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Abstract
 The objectives of the current study were to determine sensory characteristics 
of Large White and Windsnyer gilts’ pork cooked by either microwaving or boiling. 
Pork from 12 pigs of each breed (aged 21 weeks) was served to a semi-trained panel 
of 66 participants. Windsnyer pork had higher (P < 0.05) scores on initial and sus-
tained impression of juiciness than Large White pork. Microwaved pork had higher 
(P < 0.05) scores for aroma, first bite impression, sustained juiciness, and the amount 
of connective tissue, fibre and overall flavour intensity when compared to boiled 
pork. Most sensory attributes were positively correlated (P < 0.05) to each other with 
higher coefficients being found in microwaved Windsnyer pork than in microwaved 
Large White pork. Gender affected sensory attributes with female consumers giving 
higher scores than male consumers for aroma intensity, initial impression of juici-
ness and a-typical flavour. The results may suggest that Windsnyer pork cooked by 
microwave method could be more acceptable to consumers than Large White pork.
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Introduction

 The pork industry in South Africa is growing with most commercial farmers 
keeping breeds such as Landrace, Large White, Duroc and Pietrien[1,2]. About 1.8 mil-
lion commercial pigs are slaughtered annually[1] as healthy conscious people prefer 
pork due to less risk of causing heart diseases. Indigenous South African Windsnyer 
pigs contribute lowly to commercial pork production because they have slow growth 
rates, smaller carcasses and tend to deposit fat early when fed on commercial feeds[3-5]. 
Windsnyer pigs are also limited to free-ranging production system[6]. Indigenous pigs 
are kept in small numbers at the household level where they are a source of protein 
and capital accumulation[7,8]. Molecular characterisation provided evidence that in-
digenous pigs of southern Africa are essentially one genotype[9]. It is likely that these 
pigs produce similar acceptable pork[10]. No attempts have been made to objectively 
assess the pork quality of Windsnyer pigs and its acceptability by consumers. The 
promotion of organically produced indigenous pork on the market might increase the 
choices available for the increasing healthy conscious population. 

 Consumers prefer pork which is 
tender, juicy and have no off-flavours[11,12]. 
Boars end to produce pork with such 
off-flavours. Flavour is a complex param-
eter of meat palatability that is determined 
by senses of smell and taste. Flavour is also 
affected by the quantity and composition of 
fat[13-15]. Aroma, the impression that forms 
on the first bite of the meat and the amount 
of the connective tissue in meat is also an 
important sensory characteristic[16,17]; and 
are affected by various factors such as gen-
otype, sex, slaughter conditions, post-mor-
tem aging, pH, additives, cooking method 
and consumer background[18]. 
 Aaslyng, et al.[11] reported that 
cooking procedure (heating time or heating 
temperature) and heating method affects 
sensory characteristics of pork. High cook-
ing temperatures and high cooking loss-
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es reduce juiciness of beef[19]. Cooking by the boiling method 
(stewing) is the most common cooking method in developing 
countries. Ngapo, et al.[20] also reported that pork can either be 
roasted or grilled. The advances in technology have, however, 
seen the widespread use of advanced heating and cooking appli-
ances such as microwaves. Microwaves are energy-saving, easy 
and quick to prepare foods[21,22] such as pork.  Microwaves above 
450 watts can allow adequate cooking of pork to a temperature 
that allows reduction of pathogenic bacteria to acceptable lev-
el[21,23]. Microwaved meat products have lower moisture content, 
aroma score, flavour score and palatability than conventional hot 
air oven[24-26]. It is, however, not known how different cooking 
methods affect the eating quality and general acceptability of 
pork from indigenous Windsnyer pigs. Large White gilts were 
used as bench-mark since it is the breed commonly used for pork 
production in South Africa. Gilts do not produce pork taints and 
their pork quality is expected to be best because of their young 
age. 
 There is need to establish how the sensory characteris-
tics of meat prepared by different cooking methods relate to each 
other and consumers’ backgrounds. The objectives of the cur-
rent study were: 1) to determine sensory characteristics of pork 
from Large White and indigenous Windsnyer gilts prepared by 
different cooking methods; and 2) determine effect of consumer 
background on pork sensory characteristics. 

Materials and Methods

Site and Management of Pigs
 The pigs were kept at the Fort Cox College of Forestry 
and Agriculture in the Eastern Cape Province of South Africa. 
The college is situated at 32º45' E and 27º03' N at about 580 m 
above sea level. The experiment was managed following proce-
dures approved by the University of Fort Hare Ethics Committee. 
Twelve 6-week-old gilts from each of the Windsnyer and Large 
White breeds were used in the trial. The gilts were obtained from 
Fort Cox College of Agriculture and Forestry. The management 
of pigs was similar to the description of Madzimure, et al.[27].

Slaughter Procedure and Sample Storage
 Slaughter of pigs was done at Adelaide abattoir, about 
80 km away from the study site. Pigs were transported during a 
cool morning, allowed to rest for an hour upon arrival and they 
were given water ad libitum. They were stunned using the elec-
tric stunning method, their jugular veins severed, fully bled and 
scalded in hot water thereafter. The heads were removed at the 
atlanto-occipital joint and the hooves were cut off at the proxi-
mal end of the cannon bones, leaving the carpal and tarsal bones 
on the carcass. The m. longissimus thoracis (LT) muscle was 
cut to enable pH, colour measurements at 1 hr post mortem and 
sensory evaluations. The carcasses were chilled at 0ºC for 24 
hrs. Thereafter, the whole LT for each pig was cut and vacuum 
packed. The LT samples were kept in the refrigerator at -4ºC for 
two weeks before laboratory analyses. 

Cooking Method
 Pork from each of WS and LW pigs were sampled and 
cut into approximately 3 cm by 10 cm strips. These pork strips 
were divided into two portions for each breed and were cooked 
by boiling (stewing) or microwaving. Pork samples of each 

breed were boiled at a temperature of 80oC until it attained a 
core temperature of 70ºC after about 20 minutes. The remain-
ing pork portion of each breed was microwaved at 65ºC for 10 
minutes[23]. One side of the pork strip was heated by microwave 
for five minutes then turned to the other side for another five 
minutes. Salt was added on both boiled and microwaved pork to 
taste. The pork samples were allowed to cool down after prepa-
ration. Thereafter, the pork strips were cut into smaller pieces for 
tasting.

Sensory Analysis
 The meat sensory evaluation was carried out by six-
ty-six semi-trained panellists. The panellist consisted of Animal 
Science students from the University of Fort Hare. These stu-
dents came from different consumer backgrounds namely Sho-
na, Xhosa and Zulu, different age groups (≤ 20, 21 to 25, 26 to 
30, ≥ 30) and gender (female, male). The sensory panellists were 
first trained on how to evaluate the pork samples and complete 
the available forms. The samples were coded with three digit 
numbers and offered randomly to panellists. An evaluation form 
containing an eight-point rating scale of pork characteristics was 
used to give scores to different pork sensory characteristics. The 
characteristics to test were the initial impression of juiciness 
(IJ), sustained impression of juiciness (SJ), first bite impression 
(FB), muscle fibre and overall tenderness (MFT), aroma inten-
sity (AI), overall flavour intensity (OFI), amount of connective 
tissue (ACT), off-flavour indicators (ATI) and a-typical flavour 
(ATF). The scores ranged from 1 to 8, with the higher the scores 
the acceptable it is, except for off-flavour where lower scores in-
dicate better characteristics. The sensory characteristics ratings 
were AI (1 = extremely bland to 8 = extremely intense), IJ (1 = 
extremely dry to 8 = extremely juicy), FB (1 = extremely tough 
to 8 = extremely tender), SJ (1 = extremely dry to 8 = extreme-
ly juicy), MFT (1 = extremely tough, to 8 = extremely tender), 
ACT (1 = extremely abundant to 8 = none ), OFI (1 = extremely 
bland to 8 = extremely intense), ATF (1 = none to 8 = extremely 
intense). The off-flavour indicators were livery/bloody, cooked 
vegetable, pasture/grassy, animal like/kraal (manure), metallic, 
sour, unpleasant and others. Waiting period between samples 
was ten minutes and panellists were also requested to rinse their 
mouth with tap water after each taste so as to limit crossover or 
residual effect of the treatments[1].

Statistical Analysis
 General Linear Model (GLM) procedure of SAS (2006)
[28] was used to analyse the effect of breed, the cooking method 
and their interaction on the sensory characteristics of pork. The 
same procedure was used to analyse the effects of gender, age 
and consumer background of the participants on sensory charac-
teristics of the pork. Sensory scores were first transformed using 
log10 to normalise them. The PDIFF procedure of SAS (2006) 
was used to compare the least square means. The model used 
was:
Yijk = µ + Ci + Dj + (Ci × Dj) + Eijk

Where: 
Yijk = the response variable (aroma intensity, initial impression 
of juiciness, first bite, sustained impression of juiciness, muscle 
fibre and overall tenderness, amount of connective tissue, over-
all flavour intensity, off-flavour indicators and a-typical flavour). 
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µ = overall mean common to all observation;
Ci = the effect of ith breed (Windsnyer and Large White);
Dj = the effect of jth cooking method (microwaving and cooking);
Ci×Dj = interaction between breed and cooking method; and
Eijk = random error.
 A separate model was used to test for the effects of gen-
der (male, female), age ((≤ 20, 21 to 25, 26 to 30, ≥ 30) and 
consumer background of the panellists and their interactions on 
the sensory scores. Correlations of breed and cooking methods 
versus sensory attributes were computed using PROC CORR of 
SAS (2006). 

Results

Effect of Breed, Pork Cooking Method and Consumer Back-
ground on Sensory Scores
 The effects of breed and cooking method on pork sen-
sory characteristics are shown in Table 1. Overall, breed had 
no significant effects on most sensory characteristics except 
on initial and sustained impression of juiciness scores. Boiled 
pork from Large White pigs had higher (P < 0.05) initial and 
sustained impression of juiciness scores than boiled Windsnyer 
pork. Windsnyer pork, however, had higher (P < 0.05) initial and 
sustained impression of juiciness scores than Large White pork 
when microwaved. Method of cooking had significant effects on 
scores for aroma, first bite impression, sustained juiciness, and 
amount of connective tissue, fibre and overall flavour intensity 
with microwaved steaks having higher (P < 0.05) scores than 
boiled ones. Breed and pork cooking method interacted to affect 
initial juiciness, first bite, sustained impression of juiciness and 
muscle fibre and overall tenderness.

Table 1: Least square means (± standard error of mean) of sensory 
scores for Large White and Windsnyer pork prepared by boiling and 
microwave methods

Sensory attribute Large White (n = 12) Windsnyer (n = 12)
Boiling Microwave Boiling Microwave

Aroma intensity 4.8±0.22ab 5.4±0.22bc 4.7±0.22a 5.5±0.22c

Initial impression 
of juiciness 3.9±0.21b 4.7±0.21c 3.2±0.21a 5.4±0.22d

First bite 4.2±0.22ab 4.6±0.22bc 3.9±0.22a 5.1±0.22c

Sustained impres-
sion of juiciness 3.9±0.20a 4.7±0.20b 3.7±0.20a 5.7±0.20c

Muscle fibre and 
overall tenderness 4.6±0.21ab 4.5±0.21ab 4.1±0.21a 5.0±0.21b

Amount of con-
nective tissue 4.2±0.17ab 4.4±0.17ab 4.1±0.17a 4.6±0.17b

Overall flavour 
intensity 4.5±0.20a 5.4±0.20b 4.4±0.20a 5.3±0.20b

Off-flavour indi-
cators 3.3±0.25ab 3.5±0.25b 2.7±0.26a 3.3±0.26ab

A-typical flavour 3.3±0.41a 3.6±0.42a 3.8±0.44a 3.5±0.46a

a,b,cWithin a row, means with different superscripts differ (P< 0.05)

 There was no effect of consumer age on scoring of most 
of the sensory characteristics.  The Shona tribe differed from the 
rest on off-flavour indicators where they reported that the pork 
had chicken flavour. The results also showed gender differenc-
es in sensory scores with female consumers giving higher (P < 
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0.05) scores than male consumers for aroma intensity, initial im-
pression of juiciness and a-typical flavour (Table 2). On the con-
trary, male consumers gave higher (P < 0.05) scores than female 
consumers for off-flavour indicators and amount of connective 
tissue.
Table 2: Least square means (± standard errors) of gender of consum-
ers’ (n = 66) effects on sensory characteristics of pork

Sensory characteristics Male Female
Aroma intensity 4.6±0.38a 5.4±0.42b

Initial impression of juiciness 4.2±0.40a 4.9±0.44b

First bite 3.9±0.38a 4.1±0.42a

Sustained impression of juiciness 4.1±0.38a 4.3±0.42a

Amount of connective tissue 4.3±0.28b 3.9±0.31a

Muscle fibre and overall tenderness 4.0±0.35a 4.4±0.39a

Overall flavour intensity 4.9±0.36a 5.3±0.39a

A-typical flavour 2.9±0.85a 4.2±0.1b

Off- flavour indicators 3.3±0.42b 2.4±0.46a

a,bMeans with different superscripts within the same row differ (P< 
0.05).

Relationships among Sensory Attributes and Breed and, 
Cooking Method
 Pearson’s correlations among sensory attributes for 
Large White pork are shown in Table 3. Large White pork had 
the strongest positive correlation (P < 0.001) between first bite 
impression, and muscle fibre and overall tenderness. There was 
also a significantly positive correlation between muscle fibre and 
overall tenderness and sustained impression of juiciness and, be-
tween sustained impression of juiciness and first bite impres-
sion for both breeds (Tables 3 and 4).  For Windsnyer pork, the 
strongest positive correlation was between sustained impression 
of juiciness and initial impression of juiciness, followed by be-
tween first bite impression, and muscle fibre and overall tender-
ness (Table 4). In Windsnyer pork, there was a significant posi-
tive correlation between off-flavour indicators, and muscle fibre 
and overall tenderness. There was a strong positive correlation 
(P < 0.001) between first bite impression, and muscle fibre and 
overall tenderness for both boiled and microwaved pork (Tables 
5 and 6). Boiled pork also had strong positive correlations be-
tween sustained impression of juiciness and first bite impres-
sion, followed by correlation between muscle fibre and overall 
tenderness, and sustained impression of juiciness (Table 5). 
Microwaved pork had strong positive correlations (P < 0.001) 
between initial impression of juiciness and sustained impression 
of juiciness, followed by first bite impression and sustained im-
pression of juiciness and, lastly between muscle fibre and overall 
tenderness, and sustained impression of juiciness (Table 6). 

Table 3: Pearson’s correlations of sensory attributes for Large White 
pork

AI IJ FB SJ MFT ACT OFI ATI ATF

AI -

IJ 0.19* -

FB 0.15 0.20* -

SJ 0.3
4***

0.4
8**

0.6
2***

-

MFT 0.09 0.3
0***

0.6
7***

0.5
6***

-
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ACT 0.09 0.14 0.4
1***

0.19* 0.3
4***

-

OFI 0.4
8***

0.2
3**

0.3
2***

0.4
4***

0.2
4**

0.19* -

ATI -0.01 0.19* 0.06 0.07 0.04 0.08 0.05 -

ATF 0.22* 0.12 -0.23* -0.01 0.07 -0.12 -0.06 0.01 -

Significance level: *(P< 0.05), ** (P< 0.01) and *** (P< 0.001).
IJ = initial impression of juiciness, SJ = sustained impression of juic-
iness, FB = first bite impression, MFT = muscle fibre and overall ten-
derness, AI = aroma intensity, OFI = overall flavour intensity, ACT = 
amount of connective tissue, ATI = off-flavour indicators, ATF = a-typ-
ical flavour (ATF).

Table 4: Pearson’s correlations of sensory attributes for Windsnyer pork
AI IJ FB SJ MFT ACT OFI ATI ATF

AI -

IJ 0.19* -

FB 0.3
6***

0.5
8***

-

SJ 0.2
7**

0.7
8***

0.6
6***

-

MFT 0.2
8**

0.4
8***

0.7
5***

0.5
9***

-

ACT 0.18* 0.3
6***

0.3
1***

0.2
9***

0.4
3***

-

OFI 0.4
4***

0.3
2***

0.4
4***

0.4
2***

0.5
1***

0.3
3***

-

ATI 0.16 0.17 0.17 0.26** 0.13 0.02 0.16 -

ATF -0.28* -0.09 -0.21 -0.25* -0.08 0.02 -0.03 -0.14 -
Significance level: *(P< 0.05), ** (P< 0.01) and *** (P< 0.001).
IJ = initial impression of juiciness, SJ = sustained impression of juic-
iness, FB = first bite impression, MFT = muscle fibre and overall ten-
derness, AI = aroma intensity, OFI = overall flavour intensity, ACT = 
amount of connective tissue, ATI = off-flavour indicators, ATF = a-typ-
ical flavour (ATF).

Table 5: Pearson’s correlations of sensory attributes for boiled pork 
from Windsnyer and Large White gilts

AI IJ FB SJ MFT ACT OFI ATI ATF

AI -

IJ -0.06 -

FB 0.14 0.3
1***

-

SJ 0.08 0.4
9***

0.6
0***

-

MFT 0.09 0.3
9***

0.6
5***

0.5
7***

-

ACT 0.03 0.3
0***

0.20* 0.16 0.3
2***

-

OFI 0.21* 0.18* 0.3
2***

0.4
1***

0.3
9***

0.22* -

ATI 0.01 0.12 0.07 0.16 0.10 -0.05 0.10 -

ATF -0.04 0.03 -0.24* -0.08 -0.01 0.07 0.01 -0.14 -
Significance level: *(P< 0.05), ** (P< 0.01) and *** (P< 0.001).
IJ = initial impression of juiciness, SJ = sustained impression of juic-
iness, FB = first bite impression, MFT = muscle fibre and overall ten-
derness, AI = aroma intensity, OFI = overall flavour intensity, ACT = 
amount of connective tissue, ATI = off-flavour indicators, ATF = a-typ-
ical flavour (ATF).

Table 6: Pearson’s correlations of sensory attributes for microwave 
pork from Windsnyer and Large White gilts

AI IJ FB SJ MFT ACT OFI ATI ATF

AI -

IJ 0.26** -

FB 0.3
1***

0.4
2***

-

SJ 0.3
7***

0.6
6***

0.6
4***

-

MFT 0.2
5**

0.3
9***

0.7
5***

0.5
8***

-

ACT 0.18* 0.21* 0.4
3***

0.2
6**

0.4
2***

-

OFI 0.6
2***

0.22* 0.3
7***

0.3
2***

0.3
6***

0.2
7**

-

ATI 0.10 0.18* 0.12 0.10 0.05 0.09 0.09 -

ATF -0.12 -0.05 -0.15 -0.27 -0.15 -0.15 -0.10 -0.02 -
Significance level: *(P< 0.05), ** (P< 0.01) and *** (P< 0.001).
IJ = initial impression of juiciness, SJ = sustained impression of juic-
iness, FB = first bite impression, MFT = muscle fibre and overall ten-
derness, AI = aroma intensity, OFI = overall flavour intensity, ACT = 
amount of connective tissue, ATI = off-flavour indicators, ATF = a-typ-
ical flavour (ATF).

Discussion

 Higher scores for initial and sustained impression of 
juiciness for microwaved indigenous Windsnyer pork could be 
due to the high level of extractable fat[4,27]. This might imply that 
consumers in South Africa prefer microwaved pork for indige-
nous pigs over Large White pigs. The current findings agree with 
Depres, et al.[7] who reported preference for indigenous Creole 
pork over Large White. The Creole pork was distinguished from 
the Large White for its taste, secondary juiciness and tender-
ness[7]. Most meat sensory characteristics especially flavour, are 
influenced by the levels of intramuscular fat[18]. High level of 
marbling fat in pork from indigenous pigs[4,29] was expected to 
enhance superior taste over the Large White, although this was 
not the case. 
 Microwaved pork had higher scores than boiled pork 
on aroma intensity, initial impression of juiciness, first bite, sus-
tained impression of juiciness, amount of connective tissue, fi-
bre and flavour intensity. These findings were unusual because 
microwaved pork was anticipated to lose more water[24] and fat 
hence have lower juiciness and flavour scores than boiled pork. 
Njisane, et al.[22] reported that microwaved beef had reduced 
juiciness, as well as fat content thus producing tougher meat. 
Pawar, et al.[25] also reported that pork had better aroma, flavour 
and palatability when prepared by hot air oven than microwave 
although it was not tested in the current study. In a related study, 
Ngapo, et al.[20] reported that pork prepared by grilling was 
tougher and less juicy that roasted one. It could be that the melt-
ed fat that was collected in the microwave plate, in the current 
study, caused the pork to become oily and affected consumers’ 
perception. Possibly there were lower cooking losses in micro-
waved pork than boiled one hence increased juiciness as was 
also reported in beef by Toscas, et al. and Dyubele, et al.[18,19] 
also observed that reactions during cooking releases many sub-
stances, such as volatile compounds, that give aroma and flavour 
to the meat. This may imply that many volatile compounds that 
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give aroma and flavour are released through microwaving pork 
than boiling[14]. The results may suggest that consumers prefer 
microwaved over boiled pork.
 The interaction between breed and cooking method 
had effects on fibre, amount of connective tissue, initial impres-
sion of juiciness, sustained impression of juiciness and first bite. 
This contradicts Dyubele, et al.[18] who reported no interaction 
between the breed and the preparation method. The scores for 
microwaved pork from indigenous Windsnyer pork were high-
er than that for the microwaved Large White pork. This can be 
attributed to the fact that Windsnyer pork has more intramus-
cular fat than Large White pork[28]. Cooking method normally 
changes the composition of animal fat and increases the meat 
energy density thereby influencing sensory attributes as reported 
in goats[30].
 Consumer background had no effect except for a typ-
ical flavour contradicting Chulayo, et al.[31] who reported sig-
nificant tribe effects on most sensory attributes in indigenous 
chickens. This may be ascribed to the fact that the tribes have 
equal exposures and preferences to pork. Gender had effects on 
aroma, initial impression of juiciness; amount of connective tis-
sue and a-typical flavour with female consumers giving higher 
scores than males. The findings disagree with Njisane, et al.[22], 
where male consumers gave higher scores than the female con-
sumers for most of the sensory attributes of beef. It was reported 
that some food items and sensory characteristics are associated 
with the expression of male identity, male consumers’ power and 
domination of females[22]. It was not expected to find male con-
sumers being more particular about the off-flavour and amount 
of connective tissue in pork than female consumers. This may 
suggest the preference of pork by female consumers than male 
consumers.
 The Windsnyer pork had higher numerical values than 
Large White pork for correlations between first bite impression 
and initial impression of juiciness, initial impression of juici-
ness and sustained impression of juiciness, first bite impression 
and muscle fibre and overall tenderness and, between muscle 
fibre and overall tenderness, and sustained impression of juici-
ness. It could be that sensory characteristics of Windsnyer pork 
associate with each other better to enhance eating quality than 
Large White pork. Windsnyer pork was reported to have low-
er cooking losses and higher moisture[28] hence it is juicier than 
Large White. It was reported that juiciness is a function of water 
content rather than cooking loss alone[32]. This in turn improves 
the impression on first bite and consumers will consider the pork 
as fairly tender[16,26]. Differences in the correlation of initial and 
sustained impression of juiciness between the two breeds could 
have been due to variation in the quantity and composition of the 
fat in the pork[33,28]. In general, correlations between sensory at-
tributes were higher for microwaved pork than boiled pork.  This 
may suggest that microwaving releases many volatile substances 
that enhance association of sensory characteristics to improve 
consumer preference[18,22].  Heddleson and Doores[21], however, 
emphasised the need to use microwaves of higher wattage (> 
450 W) to effectively destroy pathogenic bacteria. The microbi-
ological effect of each preparation method was, however, not as-
sessed in the current study. In general, a-typical flavour intensity 
is negatively correlated to all other sensory attributes especially 
for different preparatory methods.
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Conclusion

 Windsnyer pork had higher scores on initial and sus-
tained impression of juiciness than Large White pork. Micro-
wave pork had higher scores for aroma, first bite impression, 
sustained juiciness, and amount of connective tissue, fibre and 
overall flavour intensity when compared to boiled pork. Gen-
der affected sensory attributes with female consumers giving 
higher scores than male consumers for aroma intensity, initial 
impression of juiciness and a-typical flavour. Most sensory attri-
butes were correlated to each other with higher coefficients be-
ing found in microwave Windsnyer pork than microwave Large 
White pork. It can be concluded that Windsnyer pork prepared 
by microwave is more acceptable to consumers than that for 
Large White pork.
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