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THE EXTRUDED FEED ADDITIVE WITH ALGAE

Abstract

The article is devoted to the problems of determining quality and safety of extruded feed additive (EFA) with algae. It is
used in the production of mixed feed and premixes.

1t is proved that the safety of finished food products depends on the safety of feed and feed raw materials. The list of condi-
tions for obtaining safe finished products is given. Today traditional methods of analytical chemistry, express and toxicological
methods (marking, biotesting) are used for the analysis of feed safety.

The expediency of use of brown algae in the composition of feed products is substantiated. The brightest representative of
brown algae is Laminaria. The technology of using Laminaria algae in the composition of feed products in the form of extruded feed
additive is proposed.

The method of determination of organicity by methods of biotesting is given: biocrystallization method, determination of
the oxidation-reduction potential index (ORP), organicity using Colpoda steinii culture. Indicators of organicity are given.

An analysis of experimental samples biocrystalograms suggests that EFA is environmentally safe and do not endanger the
environment or the health and life of animals and humans. When determining the ORP of the EFA with algae it was established that
the product is easily digestible, since it has a biological compatibility with the animal organism.

4 1 http://grain-feed.onaft.edu.ua
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The expediency of using the process of extrusion to reduce the toxicity of algae is established. The application of the extru-

sion allows to add up to 15% Laminaria algae to the feed.

The results of biological studies of EFA in vivo are presented, which indicate a high biological efficiency of the use of algal
feed supplement in the composition of feed for young farm birds in the amount of up to 25%, since the average daily weight gain of

rats increases and the cost of feed decreases.

Kniouosi cnosa: extruded feed additive (EFA) with algae, biotesting, organicity, biocrystalogram, the oxidation-reduction

potential (ORP).

Introduction

The safety of the final products of animal origin
depends on the safety of feed and feed raw materials used
for its production. In Ukraine the Law No. 2845 «About
safety and hygiene of feed» was adopted in december
2017. It allows creating conditions for the development
of the feed market in Ukraine and promotes the growth of
the quality and safe feed production. Safe feed are the
feed that does not have a negative impact on the health of
people or animals or the feed that does not make food
products of animal origin dangerous for human consump-
tion.

The safety of feed depends on: the quality of
feed raw materials; the conditions of its transportation
and storage; technological process of production. The
safety and quality of feed raw materials and feed prod-
ucts are determined using analytical methods accredited
by the National Accreditation Agency of Ukraine or the
relevant foreign accreditation system.

Along with traditional methods of analytical
chemistry today express and toxicological methods of
analysis, for example, marking, biotesting, become wide-
spread. Modern biotesting methods are based on deter-
mining the action of toxicants on specially selected or-
ganisms in standard conditions with the registration of
various behavioral, physiological or biochemical parame-
ters [1, p. 17-20].

In the world feed industry today the use of sea-
weed is of great importance in the form of flour, crumb
and suspensions. In the feed industry brown algae are the
most widespread due to the greatest yield, ease harvest-
ing and other properties. The use of seaweed in the com-
position of feed allows to balance feed by microelements
and to reduce the need for antibiotics. Brown algae con-
tain a significant amount of amino acids, including me-
thionine, valine, isoleucine compared to other types of
algae. The brightest representative of brown algae is
Laminaria [2, p. 1-17; 3, p. 74-84; 4, p. 389-420].

The technology of obtaining an extruded feed
additive (EFA) using the Laminaria algae has been de-
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veloped in the Odesa National Academy of Food Tech-
nologies at the Department of Feed Technology and Bio-
fuel. The mass fraction of algae is 12,5 ... 15,0 % in the
additive. This technology includes the dosage and mixing
of pre-ground algae and grain, the extrusion of the result-
ing mixture, the cooling and the grinding of the finished
extrudate. This method can significantly reduce the cost
of preparing algae by eliminating the energy-intensive
drying process, and expand the assortment of feed prod-
ucts. The obtained additive can be used separately or as a
component of mixed feed, PVA, PVMA, premixes [5, p.
28-29; 6, p. 44-50].

The obtained extruded feed additive with the al-
gae is characterized by a significant content of mineral
substances (2,15 %), raw protein (9,13 %), polysaccha-
rides, vitamins. Ash contains a significant amount of
iodine (45.96 mg / kg). In contrast to inorganic iodine, it
has high bioavailability because it is in combination with
proteins. However, the percentage of algae and additives
with significant content of iodine in the composition of
mixed feed should not exceed 5 % to avoid risk of poi-
soning and illness of animals and poultry [7, p. 278-290].
In addition, algae grown in natural conditions, especially
in areas with a difficult ecological condition, can accu-
mulate toxic substances from reservoirs. This is due to
the significant sorption capacity of algae and
considerably restricts their use in the composition of
mixed feed.

Today, the issue of determining the organicity of
feed raw materials, feed additives and mixed feed by
experimental methods is acquiring significant relevance.
In scientific works [1, p. 17-20; 8, p. 18-23] the expedi-
ency of determining the criterion of feed and food prod-
ucts organicity according to the values of organoleptic
quality indices, complex safety indicators, comprehen-
sive indicators of nativeness and indicators of products
biological activity was substantiated.

The purpose of the study was to assess the or-
ganic and ecological nature of the extruded feed additive
with algae using biotesting methods.

Materials and methods of research

Research  objects:  Laminaria  algae,
crushed grain of corn, feed additive with algae be-
fore and after extrusion at the following ratio of
algae to grain of corn: sample number 1 - 10:90;
sample number 2 - 12.5: 87.5; sample number 3 -
15:85.

Indicators of organicity were determined
using a set of biotesting methods:

- a certified method of biocrystallization
(crystallographic method), which is based on a
qualitative and quantitative description and inter-
pretation of crystalline formation of biosubstrate
products and water in the presence of CuCl, salt [9,
p. 97-104; 10, p. 1-23];
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- index of oxidation-reduction potential (ORP)
of hydrogen solutions of experimental samples using
ORP-200 ORP-meter. In order to determine the ORP in
appropriate ratios the samples were mixed with distilled
water for 30 minutes at room temperature and were left
for 15 minutes to precipitate the particles and form a pre-
cipitate. After filtration of the obtained aqueous extract
its value of ORP was determined by immersing the ORP-
meter electrodes into a test fluid reservoir. The values of
ORP were fixed after stabilizing the electronic indexes
on the screen for 10-15 minutes. [11, p. 32-47];

- organicity using Colpoda steinii culture. The
research was conducted in accordance with GOST R
52337-2005. The live dry cysts of Colpoda steinii infu-
sion in a nutrient medium have the ability to excystation
after a 16-hour incubation at a temperature of 28 °C.
They lose mobility in contact with toxic substances. The
degree of toxicity of the experimental sample is deter-
mining by the time after which the infusions stop moving
indicates [12, p. 37-48]. The suspension with excystic
infusions was combined with an equal volume of the
experimental sample at an incubation temperature of
28°C. A drop of the mixture was seen in a crushed drop
under a microscope with an increase of 80 x 150. The
condition monitoring of infusion Colpoda Steinii in con-
trol and experimental samples was carried out during the
first 3 minutes; 10 minutes and 3 hours.

Research results

The evaluation of the organicity indicators of
the experimental samples was carried out visually on the
following indicators: morphological features — features of
curly needles, local features, interconnection of individu-
al morphological features, symmetry of the picture, tex-
tural features (structure density, regularity of branches),
overall image quality (integration, coordination).

1 2

Biocrystalograms of experimental samples are presented
on Fig. 1 and 2.

The symmetry of the drawings, the size of the
crystals and their branching for the obtained
biocrystalograms of the experimental samples (Fig. 1)
indicate their natural origin. This is due to the fact that
the shapes of the formed crystals needles are not de-
formed, straight and have different lengths, and the
branches are all similar to each other.

The structure is not very dense, the needles are
straight - not curved. Such a character of
biocrystalograms suggests that during the cultivation and
subsequent processing of algae and grain raw materials,
substances that could affect the structure of finished
products were not used. Consequently, these algae and
grain raw materials are environmentally safe and do not
endanger the environment or the health and life of ani-
mals and humans.

For biocrystalograms of the EFA with algae
(Fig. 2) a more needle-shaped branched form of crystals
on the limbs is characteristic. This is due to the chemical
changes in the components, namely dextrinization of
starch and the formation of a stable carbohydrate-protein
complex during the extrusion of experimental mixtures.

One of the important factors in the regulation of
the parameters of oxidative-reducing reactions occurring
in any liquid medium is the activity of electrons or ORP
of this medium. Normal ORP of the internal environment
of the animal's organism is in the range from -200 to
+100 mV. This means that the internal environment of
the organism is in a restored condition.

When determining the ORP of the EFA with al-
gae it was established that the value of the ORP is within
the range of +129,0 ... +144,0 mV (Fig.3).

This corresponds to the value of the ORP of the
internal environment of the animal's organism. Thus, the

3 4 5

Fig. 1 - Biocrystalograms of the experimental samples before extrusion:
1 —water control; 2 — initial corn;
3 — Sample number 1 - 10:90; 4 — Sample number 2 - 12,5:87,5; 5 — Sample number 3 - 15:85

5

Fig. 2 — Biocrystalograms of the experimental samples after extrusion:
3 — Sample number 1 - 10:90; 4 — Sample number 2 - 12,5:87,5; 5 — Sample number 3 - 15:85
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Fig. 3 — The value of ORP for feed additive with algae before and after extrusion

Duration of
incubation

m 3min
10 min

g 180 min

10

Toxic product
Fig. 4 — Toxicity of EFA with algae

- - not toxic (for 3 hours most of Colpoda
steinii remain mobile).

The results of the determination of complex eco-
logical and toxicological indicators of safety of the fin-
ished EFA with algae by the method of biotesting using
Colpoda steinii are presented in Fig. 4. As can be seen
from the data in Fig. 4 initial algae are a very toxic prod-
uct, but they can not be used in feed without pre-
treatment.

The application of the extrusion allows to add
up to 15% Laminaria algae to the feed, with the require-
ments not exceeding the limit of toxicity of the feed addi-
tive.

On the basis of the laboratory of biochemistry of
the Institute of Stomatology of the Academy of Medical
Sciences (Odessa) under in vivo conditions, a biological
assessment of extruded algal supplement was carried out.
Three groups of white rats at the age of 2 months were

15 20

Number of Colpoda Steinii

Non-toxic product

44

Culture Colpoda steinii
(an increase of 80x150)

formed with an average live weight of 105.6; 1 control
group consumed full-feed combi-feed for laying hens
with extruded corn; 2 research group - complete feed
with the inclusion of 25% EFA; 3 research group - full
ration compound feed 3% of EFA (taking into account
the daily iodine content in the recipe).

After 12 days, the average daily weight gains of
rats in the control group 1 were 3.2 + 0.18 g / day, in the
research 2 and 3 groups - 4.5 £ 0.45 and 4.0 + 0.36 g /
day, which is 40.63% and 25.0% more than in the
control, respectively. The absolute gains in live weight of
rats in the control group were 38.8 + 2.13 g/ goal, and in
the experimental group 53.4 + 5.37 and 48.4 + 4.34 g /
goal. The relative weight gains of rats in the control
group were 36.6 + 3.31% / goal, and in the experimental
2 and 3 groups, 47.2 + 5.88 and 44.3 + 3.36% / goal
respectively. The value of the absolute and relative
increase in live weight of rats in the control and



Grain Products and Mixed Fodder’s, Vol.19, 1.1 / 2019

-

experimental group is within the experimental error.

The consumption of mixed feeds for all groups
decreased from 20.4 g / 100 g of body weight at the
beginning of the experiment to 17.3 g / 100 g of body
weight by the end of the experiment, while the total
consumption of mixed feeds in the groups increased with
an increase in the body weight of rats on average from 20
at the beginning of the experiment to 24 g per day. The
relative decrease in the feed that was consumed is
associated with a decrease in the interest of the rats in
new feed, the composition of which did not change
during the experiment. The rest of the feed at the end of
the day in the feeders was similar and ranged from 5 + 2g

In the experimental groups that consumed the
compound feed with EFA there were no visible changes
in the state of the hairline and mucous membranes of the
oral cavity.

The lowest cost of feed was observed for the
research group 2, consumed feed with a content of EFA
25%. Feed conversion (feed costs for obtaining a gram of
increase in body weight of rats) in the control group was
5.31 g/ g, inresearch 2 and 3 groups - 3.78 and 4.2 g/ g,
which is 28.81 and 19, 96% less than in the control,
respectively.

Conclusions

The conclusions from the results of experi-
mental researches can be made about the possibility and
perspectivity of the use of methods for the determination
of organicity and biotesting in contrast with the tradition-
al methods of safety assessments of feed products and its
environmental labeling. For the production of safe EFA
the content of algae in its composition should not exceed
15%, and the additive itself in the feed - up to 25%.
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BUKOPUCTAHHA BIOTECTYBAHHA B OLIHIOBAHHI BE3IIETHOCTI
KOPMOBOI EKCTPY/IOBAHOI /IOBABKH 3 BO/IOPOCTAMH

Anomauin

Cmammsa npucesuena npooiemam GU3HAYEHHs AKOCMI ma 6e3neyHocmi ekcmpyoo8anoi Kopmosoi 006asKku
(EK]]) 3 6000pocmsmu, sika 3acmoco8yemucs npu UpoOHUYmMEi KOMOIKOPMIG | NPpeMIKCIg.

Jlosederno, wo 6i0 beznexu KoMOIKOpMOBOT nPOOYKYIL i KOPMOBOI CUPOBUHU 3aledcumb be3neka 20moeoi xap-
40601 npodykyii. Hasedeno nepenix ymoe ompumans 6esneunoi 2omosoi npooykyii. Cb0200HI 015 aHanizy 6e3neuHoc-
mi KOpMi6 8UKOPUCTNOBYIOMb MPAOUYIUHI MemOoOU AHATIMUYHOL XiMil, eKcnpec ma MOKCUKOAO2IUHI Memoou (MapKy-
8aHHs, Oiomecmy8aHis).

O0TpYHMOBAHO OOYINbHICMb BUKOPUCAHHA OYPUX 6000pocmell Y cKkiadi KomOikopmosoi npodykyii. Haiisck-
pasiwum npedcmasHukom Oypux godopocmeti € Laminaria. 3anpononosano mexmonozio 8UKOPUCMAHHS 8000OPOCHII
Laminaria y cknaoi Kombikopmosoi npooykyii y uensdi ekcmpyoo8anoi Kopmosoi 006asKu.

Buknadeno memoouxy euznauenHs opeauitHoCmi 3a O0NOMO2010 Memodié biomecmysanHs: memooy OIoKpuc-
manizayii, 6U3HA4eHHs NOKA3HUKA OKUCHO-8I0HO06H020 nomenyiany (OBII), opeaniynocmi 3a 00nomozoio Kyabmypu
Colpoda steinii. Hasedeno nokasHuku oyiHKu OpeaHiuHOCmi.
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Amnaniz 6iokpucmanocpamm 00CaiOHUx 3pasKie ceiouums, wjo EKJ] € exonoziuno 6e3neunoro ma ne mae 3a2po3u
0151 cmamy 008KiNIsl abo 300pos’s ma dcumms meapun i modeu. Ipu eusnavwenni OBI1 EKJ] ecmanosneno, wo npo-
OYKM J1e2KO 3AC80I0EMbCA, OCKLIbKU 80N00IE DION02IUHOIO0 CYMICHICMIO 3 Op2aHiZMoMm meapul. Becmanosieno ooyinb-
HICMb BUKOPUCMAHHSL MEXHON0IYHO20 NPOYeCy eKCmpyOy8anHs OJisl 3HUNCEHHST MOKCUYHOCmI 6o0opocmell. /lo cknady
EKJ[ 600opocmi mooscha esooumu y kinekocmi 0o 15 %.

Ilpeocmasneni pezyromamu bionociunux docriodcenv EKJ] 6 ymosax in vivo, sKi ceiouams npo 6ucoxy 0iono-
2IYHY eDeKMUBHICMb UKOPUCAHHSA 8000POCMEBOL KOPMOBOI 000asKU Y CKIA0l KOMOIKOPMIB 015t MOIOOHAKA CilbCbKO-
20cn00apcokoi nmuyi 6 Kinbkocmi 00 25 %, 0CKinbKu ni0gUUyOmMscs cepedHb000008i NPUPOCMuU MAcu mina ujypie ma
3MEHWYIOMbCS GUMPAMU KOMOIKOPMISE.

Knrouosi crosa: excmpyoosarna kopmoga 006aeka 3 6000pOCMAMY, OIOMeCMy68anHs, OP2aHIYHICMb, DIOKpUC-
Manozpamma, OKUCHO-8IOHOBIIOBANLHUL HOMEHYIA.

JITEPATYPA

1. Kpycip I''B., Kipisx A.B., Yepnuwosa O.0. Exonociune maprysanms opeaniunux komoikopmie // 3epHosi npooykmu i Kom-
oixopmu. 2015. T. 15, eun. 1. C. 17-20.

2. Show more Seaweeds for livestock diets: A review / Makkar H. et al. // Journal of Animal Feed Science and Technology.
2016. Vol. 212, No. 1. P. I-17.

3. Seaweed as a protein source for mono-gastric livestock / Angell A. et al. // Trends in Food Science & Technology. 2016.
Vol. 54, No. 1. P. 74-84.

4. Rajauria G. Seaweeds: a sustainable feed source for livestock and aquaculture // Seaweed Sustainability. Food and Non-
Food Applications: book/ ed. by Brijesh K. Tiwari and Declan J. Troy. Elsevier, 2015. Topic 15. P. 389-420.

5. Maxkapuncora A.B. Texnonoziuni cnocobu nepepobxu éooopocmeti / 36ipuuk me3s donogioeil 75 nHaykogoi kongepenyii eu-
kaadauie akademii. Odeca: MOH Yxkpainu, OHAXT, 2015. C. 28-29.

6. Maxapuncxas A.B. Mopckue 6o0opocau kax komnonenm kombuxopmos // 3epnosi npooykmu i kombikopmu. 2014. T. 14,
svin. 4. C. 44-50.

7. Fleurence J., Levine I. Seaweed in Health and Disease Prevention. 1st Edition: book. Academic Press, 2016. 476 p.

8. Mapoap M.P., Kpycip I'.B., Aniscora A.I. biomecmysanns 6 oyinioeanni 6esneunocmi 3epHogux niacmisyie // 3epnosi
npodykmu i kombixopmu. 2014. T. 14, eun. 3. C. 18-23.

9. Kahl J., Busscher, N. & Meier-Ploeger, A. Ganzheitliche Untersuchungs methoden zur Erfassung und Priifung der Qualitdt
okologischer Lebensmittel: Stand der Entwicklung und Validierung: projekttitel. Bonn: Geschdftsstelle Bundesprogramm
Okologischer Landbau in der Bundesanstalt fiir Landwirtschaft und Erniihrung, 2003. 265 p.

10. Standardization of the Biocrystallization Method for Carrot Samples / Busscher N. et al. // Biological Agriculture and
Horticulture, Academic Publishers Printed in Great Britain. 2010. Vol. 27, No. 1. P. 1-23.

11. Hlyavy M.A., Iucapesckuii A.M., [lonozosa H.II. Oxucarumenvueiti nomenyuan. Teopusi u npaxmuxa : MoHOSpa@usi.
Jlveoe: JI, 1984. 168c.

12.  Bunoxooog /{.0. Hayunvie ochoebi buomecmupoganus ¢ UCnoib308aHuem UHQYy30putl : OUcC. Ha NOJYYeHUe Hayy. CmeneHu
odokm. 6ion. nayk: 03.00.23: 3awuma 16.03.2007/ nayu. pyx. P. Cankm-Ilemepoype: Canxm-Ilemepoypeckuii mexnono2u-
yeckuil uncmumym, 2007. 270 c.

Haoitiwna 14.12.2018. /o opyky 05.01.2019. PEAN
Peyensin 25.12.2018 <\ J

Adpeca ona nepenucku: _

65039, Odessa, str. Kanatnaya 104, r. A 224.

UDK 634.4.084/27
W '0.Y. KARUNKYI, Dr. of Agricultural Sciences, Professor
'T.L. REZNIK, Postgraduate Student
’Ye.V. KULIDZHANOV,
'Odessa State Agrarian University, Odessa, Ukraine
’the Head of Affiliated State Centre “Ukrainian Institute of Soil Protection”

CHLORELLA SUSPENSION AND ITS USAGE IN
FINISHING PIGS’ RATIONS

Abstrakt

The animal husbandry cannot develop successfully without complete balanced feed and optimal forage supply.

This article deals with the chemical composition of chlorella suspension.

The ration is balanced with seaweeds as well as premixes, vitamins and bio supplement for the last decades. These
seaweeds include chlorella - a representative of green microscopic algae.

The use of chlorella allows for multi-factor balancing of the diet in accordance with modern feeding standards, which
increases the productive effect of feed and significantly increases the transformation of nutrients into livestock products. This is a
relevant issue of modern animal husbandry.

The chlorella suspension was material for scientific research. It was made on the farm “In Samvel”, Ovidiopol District.

According to the result of researches that took place on the farm " In Samvel”, Biliayevka District, Odessa Oblast and
SERF "Yuzhnyi" OSAGES NAAS, new data concerning chemical composition, the positive influence of investigated chlorella suspen-
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