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Texture of Ham

L.M. Eadie, P.N. Jones & P.V. Harris
CSIRO Division of Food Processing, Cannon Hill, Queensland 4170

Introduction

The number of attributes be-
lieved by various researchers
to be required to adequately
describe the quality of table
(i.e., carcass) meats ranges
from two to seven. The latter
number included juiciness,
connective tissue toughness
and five muscle fibre attrib-
utes (Coveretal.,1962a,b,e,d).
The five muscle fibre attrib-
utes were all highly correlated
with each other so, in essence,
they couldbe considered asone
- ameasure of the muscle fibre
contribution to toughness,
There seems to be agreement
that toughness and juiciness
are important attributes
{(Harrieset al., 1972; Horsfield
and Taylor,1976; Frijters, 1976
and Dransfieldetal.,1984) but
additional attributes appear to
be required, e.g., wherereform-
ed meat, liver and textured
vegetable protein products
were included along with meat
or for chicken breast muscle.
'Flavour' was considered to be
important (Horsfield and Tay-
lor, 1976) for the former, while
fattiness' was included for the
latter. The most recent work
{Dransfield et al., 1984) ine-
luded three connective tissue

factors ('closeness', 'amount of
connective tissue' and 'amount
of residue').

Unlike fresh meat, ham
is a processed meat product in
which the injection of different
curing solutions can produce
major changes in texture and/
or taste, Ham also differs from
most of the meat products used
for the work mentioned prev-
iously as it does not usually
require cooking (or further
cooking) before being eaten. In
recent work, Nute ef al. (1987)
examined the sensory charact-
eristics of hams and investig-
ated the relationships with
various mechanical measure-
ments. They initially produced
a profile of 26 attributes and
three hedonic ratings to des-
cribe appearance, texture and
flavour but rationalised these
to 22 attributes and three
hedonic ratings. This sensory
profile (Nute ef al., 1987) was,
however, developed usinghams
available in the U.K. which
could differ from those avail-
able in Australia. A sensory
profile has, therefore, been
developed for the types of ham
available in Australia. In par-
allel with the development of
this sensory profile, a number

of objective methods have been
investigated.

Materials & Methods
Experimental Material

In order to obtain a suitable
range of hams, the local shops
and supermarkets were
surveyed and 26 different types
of ham were bought. From
these hams 10 were selected to
cover a wide range of types,
flavours and textures, Suffic-
ientofeach of theselectedhams
were then purchased to allow
both sensory and physical ass-
essments, The hams listed in
Table 1 are identified only by
code since the intent was to
compare hams and not to com-
pare manufacturers. The ham
numbers (1-10}in Table1 have
been used throughout the text
to identify the various types of
ham.

Composition of Hams

The percentage water, fat and
protein contents of duplicate
samples of each ham were
measured using the standard
AQAC methods (AQAC 1975).
Salt content was measured
using the Volhard method
(AQAC1975,Eganetal,,1981).
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Sensory Profile
Development

The panellists were all highly
experienced in flavour and
texture sensory testing and all
had considerable experiencein
both free choice and consensus
sensory profiling, Allpanellists
were initially screened to en-
sure they liked ham, The pro-
cedure previously used for free
choice profiling {(Jones et al.,
1989) was employed, the pan-
elists tasted the full range of
samples and developed indiv-
idual sensory profiles using
their own selection of descrip-
tive words. After an initial
session, they used their indiv-
idual profiles at three separate
trial sessions to determine
whether the profile adequate-
ly described the samples and
to decide which attributes were
pertinent, At this stage they
could add to, or subtract from,
their lists of attributes as they
saw fit until they considered
their profiles to be finalised.
Once they were satisfied with
their profile, a meeting of all
the panellists was called at
which each panellist discussed
and explained his/her individ-
ual profile, Fromthese discuss-
ions a consensus profile was
derived.

Sensory Assessment

Each sample at each session
was identified using a three
digit code. Five samples were
tasted at each session in an
arrangement determined by a
balanced incomplete block
design {Bose et al., 1954), The
10 ham types were assessed in
groups of five at a total of eight
sessions for each of 12 panell-
ists. Eachham was thustasted
four times. Samples were
tasted one at a time under
daylight conditions. Each pan-
ellist was served the samples

in an individual test booth and
was supplied with both dry
toast and water to help cleanse
hispalate between tastes. Their
results for each sample and
each attribute were recorded
directly onto a multi-user com-
puter system on a continuous,
unstructured linescale.
Samples were all served
at room temperature and in 3
mm thick slices. As the hams
werenot of a standard size, the
taste panel samples were all
cut tosimilar sizes (i.e.4x8em
with 3 mm thickness). Each
panellist received two such
gamples per ham type,

Mechanical Measurements
Four different physical meth-
ods were tried. One was a
compression method, identical
to that used previcusly for
cooked meat (Bouton and
Harris, 1972). In this, a flat-
ended eylindrical plunger (0.63
cm diameter) was twice driven
(at 50 mm/min) 80% of the way
into a 1.0 ¢m thick sample at
the same site. By measuring
the work done on the first (W)
and second (W,) penetrations
and by measuring the force ()
required to achieve the first
compression, the factor chew-
iness can be obtained {F x W/
W).

A tensile method, prev-
iously described for use on
comminuted meat products
(Macfarlane et al., 1984), re-
quired 1.0 em thick samples
which were 2.5 cm wide and 5-
6 cm long. The two sets of jaws
were mounted (on an Instron
1122 Universal testing mach-
ine) at a jaw separation of 2.0
em. The maximum force (kg)
measured as the clamped
sample was pulled apart was
taken as its tensile strength.

As well as the compress-
ion and tensile methods, two

versions of the Warner-Bratz-
ler (WB) shear device were
used. Onerequired rectangular
gamples (1.5 x 0.67 cm cross
section and 5-6 cm long) and
was used in a WB shear device
desecribed previously (Bouton
and Harris, 1972). The second
WB shear method used sam-
ples with alength of 5-6 em and
a cross sectional area of 1.5 x
1.5 cm, The shear blade was 3
A1 mm thick and the gapwidth
was (.63 mm. This comparad
with a 0.58 mm thick shear
blade with similar gap width
used for the other WB shear
method. Both these WB shear
devices were mounted on an
Instron (Model1122)and oper-
ated with a crosshead speed of
100 mwm/min. For all four meth-
odsit was not possible to main-
tain a constant orientation of
the meat fibres, so fibre diree-
tion was random.

The pH of each ham was
measured at room temperat-
ure (23 £ 2°C)using aTownson
expanded scale meter fitted
with a Philips C64/1 combined
electrode.

Statistical Methods

The Genstat V statistical pack-
age (Genstat V, Lawes Agricul-
tural Trust, Rothamsted Ex-
perimental Station) was used
to carry out analyses of vari-
ance and to calculate standard
errors, Least significant differ-
ence (LSD) values at P = 0.05
were calculated from the stan-
dard errors. Principal Comp-
onents Analysis (PCA) was
carried out on the correlation
matrix of the sensory variates.

Results & Discussion
Composition of Hams

The results of the analyses for
moisture, fat, protein and salt
contents of the 10 experimen-
tal hams are listed in Table 1.
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Table 1

Percentage fat, moisture, saft and protein in the 10 types of ham

leg A

Pressed B

Prassed C
Processed D
Pressedleg E
Shoulderipressed F
Pressed leg G
Pressed H

legB

0. Trimmed]

— O NP

Ham number and description

Percentage

Moisture Fat

70.5 52
750 28
88.0 30
74.1 5.0
75.8 15
729 6.5
89.4 2.2
745 18
726 28
75.4 3.1

Saft Pratein
3.3 195
3.4 17.4
4.0 136
3.1 13.7
2.0 19.1
30 16.3
39 17.3
27 7.7
3.3 17.3
25 17.7

« Manufacturer identified by letter only.

Fat contents ranged from 1.5
to 6.5% while salt content
ranged from 2.0 to 4.0%. Mois-
ture contents varied from 68.0
to 75.8% and protein content
from 13.6 to 19.5%. These diff-
erences in composition are
considered large.

Sensory Profile

The consensus sensory profile
developed by the panellists
containedl5attributesandfive
acceptability ratings. Four of
these attributes were for app-
garance, three for aroma, four
for texture and four for flav-
our. The acceptability ratings
were for appearance, aroma,
texture and flavour together
with an overall rating which
took into account the otherfour
ratings. The attributes and a
short explanation of each one
plus the scale/limits are listed
in Table 2.

Sensory Results

The mean values (averaged
over the 12 panellists) obtain-
edfor each ofthe sensory attrib-
utes and for each of the hams
are listed in Table 3. These
results {Table 3) show that the
panellists detected significant
differences in attributes be-
tween the various hams. In
'appearance’, fat content was
lowest for ham No. 5 and high-
est for hams No. 6 and 8. Ham
Swasratedashavingthe great-
est homogeneity (i.e., consist-
ency of texture) while 4 and 6
had the lowest. Hams 3 and 8
had the darkest colour, while
5, 6 and 10 were the palest.
Colour variation was greatest
for hams 4 and 7 and least for
ham 5. There was little to
choosebetweenhams1,2, 3, 5,
7, 8 or 9 in acceptability of
appearance (high acceptabil-
ity) orbetween 4, 6 and 10 (low

acceptability).

In terms of aroma, ham
3 had the most pronounced
smoke aroma, and 4 and 6 had
theleast. Thelowest meat/ham
aroma was for hams 3 and 4
withhams1,2,5,7,8 and 9 all
equally strong. 'Other aroma'
was strongest in 4, 6 and 10
and wenkest in 1, 7 and 9.
'Acceptability of flavour' was
strongly related to 'other aro-
ma', so that 4 and 6 were rated
as the least acceptable while 1,
5, 7 and 9 were rated as most
acceptable.

For texture, the better
acceptedhams were those with
high "structure’ scores, such as
1, 5, 7 and 9, while the worse
were those with low 'structure’
scores, such as 4, 6 and 10.
Flavour acceptability was
dominated by ham/meat flav-
our and other flavour (which,
in turn, were highly related).
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Tahle 2

The attributes, explanation of attribute meaning and scale limits for the consensus

sensory profile daveloped for ham products

Attributes Explanation Scale limits (0-100)
Appearance
Fat content Amount of visible fat v.low - v.high
Homogeneity of texiure Evenness and consistency of texture non uniferm-uniform
Dominant colour Overall impression of colour intensity pale - dark
Colour variation Evenness of colour constant - varied
Accepiability Appearance v.poor - v.good
Aroma
Smoke Strength of smoke aroma v.low - v.high
Meat Strength of meat aroma v.low - v.high
Other Strength of aromas other than above v.low - v.high
Acceptability Aroma v.poor - v.good
Texture
Tenderness Impression of tenderness v.tender - v.tough
Juiciness Moisture - amount released during chewing v.juicy - v.dry
Homogeneity Inhomogeneities perceived in sample
while chewing v.even - v.lumpy
Strucfure Fibrosity ar structure perceived in

Acceptability

Flavour
Smoke
Salt
Ham/meat
Other
Acceplability

Overall acceptability

sample while chewing
Texture

Strength of smoke flavour

Strength of salt flavour

Strength of meat flavour

Strength of flavours other than above
Flavour

Acceptability taking into account
appearance, aroma, texture & flavour

v.soft-v.structured
V.poor - v.good

v.weak - v.strong
v.low - v.high
v.weak - v.strong
v.weak - v.strong
v.poor - v.good

v.poor - v.goed
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Mean values obtained for each of the hams for both the sensory profile
atiributes and for the acceptability ratings

Table 3

1 2 3 4 5 6 7 8 9 10 LSD
Fat content 281 283 366 204 18 415 286 425 385 355 109
Homogeneity 8.3 547 400 2089 775 178 540 476 575 434 120
Dominant colour 450 516 675 296 388 321 433 659 509 325 140
Colour variation 454 519 580 743 236 774 467 546 383 457 161
Acceptability
of appearance 622 534 560 306 583 311 680 608 634 3199 78
Smoke aroma 626 438 688 214 526 267 444 333 440 205 78
Meat aroma 518 533 376 377 515 397 546 521 578 472 6.1
Other aroma 193 254 388 441 231 500 175 251 188 464 74
Acceptability
of aroma 646 518 492 256 611 260 642 544 657 G598 8.1
Tenderness 465 516 437 323 313 328 382 434 3%0 100 90
Juiciness 522 502 517 481 521 475 389 445 448 439 84
Homogeneity 345 487 474 580 231 575 298 422 3T 239 85
Structure 736 508 526 382 650 321 642 603 786 148 89
Acceptability
of texture 732 529 554 325 722 300 690 600 760 234 65
Smoke flavour 593 522 V18 280 523 311 554 327 516 315 65
Saltiness 53 533 831 501 453 517 669 359 650 547 53
Ham/meat flavour B24 558 515 483 596 465 593 500 659 510 57
Other flavour 208 262 438 416 255 508 236 463 225 507 8.1
Acceptahility
of flavour 649 496 503 262 621 270 508 434 632 315 064
Overall
acceptability 679 474 491 268 648 268 639 508 666 314 93
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Samples such as’l, 5, 7 and 9,
which scored high for the for-
mer and low for the latter, were
the most acceptable.

Correlations Between
Sensory Measurements
'‘Acceptability of appearance'
was best related to homogen-
eity (r = 0.80, P<0.01) and to
colour variation (r = -0.72,
P<0.05). Homogeneity and col-
our variation were, not surp-
risingly, strongly related {r = -
096, P<0.001). In aroma,
acceptability was related to
smoke aroma (r (.65, P<0.05),
meat aroma (r = 0.82, P<0,01)
and other aroma (r = 0.94,
P<0.001). Meat aroma and
other aroma were negatively
correlated (r = -0.86, P<0.01).
Acceptability of aroma was,
thus, influenced more by the
presence of an ‘other odour'
than by anything else.
Texture acceptability
wasg most strongly affected by
structure, orfibrosity, (r=0.97,
P<0.001). Flavour acceptability

thisit appeared the most accep-
table hams were those with
good ham/meat flavour, fibrous
structure and with no 'off aro-
ma,

Principal Components
Analysis

A Principal Components An-
alysis (PCA) was carried out
using the data in the linear
correlation matrix of the ham
attribute data. This analysis
showed that the first three
components accounted for
71.2% of the total variance in
sensory attribute scores. This
was made up of 43.5% for the
first, 16.8% for the second and
10.9% for the third. Similarly,
for a PCA based on the accept-
ability ratings, the first three

components accounted for
99.0% of the variance with
91.8% for the first, 4.8%for the
second and 2.4% for the third.
The vector loadings on the first
three Principal Component
Axes have been listed in Table
4for the attributes andinTable
5 for the sensory ratings. For
the first component of the PCA
of the attributes the most sign-
ificant attributes were homo-
geneity (textural appearance),
meat aroma, smokeflavourand
ham/meat flavour contrasted
with colour variation, other
aroma, structure and other
flavour. For the second com-
ponent, dominant colour, col-
our variation, smoke aroma,
tenderness, homogeneity
{structure) and smoke flavour

Table 4

Vector loadings on the first three principal

infl d by ‘other flav- ;
was mtinenoet o ¢ av component axes for the sensory atitibutes

our' (r = 0.87, P<0.001) and
ham/meat flavour (r = 0.91,
P<0.001). As with the aroma

Principal Component

Aftribute 1 2 3
acceptability, 'ether flavour'
and ‘ham/meat flavour’ were Fat content 0.17 025 034
inversely related (r = -0.91, Homogeneity 03 02 024
P<0.001). Flavour acceptabil- Dominant colour 0.12 0.41 0.02
ity was also related to smoke Colour variation 0.28 0.29 0.27

flavour (r = 0.79, P<0.05).

Overall acceptability Smoke aroma -0.27 0.29 -0.27
was highly related to the other Meat aroma -0.28 -0.18 0.31
acceptability ratings, e.g., Olher aroma 0.35 0.02 0.1
appearance (r=0.94, P<0.001),
aroma (r=0.98, P<0.001), text- ]-e.nqemess 3(1): g:’g gg?
ure (r = 0.98, P<0.001) and lomogensitysiucre 023 040 0.0
flavour (r = 0.99, P<0.001). The Stmctgr;e"“r“ u by PO
attributes which most affected ) ) '
overall acceptability were Smoke flavour 0.29 028  -0.18
‘'other aroma' (r = -0.94, Saltiness 0.11 0.16 0.18
P<0.001), structure r = 0.91, Ham/meat flavour 0.32 -0.06 0.27
P<0.001) and ham/meat flav- Other flavour 0.34 0.03 -0.18

our (r = .89, P<0.001). From
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were the largest contributors.
Juiciness had little impactuntil
the third component.

For acceptability ratings
(Table 5), all five ratings were
almost equally represented in
the first component of the
corresponding PCA. In the
second component, appearance

Table 5

Vector loadings for the acceptabllity ratings on the
first three principal componhent axes

Principal Component

contrasted with flavour and Acceptability 1 2 3
overall acceptability. The third '
component had texture con- Appearance -0.43 0.81 0.02
trasting with aroma and flav- Aroma -0.45 0.12 0.53
our, Texlure -0.45 0.10 0.81
Thelocation ofthe attrib- Flavour -0.45 -0.45 -0.26
utes measured on the 10 hams Overall -0.46 0.34 -0.03

relative to the first two PCA
components (accounting for
680.3% of the total variation)
have been plotted (Fig.l). The
co-ordinates of each attribute
were given by the correlation
coefficient with the two comp-
onents. Also plotted on Figl
were the positions of the 10
ham samples relative to the
same two principal axes. Sam-
ples 1, 9, 7 and 5 have better
ratings than the other samp-
les, for structure, ham flavour,
meat aroma and homogeneity
(appearance), as well as hav-
ing low scores for other aroma
and flavour. Sample 3 scored
high (i.e. dark) for dominant
colour, while 4, 6 and 10 were
all pale and had low scores.
Tenderness was not a domin-
ant factor but 2,1, 3, 6 and 8
appeared tobelesstenderthan
say 5 and 10.

The PCA plot of the
acceptability ratings, in Fig.2,
shows that the most accept-
able hams were 1, 5, 7 and 9,
with 2, 3 and 8 intermediate,
and 4, 6 and 10 low. The most
acceptable hams were those
with high structure (fibrosity)
scores with good flavour (ham/
meat) and aroma coupled with
low ‘other flavour', 'other aro-
ma’', fat content, and colour

variation scores. Hams 1,5and
9 had highest flavour scores,
while 7 had best appearance
acceptability.

Objective Measurements

The results obtained for pH
and the objective measure-
ments of mechanical strength
have been listed in Table 6.
There was quite a wide range
in pH (5.66 to 6.42) between
the various types but the only
relationship of significance is
between pH and the tensile
measurements (r = -0.73,
P<0.05). The normal and mod-
ified WB shear measurements
are highly correlated (r = 0.87,
P<{).001) with each other and
with the Instron hardness
measurement {r = 0.71 and
(.69, respectively at P<0.0 =
05). The two Instron measure-
ments are highly correlated (r
=0.95,P<0.001)between them-
selves, From the results shown
in Table 8, it can be seen that
all the devices were able to
discriminate between samples.
It is also clear, from the

relatively poor relationships
between them, that they
measure different textural
properties.

Correlations between
Objective and Sensory
Measurements

The pH values are inversely
related to tensile strength but,
gensorily, they reflect struec-
ture/fibrosity (r = -0.67,
P<0.005), ham/meat flavour
(r =-0.73, P<0.005) and 'other
flavour' (r = 0.70, P<0.05). The
WB shear, Instron compress-
ion and tensile measurements
are all related to structure/fib-
rosity with the tensile showing
the best relationship (r = 0.77,
P<0.01). It also appears that
tensile force related well to
ham/meat flavour (r = 0.81,
P<0.01), but this probably ref-
lected the fact that the more
fibrous samples had a better
meat flavour.

Moisture content is inv-
ersely related to salt content (v
=-0.84, P<0.01),smokeflavour
(r = -0.67, P<0.05) and salti-
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ness (r = -0.71, P<0.05). Fat
content relates to appearance
factors such as homogeneity (r
= 0.71, P<0.05) and colour
variation (r = 0.72, P<0.005).
Salt content and saltiness are
directly related (r = 0.73,
P<0.05). The amount of pro-
tein relates to the same app-
earance factors as fat content,
viz. homogeneity {r = 0.72,
P<0.05) and colour variation (r
= (.68, P<0.05), but with the
relationships reversed. Protein
content is also related to meat
aroma (r = 0.77, P<0.01) and
homogeneity of texture (r = -
0.70, P<0.05).

Conclusions
The profile derived by the
Australian sensory panellists
to describe the appearance,
aroma, texture, and flavour of
hamproducts differed from the
profile derived by English con-
sumers (Nute ef al., 1987).
The English panel used
22 description terms or
attributes and three accept-
ability ratings to score for
appearance, texture and
flavour. The Australian panel
required 15 attributes and five
acceptability ratings to score
for these same characteristics
plus aroma.

Of the six appearance
attributes listed by the Eng-
lish panel, only three were in
the list compiled by the Aust-
ralian panel, ie., fatness
{equivalent to fat content),
uniformity of lean (= homo-
geneity) and dominant colour.
The Australian panel included
‘colour variation’ in their pro-
file, In attributes of texture,
the English panel had eight
attributes, compared with four.
Of the four, only three were
commeon to both, viz., tender-
ness, juiciness, and structure
(= fibrosity). The local panel
had an homogeneity factor,

Table 6

Results obtained for the 10 selected hams using pH measurements
and measurements obtalined using both WB shear devices,
Instron compression and tensile methods

Mechanical measurements?

WB Mod. WB Compression |

Ham

Number pH IY PF Y PF H Ch. Tensile
1 5.66 0.72 1.01 3.22 3.48 1.28 0.43 244
2 6.34 0.92 1.25 1.33 243 127 0.48 0.32
3 6.36 0.39 0.76 1.36 2.15 (.92 0.27 0.36
4 6.27 0.29 0.56 1.08 1.29 1.54 0.56 0.15
5 598 1.02 1.55 2.80 407 1.43 0.47 0.50
6 6.35 054 0.94 157 207 0.78 0.26 0.13
7 6.32 097 1.29 2.55 3.12 152 0.42 0.89
8 6.36 112 1.60 4.70 5.99 1.83 0.68 0.96
g 6.01 0.70 142 3.01 335 163 047 305
10 6.42 0.30 0.54 0.60 0.95 0.40 0.12 0.09
LSD 0.13 0.22 0.28 0.50 0.69 0.32 0.12 0.55

2 All in kgs apart from pH, WB - Warner Bratzler, Mod. W.B. - modified WB, IY - initial yield, PF - peak
force, H - hardness and Ch - chewiness
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which related to the way the
sample broke up on chewing.
The flavour attributes were
eight versus four with smoki-
negs, ham/meat flavour and
softness being common and
‘other flavour' being only in the
local profile. Thus, there were

quite large differencesbetween
the two profiles but, using just
thefirst three components, the
local profile explained 71.2% of
the variation, compared to
60.0% for the English one. The
difference was primarilyinthe
first component (43.5% com-

pared with 33.0%). The local
profile explained much of the
variation between samples and
thus appears to be well suited
foruse in categorising samples
of ham, both commercial and
those manufactured in the
laboratory.
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Fig. 1 (above). Scores for the various ham and correlations of the attributes of the sensory profile

relative to the first two components of the Principal Components Analysis.

Fig, 2 Scores for the various ham and correlations of the acceptability ratings relative to the first two

components of the Principal Componenis Analysis.
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‘Qat Bran & Plasma Cholesterol:
An Assessment of Recent Evidence

David QOakenfull

CSIRO Division of Food Processing, North Ryde, NSW 2113

During the past couple of years
only a hermit could have re-
mained unaware of the claims,
both in the scientific and the
popular media, that oat bran
lowers plasma cholestercl. Are
these claims still seientifically
justified? They are now being
questioned anditisbeing sugg-
ested that oat bran is really no
more effective than any other
source of dietary fibre in red-
ucing the risk of heart disease.

A recent article in The
New England Journal of Med-
icine (NEJM) (Swain ef al.
1990) has concluded that 'oat
bran has little cholesterol-low-
ering effect’. So has the oat
bran bubble finally burst? The
answer appears to be 'no’, and
for two reasons. Firstly, there
are good scientific grounds on
which to challenge the way in
which the authors ofthe NEJM
article interpret their results.
Secondly, in science in gener-
al, and particularly in the area
of nutrition, a single experi-
ment is not in itself enough to
prove a point. The cholesterol-
lowering activity of oat bran
hasbeen established in a large
number of independent. exper-
iments; a negative result has
been reported once only.

The Experimental
Evidence

Experiments with Animals
The cholesterol-lowering act-
ivity of oats has been repeat-
edly demonstrated in numer-
ous independent experiments
with animals, particularly
chicks and rats (see, for exam-
ple, Oakenfull 1988), At least
gix independent trials have
been carried out and fully rep-

orted in the scientific literat-
ure. Additienally, by feeding
various ocat fractions, it has
been possible to show that the
active principle 1s present in
the bran {Chen et al. 1981).

Experiments with Humans
An experiment carried out as
long ago as 1963 (de Groot et
al.) suggested that daily rolled
oats could lower plasma chol-
esterel in a group of healthy

Total cholesterol (mM)
Ratio of HDL to total
chotesterol

Ratio of apoprotein
Al to apoprotein B

TABLE1.

Effects of wheat bran, rice bran and oat bran on plasma lipids,
lipoprotein lipids and apoproteins in human volunteers. Means
and standard deviations are given. {Inge 1989.)

Baseline Wheat Bran Rice Bran Oat Bran

6.34*
10.84

0.166°
+0.046 10.048 20.051 £0.049

1.29°
+0.29

ab [ gach row, values with different superscripts differ significantly.

6.39*
+1.07

6.27° 6.03°
+1.01 +0.87

0.1712 0.175° 0.179°

1.282
+0.28

1.33° 1340
+0.28 +0.27
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TABLE 2.

Mean plasma cholesterol levels {mM) in healthy subjects given elther oat bran
or a low-fibre dietary supplement. (Swain ef al. 1990.)

Cholesterol Baseline® Qat bran Low-fibre

Total 4.80 £0.80 444 +0.73 446+ 0.64
HDLT 1.40+0.43 1.40+0.39 1.32 £0.39
LDLt 2.96+0.61 2.69+0.63 2.77+£0.59
VLD 0441042 0.34 £0.27 0.37+£0.29

of heart disease.

“Before dietary supplement was given.+High density lipoprotein cholesterol - the ‘safe' form. fLow
density and very low density lipoprotein cholesterol - the forms that are asscciated with increased risk

men. Since then, a least four
well-controlled and independ-
ent trials have been carried
out with human subjects which
have confirmed the cholester-
ol-lowering effect (Oakenfull
1988). Additionally, a recent
comparative study of catbran,
wheat bran and rice bran
carried out by the CSIRO Div-
ision of Human Nutrition (Inge
1989) confirmed that oat bran
could lower plasma cholestercl
levels (Table 1). In this study,
with a group of 24 men with
mildly elevated plasma chol-
esterol levels, the experiment-
al diets provided 22-23g diet-
ary fibre daily, of which 12g
was supplied by the respective
bran. The diets were otherwise
matched for dietary fibre and
alsofatty acid content and fatty
acid profile. The experiment
was conducted in three four-
week periodsin which the three
test brang were allocated to

each subject in a predetermin-
ed random order. Wheat bran
and rice bran had no signific-
ant effect on the total plasma
cholesterol whereas oat bran
gave a useful 5% reduction.
Additionally, oat bran (and to
a legser extent rice bran) inc-
reased the ratio of HDL-chol-
esterol to total cholesterol and
also the ratio of apoprotein Al
to apoprotein B. There are
indications from epidemiolog-
ical studies, in particular the
Framingham study, thatthese
ratios are more powerful pred-
ictors ofheartdiseaseriskthan
the total plasma cholesterol
(Naito 1987).

The NEJM Study

This study (Swain et al. 1990)
compared the effects of oat bran
(87 g/day) with a low-fibre
wheat product on the plasma
cholesterol levels in a group of
20 healthy subjects. After six

weeks of the experimental diet
there were no significant diff-
erences between the plasma
cholesterol levels in the two
groups (Table 2).

Although in most res-
pects this study was well des-
igned and carried out, it has a
numberof features which make
the conclusions questionable.

1. The subjects’ mean plasma
cholesterol levels were al-
ready low before the exper-
imental diet was started -
well below the level (5.5 mM)
thatis associated with anin-
ereased risk of heart disease.
This means that oat bran or
any other dietary means of
lowering cholesterol would be
most unlikely to lower it
much further.

2. Their diets (‘baseline’ in
Table 1) were also very lowin
fat - 30.6% of energy comp-
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ared with the Australian
average of 35% of energy.
Thus, the single most power-
ful dietary means oflowering
plasma cholesterol, a low fat
intake, was already in oper-
ation.This againimpliesthat
oatbran would be unlikely to
lower plasma cholestero!}
much further.

3. The oat bran group con-
sumed a higher proportion of
fat (35.4% energy) than the
low-fibre group (30.0% ener-
gy). This could have at least
partly negated any choles-
terol-lowering effect from the
oat bran.

4. Most. of the experimental
group were women {16 out of
a total of 20) whereas it is
men who are most at risk of
heart disease (Moore 1989,
Mackerras, 1990).

Thus the evidence from the
NEJM study does not justify
the conclusion that 'oat bran
has little cholestercl-lowering
effect’. But it does suggest that
people with plasma cholester-
ol concentrations already low,
and with low dietary intakes of
fat, do not benefit from supp-
lementing their diets with oat
bran.
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A New Technique for Statistical Analysis
of Consumer Sensory Evaluation &
Market Research Data

D.J. Best

CSIRO, IAPP Biometrics Unit, Food Research Laboratory
PO Box 52, North Ryde, NSW 2113

introduction

One implication of the inc-
reased emphasiswithin CSIRO
on working with industry is
the need tobe more involved in
assessing market acceptance
of a variety of products. This
assessment canpartly be made
with sensory evaluation or
market research trials.

Such trials seek answers
to questions like the following:

* Isitpossible to 'feel the diff-
erence between woollen and
synthetic sweaters?

¢ Is brand X fragrance really
stronger smelling than brand
Y?

¢ What does a taste-test on two
cola drinks prove?

Responses from the pub-
lie or consumer panellists are
likely to involve considerable
variation and statistical
methodology is useful for opt-
imising experimental design,
for objective, quantitative
analysis and for summary and
presentation,

The widespread avail-
ability of mainframe or pers-
onal computers means new
computer-intensive graphics or
methods of analysis can now

be used. Some new graphics
were described in the CSIRO
Food Research News, No. 7
{August, 1989). To give a brief
introduction to one of the new
analysis methods recently
developed, consider the follow-
ing:

Example

Suppose five products have
been rated by consumersusing
afive point scale where the five
points or categories are denot-
ed by 'Awful’, 'Not Good', 'OK,
'Like' and 'Terrific’. In cons-

umer — as opposed to 'expert’

— panel product comparisons,
it sometimes makes sense
(because it more closely mim-
ics actual marketplace prac-
tice) to get only one evaluation
per consumer, For the data in
Table 1 from Bradley et al
(1962) we assume only one
TESponse Per Consumer.
These data can be rep-
resented graphically in a
number of ways. One simple,
but. effective, method is a dot
plot of the raw percentages, as
shown in Figure 1. Careful
inspection of Figure 1 or Table
1 might suggest the following:

TABLEA
Rasponse frequency in & consumer taste-testing experiment
Response category

Product Awful Not Good OK  Like Terrific Total
A 9 5 9 13 4 40
B 7 3 10 20 4 44
C 14 13 8 7 0 40
D 11 15 3 5 8 42
E 0 2 i0 30 2 44
Total 41 38 38 75 18 210
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Product E is most liked and the
consumers agree on this; Prod-
uct D produced a mixed
response, while Produet C was
least, liked.

One of the aims of a
statistical analysis is to ob-
jectively quantify comments
like these which have been
obtained by 'eyeballing' the
data. The traditional texthook
methed of analysis for data
such as that in Table 1 would
be to caleulate as x? statistic for
a 5x5 contingency table. If this
is done it is found that X2=73.8
on 16 degrees of freedom. Thisg
is highly significant, but all it
tells us is that there are some,
unspecified, differences be-
tween products. More detail is
required of what are the differ-
ences between products is re-
quired. Using the formulae in

the Appendix we can summar-

ise the data of Table 1 in terms
of 'mean’ and 'variance' para-
meters as shown in Table 2.
Product E has the high-
est'mean' parametervalue and
the lowest 'variance' parameter
value; Product D has the high-
est 'variance' parameter value
and Product C has the least
mean parameter value, Thus,
the parameter values confirm
and quantify the subjective
assessment earlier. Further,
the parameter estimates in
Table 2 are approximate stand-
ard normal N(O,]) deviates so
that objective assessment is

also possible. For example, the
'mean’ parameterfor Cismuch
smaller than an N(Q,]) deviate
islikely tobe and so we conclude
that Produet C is significantly
disliked.

A FORTRAN computer
programme (available on a
floppy disk for an IBM PC or
compatible) to perform the
statistical analysis discussed
above is available from the
author and more mathematical
details are given in Best et al
{1990).
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TABLE2

Product effect parameters

o

Product Mean' Variance'
Parameter Parameter
A 0.03 0.38
B 1.51 0.14
C -3.95 .30
D -1.70 2.25
E 3.96 215
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APPENDIX

Calculation of Mean & Variance Parametars

Suppose the data are in the form of Table 2 where there are c(ordered) columns and r rows.
Let 3 be the count in the {i,jjth cell of the data table and let:;

c I
a.=% A 8= z ay, .. = z ai].. Put = (a,jfa..) and
j=1 i=1 I ]

calculate g, (j) and g, ()

where g, (i) =A( (1) - S1) and g, ()=C( (j-1)°-A°Y()+2)

C
. ..0m
where Sm=IE {i-1) pj,
=1
A=(S,-5% 2 ¥=5,:5.5,, Z-A%YS -5,

C = (8,+A"Y?8,42%2n%vS 42757 207, 12

c
The 'mean’ parameter for the ith row is then ch A2y, aiig1 ()
=1
¢
The *variance' parameter for the ith row is then a 2y, aijga(j)
j=1
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Figure 1

Taste Responses for Products A, B,C,D, E
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Opportunities for the Export
of Highly Processed Food to Japan

D.J. Walker

Chief, CSIRO Division of Food Processing

The Japan External 'Trade
Organisation (JETRQO) is org-
anising a series of study tours
for people associated with
manufacturing industry from
North America, Europe and
QOceania. The author was for-
tunate to be offered an opport-
unity to join the 3rd Export to
Japan Study Program spann-
ing 29 August to 7 September
1990. The program is designed
for those who have an opport-
unity either to directly export
because of their personal
manufacturing background or
whomightbe able tobroadcast
widely certain messages about
opportunities in Japan.

The composition of the
group for the 3rd Study Tour
included persons with activities
ranging from heavy machinery
manufacture to electronics
manufacture, software pub-
lishing and food manufacturers
plus government regulators,
journalists and (inthe author's
case) a research and develop-
ment specialist.

The superbly organised
study tour began with a series
of lectures by both Japanese
and western expatriates on the
following issues:

e Japan's comprehensive im-
port promotion measures.

¢ The JETRO project for pro-
motingimports from develop-
ed countries,

.

Case studies of exporting to
Japan and advice to newcom-
ers.

Case studies of Krones (Jap-
an)and SMIS (Japan)—both
foreign companies success-
fully operating in Japan.

Characteristics of Japanese
market distribution systems
and points in exporting to
Japan (covering examples
such as capital goods, mach-
inery and parts, electrical and
electronic equipment and
parts, and computer soft-
ware).

Japanese lifestyle (cultural
aspects).

Import of consumer goods
(including furniture and
household appliances, fash-
ionapparel and food products
and beverages).

This series of lectures gave a
good insight into the culture
which underlies the Japanese
way of doing business and so¢-

ial behaviour. Also included
was a strong appreciation of
government policy in relation
tosuch matters asemployment,
protection of certain domestic
industries and measures to
tackle what is undoubtedly an
embarrassingtrade surplus. In
respect of the latter, govern-
ment policy is expressed as
'‘bringing the import and ex-
port sectors of the Japanese
economy into a harmonious
relationship’.

Whilst it is not possible
to summarise all that trans-
pired on the Study Tour within
the confines of a short article,
certain points are well worth
recording,

Export Opportunities
to Japan
There is no question whatso-
ever that the Japanese popul-
ation is both inclined to buy
high quality imported manu-
factured goods and is being
urged by its government to do
so. Japanese cities have large
advertisements exhorting the
population to buy imports.
Information provided to the
delegates tothe JETRO Export
to Japan Study Tour showed
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the relatively rapid decline in
manufacturing as part of the
total Japanese economy and
the concomitant rise in the
tertiary sector. Added to thisis
a very marked shorfage of
skilled labour in a number of
manufacturing industries. Of
course, moves by a good many
major Japanese corporations
to move their manufacturing
bhase offshere means that total
Japanese-controlled
manufacturing may not be
declining in a relative sense as
quickly as would appear from
purely domestic statisties.
Consequently, some imported
manufactured goods will
certainly continue to be made
by Japanese-owned companies.
However, in the processed
food sector this does not seem
to be a particularly marked
trend and in the huge $300
billion food market which is
Japan, there has to be a major
opportunity for very high
quality, very well presented
manufactured products.

Facilitation of

Export into Japan
JETRO will spend some
US$100 million on programs
to improve the flow of imports.
The program will include the
following features:

* Further JETRO-organised
export study tours

¢ The establishment of a prod-
ucts-information database
which will define potential
markets for imported manu-
factures and into which for-
eign companies will be invit-
ed to place information on
their products. Theideais, of
course, to attempt to match
potential products with pot-
ential demand in Japan.

* The sending of buying
groups from Japan to small
and medium-sized overseas
companies with a view to the
purchasing of samples of
manufactures which, on
return to Japan, will be ex-
amined for conformity with
general standards of Jap-
anese quality requirements
and so forth.

* The establishment of a cadre
of trade experts in overseas
countries. Atthe presenttime
the proposal is to send 15 to
the UUSA, 1 to Canada, 8 to
Europeandonlyl to Oceania.
{(There is no doubt that this
represents the relative econ-
omic power residing in each
of these regions.).

* Tax incentives for Japanese
importers and distributors.

¢ The establishment of an imp-
ort loan program. This is for
facilitating the setting up of
equipment and infrastruet-
ure for imported manufaet-
ured goods. Loans will be
available to foreign compan-
iesfor this purposesolongas
a reasonable proportion of
that company's exports go to
Japan, We were advised that
up to 70% of the funds req-
uired ean come from this
source if all of the exports of
the manufacturing company
in fact end up in Japan.

Overall thisprogram restresses
the strong determination ofthe
Japanese to redress the very
large positive balance of trade,

Characteristics of

the Japanese Market

Time and again, the immense
purchasing power represented
by the Japanese consumer was
stressed to the delegates on

the Study Tour.

It is this large and growing
purchasing power which is
partly responsible for the need
to increase imports of manu-
factures into the country.

It also explains to a great
extent the Japanese willing-
nesg to pay what we would
congider very high prices prov-
ided that the quality and
attractiveness of the goods is
adequate.

The Japanese manufac-
turer's attitude to the consumer .
is effectively that 'the customer
is God'. In satisfying consumer
requirements and demand,
industry puts great stress on
QCDS (Quality, Cost, Delivery
and Service).

Experience with imported
products often shows that
faults due to a poor quality
control environment at man-
ufacture are responsible for ex-
tensive rejections of shipments.

For example, the Study Tour
was advised that in one samp-
ling 89% of US processed foods
did not meet analytical stand-
ardsrequired by the Japanese.

Faults included the use of
non-permitted food colouring
and preservatives, foods which
are too highly salted, foods
containing poor quality oils,
foods containing spices well in
excess of that accepted by the
Japanese palate and so on.

Special attention also needs
tobegiven toJapaneserequire-
ment for the tolerance allowed
in stipulating the weight of a
product.

A specific presentation on the
export of processed foods to
Japan concluded with an
exhortation that each of the
following points must be
analysed before the basis for
success can be established:

Food Research Quarterly Volume 50 No. 3, 1990

90



. Japanese climate

. History of eating
and eating habits

. The housing
situation in Japan

. The purchasing
frequency of the
consumer

. The change in
consumer needs

. The aesthetic sense
of the Japanese
consumer ’

In this latter respect, the
Japanese consider themselves
the most demanding consum-
erg in the world.

A CSIRO Presence

Among other outcomes of the
Study Tour, the author has
concluded that the potential
for a hugely increased export
from Australia of processed
food to Japan is confirmed,
Furthermore, the decision of
the CSIRO Division of Food
Processing to establish a
Sensory Research Group in
Tokyo was both timely and

wise. This Group, which will
study not only the funda-
mentals of the sensitivity of
the Japanese palate, but also
assess under contract the
acceptability of Australian food
products in Japan, is superbly
placed to offer some of the most
fundamental and important
advicethat the Australian food
processing industry requires.

The author urges any
company with the spirit and
determination to export o
Japan to approach this Division
and discover the assistance
which ean be derived from our
body of expertise.
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