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Abstract

Zraly Z., B. Pisafikova, H. Hudcova, M. Trékova, 1. Herzig: Effect of Feeding
Amaranth on Growth Efficiency and Health of Market Pigs. Acta Vet Brno 2004, 73:
437-444,

Theaim of the study wasto verify the effect of three diets containing 10% amaranth fed to pigs,
on selected parameters of metabolism and health and on the growth efficiency in comparison with
the control diet containing animal protein. The animals of each group were given the same diet
during the entire period of fattening. Experimental and control groups of pigs (n = 10 in each; 5
males + 5 females) with live weight of 18 kg were partialy ad libitum fed diets containing dried
surface amaranth biomass or amaranth grain either non-heat-treated or heat-treated by popping, or
a diet containing meat-and-bone meal for 100 days. No significant differences in the live body
weight gains were detected between experimental and control groups. The highest daily body
weight gain was recorded in animals fed the mixture containing heat-treated amaranth (0.78 kg)
and the best feed conversion was detected in the group fed non-heat-treated grain (2.45 kg). The
values of selected biochemical parameters ranged within the physiological limits.

Animal protein, performance, feed conversion, metabolism, health status

Occurrence of bovine spongiform encephalopathy (BSE), adopted measures directed
againgt its spreading and EU requirements to ensure food safety (A nonymous 2000a)
resulted in a complete prohibition of meat-and-bone meals (MBM) in the nutrition of all
farm animal species. Subsequently, particular measures were introduced to enhance the
confidence of consumers in the safety of food of animal origin and to minimize expected
adverse effects of animal protein absence in the diets on the health status and growth
efficiency of fattened monogastric animal categories.

After MBM prohibition, concern has been expressed what substances to use to replace of
high-quality raw material previously used for preparation of feed mixtures. The diets must
be supplemented with feeds which can saturate nitrogenous substances, essential amino
acids and provide sufficient energy. The use of synthetic amino acids may create aproblem
as some of the trade chains refuse to sell food from animals fed diets containing them
(Herzig 2001).

Although it is very difficult to replace animal protein, nevertheless leguminous plants
(soy, pea and lupine), oil plants (cilseed rape and sunflower) and products of fat
manufacture may be considered (Herzig 2001). All of the mentioned raw materials have
certain limitations for feeding purposes. The use of soy is limited by the price and
moreover, heat treatment is necessary for inactivation of antinutrient substances. Some
types of soy also contain oestrogen-like substances (Sommer 2003). Extruded oilseed
rape meal despite of decreased contents of glukosinolatesand erucic acid, represent afactor
that causes a significant decrease in iodine utilization with consequent signs of its
deficiency found both in animals and animal products intended for human consumption
(Herzig etal. 2001).
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One sustainable approach to reduce adverse effects of animal protein elimination from
animal feed rationsisthe use of amaranth that meets the requirements of a substitute for the
MBM (Herzig 2001).

Amaranthus (L .) genus comprises morethan 60 species. Under the conditionsof the Czech
Republic, three following species are significant: A. caudatus, A. cruentus and A.
hypochondriacus. Agrotechnical preconditions for its cultivation in our region have been
well recognized (JaroSova et al. 1997).

Amaranth grain, dried green amaranth biomass (12 to 18% of N-substances), liquid
product “amaranth milk” (20 to 25% N-substances) which can be condensed or powdered
are considered asraw materials suitable for animal feeding. Grains contain arelatively high
proportion of fat (6 to 8%), crude fibre represents 3 to 5% and the composition of amino
acids is better balanced than in conventional cereals (Carlsson 1979; Bressani et a.
1987; Szel ényi-Gal antai and Zsolnai-Harszi 1992; Andrasofszky et al. 1998).

It was confirmed in animal experiments that amaranth contains a high-quality protein
(Imeri etal. 1987). However, in certain cases, the parameters of growth efficiency obtained
were lower than expected (Correa et a. 1986). The possibility to use autoclaved grain for
chickens was tested by Acar et a. (1988), the effects of extruded amaranth grain in feed
rationswereinvestigated by Tillman and Wal droup (1987) and nutritional quality of the
surface biomasswas studied in lambs by Pond and L ehmann (1989). However, available
literature data on amaranth use in pig nutrition are missing.

The purpose of the present study wasto ascertain whether it ispossibleto substitute MBM
in a pig diet with amaranth when one type feed ration is used during the entire period of
fattening and itsimpact on the growth efficiency and health of pigs.

Materialsand Methods

Forty Large White x Landrace pigsin equal numbers of barrows and gilts (mean live weight 18.0 + 1.70 kg)
were used. All animals were earmarked by tattooing. Experimental animals were housed in pens of 10 pigs
each, under good hygienic conditions of accredited animal facilities in the Veterinary Research Institute
(approved project of the experiment No. 598 Ministry of Agriculture of the Czech Republic). Average surface
apacewas 1.7 m? and the length of the feeding place was 0.3 m per pig. Straw was used as bedding. Conditions
of animal hygiene were monitored by continuous measurements of ambient temperature and rel ative humidity.

The animals were weighed upon their arrival from the Agricultural Cooperative Farm and then 5 days after the
end of the adaptation period. The experiment was preceded by an 11-day pre-treatment period, during which the
pigsgradually adapted to the new diet and environment and concurrently, their performance and growth uniformity
were monitored. They were preventively dewormed during that period with the doses according to the
manufacturer’sinstructions (Ivomec, inj.; MSD, Agvet, USA).

Beforebiological testing commenced, the animal swere weighed, and based onindividual liveweight, they were
alocated to four groups (5 males and 5 females in each). Average weight of pigs in respective groups ranged
between 17.8 + 1.8 and 18.3 + 1.8 kg. Variation coefficient (< 10%) was consistent with the requirements of
biological testing (A nonymous 2000b).

Experimental diets were based on cereals (wheat and barley) and comprised extracted soy meal, 46% crude
protein (CP) and feed supplements. Control group diet (C) contained 4% of meat-and-bonemeal. Thedietsfor three
experimental groups contained 10% amaranth in the form of either dried surface amaranth biomass (DAB), or
ground amaranth grain (GAG), or popped (heat-treated) amaranth grain (PAG).

Compositions of experimental diets are given in Table 1. The diets were suggested for fattening of meat type
pigs with 56% proportion of lean musculature. The diets were analysed for the contents of basic nutrients
(Anonymous 1996).

The diets were mixed with drinking water 1:1 and offered to each group of pigs twice a day during the
experimental period (100 days), partialy ad libitum. The amounts of feed were regulated according to the current
intake and the weight of the animals so that food refusals might have been low. Thirty minutes after the beginning
of feeding, the refusals were removed, weighed and taken into account in subsequent calculations. Water was
available ad libitum.

Individually identified pigs were weighed at the beginning of the trial and on days 30, 60, and 100 of the trial.
The weighing precision was 0.1 kg. Pigs were regularly weighed 2 h post feeding with the same succession of
groups. The health status of animals was checked daily by observation at regular intervals. Occasional morbidity
and mortality were recorded. Postmortem examination was performed in dead animals.
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At the beginning and end of thetrial (day 100), always 3 h post feeding, blood sampleswere drawn fromv. cava
cranialisfor biochemical evaluation. Total protein, albumin, glucose, triglycerids, total cholesterol, HDL and LDL
cholesteral, alkaline phosphatase (ALP, EC 3.1.3.1), transferases (AST, EC 2.6.1.1; ALT, EC 2.6.1.2), calcium,
phosphorus and magnesium blood plasma levels were determined. Spectrophotometric measurements using Bio-
LaTests (PLIVA - LachemaBrno a.s., Czech Republic) were performed.

Individual and group weight gains during the experimental periods were calculated. Relative growth rate () of
animals was determined according to the following formula (K arak oz 1968).

q= Y0 100
yo

yo = weight at the beginning
yt =weight in aparticular period

Feed conversion was calculated from feed consumption and live weight gains.

The results obtained were processed by statistical methods using statistical and graphic software STAT Plus
(Matougkova et al. 1992).

Results

Appropriate diet for each animal group for both pre-treatment and trial periods was
designed (Table 1). The content of N-substancesin the diets designated C, DAB, GAG and
PAG was 183.2, 172.4, 173.8, and 173.2 g.kg™L, respectively. Metabolizable energy (MEp)
ranged between 13.1 and 13.4 MJ.kgL. The ratio between lysin and MEp ranged between
0.814 and 0.831 g.MJ ™. Table 2 shows the content of the other nutrients.

Tablel
Composition of the diets
Ingredients Diet!
(%) C DAB GAG PAG
Barley 20.40 17.00 30.00 33.00
Wheat 55.00 48.05 38.55 35.85
Extracted soy meal 46 % CP 18.20 20.50 18.50 18.20
Meat and bone meal 4.00 - - -
Amaranth - 10.00 10.00 10.00
Rapeseed ail - 2.00 - -
Salt - 0.05 0.05 0.05
Ground limestone - - 0.50 0.50
Monocal cium phosphate 0.20 0.20 0.20 0.20
Unimak P1-M? 2.20 2.20 2.20 2.20
Tota 100 100 100 100
) C —control diet DAB —dried surface amaranth biomass
GAG —ground amaranth grain PAG — popped amaranth grain

2) Commercial supplement contained the following per kg: 335 000 1U vitamin A, 45 000 U vitamin D, 125 mg
vitamin K, 2 665 mg vitamin E, 5.3 mg vitamin B;, 165 mg vitamin B,, 14 mg vitamin Bg, 1.10 mg vitamin B,,,
165 mg niacin, 250 mg pant. calcium, 1000 mg cholinchlorid, 0.8 mg biotin, 6 600 mg vitamin C, 110 g L-lysine
HCI, 33 g D,L-methionine, 55 g L-threonine, 15 mg Co, 65 mg J, 11 mg Se, 660 mg Cu, 1 585 mg Mn, 3 500 mg
Zn, 2080 mg Fe, 56 g Na, 12 g Mg, 80 g P, 205 g Ca, 833 mg Endox, 11 250 mg Bio-plus 2B,

2900 mg Natuphos 5 000G, 665 mg Sacharin

Mean live weight of the pigswas 14.9 + 1.6 kg at the beginning and 18.04 + 1.7 kg at the
end of the 11-day pre-treatment period. Mean weight gain during that period was 3.14 + 0.35
kg. Between-group differences in the mean weight of pigs either at the beginning of the
experiment or in the subsequent experimental periods (day 30, 60, and 100) were not
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Table2
Nutrient contentsin the diets

Ingredients Diet!

(a-kg?) C DAB GAG PAG
Dry matter 913.7 908.6 908.7 905.0
Nitrogenous substances 183.2 172.4 173.8 173.2
Fat 28.0 277 19.7 20.0
Fibre 325 425 311 316
Ash 96.4 59.2 57.2 53.4
Total 340.1 301.8 281.8 278.2
N-FE 573.6 606.8 626.9 626.8
oM 817.3 849.4 851.5 851.6
MEp (MJkg?) 13.1 132 13.4 13.3
Lysine/MEp (gMJ?1) 0.814 0.830 0.831 0.829

N-FE- nitrogen-free extracts

D C—control diet
GAG —ground amaranth grain

OM-organic matter

DAB —dried surface amaranth biomass
PAG — popped amaranth grain

M Ep-metabolizable energy

significant (P> 0.05). Table 3 showsthat the highest wei ght gain wasrecorded between days
1 and 30inthe group DAB (index 102.4); between days 31 and 60 in pigs fed the diet with
popped amaranth (index 102.2) and between days61 and 100in group GAG (index 105.8%).
Maximum relative growth rate was reached in group PAG (437.8 + 65.9%), although the
between-group difference was not significant (Fig. 1). Mean daily weight gains during the
entire trial period for groups C, DAB, GAG, and PAG were 775, 763, 770, and 778 g,

respectively.
Table3
Growth performance of pigsfed different diets (kg)
Live Weight Live Weight  Weight Live Weight ~ Weight

weight gan weight gain gain weight gan gan
Diet! DayO Day30 Period Day60 Period Tota Day 100 Period  Totd
C
Mean 18.3 35.0 16.7 57.8 22.8 395 95.8 38.0 775
+SD 178 3.96 2.82 5.26 2.46 4.65 5.86 3.26 5.60
Index % 100 100 100 100 100 100 100 100 100
DAB
Mean 181 35.2 171 575 223 39.4 94.4 36.9 76.3
+ SD 1.64 3.38 241 5.06 2.26 4.14 7.64 5.06 7.56
Index%  98.9 100.6 102.4 99.5 97.8 99.7 98.5 97.1 98.5
GAG
Mean 18.0 331 15.1 54.8 217 36.8 95.0 40.2 77.0
+ SD 157 4.57 4.47 6.91 3.23 6.41 6.22 3.27 5.70
Index %  98.4 94.6 90.4 94.8 95.2 93.2 99.2 105.8 99.3
PAG
Mean 17.8 34.4 16.6 57.7 23.3 39.9 95.6 37.9 77.8
+ SD 181 4.83 381 8.12 4.04 7.03 141 8.85 131
Index %  97.3 98.3 994 99.8 102.2 101.0 99.8 99.7 100.4

1 C —control diet
DAB —dried surface amaranth biomass

GAG — ground amaranth grain
PAG — popped amaranth grain
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Total consumption of the diet was 2 142 kg in group C, 1 955 kg in experimental group
fed DAB, 1733kgingroupfed GAG, and 1961 kgin group fed PAG. Average consumption
of the diet per animal and day was 2.14 kg in group C, 2.12, 1.89, and 1.96 kg in the other
groups DAB, GAG and PAG, respectively. Feed conversion in the groups C, DAB, GAG,
and PAG was 2.76, 2.78, 2.45, and 2.52 kg, respectively.

It follows from the results of biochemical
analysis of blood plasmain all groups of pigs that

600 —
= DAB most of investigated parameters ranged within
50w physiological valuesasgivenby Tlu&hot (2001).
Thevauesof ALT were below the reference limit
~ 400 1] before the beginning and after the end of the
: experiments (Table 4). AST activity decreased
™ 300 with the increasing age of the animals in al the
groups; the differences were highly significant in
2007 the control group (P < 0.01). The decline (within
physiological limits) in triglyceride levels (P <
107 ﬂﬂﬂl 0.01) ingroup DAB andincreased total cholesterol
. ‘ levels in group GAG (P < 0.05) were recorded.

30 60

100 Dbay: HDL cholesterol levelswereincreasedin groupsC

Fig. 1. Relative growth rate of fattened pigs and GAG (P < 0.01) in contrast to group DAB

animalswith decreased concentrations (P < 0.05).

Phosphorus levels during the entire course of the experiment were at the upper limit and
manganese levels were at the lower limit of the reference ranges.

One piglet from group GAG was excluded from the experiment because of theiliac joint
luxation on day 14 and another piglet with diagnosed endocar ditiset pericarditisacutafrom
group DAB on day 22. Dwarfism syndrome was recorded in one piglet from group PAG.
Another piglet with signs of chronic respiratory disease ingested less feed from day 58 to
the end of the experiment. No clinical signs of adisease were observed in the other animals.

Appropriate hygienic conditions were maintained in the animal facilities during of the
entire experimental period. Average temperatures recorded in the morning and in the
evening in the stable were 21.0 £ 2.2 °C (17.1to 24.9 °C) and 22.0 £ 2.2 °C (16.8 to
26.2°C), respectively. Averagerelative humidity recordedinthemorning andintheevening
was57.6 + 6.4% (44.6 to 71.3%), and 56.8 + 6.1% (47.4 to 66.7%), respectively.

Discussion

Investigation was carried out under conditions providing objective assessment of the
impact of respective diets on selected parameters of growth efficiency and health, including
biochemical characteristics. Inal groups, the sex of animals and their weight uniformity at
the beginning of the trial (variance coefficient ranged between 8.8 and 10.1%) were
considered. Nutrient content (Table 2) in respective diets was ailmost identical. It follows
that the feed rations were isocal oric and isoproteinic. The content of nitrogenic compounds
was dlightly increased in the control diet. The ratio between lysin and metabolizable energy
concentration was particularly well balanced (0.814 to 0.831 g.MJ D).

Dried surface amaranth biomass was tested since it contains relatively high levels of
nitrogenous compounds (14.3%) and high concentrations of linoleic acid (15.1 or 4.0 g.kg ™))
in comparison with dried surface biomass of dfdfa (Zeman et d. 1995). Because of
antinutrient substancespresentinamaranthgrain (Correaetal. 1986; | meri etal. 1987), heat
treating by popping (30 sat 160 °C) was used in one of the groups (PAG).

Asconfirmed by growth efficiency and health status of pigs(Tables3and 4), itispossible
to successfully use diets without animal protein for fattened pigs, i.e. diets containing only
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plant protein. The results expressed as the rate of live body weight gains, are even more
notable, asthey were obtained with the use of identical diet in each group of pigsduring the
entire experiment (pre—fattening, fattening stages I, and I1), although the requirements for
nutrients of the respective body mass categoriesof pigsaredifferent (Simecek etal. 1993).

The differences in average daily weight gain between control and experimental groups
were not significant. However, differences were observed in distinct periods of the
experiment. In the first phase of the experiment (30 days), the highest daily weight gain of
0.57 kg wasrecorded in group DAB. From day 31 to 60 and from day 61 to 100, the highest
daily weight gainswere recorded in groups PAG and GAG (0.78 and 1.01 kg), respectively
(Table3). Similar resultswere obtained by van L unen et al. (2003) whoincluded 10to 30%
extruded soy in ad libitum fed grower and finisher diets for pigs. It can be expected that
provided the requirements for concentrations of nutrients and energy in the given phases of
fattening and ad libitum feeding are met, pig growth intensity would be even higher.

Comparison of the diets tested in the present study documented a different daily intake
and growth efficiency expressed by feed conversion per kg of the weight gain. Particularly
in groups GAG and PAG with a lower daily feed consumption (1.89 and 1.96 kg,
respectively), feed conversion was higher (by 12.2 and 9.6%, respectively) compared with
the control group. It isremarkable that the growth efficiency was higher in group fed GAG
diet compared with group PAG. The results obtained in our study did not confirm adverse
effects of antinutrient substances in non-heat-treated amaranth grain (GAG). Imeri et al.
(1987) give data concerning the presence of atrypsin inhibitor, phenols, tannin, saponins,
and phytohaemagglutinins in amaranth.

During the course of the experiment, health status of pigs was assessed both by clinical
examination and biochemical analysis of blood plasma. No clinically manifested disease or
mortality related to the used diet was recorded during the experiment. It gives an evidence
of agood health status of the pigswhich wasal so confirmed by detected biochemical plasma
parameters. Optimal microclimatic conditions maintained in animal facilitieswhich isone
of important prerequisites for effective nutrient conversion, definitely contributed to good
health and production efficiency. Although two animals had to be excluded from the
experiments because of acute ateration of the health status (luxation, endocarditis), partial
dataon theweight gainsand feed consumption wasincluded in the cal cul ations. L ow weight
gain (0.53 kg per day) and lower live body weight of agilt from group PAG at the end of the
experiment reflected exacerbation of alatent respiratory tract infection.

It can be concluded from the presented results that amaranth used in the dietsin the form
of both grain and dried surface biomassis a source of nutrients adequate to the components
of animal originwhich have been prohibited. Considering high biological value of amaranth
protein, favourable amino acid composition and dietary fibre contents, it can be presumed
that amaranth inclusion in feed diets for fattened pigs may partially solve the problem of
animal protein replacement in the diets for monogastric animals. Moreover, it can be
expected that high contents of lipids, essential fatty acids, particularly linoleic acid and
squalen may be effective in wholesome pork production by modification of fatty acid
composition.

Vliv amarantu na ristové schopnosti a zdravi vykrmovych prasat

Cilem pokusu bylo ovéfit u prasat produkéni u€innost tii diet s obsahem 10 % amarantu
pfi pouZiti stejné krmné smési pro celé obdobi vykrmu, zhodnotit vliv na vybrané ukazatele
metabolismu a zdravi proti kontrolni diet€¢ s obsahem Zivoci§né bilkoviny. Pokusné
skupiny a kontrolni skupina zvifat (n = 10, 5 veptikd + 5 prasnic¢ek) byly semiadlibitné
krmeny krmnymi smésmi s obsahem suSené nadzemni biomasy amarantu nebo
neoSetfenym Ci tepelné oSetfenym zrnem popovanim, resp. smési s obsahem masokostni
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moucky od Zivé hmotnosti 18 kg po dobu 100 dni. Mezi pokusnymi zvifaty a kontrolni
skupinou nebyl zji$tén statisticky vyznamny rozdil v pfirastku Zivé hmotnosti. NejvyS$si
denni pfirGstek byl u zvifat krmenych smési s tepelné oSetfenym amarantem
(0,78 kg) a nejefektivnéjsi konverze krmiva byla u skupiny s tepeln€ neoSetienym zrnem
(2,45 kg). Hodnoty vybranych biochemickych ukazateli se pohybovaly v rozsahu
fyziologického rozmezi.
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