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Abstract – Commercial Cheddar cheeses were ripened under each of 7 temperature-time treatments
ranging in temperature from 4 to 12 °C for a total of 270 d. The levels of total and individual free
fatty acids (FFA), as measured by gas chromatography, increased with increasing ripening temperature and progressive ripening time for all 7 cheeses. Increasing ripening temperature by 4 °C, from
8 to 12 °C, resulted in a greater relative increase in the accumulation of FFA than a ripening temperature increase of the same magnitude from 4 to 8 °C. While increasing ripening temperature and
time resulted in increases in the levels of short- (C4:0-C8:0), medium- (C10:0-C14:0) and long- (C16:0C18:3) chain FFA, the greatest relative increases in FFA levels were found for those in the shortchain FFA class. The results also suggested that the use of higher temperatures during the early stages of ripening (1 to 60 d) was most effective at accelerating lipolysis. Descriptive analysis was used
for assessment of the sensory properties of the cheeses during ripening. Cheddar cheese ripened at
high temperature (12 °C) developed flavour and aroma profiles to an intensity characteristic of typical mature Cheddar cheese in a relatively short time (120 d). Conversely, irrespective of ripening
time, Cheddar cheese ripened at low temperature (4 °C) did not attain the flavour and aroma characteristics typical of mature Cheddar cheese.
Cheddar cheese / ripening temperature / lipolysis / flavour / free fatty acids
摘要 – 不同温度－时间下成熟的 Cheddar 干酪中脂肪水解和感官特性研究。将工厂生产出
的新鲜契达干酪 (Cheddar cheese) 分为 7 组，分别在不同的温度和时间条件下成熟 270d, 成
熟温度的变化范围在 4 ～ 12 °C。采用气相色谱法测定了不同成熟时间和成熟温度下每组干
酪样品中每种游离脂肪酸含量以及游离脂肪酸总量，试验结果表明在 7 组干酪中每种游离
脂肪酸和总游离脂肪酸的含量随着成熟温度的上升和成熟时间的延长而增加。同样是将成
熟温度升高 4 °C, 温度从 8 °C 升高到 12 °C 时干酪中游离脂肪酸含量要明显高于成熟温度由
4 °C 升高到 8 °C 时游离脂肪酸含量。随着成熟温度的上升和成熟时间的延长，干酪中短链
(C4:0-C8:0)、中链(C10:0-C14:0)和长链(C16:0-C18:3)游离脂肪酸含量也相应的增加，尤其是短链
脂肪酸含量增加最为显著。同时还提出了在干酪成熟初期 (1-60 天 ) 较高温度可以有效地促
进脂肪的水解。采用描述性分析方法评价了不同成熟期的干酪感官特性。成熟温度较高
(12 °C) 的干酪在相对较短的成熟时间内就可以形成成熟契达干酪所具有的典型的浓郁芳香
味。反之，如果不考虑成熟时间，低温成熟 (4°C) 的契达干酪不能获得成熟契达干酪所具有
的典型特征性风味。
契达干酪 / 成熟温度 / 脂肪水解 / 风味 / 游离脂肪酸
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Résumé – Lipolyse et caractéristiques sensorielles de fromage Cheddar affiné selon différents
couples température-temps. L’affinage de fromage Cheddar industriel a été étudié en utilisant 7
traitements température-temps différents, allant de 4 à 12 °C et un maximum de 270 jours. Pour tous
les fromages, plus la température d’affinage s’élevait, plus les niveaux d’acides gras libres (AGL),
totaux et individuels, mesurés par chromatographie en phase gazeuse, augmentaient. Cette augmentation de l’accumulation des AGL était relativement plus grande lors du passage de 8 à 12 °C que
lors du passage de 4 à 8 °C. L’élévation de la température et du temps d’affinage entraînait l’augmentation des niveaux d’AGL à chaîne courte (C4:0-C8:0), moyenne (C10:0-C14:0) et longue (C16:0C18:3), mais c’est la classe des AGL à chaîne courte qui présentait la plus grande augmentation relative. Les résultats ont aussi montré que l’utilisation des températures les plus élevées en début
d’affinage (1 à 60 jours) était plus efficace sur l’accélération de la lipolyse. Une analyse descriptive
a été utilisée pour évaluer les propriétés sensorielles des fromages au cours de l’affinage. Elle a
montré que le fromage Cheddar affiné aux températures les plus élevées (12 °C) présentait, dans un
temps relativement court (120 jours), des profils de flaveur et d’arôme d’intensité caractéristique
d’un fromage Cheddar mature typique. Par contre, le fromage affiné à basse température (4 °C)
n’atteignait jamais ces caractéristiques quel que soit le temps d’affinage.
fromage / Cheddar / température d’affinage / lipolyse / flaveur / acide gras libre

1. INTRODUCTION
Cheese ripening involves a concerted
series of microbiological, chemical and
biochemical reactions that are ultimately
responsible for the development of characteristic texture, flavour, aroma and appearance of individual cheese varieties [20].
Cheese flavour is extremely complex and is
best explained by the “Component Balance
Theory” [42], which proposes that cheese
flavour is due to the interaction, in correct
proportions, of many compounds, present
at specific concentrations. The development of cheese flavour stems directly from
biochemical activity during ripening. There
are three primary routes by which biochemical activity proceeds in cheese during ripening; namely, proteolysis, lipolysis and
the metabolism of residual lactose and of
lactate and citrate [37]. The relative importance of each of these processes is largely
dependant on cheese variety; however, proteolysis is believed to be the most complex,
and to play a significant role in the ripening
of nearly all varieties [20]. This is especially true in internal bacterially-ripened
(e.g., Cheddar) and smear-ripened cheeses
(e.g., Tilsit), in which it is considered the
main biochemical event [57].
The extent of lipolysis in Cheddar cheese
is normally low [5, 38], however, it is essential for good/balanced flavour. It has long
been known that Cheddar cheese does not
develop correct flavour when made from

skim milk or milk in which the fat has been
replaced with other lipids [15, 48, 59–61].
Lipolysis does not need to be very extensive
to make a distinct contribution to the sensory properties of Cheddar cheese as free
fatty acids can act as precursors for important flavour compounds (e.g., methyl
ketones) [38] and short- and intermediatechain, even-numbered fatty acids (C4:0C12:0) have low flavour thresholds and each
has a characteristic flavour note [3].
The physicochemical nature of the fat
fraction and the enzyme complement of traditional Cheddar cheese are primarily
responsible for the low extent of lipolysis
during ripening. Ripening of Cheddar
cheese is largely an enzymatic process [19]
with the principal lipolytic enzymes in
Cheddar cheese curd made from pasteurised milk reported to be lipases and esterases of lactic acid bacteria (LAB) [3, 25].
The activity of such enzymes is generally
accepted as being weak or limited, especially towards triglyceride substrates [2, 20,
24, 54, 56]. The contribution of the indigenous milk lipoprotein lipase (LPL) to liberation of free fatty acids in maturing Cheddar
cheese is limited, as it is largely inactivated
by pasteurisation [6, 7]. However, a thermal
treatment of 78 °C for 10 s is required for
its complete inactivation [10]. It is possible
that LPL acts synergistically with lipases
and esterases of LAB in Cheddar cheese
during ripening as it has been shown using
a simple milk-based model system that LPL
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causes the conversion (albeit limited) of
triglycerides to mono- and di-glycerides,
for which lipases and esterases of LAB
exhibit greater substrate specificity [30].
A multitude of approaches have been
adopted to accelerate Cheddar cheese ripening [31, 58, 62]. A number of these
approaches have shown, with varying success, acceleration of lipolysis in Cheddar
cheese during ripening. The incorporation
into Cheddar cheese curd of a number of
exogenous lipases/esterases, either in pure
form or as components of commercial
enzyme preparations, such as pre-gastric
esterase, Rhizomucor miehei lipase [32],
Aspergillus oryzae lipase (component of
the FlavorAge enzyme preparation) [1],
Palatase 20000L and Lipase M [44] or Palatase M (as component of liposome-encapsulated enzyme cocktail) [29] have been
demonstrated to increase the levels of free
fatty acids during ripening. Modification of
the natural fat globule size distribution of
milk for Cheddar cheese manufacture by
homogenisation [27], gravity separation
[47] or using a fat-substituted cheese model
[61] increases the extent of lipolysis during
ripening. The use of LAB starter cultures
that undergo autolysis early in ripening
(e.g., Lactococcus lactis subsp. cremoris
AM2) also results in increased accumulation
of free fatty acids in Cheddar cheese [4].
Ripening temperature is the most important single factor responsible for the rate of
development of flavour intensity in Cheddar cheese [33]. Increasing temperature as
a means of accelerating ripening has the
advantage of potential cost savings (maintenance of sub-ambient temperature storage) [12], is technologically simple [58]
and there are no legal barriers. The major
limitations of this technique are the
increased risk of microbial spoilage and the
development of unbalanced flavour [62]. In
spite of its simplicity and effectiveness, elevated temperature has been the subject of
relatively few studies to accelerate the ripening of Cheddar cheese [11, 16, 22, 23, 45,
49]. However, these researchers restricted
their focus primarily to the study of proteolysis, in spite of the significant role played
by lipolysis in the biogenesis of cheese flavour.
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Descriptive sensory analysis has been
used for the assessment of the sensory properties of Cheddar cheese for the past 10–
15 years [55]. It was not until relatively
recently that a descriptive sensory language
(lexicon) was developed specifically for the
study of Cheddar cheese [9, 43]. This development in sensory science has been shown
to be a powerful technique for determining
the sensory characteristics of Cheddar cheese
ripened at elevated temperatures [23].
The objective of this study was to quantify total and individual free fatty acid levels
in Cheddar cheeses ripened under different
temperature-time treatments and to compare the rate and extent of lipolysis with the
flavour and aroma sensory properties of the
cheeses as determined by descriptive sensory analysis.

2. MATERIALS AND METHODS
2.1. Cheese manufacture
and ripening
Cheddar cheeses were manufactured on
a commercial scale using Lactococcus lactis subsp. lactis 303 (Chr. Hansen (Ireland)
Limited, Rohan Industrial Estate, Little
Island, Co. Cork, Ireland) as starter. Four
consecutive cheese blocks (20 kg) were
removed from the block-former, vacuum
packaged and passed through a cooling tunnel, where the cheese was rapidly cooled to
4 °C. Cheese blocks were held at 4 °C for
~ 20 h after manufacture. In the laboratory,
each of the blocks was sub-divided into
4 smaller blocks (5–6 kg) and vacuum
packaged. Cheeses were ripened at three
primary temperatures of 4, 8 or 12 °C for
270 d. The ripening temperature of 4 cheeses
was changed after 60 d from 4 to 8 °C, 8 to
4 °C, 8 to 12 °C or 12 to 8 °C. The temperature-time treatments used for ripening and
the corresponding treatment codes are
shown in Table I. All cheeses were ripened
for 270 d and 2 cheeses were ripened under
each of the 7 different temperature-time
treatments.
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Table I. Temperature(s) and duration of
ripening at each temperature used for each of
the 7 ripening temperature-time treatments
together with the respective treatment codes.
Treatment
code

A
B*
C*
D
E*
F*
G

Treatment temperature (°C)
Before 60 d

After 60 d

4
4
8
8
8
12
12

4
8
4
8
12
8
12

* Ripening temperature changed at 60 d.

2.2. Analysis of composition, lipolysis
and enumeration of non-starter
lactic acid bacteria
Cheese samples were analysed in triplicate for pH, moisture, fat, protein and salt,
as described previously [46]. All compositional parameters were measured 1 d post
manufacture, except for pH, which was
measured 30 d post manufacture. Nonstarter lactic acid bacteria (NSLAB) were
enumerated on Rogosa agar [52] incubated
anaerobically for 5 d at 30 °C. Enumeration
of NSLAB was carried out in duplicate at
all ripening times. Individual free fatty
acids were extracted from cheeses ripened
under each of the 7 temperature-time treatments at 60, 120 and 270 d of ripening,
using a solid-phase extraction technique,
separated by gas chromatography, identified and quantified according to the method
of De Jong and Badings [8], as described
previously [47].
2.3. Descriptive sensory analysis
Samples (200 g) were cut from the
cheeses at 120 and 270 d of ripening, vacuum packaged, frozen and maintained at
–20 °C in the dark (wrapped in aluminium
foil). For analysis, the samples were
removed from frozen storage and allowed
to thaw at 4 °C for 18 h prior to evaluation.
A panel of 10 trained assessors (1 male,

9 female, aged between 35 and 50 years)
was used to perform sensory analysis of the
cheeses. All 10 assessors were members of
an established sensory panel at University
College, Cork, Ireland. The panel was
recruited and screened according to international standards [26]. All assessors were
first required to attend two group discussions, during which a list of descriptive
attributes was formulated based on a vocabulary used previously by the panel [43].
Descriptive sensory analysis was performed using a vocabulary of 10 odour and
19 flavour terms. On the morning of assessment, the samples were removed from storage at 4 °C, the outer layer (5 mm) of each
cheese was removed and discarded and the
remaining portion was cut into cubes (~ 5 g).
Each sample was equilibrated at room temperature (20 °C) and presented as two 5-g
cubes, in a clear-glass tumbler covered with
a clock glass and coded with a randomly
selected three-digit number. Each panellist
was provided with de-ionised water and
unsalted crackers to cleanse their palate
between samples. A list of definitions for
each of the attributes included in the final
vocabulary was also available to each panellist. The sensory attributes of the cheeses
were scored on unstructured 100 mm line
scales labelled at both ends (at 5% and 95%)
with extremes of each descriptive term. The
intensity of each of the descriptive terms
was recorded for each cheese and all
cheeses were evaluated in duplicate. The data
was collected using Compusense Five, Version 4.0 (Compusense Inc., Ontario, Canada).
Descriptive sensory assessment of the cheeses
was performed during 12 sessions with
6 cheeses evaluated in each of the first
11 sessions and 7 cheeses evaluated in the final
session. The first cheese sample presented to
the panellists at each session was the
same, the results of which were disregarded.
For the remaining 5/6 cheeses, the order of
tasting was balanced to account for order of
presentation and carry-over effects [34].
2.4. Statistical data analysis
One-way analysis of variance (ANOVA)
of the composition data of the cheeses was
conducted using SPSS Version 11.0 for
Windows XP (SPSS Inc., Chicago, IL, USA).
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Figure 1. Numbers of non-starter lactic acid bacteria (NSLAB) in Cheddar cheeses ripened under
conditions of each of treatments A ( ● ), B ( c ), C ( ▼ ), D ( V ), E ( ■ ), F (  ) or G (  ) for 270 d.
Averaged from duplicate analysis of cheeses from 2 trials. Error bars indicate + one standard deviation. See Table I for explanation of treatment codes.

Significance was declared at P ≤ 0.05. The
mean panel scores from descriptive sensory
analysis were subjected to one way-ANOVA
using SPSS to determine which attributes
were effective at differentiating between
the cheeses. The data was then subjected to
principal component analysis using Guideline® v. 7.5 (CAMO AS, Oslo, Norway).
3. RESULTS AND DISCUSSION
3.1. Composition and enumeration
of non-starter lactic acid bacteria
The moisture, fat, protein and salt contents of the 4 cheeses were 41.5 + 0.29, 32.5 +
0.10, 19.2 + 0.15 and 2.41 + 0.06 g·100 g–1,
respectively, while the pH was 5.38 + 0.05.
The values for moisture, pH and salt content
of each of the four cheeses were slightly
higher than would be expected for commercial Cheddar cheese [21]. However, there
were no significant (P > 0.05) differences
between the pH, moisture, fat, protein or
salt content of any of the 4 cheeses. It is
clear from Figure 1 that the numbers of nonstarter lactic acid bacteria (NSLAB) were

essentially identical in all cheeses at 1 d of
ripening, with the numbers increasing during ripening for all cheeses to reach levels
ranging from 106 to 108 cfu·g–1 cheese at
270 d. The numbers of NSLAB increased
with increasing ripening temperature, with
cheeses ripened under conditions of treatments A and G having NSLAB populations
of ~ 106 and 108 cfu·g–1 cheese, respectively, at 270 d. It is known that the principal
lipolytic agents in Cheddar cheese made
from pasteurised milk are lipases and esterases of lactic acid bacteria [3].
3.2. Assessment of lipolysis
The concentration of each of the 11 individual free fatty acids from butyric (C4:0) to
linolenic (C18:3) acids, in each of cheeses A
to G at 60, 120 and 270 d of ripening are
shown in Table II. In general, the level of
each of the FFA increased with both ripening temperature (4–12 °C) and ripening
time (60–270 d). Irrespective of ripening
temperature or time, the FFA present at the
greatest concentration were palmitic (C16:0)
and oleic (C18:1) acids. The concentrations

Table II. Concentration of individual free fatty acids from butyric (C4:0) to linolenic (C18:3) acid determined by gas chromatography with
flame ionisation detection and expressed as mg·kg–1 cheese for Cheddar cheeses ripened under conditions of each of treatments A, B, C, D,
E, F or G at 60, 120 and 270 d. Italics indicate standard deviations for triplicate analyses (averaged data from 2 trials). Also shown is the sum
of the concentrations of short-(Σ(C4:0-C8:0)), medium-(Σ(C10:0-C14:0)) and long-(Σ(C16:0-C18:3)) chain fatty acids. See Table I for
explanation of treatment codes.
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of palmitic and oleic acids ranged from 869
to 2465 and 1079 to 2927 mg·kg–1 cheese,
respectively. Identical trends have been
reported previously for the relative concentrations of palmitic and oleic acids in maturing Cheddar cheese [4, 47]. At 60 d of
ripening, there were no significant
(P > 0.05) differences between the total
FFA (Σ(C4:0-C18:3)) content of any of the
5 cheeses A, B, C, D or E, with levels varying from 4005 to 4151 mg·kg–1 for cheeses
A and B, respectively. However, the total
FFA content of cheeses F and G were significantly (P ≤ 0.05) higher at 5360 and
5467 mg·kg–1, respectively. It is interesting
to note that, on increasing ripening temperature from that of treatment A (4 °C) to that
of treatment G (12 °C), the greatest difference in FFA levels at 60 d of ripening was
for the short-chain FFA (Σ(C4:0-C8:0)).
This is an important observation, as shortchain FFA have low flavour thresholds [3]
and have the propensity to contribute
directly to Cheddar cheese flavour or can
act as precursors for important flavour compounds (e.g., methyl ketones) once liberated [20, 38].
Increasing ripening temperature from 4
to 8 °C had little impact on FFA levels,
while, an increase in ripening temperature
of the same magnitude, from 8 to 12 °C,
resulted in a much faster rate of accumulation of FFA in the cheeses during ripening.
This trend was evident at all stages of ripening up to 270 d. At 270 d, the levels of
total FFA in cheeses A, B, C and D were
5608, 6272, 5622 and 5918 mg·kg–1,
respectively, indicating an increase in total
FFA levels of only ~ 6% for a 4 °C increase
in ripening temperature from 4 to 8 °C. The
corresponding levels of FFA in cheeses E,
F and G at 270 d were 7015, 7949 and
11926 mg·kg–1, respectively. Thus, a 4 °C
increase in ripening temperature from 8 to
12 °C resulted in a ~ 100% increase in total
FFA levels. There were significant
(P ≤ 0.05) differences in the concentrations
of short-(Σ(C4:0-C8:0)), medium-(Σ(C10:0C14:0)) and long-(Σ(C16:0-C18:3)) chain FFA
between cheeses ripened under conditions
of treatments A, B, C, D, E, F or G at 60,
120 and 270 d of ripening (Tab. II). Thus,
the increase in total FFA levels on increas-
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ing ripening temperature from 8 to 12 °C
was due to increases in the levels of FFA
within each of the short- medium- and longchain FFA classes; however, the greatest
relative increase was again observed for
short-chain FFA. FFA are important in generating the flavour and aroma of many
cheese varieties [20, 37, 38, 63] and have
been reported to contribute to the flavour and
aroma of Cheddar cheese [3, 17, 18, 50].
The levels of total (Σ(C4:0-C18:3)) FFA
in cheeses E and F were 4764 and
5284 mg·kg–1, respectively, at 120 d. At
this stage in the ripening process, cheeses E
and F had both been ripened for 60 d at 8 °C
and 60 d at 12 °C – the only difference being
the order of the ripening temperature treatment; cheese E was ripened initially at 8 °C
for 60 d and then transferred to 12 °C, while
cheese F was ripened initially at 12 °C for
60 d and then transferred to 8 °C. It is presumed that, on transfer, the time taken for
temperature equilibration within the cheese
blocks (5–6 kg) was negligible in comparison to the duration of the ripening period.
Interestingly, for cheeses of the same age
(120 d), the total FFA levels were higher in
those cheeses ripened at a higher initial temperature (i.e., during first 1–60 d). The
increased accumulation of FFA in cheese F
compared to cheese E, during the first 60 d
of ripening remained evident up to 270 d
(Tab. II). Thus, it appears that a high temperature during the first 60 d of ripening is
most effective at accelerating lipolysis.
This is an important finding as it enables
lipolysis (and consequently flavour generation) to be accelerated by ripening Cheddar cheese at a relatively high temperature
(up to 12 °C) during the early stages and
then reducing the temperature, which
would help prevent any adverse physical
effects on Cheddar cheese texture normally
associated with high ripening temperatures
(≥ 12 °C) [13, 14, 16].
It is unlikely that differences recorded in
FFA levels as a result of employing different ripening temperature-time treatments
were due to differences in activity of lipoprotein lipase, as this enzyme is largely
inactivated by pasteurisation [6] and is reported
to be inactive at the pH and salt content of
cheese [28]. It is possible that differences in
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the number of NSLAB in the cheeses
(Fig. 1) were responsible for the differences
observed in FFA levels. McSweeney et al.
[39] reported lower levels of FFA in Cheddar cheese made from recombined milk
(formulated from microfiltered skim milk
and pasteurised cream) than that made from
raw milk. Microfiltration reduced the
number of NSLAB in the raw milk from
191 to < 1 cfu·mL–1, with cheese made from
recombined milk having NSLAB numbers
~ 2 log cycles lower than those in cheese
made from raw milk, throughout ripening.
Shakeel-Ur-Rehman et al. [53] also found
that increases in total FFA concentrations
paralleled increases in the numbers of
NSLAB in Cheddar cheeses made from raw
milk, pasteurised milk or various blends
thereof during ripening.
The results obtained for relative distribution of individual FFA in this study were
identical to those of many other studies
involving Cheddar cheese [4, 35, 36, 47,
51]. The actual levels of individual FFA
may be slightly higher than those reported
for previous studies using similar ripening
temperatures; however, this apparent discrepancy may be due to the higher moisture
content of the cheeses used in this study or
differences in the lipase/esterase activity of
the starter cultures used.
3.3. Descriptive sensory analysis
The mean panel scores from descriptive
analysis of the sensory properties of the
cheeses at 120 and 270 d of ripening are
given in Table III. One-way analysis of
variance (ANOVA) of the mean panel score
data showed that, of the 31 descriptive
terms, significant (P ≤ 0.05) differences
existed between the cheeses for 9 of the
descriptors (9 flavour attributes) at 120 d.
At 270 d of ripening, significant (P ≤ 0.05)
differences existed between the cheeses for
9 of the descriptors also (1 odour and
9 flavour attributes) (Tab. III). At 120 d of
ripening, the mean panel scores for the
odour attributes ‘Pungent’ and ‘Sulphur’
increased slightly, and those for the odour
attribute ‘Cardboard’ decreased slightly
with increasing ripening temperature”. The

flavour attributes ‘Rancid’, ‘Sulphur’,
‘Creamy’, ‘Fruity’, ‘Cooked animal fat/suet’,
‘Acidic’, ‘Processed’, ‘Cheddary’ and ‘Sulphur’ after-flavour significantly (P ≤ 0.05)
discriminated between the flavour of the
cheeses at 120 d of ripening. In general, the
mean panel scores for the flavour attributes
‘Rancid’, ‘Sulphur’, ‘Fruity’, ‘Acidic’,
‘Cheddary’ and ‘Sulphur’ after-flavour
increased, while the mean panel scores for
the flavour attributes ‘Creamy’, ‘Cooked
animal fat/suet’ and ‘Processed’ decreased
with increasing ripening temperature at 120 d
(Tab. III).
It is clear from the mean panel score data
that by 270 d of ripening, the 7 cheeses were
divided into 2 distinct groups based on their
sensory characteristics, with one group
comprising cheeses A, B, C and D and the
second group comprising cheeses E, F and G.
The attribute ‘Sulphur’ significantly (P ≤ 0.05)
discriminated between the odour of the
cheeses, while the attributes ‘Pungent’,
‘Rancid’, ‘Onion’, ‘Buttery’, ‘Acidic’,
‘Processed’, ‘Cheddary’ and ‘Strength’ significantly (P ≤ 0.05) discriminated between
the flavour of the cheeses at 270 d of ripening. In general, the mean panel scores for
the flavour attributes ‘Pungent’, ‘Rancid’,
‘Onion’, ‘Acidic’, ‘Cheddary’ and ‘Strength’
increased, while the mean panel scores for
the flavour attributes ‘Buttery’ and ‘Processed’ decreased with increasing ripening
temperature at 270 d (Tab. III). Changes in
the sensory profiles of the cheeses during
ripening may be illustrated by the fact that
the odour attribute ‘Sulphur’ and the flavour
attributes ‘Pungent’, ‘Onion’, ‘Buttery’
and ‘Strength’ significantly (P ≤ 0.05)
discriminated between the sensory properties
of the cheeses at 270 d, while there were no
significant (P > 0.05) differences between
the cheeses in terms of these odour and
flavour attributes at 120 d.
The flavour attribute ‘Salty’, while
deemed not significant (P > 0.05) at discriminating between the sensory properties
of the cheeses at both 120 and 270 d of ripening, was scored highly (mean panel score
of 39–46) in all cheeses. It is therefore an
important “note” or component of the
background flavour of each of the cheeses
although it is not a flavour attribute that
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Table III. Mean panel scores for the 10 aroma and 21 flavour/after-flavour attributes from
descriptive sensory analysis of Cheddar cheeses ripened under conditions of each of treatments A,
B, C, D, E, F or G at 120 and 270 d (averaged from duplicate analysis of data from 2 trials). See
Table I for explanation of treatment codes.

discriminated between the sensory properties of the cheeses. This is consistent with
the relatively high salt content of the
cheeses.

Various key aroma and flavour attributes
have been identified and classified into a
hierarchy based on relative importance
using data obtained from quantitative
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descriptive analysis of sensory properties
of 16 hard cheese varieties [40]. Among the
16 samples analysed by Muir et al. [40]
were 3 Cheddar cheeses ranging in maturity
from mild to mature and vintage. The
results illustrated that the most important
attributes for describing the sensory properties of hard cheeses include odour
attributes ‘Rancid’ and ‘Fruity/sweet’ and
flavour attributes ‘Creamy’, ‘Sweet’,
‘Acid’ and ‘Sulphur/eggy’. The findings of
Muir et al. [40] agree well with this study,
in which many of the above attributes significantly (P ≤ 0.05) discriminated between
the sensory properties of the cheeses ripened using different temperature-time
treatments.
In a study of the sensory properties of
Cheddar cheese during ripening for up to
12 months [41], it was reported that while
there were systematic changes in ‘Cheddar’
aroma, ‘Cheddar’ flavour, ‘Acid’ flavour
and ‘Mouth-coating’ character, the most
sensitive indicator of age was ‘Cheddar’
flavour. In this study the ‘Cheddary’
attribute was also found to discriminate significantly (P ≤ 0.05) between the flavour of
the cheeses at both 120 and 270 d of ripening. At 120 d of ripening, the ‘Cheddary’
flavour score increased significantly (P ≤0.05)
with increasing ripening temperature, with
cheeses A and G having mean panel scores
of 7 and 17, respectively. However, by 270 d
of ripening, the relative differences
between the cheeses were less; cheese A
had a mean panel score of 11 while all other
cheeses had scores ranging from 15 to 17
(Tab. III). While the mean panel score for
the ‘Cheddary’ flavour attribute generally
increased with ripening temperature and
time, the score for cheese G actually
decreased slightly (but not significantly;
P > 0.05) between 120 and 270 d of ripening, which paralleled the change in mean
panel score for the ‘Balanced’ flavour
attribute. It appears that the intensity of
‘Cheddary’ flavour in Cheddar cheese is, in
general, a good index of maturity (in agreement with Muir et al. [41]); however, caution
should be exercised with its interpretation
if the possibility for evolution of atypical
Cheddar cheese flavour exists during ripening (see below). The ‘Cheddary’ flavour

attribute may be considered as the overall
mix or balance of flavours in the cheese in
comparison to that of typical Cheddar
cheese. Thus, while scores for this attribute
generally increase with increasing ripening
time and temperature, the development of
atypical Cheddar cheese flavour would be
expected to impact negatively on the score
for the ‘Cheddary’ flavour attribute.
ANOVA of the entire mean panel score
data set from descriptive analysis of the sensory properties of the cheeses illustrated
that the odour attributes ‘Soapy’, ‘Caramel’
and ‘Mouldy’ and flavour attributes ‘Mouldy’,
‘Caramel’, ‘Sweet’, ‘Salty’, ‘Bitter’, ‘Balanced’ and ‘Metallic’ after-flavour did not
significantly (P > 0.05) distinguish between
the sensory characteristics of the cheeses,
and were consequently not included in the
subsequent principal component analysis
(PCA) of the sensory data. PCA of the data
matrix of the attributes that significantly
(P ≤ 0.05) discriminated between the sensory properties of the cheeses was used to
identify the odour and flavour attributes
responsible for the similarities and differences between the sensory characters of the
cheeses. One-way ANOVA revealed significant (P ≤ 0.05) differences between the
cheeses on the first two principal components of the PCA analysis. PC1 and PC2
explained 69 and 10%, respectively, of the
variation between the sensory characteristics of the cheeses. A bi-plot of the sample
scores and sensory attribute loadings for
PC1 and PC2 is shown in Figure 2. Visual
assessment of the bi-plot shows that PC1
explained the variation between the samples largely in terms of ripening time, i.e.,
most of the cheeses at 120 d are located on
the negative side of the PC1 axis, while, at
270 d, nearly all the cheeses are scored on
the positive side of the PC1 axis. The two
notable exceptions to this general trend
were cheeses A and G, which were scored
on the negative and positive sides of the
PC1 axis, respectively, at both 120 and 270 d
of ripening. Except for cheese G, all cheeses
ripened for 120 d were described as having
a ‘Fruity’, ‘Buttery’ and ‘Cardboard’ odour
and a ‘Creamy’, ‘Buttery’, ‘Cooked animal
fat/suet’ and ‘Processed’ flavour. Except
for cheese A, all cheeses ripened for 270 d
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Figure 2. Bi-plot of principal component 1 and principal component 2 showing the sample scores
and sensory attribute loadings from principal component analysis of descriptive sensory analysis
data for Cheddar cheeses ripened under conditions of each of treatments A, B, C, D, E, F or G at
120 and 270 d. Sample treatment codes are indicated by bold capital letters, accompanied by
subscripts indicating ripening time (d). Sensory attribute loadings indicated by italics and prefaced
by O-, F- or AF- indicating odour, flavour or after-flavour sensory attributes, respectively (averaged
from duplicate analysis of data from 2 trials). See Table I for explanation of treatment codes.

were described as having a more ‘Pungent’,
‘Sulphur’, ‘Sweaty’, ‘Rancid’ odour and
‘Pungent’, ‘Sulphur’, ‘Rancid’, ‘Onion’,
‘Acidic’, ‘Astringent’ and ‘Cheddary’ flavour than those ripened for 120 d. This is
in agreement with the changes observed in
sensory properties of Cheddar cheese during maturation by Muir et al. [41]. Interestingly, cheese A was scored on the negative
side of the PC1 axis irrespective of age,
although the intensity of many of the odour
and flavour attributes of this cheese did
change somewhat with age (see Tab. III).
The mean panel scores for all sensory
attributes of this cheese increased between
120 and 270 d of ripening, except ‘Soapy’,

‘Mouldy’ and ‘Cardboard’ odour and ‘Buttery’, ‘Cooked’, ‘Processed’ and ‘Balanced’ flavour, which remained unchanged
or decreased slightly during this time. The
results show that the sensory characteristics
of cheese A at 270 d were most similar to
those of cheeses D, E and F at 120 d, while
cheeses ripened at the highest temperature
(12 °C) for the longest time (270 d), i.e.,
treatment G, developed sensory profiles
typical of mature Cheddar cheese in as little
as 120 d. It is apparent from the bi-plot in
Figure 2 that the sensory profile of typical
mature Cheddar cheese in this study (e.g.,
cheese D at 270 d) was characterised by
having a balance of ‘Fruity’, ‘Butter’ and
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‘Sweaty’ odour and ‘Creamy’, ‘Cheddary’,
‘Astringent’, ‘Acidic’ and ‘Onion’ flavour.
The direction of development of the sensory character of the cheeses during ripening may be obtained by drawing a line
connecting the scores for any one cheese at
120 and 270 d on the bi-plot in Figure 2. The
direction of sensory character development
was similar for cheeses A, B and C. However, the direction of sensory character
development for cheeses E, F and G was
substantially different to that of cheeses A,
B, C or even D. It is clear from the bi-plot
that the sensory profiles of cheeses E, F and
G at 270 d were characterised by having a
strong ‘Pungent’, ‘Rancid’ and ‘Sulphur’
odour and ‘Sulphur’, ‘Pungent’, ‘Strength’
and ‘Rancid’ flavour, with a ‘Sulphur’ afterflavour. The sensory profiles of cheeses E,
F and G were less balanced at 270 d than at
120 d of ripening. It may be inferred from
the results that the sensory profiles of
cheeses E, F and G were typical of mature
Cheddar cheese at 120 d, but by 270 d of ripening the sensory profiles of the cheeses
had evolved to become somewhat atypical
of good quality mature Cheddar cheese.
4. CONCLUSIONS
The results of this study show that acceleration of lipolysis in Cheddar cheese can
be achieved by increasing ripening temperature in the range 4 to 12 °C. However, the
relative increase in lipolysis with increasing temperature appeared to be much
greater at temperatures in excess of 8 °C,
than increasing temperature in the range 4
to 8 °C. The increase in FFA levels with
increasing temperature for short- (C4:0C8:0) chain FFAs was greater than that for
either the medium- (C10:0-C14:0) or long(C16:0-C18:3) chain fatty acids. Modifications
to the traditional Cheddar cheese ripening
treatment allowed distinct manipulation of
the sensory profiles of the cheeses. Ripening at a high temperature (12 °C) resulted
in development of flavour and aroma characteristics to an intensity normally associated with mature Cheddar cheese in as little
as 120 d. However, continued ripening for
up to 270 d at this temperature (or even at
a subsequently reduced temperature)

resulted in a decrease in ‘Cheddary’ flavour
intensity and development of flavour and
aroma characteristics considered atypical
of mature Cheddar cheese. Conversely, ripening of Cheddar cheese at low temperature
(4 °C) retarded the development of mature
flavour and aroma, irrespective of the duration of ripening (even up to 270 d). In conclusion, the temperature parameter of the
traditional Cheddar cheese ripening treatment may be increased to promote accelerated lipolysis and flavour development in
maturing Cheddar cheese; however, in
doing so, ripening time needs to be carefully adjusted to prevent any deleterious
changes in sensory characteristics.
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