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Abstract

TREMLOVA B., STARHA P. (2002): Histometric evaluation of meat products — determination of size and number

of objects. Czech J. Food Sci., 20: 175-180.

In the framewort of the quantitative histologic evaluation of poultry products, the size and the number of bone fragments have
been determined using theimage analysis. Bone fragmentswereidentified by their colour and analysed automatically. The samples
contained 135 to 2167 bone particles the length of which varied from 5 to 2088 um. Comparing products of the same kind, we
found differences in the contents of bone fragments; this fact was possibly due to inadequate observance of the technological

procedure by some producers.
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The histological examination of meat productsisaspe-
cialised analysisenabling direct differentiation and iden-
tification of individual components of animal and plant
originsaswell as providing information on their distribu-
tion, size and number. Thismethod of examination of meat
productsisnot common in the Czech Republic. Inanum-
ber of European countries (Austria, Germany, France, the
Netherlands), however, it belongs to the aimed examina-
tions listed in the food-hygiene legislation and included
in analytical methods of the foodstuff evaluation. The
result of such an analysis can be a decisive factor in the
evauation of the adherence to the technological proce-
dures and of some ways of the foodstuff adulteration.

Itisusually aqualitative examination, i.e., thedetection
of the presence of individual tissues and the assessment
of their admissibility or suitability for the product. In some
raw materials for meat products (such as mechanically
separated meat, plant additives), it is important both to
identify and to evaluate quantitatively their proportions.
Theidentification of the individual components depends

on the morphological characteristics described, and on
the stainability using different staining procedures.

The quantitative examination is based on the determi-
nation of the number and of the size of the analysed com-
ponents, respectively, relativeto the area of the sample. If
there are not many counted components within the view-
ing field, it is easy to determine their number throughout
theareausing only manual procedures. To avoid errorsin
counting more numerous componentsit is useful to em-
ploy the so-called counting eyepi ece with a square-shaped
screen enabling to scale the viewing field down or up. In
any case, it is necessary to measure the area of the whole
viewing field or square using the eyepiece and an objec-
tive micrometer, and to compute the area of the section.
The above-mentioned aids are also used to measure the
size and the area of the individual objects important for
theresult of the examination. This procedure needs much
work because, according to our practical experience, itis
necessary to evaluate at least 6 sections of each sample,
each section being represented by several viewing fields
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to obtain objective results. Despite many convincing stud-
ies published, the extensive use of such an evaluation in
practiseislimited by the demanding manual measurement
and counting. This procedureis described in the German
Official Collection of Analytical Methods (1989). It is,
however, not used in practise. The possibility of rational -
isation and objectification of histometry using special
computer programs of image analysis has been confirmed
by HILDEBRANDT et al. (1977, 1978).

Theimage analysis hel psto describe quantitatively and
to specify theimage information obtai ned by macroscop-
ic or microscopic scanning. It also facilitates detailed com-
parisons of various samples, a precise processing of
information, and different ways of result presentation. The
input is via a digital camera; it is, however, possible to
process also standard photographs following their trans-
formation to the digital format. A great advantageis the
possibility to compare objects scanned currently fromthe
microscopic slide with those obtained previously. Data
can be evaluated statistically. The system of image analy-
sis includes a number of procedures for the image pro-
cessing such as:

— determination of co-ordinates, linear measures, angles
and areas

— automated and interactive methods to create overlays
to identify the objects

—geometric, physical, and photometric methods of object
analysis

— image stacking using algebraic procedures (addition,
subtraction, multiplication, ...)

—image stacking to form mosaics

—geometric procedures with the image (rotation, change
of sizeand proportions, ...)

— standard tools to change the contrast, brightness, satu-
ration, and balance

— image sharpening by alteration of frequency characte-
ristics

—helptools (histograms, zoom, crop, rotation, scale, ...).

The analysing program has its indisputable advantage
in the automatic measurement and counting of all objects
which have been pre-selected on the basis of certain pa-
rameters such as colour and brightness. The size and the
area of the individual selected objects can be naturally
determined on the basis of manually performed location.
In such away, the measured objects can be labelled with
the data determined.

The measurement of different parametersusing theim-
age analysisisin the instance of foodstuff samples often
in relation to important sensory and technological char-
acteristics of foodstuffs and food raw materials. For ex-
ample, the morphology of fat crystals plays an important
role for the properties such as spreading, stiffness and
fineness of final products (margarine, butter). Parameters
such as the size and the shape of crystals were measured
using the semi-automated process of analysis of the im-
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age obtained by electron microscopy (HEERTJE & LEU-
NIS 1997). Changesin the diameter and the length of sar-
comeres during heating can be responsible for altered
textural characteristics of beef (PALKA & DAUN 1999).
Similar parameterswere determined in rel ation to the abil -
ity of meat to bind water under different conditions of pH
(RAaO et al. 1989). Bone fragmentsin final meat products
were evaluated using the image analysis by, e.g. HILDE-
BRANDT and HIRST (1985). BIKER et al. (1983) evaluated
the size of components and their numbersin mechanical-
ly separated meat in relation to the separator and raw ma-
terials used.

We selected the bone fragments with the aim of apply-
ing theimage analysisin the histological examination of
meat products (of poultry meat). Their presenceisassoci-
ated with the use of specific production of raw materials
(mechanically separated meat), otherwise they are only
occasionally and sporadically present. In the products
from poultry meat, the separated meat is a common raw
material and, therefore, the bone fragments are supposed
to be present. This tissue can be rendered more distinct
by selective staining procedures.

It was the aim of the present study to use the image
analysisin the quantitative histol ogic evaluation of meat
products. The paper includes the determination of the
size and the number of objects (components), and the use
of such data for the computation of the contents of the
individual components of the meat products.

MATERIAL AND METHODS

Samplesof atotal of 26 different poultry productswere
examined (e.g., sausage, salami, minced meat). Inall, 4 sam-
ples from different areas of each product were collected
and processed using the paraffin embedding technique.
Slideswere stained by alizarinred (i.e., the selective stain-
ing for the bone tissue). Image scanning and the subse-
quent analysis were made using 4 selected slides (one
of each sample) of a corresponding staining quality (Ta-
ble 1).

Theimage analysiswas performed using the ACC pro-
gram (Image Structure and Object Analyser 4.0, by SOFO
firm, CZ). Itisnecessary to calibrate photometrically and to
transform the values of pixelsin order to ensurethe correct
identification of objects; the process being automatic and
employing the pre-sel ected parameters of colour and bright-
ness. The preparation of our own templatesfor the selec-
tion of objects within theimage is thus a prerequisite for
the image evaluation. It is preferable that minute objects
be removed because of no importance existing for the
final evaluation, prolongation of the analysis and ques-
tions about their classification into the category of bone
fragments. The proper analysisincluded the measurement
of the size of the selected objects, the determination of
the number of objects, and the area of the section and
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Table 1. Procedure of image processing and analysis

Image recording
highest image quality

a digital camera Olympus C-2500 (resolution of 1600 x 1200 pixels) automatic program,

Jenaval 250 — CF microscope, objective 3.2 (32X magnification)

Image correction
to the resolution used

photometric calibration, transformation of values of pixels determination of the scale with regard

Analysis

- analysis total number of objects
size of objects

- identification of objects (according to the given parameters of colour and brightness)
- removal of objects smaller than 30 pixels

area of the section and mass, respectively

Computations

- division into classes according to the size

- total area of the section (mass, respectively)
- number of particles per mm? of the area of the section (mass, respectively)

mass, respectively, in the sample (i.e., the area without
empty places within the section). Each image can be la-
belled with its text documentation, while the operations
performed by theimage analyser are automatically record-
ed. A total of 854 images were processed. The results of
the study are documented on compact discs.

RESULTS AND DISCUSSION

Experienced evaluating persons are able to distinguish
bonefragmentsin histological specimens stained routinely
with hematoxylin and eosin. Theimage analysis, howev-
er, needs selective staining procedures differentiating
distinctly the bone fragments from other components be-
cause the identification is based on the selection of ob-
jectsaccording to colour and brightness. Thisrequirement
was met by staining the specimensusing aizarinred. The
stain forms chelates with calcium ions. Bone fragments
stain bright red while other components show shades of
blue to green colour. Some components of the plant ori-
gin do not stain at all. Other procedures were also men-
tioned in literature, e.g., modified staining according to
Kossaby HILDEBRANDT and HIRST (1985) or staining by
Azan accordingto KONIGSMANN et al. (1980). In process-
ing the images automatically by the image analyser, it is
very important to use perfectly stained specimens because
any deviation from the colour scheme standard leads to
incorrect results.

For the identification of objects, we prepared an over-
lay using a selected standard of a bone fragment stained
and defined as to the shade and the intensity of colour.
Using thisoverlay, it was possible to determine automat-
ically the objects of the same parameterswithin thewhole
image.

Theimage analyser identified in individual meat prod-
uct specimens bone fragments amounting to 135 to

2167 particles. The amount of bonefragmentsin the prod-
uct depends on the proportion of the separated meat. High
numbers of minute particles can also be found in speci-
mens differing from the standard staining. It ispossiblein
these cases to select the objects individually. This is,
however, achangein the conditions which should be kept
identical inall measurements.

For a rough examination, the results can be expressed
as the number of particles or the mean number of frag-
ments per one section (under the conditions of examina
tion of not equal numbers of sectionsfrom each sample).
Thereare, however, differencesinthetotal areaand, there-
fore, a more precise procedure needs to be used for its
measuring and for the expressing of the results as the
number of objects per mm? of the area of the section or
mass of the sample, respectively. All these results then
have their informative value only when compared to a
standard sample. Because the standard sample, was not
available, we selected and compared products of the same
kind from the collection in which the same composition
(Tables 2 and 3) wasto be expected.

From both tablesit isclear that thereisno differencein
results expressed in the relation both to the area of the
section and the mass without free spaces. From the prac-

Table 2. Histometric evaluation of samples (spa sausage)

Number of particles

Sample
total . per mm? per mm?
ota persection ¢ section of mass
05 525 131.25 1.21 1.96
11 672 168.00 2.21 5.00
33 497 124.25 2.09 2.79
53 779 194.75 2.92 6.42
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Table 3. Histometric evaluation of samples (Bavarian backed

meat loaf)
Number of particles

Sample

total i per mm? per mm?

ota PErSeChion f section of mass
05 525 131.25 1.21 1.96
07 781 195.25 2.93 4.17
40 586 146.50 1.84 3.13
55 270 67.50 1.29 1.72

tical point of view, it is easier to use the automatic mea-
surement of the mass using the overlay than to mark the
whole section manually. The variability of the results of
the comparison of the products of the same kind may be

Table 4. Length of bone fragments

dueto the characteristics of theraw material (i.e., theme-
chanically separated meat). It is, however, the effect of
the observance of the production procedure (i.e., the pro-
portion of the mechanically separated meat). There are,
however, not sufficient datafor the purpose of the evalu-
ation of theimportance of differencesand for the determi-
nation of the acceptable range of values.

Thesize of the objects (length) varied from 5to 2088 pm.
Similarly to other authors (BIJKER et al. 1983), wefound
that the majority of the objects had the size of up to
1000 pm. In our case, it was up to 500 pym (Table 4). The
size of the bone fragments depends on the raw material
used for the production of the separated meat as well as
on the type of the separating machine and, above all, on
the adjustment and correct function thereof. According
to the Technical regulations PN 27/2000 — Mechanically
separated poultry meat, poultry oven-ready product,

Number of particles
Sample
up to 100 pm up to 500 um up to 1000 pm up to 2000 pm up to 3000 um

01 649 49 2 0 0
02 837 58 0 0 0
03 1067 95 0 0 0
04 1098 136 11 3 1
05 346 171 6 1 0
06 100 22 3 1 0
07 679 102 0 0 0
08 118 17 0 0 0
10 1180 136 7 1 1
11 526 147 1 0 0
13 1108 77 3 0 0
16 1923 226 14 4 0
21 379 65 5 0 0
26 374 62 0 0 0
28 142 31 1 0 0
32 850 73 2 0 0
33 492 5 0 0 0
40 531 52 3 0 0
42 575 78 3 1 0
43 413 38 6 0 0
53 700 77 2 0 0
54 333 68 2 0 0
55 236 33 1 0 0
58 315 80 0 0 0
59 338 36 2 0 0
64 225 28 2 0 0
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Xaverov holding, 90% of all particlesmust be smaller than
1 mmand no one may be over 2 mm. The above mentioned
requirements apply also to the meat products from this
raw material. With regard to this, two samplesfailed. From
the practical point of view, aquick and rough examination
using an overlay such asanet of 1 x 1 mm (Fig. 1) would
be sufficient.

Conclusion

Using the image analysis, we examined 26 samples of
poultry meat productswith the aim to determine the num-
ber and the size of bone fragments and thus to evaluate
the products. Bone fragments were identified by their
colour and analysed automatically. The samples contained
13510 2167 bone particlesthelength of which varied from
5t02088 um. In two samples, we found fragmentslarger
than acceptable according to the Technical regulations
on mechanically separated meat. Comparing products of
the same kind, we found differences in the contents of
bone fragments; this was possibly due to an inadequate
observance of the technological procedure.

The use of theimage analysis, asfar asthe histometric
examination of the meat products is concerned, speeds
up the work. Objective results, however, can be obtained
only under conditions of preparing and staining slides of
high quality and standards. Manual corrections of the
image and re-classification of some incorrectly identi-
fied objectsare possible. Thisresults, however, inalong-
er time necessary to process the sample and can bring
about further errors. Results can be more objective if
higher number of sections of the sample are examined.
When itispossibletorecord alarger areaof theslideor,
in particular, thewholeof it, we can employ asmaller num-
ber of dlides.

Fig. 1. Overlay for magnification 32%, sam-
ple 10 (arrow — bone fragment)

From the practical point of view, the use of histometric
examinations of meat products lacks a legislation basis.
Controlling, however, the adherence to the norm on me-
chanically separated meat (i.e., by determining the size
and shape of bone fragments), it is possible to obtain
precise results using theimage analysis. Rough examina-
tions can be made using asimple overlay.
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Souhrn

TREMLOVA B., STARHA P. (2002): Histometrické vySetieni masnych vyrobki — stanoveni velikosti a po¢tu objekti.
Czech J. Food Sci., 20: 175-180.

Pti kvantitativnim histologickém vySetfeni dribezich vyrobkii jsme pomoci programu pro analyzu obrazu stanovili velikosti
a pocty kostnich ulomkt. Kostni ulomky byly identifikovany podle zbarveni a automaticky analyzovany. Vzorky obsahovaly
135 az 2167 kostnich ¢astic, délka Castic se pohybovala od 5 do 2088 um. Pti porovnani vysledkt u vzork stejného nazvu byly
zjistény rozdily, které mohou byt disledkem nedodrzeni vyrobniho postupu.

Kli¢ova slova: analyza obrazu; histologické vysetieni; masné vyrobky; kostni ulomky
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