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Biltong is a popular South African savoury meat snack, which is preserved by drying and adding vinegar and salt to inhibit microbial growth. It is stable at room temperature and can be considered a safe and sustainable local food system. Unfortunately, biltong has exceptionally high sodium (Na) levels, and there are currently no regulations regarding the Na content of biltong. Therefore, research needs to be conducted to determine the effect of Na reduction or replacement on South African biltong’s shelf life and chemical and sensory properties. In this study, sodium chloride (NaCl) inclusion levels in biltong models were altered to contain normal or 50% reduced NaCl in combination with various salt replacers – potassium chloride (KCl), organic potassium (K) salts and K-lactate – in different treatments. The treatments with the various levels of Na and replacers were evaluated against the positive control, the normal added NaCl levels and the negative control, which contained 50% of the normal NaCl levels. We found that a 50% reduction in NaCl was possible, and there were no serious adverse effects on the product’s chemical, sensory or microbial qualities. The treatments, which contained KCl, organic K salts and K-lactate as replacers, were successful at maintaining the sensory properties of biltong in comparison to the positive control. Overall, the treatment that contained the organic K salts, in conjunction with the K-lactate, was the most effective in inhibiting the growth of Escherichia coli, Staphylococcus aureus and lactic acid bacteria.

Significance:

Biltong has a very high salt content, but it is essential to ensure that this traditional South African delicacy keeps up and adheres to modern consumers’ health and nutritional demands. Our findings indicate that a 50% reduction in salt is possible without adverse effects on biltong’s chemical, microbial or sensory quality. These results also enable workers in the spice industry to reformulate spice packs with reduced salt, resulting in a sustainable, healthier product.






Introduction

Sodium (Na) is essential for normal human functioning, such as regulating the extracellular volume, maintaining the acid–base balance, neural transmission, renal function, cardiac output and myocytic contraction.1 However, the current average daily NaCl intake for adults of 14  g far exceeds the 5  g recommended for good health.2 There is a direct and undeniable connection between high levels of salt intake and high blood pressure, which could lead to coronary heart disease and stroke.3 In response to the increase in cardiovascular diseases in South Africa, the South African Department of Health has implemented regulations to lower the salt content of certain food products, with the goal to lower the Na intake of consumers.4

Biltong is a popular South African savoury meat snack. The biltong industry has an estimated annual turnover of ZAR2.4 billion.5 Biltong is preserved by drying and adding vinegar and salt to inhibit microbial growth. It is stable at room temperature and can be considered a safe and sustainable local food system.

Biltong has an extremely high Na content and is currently not included in these regulations. It is, therefore, important to ensure that these traditional South African delicacies keep up and adhere to the health and nutritional demands of the modern consumer.

The aim of this study was to determine the effect of 50% salt reduction and partial salt replacement on the chemical and microbial stability and the sensory quality of biltong.

Materials and methods

Sourcing of lean meat, additives and spices

All the meat used during this project was sourced from an owner–operator meat-processing plant in Bloemfontein, South Africa. The meat was collected less than 24 h before required and transported to the meat-processing facility of the University of the Free State in Bloemfontein. The meat was then spiced and the vinegar was added, and the meat was kept at 4 °C overnight. The spices, Na replacers and additives were obtained from BT Enterprises in Johannesburg, South Africa.

Formulation of the biltong

According to an unpublished survey by this research team, the average %NaCl in biltong samples from various supermarkets and butcher shops is 4.73%. This value was used as the positive control, or Treatment A, and as the basis of the formulation of all the biltong treatments used in this study. The remaining treatments were formulated to contain 50% of the NaCl of Treatment A. The formulations were based on a 60% weight loss, as recommended by the South African Council for Scientific and Industrial Research.6 Table 1 summarises the targeted %NaCl, replacer and mg Na/100 g in the dry sample for each treatment at a 60% weight loss.



Table 1:Biltong models formulation summary



	Treatment
	%NaCl inclusion and replacer used
	Formulated mg Na/100 g dry sample at 60% weight loss
	Formulated mg K/100 g dry sample at 60% weight loss

	A (positive control)
	4.73% NaCl
	2166.67
	827.08

	B
	2.365% NaCl + 2.365% KCl
	1237.11
	2067.34

	C
	2.365% NaCl + 2.365% organic K salts
	1236.52
	890.63

	D
	2.365% NaCl + 2.365% K-lactate
	1236.52
	1286.90

	E (negative control)
	2.365% NaCl
	1236.98
	832.16





Treatments B, C and D were formulated in accordance with 50% of the positive control NaCl inclusion level, in combination with various NaCl replacers. Treatment B was formulated to contain 1237.11 mg Na/100 g (2.365% NaCl) and 2.365% KCl was added as a salt replacer. Treatment C was formulated to contain 1236.52 mg Na/100 g (2.365% NaCl) and 2.365% organic K salts (potassium acetate and potassium diacetate) were added as replacers. Treatment D was formulated to contain 1236.52 mg Na/100 g (2.365% NaCl), and 2.365% K-lactate was added as a replacer. Treatment E, which was the negative control, was formulated with 2.365% NaCl (50% of the positive control) and contained 1236.98 mg Na/100 g. Treatment E did not include any replacers; therefore, the net weight had to be made up with a combination of maltodextrin and cereal binder to ensure that all the batch packs had the same net weight without altering the taste of the biltong. Monosodium glutamate (MSG) was added across all the treatments to override the possible sweetness impact of maltodextrin.

Manufacturing and sampling of the biltong

Three replicates of biltong were manufactured about 3 months apart, with fresh raw materials to compensate for variations in the raw materials, processing and environmental conditions. A single replicate consisted of five 3-kg batches.

To manufacture each replicate, 42 pieces of silver-side beef cuts (Musculus gluteobiceps and Musculus semitendinosus) weighing more or less 300 g were used. Eight pieces of meat were placed in a clean stainless-steel container and spiced, and then the vinegar was added and rubbed into the meat to ensure proper curing. In the case of treatments C and D, the K-lactate was first mixed thoroughly with the vinegar and then added to the meat pieces. The meat was turned every 8 h to ensure adequate curing.

After 16 h of curing, one piece from each treatment was sampled into a sterile bag for microbial analysis. Three pieces from each treatment were weighed and labelled using a sterile tag to be re-weighed daily for assessment of weight loss. The remaining pieces from each treatment were hung in a drying cabinet with a plastic hook until they reached the desired weight loss (60%). A conventional natural drying process was undertaken in a Crown Okto drying cabinet with the extraction fan on but without heating switched on and no humidity control. The temperature in the meat-processing facility was set at 21–23 °C to obtain an average of 22 °C. When the desired weight loss was reached, one piece of dry biltong from each treatment was sampled into a sterile bag for microbial analysis. After drying, four pieces of dry biltong (±400 g in total) per treatment were then chopped to a fine consistency using a 5-L Hobart bowl cutter, sampled into 20 mL plastic cuvettes and stored at -18 °C until analysis was carried out.

Chemical analysis

NaCl, Na and K content

For the determination of NaCl content, the Volhard method was used to volumetrically and quantitatively determine the amount of Cl present in the sample, which was then used to calculate the amount of NaCl present in the sample.7 Na and K contents were determined using atomic absorption spectroscopy. For atomic absorption spectroscopic analysis, the samples were reduced to a mineralised form free from any organic compounds by dry ashing at 525 °C according to the modified method by Nielsen.8 Atomic Absorption spectroscopy was performed using an Agilent Technologies 240FS AA spectrometer (Agilent, USA) fitted with an air-acetylene burner. A Na and K hollow cathode lamp was used as a light source. Sample absorbance values were measured and processed using the Spectra AA version 5.3 Pro software (2015) package.

Water activity

Water activity (aw) was determined using a Novasina Thermoconstanter TH 200 (Labotec, Johannesburg, South Africa) water activity meter. After equilibrium was reached with deionised distilled water, quadruplicate measurements per treatment group and replicate were made at 25 °C. The results were reported as percentage relative humidity (%RH) and converted to aw values by dividing each value by a factor of 100.

Microbial analysis

A 10 g sample from each product was aseptically weighed and placed into a sterile 207 mL WhirlPakTM bag (Lasec, Bloemfontein, South Africa), after which 90 mL of sterile 0.1 M buffered peptone water solution was added to create a 10–1 dilution. The sample was homogenised using a stomacher (AME Stomacher Lab-Blender 400, Johannesburg, South Africa) for 1 min. Further dilutions (10–2 to 10–6) were made by adding 1 mL of the 100 mL sample (10–1 dilution) in McCartney bottles containing 9 mL sterile 0.1 M phosphate buffer solution.9 One millilitre of each dilution was then plated on different selective media using the pour plate technique, except for Staphylococcus aureus determination, which employed the surface plating technique. Unless otherwise indicated, all media were sourced from ThermoFisher (Pty) Ltd (Johannesburg, South Africa).

Total bacterial count

Standard plate count agar (Oxoid CM0463) was used to enumerate the total viable counts, and the plates were incubated at 32 °C for 48 h. After incubation, the colonies were enumerated using a colony counter.

Escherichia coli and coliforms

Violet red bile agar + 4-methylumbelliferyl-β-D-glucuronide (VRBM; Oxoid CM0978) was used for total coliform counts and detecting E. coli. The VRBM plates were incubated at 37 °C for 48 h, and fluorescence under ultraviolet light (366 nm, CAMAG Universal UV Lamp) was used to indicate the presence of E. coli.

Staphylococcus aureus

Baird Parker agar (Oxoid CM0275), with egg yolk tellurite supplement (Oxoid SR0054), was used to detect S. aureus. Incubation was at 37 °C for 24 h. Staphylococcus aureus typically forms colonies that are 1.0–1.5 mm in diameter, black, shiny, convex with a narrow white margin and surrounded by clear zones, extending 2–5 mm into the opaque medium.9

Yeasts and moulds

Yeast and mould enumeration were carried out using Rose-Bengal chloramphenicol agar (Oxoid CM0549), with chloramphenicol supple-ment (Oxoid SR0078), incubated at 25 °C for 4 days.

Listeria monocytogenes

RAPID’L. mono (Biorad 356-4293; AEC-Amersham; Johannesburg, South Africa) was used with two supplements, namely, reconstituted RAPID’L. mono Supplement 1 (Biorad 3564294) and RAPID’ Listeria Supplement 2 (Biorad 3564746) to enumerate L. monocytogenes. Incubation was at 37 °C for 24 h, and light blue colonies were regarded as L. monocytogenes colonies.

Enterobacteriaceae

Violet red bile glucose agar (CM0485) was used to detect Enterobacteriaceae. A double layer of agar was used to ensure anaerobic growth. Incubation was at 37 °C for 24 h.

Lactic acid bacteria

Man, Rogosa and Sharpe (MRS) agar consisting of MRS Broth (Oxoid CM0359) with 1.50% w/v agar bacteriological (Oxoid Agar No. 1, LP0011) was used to enumerate lactic acid bacteria. Incubation was at 37 °C for 24 h.

Consumer sensory evaluation

The samples of the five treatments were sliced up and placed in ziplock bags until they were evaluated. A 100-member panel of students and staff from the University of the Free State, men and women aged 20–60 years, evaluated the biltong samples and gave their opinion on the acceptability of the different biltong treatments. The nine-point hedonic scale was used, ranging from 1 (dislike extremely) to 9 (like extremely). The evaluation was carried out in separate booths, under red lights, to mask any colour differences. Diluted apple juice was provided as a palette cleanser.

Statistical analyses

An analysis of variance10 was used to determine any effects that salt reduction and replacement levels had on various quality parameters of the biltong treatments. The Tukey–Kramer multiple comparison test (α = 0.05) was carried out to identify significant differences between the treatment means.10

Results and discussion

Moisture content and water activity

There were significant differences (p < 0.001) in the moisture content for all treatments before and after drying (Table 2). Fresh beef has a moisture content of 65–80%.11 Treatments did not differ significantly in moisture content before drying or after drying. Dried biltong has a moisture content of 20–50%.12 Wet and dry biltong from all treatments in this study were within this range (Table 2). Treatments A and B had a significantly (p < 0.001) higher aw than Treatments C, D and E before drying (Table 2). Treatments C and D had a significantly (p < 0.001) higher aw than Treatments A, B and E after drying. NaCl is known to reduce aw by drawing out water from the meat tissue through osmosis, as in the study conducted on the effect of salt on the aw of dry-cured sausages.13 It was clear that the treatments with the higher Na content had a lower aw, after drying, but the organic K salts were not as successful in lowering the aw. Petit et al.14 grouped biltong into two groups, namely dry biltong, which has a moisture content between 21.5% and 25.3% and an aw range from 0.65 to 0.68, and moist biltong, which has a moisture content between 35.1% and 42.8% and an aw range from 0.85 to 0.89. The biltong manufactured in this study had a moisture content and aw closer to the ranges classified as dry biltong.



Table 2:Effect of salt replacer treatment and drying status on percentage (%) moisture and water activity (aw) of biltong before and after drying



	Time
	Treatment
	% Moisture
	aw

	
Before drying


	A
	69.81b ± 1.86
	0.9543e ± 0.0159

	B
	71.34b ± 1.49
	0.9404e ± 0.0204

	C
	71.29b ± 1.16
	0.8988d ± 0.0160

	D
	70.60b ± 0.78
	0.9129d ± 0.0255

	E
	70.57b ± 0.91
	0.8963d ± 0.0163

	
After drying


	A
	24.82a ± 3.51
	0.7231a ± 0.0058

	B
	25.97a ± 1.70
	0.7295a ± 0.0081

	C
	27.26a ± 2.16
	0.7803c ± 0.0070

	D
	25.94a ± 1.93
	0.7543b ± 0.0093

	E
	27.49a ± 4.04
	0.7313a ± 0.0071

	Significance
	p < 0.001
	p < 0.001






A = 4.73% NaCl; B = 2.365% NaCl + 2.365% KCl; C = 2.365% NaCl + 2.365% organic K salts; D = 2.365% NaCl + 2.365% K-lactate; E = 2.365% NaCl




Means with different superscripts in the same column differ significantly.









Ash, NaCl, Na and K content

Each treatment consisted of a different formulation, with a different added NaCl content, that explained the different (p < 0.001) percentages of ash content. Treatment B (3.84%) differed significantly (p < 0.001) in ash content from Treatment E (2.78%) for the biltong samples before drying. After drying, the percentage of ash was approximately three times higher than that of the biltong samples before drying (Table 3); this is because the mixture of salt and replacers diffused slowly into the muscle tissue, reduced the free water and increased the protein density.15



Table 3:Effect of salt replacer treatment and drying status on ash percentage (%), sodium chloride (NaCl), sodium (Na) and potassium (K) content of biltong before and after drying



	Time
	Treatment
	Formulated Na mg/100 g
	Formulated K mg/100 g
	% Ash
	% NaCl
	Na mg/100 g
	K mg/100 g

	
Before drying


	A
	866.67
	330.83
	3.43ab ± 0.56
	2.09c ± 0.34
	559.18a ± 121.13
	336.66a ± 19.10

	B
	494.84
	826.94
	3.84b ± 0.45
	1.76b ± 0.11
	345.42a ± 40.03
	662.98b ± 44.07

	C
	494.61
	356.25
	3.31ab ± 0.34
	1.39a ± 0.12
	411.03a ± 75.03
	593.03b ± 73.27

	D
	424.61
	514.76
	3.22ab ± 0.37
	1.31a ± 0.24
	492.65a ± 54.37
	539.03ab ± 61.53

	E
	494.79
	332.86
	2.78a ± 0.15
	1.32a ± 0.08
	481.85a ± 37.57
	364.92a ± 53.07

	
After drying


	A
	2166.67
	827.08
	10.21e ± 1.36
	5.76 f ± 0.03
	1986.37c ± 497.55
	965.88c ± 124.09

	B
	1237.11
	2067.34
	9.82e ± 0.43
	4.75e ± 0.24
	1069.65b ± 158.48
	1938.08e ± 334.48

	C
	1236.52
	890.63
	7.99d ± 1.11
	2.54d ± 0.10
	981.61b ± 130.16
	1470.54d ± 158.04

	D
	1236.52
	1286.90
	8.18d ± 0.80
	2.51d ± 0.14
	959.55b ± 152.64
	1419.35d ± 216.66

	E
	1236.98
	832.16
	7.01c ± 0.03
	2.70d ± 0.06
	1000.83b ± 74.53
	970.45c ± 238.14

	Significance level
	 	p < 0.001
	p < 0.001
	p < 0.001
	p < 0.001






A = 4.73% NaCl; B = 2.365% NaCl + 2.365% KCl; C = 2.365% NaCl + 2.365% organic K salts; D = 2.365% NaCl + 2.365% K-lactate; E = 2.365% NaCl




Means with different superscripts in the same column differ significantly.









The ash content of the five biltong treatments differed significantly (p < 0.001) in response to the added NaCl and replacers. The ash percentage of treatments A and B did not differ significantly after drying because the inorganic matter that remained was made up of metal oxides, which are enhanced by the amount of NaCl and KCl added.15 Treatments C and D had a significantly (p < 0.001) lower ash percentage than Treatments A and B after drying. Treatments C and D contained K-lactate, which has a lower mineral content than NaCl. Treatment E generally had a significantly (p < 0.001) lower percentage ash because it contained lower levels of NaCl and had no replacers. The cereal binder and maltodextrin were removed during the solvent wash for the ashing process.

Treatment A, the positive control, was the baseline for all the formulations. The end target for the %NaCl for Treatment A in the formulations after drying was 4.73% NaCl (Table 3), and the actual average %NaCl for Treatment A was 5.76% (Table 3). It is challenging to formulate the salt content of a product such as biltong because the NaCl is mixed in a brine solution, making it difficult to determine how much NaCl is absorbed within the meat sample and how much the NaCl content will increase after drying.

Table 3 indicates that, both before and after drying, the %NaCl of Treatments A and B differed significantly (p < 0.001) from all the other treatments, but Treatments C, D and E did not differ significantly (p < 0.001) from one another. Treatments B to E were formulated to contain half the %NaCl of Treatment A, but they also included replacers (except Treatment E), which is why Treatment A had a higher %NaCl than Treatments C–E (Table 1). The higher %NaCl in Treatment B was because the Volhard method, used to determine the amount of NaCl in a sample, also picked up the Cl from the KCl used as a replacer in Treatment B. The Volhard method determined the amount of chloride in the sample and because Treatment B contained KCl, the Cl– of KCl was also detected during the NaCl determination. If KCl is in the future used as a salt replacer in biltong, an alternative method of salt determination will have to be used. However, individual Na and K determinations are more important than NaCl determinations as far as Na reduction is concerned.

Although Treatment A had a numerically higher Na content than Treatments B–E, there were no significant differences in the Na content between the treatments before drying. However, the %NaCl indicated that there should be significant differences because the %NaCl differed significantly (p < 0.001). This lack of significant difference in Na content was probably due to the high moisture content of the products before drying, which caused a dilution effect of the Na. The Na content of Treatment A was significantly (p < 0.001) higher compared to the Na content from the other treatments after drying (Table 3), with nearly double the Na content, compared to Treatments B–E. Treatments A and E also had significantly (p < 0.001) lower K contents than Treatments B, C and D after drying. Treatments A and E were the only two formulations that did not contain added K, which is why, both before and after drying, they had the lowest K content.

All the treatments, except Treatment D, had a lower actual Na content than what was formulated for in the wet product (before drying), which can be attributed to the possibility that NaCl was not properly distributed through the biltong before hanging it to dry. The formulated Na content was calculated for the dry biltong sample at a 60% weight loss. Biltong from all dried treatments also had less Na than the formulated levels. However, they mainly differed only by 200–300 mg/100 g throughout all the treatments (Table 3). Treatment B was the only treatment with a lower actual K content than what was formulated for before and after drying. All the other treatments had higher K contents than what was formulated before and after drying. It is difficult to formulate a specific mineral content in a product like biltong that is dried because it is difficult to predict the absorption of brine.

Microbiological analyses

Although ready-to-eat meat products are produced under microbial-limiting steps, several spoilage and pathogenic bacteria have been associated with these products. Surveys of commercial biltong have shown total viable counts (TVC) of 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 (LAB) up to 8 log cfu/g, E. coli up to 1 log cfu/g, S. aureus up to 8.5 log cfu/g and L. monocytogenes were prevalent at very low incidence.16 Throughout the discussion, the main focus will be on the biltong samples after drying, because biltong is consumed in its dry state and should, therefore, be safe to eat.

There was a significant (p < 0.001) trend which indicated that the Enterobacteriaceae and coliform counts decreased after drying (Table 4). There were no significant differences in Enterobacteriaceae counts between the treatments before drying. Treatment A (0.83 log cfu/g) was significantly (p < 0.001) more effective in reducing Enterobacteriaceae counts in dry biltong compared to Treatments B, D and E. All the biltong samples before and after drying had Enterobacteriaceae counts less than the suggested 4 log cfu/g limit set by the Health Protection Agency.17



Table 4:Effect of salt replacer treatment and drying status on the microbial stability (log cfu/g) of biltong before and after drying





	Time

	Treatment

	Enterobacteriaceae (log cfu/g)

	Coliforms (log cfu/g)

	E. coli (log cfu/g)

	S. aureus (log cfu/g)

	TVC (log cfu/g)

	LAB (log cfu/g)

	Yeasts (log cfu/g)

	Moulds (log cfu/g)


	
Before drying


	A
	2.86cd ± 1.19
	3.37c ± 0.99
	0.01a ± 0.01
	1.36a ± 0.26
	4.71a ± 0.89
	3.80a ± 0.93
	2.41d ± 0.15
	2.10bc ± 0.14

	B
	3.19d ± 0.76
	3.35c ± 0.85
	0.49b ± 0.63
	1.30a ± 0.52
	4.79a ± 0.89
	3.97ab ± 0.96
	2.21 cd ± 0.60
	1.89ab ± 0.35

	C
	3.13d ± 0.71
	3.06c ± 0.67
	0.01a ± 0.01
	1.33a ± 0.30
	4.67a ± 0.76
	3.72a ± 0.63
	2.12bcd ± 0.29
	1.88ab ± 0.13

	D
	2.99cd ± 1.06
	2.89bc ± 0.67
	0.08a ± 0.29
	1.24a ± 0.48
	4.79a ± 0.93
	4.05abc ± 0.77
	2.32d ± 0.37
	2.02ab ± 0.16

	E
	3.02cd ± 0.37
	3.15c ± 0.38
	0.17ab ± 0.39
	1.31a ± 0.33
	4.86ab ± 0.85
	4.11abc ± 0.73
	2.50d ± 0.21
	2.15bc ± 0.12

	
After drying


	A
	0.83a ± 1.08
	1.14a ± 1.01
	0.01a ± 0.01
	1.02a ± 0.76
	5.72abc ± 1.15
	5.75d ± 1.43
	1.60abc ± 0.24
	1.58a ± 0.27

	B
	1.85b ± 0.28
	1.97ab ± 0.57
	0.17ab ± 0.39
	1.16a ± 0.87
	6.29bc ± 1.20
	5.27 cd ± 0.45
	2.04abcd ± 0.87
	2.54cd ± 0.46

	C
	1.03ab ± 0.69
	1.70a ± 0.36
	0.01a ± 0.01
	1.01a ± 0.75
	5.88abc ± 1.70
	5.10bcd ± 1.41
	1.53ab ± 0.40
	1.89ab ± 0.35

	D
	2.03bc ± 0.27
	1.86a ± 0.39
	0.01a ± 0.01
	1.30a ± 0.51
	6.59c ± 1.15
	5.98d ± 0.96
	2.32d ± 0.91
	2.86d ± 0.79

	E
	1.86b ± 0.49
	1.69a ± 0.95
	0.08a ± 0.29
	1.04a ± 0.79
	6.45c ± 1.26
	5.90d ± 1.13
	1.41a ± 0.46
	2.14bc ± 0.13

	 	Significance
	p < 0.001
	p < 0.001
	p = 0.001
	p = 0.752
	p< 0.001
	p < 0.001
	p < 0.001
	p < 0.001







E. coli, Escherichia coli; S. aureus, Staphylococcus aureus; TVC, total viable counts; LAB, lactic acid bacteria




A = 4.73% NaCl; B = 2.365% NaCl + 2.365% KCl; C = 2.365% NaCl + 2.365% organic K salts; D = 2.365% NaCl + 2.365% K-lactate; E = 2.365% NaCl




Means with different superscripts in the same column differ significantly.









There was a decrease in coliform counts after drying in all the treatments. There were no significant differences in coliform counts between treatments before drying as well as after drying.

Although not significant, Treatment B, containing 4.75% NaCl (Table 3), was not as effective against the inhibition of coliforms as Treatment A, which contained 5.76 % NaCl.18 The detection of coliforms is used as a general indicator of sanitary conditions in the food-processing environment.19 According to Jones and co-workers12, commercial biltong may have Enterobacteriaceae and coliform counts of up to 4 log cfu/g, indicating that biltong manufactured from all treatments in this study was produced very hygienically with Enterobacteriaceae and coliform counts of the dry biltong generally below log 2 cfu/g.

Treatment B had significantly (p = 0.001) higher E. coli counts before drying than Treatments A, C and D (Table 4). There were no significant differences in E. coli counts between treatments after drying.

There were no significant differences (p = 0.752) in S. aureus counts between treatments of raw and dry biltong (Table 4). Commercial biltong could have up to 8.5 log cfu/g of S. aureus but should have less than 1 log cfu/g of E. coli.12 The S. aureus counts and E. coli presence for different treatments in this study conformed to these requirements.

No significant differences were found in the TVCs of biltong before drying and also after drying. Before and after drying, the TVCs of the biltong samples indicate that the overall microbial quality of the manufactured biltong was good because they fell within the acceptable range of 6–7 log cfu/g.17 When comparing the drying status, there was a significant (p < 0.001) increase in TVC from before drying to after drying.

No significant differences were observed in LAB counts for different treatments within the raw biltong samples, as well as within the dry biltong samples (Table 4). When comparing the drying status, there was a significant (p < 0.001) increase in LAB count from before drying to after drying. Although not statistically significant, Treatment C (5.10 log cfu/g) was the most effective, and Treatment D (5.98 log cfu/g) was the least effective in inhibiting LAB after drying (Table 4). According to Taormina20, potassium lactates, in conjunction with NaCl, at the correct concentrations, have been shown to inhibit LAB. The effects of lactate may be enhanced when used with other organic salts, such as diacetate salts21, which could explain why Treatment C, which contained 0.34% K-lactate with diacetate salts, was the most effective, and Treatment D, which contained 1.21% K-lactate without diacetate salts, was the least effective in inhibiting the LAB. A study conducted by Aaslyng et al.22 also found that Na reduction did not affect the growth of LAB. According to Jones et al.12, commercial biltong may contain up to 8 log cfu/g LAB. None of the wet or dry biltong treatments exceeded these counts.

There were no significant differences in yeast counts between the treatments before drying (Table 4). Although not always statistically significant, there was a trend towards lower yeast counts after drying compared to before drying. Treatments A, C and E had a significantly (p < 0.001) lower yeast count after drying in comparison to Treatment D. Treatment D had the same yeast count before and after drying (2.32 log cfu/g). The treatment with no replacers (E) and the treatment with organic K salts (C) were the most effective at inhibiting the growth of yeasts after drying.

No significant differences were observed in mould counts between the different biltong treatments before drying. After drying, Treatment A had significantly (p < 0.01) lower mould counts compared to Treatments B, D and E (Table 4), which indicates that the positive control was more effective at inhibiting moulds than the negative control, and the KCl and K-lactate replacers. Commercial biltong has been found to contain yeast counts of up to log 7 cfu/g and mould counts of up to log 5 cfu/g.12 None of the biltong treatments in this study exceeded these yeast and mould counts before or after drying.

Since the listeriosis outbreak of 2018, producers of ready-to-eat meat products have focused on the detection of L. monocytogenes in these products. Listeria monocytogenes is the most common bacterial contaminant present in ready-to-eat meat products post-processing. Throughout all three replications of biltong manufactured, no Listeria monocytogenes was present before or after drying.

Sensory analysis

The 100-member panel consisted of 70% female participants, and the range in age was between 20 and 60 years, with 50% of panel members in the age bracket of 20–29 years.

No significant differences were detected in the aroma of biltong from different treatments (Table 5). Consumers preferred (p = 0.008) the texture of Treatments A and C over E (negative control). Consumers gave the positive control group samples a higher score (p = 0.024) for overall liking when compared to the negative control group (Table 5). Although the positive control got the highest ranking for aroma, texture, aftertaste and overall liking, it did not differ significantly from the treatment with replacers B, C and D. This implies that reduced salt in combination with all the replacers used in this study can be used without the consumer detecting a significant difference. Saltiness received a statistically (p < 0.046) higher ranking for Treatment A compared to all other treatments. With a slower reduction in salt content (stealth principle), the difference in saltiness could possibly not be picked up by consumers.



Table 5:Consumer sensory rankings of five biltong formulations based on different added NaCl and replacer levels



	Treatment
	Aroma
	Saltiness
	Texture
	Aftertaste
	Overall liking

	A
	7.10 ± 1.37
	7.10b ± 1.45
	7.04b ± 1.59
	7.28b ± 1.23
	7.44b ± 1.24

	B
	6.95 ± 1.46
	6.65a ± 1.55
	6.51ab ± 1.94
	6.71a ± 1.60
	6.89ab ± 1.52

	C
	7.08 ± 1.40
	6.50a ± 1.67
	6.98b ± 1.66
	6.81a ± 1.37
	7.00ab ± 1.46

	D
	7.05 ± 1.52
	6.62a ± 1.75
	6.93ab ± 1.66
	6.77a ± 1.59
	7.02ab ± 1.50

	E
	6.88 ± 1.61
	6.65a ± 1.59
	6.29a ± 1.99
	6.70a ± 1.73
	6.78a ± 1.68

	p-value
	0.806
	0.046
	0.008
	0.037
	0.024






A = 4.73% NaCl; B = 2.365% NaCl + 2.365% KCl; C = 2.365% NaCl + 2.365% organic K salts; D = 2.365% NaCl + 2.365% K-lactate; E = 2.365% NaCl




Means with different superscripts in the same column differ significantly.









Panellists could detect a small but significant difference between the positive and negative controls regarding saltiness, texture, aftertaste and overall liking. Although not statistically significant, Treatment C scored the second-highest ranking for aroma, texture and aftertaste.

Conclusion

We found that a 50% reduction in NaCl and replacement of NaCl were possible, and with no significant adverse effects on the product’s chemical, microbial or sensory qualities. Therefore, reducing the extremely high Na content of biltong, a popular South African shelf-stable meat snack is possible. Not only will the Na content of biltong be reduced, but also the K content will increase. The biltong will be chemically, microbiologically and sensorily acceptable if the NaCl is reduced by 50% and salt replacers are used. The meat industry can only benefit from reducing the Na content of biltong, even if there is currently no legislation that limits the Na content.
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