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Determining the proper quality and safety of animal feed requires constant surveillance and examination. Be-
cause of that, along with an organoleptic examination, microbiological, microscopic, chemical and other analyses 
need to be carried out. To perform the microscopic examination, which is the only official method to determine con-
stituents of animal origin in feed (European Community, 2003), instruments such as mills, mixers, and strainers as 
well as a stereomicroscope and a light microscope with polarization, fluorescent light and phase contrast are needed. 
The aim of the microscopic examination is to identify constituents on the basis of their morphological and histologi-
cal characteristics, to estimate the quantity and the proportion of the constituents in the feed mixture and to detect 
pollution of the feed. A microscopic feed examination is also adequate and applicable for detection of botanical im-
purities, like poison plants and their toxic seeds. There is an EU Directive (European Community, 2002) concerning 
undesirable substances in animal feed, containing a list of undesirable chemical and botanical impurities. Among the 
botanical impurities mentioned in the Directive, there are also: Datura stramonium, Ricinus communis, Claviceps 
purpurea, Crotalaria spp., Prunus armeniaca, containing alkaloids and glycosides. Undesirable substances of plant 
origin that are not mentioned in the legislation, but are spread with raw material for animal feed could also be de-
tected with this method. One example are seeds of the plant Ambrosia artemisiifolia, whose pollen is a strong aller-
gen for humans. 
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ОДРЕДУВАЊЕ НА РАЗЛИЧНИТЕ КОНСТИТУЕНТИ ВО СТОЧНАТА ХРАНА  
СО УПОТРЕБА НА МИКРОСКОПСКИОТ МЕТОД 

Одредувањето на соодветен квалитет и безбедност на сточната храна бара постојано надгледување и 
испитување. Заради тоа, заедно со органолептичкото испитување, мора да бидат извршени и микробиолошки, 
микроскопски, хемиски и други анализи. За да се изведе микроскопското испитување, кое е единствениот 
официјален метод за одредување на конституенти од животинско потекло во сточната храна (Европска 
Зедница, 2003), потребни се инструменти како што се мелници, миксери и филтри, како и стереомикроскоп и 
мал микроскоп со поларизација, флуоресцентно светло и фазен контраст. Целта на микроскопското испиту-
вање е да се идентификуваат конституентите врз база на нивните морфолошки и хистолошки карактеристики, 
да се проценат квантитетот и соодносот на конституентите во комбинацијата со сточната храна и да се 
одреди нивото на загадување на сточната храна. Микроскопското испитување на сточната храна исто така е 
адекватно и применливо за откривање на загадувања од растително потекло, како што се отровни растенија и 
нивно отровно семе. Постои Директива на ЕУ (Европска Заедница, 2002) која се однесува на непосакувани 
супстанции во сточната храна, содржејќи листа на непосакувани хемиски и растителни загадувачи. Покрај 
растителните загадувачи спомнати во Директивата, тука се и Datura stramonium, Ricinus communis, Claviceps 
purpurea, Crotalaria spp., Prunus armeniaca, кои содржат алкалоиди и гликозиди. Непосакувани супстанции 
од растително потекло кои не се споменати во законот, но се шират со суровините за сточна храна, можат 
исто така да се откријат со овој метод. Пример се семињата од растението Ambrosia artemisiifolia, чиј полен е 
силен алерген за луѓето. 

Клучни зборови: состав на сточна храна; анализа на сточна храна; микроскопија 
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1. INTRODUCTION 

Stockbreeding or livestock production occu-
pies a very important place in farming. Satisfac-
tory results in terms of public and animal health, 
animal welfare, the environment and the livestock 
producers' finances depend to a large extent on the 
use of appropriate good quality feeding stuffs 
(European Community, 2002). The production of 
faultless feeding stuff depends on different factors. 
The most important factors are: the quality of the 
raw material (stability, purity), the quality of the 
bought additives like premixes and pure sub-
stances, the quality of the made feed mixture (the 
harmonization with the recipe, homogeneity, sta-
bility), and techniques (transport of the raw mate-
rial, grinding, mixing, extrudation, packing, stor-
ing) (Vöhringer, 1997). 

We cannot maintain the requested high qual-
ity of the feed without constant examination of 
factors stated above (Vöhringer, 1997). In many 
cases an organoleptic examination is sufficient, 
still to determine the quality and wholesomeness 
microbiological, microscopic, chemical and other 
analyses are needed to be carried out. Compared to 
the most recent methods, mainly chemical meth-
ods, the microscopic examination of feed is a well 
known method for feed evaluation that determines 
the quality of ingredients and feed composition in 
a relatively short time and simple way. This is 
helpful especially when there is suspicion that the 
feed could be the reason of health problems and 
decreased production in animals (Kamphues et al., 
1998). 

2. MICROSCOPIC FEED EXAMINATION 

The aim of the microscopic feed examination 
is the identification of the ingredients on the basis 
of their morphological and histological character-
istics, estimation of the quantity and of the ration 
of the ingredients in the feed mixture, and the de-
tection of the feed pollution (Kamphues et al., 
1998). None of the raw materials for feed produc-
tion is absolutely clean, this is why in most cases a 
small amount of different contaminants (straw, 
seeds and fruits of other types of food crops, husk, 
sand, soil, etc.) is allowed. It is different when 
there are poisonous seeds or other parts of poison-
ous plants harmful to the animal health and there-
fore among prohibited substances in raw materials 

and feeds (Vöhringer, 1997). It is impossible to 
completely eliminate undesirable substances but it 
is also of vital importance to decrease the presence 
of substances, which are regarded as being acutely 
poisonous and to avoid biological accumulation 
and decomposition in animal feed products (Euro-
pean Community, 2002). 

It is also important that microscopic methods 
are often used to check for fake feeds made of less 
nutritive and worse digestible substances, which 
can significantly decrease the quality of feeds or 
can even be toxic to animals and subsequently to 
people. The information about the ratio of this sub-
stances in feed is very useful. With the microscopy 
it could be possible to find out the procedure of 
making and the influence of it on the quality of the 
feed, the contamination with bacteria, moulds, in-
sects and other pests. 

The first step in microscopic feed examina-
tion is the optical examination of the feed with the 
use of the stereomicroscope. In this way we get 
some raw data about the feed composition and 
contents of e.g. moulds, undeclared substances etc. 
If the answers with this examination are not satis-
fied, an accurate microscopic examination is nec-
essary, that could be performed just by an expert 
(Kamphues et al., 1998). There are some parallel 
procedures that help us in our work, for example 
sieving and separating particles of different sizes, 
flotation, sedimentation and concentration of the 
investigating structures, and use of specific re-
agents, that colour the individual structure in the 
way that we can see them. 

If we want to find out the feed composition, it 
is necessary to check several fractions of the sam-
ple with the microscope. The particles of the sam-
ple have to be determined, sorted and weighted. 
The percentage of the examined component is cal-
culated on the whole sample. This work demands 
huge knowledge about the components and their 
by products that are used for the feed mixtures. 
The literature for this field is important for the ac-
quirement of the knowledge, but above all an ar-
chive collection of single component from the feed 
and feed mixture is needed (Roetschi et al., 2003). 

Examination on the presence of constituents  
of animal origin 

The very important part of the microscopic 
feed examination occupies the microscopic feed 
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examination on the presence of constituent of ani-
mal origin. In the period before BSE (Bovine 
Spongiform Encephalopathy) the use of the differ-
ent feeds of animal origin was widespread. It was 
in force that these feeds were the cheapest and 
even the least problematic source of proteins. It 
was used for preparation for feed mixtures for all 
kinds of domestic animals and also other produc-
tion animals. Most of all meat, meat and bone, 
bone meal, cracklings, poultry, feather and blood 
meal, animal fat, fish meal, condense fish juice 
and fish oil, and also milk powder, whey and other 
secondary products in the milk production were 
used (Pravilnik o kakovosti krme, 1989; Hahn, 
1999; Pravilnik o kakovosti, označevanju in 
pakiranju krme v prometu, 2003). 

After the appearance of BSE it was found that 
its appearance in ruminants was probably caused 
by feeding animals with not enough heat treated 
meat and bone meal, they limited or prohibited the 
use of majority of feeds of animal origin (Mondini 
et al., 2008). With this the need of an efficacious 
control of constituents of animal origin in the 
feeds came. Experts stared to develop methods, 
and they hoped, that the methods would give 
enough precise and quick results and they would 
be at the same time more economical methods. But 
the only official method for detection of constitu-
ents of animal origin in feed is still the micro-
scopic method described in the Commission Direc-
tive 2003/126/EC (European Community, 2003). 

The constituents of animal origin are identi-
fied on the basis of typical, microscopically identi-
fiable characteristics (i.e. muscle fibres and other 
meat particles, cartilage, bones, horn, hair, bristles, 
blood, feathers filaments, eggshells, fish bones, 
scales) (European Community, 2003). The main 
fragments of animal origin that could be present in 
the feed are bones and muscle fibres. Also other 
fragments of animal origin such as cartilage, hairs, 
feathers filaments, eggshells, fish scale and liga-
ments could be found. Fragments that derived from 
the organs, skin and other soft tissues normally are 
not present or are not recognisable. To the pre-
scribed condition of sterilization of the material 
(133º C, 3 bare, 20 min.) the bone fragments are 
the most resistant. Also in the processed animal 
products some base characteristics of the frag-
ments of animal origin could be still recognised. In 
the long bones of the vertebrate animals the pattern 
of lacunae (contain bone cells – osteocytes) is visi-
ble, that is usually organized around the central 

canal (Havers canal) in series of circular lamella. 
Between the lacunas and also between the central 
canal there is a net of tiny tubes (canaliculae). In 
the cartilage the cartilage cells (chondrocytes) 
form holes that are more around shaped. Here 
there are no connective tubes, because the cells are 
fed by diffusion. There are some general descrip-
tions of tissues of animal origin in the important 
classes of vertebrate (mammals, poultry and fish), 
but also in these we could find some differences 
(Gizzi et al., 2003; van Raamsdonk et al., 2005). 

From 1999 to 2008 in Slovenia 2748 samples 
of different feeds were examined to determine the 
presence of constituents of animal origin. Only 95 
samples (3.46 %) contained constituents of animal 
origin. Most of these samples (73.68 %) contained 
fishmeal that was in some cases even mentioned in 
the declaration or the feed that was intended for 
animals that are allowed to be fed on fishmeal. The 
analyzed situation in the field of feed safety in 
Slovenia, regarding the presence of constituents of 
animal origin in the nutrition of domestic animals, 
shows that feed in Slovenia is from this point of 
view safe, that can also be attributed to the micro-
scopic examination of feed within the Veterinary 
Administration of the Republic of Slovenia 
(VARS) yearly monitoring. 

Examination on the presence of impurity  
and toxic substances of botanic origin 

With the microscopic examination poisoning 
plants or their toxic seeds could also be found out. 
The identification of seeds is usually by compari-
son with a mental image, a reference collection or 
with illustrations. If seeds are regularly handled 
and examined it is possible to build up and main-
tain an extensive knowledge. In most cases the 
useful clues for the identification of seeds comes 
from shape, size, colour, surface markings, texture 
and the shape and position of the attachment scar. 
Wings, scales, spines, awns or presence of hairs 
may also be useful. Unfortunately in agricultural 
seeds, and the weed seed impurities, these struc-
tures are often damaged or last during harvesting, 
cleaning and treatment processes. Seeds, like liv-
ing organisms, are inherently variable and an indi-
vidual seed may vary from the »normal« in one or 
more characters. Not all the usually typical fea-
tures may be developed; at times a particular fea-
ture may not appear at all or may be present in an 
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atypical form. Care should therefore be taken to 
examine all the features of a seed. 

Lighting is also important, the light used 
should not throw a colour cast and the direction 
may be critical for revealing features. It is often 
helpful to move a seed around to view it from dif-
ferent angles so that all features may be seen 
clearly. A reliable reference collection is an essen-
tial tool in the identification of seeds. Personal 
reference collections become a prized possession 
and life's work for many seed analysts who take 
great care to prevent loss, damage or contamina-
tion of samples. It is not always possible to iden-
tify a seed to the species level. In cases of doubt, 
determination of identity may have to be left at 
genus or even family level (NIAB, 2004). 

There is a Directive in the EU (European 
Community, 2002) concerning undesirable sub-
stances in animal feed, containing a list of undesir-
able chemical and botanical impurities, e.g. Da-
tura stramonium, Ricinus communis, Claviceps 
purpurea, Crotalaria spp., Prunus armeniaca, dif-
ferent Brassicae, seeds of weeds and fruits, that 
contains alkaloids, glycosides etc., where a micro-
scopic feed examination is also adequate and ap-
plicable. To Member states of European Union it 
is permitted, when a danger to animal or human 
health or to the environment exists, to reduce tem-
porary the existing maximum level of the men-
tioned undesirable substances. It is also permitted 
to define the maximum level of other substances or 
prohibit the presence of those undesirable sub-
stances in products intended for animal feed 
(European Community, 2002). Some laboratories 
made a proposal to place additionally, on the offi-
cial list of botanical undesirable substances, some 
other plants and their seeds, e.g. common ragweed 
(Ambrosia artemisiifolia) and ragwort (Senecio 
jacobaea) (van Raamsdonk, 2007). 

Among the botanical impurities, mentioned in 
the Directive (European Community, 2002), is also 
the plant named Thorn apple (Datura stramo-
nium). Seeds of this plant contain alkaloids, which 
are toxic for animals. The genus Datura contains 
more than a dozen species (Radeleff, 1970). Da-
tura poisoning has been reported throughout the 
world in humans and all classes of livestock 
(Radeleff, 1970; Friedman and Levin, 1989; 
Tostes, 2002; Hansen and Clerc, 2002; Binev et 
al., 2006; Soler Rodriguez et al., 2006). The spe-
cies of Datura mentioned above contain solana-
ceous alkaloids of the tropane configuration (atro-

pine, hyoscyamine and hyoscine – scopolamine) 
(Radeleff, 1970). Datura stramonium has different 
names: Thorn apple, Jimson weed, Jamestown 
weed (Radeleff, 1970). It is commonly found in 
barnyards, cultivated fields of sunflowers, maize 
and lucerne, roadsides, wasteland and other dis-
turbed habitats (Oladosu and Case, 1979). 

Common ragweed (Ambrosia artemisiifolia) 
is not known to be toxic for animals but cause se-
vere allergy in humans. The seeds of this plant are 
relatively often spread via bird feed and other con-
nected products (Schulz Schroeder in Russ, 2007). 
With this kind of feeds, people unknowingly, 
spread seeds of high allergenic plants in their close 
surroundings. In Europe, the presence of the rag-
weed and the ragweed allergy phenomenon is rap-
idly increasing, particularly in certain areas of 
France, Italy, Austria, Hungary, Croatia and Bul-
garia (Taramarcaz in sod., 2005; Wopfner in sod., 
2005; Schulz Schroeder in Russ, 2007). Despite 
the fact, that several countries have implemented 
various eradication methods, the ragweed contin-
ues to spread on. The effectiveness of individual 
eradication methods has not been known yet (Ta-
ramarcaz el al., 2005). 

Because of the present problems with spread-
ing the ragweed and allergic problems with the 
ragweed pollen, we examined, in Slovenia at the 
end of 2007 and beginning of 2009, 40 samples of 
different feed mixtures for wild birds, which were 
available to people in the ordinary sale. The mi-
croscopic examination of 40 samples showed that 
10 of 40 samples of different feeds for wild birds 
contained seeds of Datura stramonium (1 to 124 
seeds). The same samples were also used to exam-
ine the presence of seeds of the plant named Com-
mon ragweed (Ambrosia artemisiifolia) that is not 
toxic for animals but for humans, because its pol-
len is a strong allergen. 21 of 40 examined samples 
contained 1 to 235 seeds of Common ragweed. 
With regard to the fact that these different feeds 
for wild birds are accessible in the ordinary sale, 
there is a permanent possibility that people invol-
untarily spread this plant in their surroundings. 

3. CONCLUSION 

Microscopic feed examination is a univer-
sally useful method for hygiene and quality as-
sessment of the feed. On the one hand it is the only 
official method for determination of constituents 



 The determination of different feed constituents using the microscopic method 185 

Maced. J. Anim. Sci., 1 (1) 181–185 (2011) 

of animal origin in feed, on the other hand in a 
quite easy and fast way we could have a look in 
the quality and hygiene quality of the ingredients 
and composition of the feed. From the point of 
view of the composition of the feed it is very im-
portant to use the possibility of detecting the pres-
ence of undesirable substances and toxic com-
pounds of botanical origin, e.g. thus mentioned in 
the European and Slovene legislation or thus that 
are not mentioned in the legislation, but for the 
reason of the globalisation of the market, more and 
more frequent in the feed for domestic and wild 
animal. We must not forget that some of these sub-
stances of the feed, e.g. ambrosia, could be harm-
ful for humans. 

REFERENCES 

Binev R., Valchev I., Nikolov J., Haematological studies on 
jimson weed (Datura stramonium) intoxication in horses. 
Trakia Journal of Sciences, 4 (1), 43–8 (2006). 

European Community, Directive (EC) No. 32/2002 of the 
European Parliament and of the Council of 7 May 2002 
on undesirable substances in animal feed. Off J Eur 
Commun L, 140 (30/5/2002): 10–21 (2002).. 

European Community, Commission Directive 2003/126/EC of 
23 December 2003 on the analytical method for the de-
termination of constituents of animal origin for the offi-
cial control of feedingstuffs. Off J Eur Commun L 339 
(24/12/2003): 78–84 (2003). 

Friedman M., Levin, C. E., Composition of jimson weed (Da-
tura stramonium) seeds. J. Agric. Food Chem., 37, 998–
1005 (1989). 

Gizzi G,, van Raamsdonk L. W. D., Baeten V. et al., An over-
view of tests for animal tissues in feeds applied in re-
sponse to public health concerns regarding bovine spon-
giform encephalopathy. Rev Sci Tech Off Int Epizoot, 22 
(1), 311–31 (2003). 

Hahn H., Animal meal: production and determination in feed-
stuffs and the origin of bovine spongiform encephalopa-
thy. Naturwissenschaften, 86, 62–70 (1999). 

Hansen P., Clerc B., Anisocoria in the dog provoked by a 
toxic contact with an ornamental plant: Datura stramo-
nium. Vet Ophthalmol, 5, 4, 277–9 (2002). 

Kamphues J., Gies P., Vohringer H., Hahn H., Feed micros-
copy – its special relevance for veterinary nutrition. J 
Anim Physiol Anim Nutr, 80 (2/5): 207–12 (1998). 

Knight A. P., Plant poisoning of horses. In: Equine clinical 
nutrition: Feeding and care. Ed L.D. Lewis. USA, Wil-
liams&Wilkins, Rose Tree Corporate Center, 457–462 
(1995).. 

Mondini C., Cayuela M. L., Sinicco T., Sánchez–Monedero 
M. A., Bertolone E., Bardi L., Soil application of meat 
and bone meal. Short term effects on mineralization dy-
namics and soil biochemical and microbiological proper-
ties. Soil Biol Biochem, 40, 462–74 (2008). 

NIAB, Seed identification handbook: agriculture, horticulture 
& weeds. 2nd Edition, NIAB, Cambridge, 1–94 (2004). 

Oladosu L. A., Case A. A., Large animal hepatotoxic and 
nephrotoxic plants. Veterinary and Human Toxicology 
21, 363–365 (1979). 

Pravilnik o kakovosti krme, Ur. List SFRJ 45 (15), 381–403 
(1989). 

Pravilnik o kakovosti, označevanju in pakiranju krme v 
prometu, Ur. List RS 13 (34), 4008–35 (2003). 

Radeleff R. D.,. Veterinary Toxicology. 2nd ed. Lea & Febiger, 
Philadelphia, 101–3 (1970). 

Roetschi A., Frick G., Hauswirth H., Feed inspection: check-
ing the composition using microscopy. Station Federale 
de Recherches Agronomiques de Changins, Nyon, Swit-
zerland. Revue Suisse d'Agriculture, 35 (3), 131–138 
(2003). 

Schulz Schroeder G., Russ G., Spreading of allergenic com-
mon ragweed (Ambrosia artemisiifolia L.) by birdfeed. – 
poster presented on the IAG – meeting in Potsdam, Ger-
many (2007). 

Soler Rodriguez F., Martin A., Garcia Cambero J. P., Oropesa 
A. L., Perez Lopez M., Datura stramonium poisoning in 
horses: a risk factor for colic. Vet. Rec., 158, 132–133 
(2006). 

Taramarcaz P., Lambelet C., Clot B., Keimer C., Hauser C., 
Ragweed (Ambrosia) progression and its health risks: will 
Switzerland resist this invasion? Swiss. Med. Wkly., 135, 
538–548 (2005). 

Tostes R. A., Accidental Datura stramonium poisoning in a 
dog. Vet. Hum. Toxicol., 44 (1), 33–34 (2002). 

Van Raamsdonk L. W. D., A survey on the presence of unde-
sirable botanic substances in feed in the European Union. 
Project number 771.666.01, RIKILT – Institute of Food 
Safety, Wageningen, The Netherlands, 1–20 (2007). 

Van Raamsdonk L. W. D., Zegers J., Van Cutsem J., et al. 
(2005). Microscopic detection of animal by products in 
feed. In: Stratfeed – Strategies and methods to detect and 
quantify mammalian tissues in feedingstuffs: WP3. Euro-
pean Project, STRATFEED G6RD 2000 CT 00414. Lux-
embourg: Office for Official Publication of the European 
Communities, 39–54. http://stratfeed.cra.wallonie.be (2005). 

Vöhringer H., Kontrola kvaliteta u proizvodnji premiksa, 
koncentrata i smeša primenom stereomikroskopije, mik-
rohemijskih testova i drugih jednostavnih postupaka 
(Smernice za kontrolu kvaliteta metodom mikroskopi-
ranja). Treće prošireno izdanje; Hoffmann La Roche, 
Wien, 1–77 (1997). 

Wopfner N. et al., The spectrum of allergens in ragweed and 
mugwort pollen. Int Arch Allergy Immunol, 138, 337–346 
(2005). 

 


