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The objective of this study was to assess cow milk cheese from small-scale producers in the Western Cape Province, South Africa.
Forty cheeses were selected, and microbiological data of the samples were analyzed with age (1, 3, 6 months), cheese type
(Cheddar, Gouda, other), and milk type (raw and pasteurized) as main factors. Rapid sensory characterization was done using the
sorting technique. The results indicated that the available cheese types were diverse, with minority (20.0%) in the Gouda group
followed by Cheddar (32.5%) and “other” (47.5%). Most of these cheeses (45%) were aged three months and produced using
pasteurized milk (92.5%). Five cheese samples did not meet the European Union standards for coliforms, and four samples tested
positive for Escherichia coli. Sensory analysis results showed a clear differentiation between mature and young cheese. In
conclusion, the current market presents more diverse milder cheeses, and there is a need to follow proper hygiene protocols to

reduce cross-contamination.

1. Introduction

The South African dairy industry has shown an upward
growth both in production and in consumption of cheese
mainly produced with cow’s milk, with per capita con-
sumption reported to have increased by approximately
18.5% since 1995 [1]. This growth has been attributed to
different factors such as population growth, dynamic eco-
nomic developments, urbanization, income increase, and
changing eating habits and lifestyle [2, 3]. Within South
Africa (SA), the Western Cape Province (WC) has shown
much growth, since most of the dominating milk and cheese
producers are situated in this province [4]. The growth in
consumption has also resulted in the growth of several
small-scale cheese producers in the country with most of the
cheese produced having English, Italian, Dutch, French, or
Sweden origins and so do most of its producers [5, 6].

Many studies, especially those conducted in Europe,
have proved that cheese from small-scale producers, in
particular artisanal cheese, has unique favorable charac-
teristics driven mostly by a range of factors, such as the
climate, animal feed, milk type, and processing techniques
[7, 8]. In addition, the host-associated microbiota of raw
milk is believed to be partially responsible for the distinctive
aroma, texture, and taste that only cheese produced from
raw milk can offer [9, 10]. These unique characteristics make
cheese varieties different from each other, and thus they
allow access to different niche markets. However, compared
to European regions, South Africa has few small-scale cheese
producers with cheese production being more at a com-
mercial level. According to the available literature, scientific
studies on available SA cheese are scarce.

This study, therefore, aimed at assessing the available
semihard and hard cheese from small-scale producers in the
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Western Cape, SA, being the most representative province in
the country for both market and cheese production. The
study provides an overview of the cheese available on the
market with reference to its respective specific sensory and
microbiological quality. The current study of small-scale
cheese producers of the WC can assist farmers in other
regions to understand the artisanal markets. Those small-
scale farmers could also use these results to improve their all-
year sustainability, diversify their offer to the market, and
ultimately increase their profitability.

2. Materials and Methods

Cow milk cheese producers in South Africa were identified
using Google maps, snowball technique, South African Dairy
Societies databases, and information from Mulder and
Wasserfall [6]. The producers were classified according to
their daily cheese production as large (producing more than
1000 kg of cheese/day), medium (producing between 1000
and 300kg/day), or small (producing less than 300 kg/day).
Small-scale producers were then further classified as those
producers manufacturing <300 kg of cheese per day without
mechanized equipment and/or those producing more natural
specialty cheese types. A total of 68 cheese producers (large,
medium, and small) were identified across South Africa, and
the majority (38 producers) were in the Western Cape
Province; this province was therefore selected for the study.

2.1. Cheese Sample Collection. A total of 40 cheeses were
collected in November 2016 from small-scale producers,
over a period of two weeks. All the available cheeses were
selected without focusing on their specific characteristics.
The identified farms or factories were visited, and producers
were asked open questions to gather information regarding
animal feed, milk type, milk source, cheese-making ingre-
dients, use of growth hormones, and antibiotics (Table 1).
Respondents were given an overview of the study’s aim and
were assured that their responses were confidential.

The majority of the samples (n=29) were collected di-
rectly from the respective production sites and a few (n=11)
from specialty shops or larger retail outlets. Information
such as the expiring dates and ingredients list was noted
from the labels. All selected samples were within the stip-
ulated “use by” or “best before” date. The samples were also
olfactorily and visually assessed by the researcher, to note
any unfavorable aromas and appearances. The cheeses were
classified based on type (Gouda, Cheddar, and other), age (1,
3, and 6 months), and milk type (raw or pasteurized). The
“other” group consisted of cheese types such as Pecorino,
Gruyere, Grana, Caciotta, Asiago, Colby, Danbo, Havarti,
Raclette, Montasio, Kashkaval, Fontina, and Maasdam. The
latter group also included other cheeses with unique local
names and origins such as the Stanford, Boland, and Hu-
guenot. Samples (200g) were collected in duplicate from
each cheese type, kept at 4°C in their original packaging
during transportation to the laboratory, and stored until
analysis. Sensory and microbial analysis were performed
within a week from collection.
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TaBLE 1: Questions posed to the producers.

Do you have your own farm?

Do your cows graze on natural pastures?

Do you use antibiotics or artificial growth hormones?

Do you use raw milk for cheese making? If yes, why do you prefer
using raw milk?

Do you use 100% cow milk?

How much cheese do you produce per day?

How many types of cheeses do you produce?

List all the ingredients that you use for cheese processing.

Do you use animal rennet?

2.2. Microbiology Analysis. Microbiological analyses were
done according to the Official Methods of Analysis of AOAC
International [11]. Briefly, cheese samples were weighed
(10 g) into sterile stomacher bags, and then 9 ml of ringer
solution was added and homogenized for 2 minutes with a
bag mixer. After homogenization, 1 ml of the content was
extracted from the bags for up to three-fold serial dilutions
for aerobic colony counts (ACCs) and two-fold serial di-
lutions for coliforms and Escherichia coli counts. Aerobic
colony counts (ACCs) were determined by plating samples
on Petrifilm Aerobic Count Plate (3M, Johannesburg, South
Africa). Coliforms and E. coli counts were enumerated by
plating samples on Petrifilm E. coli/Coliform Count Plate
(3M, Johannesburg, South Africa). All plates were incubated
at 32°C+ 1°C for 48 hours.

Listeria monocytogenes was isolated using the rapid
L. monocytogenes plates (Agar/Gelose) with the in vitro test
(Bio-Rad, France). Briefly, 57.4 g of the Fraser agar powder
was diluted with distilled water in a one litre bottle and
mixed to dissolve. The solution was autoclaved for 15
minutes at 121°C and allowed to cool to below 50°C. One vial
of SRO156E (Half Fraser Selective Supplement, Bio-Rad,
France) was added to the autoclaved solution, and then
90 ml of the agar solution was poured into the frozen-thawed
cheese blocks (10 g) and homogenized for 120 seconds. The
homogenate was incubated for 24 hours at 30°C and then
plated on the L. monocytogenes plates. Plates were incubated
for 24 hours at 37°C. Bacterial counts were converted to
logarithm to the base 10 for statistical analysis.

2.3. Sensory Analysis. Rapid sensory characterization was
conducted using the sorting technique followed by a de-
scriptive step. Sorting is particularly suitable when the
number of stimuli to be investigated is large and assessors
are asked to sort together stimuli based on their perceived
similarities [12]. The existing panel of 16 trained sensory
assessors (all female between the ages of 40 and 65) with
several years of experience in descriptive sensory analysis
was used. Panel members were selected based on their
availability for the duration of the project as well as good
sensory acuity when performing a screening test for basic
tastes (sweet, sour, salty, and bitter) [13]. The 40 cheeses were
divided into two major groups, so as to only serve a smaller
sample set to assessors per session to reduce assessor fatigue
[14], and evaluation was done on two consecutive days. The
first group consisted of all Cheddar- and Gouda-like cheese
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types, while the second group consisted of all the cheeses
included in the “other” group.

Three rind-free cubes (1cmxlcmx1cm) of fresh
cheese were evaluated for each sample after one hour of
warming to room temperature (21°C). Samples were served
in sealed plastic cups coded by random three-digit codes,
and order of sample presentation was randomized across
assessors. Unsalted crackers, water, and dried apples were
available for palate cleansing between samples. The assessors
were asked to focus mainly on texture and flavor attributes to
sort the cheeses. They were allowed to have not more than six
groups and to put as many cheeses as they wanted in each
group. There was no time limit on the individuals’ perfor-
mance of the task. Following the sorting task, they briefly
described each group with one or a few descriptors from the
provided list of attributes (Table 2). The list of texture and
flavor attributes was compiled by the researcher according to
Muir et al. [15] and Murray and Delahunty [16]. Sensory
analysis of samples was conducted under standard lighting
and controlled temperature (21°C) conditions in a sensory
laboratory fitted with individual tasting booths.

2.4. Statistical Analysis. Forty artisanal cheeses were clas-
sified based on cheese type (Cheddar, Gouda, other), age (1,
3, 6 months), and milk type (raw and pasteurized). Microbial
data was analyzed using the GLIMMIX procedures of SAS
[SAS v.9.3 (Statistical Analysis System, SAS Institute (2012),
Inc., Cary, NC)]. Cheese type, age, and milk type were
treated as fixed factors, and place of origin was treated as a
random factor. The Kenward-Roger estimation for degrees
of freedom was done for the unbalanced groups of samples.
For comparison, groups were weighted for the inverse of the
estimated variance, and no differences were noted. The
Tukey-Kramer test was used to determine the differences
between data means at 5% significance level. Least squares
means comparison was done using groupings.

Sorting data was subjected to DISTATIS analysis [12], to
derive a compromise spatial representation of the consensus
(dis) similarity of the cheeses. A contingency table was
constructed to analyze descriptors associated with the cheese
samples, and the list of descriptors was reduced by dis-
carding descriptors used by few (10%) of the assessors. The
contingency table was submitted to a correspondence
analysis (CA), to visualize the relationship between cheese
type and descriptor counts. Cheeses were also grouped using
the cluster analysis on the n-dimensional Euclidean dis-
tances derived from the full compromise dissimilarity matrix
from DISTATIS using Ward’s method. All analyses were
done using the Statistica software version 12 (StatSoft Inc.,
2013).

3. Results and Discussion

A total of 40 cheese samples were obtained from cheese
factories (n=29) and retail specialty stores (n = 11; Table 3).
Raw milk cheese (7.5%, n = 3) accounted for a very small part
of the small-scale cheese market. Similar results were re-
ported in a survey by Brooks et al. [17] in the United States of

TaBLE 2: List of flavor and texture attributes used for the sorting
tasks.

Texture attributes

Adhesive/sticky
Creamy
Crumbly
Dry/grainy
Firmness on palate
Moist

Flavor attributes

Sour taste
Aftertaste
Bitter taste
Buttery
Caramel
Cowy
Creamy
Dairy/fermented sour
Earthy
Fruity
Moldy
Mushroom
Nutty
Rancid
Salty taste
Savory
Smokey
Soapy/chemical
Spicy
Sweet taste
Yeast

The list was adapted and modified from Muir et al. [15] and Murray and
Delahuntry [16].

America. This could be because of increased concerns over
the safety of raw milk cheese due to the potential ability of
food-borne pathogens to survive the manufacturing and
aging processes. In addition, other reported benefits of using
pasteurized compared to raw milk include production of
cheese with a greater consistency in terms of quality [18].
This is due to the fact that all the acid development is mainly
from the added starter culture; thus, the rate and extent of
acidification can be controlled resulting in more consistent
products [18].

The results further indicated that the Western Cape
artisan cheese market is diverse with majority of the cheese
collected falling into the “other” group (47.5%, n=19)
followed by Cheddar (32.5%, n=13) and Gouda (20.0%,
n=38). These results agree with those of Ronquest-Ross et al.
[1] who reported that Cheddar and Gouda are among the top
cheese types consumed in South Africa. Most (45%, n = 22)
of the collected cheeses were three months old, whereas 35%
(n=8) were six months old and 20% (n=10) were one
month old. This suggests that the current market presents
milder (three months) compared to mature cheese. Further
studies should test if this is in line with market preferences.

All the identified and collected cheeses were reported to
be manufactured using non-animal rennet. According to the
producers, this is mainly due to the sensitivity of the veg-
etarian and vegan communities in the South African mar-
kets. Producers also aim to produce more natural cheese by
ensuring they use milk from free-ranging grazing cows
without any history of growth hormone use and minimize
use of artificial ingredients. Sixty-nine percent of the pro-
ducers indicated that they used milk from their own farms
with cows on pasture-based diets. Additionally, most of the
producers (60%) also indicated that they did not use any
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TaBLE 3: Cheese samples from small-scale producers, classified per cheese type, cow breed, milk type, and aging period.
Cheese type Cheese code Cow breed Milk type Feed type Milk source Aging period
Asiago (As) AsS1P Mixed! Pasteurized Pasture? Buying 3
Caciotta (Ca) CaS1P Mixed' Pasteurized Pasture” Buying 3
Cheddar (Ch) ChS2R Mixed! Raw Pasture” Own animals 6
Cheddar (Ch) ChS3R Guernsey Raw Pasture’ Own animals 6
Cheddar (Ch) ChS3R Guernsey Raw Pasture” Own animals 3
Cheddar (Ch) ChS4P — Pasteurized — Own animals 1
Cheddar (Ch) ChS5P Mixed" Pasteurized TMR® Own animals 1
Cheddar (Ch) ChS5P Mixed! Pasteurized TMR? Own animals 3
Cheddar (Ch) ChS6P Jersey Pasteurized Pasture” Own animals 3
Cheddar (Ch) ChS6P Jersey Pasteurized Pasture’ Own animals 6
Cheddar (Ch) ChS7P Mixed' Pasteurized Pasture? Buying 3
Cheddar (Ch) ChS8P Mixed" Pasteurized TMR® Own animals 1
Cheddar (Ch) ChS9P Mixed! Pasteurized TMR? Own animals 3
Cheddar (Ch) ChS9P Mixed' Pasteurized TMR? Own animals 3
Cheddar (Ch) ChS9P Jersey Pasteurized Pasture® Own animals 3
Colby (Co) CoS10P Jersey & Holstein Pasteurized Pasture” Both* 1
Danbo (Da) DaS10P Jersey & Holstein Pasteurized Pasture” Both* 1
Fontina (Fo) FoS1P Mixed' Pasteurized Pasture” Buying 3
Gouda (Go) GoS10P Jersey & Holstein Pasteurized Pasture’ Both? 3
Gouda (Go) GoS6P Jersey Pasteurized Pasture’ Own animals 3
Gouda (Go) GoS5P Mixed' Pasteurized TMR? Own animals 1
Gouda (Go) GoS5P Mixed" Pasteurized TMR® Own animals 3
Gouda (Go) GoS11P Mixed' Pasteurized Pasture’ Buying 3
Gouda (Go) GoS4P Jersey & Holstein Pasteurized Pasture” Own animals 1
Gouda (Go) GoS12P Mixed! Pasteurized Pasture® Own animals 3
Gouda (Go) GoS13P Mixed' Pasteurized Pasture” Own animals 3
Grana (Ga) GaS10P Jersey & Holstein Pasteurized Pasture’ Both* 6
Gruyere (Gr) GrS4P — Pasteurized — Own animals 1
Gruyere (Gr) GrS10P Jersey & Holstein Pasteurized Pasture” Both* 6
Havarti (Ha) HaS10P Jersey & Holstein Pasteurized Pasture’ Both* 3
Huguenot (Hu) HuS14P Jersey Pasteurized Pasture? Own animals 6
Kashkaval (Ka) KaS11P Mixed' Pasteurized Pasture’ Buying 3
Maasdam (Ma) MaS5P Mixed* Pasteurized Pasture” Own animals 1
Montasio (Mo) MoSI1P Mixed' Pasteurized Pasture” Buying 6
Pecorino (Pe) PeS15P Jersey Pasteurized Pasture” Both* 3
Pecorino (Pe) PeS5P Mixed" Pasteurized TMR® Own animals 3
Port Salut (Po) PoS14P Jersey Pasteurized Pasture” Own animals 3
Raclette (Ra) RaS10P Jersey & Holstein Pasteurized Pasture” Both* 6
Royal Ashton (Ro) RoS5P Mixed! Pasteurized TMR?® Own animals 1
Stanford (St) StS10P Jersey & Holstein Pasteurized Pasture? Both* 3

'Mixed breed, i.e., Jersey, Holstein-Friesian, and crosses of both, *pasture-based with few supplements, *total mixed rations, *buying milk and also having
own animals, —: some producers were not sure about their milk origins resulting in the missing data. For cheese codes the 1* 2 letters refer to the cheese type,
S1 to S15 refer to the supplier, and P (pasteurized) and R (raw) refer to the milk type.

preservatives or artificial colorants during manufacture. Six
of the sampled cheeses were also among the top South
African award-winning cheeses at an international level.
These cheeses are reported to have different unique char-
acteristics, which could be attributed to different factors such
as unique processing techniques, feed type, milk quality, and
cow breeds [7, 8, 19].

3.1. Microbiological Quality. Microbiological quality as-
sessment of artisanal cheeses from small-scale producers
helps to note the potential risk the products might present to
the consumers. The results can also be considered when
structuring public policies that aim to protect the con-
sumer’s health. Although the Cheddar (1.08 Log,(CFU/g)

and Gouda (1.21 Log;oCFU/g) had higher (P <0.05) coli-
form counts compared to “other” cheese (0.5 Log;oCFU/g)
group (Figure 1), the values were still within the interna-
tional limits (<4.0 Log,,CFU/g) as set by the European
Union (EU; Commission Regulation No. 2073/2005) [20].
On the other hand, higher (P < 0.05) ACCs were noted in the
Cheddar (4.88 Log;(CFU/g) and “other” (4.61 Log,,CFU/g)
groups compared to the Gouda (4.02 Log;,CFU/g) cheese.
The ACC values were below the recommended EU limits for
raw milk cheese of 7.0 Log;oCFU/g. Overall, the Cheddar
type was noted to have more microbial counts compared to
Gouda and “other” groups. This can be a result of higher
moisture content observed for this cheese type. In fact,
cheese with higher moisture content has higher water ac-
tivity values, which favors microbial growth [21].
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FIGURE 1: Microbial counts according to cheeses type; for each
microbial type, bars with different superscripts are significantly
different (P < 0.05). ACC: aerobic colony count; E. coli: Escherichia
coli.

Microbial counts were observed to decrease with age for
all cheese types. Aerobic colony counts (ACCs) were sig-
nificantly higher (P <0.05) in the one-month-old cheese
group (5.0 Log;,CFU/g) compared to three- and six-month-
old groups (Figure 2). Bacterial counts decrease as the pH
decreases during aging with the increase of lactic acid
percentage [22].

Smith et al. [23] reported ready-to-eat meat products
such as polony as a source of listeriosis in SA. The country
experienced one of the worst world listeriosis outbreaks in
2018. In the United States [24], it was observed that His-
panic-style cheese was a source of L. monocytogenes. Con-
versely, for this study, no samples were found to be positive
for L. monocytogenes.

Overall, five samples did not fall within the EU inter-
national limits for coliform counts, and four samples had
E. coli counts greater than or equal to 3 Log;CFU/g which
exceeded the threshold limit for dairy products. A similar
survey was conducted in Belgium, and E. coli was counted in
26.7% of the samples [25]. These results are in line with other
findings in the United States of America [17] and in Egypt
[26], where E. coli was detected in 15% and 21.7% of the
artisanal cheeses, respectively. These studies noted that
E. coli positive samples were mainly from raw milk cheese.
Interestingly, the current study noted that pasteurized milk
cheese had higher (P <0.05) coliform (1.44 Log,,CFU/g;
Figure 3) compared to raw milk. Therefore, pasteurization
does not guarantee cheese safety, although it could do if
contamination of the cheese after pasteurization is avoided
[18]. Opportunities for postpasteurization contamination
may occur during either processing, aging, storage, or
packaging, putting the cheese at risk of contamination [25].

In this study, few producers (7.5%) stated that they use
raw milk or add raw milk to pasteurized milk during cheese
processing as they considered it essential for good texture
and flavor development. These favorable characteristics
come as a result of proteolysis and lipolysis processes by raw
milk natural microflora and enzymes [27]. However,

Microbial counts (Logl0 cfu/g)
W

2
a
1 f\g\a
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FIGURE 2: Microbial counts according to aging months. Different
superscripts indicate a significant difference across months
(P <0.05). ACC: aerobic colony count; E. coli: Escherichia coli.

Microbial counts (Log10 cfu/g)
[} w e

Coliform ACC E. coli

Microbial type

= Raw
= Pasteurized

FIGURE 3: Microbial counts according to milk type. Different su-
perscripts indicate a significant difference according to milk type
(P <0.05). ACC: aerobic colony count; E coli: Escherichia coli.

assessment of the microbiological quality of raw milk cheese
has shown varying levels of quality and safety [17]. There are
debates over the use of raw milk for cheese processing, and it
is worth reviewing as consumers at times are reported to
make purchasing decisions mostly based on taste, and not
attitude towards safety [28].

In South Africa, raw milk can be used in cheese making,
and the products should be clearly labeled to inform the
consumers [29]. However, further investigation of the cheese
processing plants is warranted, as the results obtained during
the current study indicate that contamination may be due to
poor processing and hygiene practice in the processing
plants. Most artisanal cheese producers in Mexico lack
enough knowledge about food safety and reported higher
levels of coliforms and E. coli counts [30]. Further studies
should be conducted to provide clarity regarding the actual
sources of contamination and give room for implementation
of appropriate control measures.

3.2. Sensory Properties. The cheese samples were divided
into two groups, and results will be presented per group
using the codes defined in Table 3. On the CA plot of



Cheddar-Gouda group, the first dimension accounts for
66.72% of the explained variance, distinguishing a group of
six-month-old Cheddar cheeses (ChS3R, ChS2R, and
ChS6P; Figure 4) towards the left of dimension 1. These
cheeses were defined more by texture attributes such as
“crumbly,” “dry,” “hard,” “grainy,” and “rancid.” On the
right side of dimension 1, we have the one- and three-
month-old cheeses (ChS9P, ChS3R, ChS9P, ChS5P, GoS13P,
GoS11P, GoS5P, ChS8P, ChS5P, GoS5P), associated with
“soft on palate,” “moist,” “sweet,” “buttery,” “creamy,”
“sticky,” and “rubbery”. Dimension 2 could not clearly
distinguish the Cheddar-Gouda group, and separation was
slightly driven by GoS6P which was “bitter” and “earthy.”

On the DISTATIS plot of the Cheddar-Gouda group, the
first two principal components (PC) of the sorting matrix
account for 30.1% of the total variation (Figure 5), and the
remaining components each account for less than 10% of
variation. Despite this relatively low proportion of explained
variance, the first two dimensions are each interpretable and
appear to define the structure of the product space. The first
dimension clearly separates six-month-old Cheddar cheeses
(ChS2R, ChS3R, and ChS6P) towards the upper left quad-
rant of the plot from the three-month-old cheeses, mostly
Gouda (GoS5P, GoS12P, GoS13P, ChS9P, and GoS11P).
Principal component 2 separates the GoS6P, GoS4P, ChS4P,
ChS5P, and ChS3R cheeses from the rest of the samples.
Similar distinctive groups were also noted on the cluster
analysis plot (Figure 6). If we draw a vertical line at 0.8
linkage distance, three clusters can be seen, clearly grouping
the cheese based on their age groups. As demonstrated by
[31], clusters of the subjects can be obtained by cutting the
resulting dendrogram at a particular level. The groupings for
this study seem to be driven more by attributes associated
with cheese maturity, which has been described as one of the
most important attributes driving consumer eating quality
perceptions [16, 32]. In addition, cheese from the same
producers (ChS5P and GoS5P; ChS4P and ChS4P) were
noted to be placed in the same groups on the DISTATIS plot
(Figure 5). This suggests that cheese from the same pro-
ducers have similar flavor and texture properties. This might
be a result of similar processing techniques. Raw milk cheese
(ChS2R and ChS3R) fell into the same groups, suggesting
similar sensory characteristics (Figure 6). This is in line with
findings by Van Leuven et al. [33], who observed a clear
distinction between raw and pasteurized milk cheese. Flavor
development during cheese ripening is influenced by the
type of milk (raw vs. pasteurized) used [33].

The first dimension on the CA plot derived from the
sorting data of the “other” group accounted for 58.54% of the
explained variance, clearly separating RaS10P, HaS10P, and
DaS10P situated towards the right of dimension 1 from the
rest of the samples (Figure 7). The latter cheeses are asso-
ciated with attributes such as “soft on palate,” “creamy,”
“buttery,” and “moist.” Cheese samples towards the left side
of dimension one, namely, PeS5P, CaS1P, GrS4P, MoS1P,
GrS10P, GaS10P, and HuS14P, are associated with attributes
indicating maturity, “firm on palate,” “nutty,” “dry,” “sa-

vory,” “bitter,” “hard,” and “fermented sour.”
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to Gouda, S1 to S15 refer to the supplier, and P (pasteurized) and R
(raw) refer to the milk type. Color codes: black: 1 month; orange: 3
months; green: 6 months.
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derived from the sorting data. For cheese codes, the Ch refers to
Cheddar and Go refers to Gouda, S1 to S15 refer to the supplier,
and P (pasteurized) and R (raw) refer to the milk type. Color codes:
black: 1 month; orange: 3 months; green: 6 months.

Dimension 2 showed differences in the sensory char-
acteristics between cheese varieties with a “rubbery,”
“sweet,” and “medium flavor” towards the positive end. The
cheese samples associated with these attributes are CoS10P,
KaS11P, StS10P, and PeS15P. Cheeses towards the negative
side of dimension 2, namely, GaS10P, AsS1P, PoS14P, and
DaS10P, are associated with attributes such as “fermented
sour,” “mature,” “grainy,” and “sticky” texture. Closer in-
spection of the cluster analysis plot shows that one- and
three-month-old cheeses such as the PeS5P, PeS15P,
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FiGgure 6: Cluster analysis of the Cheddar-Gouda group (n=21)
derived from the sorting data. For cheese codes, the Ch refers to
Cheddar and Go refers to Gouda, S1 to S15 refer to the supplier,
and P (pasteurized) and R (raw) refer to the milk type.
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FIGURE 7: Representation of samples with texture and flavor
sensory attributes in the first two dimensions of the CA plot
performed on data from sorting of the “other” group (n=19). For
cheese codes, the 1% 2 letters refer to the cheese type, S1 to S15 refer
to the supplier, and P (pasteurized) and R (raw) refer to the milk
type. Color codes: black: 1 month; orange: 3 months; green: 6
months.

CoS10P, and StS10P are similar, and they are different from
DaS10P, HaS10P, and RaS10P (Figure 8).

The first two PCs of the DISTATIS plot of the “other”
group account for 32.8% of the total variation in the data,
with PC1 clearly distinguishing DaS10P, HaS10P, and
RaS10P towards the right side from the rest of the samples
(Figure 9). The second PC groups the cheeses mainly
according to age, separating the six-month-old GaS10P,
MoS1P, GrS10P, and HuS14P (in the positive direction)
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FIGURE 8: Cluster analysis of the “other” group (n=19) derived
from the sorting data. For cheese codes, the 1% 2 letters refer to the
cheese type, S1 to S15 refer to the supplier, and P (pasteurized) and
R (raw) refer to the milk type.
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FIGURE 9: DISTATIS plot of the “other” group (n=19) derived
from the sorting data. For cheese codes, the 1% 2 letters refer to the
cheese type, S1 to S15 refer to the supplier, and P (pasteurized) and
R (raw) refer to the milk type. Color codes: black: 1 month; orange:
3 months; green: 6 months.

from the one- and three-month-old CoS10P, StS10P,
PeS15P, KaS11P, and PeS5P (in the negative direction;
Figure 9). The limited differentiation observed for the
present work could be due to the fact that these cheese
varieties were more closely related.

4. Conclusion

The results of this study indicate that most of the artisanal
cheeses present in the Western Cape, South Africa, were
aged for three months, which might be in line with the
market demands, and that they have diverse characteristics.
Producers aim at producing more natural cheese by ensuring
they use milk from free-ranging grazing cows and minimize
use of artificial ingredients. This study also highlighted the



importance of following proper hygiene protocols during
processing or postprocessing, thus reducing chances of
cross-contamination, regardless of the milk type used.
Cheese sensory differences were noted to be driven mostly
by texture and flavor attributes linked to maturity. The broad
microbiological and sensory description of cheese helps to
give valuable information on product quality, to allow
producers to expand their markets with the possibility of
exporting and thereby growing internationally, protecting
their niche markets.
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