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Abstract

Biltong is an intermediate moisture ready-to-eat meat snack that originated in South Africa.
Low water activity, increased solutes content and low pH help extend biltong’s shelf life. A
Hamilton company, Safari Biltong, specialises in producing biltong. Its current product is
manufactured to a food control plan (FCP) approved by the Ministry of Primary Industries. This
FCP allows the biltong to be kept for a maximum of two weeks. The company wants to develop
more markets and also to export biltong. This involves researching systems that would allow
the product to retain the desirable quality and food safety for up to a year without using
chemicals or preservatives. A good quality biltong has dark colouring (black to dark brown),
no visible fungal growth, no bacterial populations that exceed allowable limits, water activity

below 0.85, a pH around 5.3, little to no rancid flavours and a chewy consistency.

Freshly made biltong was packaged using film with low water, oxygen and carbon dioxide
transmission and sealed under full vacuum (VS), partial vacuum (PV) or partial vacuum with
an oxygen scavenger (PVS) then stored at 35°C, 20°C and 4°C for 46 weeks. The water activity,
pH, appearance and mould spore viability was monitored periodically. Sensory evaluations
were also done using an untrained panel. A second, smaller trial investigated the effect of
adding a proprietary natural antioxidant on storage quality and lipid oxidation. The national

lockdown due to the Covid 19 pandemic prevented some data being collected during the trial.

Water activity of biltong kept at the 35 and 20°C decreased during storage, especially in biltong
kept at 35°C, where water activities decreased to as low as 0.4. The water activity of biltong
stored at 4°C fluctuated around the initial value of 0.69 over the 46-week storage period. Storing
under full vacuum was best for maintaining a higher water activity associated with biltong
having an acceptable texture. During storage, none of the biltong had a water activity that
exceeded the allowable limit of 0.85. Biltong maintained the best appearance and pH when kept

at 4°C in full vacuum packs.

Colour of fresh biltong is black, which fades to a light brown colour with deterioration. This
occurred the most in biltong stored at 35°C, especially in the PV environment, which became
unacceptable after 16 weeks. Biltong stored in a VS environment maintained colour best,
becoming unacceptable after 42 weeks whilst biltong stored in the PVS environment was
unacceptable after 24 weeks. Biltong stored at 20°C and 4°C remained acceptable throughout
storage for all packaging environments, with the best colour being maintained in the VS

environment.



Bacteria were not isolated from the biltong during storage. No visible mould growth was
observed on the packaged biltong during storage, other than one pack with a faulty seal.
Viability of mould spores decreased during storage. Viable mould spores were not detected on
biltong stored at 35°C after 9 weeks storage or after 15 weeks on biltong stored at 20°C.

However, viable spores were isolated from biltong stored 4°C at the end of the 46 week trial.

Sensory analysis after six weeks showed biltong stored at 35°C PV conditions was very
unacceptable and that biltong stored at 4°C, regardless of packaging environment, was best. All
biltong stored at 20°C was acceptable, with that stored in VS and PVS environments being
preferred over biltong stored in the PV environment. Scores for sensory evaluations varied
greatly and panellists could not discern differences between biltong stored in different

environments.

Including a proprietary rosemary extract in the marinade decreased the rate of lipid oxidation
(measured as thiobarbituric acid reactive substances) and development of rancid flavours
(measured using a sensory panel). Lipid oxidation, as expected, was highest in biltong stored at
35°C and lowest in biltong stored at 4°C. The greatest oxidation occurred in the VS environment
and the least in the PV environment. Further trials on the effect of the packaging environment
on lipid oxidation need to be done as data did not agree with that obtained for biltong with no
added extract, which showed that oxidation was greater in the PV environment.

Sensory data indicated that the quality of biltong containing the rosemary extract and packed
under partial or full vacuum was still acceptable after 14 weeks at 20°C and 4°C. Adding an
oxygen scavenger slightly improved quality. The acceptability of biltong stored at 35°C
deteriorated quickly but this temperature could be used for accelerated storage of the effect of

packaging environments and additives on biltong quality.

Recommendations for further research are given, including further investigating factors that
affect lipid oxidation, using a trained panel for sensory evaluations, investigating other
packaging environments and storage temperatures, and investigating the reason for variation in

water activity and pH measurements.
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1 Introduction

Anthropological research shows that meat has been a food source for humans for thousands of
years. This nutrient-dense food provides protein (amino acids), vitamins (especially vitamin B),
iron, zinc, other minerals and energy in small portions. The prime method for obtaining meat
was hunting but as cultures settled on productive land, farming made acquiring meat easier and
more reliable to obtain. The popularity of red meat in Western culture increased as farming

became prominent (Pereira & Vicente, 2013).

Meat has numerous definitions but the most agreed definition, used by the American Meat
Science Association (AMSA), is “skeletal muscle and its associated tissues derived from
mammalian, avian, reptilian, amphibian, and aquatic species commonly harvested for human

consumption” (Boler & Woerner, 2017).

Fresh meat is highly perishable due to its high water content and nutrient availability, which
creates ideal conditions for microbial growth and chemical reactions that promote structural,
sensory and colour changes. Throughout human history, many cultures have developed various
techniques to prolong the shelf life of meat. Before electricity was invented, common
preservation techniques included curing, drying, smoking and fermentation (Pal & Devrani,
2018).

Dried food products are shelf stable foods with a low water activity (e.g. less than 0.6) and a
moisture content below 15%. It is often brittle and usually is rehydrated before being
eaten. Intermediate moisture foods (IMF) are shelf-stable products with water activities of 0.6-
0.84 and a moisture content between 15% and 40% (Fig 1.1). They are edible without
rehydration (Barbosa-Canovas et al., 2003).

IMF meat products such as beef jerky, a well-known preserved processed meat product, rely on
removing a lot of the water from fresh meat to obtain a product with a much longer shelf life
than fresh meat. Jerky originated in the Americas, where Inca and Native American tribes in
the 1500s, would cut deboned and defatted meat into thin strips, make them thinner by
pounding, then rub in salt. The meat strips were then dried over a fire or in the sun (Fehrs,
2014). Another variation of dried meat is Borts, which is made in Mongolia where winters are
harsh and food is scarce, making long-term food storage essential. Borts is made by hanging
thin strips of meat under the roof of a tent. After a month of drying, the meat has shrunk and
developed a brown colour, giving it an appearance much like wood (Mischler, 2005). The

Nigerian dried meat product Kilishi is a spicy beef jerky made from wafer thin meat slices that

1



have been coated in a spice blend containing ginger, suya pepper and cajun pepper seeds. It is
then traditionally dried in the hot sun for about three days (Chinyere, 2020). Biltong, an IMF
dried meat product originating from South Africa, is prepared from whole muscle tissue. Dutch
settlers moving through South Africa in the 17th century developed the product so they could

have an energy rich food when travelling (Jones, 2017).

E Food tissues
09
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E Dehydrated foods
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0 1 2 3

Water content (gH ;0 / g solids)

Figure 1.1. Relationship of water activity and moisture content for different classifications of dried food
(Barbosa-Canovas et al., 2003).

The ready availability of large-scale refrigeration and freezing means that preserving meat by
drying is not as important as previously. However, the popularity of dried meat products has
increased in recent times, with biltong and beef jerky being common “snack” foods across the
globe. The satiating effect of proteins means small amounts of meat will satisfy hunger more
than the same amount of carbohydrates. Dried meats are considered healthy snack options as
they do not contain carbohydrates, sugars and are very close to their natural state (Abou-Samra
et al., 2011). A study found that 75% of consumers agree protein is important in a healthy diet
and that a high protein snack does not compromise weight control quickly (Shaffer, 2019).

Due to the declining economy and increasing crime rates, emigration from South Africa has
increased markedly since the mid-1990s. For instance, between April 2018 and April 2019,
approximately 8200 South Africans migrated to New Zealand (Stats NZ, 2019), making them
the fourth largest group of people New Zealand receives annually (Anon., 2019a). Because

these expatriates want to have foods they are used to, traditional South African foods such as
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biltong are being produced in their new country. The increasing demand for South African food
products in New Zealand means local businesses, such as New World, have introduced South
African products in an international foods section. New companies are manufacturing the
products and small businesses such as Safari Biltong in Hamilton, which specialises in
manufacturing and/or selling traditional South African products, are experiencing increased
demand as locals are also beginning to favour this introduced snack. Over the past three years,
this company has had to expand its facilities, purchase more automated machinery, and hire

more employees to meet demands (J. Bouwmann, personal communication, 2019).

Manufacturing, distributing and storing foods have the associated risks of contamination and
spoilage, which can affect food safety and human health. Every year about 200,000 New
Zealanders suffer from a food related illness, which is a higher rate than most other developed
countries (Anon., 2019b). Most cases of food poisoning are due to unsafe handling in homes,
which cannot be regulated, but food manufacturing companies use processes to minimize the
risks (Holl, 2009).

To ensure food safety, New Zealand food manufacturers making or selling higher risk foods
need to have a food control plan (FCP) agreed and registered with the Ministry of Primary
Industries (MPI). Individual FCPs specify the processing steps that ensure that any foodstuff
manufactured, distributed and sold is safe for consumption. If the strict standards and

requirements cannot be met, the foodstuff cannot be sold (MPI, 2020).

Biltong is a ready-to-eat dried food product consisting entirely of meat. The MPI standards for
ready-to-eat meat are (NZFS, 2019):
e Meat must be cured in conditions that minimise contamination, inhibit growth of
pathogenic and spoilage microorganisms, and facilitate uniform curing (NZFS, 2019).
e The correct amount of salt must be used and spread evenly over the entire surface
(NZFS, 2019).
e During curing, the temperature must be low enough to avoid spoilage and growth of
pathogens while ingredients equilibrate (NZFS, 2019).
e The drying process and any additional controls must render the product
microbiologically safe for its purpose (NZFS, 2019).
e The product must be dried to a water activity below 0.85 (NZFS, 2019).
e The food standards code does not provide microbiological limits for dried meat
products. The operator can establish their own limits based on criteria for similar
ready-to-eat meat products (NZFS, 2019).



Safari Biltong hangs its product freely in cabinets in the shop. When it is purchased, the biltong
Is packaged in brown paper bags designed to only contain the biltong while it is transported
from the shop to the consumer’s place of consumption. Safari Biltong’s FCP allows it to sell
biltong for up to two weeks after production. Any unsold biltong must then be disposed of. As
the expiry date approaches, the price of the biltong is often lowered to encourage sales and
decrease wastage. However, selling the product cheaply impacts on profitability. Extending the
allowable shelf life would reduce wastage and help maintain profitability. A possible solution
to extending the shelf life of biltong further is by using appropriate packaging. As well as
allowing a longer time for being able to legally sell the biltong, long term packaging could
create opportunities to sell biltong in other centres or even export it (J. Bouwmann, personal
communication, 2019).

Chemicals and preservatives are viewed negatively in the western society and therefore,
impacts profitability when incorporated. Chemicals and preservatives are often used when
manufacturing biltong to help maintain sensory quality and limit microbial growth and
establishment (Jones et al., 2017). To increase sales, it would be beneficial to have a product
free of chemicals and preservatives while still retaining safety and desired characteristics
(Shafie & Rennie, 2012).

There is very little published research on the changes occurring when biltong is stored for
extended periods or what occurs when it does not contain chemicals and preservatives (Jones
etal., 2017). Storage costs could be minimised if the biltong can be kept at ambient temperature

without adversely affecting the biltong.

The aim of the research described in this thesis is to assess the effect of storage temperature and
packing environment on biltong quality. The biltong will not contain chemicals or preservatives
and the storage trials will be carried out for up to a year under different storage temperatures.
It is hypothesised that adverse chemical, sensory and biological changes will occur more slowly
in biltong stored at lower temperatures or in environments with a lower oxygen content. Safari
Biltong, the company supporting this research, will use the findings of this research to explore
the possibility of producing packaged biltong with no chemicals or preservatives, with a shelf
life of a year. The recipe and methods developed by Safari Biltong are confidential and therefore

not included in this research report.

Chapter 2 of this thesis contains a review of dried meat products, with an emphasis on biltong,
and on ways to extend storage life of food products. It also includes methods to assess food
product deterioration during storage. The chapter ends with the specific aims/hypothesis of the



research. Chapter 3 contains the methods and equipment used and the trials carried out. The
results are presented and discussed in Chapter 4 and Chapter 5 contains the conclusions and

recommendations for further research.

During the research period of this thesis, the 2020 Covid-19 Level 4 isolation period occurred
and access to the University and use of facilities was prohibited. The stored samples could not
be accessed so data for the storage trial is incomplete. However, sufficient data was collected

to draw conclusions and suggest improvements if this study was repeated or taken further.



2 Literature Review

2.1 Living Muscle

Skeletal muscle tissue of bovine animals is used for commercial biltong production. Muscle is

the soft tissue of animals, arranged in bundles of protein fibres (Fig. 2.1) that allow movement.

epimysium

endomysium

sarcolemma sarcomere

myofilament

MUSCLE
Figure 2.1. Structure of muscle fibre bundles (Baker, 2016).

The repeating sarcomere subunits make up the myofibril, which is enclosed in the sarco-lemma.
Repeating myofibrils are enclosed in the sarcoplasmic reticulum creating the fascicle. Fascicles
are enclosed in the epimysium creating the muscle that is converted to meat post-mortem
(Lieber, 1992).

The sarcomeres contain thick myosin and thin actin proteins that are able to slide past each
other (Fig. 2.2). The fibrous myosin molecules have a strong attraction to actin but are separated
by tropomyosin. During contraction, calcium is released, which triggers tropomyosin
movement, allowing myosin and actin to interact. Myosin ‘heads' bind to the actin filament and
metabolise ATP to ADP. The phosphate released provides the energy for the head to contract.
Another phosphate release triggers the head to release and bind again. This action shortens the

sarcomere causing the muscle to shorten and contract.
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Figure 2.2. Actin and myosin arrangement and morphology (Pollesello et al., 2004).

Water is essential for contraction and function of living muscle. The two mechanisms that retain
water in muscle tissue both depend on the amount of space between fibres. The first is
dependent on the sarcomeres. Water is held within the sarcomeres, and the longer the sarcomere
the more space there is for water. The second depends on muscle pH and the net electrical
charge on the muscle proteins. Like charges repel each other, creating space between the fibres.
The charge is neutral at the isoelectric point (IP) of the protein. As the pH moves above or
below the IP (pH of about 5.5 for most meat proteins), the amount of either negative or positive
charge increases, causing greater repulsion. The greater the repulsion the greater the space and
therefore the greater the water retention. This is referred to as the water holding capacity (WHC)
of the muscle (Hunt et al., 2011).

The pH of normal living muscle tissue is neutral (pH 7) but changes when the animal is
slaughtered. After death, oxygen is not delivered to the muscle, ATP is metabolised
anaerobically and lactic acid is produced, which lowers the pH. Under normal conditions, the
ultimate pH of meat (when all energy reserves have been used up) is pH 5.4 - 5.5. When all the
ATP has been metabolised, the actin and myosin heads cannot release and the muscle enters

rigor mortis, which results in constant contraction. After several days post-mortem, proteolytic
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activity in protein fibres degrades the structures resulting in tenderisation (Darrel et al., 2001).
Leaving meat attached to the bone for a few days post-slaughter prevents the meat from
shrinking. Once the actin and myosin bonds have weakened, the muscle can be removed more
easily from the carcass. Electrical stimulation accelerates ATP use, hastening the onset of rigor
mortis (Walker et al., 1995). Electrical stimulation, which accelerates biochemical processes,
and temperature control will ensure that rigor mortis and the subsequent muscle tenderisation
is optimised (Devine et al., 2014).

If the animal experiences stress before death, muscle energy reserves are used up before the
post-slaughter biochemical reactions can occur so the pH will not fall as much, creating dry,
firm and dark (DFD) meat with a pH of about 6. Modern slaughter operations diminish the
possibility of producing DFD meat by reducing stress before slaughter and using appropriate
slaughtering processes, such as electrical stunning (Adzitey & Nural, 2011).

2.2 Biltong

Throughout history, many different cultures have used drying as a common method for
preserving meat. Jerky, biltong, charque, pastirma, odka, kilishi, gwanta and variations of
salami are some types of IMF and dried meat products. These products are made from meat
obtained from various animals such as beef, sheep, wild game, camels, etc. and were originally
a way of extending the supply of meat before refrigeration was widely available (Domzalski,
2017).

Biltong is an intermediate moisture, ready-to-eat meat snack made originally from antelope and
beef. It originated from predominantly Dutch settlers in South Africa, called ‘Voortrekkers’, in
the early 17" century. While at sea, seafarers salted and pickled meat in wooden barrels to
supply meat for the months they were unable to replenish their food resources. After arriving,
these Dutch settlers found it difficult to build up livestock numbers while they were moving
through the land but there were abundant numbers of wild game, which supplied plenty of meat.
However, there was no means of preserving the large amounts of meat from a successful hunt.

The settlers observed the indigenous peoples drying meat in the sun (Jones et al., 2017).

The Cape region of South Africa had a large spice trade and French settlers produced vinegars
from their vineyards. The Dutch settlers adopted the practises and ingredients from the cultures
around them and used the ingredients available to develop the recipe for the biltong known
today. The name biltong is derived from the Dutch word “bil’, referring to the buttock of an
animal, and ‘tong’ meaning tongue, which refers to the strips the meat is cut into (Jones, 2017).

The recipe was very successful in extending the shelf life of the meat while maintaining
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desirable gustatory characteristics. Hence, the recipe has remained largely unchanged from the
first developments (Jones et al., 2017). Biltong was particularly useful during the Boer war,
where soldiers were supplied with biltong and dried fruits that allowed them to stay in the field

for weeks without the need to replenish nutritional resources (Lewis et al., 1956).

The impact of the war and the difficulties Afrikaans (descendants of Dutch settlers) ancestors
faced caused the following generations to be extremely patriotic, finding their identity in
tradition. Biltong is, amongst other things, considered to be uniquely Afrikaans and an item that
helped the survival of the culture. This, along with its desirable organoleptic qualities, retained
the love for biltong through centuries (Grundlingh, 2019).

South African citizens migrating to other countries take their culture and traditions to their new
home. Countries, such as New Zealand have a high immigrant population, providing an influx
of different cultures. Overall, the New Zealand population is open to accepting aspects of the
different cultures into their own. This has allowed biltong to become increasingly popular
amongst the New Zealand population. For similar reasons the popularity is growing worldwide.
The snack is particularly popular amongst people in physically labouring jobs, such as
construction, as it provides high amounts of energy in small volumes and does not require
refrigeration or cooking on site. The current New Zealand housing crisis has allowed increased
numbers of trade staff to meet the demands. As a result, biltong sales are increasing as well (J.

Bouwmann, personal communication, 2019).

2.3 Manufacturing Biltong

The South African settlers used ostrich and game such as kudu, springbok and gemsbok to make
biltong. Later, beef became the main meat due to its abundance and the desirable characteristics
of beef biltong. The most preferred cuts for making biltong are the loins directly behind the

kidneys, the dorsal muscles on each side of the spine and the haunches (Lewis et al., 1956).

To manufacture biltong, connective tissue and any excess fat is removed before cutting the meat
into long strips parallel to the muscle fibres, which allows better salt and spice infusion. Strip
dimensions vary between producers but slices typically are 20 to 40 cm long. Dimensions are
extremely important as it affects drying time and biltong characteristics. If the slices are too
thick, water removal may take longer than the standard time, increasing production time and
cost and decreasing profitability. If the slices are too thin, the meat will dry too much, making
an undesirable product. A strip of fat can be left on the edges because many consumers enjoy
he fat; however, this can allow rancidity development due to lipid oxidation. Fat also increases

the time for salt absorption and decreases water diffusivity (Jones, 2017).
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Different manufacturers have different recipes for marinating the biltong. Meat strips are often
covered in a low pH marinade containing vinegar and Worcester sauce, then coated with a blend
of dry spices high in salt and left to infuse for up to a day. Marinating takes place over 24 hours
at 4°C after which the salt content of biltong is between 2 and 13% (Rogers et al., 2004). For
acceptable taste, salt content is 2.5-4% (Jones et al., 2019). After being marinated, the slices
are threaded onto a hook and hung to dry. In the 17" century, biltong would have been hung
outside in a windy but shady area to allow moisture removal without the meat undergoing heat-

induced changes (Rogers et al., 2004).

As biltong demand increased, traditional methods were adapted to modern operations. Airtight
containers, such as drying rooms or boxes with dehumidifiers and fans, create an environment
of dry circulating air at room temperature. This reduces drying time from two weeks to a few

days (Jones et al., 2017) and allows better process control.

Fresh meat has a moisture content of 45-75%, depending on the cut, type of meat and fat
content. During the drying process, fresh biltong loses half its weight after an adequate amount
of moisture has been removed (Rogers et al., 2004) and will have a moisture content around
20% (Lewis et al., 1956). The water activity is usually below 0.85 (Naidoo & Lindsay, 2010).

Biltong sold in stores can be classified as dry, medium or wet. Consumers prefer ‘wet’ biltong,
which has a slightly higher moisture content and water activity between 0.80 to 0.89, and
‘medium’ biltong, which has a water activity between 0.7-0.79, rather than ‘dry’ biltong, which
has a water activity of 0.65 to 0.69. Biltong with water activities below 0.65 has a dry, flake-

like consistency and would not be commercially acceptable (Petit et al., 2013).

2.4 Drying

2.4.1 The drying process

The drying process involves removing water from a material to produce an end-product with
no or low moisture content. Drying food products have two advantages - extending shelf life
(preservation) and reducing weight. The water that is removed is usually transferred to the
surrounding air but can also be achieved via sublimation (e.g. freeze-drying). The drying of a
material is affected by the rate moisture can be transferred from the interior to the exterior, the
temperature difference between the heating medium (which usually is hot air) and the material
being dried, and the amount of moisture the drying medium (for example, air) can hold. The

macro- and microstructure of the material also affects drying rate (Heldman & Hartel, 1997).
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There are three stages during drying (Fig. 2.3). In the settling-down period (A), the product
equilibrates with the ambient temperature. In the constant-rate period (B), the rate of moisture
removal is constant because the moisture being removed from the surface is being replenished
by an equal amount of moisture from the interior. In the falling-rate period (C), moisture cannot
be transferred from the interior to the surface rapidly enough to balance the moisture being

removed from the surface (Heldman & Hartel, 1997).

Constant rate period \

Falling rate period \

Drying rate (kg moisture / kg dry matter - hour)

/ Critical moisture content \

Moisture content (kg moisture / kg dry matter)

Figure 2.3. Three stages of a typical drying curve (Heldman & Hartel, 1997).

The falling rate period often has two stages and two associated moisture contents. These are the
critical moisture content and the equilibrium moisture content. The critical moisture content
occurs when the drying rate begins to decline and the equilibrium moisture content occurs when
no more water can be removed (or gained) under the prevailing environmental conditions (i.e.
drying rate is zero) because the product is in equilibrium with the environment (Diamante et
al., 2010).

Water molecules will move from the high concentration areas to low concentration areas. The
relative humidity (RH) of the air must be significantly less than the free moisture in the meat
for mass transfer to occur effectively. This difference draws free moisture from the product and
into the surrounding air. After being removed from the food, the moisture is in the air
surrounding the food, reducing the imbalance in RH between the air and the food. If the air is
constantly moving, the saturated air is removed and replaced with dry(er) air (Fig 2.4.)
(Heldman & Hartel, 1997).
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Figure 2.4. Schematic diagram of movement of moisture in the interstitial spaces of food cells during

drying food (Anon., 2020).
Drying rate can be increased by increasing the difference between the vapour pressure of the
air and the meat surface. Once the surrounding air becomes saturated, drying stops (and can
work in reverse if the air contains more water than the meat). Warmer air can hold more
moisture than cold air before it becomes saturated so increasing the air temperature will increase
drying rate (Potter & Hotchkiss, 1995). Air flowrate also affects drying rate. If it is too low, air
surrounding the product will become saturated and drying is inhibited. If air flow is too fast,
there is insufficient time to transfer much water, leading to inefficient (and uneconomic) drying
(Anon., 2020).

There is an equilibrium relative humidity for every food where the food neither gains nor loses
moisture to the environment. When the environment has a higher RH than the dried food, water
moves from the air to the food and the food will increase in weight (as long as it is not fully
saturated). If the RH of the air is lower than the dried food, the food loses moisture until

equilibrium with the immediate environment can be established (Heldman & Hartel, 1997).

2.4.2 Case hardening
If moisture is transferred from the surface of the food to the air faster than it is moving from the

interior (such as when the temperature difference between the product and the air is large and/or
air flow rate is too fast), the surface can start to harden, which inhibits further drying. This is
called case hardening (Heldman & Hartel, 1997) and affects product sensory and
microbiological quality. The outside of the product forms a hard surface (crust, leather-like
texture, etc.) while the interior remains soft with a high water activity (Fig. 2.5).
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Figure 2.5. Case hardened biltong (U/I_EAT_THE_FAT, 2019).

Case hardening is common in nutrient rich foods and when the initial drying temperature is too
high. During the initial high temperature, solutes form and deposit on the surface creating a
solid layer on the surface and preventing water being removed from the interior (Anon., 2020).
Case hardening is deleterious to the texture and, more importantly, can allow microbial spoilage

to occur within the product because it has not been dried sufficiently (Gulati & Datta, 2015).

2.4.3 Water in meat
Water has unique properties that enable it to be essential to life. Electrostatic charges between

the positive hydrogen atoms and the negative oxygen atoms allows for strong hydrogen
bonding. It can dissolve a large number of hydrophilic compounds such as proteins, vitamins
and glucose but does not dissolve hydrophobic compounds like lipids. Hydrophobic
interactions are crucial for the formation of cell membranes, protein folding, micelles and
liposomes. Intracellular processes cannot occur without water (Lorenzo et al., 2019). For these

reasons, microbial cells cannot survive without sufficient water.

Meat contains free (easily removed) and bound water. Free water is defined as water in a food
that acts as pure water and can be removed during the constant rate period of drying. Bound
water, on the other hand, has a low vapour pressure, low mobility and a greatly reduced freezing
point. The water activity of meat depends on the bound and unbound water (Table 2.1).
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Table 2.1. Water activity correlation with extent of bound water (Anon., 2020).

Extent of bound water | Water activity (Aw)
Tightly bound water <0.3
Moderately bound water 0.3-0.7
Loosely bound water >0.7

Free water ~1.0

Water molecules, which are dipolar, are attracted to charged species such as proteins. The
WHC of meat indicates the ability of meat to trap water within the three-dimensional structure
of the muscle. The minimum WHC occurs when proteins are at their IP and carry no charge.
The equal number of positive and negative charges maximises the number of bonds thereby
decreasing the space for water (Huff-Lonergan, 2010). The IP for meat proteins is pH of 5.0-
5.5. This is achieved in biltong production by adding a low pH marinade containing vinegar
(Jones et al., 2017).

2.4.4 Water activity (Aw)
Water activity in food is the ratio between vapour pressure of the food in an undisturbed balance

with surrounding media, and the vapour pressure of pure water under identical conditions
(Anon., 1984). A water activity of 0.80 means the food item has a vapour pressure 80% that of
pure water under the same environmental conditions. The water activity affects microbial
growth and chemical and enzyme reactions in food associated with browning and lipid

oxidation along with particle caking and food texture (Fig. 2.6).

Most bacterial species likely to establish on foods and be a human health concern require a
water activity of 0.85 or higher to grow. Some bacterial species, like halophiles, can grow at
lower water activities and mould and yeast can proliferate at water activities as low as 0.60
(Jones, 2017). Most food items have a water activity above 0.95, which supports microbial
growth (Anon., 1984). A preservation factor that is very effective for extending shelf life of

foods is having a low water activity.
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Figure 2.6. Effect of water activity and moisture content on microbial growth limits chemical
reactions in foods (Galloway, 2020).

Microbial cells get water from the growth medium through osmosis at the cell surface. For this
to happen, there must be a water activity gradient where the moisture outside the cell is greater
than inside the cell. If there is more water within the cell than the growth medium, water moves
out of the cell to equilibrate the concentration of solids. Under these high solute conditions, the
cells become dormant but can germinate once water is re-introduced (Anon., 2017a).

Dried meat product manufacturers produce products with various moisture levels. The legal
requirement in many countries is a water activity below 0.85 to ensure product safety. The low
water activity makes water re-absorption likely if the surrounding air contains more moisture.
If this occurs, microbial populations can re-establish, thereby spoiling the product. Water re-

absorption can be prevented by using water impervious, sealed packaging (Jones, 2017).

2.5 Microbial Quality

Microbial metabolism of organic material to recycle nutrients is a naturally occurring process
that is essential in the environment. However, when the biological material is important for
human/animal use, microbial growth is considered as spoilage. It is estimated that a quarter of

the world’s food is lost to microbial spoilage (Blackburn, 2006).

Materials high in water content and nutrient availability, like most food products, are
susceptible to microbial spoilage. A product is spoiled when qualities of a food item has been

changed to an undesirable state and/or the safety of the food has been compromised. Spoilage
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can be caused by bacteria or fungi. Bacterial spoilage is more common as bacteria tend to
outcompete fungi in ideal conditions. However, the diversity of fungi allows them to grow when
the environmental conditions inhibit bacterial growth (Odeyemi et al., 2020).

The following describes microbes commonly found on the surface of biltong.

2.5.1 Bacteria
Bacteria are unicellular prokaryotic organisms that are not visible to the naked eye. Pathogenic

bacteria can cause illness when consumed, either from their growth or from the toxins they
produce. Toxins, which can be formed before the food is consumed or within the body after
consuming the bacterial cells, cause adverse reactions within the body or due to the body’s
immune response to foreign material within the system (Albrecht & Sumner, 1992). The best
preventative measure against pathogenic bacteria establishing on food items is to maintain a

low water activity.

Listeria monocytogenes (L. monocytogenes) is a Gram-positive pathogenic bacteria that causes
listeriosis. People particularly at risk are pregnant women and the immunocompromised, with
a mortality rate of 24% amongst infected people (Farber & Peterkin, 1991). This non-spore
forming bacterium optimally grows at water activities of 0.97 but has been detected at water
activities of around 0.9. Cells can also survive for extended periods at water activities around
0.81 and are tolerant to high solute conditions. Survival is temperature dependent and increases
at lower temperatures. Under normal conditions, the optimal growth temperatures for L.
monocytogenes are between 30 and 37°C (i.e. body temperature) but it can grow between -1.5
and 45°C, meaning growth can occur at refrigerated temperatures. It also can grow over a broad
pH range of 4.0 to 9.6. Although growth below 4.0 has not been detected, L. monocytogenes is
thought to be able to tolerate more acidic environments. Growth is best in anaerobic conditions
but it is fully capable of aerobic growth (FSANZ, 2013).

Salmonella is a non-spore forming, Gram-negative, facultative anaerobic bacillus that can grow
between 5 and 37°C with an optimal range of 35-37°C. It grows best at a pH between 6.5 and
7.5 but can survive between pH 4 and 9. Salmonella spp. are sensitive to water activity and
cannot establish at levels below 0.94 (Graziani et al., 2017). This microbe infects the body
through ingestion and then multiplies in the intestines, where it produces an enterotoxin that
causes inflammation and diarrhoea. It can enter the blood and lymphatic system, causing more
severe illnesses. Death from Salmonella spp. infection is very rare but possible (Bell &
Kyriakides, 2009).
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Escherichia coli (E. coli) is a Gram-negative, non-spore forming, facultative aerobic rod-
shaped bacteria commonly found in animal and human intestines. There are no published
reports of growth below a water activity of 0.9 (Albrecht & Sumner, 1992). This bacteria is
commonly found in undercooked beef and can cause many illnesses such as haemorrhagic
colitis and uremic syndrome due to shiga toxin production (Gonthier et al., 2008). Not all strains
of E. coli are pathogenic but the O157:H7 strain is highly pathogenic. This strain can survive
refrigeration and freezing (has a growth range of 4 to 45°C with an optimum of 37°C) and has

an unusual tolerance to acidic environments (growing at pH values as low as 3.7).

Staphylococcus aureus (Staph. aureus) is a pathogenic Gram-negative, non-spore forming,
halotolerant bacteria that is a part of the human body’s microbiota in the upper respiratory tract
and on the skin. It grows between 7 and 48°C, with an optimum of 37°C, and can grow in salt
concentrations up to 15%. Its optimal pH is neutral but growth still occurs between pH 4 and
10. It produces an enterotoxin that causes severe food poisoning. In low water activity
conditions, its intracellular concentrations change to match the surrounding environment, which
prevents cell rupture from osmotic stress (FSANZ, 2013). This microbe can grow under pH
stress so lowering the pH does little to reduce its growth. Although Staph. aureus is a facultative
aerobe, growth is much slower under anaerobic conditions (Jones et al., 2019). It is a poor
competitor species but due to its wide range of growth conditions, Staph. aureus is able to

flourish unchallenged where other microbial populations are inhibited (FSANZ, 2013).

2.5.2 Fungi
Fungi can be defined as a diverse group of eukaryotic single-celled or multinucleate organisms

that absorb organic material in or on which they grow. The group consists of mushrooms,
moulds, mildews, smuts, rusts and yeasts (Dictionary.com, 2020). Mould and yeast species
typically establish on food items, inducing spoilage because the visible fuzz and white, black,
orange, green, red or brown powders or slime makes the food item unpalatable or unsafe (Pitt
& Hocking, 1997).

Because fungi can grow at water activities as low as 0.6 as well as over a wide pH and
temperature range, it is difficult to inhibit fungal growth. Bacteria usually outcompete fungi,
which can limit establishment of fungi. However, when the water activity is below 0.85,
bacteria cannot grow fast enough to outcompete fungi, allowing the fungi to thrive (Jones,
2017).

Candida is a polymorphic yeast that can occur as individual oval yeast cells, pseudohyphae or

hyphae. It can also form biofilms that strongly adhere to the surface of the growth medium
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(Aryal, 2018). This facultative anaerobic opportunistic yeast targets anaerobic environments in
the body such as the gastrointestinal tract. The doubling time at 25°C for C. albican is 2 hours
(Ahrens et al., 1983). The species can grow over a broad pH range, from below 2 to above 10,
which increases the chance of a successful opportunistic infection (Dumitru et al., 2004). In
restricted nutrient conditions, amino acids are metabolised to ammonia and Candida have been
recorded to raise the pH from 4 to near pH 7 in 12 hours and induce morphogenesis (Vylkova
et al., 2005).

Penicillium species cause food spoilage by producing blue-green powdery mould on the food
surface. They form spores that easily contaminate food, equipment, bench surfaces, surrounding
air and employee’s hands. Many Penicillium spp. produce mycotoxins, which can cause severe

illness when ingested, but it is not a common species on foods (Munkvold et al., 2019).

Aspergillus can colonize many foods. They thrive, or at least tolerate, a wide range of
temperatures and reduced water levels. Their ability to produce mycotoxins such as aflatoxin
creates a hazard to consumers. A study in Tunisia, on sorghum, found that isolates grew best at
37°C at a water activity of 0.99. The minimum water activity for growth at 15°C was 0.99.

Aflatoxin was not produced below a water activity of 0.91 or 15°C (Lahour et al., 2015).

2.5.3 Microbes on biltong
The water content of biltong is very low, limiting the type of bacteria that can establish on the

surface. The interior of the product remains sterile until it comes into contact with air.
Commercial biltong purchased from different stores in South Africa and Botswana had total
viable counts up to 7 log cfu/g, Enterobacteriaceae and coliforms up to 4 log cfu/g, yeasts up to
7 log cfu/g, moulds up to 5 log cfu/g, lactic acid bacteria up to 8 log cfu/g, and Staphylococci
up to 8.5 log cfu/g (Jones et al., 2017). The species likely to cause the greatest health risk to
people consuming the biltong were L. monocytogenes, Salmonella spp., Staph. aureus and E.
coli O157:H7 . Yeasts and moulds are more likely to only cause spoilage, and hence affect

appearance and acceptability.

Legal requirements for biltong in South Africa include a maximum total viable count of 6 log
cfu/g; E. coli, L. monocytogenes and Staph. aureus should be below 1, 1.3 and 2 log cfu/g
respectively and Salmonella spp must be absent in a 25-g sample (SANS, 2011). These
regulations do not specify yeast and mould levels but committee recommendations are that they

should not exceed 3 and 2 log cfu/g respectively (Jones et al., 2019).

Because bacteria are very sensitive to low water activity, properly prepared biltong is usually

not adversely affected by bacteria (Jones et al., 2017). For instance, Staph. aureus enterotoxins
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are not produced at water activities below 0.83, which is achieved by drying biltong to 50-65%

weight loss (FSA, 2013). The other bacterial species are inhibited at water activities below 0.85.

Because biltong has a water activity below 0.85, microbial spoilage is usually due to growth of
yeasts and moulds rather than bacteria. Germinating spores form visible mycelium before the
product reaches the end of its shelf life. A study in Botswana identified 55 different fungi
species on the surface of commercially sold biltong. Yeast of the genus Candida were the most
prevalent species with C. catenulata and C. pararugosa being the most dominant. The next
most isolated species were the filamentous Aspergillus and Penicillium moulds, with 17 from
the Aspergillus genus, eight Candida and seven Penicillium species. The most prevalent

Aspergillus species were A. restrictus and A. niger (Matsheka et al., 2014).

3.5.4 Microbial testing
Common methods for microbiological testing of food include growing on culture media,

immunoassays, and polymerase chain reaction tests. Culture media tests are simple, cost
effective and do not require advanced equipment (Alam, 2020). This method involves
extracting microbial cells from the sample then incubating them at an optimum temperature on
a nutrient rich agar. Generic conditions are usually used for isolating unknown species (i.e.
growing at 25-35°C on an undefined agar) but the media and growth conditions can be adapted

to encourage growth of specific species. Results can be both qualitative and quantitative.

The well-known solid-phase enzyme-linked immunosorbent assay (ELISA) detects the
presence of a ligand in a sample by using antibodies for the macromolecule of interest. The
antibody-antigen relationship indicates the presence or absence of the macromolecule. The
antigen is immobilized on a plate and coated with a non-specific protein to bind unbound sites.
An enzyme-bound antibody and a substrate are then added and any unbound antibody-enzyme
complexes are then washed off. Enzyme substrate is added, which is converted to a coloured
product indicating the presence of antibody-antigen complexes. This method can also be used
quantitatively when serial dilutions are graphed in a standard curve. This method is accurate,
reasonably simple and cost effective. However, to exploit the antigen-antibody binding, the
microbe of interest must be known and the specific antibody/antigens and enzymes for the

reaction are needed (Alam, 2020).

Polymerase chain reaction (PCR) detects the concentration of DNA or RNA in a sample
belonging to the microbe of interest. The PCR amplifies the DNA of any microbes present.
These DNA strands are separated and bound to primers (short specific nucleotide chains)

specific for the microbes of interest. The bound complexes are separated by size using gel
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electrophoresis. The size of the electrophoresis gel bands indicates the size of the DNA
fragments which can be matched to microbes thereby, identifying microbes in a sample (Pepper
& Gerba, 2020). Although the PCR assay can quickly determine the presence or absence of
specific microbes it also does not indicate the viability of the cells or which microbes

outcompete other populations after being in storage (Alam, 2020).

Culture media is most appropriate for a study investigating the microbial changes in a product
such as biltong during an extended storage time. The method is cheap, requires minimal
equipment and resources, does not need an advanced skill level to complete, and can be used
to identify unknown microbes and their numbers in a food sample. When the microbes are
unknown, undefined media is best as it is nutrient rich and likely to meet the growth
requirements of most microbes. Defined media, on the other hand, may lack some nutrients
because it is for growing specific microbe species (Alam, 2020).

2.6 Food Safety Standards

Businesses involved in producing processed meats in New Zealand must follow one of the
following regimes:
« an approved FSP under Section 8G of the Food Act 1981 (MPI, 2020)
 aregistered RMP under the Animal Products Act 1999 (MPI, 2020); or
o the Food Hygiene Regulations 1974 (MPI, 2020) and local authority (Council)
registration

Safari Biltong operates under an approved FSP, which is legally required and must be relevant
to New Zealand legislation (J. Bouwmann, personal communication, 2019). During cutting,
boning and trimming the meat must be checked for visual defects such as abnormal colours,
indications of microbial growth (e.g. slime) or physical contaminants. The curing agent must
evenly cover the entire surface of the meat to prevent contamination occurring on uncoated
surfaces. The correct amount of salt must be used and meat should be uniform in width. During

dry curing, the meat must be kept at a temperature that prevents microbial growth (MPI, 2020).

The meat must be evenly spaced in the dryer so slices are not in contact. The result of the drying
process must be a microbiologically safe product for its purpose (in this case, for human
consumption). Australian and USDA (United States Department of Agriculture) standards
require that dried meats (such as jerky) be dried to a water activity below 0.85. Yeast and mould
growth is deterred by drying to 0.80 and then vacuum packaging or by maintaining a water
activity at 0.7. Most commercially produced jerky in New Zealand has a water activity between
0.75-0.85 (MPI, 2020).
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Dried meat that does not undergo a process to kill microbes (such as heating) must be made
from pathogen-free meat. The drying equipment and environment must be operated so
microbial growth is inhibited during the process. Drying parameters such as temperature and
time spent in the dryer, must be recorded for each batch. The drying process must be validated

by a suitably skilled person and re-evaluated whenever the process is changed (MPI, 2020).

Packaging requirements include:
e Using only new packets for products
e Having adequate separation between products to prevent contamination and storing
packaging materials in a separate room from where packaging occurs
« Dispensing packaging materials so any risk of contamination is minimised
« Checking packaging seals regularly and promptly transferring packed products to an
appropriate temperature-controlled environment (MPI, 2020).

The HAACP (Hazard Analysis and Critical Control Point) for manufacturing a dried meat
product such as beef jerky or biltong is given in Figure 2.7.

Indicator microbes, which are commonly found microbes that thrive in certain conditions, are
used to indicate whether a food product is likely to be contaminated. The presence and
concentration of these indicator microbes can indicate the level of contamination from other
microbes. Indicator microbes include E. coli, Enterobacteriaceae (Salmonella and Shigella),
Clostridium perfringens, Bacillus cereus and other Bacillus spp, Vibrio parahaemolyticus,

Campylobacter and L. monocytogenes.
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Figure 2.7. Flow diagram of typical dried meat product processing (MP1, 2020).

There are four categories of microbial quality: satisfactory, marginal, unsatisfactory and

potentially hazardous (Table 2.2). Microbial levels in the “satisfactory” category are good and
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no action is required. The marginal category is on the border between acceptable and non-
acceptable and hygiene needs to be reviewed. If the status persists, the entire process should be
reviewed. If a product is in the “unsatisfactory” category, action is needed to identify and
remedy the cause of contamination. If the “potentially hazardous” category is identified, instant
remedial action must be taken, including product withdrawal and recall, followed by process
investigation (ICMSF, 2001).

Table 2.2. Guidelines for microbial quality status of ready-to-eat foods (ICMSF, 2001).

Test Microbiological Quality (CFU/qg)
Satisfactory | Marginal | Unsatisfactory Potentially

Standard Plate Count
Level 1 <10* <10° >10°
Level 2 <10° <10’ >10’

Level 3 N/A N/A N/A

Indicators

Enterobacteriaceae <102 <10%-<10° >10*
E.coli <3 3-100 >100

Pathogens
Coagulase +ve <10? 102-10° 103-10*

C. perfringens <10? >10* 103-10*

Bacillus cereus and other <10? >10* 103-10* >10*
Vibrio parahaemolyticus <3 <3-10? 10%-10* >104
Camypylobacter spp Not Detected
Salmonella spp Not Detected
L. monocyotgenes Not Detected Detected

2.7 Factors Affecting Shelf Life of Foods

Spoilage can be defined as any change in a food item that renders the food unfit for
consumption. This spoilage can be due to microbial populations, insect infestation, contact with
contaminants in the environment, and chemical or biological degradation of the product.

Spoilage can result in structural and sensory changes that make the food unattractive and/or
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unsafe to eat. Using preservation factors will extend the shelf life of fresh foods and increase
consumer safety. The common methods for extending the shelf life of foods involve
temperature, heat processing, additives, removing water (drying or concentration), using
packaging and modifying the packaging environment. New methods include pasteurization,

irradiation, freezing, freeze-drying, etc. (Desrosier & Singh, 2018).

2.7.1 Moisture content
The moisture content of a food will largely determine the shelf life of that food. High moisture

contents allow microbial cells to establish as well as chemical and biological degradation. High
moisture content accelerates chemical and biological degradation by mobilizing reactive
components that at low water activities would have been encapsulated within a matrix of
nonreactive food components. At low water levels, water acts as an antioxidant through
promoting recombination of free radicals and in certain foods promote non-enzymatic browning
which produces active antioxidants. Hydroperoxide degradation mechanisms also change,

reducing the production of free radicals (Karel & Simic, 1980).

Research has shown the importance of water in lipid oxidation. Lipids were freeze dried from
carbohydrate samples to produce lipids in two different states. One lipid state was on the surface
of cellulose or localized in small reactive droplets. The second state was trapped in a
carbohydrate matrix and was not accessible to atmospheric oxygen. The surface lipid was
washed away with hexane and no lipid oxidation was observed. When re-hydrated with water

lipid oxidation continued as normal (Karel & Simic, 1980).

The microbiological safety of food also depends on the safety of the ingredients used in the
formulation. Drying inactivates bacterial cells but does not inactivate any toxins that have
already been produced. Cells can also germinate when moisture content increases. Moulds and
yeasts, like Aspergillus, pose the greatest risk to shelf life deterioration as they grow at low

moisture contents (Odeyemi et al., 2020).

2.7.2 pH
Microbes that grow on food items often have an optimum pH near 7 (neutrophiles). For

example, the commonly found food spoilage microbes (Salmonella, E. coli, Aspergillus,
Campylobacter, Staphylococcus, etc.) are neutrophiles (Gordon, 2019). The further the pH is
from neutral, the greater the damage to intracellular macromolecules in these microbes.
However, some microbes on foods are fermenting bacteria that can produce acids, which lower
the pH of the surroundings. In acidic conditions, the high concentration of hydrogen atoms

disrupt the proton motive force so the cell has no energy. Acidic conditions also impair
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hydrogen bonding and causes changes in molecular folding, resulting in cell death and thereby
protecting food from microbial cell deterioration. At an alkaline pH, the hydrogen bonds in
DNA begin to break and lipids are hydrolysed (Keenleyside, 2019).

Lowering pH through acid addition is a common way to increase shelf life because it imparts
desirable tastes compared to adding a base. Acidified foods are foods with a pH reduced to 4.6
or lower by adding acids such as vinegar (acetic acid) or using beneficial microbial populations
that produce lactic acid. This allows the food to have an extended shelf life unrefrigerated and
also decreases the noticeability of lipid oxidation (Featherstone, 2015). In addition to
maintaining microbial integrity, adding acid also retains desirable qualities of the food for long
term storage. Foods like pickles, pudding, cucumbers, cauliflower, artichoke, peppers and fish

are examples of foods typically stored in an acid.

2.7.3 Curing
Curing involves adding salt, often with added spices, to prolong the shelf life of otherwise

highly perishable food items. Typical curing methods are brine curing, where the meat is
immersed in brine, or dry curing, where the salt and spices are rubbed on the surface. Curing
mixes generally consist of salt, sugar, baking soda, pepper and coriander. Nitrites and nitrates
are also excellent preservatives in meat products as it decreases lipid oxidation and gives a
bright red colour (Jones et al., 2017).

The high solute concentrations around the microbial cells draws water through osmosis from
the cells into the environment. The low moisture environment inhibits cellular activity and the
high salt and sugar concentrations have a toxic effect on internal cell processes, damaging the
enzymes and DNA (Koo & Seo, 2019).

2.7.4 Redox potential (Eh)
The redox potential (Eh), which is measured in volts (V) or millivolts (mV), indicates the

tendency of a chemical species to acquire or lose electrons from a donor source and thereby be
reduced or oxidised respectively. A radical oxygen species has only one rather than two
electrons in the outer orbital of the oxygen. This makes it highly unstable and highly reactive
as it readily attempts to fill the orbital. The presence of radical species in foods will cause

biological and chemical degradation and enable microbial growth (Papuc et al., 2016).

Lipids are made from long chain fatty acids, composed of carbons, and impart desirable sensory
characteristics to meat. For example, tenderness, juiciness and aroma is affected by the amount
and type of lipid present. Meat product spoilage is often due to oxidation of the fatty acid chains.
Unsaturated fatty acids contain double bonds, which create kinks in the chain and prevent the
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chains from packing tightly and forming a solid at room temperature. These double bonds are

a target for free radical reactions.

Oxygen radicals take electrons, break the double bond and create shorter carbon chains such as
butyric and propionic acid, resulting in “off” flavours and odours. Phospholipids in cell
membranes have unsaturated fatty acid groups highly susceptible to oxidation because they are
located where oxygen can easily reach them. Red meat, like beef, is highly susceptible to
rancidity as it is high in iron, which catalyses the oxidation reaction. Although lipid oxidation
does not affect consumer safety, sensory quality decreases due to the rancid tastes and odours
that develop (Amaral et al., 2018).

Radical oxygen species can also react with proteins causing oxidation in both the amino acid
side chains and in the protein backbone. Reduction reactions in red meat are particularly high
due to the high iron content, which catalyses the reaction. The reactions affect digestibility,
decrease nutritional value due to oxidation of amino acids and increase the risk of certain
ilInesses. For example, many studies have found a link between oxidation in meat products and
arteriosclerosis, neurodegenerative diseases and cancer. Packaging can help exclude oxygen

from the product and reduce the rate of off-flavour development in biltong (Papuc et al., 2016).

Aerobic bacteria require oxygen for survival, facultative bacteria can establish in aerobic and
anaerobic environments while anaerobic bacteria require the absence of oxygen. Microbial
species known to contaminate biltong are either aerobic or facultative species. Growth of
aerobic and facultative bacteria is lower at low Eh values. A low redox potential prevented
aerobic bacteria growing in sausages with a water activity of 0.96 (Rockland & Beuchat, 1987).
If the Eh was higher, the water activity had to be below 0.85 to prevent bacterial growth. This
demonstrates that if oxygen is present, other preservation factors are needed to prevent

microbial growth but having other hurdles is not as necessary in low oxygen environments.

2.7.5 Temperature
Temperature controls the rate of both biological and chemical reactions. Thermal energy is the

sum of the kinetic energy of the atoms in a system. Heat is the flow of thermal energy from one
system to another system of a different temperature (Kurtus, 2019). This heat provides the
energy needed for reactions to occur. The higher the temperature, the faster the reaction rate
because molecules are moving faster, creating a greater chance of molecules interacting. As
temperatures decline, there is less energy put into the system and therefore fewer interactions

between molecules, decreasing reaction rates (Brenann, 2017).
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In chemical degradation, such as lipid oxidation, the rate fatty acid chains breaking is faster at
higher temperatures. In biological processes, like mould and yeast growth, increased heat
increases the rate of enzymes and other intracellular processes. However, above a certain
temperature, these proteins and structures begin to denature resulting in cell death and protein

denaturation in foods (Keenleyside, 2019).

2.7.6 Colour
Meat colour is one of the most important factors affecting consumer choice. Fresh meat muscle

has red pigmentation due to the globular protein myoglobin, which has heme groups. The
concentration and oxidation state of this protein determines meat colour. Myoglobin has a
higher affinity for oxygen than haemoglobin, allowing it to take the oxygen that haemoglobin

has received from the lungs to the muscle (Hunt & King 2012).

Most of the blood, and subsequently haemoglobin, is removed after the animal has been
slaughtered, effectively increasing myoglobin concentration. Before slaughter, myoglobin
contains only 10% of total iron in the body but post-slaughter this increases to 95%. The iron
in the myoglobin is the primary colouring factor. In the presence of oxygen, myoglobin can be
reduced to reduced myoglobin, oxymyoglobin and metmyoglobin. The red pigmentation in raw
meat comes from the concentration of oxymyoglobin under high oxygen tension.
Metmyoglobin, formed by oxygenation of the iron heme in lower oxygen tension conditions,

produces brown pigmentation (Seideman et al., 1983).

2.7.7 Preservatives
A preservative is a substance or chemical designed to prolong the natural shelf life of a food

product. Preservatives and chemicals, such as pimaricin and potassium sorbate, are commonly
added to food to prolong consumer acceptability (Jones et al., 2017). Pimaricin (also known as
natamycin; additive 235), an antibiotic agent produced from aerobic fermentation by
Streptomyces natalensis, inhibits growth of yeast and mould species (Mattia et al., 2015).
Potassium sorbate also inhibits fungal growth. It is made by reacting sorbic acid with potassium
hydroxide to form crystals and was first patented in 1945 (Robach & Sofos, 1981).

Any food additive must be regarded as safe and most countries have legislation on permitted
additives. The levels permitted are dependent on the food type. For meat, sorbic acid (as
potassium or sodium sorbate) can be used in cured meat products in New Zealand at levels up
to 1500 mg/kg, nitrites (as potassium and sodium salts) up to 125 mg/kg and pimaricin in
fermented meats up to 1.2 mg/dm? (FSANZ, 2016).
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There is increased concern in Western society about use of chemicals and preservatives in food
products. Research shows that ‘middle class’ consumers tend to respond negatively to animal
products containing agrochemicals, hormones or medicine and any form of genetic
modification. Using artificial additives in fruit and vegetable products is commonly undesired.
Products perceived as natural because they do not contain refined chemical compounds are
preferred (Shafie & Rennie, 2012).

2.8 Hurdle Theory

Hurdle technology was first proposed by a scientist named Leistner in 1978 (Leistner & Gould,
2002). He proposed that combining existing and novel preservation techniques, each below the
level required to limit microbial growth when used alone, created a series of preservation factors
(hurdles) that would prolong food shelf life and limit microbial deterioration. The synergistic
effect of the hurdles limited that amount of processing required, and hence the changes to food

structure and appearance.

The technology can be depicted as a series of hurdles microbes must leap over to obtain the
food (Fig. 2.8). By incorporating multiple hurdles, the range and efficiency of preventing
microbes establishing improves (Mclintyre & Hudson, 2009).
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Figure 2.8. Hurdle technology to preserve food items (Leistner & Gould, 2002).

2.9 Packaging

Food packaging maintains the benefits of food processing after the process is complete and

enables food to be transported from the place of manufacture to the place of consumption. It
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prevents external factors (pathogens, fungi, moisture, oxygen, animals and physical
contaminants) from deteriorating or accelerating natural deterioration of the food item (Marsh
& Bugusu, 2007). Packaging also allows seasonal foods to be available year-round and
introduces convenience through heatable and single serve packets (Abdullahi, 2018). As
processing technology improved, so has packaging technology. Combining Hurdle factors
(such as low pH, low Aw, high solutes, etc.) with packaging allows the product to have a shelf
life significantly longer than when it is unprocessed. This helps meet increasing product demand
by increasing populations as well as reducing waste and food-related illnesses (Cartmell,
2017).

2.9.1 Packaging film
Packaging creates a barrier between the surface of the food and contaminants in the

environment. It can also reduce the effect of biological, chemical and physical factors on
product quality between manufacturing and the point of consumption. The effect of packaging
on the quality of the packed product depends on the properties of the packing material, including

crystallinity, morphology and chemical composition.

The packaging material is chosen for its compatibility with the food. Materials used for
packaging foods include paper, paperboard, and various types of plastic film. Metals and glass
are commonly used for liquid/semi-liquid foods. Sustainability considerations have resulted in
the development of bioplastics and other bio-based materials (Han & Scanlon, 2014). Effective
packaging, especially for modified atmosphere packaging (MAP), takes into account gas
concentration, product respiration, gas diffusion and optimal storage temperature to maintain
film integrity (Farber et al., 2003).

Limiting (or promoting) the amount of gas that can pass through the plastic film (i.e. gas
permeability) is an important characteristic. This permeability is affected by storage
temperature, partial pressures on both sides of the film and RH of the environment. Oxygen
accelerates deterioration of packaged meats but MAP can extend the shelf life of fresh meat by
10-15% if the barrier film’s oxygen permeability is below 2 cm®/m?/day/atm (Lee, 2010).

Lee’s (2010) study on the effects of physically manipulated packaging showed that growth of
both aerobic and anaerobic microflora on meat packaged in gas barrier film is reduced. The
packaging also improved meat colour and odour during storage. The colour and odour of fresh
meat packed in gas barrier film did not change over 32 days storage at 5°C but colour was
unacceptable after 5 days and off-odours developed after 4 days when the meat was packaged

in permeable film.
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Barrier films with permeability of 100 cm®/m?/24 h/atm (at 23 °C and 0% RH) are generally
used for vacuum packing or MAP meat products. Carbon dioxide (CO2) has a high solubility
coefficient so its permeability through plastic film is four to five times greater than oxygen and
thirteen times greater than nitrogen. Researchers found vacuum-packed meat had an oxygen
concentration consistently above 1% while the CO concentration increased to above 20% (Lee,
2010).

2.9.2 Packaging types
Gas permeability is considered the most important preservative factor for packaging (Hab &

Scanlon, 2014). Modified atmosphere, controlled atmosphere and smart packaging have been
developed to meet increasing consumer demands and expectations for convenience and portion
control. Research in nanotechnology incorporated into packaging could allow for packets that
self-repair, has moisture and temperature monitoring and response, and could alert

consumers/producers of contamination (Abdullahi, 2018).

Small businesses need to select packaging methods that balance cost effectiveness and product
preservation. Nanotechnology packaging would be a highly effective preserving packaging but

is not currently cost effective.

Traditional methods like vacuum sealing, effectively extend shelf life while being cost effective
as it does not require advanced technology, supplies or training (J. Bouwmann, personal
communication, 2019). Vacuum packaging involves complete removal of all air before sealing
the pack. The absence of oxygen decreases the rate of microbial growth and lipid oxidation.
Another advantage of vacuum packaging is that packet volume and weight is only slightly more
than the product itself, thereby, reducing transport costs. The disadvantage of vacuum sealed

pouches is the irregularity and the un-aesthetic appeal of the packs (Embleni, 2013).

Vacuum-sealed packaging restricts oxygen reaching the meat surface (oxygen transmission rate
(OTR) levels from ~5 to 20 mL.m2.day' at 23°C and 90% RH). This reduces the growth of
spoilage organisms, which in turn allows fermenting bacteria such as Lactobacillus to establish
because the competing microbes have been inhibited. Colour and lipid oxidation are maintained

at a desired level because oxidation is inhibited (Mazzola & Sarantopoulos, 2019).

In MAP, the original air in the packet is removed and replaced with a specific gas mixture such
as nitrogen. As in vacuum packaging, the absence of oxygen decreases the rate the food will
deteriorate with the added advantage that packing gas can influence chemical and microbial

changes. For example, using inert gas nitrogen to fill the pack will prevent oxygen diffusing in.
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Nitrogen has a low solubility in water, prevents packages from collapsing and decreases the

amount of outside protection required (Fairchild, 2015).

High oxygen levels have been shown to cause “oxygen shock”, inhibiting the growth of both
aerobic and anaerobic organisms. Optimal growth conditions are 21% O for aerobic microbes
and 0-2% for anaerobes. To be truly effective, oxygen needs to be 100 kPa in combination with
15 kPa CO>. This is a hazardous condition as this oxygen level is highly flammable. Of the
three MAP gases (O2, N2 and COz), CO: is the most effective in retarding microbial growth.

High CO- levels and low O levels also decrease lipid oxidation rates (Farber et al., 2003). The
MAP tends to help retain the desirable colour in meat products while also having a better shelf-
appeal than most other packaging techniques as it has a “full” appearance (Mazzola &

Sarantopoulos, 2019).

The South African biltong company “Safari-Vac” uses approaches such as MAP to extend the
shelf life of its biltong (Mavuso, 2019). Oxygen in the packs is removed under vacuum until
there is only 0.02% oxygen. The pack is then filled with a MAP gas mixture. The packet
expands with the gas and then is sealed to retain the gas. The MAP gas can be pure nitrogen
blends of nitrogen and CO>. Biltong with a high moisture content tended to be more acceptable
when packed in gas mixtures with higher CO2 concentrations. However, packaged biltong with
moisture contents of 50% or higher were still too unstable and are avoided in packaging
(Mavuso, 2019).

2.9.3 Effect of packaging on shelf life
A study on dry cured pork loins (Kim et al., 2014) reported that the pH of vacuum packaged

dried pork loins during 90 days storage at 10°C was higher than those packed in MAP because
the latter had absorbed CO> from the MAP gas. Water activity and moisture content decreased
during storage. The change in vacuum-sealed loins was slower than those in MAP, with dried
pork loins showing a significant decrease in water activity at around 30 days. Colour stability
decreased noticeably after 60 days, regardless of packaging type, but there was no significant
difference between packaging types (Kim et al., 2014). Neither packaging excluded oxygen
and prevented radical oxygen entry. Lipid oxidation was greater in MAP than in vacuum sealed
loins. Sensory evaluation showed that consumer acceptability of dry cured loins decreased over
the storage time, with vacuum-packed pork loins retaining the desired characteristics better than
MAP samples after 60 days storage (Kim et al., 2014).

Yeast and mould cells and spores are normally present on freshly dried biltong. A study by

Jones et al. (2019) on the effect of adding vinegar to biltong then storing vacuum and MAP
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packaged samples at 25°C for 12 weeks showed that irrespective of the packaging environment
used, yeast and mould numbers increased, from week 1 and exceeded 3 log cfu/g from week 6
to 12. The study did not identify mould or yeast species but confirmed that removing oxygen
inhibited growth of strictly aerobic species such as some moulds. However, some yeasts and
moulds can grow at oxygen concentrations as low as <0.1% so could establish in MAP or
vacuum sealed packages. No E. coli, Salmonella spp or L. monocytogenes was detected after
12 weeks storage. Although Staph. aureus was below the limit of 1.3 log cfu/g, the researches

postulated that limits would have been exceeded if storage was extended (Jones et al., 2019).

2.10 Biltong Quality

The main factors consumers consider when selecting a food include visual (colour, shape and
size, regularity, etc), gustatory quality (texture, flavour, and aroma), nutritional composition,
and product safety. Consumers prefer products that are of high quality and producers want to
have efficient cost-effective processes to meet expectations. Therefore, ensuring a long stable

shelf ife is important (Mazzola & Sarantopoulos, 2019).

Biltong is an example of a food that is being effectively preserved by incorporating numerous
hurdles: it has a low water activity, low pH, high solute concentration and may contain spices
with antimicrobial properties. Suitable packaging and storage conditions help extend the effect
of these hurdles and therefore help the product retain its quality for long periods.

A Spanish study (Diaz et al., 2002) on the effect of individual and combined preservative
techniques such as water activity, pH, temperature, adding antimicrobial agents (sodium
chloride, sodium nitrate and potassium nitrate) and spices (oregano, paprika, garlic) on shelf
life of chorizo sausage (an intermediate meat product) considered the sausage was spoiled when
Penicillium species established. Lowering the pH or adding nitrates and nitrites did not
significantly inhibit Penicillium growth. A combination of low water activity, low temperature

and high sodium chloride concentration was the most effective in extending the shelf life.

2.10.1 Moisture content
Producing a ready-to-eat meat product requires a fine balance between making shelf-stable

dried meat while still meeting consumer preferences. If biltong is dried to water activities below
0.6, the risk of microbial spoilage is extremely low. However, research indicates that consumers
prefer ‘medium’ to ‘wet’ biltong. Water activity values for biltong classifications vary. Biltong
with water activities of 0.85-0.93 are classified as wet, those with water activities around 0.8 as
medium and those with water activities below 0.7 as dry. Although having a higher water

activity increases the microbial risk, consumers tend to prefer the product because it is tender,
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has a chewy consistency, appears to have a lower salt content (because of the higher moisture
content) and is ‘juicier’ (Petit et al., 2014). However, consumer preference of biltong is under-

researched (Jones et al., 2019).

Fresh lean meat has a high water content and a water activity around 0.98. For extended storage,
the water activity of the biltong needs to be at least 0.85, which can require a 50% weight
reduction. The moisture content of commercial biltong varies from 10.6 g/100 g to 48.8 g/100g
with corresponding water activities of 0.54 to 0.93 (Jones et al., 2019). New Zealand MPI
standards (MPI, 2020) do not approve food control plans unless the biltong produced has a

water activity below 0.85.

Skeletal muscle protein fibres begin to denature at around 40°C so biltong is usually dried using
ambient temperature air (25°C) to prevent protein denaturation. As there is a small temperature
difference between the meat and the environment, the rate of moisture removal will depend on
air velocity, the air’s relative humidity (RH) and dimensions of the meat (Heldman & Hartel,
1997). The myosin fibre contraction during denaturation causes the sarcomere to shorten,
resulting in dense, tough meat (Earl, 2019). A Kwazulu-Natal study on infrared drying of
biltong found that optimum commercial drying conditions are circulating 25°C air at 60% RH.

Higher temperatures caused case hardening (Cherono, 2014).

Collagen, the connective tissue in meat, dries more quickly than muscle tissue and can cause
shrinkage, which decreases consumer appeal of the resultant product. When heat is applied in
a moist environment, collagen solubilizes to gelatine; under prolonged drying periods. This

gelatine binds muscle fibres, making the product tough and undesirable (Kerry, 2018).

Additives can affect the drying rate. The low-pH marinades, salt and spices characteristic of
biltong affect the water binding ability of muscle fibres and therefore the drying rate (Jones et
al., 2017). As water is removed, additive and protein concentration increases, affecting taste
and shelf life (J. Bouwmann personal communication, 2019).

2.10.2 pH
Vinegar, which is added at 3-6%, makes biltong unique amongst dried meat products. The main

function of vinegar is microbial inhibition and its second function is flavour enhancement
(Jones, 2017). The pH of biltong is around 5.5, which can help inhibit microbial growth.
Research shows that having a low pH decreases water holding capacity. As mentioned before,

normal meat has an ultimate pH of about 5.5, which is the IP of many meat proteins. However,

33



studies show that the amount of water expelled may not be significant in reducing water activity
(Huff-Lonergan, 2010).

The pH can affect the drying rate of biltong. Biltong that had been tumbled in vinegar and
curing mix gained twice as much weight as biltong that had been tumbled without vinegar
(Jones et al., 2019). Although the tumbling ingredients had no significant effect on the weight
of the finished product, biltong that had been tumbled with vinegar had a higher salt
concentration on both a wet and dry basis. The increased absorption rate accounted for some of
the weight gain. Unpackaged biltong with lowered pH and low water activity had greater shelf-

stability after three months than biltong at a neutral pH (Jones et al., 2019).

2.10.3 Curing
Curing meat is one of the earliest methods of meat preservation. In addition to flavour

enhancement, salt inhibits microbial growth and reduces detection of rancid flavours. Not all
biltong recipes contain vinegar, but all recipes contain a curing mix high in sodium chloride
and other solutes. Salt, pepper and coriander are the basic ingredients with brown sugar, baking
soda, garlic, paprika, chilli flakes etc. also appearing in many recipes. The meat is coated in a

dry-curing mix after being dipped in vinegar (J. Bouwmann personal communication, 2019).

Salt, which is present in the curing mix, affects the electrostatic interactions in and between
proteins and also disrupts the structure of the water associated with the protein. The chloride
ions binding to protein filaments increase electrostatic repulsion, denaturing the proteins.
Adding salt to meat modifies myofibrillar protein solubility and causes fibre swelling due to
proteins unfolding. A salt concentration, across numerous moisture levels, of 2.5% is acceptable
but can be increased to 4%. Applying dry curing mix can result in uneven application but is a
more economical method than brining (Jones et al., 2017)

Salt concentration can affect the relationship between water activity and moisture content (Fig.
2.9). The moisture content is plotted on a wet basis instead of dry basis to show the initial
increase in water sorption following curing. At a constant water activity, increasing the salt
concentration increases moisture content due to the increased WHC of the denatured
myofibrillar structures (Van der Riet, 1976).
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Figure 2.9. Effect of adding 4% (A), 2.5% (B) and 1% (C) salt on moisture content and
water activity (aw) of biltong (Van der Riet, 1976).

2.10.4 Redox potential (Eh)
When a meat product, such as biltong, is exposed to an oxic environment, the lipids oxidize,

resulting in adverse changes in colour, nutrient quality, taste, texture and smell. Phospholipids
are the dominant lipid in cell membranes and account for 80% of lipids in the sarcoplasmic
reticulum. The phospholipids have more double bonds (the target of oxidation in unsaturated
fatty acids), than other lipids such as triglycerides (Aksu et al., 2017). The cell membranes of

bovine meat tissue is high in phospholipids, which is easily affected by atmospheric oxygen.

Muscle type is another factor affecting the rate of oxidative deterioration. Oxidative muscles
contain more phospholipids than glycolytic muscles. The oxidative, slow twitch fibres in red
bovine muscle tissue also are high iron, which is known to catalyse oxidation reactions (Aksu
et al., 2017). There is evidence that interaction between metmyoglobin and hydrogen peroxide
forms ferrylmyoglobin, which can initiate the free radical chain reaction. Therefore, oxidation
rates are very high in beef meat products (Amaral et al., 2018). Some conditions such as
temperature and oxygen level accelerate oxidation whilst low oxygen concentration, low

storage temperatures and the presence of antioxidants will deter oxidation (Wazir et al., 2019).

Adding 2% sodium chloride (NaCl) to beef increases the rate of lipid oxidation but adding 3%

or higher levels did not significantly increase lipid oxidation from a concentration of 2%
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(Amaral et al., 2018). The mechanism is not clearly understood but it is suspected that the salt
disrupts cell integrity, allowing oxygen easier access to the phospholipids. Biltong typically has
a NaCl concentration of 2.5 to 4%, which is likely to increase the rate of oxidation (Amaral et
al., 2018).

A study on unpackaged beef ‘droewors’ (a dried beef sausage) found no significant changes in
lipid oxidation in the first 12 days. However, there was a significant increase in lipid oxidation
between days 21-28 (Mukumbo et al., 2018).

Research shows that lipid oxidation in meat products increases with time regardless of
packaging, temperature and antioxidant conditions. A study reported dried serunding (a
shredded beef product) had less unsaturated fat (7.29%) than raw (51.35%) or cooked (56.26%)
serunding. During six-months of storage at 25°C, 40°C and 60°C, the lipid oxidation in
serunding steadily increased. Adding natural antioxidants such as ginger, garlic, red chilli and

coriander stabilised the fatty acids. Coriander is an important ingredient in biltong curing mix.

Malondialdehyde (MDA) is a relatively stable secondary product of oxidative degradation of
polyunsaturated fatty acids. This three-carbon dialdehyde can exist in different forms
depending on the pH. The MDA level indicates the level of lipid oxidation when reacted with
thiobarbituric acid in the thiobarbituric acid reactive substances (TBARS) test. This method is
widely used in scientific research due to the accuracy, simplicity and cost effectiveness (Amaral
etal., 2018).

2.10.5 Colour
Meat appearance is important in consumers' perception of product acceptance. Colour does not

reflect the meat’s age or affect taste but rather indicates its oxidation state. Consumers in taste
panels said they preferred fresh beef to have a bright red colour. Purple is still acceptable with
brown being perceived as old meat. This is due to the belief in western society that fresh beef
that is not a bright red colour is not of good quality (Carpenter et al., 2001). Therefore, it can
be assumed consumers will purchase a product when it fits the appearance, and especially if the

colour is perceived as being fresh.

Freshly dried biltong has a characteristic black or dark brown colour because it has a higher
metmyoglobin content than undried products. The pigment is highly sensitive to light and
oxygen and fades to a lighter brown if not protected by proper packaging (Mazzola &
Sarantopoulos, 2019). Protein degradation during storage will also affect colour (Listrat et al.,
2016). Any fat present will appear white or yellow. Freshly sliced biltong will have a dark red,

smooth interior surface. Light brown colours on the surface or interior of the biltong, along with
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cracked surfaces and frayed edges, make the biltong appear overly dried and old (J. Bouwmann,

personal communication, 2019).

2.10.6 Temperature
Food Standards Australia and New Zealand (FSANZ) specify that hazardous foods to be kept

below 5°C or above 60°°C during transport, display or storage (FSANZ, 2020). Biltong is not
a hazardous food and can be kept at room temperature for short periods without deteriorating
as long as other factors such as water activity are not compromised (Jones, 2017). However,
the drying process will continue if the biltong is stored at high temperatures (e.g. >30°C),
resulting in colour, texture and taste changes. High temperatures also increase the chances of
increasing microbial load and lipid oxidation. Storing at cooler temperatures decreases the rate
of degradation processes and enables biltong that has been packaged appropriately to remain

palatable and safe for consumption for months instead of weeks.

Aksu and Kaya (2005) reported that storage temperature significantly affected pastirma (a dry-
cured beef or water buffalo product) quality. Moisture content of pastirma stored at 10°C in
MAP (50% CO2 + 50% N2) packages decreased significantly after 30 days storage whereas
packages stored 4°C had a significant change after 150 days storage. Because enzyme activity
is temperature dependent, the pH of samples stored at 10°C was recorded after 30 days but not
in samples stored at 4°C. On average, samples stored at 10°C had a higher TBARS value than
similar samples stored at 4°C. These researchers concluded that the lower storage temperatures
slowed microbial growth but was also necessary to maintain efficacy of the MAP. The solubility
of the CO2 in the MAP environment decreases drastically with high temperatures, allowing
microbes to establish. Although most characteristics during storage were better for samples
stored at 4°C, colour of samples stored at 10°C for 150 days were more acceptable (Aksu &

Kaya, 2005).

2.10.7 Preservatives
Although biltong is a low moisture product with an extended shelf life, the time involved in

shipping to overseas markets means the ‘sell by’ date in the FCP for biltong made in New
Zealand often will have expired or only a short time is available for selling the product. Using
lower transport temperatures slows chemical and biological processes, allowing product quality
to be retained for longer. However, shipping costs are lower if the product is transported at

ambient rather than refrigerator temperatures (J. Bouwmann personal communication, 2019).
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Another way to extend shelf life of foods is to use preservatives. In 1972 the South African
government passed the Foodstuff, Cosmetics and Disinfectants Act 54 (1972), which allowed
the use of selected preservatives in biltong (Table 2.3).

Table 2.3. Preservatives and quantities permitted by Foodstuff, Cosmetics and Disinfectants
Act 54 (1972) (Jones et al., 2017).

Preservative Quantity permitted (mg/kg or mg/L)
Pimaricin 6

Potassium and sodium nitrates 200 total nitrate, expressed as sodium nitrate
Potassium and sodium nitrites 160 total nitrite, expressed as sodium nitrite
Sorbic acid 2000

Potassium sorbate and pimaricin are the two most commonly used preservatives. They normally
are incorporated into the curing mix to allow proper infusion into the meat. At 100 ppm, sorbic
acid can retard growth of any microorganism. Sodium nitrates and nitrites are also effective in
inhibiting microbial growth and lipid oxidation while also giving the biltong its red colour
(Jones et al., 2017).

Many consumers are concerned about genetically modified foods. A study (Anon., 2017b) on
the snacking habits of Americans showed that a claim of “no GMOs” (Genetically Modified
Organisms) would increase biltong sales in the United States by 18.2%, a claim of “no artificial
colours/flavours” would increase sales by 16.2% and a claim for “no/reduced sugar” would

increase sales by 11.3%.

Marketing strategies often include claims of a ‘natural’ product due to the concerns of
consumers. Surveys regarding products with ‘all natural’ labels found that perceived taste,
nutritional value and food safety to increase along with the likelihood of purchase (Dominick
et al., 2018). Therefore, the absence of preservatives can greatly increase the sales and

consumer contentedness with the packaged biltong.

2.10.8 Novel biltong preservation techniques
With increasing demand for biltong, there is a need to be able to produce high quality and safe

products quickly. Innovations allow new ways for biltong shelf life to be extended while
maintaining properties, such as high moisture content, that traditionally would render the
product unsafe for consumption. The increasing concern about plastic pollution in the
environment is making people wary about plastic packaging. Therefore, it would be beneficial
to develop techniques that help maintain biltong quality and to use packaging with a low carbon

footprint packaging such as paper bags. However, meat is a highly perishable food item and the
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technologies being developed are still relatively new so costs of alternative techniques are still
high.

e Irradiation
A relatively new way of extending the shelf life of biltong is gamma irradiation. Irradiation
involves passing radiant energy through food material without leaving any residue. Gamma
rays produced by cobalt or caesium, or X-rays or electrons can kill bacteria and other pathogens.
Using radiation to preserve food is not a new technology. It was first authorised in 1963 in the
United States to Kill insects that contaminate wheat and flour. A major concern associated with
irradiating food is the possible decrease in nutritional value but this has been found to be

insignificant (Stanley, 2017).

There were no adverse changes in the organoleptic quality of lean moist biltong (47% moisture,
3.7% NacCl, 1.5% crude fat, water activity 0.92) after exposure to 10k Gy. However, irradiation
had to occur under vacuum and be exposed to aerobic conditions to release volatile compounds.
Lower gamma irradiation levels are perceived to be more acceptable to consumers. The Staph.
aureus count on biltong with 53.6% moisture, 1.91% NaCl, and a water activity of 0.98 that
had been irradiated with 4 to 5k Gy was still under legal limits even when initial numbers were
107 cfu/g. However, using 5k Gy was insufficient for preventing fungal growth if the initial
fungal concentration was >10° cfu/g (Minaar et al., 2009). However, gamma irradiation is not

a common practise in biltong production.

e Fruit extracts
Concentrated fruit extracts can also exhibit an antimicrobial effect without decreasing
nutritional value. Using extracts may overcome the adverse consumer reaction to irradiation or
adding preservatives (Hintz & Matthews, 2015). Raisins have high concentrations of phenolic
compounds and high antioxidant activity. After 10 weeks at 30°C, the pH of vacuum packaged
beef jerky that had been coated with 15% raisin concentrate decreased from 5.5 to 4.5 and its
water activity decreased from 0.64 to 0.62. The extract was effective against two bacteria strains
(S. choleraesuis, E. coli O157:H7) and one yeast strain (Saccharomyces fermenti) but had no
effect on any moulds. Beef jerky coated with raisin extract had an improved oxidation state of
600% compared to the control, suggesting the extract would be effective in preventing lipid
oxidation. The disadvantage of adding raisin extract is that it alters the taste of the product.
However, beef jerky tends to have a sweet taste, so the extract compliments the product or is
not as noticeable (Bower et al., 2003). Biltong is a very salty product so using a sweet

concentrate may be more noticeable.
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Rosemary has a long history of being used as a seasoning herb in human diets. Rosemary
extracts isolated from the dried rosemary leaves have biological bioactivities including being
hepatoprotective, antifungal, insecticidal, and antibactericidal (Berdahl & McKeague, 2015).
The extracts have not been used widely in the food industry because of their strong odour and
taste. However, new commercial processes involving distilling fresh twigs and leaves of the
rosemary plant are now producing extracts that are undetectable to a consumer. The extract
contains carnosic acid, epirosmanol, rosmanol, methylcarnosate and isorosmanol, which are
effective antioxidant agents. The antioxidant activity of rosemary extract is due to the high
isoprenoid quinone content, which chelate reactive oxygen species. Antioxidants also react with

lipid and hydroxyl radicals to form stable compounds (Nieto et al., 2018).

2.11 Sensory Evaluation

Sensory evaluation can be defined as a scientific discipline that measures and analyses
interprets responses to characteristics of products as perceived by the senses (Gimenez & Ares,
2019). Sensory evaluation test methods provide information on the acceptability of a product
to consumers. Products are purchased by consumers making the preferences of consumers vital
to economic benefit. Like other quantitative analysis, sensory testing strives to provide accurate
and replicable data. However, as testing relies on human judgement, data varies greatly and
variables are difficult to control (Anon., 2020).

The following are types of sensory evaluations used in scientific research (Anon., 2013):

e Discriminative testing. Participants are asked to compare similarities or differences of
two or more samples,

e Scoring. A number is given for each attribute of a product participants are asked to
assign for a sample,

e Ranking. Participants rank samples in order of greatest to least for a certain attribute,
for example, sweetness,

e Descriptive analysis. This involves in depth description of perceived attributes for a
sample,

e Preference. Participants rank samples in order of most preferred to least.

Consumer and trained panels are the two types of panels of participants used in sensory
evaluation. While both panels have the aim of detecting sensory differences between products,
participants and their purpose differ. Consumer preferences are tested with consumer panels,

which include randomly selected participants. Trained panels are not used to determine
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consumer preference but focus more on the intensity of specific attributes. All participants

receive the same training on specific descriptors involved in the research (Anon., 2018).

2.12 Purpose of this Study

Safari Biltong, which manufactures biltong for the local market, wants to investigate the effect
of different packaging on the shelf life of its product while maintaining an “all natural” label.
The company would also like to decrease manufacturing cost. The current FCP does not allow
product to be kept for longer than two weeks. This research will assess the changes in biltong
slices with no added chemicals or preservatives, packaged under different environments and
stored at different temperatures for up to a year. The findings will help Safari Biltong design a
cost-effective packaging method to extend the storage life of biltong so it maintains its desirable
gustatory characteristics. Being able to extend the shelf life will also help reduce costs because

larger batches can be made, with reduced time for start-up and cleaning the facilities.

Biltong from the same batch will be packaged in three different environments (vacuum sealed,
partially vacuum sealed and partially vacuum sealed with an oxygen scavenger) and stored at a
high (35°C) ambient (20°C) and low (4°C) temperature. The high temperature simulates
accelerated storage conditions, the ambient replicates the current and preferred storage
temperature, while the low temperature simulates chilled storage. All samples will be packed
in sachets made from the same packaging film (70 p thick, and O, permeability of 50
cc/m?/day). Visual observations will be made periodically and triplicate samples tested for
water activity, pH, appearance, microbial quality and lipid oxidation. Sensory trials will be done
using a panel of participants familiar and unfamiliar with biltong. A small trial will also be done
to examine the effect of adding rosemary extract to limit oxidation.

2.13 Testing Methods

During storage, changes in biltong appearance (colour and texture), chemical properties (pH,
lipid oxidation and water activity), microbial safety (fungi or bacterial growth) and general
consumer acceptability will be assessed. The colour and texture (such as frayed edges, cracked
surfaces) of three replicates of each treatment will be taken periodically. A panel of untrained
participants will also be asked to rate the appearance of the sample every 6 weeks. Changes in
pH may indicate chemical changes in the biltong during extended storage. Monitoring water
activity will indicate whether the sample is absorbing water through the packaging, thereby

decreasing product safety. Lipid oxidation will be measured using the TBARS assay.

The biggest threat to packaged biltong is fungal growth. Spore tests will be done frequently and

bacterial tests done halfway through storage and again at the end.
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Sensory evaluation will be done every 6 weeks to determine product acceptability. An untrained
panel, with people familiar and unfamiliar with biltong, will be used to assess texture,
appearance, taste acceptability, level of “off” flavours, and whether the participant would
purchase the product. The pH value can indicate the level of oxidative substances but taste test

panels give a further description of the extent of deterioration.

This project will run for an extended time with a lot of repetitive testing and monitoring. The
methods chosen are simple, cost effective, accurate and reproducible yet will not compromise
the amount of information that can be obtained.
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3 Materials and Methods

3.1 Introduction

This chapter outlines the materials and methods used in this research. Detailed methodology of

individual methods and timeline of testing are given in the Appendices 1 and 2.

3.2 Materials

3.2.1 Biltong

Safari Biltong provided the biltong for the trials. It was made from beef selected with no
attached fat and minimal marbling and produced following a (confidential) standard recipe and
preparation procedure that met the FCP. The biltong had been dried to a water activity of 0.53
to minimise product spoilage in the packages. The trials were set up using freshly prepared

biltong, immediately after coming from the dryer.

3.2.2 Packaging
The 80-mm x 200-mm vacuum pouches (Contour International Ltd, Tauranga) were made from

70-p thick film with an oxygen permeability of 50 cc/m?/day at 23C. The full specification
sheet is in Appendix 3.

The iron-based, 50-mm x 50-mm sachets of oxygen scavengers were purchased from ECP Ltd,
Auckland. They had an absorptive capacity of 100 cc, typically used in containers of upto 1 L

capacity.

3.2.3 Chemicals
AgResearch provided the method for the TBARS test (Appendix 4). The analytical grade

trichloroacetic acid (TCA), thiobarbituric acid (TBA), tetraethoxypropane (TEP) and butylated
hydroxytoluene were obtained from the University of Waikato (UoW) stores or purchased from
Sigma-Aldrich.

OxiKan (Kalsec Inc, Kalamazoo), a rosemary extract, was purchased from Karala, India. The
allowable limit is 150 mg/kg final product.

Fungal spore tests were done on dichloran-glycerol (DG18) agar plates. Packs of 20 plates were
purchased from Fort Richard Laboratories Ltd., Auckland and stored at 4°C until required.

DG18 agar has a low water activity, allowing fungi to outcompete any bacteria present.

Trypticase soy agar (TSA) plates, pre-prepared by a University of Waikato microbiology
laboratory technician, were used for from the samples. This agar provides enough nutrients and
water for bacterial species to grow uninhibited.

43



3.2.4 Equipment and facilities
Samples were stored in a 4°C walk-in chiller at Safari Biltong, a cleared office space at the

University (ambient, approximately 20°C), or laboratory incubator (35°C) in the Thermophile
Research Unit (TRU) at the University.

Safari Biltong provided all the equipment for packaging (vacuum packer, knives, chopping
boards), a water activity tester and a pH meter. Equipment and facilities for carrying out the
microbial tests (vortex mixer, pipettes, Bunsen burner, culture loops, peptone water, and

ethanol) were provided by the TRU.

The TBARS tests were done in the bioengineering laboratory in the School of Engineering at
the University. The School provided the spectrophotometers, vortex mixers, centrifuge, water

bath, pipettes, dispensers, scales and dispensable items.

3.3 Trials

The first trial involved a partial factorial experiment to investigate the effect of the following
variables:
o Packaging environment: Vacuum seal (VS), partial vacuum (PV), or partial vacuum
with an oxygen scavenger (PVS)
o  Storage temperature: 4°C, 20°C, 35°C
o  Storage time: periodically up to one year. Individual treatments were discontinued when

product quality had deteriorated too much.

Individual strips, weighing approximately 10 g, of biltong were put into individual packages.
Each biltong strip was cut to an approximate 10g weight before packaging. The oxygen
scavenger sachets were added if required and then the packages were sealed using a vacuum
sealer. During sealing, a vacuum of -14 psi was pulled on the full vacuum packages (VS) and a

partial vacuum of -7 psi was pulled on the partial vacuum packages (PV and PVS).

Triplicate samples were taken at known storage times and tested for:
e Visual observations
e Sensory tests
o Water activity
e pH
e TBARS (Trial 2 only)
o Fungal spores

o Bacterial numbers
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Due to the work involved, not all tests were done at each sampling time (Appendix 2). The
times samples were collected and the reasons for analysing for different attributes is

summarised in Table 3.1.

Table 3.1. Trials conducted, purpose of the trials and testing interval.

Attribute Purpose Time

Changes in pH can indicate rancidity, water
pH absorption/loss and microbial activity, Fortnightly
which will affect taste and food safety

An increase in water activity will allow
microbial growth and promote lipid

Water activity oxidation; a decrease may adversely affect Fortnightly
taste
Indicates viability of spores and species Fortnightly until no growth
Fungal spores .
present for three consecutive tests
Visual Provides an indication of consumer .
Fortnightly

observations | acceptability

Measures consumer preference and detects

Sensory tests | ¢ flavours

Every 6 weeks

Indicates level of lipid oxidation and,

TBARS S After 10 months
consequently, rancidity

Bacterial Indlc_ates bacterla_l nl_meers anq v_vhlch After 6 and 12 months

numbers species are establishing or declining

The second trial investigated the effect of rosemary extract (OxiKan) on lipid oxidation during
storage. OxiKan was added to the marinade to give a concentration of 0.255 g per 100 g dried
biltong. The calculations are given in Appendix 5. The biltong was then prepared in the same
way as the first batch but had a water activity of 0.78 after drying. Samples were cut into 10-g
strips, then packed into the same environments and stored for up to eight months at the same
temperatures as used in the first trial. Samples were analysed for TBARS and pH at known

times.

3.4 Microbial Methods

3.4.1 Fungal spore numbers
Mould and yeast are resilient microbes that establish well in the absence of bacteria. Fungi can

grow at lower water activities than bacteria, thereby allowing product spoilage. Because it is
very difficult to produce food completely free of fungal spores, it is important to test the
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germination viability of any fungal spores that may be present. Measuring the viability during

storage will indicate whether spores are surviving or dying during storage.

The bottom of a DG 18 agar plate was divided into three sections using a permanent marker.
Sterilised scissors were used to aseptically cut two approximately 2-g pieces from randomly
selected corners of each triplicate biltong strip. The pieces were then placed singly on a section
of an agar plate taking care to ensure pieces were not in contact (Fig. 3.1). After five days
incubation at 25°C, observations on fungal colour and morphology were recorded and visual
growth was recorded on an arbitrary scale (Table 3.2). Photos were also taken.

Table 3.2. Scale for fungal spore growth.

Growth % sample covered
Extensive >60
Moderate 10-60

Low <10

Figure 3.1. Fungal spore plate set-up.

3.4.2 Bacterial numbers
Due to its low water activity, bacteria usually do not grow on properly prepared biltong.

However, contamination can occur and bacteria can establish under certain environmental
conditions. Some bacteria, such as Staph. aureus, are more resilient and can tolerate conditions

associated with biltong.

Small pieces, sufficient to make a 2.5-g sample, were aseptically cut from the biltong using
sterilised surgical scissors, placed in 9 mL of distilled water and left for 30 minutes (10
dilution). The solution was shaken for 1 minute on a vortex mixer and then a 1-mL aliquot was
transferred and vortexed with 9 mL of distilled water (102 dilution). One-mL aliquots from
each dilution was aseptically spread onto separate nutrient agar plates and incubated at 37°C.

Photos of the plates were taken at 24, 36 and 96 hours and the number of colonies recorded.
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Prior to storage and at the end of the trial, 100 g of each treatment, in its packaging, was sent to
a commercial laboratory (Hill Laboratories Ltd., Hamilton) for total plate count (TPC), aerobic
plate count, E. coli, Staph. aureus, Salmonella, yeast and mould tests.

3.4.3 Microbial characterisation
Samples of the fungal species that had grown on the DG 18 agar plates were aseptically

transferred to a new DG 18 agar plate using a sterilised loop and incubated for three days at

25°C. Photographs were taken and the species were identified by a microbial specialist.

3.5 Sensory Assessments

3.5.1 Ethical approval
As sensory tests involve consuming biological material, ethical approval was required. As the

commercial biltong had been prepared in a food grade environment and the sensory tests were
carried out at the factory, a low risk ethical approval was completed and approved by a
delegated from the University Human Research Ethics Committee. Participants were allocated

a code and no personal information was recorded.

3.5.2 Visual observations
Biltong has a very characteristic black to dark brown colouring and smooth surfaces when fresh.

As biltong ages the colour fades to a lighter brown that eventually becomes a gold/yellow
colour. The surfaces become cracked and frayed giving a visual appearance of dryness. Fungal
growth is the greatest microbial threat, and becomes apparent when it produces visible

mycelium. Therefore, biltong quality can be initially assessed using visual observations.

At known storage intervals, a sample of biltong was cut crosswise with a scalpel blade. A visual
assessment was made of the external and interior colour, presence of salt crystals, and
appearance of frayed edges. The texture was assessed from the difficulty in cutting the sample.

Photographs were taken at each test time.

3.5.3 Organoleptic testing
Sensory tests can indicate the acceptability of the stored packaged biltong. A panel between 3-

10 random participants were asked to participate in the test. The panel did not consist of the
same participants each time. A subset of samples was presented to a random group of people
of different ages (between 18-70), gender, nationality (New Zealander, European and South
African) and familiarity with biltong (i.e. non-consumers to enthusiasts). Three 10-g samples
from each storage environment were manually sliced into thin slices and placed into coded
containers. A fresh biltong sample was used as the control. Participants scored the biltong for

appearance, texture, taste “off taste” and whether they would purchase the sample using a scale
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of 1-5, where 1 is very unacceptable to 5 very acceptable (Table 3.3). Panellists cleansed their
palate between samples by eating a plain popcorn/potato chip and having a drink of water. The
average score and standard deviation for each sensory attribute was determined.

Table 3.3. Taste test score sheet.

Soft Chewy Brittle

Texture 1 2 3 4 5
Unappealing Very appealing

Appearance 1 2 3 4 5
Unacceptable Very acceptable

Taste 1 2 3 4 5
- “Oft” None
Off” taste 1 2 3 4 5
Would you buy this?  Yes Maybe No

3.6 Chemical Methods
3.6.1 pH and water activity
As the storage time increases, water can diffuse through the packet, which may change the
product’s water activity. Biltong has a very low water activity, so water reabsorption is likely
and detrimental to the microbial profile of the sample. The sample could also dry further,
making it unpalatable. Lipid oxidation decreases pH due to acid production. Product pH,

therefore, can be an indicator of the rancidity in the sample as well as of water gain or loss.

The water activity of a thin slice of biltong taken from a random section of the sample was
measured using the water activity analyser. The remaining sample was cut into small pieces
and homogenized in a blender until it was fine fibres. The homogeniz