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Abstract
The aim of this study was to develop a simple method for the automatic estimation of fat content in salmon ﬁllets by means of image
analysis. Salmon ﬁllets have a zebra-like appearance, consisting of white myocommata stripes divided by red-coloured muscle tissue. The
stripes contain a high proportion of lipid, and it has previously been shown that the proportion of myocommata in a ﬁllet correlates with
its fat content. A possible measurement method for ﬁllet fat content might therefore be to use image analysis to determine the area of the
white stripes visible on the ﬁllets surface compared to the total area of the ﬁllet. Fifteen salmon ﬁllets were sampled from an assembly line
at a local ﬁsh-processing plant, photographed and analysed for lipid. The results obtained by the image analysis were compared with
those from chemical analysis, and showed a good correlation (r ¼ 0:84). Although the sample size was relatively small, the correlation
was high enough to suggest that the method, after development and improvement, could prove useful as a simple tool in salmon
aquaculture research and product processing.
r 2006 Elsevier Inc. All rights reserved.
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1. Introduction
Recent advances in the area of computers and image
processing have created new ways to monitor quality in the
food industry (Brosnan and Sun, 2004). The salmon
industry and research community are in need of fast,
reliable and economical methods of quality assessment.
Image analysis is capable of providing a wide range of
information about a product from a single image in a
fraction of a second, making it possible to analyse products
as they pass on a conveyor belt (Polder et al., 2004;
Storbeck and Dan, 2001). Image analysis is also nondestructive and therefore ideal for monitoring the quality
of ﬁsh products. Kohler et al. (2002), for instance,
developed a method for sorting quality classes of cod
ﬁllets. Sorting salmon ﬁllets by quality could involve
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quantifying characteristics such as fat content, shape and
colour. Fat content is one of the most important
characteristics of salmon ﬁllet quality, and may vary
widely from ﬁllet to ﬁllet; a study carried out in 1995
found that the fat content of Norwegian salmon ﬁllets
ranged from 11% to 19% (Fjellanger et al., 2000). Lipid
content also inﬂuences other quality characteristics such as
gaping (Shearer, 2000) and colour (Rørå et al., 1998). It is
therefore important to have rapid, reliable methods of lipid
measurement.
There exist several methods for estimating the lipid
content of ﬁsh: chemical analysis, the Torry fat meter,
computerized tomography (CT) and near-infra-red (NIR)
spectrophotometry and calibration (Fjellanger et al., 2000).
Chemical analysis is laborious, and both CT and NIR
require expensive equipment. The image analysis method
described in this paper is non-destructive, demands a
minimum of labour and the necessary equipment is
relatively inexpensive. The method is also very fast,

ARTICLE IN PRESS
74

L.H. Stien et al. / Journal of Food Composition and Analysis 20 (2007) 73–79

Fig. 1. Different stages of the image analysis. (a) original image; (b) the ﬁllet region has been identiﬁed by Eq. (1) and (c) discrimination of the fat stripes
by Eq. (2) with parameters set to T ¼ 5 and m ¼ 21. The directions of the x- and the y-axis are also shown.

needing less than 1 s to compute on a state-of-the-art
personal computer. Another advantage is that the images
used by the method to estimate fat content probably also
can be used to measure other quality traits such as colour
and shape. This is not the focus of our present work, but
will be presented under separate cover.
A large proportion of the lipid in a salmon ﬁllet is
congregated in white stripes of connective tissue (myocommata) segmenting the red-coloured muscle tissue in
vertical blocks and giving the ﬁllet a zebra-like appearance
(Fig. 1a). The region between the stripes consists mainly of
muscle tissue, and is referred to here as meat or muscle.
The muscle also contains fat, but to a much lesser extent
than the white stripes. The size of the white stripes
correlates well with the fat content of the ﬁllet. This has
been used to estimate the fat content from CT scans of
whole salmon (Rye and Gjerde, 1991; Bjerkeng et al.,

1997). In these studies the fat content of whole ﬁsh was
estimated as the fraction of the area of fat deposits versus
the total CT scan area of the ﬁsh. This makes it reasonable
to assume that the area of visible stripes on a salmon ﬁllet
divided by the total area of the ﬁllet will also correlate with
the fat content of the ﬁllet. A semi-automatic image
analysis technique based on this assumption has already
been tried (Borderı́as et al., 1999), but it obtained a
relatively low correlation coefﬁcient with chemically
measured fat content; r ¼ 0:41. A much higher correlation
was achieved by Marty-Mahé et al. (2004), who measured
fat content from images of brown trout (Salmo trutta L.)
cutlets; r ¼ 0:76. Measuring the fat content from images of
cutlets is different from that of ﬁllets due to the different
organization of the connective tissue. However, this later
study of cutlets suggests that higher correlations than r ¼
0:41 could also be obtained for ﬁllets if the appropriate
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image analysis method were used. This study presents a
fully automatic image analysis method for estimating the
fat content of salmon ﬁllets. The method is relatively
simple, and only basic programming skills are necessary to
duplicate the method.
2. Material and methods
Fifteen fully trimmed ﬁllets of Atlantic salmon (Salmo
salar L.) were collected from a commercial producer
(Lerøy, Bergen, Norway) and stored on ice for 24 h before
photography. The ﬁllets weighed from 1.5 to 2 kg,
representing a standard size offered to the market. The
ﬁllets were placed skin down on a horizontal green plastic
base and photographed directly from above using a digital
camera (Kodak DC260). The images were taken outdoors
in shadow, avoiding direct sunlight, which provided images
without specular reﬂection (Ray, 1999) (Fig. 1a). The
camera provided Red–Green–Blue (RGB) images in the
JPEG format (Miano, 1999) at a resolution of 1136  1024
pixels. Each pixel in an RGB image is represented by three
colour values R, G and B spanning from minimum 0 to
maximum 255. In the following, the colour values of each
pixel (x,y), where x A {1,2,y,1136} and y A {1,2,y,1024},
are donated as R(x,y), G(x,y) and B(x,y), respectively. An
object of known area, placed in one of the images, showed
that 1 cm2 in the scene corresponded to an image area of
23  23 pixels. For the subsequent chemical fat analysis
each ﬁllet was minced and total lipid determined gravimetrically from a 5 g subsample after extraction with ethyl
acetate (Losnegard et al., 1979). The chemical fat analysis
was performed in duplicate.
The proposed image analysis method consists of two
main steps: discrimination of the ﬁllet from the background, followed by discrimination of the lipid stripes
within the ﬁllet. The digital images contain two main
regions, the green base or background, and the respective
ﬁllet (Fig. 1a). The white stripes, although appearing white
to the eye as compared to the adjacent dark red muscle, are
in fact light red in the images. The ﬁllet in each image can
therefore be separated from the background by stating that
all red pixels in the image are ﬁllet, while all others are
background. In other words, all pixels (x,y) in the image
with an R-colour value higher than both its G- and
B-colour value are classiﬁed as ﬁllet
(
13Rðx; yÞ4Gðx; y; Þ ^ Rðx; yÞ4Bðx; yÞ
aðx; yÞ ¼
(1)
0
otherwise;
where a(x,y) equals 1 indicates ﬁllet and a(x,y) equals 0
indicates background (Fig. 1b).
The next step was to discriminate the lipid stripes from
the other parts of the ﬁllet. The white stripes are difﬁcult to
distinguish in the red R-colour layer (Fig. 2a). They have,
however, clearly higher (in effect lighter) values compared
to adjacent muscle in the G- and B-colour layers (Fig. 2b
and c). Simply using a global threshold as in the study by
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Borderı́as et al. (1999) resulted in large areas of false
segmentation for all possible threshold values in both the
G- and B-colour layer. The method suggested for cutlets by
Marty-Mahé et al. (2004) (Kmean and Proﬁle) was also
based on a global threshold. In the images, the muscle in
the abdomen typically has the same colour as the fat stripes
in other parts of the ﬁllet. This is probably caused both by
non-uniform lighting on the scene and differences in
pigmentation between different parts of the ﬁllet. One
solution to this problem is to discriminate the stripes from
the muscle based on local information in the image, for
instance the average colour value in a deﬁned neighbourhood around each pixel. The proposed method ﬁrst
smoothes the G-colour layer with a 3  3-median ﬁlter
(Gonzalez and Woods, 1992) to remove noise. Adaptive
thresholding, utilizing the average colour value in an
m  1-horizontal neighbourhood to determine the local
threshold, is then used to discriminate the fat stripes from
the muscle.
8
03aðx; yÞ ¼ 0
>
>
>
>
ðm1Þ=2
xþP
>
>
< 13aðx; yÞ ¼ 1 & Gðx; yÞp 1
Gðx þ m; yÞ
N
bðx; yÞ ¼
m¼xðm1Þ=2
>
>
>
>
aðx þ m; yÞ  T
>
>
:
2 otherwise
N¼

ðm1Þ=2
xþP

aðx þ m; yÞ;

m¼xðm1Þ=2

(2)
where N is the number of pixels representing ﬁllet in the
respective m  1-neighbourhood. In other words, all pixels
(x,y) in the ﬁllet-region, i.e., aðx; yÞ ¼ 1 (Eq. (1)), with a
G-value higher than the average G-value in the respective
m  1-neighbourhood plus a constant T were set to
represent lipid, bðx; yÞ ¼ 2. An m  1-neighbourhood was
chosen because of the close to vertical orientation of the fat
stripes (Fig. 1a); a horizontal m  1-neighbourhood centred
any place on the ﬁllet region is likely to contain both pixels
representing stripes and muscle. Using an m  1-neighbourhood is also extremely efﬁcient. For each horizontal line in
the image, Eq. (2) is performed on subsequent pixels
moving from left to right. Except for the ﬁrst pixel in each
line, the sums in Eq. (2) can be calculated efﬁciently
from the previous step by subtracting the value left of
the neighbourhood ðx  ðm  1Þ=2  1; yÞ and adding
the new value now included in the neighbourhood
ðxþ ðm  1Þ=2; yÞ. The image analysis method was tested
with four different sizes of the m  1-neighbourhood
(m ¼ 5, 11, 21 and 31) and four different T values
(T ¼ 0, 5, 10 and 15). Estimated fat content by image
analysis is calculated by the proposed method as
P
ðb ¼ 2Þ
IA lipid content ð%Þ ¼ 100  P
.
(3)
ðbX1Þ
In the experiment performed by Borderı́as et al. (1999), only
the tail half portion of the ﬁllet was photographed. In order
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Fig. 2. The intensity images of the (a) (R)ed-, (b) (G)reen- and (c) (B)lue colour layers.

to mimic this experiment the proposed image analysis
method was also tried on only the posterior part of the ﬁllet.
This was done by ﬁrst ﬁnding the maximum and minimum
x-values in the a-matrix equal to 1 and then setting all
elements in a with x-coordinate4minimum x+(maximum x
minimum x)/2–0. In other words, the front half portion of
the ﬁllet region was set to 0 in a before applying Eq. (2).

Finally, the relationship between chemical and automated image analysis was tested by the Pearson correlation
coefﬁcient (Johnson and Bhattacharyya, 2000) and regression lines calculated using the SAS software package
(SAS Institute Inc., Cary, North Carolina, USA) for
Windows, version 8e (proc corr and proc reg). A P-value
o0.05 was considered signiﬁcant. All data were tested for
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normality by a normal probability plot (proc univariate,
SAS).
20

Table 1
Correlations between the results from the chemical analysis and the
proposed image analysis method on whole ﬁlet at different parameter
settings (Eq. (2))
Tm

0

5

10

15

5

—

r ¼ 0.55
P ¼ 0.03

r ¼ 0.50
P ¼ 0.06

—

11

r ¼ 0.60
P ¼ 0.02

r ¼ 0.79
Po.0.01

r ¼ 0.68
Po0.01

r ¼ 0.58
P ¼ 0.02

21

r ¼ 0.57
P ¼ 0.03

r ¼ 0.83
Po0.01

r ¼ 0.82
Po0.01

r ¼ 0.77
Po0.01

31

—

r ¼ 0.75
Po0.01

r ¼ 0.79
Po0.01

r ¼ 0.78
Po0.01

18

16

22

24
% Fat (image analysis)

26

18

20
% Fat (image analysis)

22

(a)

20

% Fat (chemical)

Eq. (2) includes two parameters: m and T. The
correlation of estimated lipid content by the image analysis
method with chemically measured lipid content is dependent on both these parameters (Table 1). The highest
correlation (r ¼ 0:83, Figs. 1c and 3a) was achieved when m
and T were set to 21 and 5, respectively. Spearman rank
coefﬁcient (Johnson and Bhattacharyya, 2000) measured a
correlation of r ¼ 0:92, indicating that there is an even
stronger non-linear relationship between the two variables.
Altering the T- and/or m-values from these ideal settings
resulted in lower correlation values (Table 1).
The ideal situation for the adaptive thresholding method
(Eq. (2)) is when the fat locally has clearly distinct G-values
from the meat. In this case the average value of the
elements in the m  1-neighbourhood can be used as a
threshold between the two regions (Fig. 4a). However, this
ideal, or model, situation is not realistic. Instead there is a
sliding transition from muscle to lipid stripe (Fig. 4b
and d). If the relative amount of lipid stripe is small
compared to the relative amount of muscle, the muscle will
dominate the average, pulling it down, and as a result the
segmented lipid stripes will become overly wide. Moreover,
using only the average value as a threshold will lead to
segmentation into two regions even when the neighbourhood contains only pixels representing muscle (Fig. 4c). All
in all, this explains the negative correlations in the ﬁrst
column of Table 1. A constant T was therefore added to
the average value in Eq. (2) to avoid oversegmentation of
lipid stripes. However, this constant must not be set too
high, as this would lead to undersegmentation, especially in
areas where the lipid stripes are wide (Fig. 4d).
Fig. 4 also shows the effect on the same stripe for a large
neighbourhood (Fig. 4b) and a small neighbourhood
(Fig. 4d). Selecting an m that is too small will lead to
undersegmentation when the neighbourhood is centred on
the stripe (Fig. 4d), and oversegmentation when centred on

% Fat (chemical)

3. Results and discussion

18

16

(b)

Fig. 3. Chemical measurement of fat content compared to image analysis
(Eq. (3)). Parameters in Eq. (2) set to T ¼ 5 and m ¼ 21. (a) Analysis of
whole ﬁllet, regression line: Y ¼ 0:936X (Po0:001)5.381(P ¼ 0:231),
R2 ¼ 0:68. (b) Analysis on the tail half portion of the ﬁllet.
Y ¼ 0:566X(Po0:001)+6.061 (P ¼ 0:019), R2 ¼ 0:65. Where X is fat
content measured by image analysis and Y is fat content measured
chemically.

muscle (Fig. 4c). This explains the relatively low correlation
for the smallest m tested (m ¼ 5, Table 1). If the mask is
too large, variations in muscle colour and lighting over the
ﬁllet may lead to invalid segmentations.
A high correlation (r ¼ 0:80) was also obtained when
only the tail-half portion of the ﬁllet was used in the image
analysis (m ¼ 21, T ¼ 5). Comparing the two plots in
Fig. 3, there is little reason to suggest that using the whole
ﬁllet is superior to only using the posterior. This indicates
that one can get a good estimate of the lipid contents by
using only the tail half portion of the ﬁllet. This is an
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Fig. 4. Schematic representation of the intensity values of the G-colour layer in a m  1-neighbourhood (Eq. (2)). (a) Ideal situation: the average intensity
value divides lipid from muscle. (b) Thin lipid stripe: the average value is dominated by muscle pulling it down. (c) Muscle alone: the average value is lower
than many muscle values. (d) Thick lipid stripe: the average value is dominated by lipid.

advantage, as after initial ﬁlleting at the processing plant
large parts of the peritoneum may be left on the ﬁllet,
covering much of the ﬁllet and obscuring lipid stripes in the
abdomen. This is why fully trimmed ﬁllets (with all traces
of peritoneum removed) were selected for this study. The
peritoneum extends also into the tail-half portion of the
ﬁllet, but only to a relatively limited degree. Estimation of
lipid content by image analysis can therefore probably be
performed regardless of the degree of trimming.
When evaluating the correlation between the image
analysis and the chemical analysis of lipid content, it is
important to remember that a correlation of r ¼ 1 is not to
be expected. In the ﬁrst place, the lipid content of both the
muscle and connective tissue relative to each other may
vary. Secondly, the chemical analysis has a conﬁdence
interval of [1, 1] with 99% probability. Thirdly, the ﬁllets
covered a relatively small range of lipid contents, namely
15–20%. All in all, this indicates that the image analysis
method correlated well with the results of chemical
analysis, and can be used to distinguish between ﬁllets
even when there are only relative small differences in the
lipid content. However, it is a problem that the method has
only been tested on a small number of ﬁllets from a single
sampling. The method has therefore not been tested on the

whole range of lipid contents and ﬁllet sizes that may turn
up on a processing line. Small ﬁllets, for instance, will
probably need a smaller m in Eq. (2). A future scenario
might involve ﬁrst calculating the size of the ﬁllets and then
automatically choosing parameter settings on this basis.
The basic requirement of the presented method is that a
large part of the ﬁsh ﬁllet’s fat is congregated in white
stripes divided by darker muscle tissue. This is the case in
most salmonids depositing carotenoids in the somatic
muscle. However, ﬁsh not displaying such distinct visible
differences between fat and muscle require other approaches. Selective use of speciﬁc wavelengths, magnetic
resonance imaging, infra-red imaging (IR) and computer
tomography imaging (CT scanning) can offer possible
solutions. Such approaches are most interesting for future
work, but were not part of the present study.
4. Conclusions
Image analysis is a promising tool for estimating the fat
content not only of salmonid cutlets (Marty-Mahé et al.,
2004) but also of salmonid ﬁllets. The method does not
require sophisticated equipment or advanced image analysis programs. The image acquisition was performed with a
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standard consumer camera, and the image analysis utilized
relatively simple mathematical procedures performed on
the image matrix. Further testing on larger samples will be
necessary before the method can be accepted as a general
method for measuring lipid in Salmonid ﬁllets.
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