
American 
Dry-cured 

Ham

Overall 
Acceptability

Flavor Aroma Texture

1SHORT 6.3 ab 6.3ab 6.0 cd 6.9 a

2SHORT 7.0a 7.2 a 7.4 a 7.2 a

3SHORT 5.6 bc 5.6 bc 5.6 de 5.8 bc

4SHORT 6.8 a 7.0 a 6.4 bc 7.1 a

5SHORT 6.8 a 6.7 a 6.3 bc 7.1 a

1 LONG 6.8 a 6.9 a 6.9ab 6.8 a

2LONG 6.2 ab 6.3 ab 5.8 cde 6.5 ab

3LONG 5.1 c 5.2 c 5.3 e 5.2 c
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American 
Dry-cured 

Ham1

Cluster (No. of Consumers)
1 (7) 2(26) 3 (12) 4 (8) 5 (10) 6 (8)

1SHORT 8.0a 6.8c 4.9c 4.8cde 6.6a 6.8a

2SHORT 5.1b 7.7ab 7.8a 7.4ab 5.6ab 6.9a

3SHORT 5.1b 7.0c 6.8ab 3.9ef 3.4c 4.3bc

4SHORT 7.9a 7.3bc 7.1ab 7.7a 5.7ab 4.9b

5SHORT 8.3a 7.7ab 6.1b 5.4cd 4.9b 6.9a

1LONG 5.6b 8.0a 6.6b 4.4def 6.7a 6.9a

2LONG 8.1a 7.0c 3.7d 6.1bc 6.8a 4.6bc

3LONG 5.6b 6.0d 4.9c 3.1f 5.5ab 3.6c

Table 1. Mean scores for consumer acceptability
(N=71) of 8 American Dry-cured Hams with varied
aging periods and processing conditions1.

a-e Means with different letter within each column are significantly different (p<0.05).
1  Scores were based on a 9-point  hedonic scale.

a-f Means with different letter within each column are significantly different (p<0.05).
1  Scores were based on a 9-point  hedonic scale.

Table 2. Mean scores for overall consumer acceptability of 8
American Dry-cured Hams according to different clusters of
consumer segments using a hedonic scale1.

Figure 2. External Preference Map of combined consumer
data with descriptive analysis data for aroma attributes of
eight American dry-cured hams.

Figure 1. External Preference Map of combined consumer
data with descriptive analysis data for flavor attributes of
eight American dry-cured hams.

Figure 3. External Preference Map of combined consumer
data with descriptive analysis data for texture attributes of
eight American dry-cured hams.

Figure 4. External Flavor Map of combined consumer data
with the aroma impact compounds of eight American dry-
cured hams.

External Preference Mapping and External Flavor Mapping

Consumer: Overall Liking of American Dry-cured Ham

MATERIALS AND METHODS
Materials

Center dry-cured ham slices with Biceps femoris, Semitendinosus and
Semimembranosus muscles were used.

Table 1. Eight dry-cured hams with varying aging periods and cure
ingredients were purchased from six manufacturers at three
different processing times within the year.

HAM AGING 
PERIOD

CURING INFORMATION SMOKED

1SHORT 3-6 mos Salt, Sugar Yes

2SHORT 4-6 mos Salt, NaNO3 Yes

3SHORT 3-6 mos Salt, Sugar, Pepper, NaNO2, NaNO3 Yes

4SHORT 4-6 mos Salt, Brown sugar, Black pepper, NaNO2, 
NaNO3

Yes

5SHORT 4 mos Salt, Sugar, NaNO2, NaNO3 Yes

1LONG 10-12 mos Salt, Pepper , NaNO3 Yes

2LONG 9-12 mos Salt, Brown sugar, Black pepper, NaNO2, 
NaNO3

No

3LONG 6-12 mos Salt, Sugar, Red pepper, Black pepper No

Methods

Sample Preparation

Ham slices were wrapped in ReynoldsTM extra heavy duty foil bags and placed 
on a metal baking pan for support.

Ham slices were oven baked at 177oC to a surface temperature of 60-71oC.

Discussion

RESULTS AND DISCUSSION

1SHORT

A Randomized complete block design with three replications was used to
differentiate (p<0.05) between the descriptive attributes, volatile
compound concentrations, and sensory acceptability for dry-cured ham
samples.
The Least Significant Difference (LSD) test was utilized to separate the
treatment means when significant differences occurred among treatments.
Agglomerative Hierarchical Clustering was used to group consumers
together based on their liking and preference of dry-cured ham.
Principal Component Analysis (PCA, SAS 9.1, 2003), External Preference
Mapping, and External Flavor Mapping (XLSTAT Pro, 2007) were
performed to establish the relationship between sensory attributes,
consumer acceptability and volatile compounds for American dry-cured
ham.

SPME-GCMS and  SPME-Osme-GCO/SPME-GCFID
A 3-phase SPME fiber (DVB/Car/PDMS) was used to extract volatile
compounds from the headspace of ham homogenate in a vial.
In a 40ml amber vial: 10g ham homogenate (50% w/w deionized
water),1ul internal standard Chlorobenzene (200 ppm in methanol),
salt and stirring bar.
Equilibration and extraction on a thermostatic heating block was
conducted at 50oC for 30 min and 60 min, respectively.
GCMS Analysis: A Varian 3900 GC equipped with a Saturn 2100T Ion
trap MSD and DB-5 capillary column (30m x 0.25mm i.d. x 0.25 µm
film thickness) was used.
Osme-GCO/GC-FID Analysis: Modified Varian CP-3800 GC equipped
with FID, sniffing port and DB-5 capillary column was used.
Identification of volatile compounds: Tentative identification of mass
spectrum was performed using a NIST02 Mass Spectral Database;
Identification of volatile compounds were confirmed using authentic
standards and calculation of their retention indices.

Consumer Acceptability and Descriptive Analysis
Consumer Acceptability

• Samples were stored between 60-71°C until
sensory evaluations were performed .

• Panel of 71 consumers evaluated the overall
acceptability, flavor, aroma and texture of American
dry-cured ham.

• Consumers evaluated the samples using a
9-point hedonic scale where 1=dislike extremely,
5=neither like nor dislike, 9=like extremely).
Descriptive Analysis

• A trained descriptive panel (n=7) evaluated ham
products using previously identified descriptors
(Armero et al., 1999; Ruiz et al.,1998) and terms
generated during training.

• The panelists rated all the attributes on a 15 point
scale where 0=none and 15=very high.

Methods (continued) Statistical Analysis

OBJECTIVES
To identify the sensory characteristics that
describe and differentiate American dry-cured
ham through performing descriptive analysis.
To identify the volatile and aroma impact
compounds in American dry-cured ham using a
combination of instrumental methods SPME
(Solid Phase Microextraction)-GCMS (Gas
Chromatography Mass Spectrometry) and
SPME-Osme-GCO (Gas Chromatography
O l f a c t o m e t r y ) / S P M E - G C F I D ( G a s
Chromatography Flame Ionization Detector).
To utilize preference and flavor mapping to
explain the relationships between sensory
descriptors, consumer acceptability and volatile
flavor compounds.

INTRODUCTION
American dry-cured ham is a high quality meat
product characterized by unique flavors that meets
niche markets.

A major factor which contributes to the
development of its unique flavor is the length of the aging
period which can last from 3 to 12 months.
To fully comprehend the nature of dry-cured ham
flavor as it is perceived by consumers, sensory
evaluation of this meat product must be performed.

Sensory analysis for American dry-cured ham will
help establish the sensory language (lexicon) through
determining descriptors which will allow for the
differentiation of dry-cured ham products.
A study on the volatile composition of American
dry-cured ham is beneficial since it can relate
flavor compounds to sensory descriptors and
consumer preference as well as help monitor flavor
quality.

Determination of aroma impact compounds in
American dry-cured ham has not been conducted
previously utilizing SPME-Osme-GCO/SPME-GCFID and
SPME-GCMS.

Limonene (citrus)
cooked

meat)

Significant differences existed (p<0.05) among American dry-cured
ham treatments for overall acceptability, flavor, aroma and texture
(Table 1). On average, consumers preferred (p<0.05) the shorter aged
hams, but almost all hams had average consumer scores between 6
and 7, signifying like slightly to like moderately.
Consumers were grouped into 6 clusters with distinct liking patterns of
the products (Table 2). Preference of five clusters (2=37%, 3=17%,
4=11%, 5=14%, 6=11%) was determined by a similar set of
descriptors.
External preference mapping of consumer data with descriptive
analysis data for flavor attributes revealed that the majority of clusters
preferred hams (1SHORT, 2SHORT, 4SHORT, 5SHORT, 1LONG) that
had more intense savory (p<0.05) and sweet flavors (Figure 1).
Hams (3SHORT, 2LONG, 3LONG) that were characterized by more
intense cured, rancid, aftertaste, pork complex, mouthdrying, saltburn,
astringent, bitter and salty flavors received lower acceptability scores.
External preference mapping with descriptive analysis data for aroma
attributes showed that the positive drivers (p<0.05) for liking of hams
(2SHORT, 4SHORT, 5SHORT, 1LONG) were caramelized, molasses,
smoky and savory aromas (Figure 2).
Hams (3SHORT, 3LONG) which received lower consumer scores were
described as having more intense fermented (p<0.05), rancid, earthy
and pork complex aroma attributes.
Sixteen aroma impact compounds were identified from the headspace
volatiles of dry-cured ham samples (Figure 4).
External flavor mapping of consumer data with aroma impact
compound concentrations revealed that the majority of the clusters (1,
2, 3, 4, 6) preferred hams that were characterized by 4-methyl-2-
methoxyphenol (sweet ham), 4-ethyl-2-methoxyphenol (sweet ham),
2-methoxyphenol (smoky, cocoa), 2,6-dimethoxyphenol (smoky ham,
savory) and 2-furanmethanol (burnt meat, vitamin).
Methional (baked potato) was dominant in two ham products
(4SHORT, 2LONG) manufactured by the same company and was
preferred by Cluster 5.
Hams (3LONG, 3SHORT) that were either characterized by
methanethiol (sulfur), carbon disulfide (sulfur), 2-butanone (sweet),
3-methylbutanal (malty, fermented), 2-heptanone (burnt meat,
vitamin), hexanal (fresh cut green grass), benzeneacetaldehyde (floral,
rose),1-octen-3-ol (mushroom), or characterized by benzaldehyde
(burnt meat, cooked meat) and limonene (citrus) received lower
sensory acceptability scores.
Phenolic compounds that were imparted by the smoking process
contributed to savory, smoky, molasses, caramelized and sweet flavor
and aroma attributes which drive consumer liking for American dry-
cured ham.

Statistical Analysis

CONCLUSIONS
Sensory acceptability of American dry-cured ham could be
described and differentiated by a trained sensory panel
using twenty-five descriptive attributes.
Complementary instrumental analysis identified sixteen
aroma impact compounds responsible for the distinct
American dry-cured ham flavor.
Hams that contained the phenolic compounds which
correlate to sensory descriptors (flavors and aromas) that
are characterized as savory, smoky, molasses, caramelized
and sweet had higher sensory acceptability scores.
Results from this study could be useful in monitoring the
authenticity of dry-cured ham products of different origins,
in developing a distinct “American dry-cured ham flavor”
through aroma recombination, and in further improving
product quality based on consumer preference and liking.
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