins are therefore a versatile source for
animal protein and meat alternatives are
considered one of the most suitable methods to
introduced plant proteins in order to propose a
wider range of proteins for human foods [24].
Though traditionally structured products like the
east Asian tofu, seitan and tempeh [25,26] and
the African Chikanda, Kinaka [27,28], Napsie [29]
and Nyam ngub [30,31] had been in existence for
decades; meat analogues research is a budding
area in Europe and the Americas dating back to
the early 1960s [32]. In fact, many of the modern
technologies that are used to manufacture meat
analogues today were first patented in 1947 and
1954 [33]. As a result, the development and
production of meat alternatives especially plantbased products is hampered by the limited
understanding of meat analogues and scarcity of
individuals working in the domain [34]. However,
the increasing health concerns and the related
environmental issues associated with excessive
meat consumption is driving the increase in
demand for a plant-based meat alternative
[35,36]. The aim of this review, besides
presenting the current status of research on meat
alternative
(particularly
plant-based
meat
products) and presenting the benefits of
replacing/ substituting meat with plant-based
alternatives, is to expose some African
traditionally structured products that have been
endogenously designed and consumed as
meat-like
products
especially
by
the
underprivileged.

Studies
in
recent
decades
correlates
consumption of red or processed meats to a
variety of non-communicable and chronic
diseases such as multiple types of cancer,
various forms of cardiovascular disease, kidney
disease, type 2 diabetes, obesity, and total
mortality [40]. The UN on its part has recognized
the inappropriate use of antimicrobials in animals
as a leading cause of the rising occurrence of
antimicrobial resistance [46] which is critically an
important global public health threat [47]. More
information from the International Agency for
Research on Cancer (IARC), WHO’s cancer
agency, has classified the consumption of red
meat
(particularly
processed
meat)
as
carcinogenic to humans [48] with a long term
negative health implications like predisposing to
colon cancer and the use of hormones in meat
production correlated to high risk of breast
cancer in women [49,50]. Apart from
environmental and health sustainability, ethical
consideration with respect to animal welfare are
factors that meat consumption should be
reduced [49-51].
Meat consumption (Table 1) has been predicted
to lead to 2.4 million deaths and a total
healthcare costs of 285 billion dollars globally by
2030 [52], and the per capita consumption of
meat protein is expected to fall significantly.
Consideration is that an average citizen is
expected to practice a 75% decrease while
citizens of the western hemisphere is expected to
require about 90% drop for global climate targets
to be attained [12].

2. IMPLICATION OF MEAT PRODUCTION
AND CONSUMPTION
Although the importance of meat protein in
human diet in the course of evolution cannot be
underestimated [37,38], meat protein production
is considered to impose a burden on the
environment [39] and linked to a variety of
chronic diseases [40]. Environmentally, animal
meat production is a principal driver of
environmental change and natural resource
depletion [41]. The livestock sector accounts for
an estimated 40% of global arable land, 36% of
crop calories produced, and 29% of agricultural

3. BENEFITS OF A PLANT-BASED MEAT
ALTERNATIVES
The benefits of cutting down on excessive meat
consumption by considering a plant-based
protein source despite the absence of a proper
resemblance to meat is enormous and diverse
(Table 2).
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Table 1. Food consumption of meat

World
Developing countries
excl. China
excl. China and Brazil
Sub-Saharan Africa
Near East/North Africa
Latin America and the Caribbean
excl. Brazil
South Asia
East Asia
excl. China
Industrial countries
Transition countries
Memo item
World excl. China
World excl. China and transition
countries

1964/66

1974/76

2015

2030

27.4
11.4
12.1
11.0
9.6
13.8
35.6
37.5
3.9
10.0
10.9
73.5
60.0

1984/86
1994/96
1997/99
kg per capita, carcass weight equivalent
30.7
34.6
36.4
15.5
22.7
25.5
14.5
17.5
18.2
13.1
14.9
15.5
10.2
9.3
9.4
20.4
19.7
21.2
39.7
50.1
53.8
39.6
42.4
45.4
4.4
5.4
5.3
16.9
31.7
37.7
14.7
21.9
22.7
80.7
86.2
88.2
65.8
50.5
46.2

24.2
10.2
11.0
10.1
9.9
11.9
31.7
34.1
3.9
8.7
9.4
61.5
42.5

41.3
31.6
22.7
19.8
10.9
28.6
65.3
56.4
7.6
50.0
31.0
95.7
53.8

45.3
36.7
28.0
25.1
13.4
35.0
76.6
67.7
11.7
58.5
40.9
100.1
60.7

28.5
26.5

32.6
29.0

34.3
30.6

36.9
35.6

40.3
39.1

34.1
32.4

34.2
33.0

Source: United Nations Food and Agriculture Organization, 2003. World agriculture: toward 2015/2030, an FAO perspective.” [accessed April 15, 2018]
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impact [57,58]. The cropland no longer
necessary for animal feed could be used to
manage climate change through reforestation,
soil conservation, or renewable energy
production [59].

3.1 Land Use
Animal agriculture takes up 77% of all
agricultural land while supplying only 17% of
world’s food [53]. As a result, there is always a
renewed need for agricultural expansion and this
represent the largest driver of ecosystem
damage on land [54].

3.3 Water Expense
Out of the 1/3 of global agriculture water guzzled
by animal production 99.8% is used in the
cultivation of feed crops and draining aquifers
[60]. Though processing accounts for 14–45% of
plant-based meat total water use [57,58],
conventional meat production water use is
greater than that of any plant-based meat
evaluated so far since plant-based meat products
require mostly the crops that end up in the final
product.

3.2 Greenhouse Gas Emission
Generally, animal agriculture is the main
contributor to climate change than exhaust
emissions from the entire transportation
sector [55]. The principal ingredients for
plant-based
meats
have
very
low
greenhouse
gas
emissions
[56]
and
advance
processing
accounts
for
only
13%–26% of plant-based meat’s climate

Table 2. Comparative evaluation of the benefits of plant-based meat-like products to
conventional meat protein products on the environment
Plant-based
meat-like
products

Conventional
meat
products

Land use

m2-y/kg
Impossible
7
Burger 2.0
Beyond Burger8
Grillers Original
Burger9
Spicy Black
Bean Burger9
Roasted Garlic
& Quinoa
9
Burger
Grillers
Crumbles9
Original
Sausage
9
Patties
Original Chik
9
Patties

Reduction of environmental impacts
(% per kg of meat analogue)
Greenhouse
Water
Aquatic
gas
use
eutrophication
emissions
potential
kg-CO2L/kg
g-PO43--eq/kg
eq/kg

Beef burger*

96%

89%

87%

91%

Beef burger**
Beef burger*

—
93%

89%
85%

99%
95%

—
77%

Beef burger*

97%

89%

96%

76%

Beef burger*

93%

88%

98%

73%

Ground
beef**
Pork sausage
patties*

99%

90%

96%

—

47%

30%

81%

51%

Breaded
chicken
patties*

84%

36%

72%

75%

This table represents the results of all English-language comparative life cycle assessments of plant-based meat
conducted as of May 1, 2019.
7,8,9
Because each study differs slightly in its methodology, the results from different studies cannot be precisely
compared. *Sold frozen.
**Sold fresh. Impact reductions are calculated as follows: (impact of conventional meat ﹣ impact of plant-based
meat) ÷ (impact of conventional meat)
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same taste, appearance, and texture of a related
food produce from meat, poultry, ﬁsh or shellﬁsh.
Joshi and Kuma, [71] indicated that meat
analogue are also called meat substitute,
mock meat, faux meat, or imitation meat
developed to approximates the aesthetic
qualities (primarily texture, flavour, and
appearance) and chemical characteristics of
specific types of meat.

3.4 Aquatic Nutrition Pollution
Animal agriculture is among the principal sources
of eutrophication which is a leading threat to
global water quality [61]. Eutrophication occurs
when nitrogen and phosphorus run off into
waterways, stimulating growth of algal blooms
that suffocate aquatic life and therefore doubly
harmful [61]. thanks to pollution from the fertilizer
used on feed crops and the manure animals
produce [62].

Generally, meat analogue or substitute is a food
made from non-meats ingredients generally of
plant sources, sometimes without dairy products
and may be available in different forms and
textures.

3.5 Use of Antibiotics
In USA, over 70 % of approved antibiotics are
used in animal agriculture [63]. As healthy
Animals are customarily fed low doses of
antibiotics which are used in human medicine to
speed growth and prevent disease, bacteria tend
to adapt and become resistant [64]. Hospitals
therefore face difficulties to defend against these
adapted and resistant microbes [65]. If the
antibiotic is left unchecked, predictions indicate
that by 2050 drug-resistant microbes could
potentially kill 10 million people annually and
cause a cumulative $100 trillion in economic
damage [63].

5. MEAT ALTERNATIVE PRODUCTION
TECHNIQUES
In principle, the conventional development of
meat alternatives is made of two main steps:
mixture preparation and chunk formation [72].
These techniques follow either a bottom-up or a
top-down procedure to produce a fibrous
morphology
depending
on
the
starting
ingredients (Table 3).

4. MEAT ALTERNATIVES

5.1 Bottom-up Techniques

Myriads of definitions or descriptions have been
proposed for products used to replace and/ or
substitute meat based on the three different
strategies introduce to reduce excessive meat
consumption. Malav et al. [66] naming the
product meat analogues, defined it as food
products that are designed to have sensory
properties that are similar to meat but are made
from plant proteins. Meat analogues are also
considered as food products that simulate the
aesthetic,
organoleptic,
and
chemical
characteristics of traditional meat products
[67,68]. Taylor et al. [69] named the product as
hybrid meat, and defined meat analogues as
meat products in which a portion of the meat is
substituted by another food ingredient. Elzerman
et al. [70] laid emphasis on the word alternative
to defined the products as plant-based
processed products with the focus of imitating
the taste of meat and also being a source of
protein. Shurtleff and Aoyagi [33] reported that,
meat alternatives should indicate the meat to
which the product is an alternative and that the
label must indicate clearly that the product is
meatless. The researchers proceed by
underlining that meat alternative and meat
substitutes could be used interchangeably and
defined it as a meatless food that has mainly the

5.1.1 Culturing
This involves in vitro culturing of animal muscle
cells by tissue-engineering techniques after
which the muscles cells are transformed into
meat [74,75]. The culturing of muscle fibres
starts with the harvesting of myoblast cells from
the skeletal muscle of the animal of interest and
the cells replicated by a standard cell culture
methodology
using
serum-supplemented
medium with all the necessary nutrients,
including amino acids, lipids, vitamins and salts,
for cells to grow. The cells are placed onto a
scaffold with anchor points for connection and
alignment, yielding a multicellular tissue. The
muscle fibres of about 2–3 cm long and less than
1 mm thick mature in approximately 3 weeks and
can be harvested. Muscle fibres have actually
been used to make a single hamburger as a
proof of concept [76].
5.1.2 Mycoprotein
Although the process is relatively intensive in
resources (energy usage and ingredient
production), the filamentous fungus Fusarium
venenatum has been used since the mid-1980s
as a basis for the production of meat analogues
28
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Table 3. List of traditional meat alternative ingredients, purpose and level of use in production
Ingredient
Water
Textured vegetable proteins:
textured soy flour, textured soy
concentrate, textured wheat
gluten, textured protein
combinations such as soy and
wheat
Nontextured proteins: isolated
soy proteins, functional
soy concentrate, wheat gluten,
egg whites, whey proteins
Flavors/spices

Fat/oil

Binding agents: wheat gluten,
egg whites, gums and
hydrocolloids, enzymes,
starches
Coloring agents: caramel
colors, malt extracts, beet
powder, FD&C colors

Purpose
Ingredient distribution
Emulsification, juiciness, cost
Water binding,
Texture/mouthfeel
Appearance; protein
fortification/nutrition
Source of insoluble fiber

Usage level (%)
50 to 80

Water binding, emulsification
Texture/mouthfeel
Protein fortification/nutrition

4 to 20

Flavor: savory, meaty, roasted,
fatty, serum
Flavor enhancement (for
example, salt)
Mask cereal notes
Flavor, texture/mouthfeel
Succulence, Maillard
reaction/browning
Texture/“bite,” water binding,
may contribute to fiber
content, can determine
production processing
conditions
Appearance/eye appeal
Natural or artificial

3 to 10

10 -25

0 to 15

1 to 5

0 to 0.5

Source: [73]

that are marketed under the brand name Quorn
[77]. Bioreactors under monitored and strictly
controlled critical conditions like temperature and
pH are used in a continuous fermentation
process to produce the fungus. After the
fermentation, RNA is broken down into
monomers by heat treatment to facilitate escape
from the cells. The residual biomass undergoes
heating and centrifugation to produce a pastelike product with 20 wt.% solids [78] after which
filamentous fungus is disordered in preparation
for further process steps, such as forming,
steaming, chilling, and texturizing, are required to
obtain
fibrous
products.
Minced-type
products, such as chunks, sausages, and
burgers, are commercially available from this
material [79].

techniques used to produce membranes for
industrial separations [80]. The techniques
involve extruding a protein solution through a
spinneret and subsequently immersing into a
bath containing a non-solvent for the protein. The
exchange between the solvents precipitates and
solidifies the extruded protein phase to form a
stretched filament of about 20 μm thicknesses
[81]. Studies have indicated the use of plantbased materials such as soy, pea and faba bean
to produce food-grade fiber [81].
5.1.4 Electrospinning
This involves introducing a biopolymer solution
through a spinneret with an electric potential
relative to the ground electrode. The charges that
accumulate at the surface of the droplets
emerging from the spinneret causes surface
instabilities that ultimately grows into very thin
fibres (≈100 nm) which are attracted to the
ground electrode [82]. Since the proteins are

5.1.3 Wet spinning
Wet spinning is mostly used for the creation of
individual fibres. It is amongst the standard
29
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usually required to be highly soluble and
behaving like a random coil instead of globulins,
plant proteins in most cases do not meet the
requirements since plant proteins are globular in
the native state but will form insoluble
aggregates during denaturation. However, foodgrade electrospinning is generally presented for
uses in which nanofibers are employed as
carriers or delivery systems for bioactive
metabolites, such as polyphenols and probiotics
[83], but electrospinning can also be used to
produce fibres for the application of meat
analogues [84].

6. MAJOR CONSTRAINTS AND FUTURE
CHALLENGES
The organoleptic quality especially texture and
taste are the current challenges in the
development of meat alternatives [32]. Apart
from the doubted success to create plant-based
meat alternatives due to the strong taxonomical
factors adhering to meat as animal product [95],
the creation of a novel protein food with the
sensory attributes of meat is still a potential
barrier [96]. A number of allergenic food proteins
like dietary purines have been characterized in
legume crops including soybeans, lentils,
common beans, mung beans, chickpeas and
peas [97,98]. New base materials such as
isolated and concentrated proteins with low
dietary purines content [99] are introduced in an
attempt to manage the concentration as dietary
purines are not recommended for hyperunics.
Although, saponins and isoflavones were
previously considered as undesirable substances
for
the
anti-nutritional
activities,
the
phytochemicals are presently considered useful
but in a low concentration ranges for the anticarcinogenic activities [100]. Also, products
prepared from wheat, rye, and barley are not
suitable for individuals suffering from celiac
disease (CD) since the damaged absorptive
epithelium of the small intestine is intolerant to
gluten proteins [32]. These constrains have
contributed in the limited the use of plant proteins
for preparation of meat analogues.

5.2 Top-down Techniques
5.2.1 Extrusion
Extrusion is the most widely used commercial
technique to transform plant-based materials into
fibrous products [41,85]. The two classes of
structuring that exist with extrusion are lowmoisture and high moisture [86].
5.2.2 Mixing of proteins and hydrocolloids
Fibrous products can be obtained by mixing
protein with hydrocolloids that precipitate with
multivalent cations [87]. After mixing, the fibrous
products are washed and the excess water is
removed by pressing, yielding dry matter
contents between 40 and 60 wt.%. Despite the
initial ordering in the shear direction, the
subsequent steps destroy this large range
ordering, limiting the use to minced meat
products, such as burgers and schnitzels.
5.2.3 Shear cell technology

7. CONSUMMER’S ACCEPTANCE OF
PLANT-BASED MEAT ALTERNATIVES

Shell cell technology is a technology based on
well-defined shear flow deformation introduced a
decade ago to produce fibrous products [88].
Shearing devices inspired on the design of
rheometers [89] called shear cells are developed
in which intensive shear can be applied in a
cone-in-cone geometry [90,91]. The final
structure obtained with this technique depends
on the ingredients and on the processing
conditions. Fibrous products can be obtained
with calcium caseinate and several plant protein
blends, such as soy protein concentrate, soy
protein isolate (SPI) – wheat gluten (WG), and
SPI - pectin [92,93]. The structures prepared with
calcium caseinate showed anisotropy on a
nanoscale, while for the plant-based material,
anisotropy was reported up to the micrometrescale. The technology was successful up to pilot
scale [94].

Generally, the target of meat alternatives by the
manufacturer is to mimic the taste and
consistency of the animal product and permit the
transition to a more plant-based diet for new
consumers [98]. Meat replacement is categorized
following the corresponding meat category it is
intended to mimic. Studies to investigate the
consumer acceptance, appropriateness and
sensory preferences of meat alternative products
have been conducted [4,101,102]. It is reported
that the taste and texture are particular sensory
properties which are highly important for
consumer’s acceptance [103]. However, meal
formats [103] and repeated exposure [104] will
also contribute significantly towards the
acceptability of meat substitutes and meat
analogues [69]. Report by Hoek et al.[95], show
that the resemblance of meat substitutes to meat
in terms of texture, taste, appearance, and smell,

30

Dobgima et al.; AJB2T, 6(4): 23-40, 2020; Article no.AJB2T.63988

is important for consumers that have preference
for meat. Studies have shown that many
consumers indicated that it was necessary for
the appearance of a meat substitute to be similar
to meat products and that the method of
preparing a meal with the substitutes be clearly
defined [105]. Although consumers of another
study emphasized on the taste and texture as
important characteristics for acceptance of meat
alternatives especially by meat eaters, it was
observed that meat alternative does not implicitly
need to possess exactly the same sensory
attributes like meat to be accepted [106].
However, considering the feasibility of mimicking
large chops of meat (such as steaks) with plant
proteins, the introduction of ‘meat substitute
ingredients’ and smaller meat substitutes that will
be served as part of a dish (e.g. in a soup, a
sauce, or as a topping on a pizza) are more
acceptable [107,108]. All these considerations
have directed the production of modern meat
analogues which are praised for their ability to
meet consumer expectations by providing meatlike appearance, texture, flavour, and mouth feel
[68,101,109].

8.2 Supports among Environmental and
Animal Welfare Groups
The civil society narratives are playing an
important role in shaping public attitudes to meat
analogues particularly to cultured meat [117].
The civil society are therefore contributing to
sensitize the communities about the impacts of
diets while environmental groups in particular are
considered to be among the most helpful
sources of public information [118]. The growing
number of meat reduction campaigns such as
‘Meat Free Monday’ and ‘Veganuary’, among
others, have also greatly influenced raising
awareness of the benefits of eating less meat
and promoting the consumption of more
plant-based meat substitutes [119]. Most NGOs
aim for moderate messaging that is accessible
and appealing to mainstream audiences, in
shaping
their
campaigns
around
meat
consumption, and that is mainly to avoid creating
a perception of the organization as radical in its
mission [120].

8.3 Responses from Industry Incumbents

8. FACTORS AFFECTING THE SUCCESS
OF MEAT ANALOGUES

As observed in many sectors of the economy,
powerful meat industry has an important role to
play in either accelerating or dampening
innovation depending on how profitable or risky
is the innovation [121]. Others in the industry
have taken a more aggressive and defensive
approach to the fast increasing number of meat
analogue companies: some industry well
established in the US have lobbied for a
clarification of legal definitions of meat and for
more stringent regulation of meat-alternative
labeling [122].

Despite increasing consumer awareness of the
environmental and animal welfare impacts of
eating meat and the growing market for
reduced-meat diets [110] the degree of
consumer acceptance of meat analogues is
uncertain [111].

8.1 Consumer Perceptions
Analogues/Substitutes

of

Meat

9. MEAT ALTERNATIVE DEVELOPMENT
CONTRIBUTION
IN
AFRICAN
COUNTRIES

The number of vegetarians and number of
consumers who are reducing their meat
consumption has been increasing in Europe over
recent years [112,113]. Depending on the type of
consumer, environmental, ethical and health
reasons are responsible [114]. Studies on
consumer’s attitudes to meat analogues
specifically, and plant-based diets generally,
indicated that those already seeking to reduce
their meat consumption are likely to purchase
plant-based meat alternatives [115]. Familiarity,
sensory attractiveness and the prevalence of
food ‘neophobia’ certainly play a role in
strengthening and dampening of public interest
[104] (perceived) nutritional quality a shown in
Table 4, of meat analogues and their safety
compared with conventional meat is also likely to
be an important factor in their uptake [102].

Shurtleff and Aoyagi [33] indicated that the use of
low cost meat analogues in less developed and
developing countries has evolved due to the
large numbers of relatively poor people and
competition of food with consumer goods in the
family budget. But, the contribution of African
Traditional Food Technology or African Survival
Strategies in the development of meat alternative
indicates a lot of gaps in literature. However,
African Traditional Food Technology and/ African
Survival Strategies have a significant contribution
towards the search for a healthier and
environmentally friendly solution to excessive
meat consumption through meat replacements.
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Table 4. Nutritional composition of different food products – current as of September 2019
Product a

Energy value
(kcal)
Meat analogue products
Beyond burger
221.24
Impossible burger
212.39
Morning Star farms
203.13
grillers original burger
Boca all American
140.85
veggie burger
Gardein meatless meat 166.67
balls
Tofurky ham roast with 203.70
glaze
Quorn brand chik’n
203.39
nuggets
Traditional meat products
Ground beef (93%
152.00
lean, 7% fat),
uncooked/raw
Ground beef (93%
182.00
lean, 7% fat), cooked,
pan-fried
McDonald’s beef patty 266.67
Tyson fully cooked
300.00
homestyle beef
meatballs
Hormel cure 81 classic 105.95
boneless ham
Tyson fully cooked
300.00
chicken nuggets

Protein Fat (g)
(g)

Saturated fat
(g)

Cholesterol (mg) Total carbohydrates
(g)

Dietary
fiber (g)

Na (mg)

Fe (mg)

17.70
16.81
25.00

15.93
12.39
7.81

5.31
7.08
0.78

0.00
0.00
0.00

2.65
7.96
12.50

1.77
2.65
6.25

345.13
327.43
609.38

3.72
3.72
1.72

18.31

5.63

1.41

7.04

8.45

5.63

492.96

2.39

15.56

7.78

0.56

0.00

10.00

3.33

355.56

8.33

20.37

5.56

0.46

0.00

18.52

0.93

592.59

1.76

10.17

8.47

0.42

6.78

24.58

5.93

449.15

0.72

20.85

7.00

2.89

63.00

0.00

0.00

66.00

2.33

25.56

8.01

3.29

84.00

0.00

0.00

72.00

2.82

23.33
15.56

20.00
16.47

8.33
5.88

83.33
47.06

0.00
5.88

0.00
1.18

400.00
352.94

3.33
2.12

18.45

3.57

1.19

50.95

0.24

0.00

1038.10

0.83

15.56

18.89

4.44

44.44

16.67

0.00

522.22

0.91

aAll products are standardized to a 100 g serving.
Sources: [116]
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replacement [30, 31]. To produce Nyam ngub,
the wild orchid tubers are washed, drained,
crushed in a mortar after which water is added
and mixed. Wood ash extract made from special
woods and/ or plant stems is then added and
homogenized after which the mix is packaged in
flamed plantain leaves and steam cooked for
about 40-60 mins. The gel-like cooked product is
cooled and eaten directly or a the source eaten
along with corn fufu, or other cereal related
meals [30].

9.1 Chikanda
Some ethnic groups in Northeastern Zambia and
the adjacent provinces in Tanzania, the
Democratic Republic of Congo and Malawi are
known for their high consumption of meat loaflike dish called chikanda in times of famine or as
a seasonal addition to their dietary staples
[27,123,124]. This meat loaf-like dish is prepared
by mixing ground orchid tubers with peanut flour,
boiling and thickening the mixture in water and
subsequent baking [125]. Although initially not
very popular, chikanda or African polony
[125,126,127] has over the past decades, gained
popularity throughout the country as a nutritious
snack generally sold as a snack along the
streets, on markets, in supermarkets and on the
menu of a la carte restaurants [128].

10. CONCLUSION
Even though Food technologists, nutritionist are
faced with multiple technological challenges to
transform plant proteins into a convenient and
acceptable meat alternative attractable to meat
lovers, there has been great advances in the
structuring and formulation of plant proteins.
Products analogues of meat or the total
appearance of some meat parts have been
achieved. However, the macro and micronutrient
content of the plant based meat substitutes is still
an issue of concern with meat protein source
occupying a popular choice for consumers,
though once the sensory attributes of texture,
appearance and mouth feel are obtained, the
meal format will imposed protein rich
supplements to salvage the nutrient problem.
Though the history of meat replacements is
attributed to the East Asian countries principally,
African traditional food science had developed
plant-based products to serve as meat. At this
moment when meat consumption and production
is no more considered sustainable, research
should be diversified to involve other sources of
plant proteins like the orchid tubers rather than
concentrating on the conventional sources such
as soybeans, beans, pulses and lentils.

9.2 Chinaka (“Kinaka”)
Is a Malawian delicacy used as “Relish” prepared
from Satyrium cursonii usually by cleaning,
pounding the tubers in a mortar and cooking
preferably with a locally produced “baking
powder” called “Chidulo” though sodium
bicarbonate can be used in the absence of
chidulo. A “cake” mix is produced, poured into a
container to cool and solidify after which it is cut
into small pieces and cooked with groundnut
sauce or tomato [125].

9.3 Napsie
Napsie or “ground meat” is a product of the
Bagam people of Galim in the Western region of
Cameroon prepared preferably with Habenaria
keayi and Habenaria zambesina orchid species.
The tubers and roots are mixed in the ratio of 1:
3 respectively, washed and ground separately on
a stone to obtain pastes which are then mixed
and a solution of lime stone or filtrate of wood
ash (or from any other plant material) added.
After proper mixing, it is packaged in flamed
banana leaves and cooked in a closed
Aluminium pot for about 45 mins to obtain a
mucilaginous mass with a colour and consistency
almost like that of cooked liver [29].

DISCLAIMER
The products used for this research are
commonly and predominantly use products in our
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no conflict of interest between the authors and
producers of the products because we do not
intend to use these products as an avenue for
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knowledge. Also, the research was not funded by
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9.4 Nyam Ngub
Nyam Ngub as named by most fufu corn eaters
or chengni from the Ngemba’s , achu eaters of
the North West region of Cameroon is an
endogenously processed food from terrestrial
wild orchid tubers and consumed in the form of
meat snack, relish, meat substitute and/ or meat

COMPETING INTERESTS
Authors have
interests exist.
33

declared

that

no

competing

Dobgima et al.; AJB2T, 6(4): 23-40, 2020; Article no.AJB2T.63988

REFERENCES
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

Sui Z. Raubenheimer D, Rangan A.
Exploratory analysis of meal composition
in Australia: Meat and accompanying
foods. Public Health Nutrition. 2017;20(12):
2157–2165.
Available:http://doi.org/10.1017/S1368980
017000982
Pereira PMDCC, Vicente AFDRB. Meat
nutritional composition and nutritive role in
the human diet. Meat Sci. 2013;93,586-92.
Biesalski HK. Meat as a component of a
healthy diet - Are there any risks or
benefits if meat is avoided in the diet?
Meat Science. 2005;70(3):509–524.
Available:http://doi.org/10.1016/j.meatsci.2
004.07.017
De Boer J, Schösler H, Aiking H. Meatless
days or less but better? Exploring
strategies to adapt Western meat
consumption to health and sustainability
challenges. Appetite. 2014;76:120-128.
Available:http://doi.org/10.1016/j.appet.201
4.02.002
Hallström E. Röös E, Börjesson P.
Sustainable meat consumption quantitative
analysis of nutritional intake, greenhouse
gas emissions and land use from a
Swedish perspective. Food Policy. 2014;
47:81–90.
Fiasla N. Meeting the demand: An
estimation of potential future greenhouse
gas emissions from meat production.
Ecological Economics.2008;67(3):412-419.
Steinfeld H, Gerber P, Wassenaar TD,
Castel V, de Haan C. In Food and
Agriculture Org (Ed.). Livestock's long
shadow:
Environmental
issues
and
options; 2006.
Yadavalli A, Jones K. Does a medium
influence consumer demand? The case of
lean finely textured beef in the United
States. Food Policy 2014;49:219-227.
Bajzˇelj B, Richards KS, Allwood JM, Smith
P, Dennis JS, Curmi E, Gilligan CA.
Importance of food-demand management
for climate mitigation. Nat. Clim. Change.
2014;4(10):924-929.
Tilman D, Balzer C, Hill J, Befort BL.
Global food demand and the sustainable
intensification of agriculture. Proc. Natl.
Acad. Sci. U. S. A.2011;108:20260–20264.
GBD. Causes of Death Collaborators.
“Global,
regional,
and
national
age sex specific mortality for 282 causes
of death in 195 countries and territories,

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

34

1980–2017: A systematic analysis for the
Global Burden of Disease Study 2017”.
Lancet 392. 2017;1736–1788.
Springmann M, et al. Options for keeping
the food system within environmental
limits; Nature. 2018;562:519-525.
WBCSD. World Business Council for
Sustainable Development. Food and Land
Use; 2018.
FAO.
Livestock's
long
shadowEnvironmental issues and options. FAO
publications; 2006.
Tukker A, Emmert S, Charter M, Vezzoli C,
Sto E, Munch AM, Lahlou S, et al.
Fostering
change
to
sustainable
consumption and productionan evidence
based view. J. Cleaner Prod. 2008;16(11):
1218–1225.
Spencer M, Cienfuegos C, Guinard JX.
The Flexitarian flip. in university dining
venues: Student and adult consumer
acceptance of mixed dishes in which
animal protein has been partially replaced
with plant protein. Food Qual. Prefer. 2018;
68:50–63.
Spencer M, Guinard, JX. The flexitarian
Flip.: Testing the modalities of flavour as
sensory strategies to accomplish the shift
from meat-centered to vegetable-forward
mixed dishes. J. Food Sci. 2018;83:175–
187.
Food Navigator. Alternative Proteins; 2018.
Available:https://www.foodnavigator.com/
Trends/Alternative proteins
Accessed 3 December 2018.
Gaye M. Food Futerology; 2018.
Available: http://www.morgainegaye.com/
The Better Meat Company; 2018.
Available:https://www.bettermeat.co/
Accessed 3 December 2018.
van Huis A. In Annual Review of
Entomology; 58 (ed. M. R. Berenbaum).
Annual Reviews. 2013;563–583.
Denny A, Aisbitt B, Lunn J. Mycoprotein
and health. Nutrition bulletin. 2008;33:298–
310.
Quorn; 2018.
Available:https://www.quorn.co.uk/
Accessed 3 December 2018.
Kumar P, Singh R, Gupta N, et al. Meat
Analogues: Plant based alternatives to
meat products- A review. ND International
Journal of Food Fermentation Technology.
2015;5(2):107-119.
DOI: 10.5958/2277-9396.2016.00001.5.
Asgar M, Fazilah A, Huda N, Bhat R,
Karim A. Nonmeat protein alternatives as

Dobgima et al.; AJB2T, 6(4): 23-40, 2020; Article no.AJB2T.63988

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

meat extenders and meat analogs.
Comprehensive Reviews in Food Science
and Food Safety. 2010;9(5):513–529.
Shurtleff W, Aoyagi A. The book of Tempe,
2nd edn.,(Ten Speed Press: 145); 2001.
Kasulo V, Mwabumba L, Munthali C. A
review of edible orchids in Malawi. Journal
of Horticulture and Forestry. 2009;1(7):
133-139.
Challe JFX, Struik PC. The impact on
orchid species abundance of gathering
their edible tubers by HIV/AIDS orphans: A
case of three villages in the Southern
Highlands of Tanzania. National Journal of
African Science. 2008;56-3.
Menzepoh SB. Les orchidées comestibles
chez le peuple Bagam, au Cameroun.
Biotechnology Agronomy Society and
Environment. 2011;15(4):509-514.
Dobgima JF, Tembe EA, Fokunang CN,
Bup ND. Physical Characterization of Two
Wild Varieties of Edible Orchid Tubers.
Advances
in
Bioscience
and
Bioengineering. 2019;7(4):72-80.
DOI: 10.11648/j.abb.20190704.13
Titanji V et al. Bali nyonga today. Roots,
cultural
practices
and
the
future
perspectives. Chapter 10. Spears Media
Press, Denver; 2016.
ISBN:9781942876168.
Sadler MJ. Meat alternatives—Market
developments and health benefits. Trends
in Food Science and Technology. 2004;
15(5):250-260.
Shurtleff W, Aoyagi A. History of meat
alternatives (965 CE to 2014): Extensively
annotated bibliography and sourcebook.
Published by: Soyinfo Center; 2014.
Available:www.soyinfocenter.com.ISBN97
81928914716
Hegenbart S. mSoy: The beneficial bean.
Food Product Design; 2002.
Available:www.foodproductdesigncom/arch
ive/2002/0102DE
Craig WJ. Nutrition concerns and health
effects of vegetarian diets. Nutrition in
Clinical Practice. 2010;25:613-20.
Istudor N, Raluca AI, Irina EP. Research
on consumer's self-protection through a
Health Diet. Amfiteatru Economic. 2010;
12:436-43.
McNeill S, Van Elswyk ME. Red meat in
global nutrition. Meat Sci. 2012;92:16673.
Baena RR, Salinas HP. Diet and cancer:
Risk factors and epidemiological evidence.
Maturitas. 2014;77:202-8.

39.

40.

41.

42.

43.

44.

45.

46.

47.

35

Nijdam D, Rood T, Westhoek H. The price
of protein: Review of land use and carbon
footprints from life cycle assessments of
animal food products and their substitutes.
Food Policy. 2012;37(6):760–770.
Available:http://doi.org/10.1016/j.foodpol.2
012.08.002
Boada LD, Henríquez-Hernández LA,
Luzardo OP. The impact of red and
processed meat consumption on cancer
and
other
health
outcomes:
epidemiological evidences. Food Chem.
Toxicol. 2016;92:236–244.
DOI:10.1016/j.fct.2016.04.008.
Froggatt A, Wellesley L. Meat analogues
considerations for the eu. The royal
institute of international affairs chatham
house; 2019.
ISBN 978 1 78413 312.
Mottet AHC, Falcucci A, Tempio GOC,
Gerber P. Livestock: On our plate or eating
at our table? A new analysis of the
feed/food debate. Global Food Security.
2017;14:1-8.
Gerber PJ, Steinfeld H, Henderson B,
Mottet A, Opio C, Dijkman J, Falcucci A,
Tempio G. Tackling climate change
through livestock: A global assessment of
emissions and mitigation opportunities
[Internet].
Food
and
Agriculture
Organization of the United Nations; 2013.
Available:http://www.fao.org/3/i3437e/i343
7e.pdf
Carrington D. Giving up beef will reduce
carbon footprint more than cars, says
expert; 2014.
Available:https://www.theguardian.com/env
ironment/2014/jul/21/giving-up-beefreduce-carbon-footprint-more-than-cars
Tubiello FN, Salvatore M, Cóndor Golec
RD, Ferrara A, Rossi S, Biancalani R,
Flammin A, et al. Agriculture, forestry and
other land use emissions by sources and
removals by sinks 1990–2011 analysis.
FAO Statistics Division. Working Paper
Series ESS/14-02; 2014.
Available:http://www.fao.org/docrep/019/i3
671e/i3671e.pdf
Van Boeckel TP, Glennon EE, Chen D,
Gilbert M, Robinson TP, Grenfell TP, Levin
SA, Bonhoeffer S, Laxminarayan R.
Reducing antimicrobial use in food
animals. Science. 2017;357(6358):13501352.
Schmidt JW, Agga GE, Bosilevac JM,
Brichta-Harhay DM, Shackelford SD,
Wang R, Arthur TM.. Occurrence of

Dobgima et al.; AJB2T, 6(4): 23-40, 2020; Article no.AJB2T.63988

48.

49.

50.

51.

52.

53.

54.

55.

antimicrobial-resistant Escherichia coli and
Salmonella enterica in the beef cattle
production and processing continuum.
Applied and Environmental Microbiology.
2015;81(2):713–725.
Available:
http://doi.org/10.1128/AEM.03079-14
IARC. IARC Monographs evaluate the
consumption of red meat and processed
meat; 2015.
Available:https://www.iarc.fr/en/mediacentre/pr/2015/pdfs/pr240_E.pdf
McAfee AJ, McSorley EM, Cuskelly GJ,
Moss BW, Wallace JMW, Bonham MP. et
al. Red meat consumption: An overview of
the risks and benefits. Meat Science 2010;
84(1):1–13.
Available:http://doi.org/10.1016/j.meatsci.2
009.08.029
Micha R, Wallace SK, Mozaffarian D. Red
and processed meat consumption and risk
of incident coronary heart disease, stroke,
and diabetes mellitus: A systematic review
and meta-analysis. Circulation. 2010;
121(21):2271–2283.
Available:http://doi.org/10.1161/CIRCULAT
IONAHA.109.924977
Clark B, Stewart GB, Panzone LA,
Kyriazakis I, Frewer LJ. Citizens,
consumers and farm animal welfare: A
meta-analysis
of
willingness-to-pay
studies. Food Policy. 2017;68:112–127.
Available:http://doi.org/10.1016/j.foodpol.2
017.01.006
Mayfield LE, Bennett RM, Tranter RB,
Woolridge MJ. Consumption of welfarefriendly food products in Great Britain, Italy
and Sweden, an how it may be influenced
by consumer attitudes to and behaviour
towards, animal welfare attributes. Int. J
Socio Food Agri. 2007;15:59–73.
Roser M, Ritchie H. Yields and land use in
agriculture. In: our world in data.org
[Internet]; 2019.
Available:https://ourworldindata.org/yieldsand-land-use-in-agriculture
Díaz S, Settele J, Brondízio E. IPBES
global
assessment
summary
for
policymakers [Internet]. United Nations;
2019.
Available:https://www.ipbes.net/sites/defau
lt/files/downloads/spm_unedited_advance_
for_posting_htn.pdf
Poore J, Nemecek T. Reducing food’s
environmental impacts through producers
and consumers. Science. 2018;360:987–
992.

56.

57.

58.

59.

60.

61.

62.

36

Edenhofer O, et al. Climate Change 2014:
Mitigation of climate change: contribution
of working group iii to the fifth assessment
report of the intergovernmental panel on
climate change. Cambridge University
Press; 2014.
Heller MC, Keoleian GA. Beyond Meat’s
Beyond Burger life cycle assessment: A
detailed comparison between a plantbased and an animal-based protein source
[Internet]. University of Michigan Center for
Sustainable System; 2018.
Available:http://css.umich.edu/publication/b
eyond-meats-beyond-burger-life-cycleassessment-detailed-comparison-betweenplant-based\
Dettling
J,
Tu
Q,
Faist
M,
DelDuce
A,
Mandelbaum
S.
A
comparative life cycle assessment of plantbased foods and meat foods [Internet].
Quantis USA and MorningStar Farms;
2016.
Available:https://www.morningstarfarms.co
m/content/dam/morningstarfarms/pdf/MSF
PlantBasedLCAReport_2016-0410_Final.pdf
Smith P, et al. How much land-based
greenhouse gas mitigation can be
achieved without compromising food
security and environmental goals? Global
Change Biology. 2013;19:2285–2302.
Herrero M, Wirsenius S, Henderson B,
Rigolot C, Thornton P, Havlik P, de
Boer I, Gerber PJ. Livestock and the
environment: What have we learned in the
past
decade?
Annual
Review
of
Environment and Resources. 2015;40:
177–202.
Selman M, Greenhalgh S, Díaz R, Sugg,
Z. Eutrophication and hypoxia in coastal
areas: A global assessment of the state of
knowledge. World Resources Institute;
2008.
Available:https://wriorg.s3.amazonaws.co
m/s3fs-public/pdf/eutrophication_and_
hypoxia_in_coastal_areas.pdf?_ga=2.1125
70948.1338149515.1558621682700640967.1556910199
Mateo-Sagasta J, Marjani ZS, Turral H.
Water pollution from agriculture: A
global
review:
Executive
summary
[Internet].
Food
and
Agriculture
Organization of the United Nations and
International Water Management Institute;
2017.
Available:http://www.fao.org/3/a-i7754e.pdf

Dobgima et al.; AJB2T, 6(4): 23-40, 2020; Article no.AJB2T.63988

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

O’Neill J. Tackling drug-resistant infections
globally:
Final
report
and
recommendations [Internet]. Review on
Antimicrobial Resistance; 2016.
Available:https://amrreview.org/sites/defaul
t/files/160518_Final%20paper_with%20cov
er.pdf.
Marshal BM, Levy SB. Food animals and
antimicrobials: impacts on human health.
Clinical Microbiology Reviews. 2011;24:
718–733.
United Nations Interagency Coordination
Group
on
Antimicrobial
Resistance
(UNICGAN); 2019.
Malav O, Talukder S, Gokulakrishnan P,
Chand S. Meat analog: A review. Critical
Reviews in Food Science and Nutrition.
2015;55(9):1241–1245.
Keefe LM. FakeMeat: How big a deal will
animal meat analogs ultimately be?
Feature Article; 2018.
DOI: 10.1093/af/vfy011
Available:https://academic.oup.com/af/adv
ancearticleabstract/doi/10.1093/af/vfy011/5
055826
Kuamar P. Chatli MK, Mehta N. et al..
Meat
analogues:
health
promising
sustainable
meat
substitutes,
Crit. Rev. Food Sci. Tech. 2017;57:923–
932.
Available:http://dx.doi.org/10.1080/104083
98.2014.939739
Taylor J, Mohamed Ahmed IA, Al-Juhaimi
FY, Bekhit A, El-Din A. Consumers
perceptions and sensory properties of beef
patty analogues. Foods. 2020;9:63.
DOI: 10.3390/foods9010063.
Available:www.mdpi.com/journal/foods
Elzerman JE, Van Boekel, MAJS, Luning
PA.. Exploring meat substitutes: Consumer
experiences and contextual factors. British
Food Journal. 2013;115(5):700-710.
Joshi VK, Kumar S. Meat Analogues: plant
based alternatives to meatproducts. Int. J.
Food Ferment. Tech. 2015;5:107–119.
Available:http://dx.doi.org/10.5958/22779396.2016.00001.5
Orcutt M, McMindes M, Chu H, Mueller I,
Bater B, Orcutt A, et al. Textured soy
protein utilization in meat and meat analog
products. Soy applications in food. 2006;
155–184.
Egbert R, Borders C. Achieving success
with meat analogs. Food Technol-Chicago.
2006;60:28–34.
Langelaan ML, Boonen P, Polak KJM,
Baaijens RB, Post FPT MJ, van der Schaft

75.

76.

77.

78.

79.

80.
81.

82.

83.

84.

37

DWJ. Meet the new meat: Tissue
engineered skeletal muscle.Trends in Food
Science and Technology. 2010;21(2):59–
66.
Available:http://doi.org/10.1016/j.tifs.2009.
11.001
Post MJ. Cultured meat from stem cells:
Challenges and prospects. Meat Science.
2012;92(3):297–301.
Available:http://doi.org/10.1016/j.meatsci.2
012.04.008
Post
MJ.
Cultured
beef:
Medical
technology to produce food. Journal of the
Science of Food and Agriculture. 2014;
94(6):1039–1041.
Available: http://doi.org/10.1002/jsfa.6474
Smetana S, Mathys A, Knoch A, Heinz V.
Meat alternatives: Life cycle assessment of
most
known
meat
substitutes,
SInternational
Journal
Life
Cycle
Assessment. 2015;20:1254-1267.
Wiebe MG. QuornTM Myco-protein overview of a successful fungal product.
Mycologist. 2004;18(1):17–20.
Available:http://doi.org/10.1017/S0269915
X04001089
Wiebe M. Myco-protein from Fusarium
venenatum: A well-established product for
human consumption. Applied Microbiology
and
Biotechnology.
2002;58(4):421–
427.
Ho W, Sirkar K. Membrane handbook;
2012.
Rampon V, Robert P, Nicolas N, Dufour E.
Protein structure and network orientation in
edible ﬁlms prepared by spinning process.
Journal of Food Science. 1999;64(2):313–
316.
Available:http://doi.org/10.1111/j.13652621.1999.tb15890.x
Schiffman JD, Schauer CL. A review:
Electrospinning of biopolymer nanofibers
and their applications. Polymer Reviews.
2008;48(2):317–352.
Available:http://doi.org/10.1080/155837208
02022182
Librán CM, Castro S, Lagaron JM.
Encapsulation by electrospray coating
atomization of probiotic strains. Innovative
Food Science & Emerging Technologies.
2017;39:216–222.
Available:http://doi.org/10.1016/j.ifset.2016
.12.013
Nieuwland M, Geerdink P, Brier P, Van
Den Eijnden P, Henket JTMM, Langelaan
MLP, et al. Reprint of food-grade
electrospinning of proteins. Innovative

Dobgima et al.; AJB2T, 6(4): 23-40, 2020; Article no.AJB2T.63988

85.

86.

87.

88.

89.

90.

91.

92.

93.

Food Science and Emerging Technologies.
2014;24:138–144.
Available:http://doi.org/10.1016/j.ifset.2014
.07.006.
Wild F, Czerny M, Janssen AM, Kole AP,
Zunabovic M, Domig KJ. The evolution of a
plant-based alternative to meat. Agro
FOOD Industry HiTech. 2014;25(1).
Emin MA, Schuchmann HP. A mechanistic
approach to analyze extrusion processing
of biopolymers by numerical, rheological,
and optical methods. Trends in Food
Science and Technology. 2017;60:88–95.
Available:http://doi.org/10.1016/j.tifs.2016.
10.003
Kweldam AC. Method for the preparation
of a meat substitute product, meat
substitute product obtained with the
method and ready to consume meat
substitute product; 2011.
Available: http://doi.org/10.1016/j.(73)
Manski JM, Van der Goot AJ, Boom RM.
Formation of fibrous materials from dense
calcium
caseinate
dispersions.
Biomacromolecules. 2007;8(4):1271–1279.
Manski JM, Van der Goot AJ, Boom RM.
Advances in structure formation of
anisotropic protein-rich foods through
novel processing concepts. Trends in Food
Science and Technology. 2007;18(11):
546–557.
Krintiras GA, Göbel J, Bouwman WG, Van
der Goot AJ, Stefanidis GD. On
characterization of anisotropic plant protein
structures. Food and Function. 2014;5(12):
3233–3240.
Available:http://doi.org/10.1039/c4fo00537f
Van den Einde RM, Bolsius A, Van Soest
JJG, Janssen LPBM, Van der Goot AJ,
Boom
RM.
The
e ect
of
thermomechanical treatment on starch
breakdown and the consequences for
process design. Carbohydrate Polymers
2004;55(1):57–63.
Available:http://doi.org/10.1016/j.carbpol.2
003.07.004
Dekkers BL, Nikiforidis CV, Van der Goot
AJ. Shear-induced fibrous structure
formation from a pectin/SPI blend.
Innovative Food Science and Emerging
Technologies. 2016;36:193–200.
Available:http://doi.org/10.1016/j.ifset.2016
.07.003.
Grabowska KJ, Zhu S, Dekkers BL, De
Ruijter NCA, Gieteling J, Van Der Goot AJ.
Shear-induced structuring as a tool to
make anisotropic materialsusing soy

protein concentrate. Journal of Food
Engineering. 2016;188:77–86.
Available:http://doi.org/10.1016/j.jfoodeng.
2016.05.010
94. Krintiras GA, Diaz JG, Van der Goot AJ,
Stankiewicz AI, Stefanidis GD.. On the use
of the Couette Cell technology for large
scale production of textured soy-based
meat
replacers.
Journal
of
Food
Engineering. 2016;169: 205-213.
95. Hoeck AC, Luning PA, Weijzen P, Engels
W, Kok, FJ De Graaf C. Replacement of
meat by meat substitute: A survey on
person and product related factors on
consumert’s acceptance. Appetite. 2011;
56(3):662-673.
96. Kumar P, Chatli MK, Nitin M, Parminder S,
Malav OP, Akhilesh KV. Meat analogues:
Health
promising
sustainable
meat
substitute. Accepted Manuscript. Critical
reviews in food science and nutrition;
2012.
DOI: 10.1080/10408398.2014.939739
Available:https://www.researchgate.net/pu
blication/274705760
97. Riascos JJ, Weissinger AK, Weissinger
SM, Burks AW. Hypoallergenic legume
crops and food allergy: Factors affecting
feasibility and risk. Journal of Agricultural
and Food Chemistry. 2010;58:20-7.
98. Singh MB, Bhalla PL. Genetic engineering
for removing food allergens from plants.
Trends in Plant Sciences. 2008;13:257-60.
99. Havlik J, Vladimir P, Javier F, Vojtech R.
Dietary purines in vegetarian meat
analogues. J Sci Food Agric. 2010;90:
2352–235.
100. Fukushima D. Soy proteins. In: Yada RY
(ed). Proteins in food processing. England:
Woodhead Publishing Limited. 2004;123145.
101. Elzerman JE, Hoek AC, Van Boekel MJ, et
al. Appropriateness, acceptance and
sensory preferences based on visual
information: A web-based survey on meat
substitutes in a meal context. Food Quality.
Preference. 2015;42: 56-65.
Available:http://dx.doi.org/10.1016/j.foodqu
al.2010.10.006
102. Verbeke W, Van Wezemael L, De
Barcellos MD, Kügler JO, Hocquette JF,
Ueland O, et al. European beef consumers'
interest in a beef eating-quality guarantee.
Insights from a qualitative study in four EU
countries. 2010;54(2):289–296.
Available:http://doi.org/10.1016/j.appet.200
9.11.013
38

Dobgima et al.; AJB2T, 6(4): 23-40, 2020; Article no.AJB2T.63988

103. Neville M, Tarrega A, Hewson L, Foster T.
Consumer-orientated
development
of
hybrid beef burger and sausage anaogues.
Food Science Nutrition. 2017;1-13.
DOI: 10.1002/fsn3.466.
104. Hoek AC. Elzerman JE, Hageman R, Kok
FJ, Luning PA, De Graaf C. Are meat
substitutes liked better over time? A
repeated in-home use test with meat
substitutes or meat in meals’, Food Quality
and Preference. 2013;28(1):253–63
DOI: 10.1016/j.foodqual.2012.07.002
(Accessed 19 Nov. 2018).
105. Elzerman H. Substitution of meat by NPFs:
Sensory properties and contextual factors.
In Aiking H, De Boer J, Vereijken J. (Eds.),
Sustainable
protein
production
and
consumption: Pigs or peas? Dordrecht,
The Netherlands: Springer. 2006;116–122.
106. Hoek AC, Luning PA, Stafleu A, De Graaf
C. Food-related lifestyle and health
attitudes of Dutch vegetarians, nonvegetarian consumers of meat substitutes,
and meat consumers. 2004;42(3):265–
272.
107. Aiking H, De Boer J. Background, aims
and scope. In H. Aiking, J. de Boer and J.
Vereijken (Eds.), Sustainable protein
production and consumption: Pigs or
peas? Dordrecht, The Netherlands:
Springer. 2006;1-21.
108. Weaver P, Jansen L, Van Grootveld G,
Van Spiegel E, Vergragt P. Sustainable
technology development. Sheffield (UK):
Greenleaf Publishing Ltd; 2000.
109. Kyriakopoulou K, Dekkers B, Van der Goot
AJ. Plant-based meat analogues,in:
Sustainable
Meat
Production
and
Processing. Academic Press. 2019;103126.
Available:http://dx.doi.org/10.1016/B978-012-814874-7.00006-7
110. Waitrose, et al. Food and drink report
2018–19: The era of the mindful consumer;
2018.
Available:https://www.waitrose.com/conten
t/dam/waitrose/Inspiration/Waitrose%
20&%20Partners%20Food%20and%20Dri
nk%20Report%202018.pdf
(Accessed 19 Nov. 2018)
111. Apostolidis C, McLeay F. Should we stop
meating like this? Reducing meat
consumption through Substitution. Food
Policy. 2016;65:74–89.
112. The War on Meat. How low-meat and nomeat diets are impacting consumer
markets; 2011.

113.

114.

115.

116.

117.

118.

119.

39

Available:http://blog.euromonitor.com/2011
/08/the-waron-meat-how-low-meat-and-nomeat-diets-are-impactingconsumermarkets.html
Dagevos H, Voordouw J. Sustainability:
Science, practice and policy. 2010;9(2):110.
Kole APW, Van Veggel R. Changes in
carnivorous
consumption,
in
Vleesminnaars,
vleesminderaars
en
vleesmijders: duurzame eiwitconsumptie in
een carnivore eetcultuur. [Meat lovers,
meat reducers and meat avoiders:
Sustainable protein consumption in a
carnivorous eating culture] Edited De
Bakker E, Dagevos H, Wageningen UR
report for the Dutch Ministery of
Agriculture, Nature and Food Quality, The
Hague, The Netherlands; 2010.
Hartmann C, Siegrist M. Consumer
perception and behaviour regarding
sustainable protein consumption: A
systematic review. Trends in Food Science
& Technology. 2017;61:11-12.
DOI: 10.1016/j.tifs.2016.12.006
(Accessed 17 Jan. 2019).
Bohrer BM. An investigation of the
formulation and nutritional composition of
modern meat analogue products. Food
Science and Human Wellness. 2019;
8:320-329.
Bubela T, Hagen G, Einsiedel E. Synthetic
biology confronts publics and policy
makers: challenges for communication,
regulation and commercialization. Trends
in Biotechnology. 2012;30(3):132-37.
DOI: 10.1016/j.tibtech.2011.10.003
Bailey R, Froggatt A, Wellesley L.
Livestock – climate change’s forgotten
sector: Global public opinion on meat and
dairy consumption. Chatham House
Report, London: Royal Institute of
International Affairs; 2014.
Available:https://www.chathamhouse.org/si
tes/default/files/field/field_document/20141
203LivestockClimateChangeForgottenSect
orBaileyFroggattWellesleyFinal.pdf
(Accessed 19 Nov. 2018).
Ryan C. Brits carve their meat intake: 28%
of Brits have cut back their meat
consumption over the last six months, Pig
World; 2017.
Available:http://www.pig-world.co.uk/news
/brits-carve-their-meat-intake-28-of-britshave-cut-back-their-meat-consumptionover-thelast-six-months.html
(Accessed 19 Nov. 2018)

Dobgima et al.; AJB2T, 6(4): 23-40, 2020; Article no.AJB2T.63988

120. Laestadius LI, Neff R, Barry CL, Frattaroli
Tanzania's
Southern
Highlands:
S. No meat, less meat, or better
Assessment, dynamics and conservation
meat: Understanding NGO messaging
implications. 2003;37:55-61.
choices
intended
to
alter
meat 124. Bingham MG, Smith PP. Zambia. In
consumption in light of climate change,
Golding JS (ed.), Southern African plant
Environmental
Communication.
2016:
red data lists. Southern African botanical
10(1):84-103.
diversity network report. SABONET,
DOI: 10.1080/17524032.2014.981561
Pretoria. 2002;14:135-156.
(Accessed 16 Jan. 2019).
125. Veldman S, Otieno J, Van Andel T,
121. Smink MM, Hekkert MP, Negro SO.
Gravendeel B, De Boer H. Efforts urged to
Keeping sustainable innovation on a
tackle thriving illegal orchid trade in
leash? Exploring incumbents’ institutional
Tanzania
and
Zambia
for
strategies. Business Strategy and the
chikanda production. Traffic Bulletin. 2014;
Environment. 2015:24(2):86-101.
26:47-50.
DOI: 10.1002/bse.1808
Available:http://www.traffic.org/home/2014/
122. U.S. Cattlemen’s Association. ‘Petition for
10/30/latest-traffic-bulletin-helps-illuminatethe imposition of beef and meat labelling
orchid-ivory-serow.html)
requirements: to exclude products not 126. Bingham M. Chikanda trade in Zambia.
derived directly from animals raised and
The Open Earth Project; 2004.
slaughtered from the definition of “beef” 127. Davenport TRB, Ndangalasi HJ. Orchid
and “meat”’; 2018.
Harvest – an assessment of the harvesting
Available:https://www.fsis.usda.gov/
and trade of orchid tubers across
wps/wcm/connect/e4749f95-e79a-4ba5Tanzania’s
southern
highlands.
883b-394c8bdc97a3/18-01-Petition-USUnpublished Report, Wildlife Conservation
CattlementAssociation020918.pdf?MOD=A
Society, Tanzania; 2001.
JPERES.
128. Bingham M. Chikanda, An Unsustainable
(Accessed 18 Jan. 2019).
Industry. The Lowdown Zambia; 2007.
123. Davenport TRB, Ndangalasi HJ. An
Available:[http://www.lowdownzambia.com/
escalating trade in orchid tubers across
2007/2007- 04/chikanda.htm]
_________________________________________________________________________________
© 2020 Dobgima et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/63988

40

