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ABSTRACT: The objective of this work was to investigate the influence of dietary peas: linseed
mixture (3:1) on the performance and certain serum biochemical parameters of weaned piglets. The
faecal bacteriological and fungal composition and diarrhoea incidence was done as well. A total of 20
weaned piglets, 28 + 3 days of age, were assigned randomly to 2 groups: control diet (C diet) with a
classical diet (corn and soybean meal) and peas: linseed diet (PL diet, 3:1). The lipid and protein
profile were determined by Analyser BS — 130. The cortisol serum concentration was determined with
an Immulite 2000 (Siemens). The serum lipase concentration was determined by the spectropho-
tometer method. The number of microorganisms from the faeces samples was determined by counting
the colonies obtained on selected media for each particular microorganism. The dietary addition of
peas: linseed mixture did not influence the performance (P>0.05). The serum markers: cholesterol,
triglycerides, total protein and their fraction did not differ significantly between treatments. Except the
protein, which was slightly under the recommended limit, the other markers were within the
physiological limits. The dietary fat content was similar. Serum lipase level in weaned piglets
decreased insignificantly by dietary incorporation of peas: linseed (<9.06% in PL diet compared to C
diet). The lower level of serum lipase in PL diet was reflected in a higher level of triglyceride (>1.10
times) and cholesterol (>1.06 times). The cortisol level was reduced by 94% by peas: linseed
addition. The vegetable protein source did not have a significant influence on the bacteria of the
faeces. After 2 weeks from weaning, the bacteria count was slowly higher in PL diet compared to C
diet, as shown by a higher incidence of diarrhoea. We can conclude that peas and linseed are
valuable vegetable sources for weaning piglets, their combination delivering an opportunity to have an
optimal diet.
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INTRODUCTION

Weaning is a difficult period for piglets due
to their incomplete development of the

(2006) regarding clinical using of antibio-
tics caused an increased interest to de-

enzymatic system and factors generating
stress (Kiarie et al., 2007; Habeanu et. al.,
2015). The enteric bacterial infections are
often treated with antimicrobials but it is
important to control the use of antibiotics
(Laine et al, 2008). The EU regulation

velop new solutions (Lalles et al., 2009).
Post weaning piglets lose passive intes-
tinal immunity and structure and function
of the small intestine are altered (Laine et
al, 2008) as well as the intestinal flora is
altered (Melin et al., 1997). Escherichia
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coli plays a significant role in the aetiology
of intestinal disorder post weaning (Madec
et al.,, 2000). By feeding, it is known that
we can reduce the incidence of digestive
disorders (Pié et al., 2004).

Weaned piglets are sensitive to the dietary
protein (Hermes, 2011; Habeanu et al,
2015). The cheaper source of protein is
delivered by plants (soybean, peas, corn
gluten etc.). Plant proteins are limited
during the first 2 weeks post weaning due
to their possible inflammatory effect. How-
ever, the plant proteins ensure important
amino acids required by the piglet orga-
nism (Hermes, 2011).

Peas are characterrized by lower amino-
acid content compared to soybean meal,
and a lower digestibility of energy than
corn (Stein et al., 2004). In growing —fi-
nishing pigs there is no limitation on die-
tary inclusion levels, but in weaned piglets
results are less conclusive. Young piglets
have a limited capacity to digest fat. To-
kach et al. (2003) showed that the dietary
fat must have a high quality. Linseed is
unique as a vegetable source rich in a-
linolenic fatty acids (FA) and lignans which
have antimicrobial properties (Kiarie et al.,
2014). Peas are known to be a valuable
alternative to soy-bean meal (Le Gall et
al.,, 2014). A mix between linseed and
peas (1:3) could be a good opportunity to
improve energy, amino acids and the fatty
acid content of the compound feed.

This work aimed to investigate the in-
fluence of dietary peas: linseed mixture
(3:1) on performances and some serum
biochemical parameters. The health status
of weaned piglets reflected in incidence of
diarrhoea and bacteria and fungi popu-
lation of the faeces was determined as
well.

MATERIAL AND METHODS

The feeding trial was conducted on the ex-
perimental farm of INCDBNA Balotesti ac-
cording the Law 43/2014/ Romania.

Animal and diets

A number of 20 weaning piglets Topigs [¢
Large White x Hybride (Large White x
Pietrain) x & Talent, mainly Duroc], 28 + 3
days of age, 10 @ and 10 &, were
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assigned randomly to 2 groups, with two
replicates each one: control diet (C diet)
with a classical diet (corn and soybean
meal) and peas: linseed diet (PL diet, 3:1).
A total of 8% of peas and linseed mixture
replaced 20% of soybean meal and 6% of
corn grain. The diets (Table 1) were iso-
energetic and isonitrogenous, and formu-
lated to meet the requirements of hybrid
Topigs.

The feed was given ad libitum in pelletized
form, two meals/day. The intake and lefto-
vers were recorded on a daily basis. In or-
der to determine the growth performan-
ces, the piglets were weight at weaning
and after 20 days.

The linseed used in our study had a high
content of oil (~30%) and protein (~20%),
whereas peas had a lower content of oil
(~0.6%) but a protein level was close to
that of the linseed, intermediate between
cereals and soybean meal (19%).

Chemical and biochemical analyses

Standardized methods, as per Commis-
sion Regulation (EC) no. 152 (2009), were
used to determine the gross chemical
composition of the feed ingredients and of
the compound feeds (Habeanu et al.,
2015).

The blood samples were collected from 20
piglets by jugular venipuncture (hepari-
nized Vacutainer tubes, Vacutest®, Arzer-
grande, ltaly) in order to determine the
biochemical profile.

The lipid and protein profile were deter-
mined by Analyser BS — 130. The cortisol
serum concentration was determined by
Synevo Romania Laboratory, with an Im-
mulite 2000 (Siemens) which is a solid-
phase, competitive chemiluminescent en-
zyme immunoassay, with 1 x 30 minutes
incubation cycle (Habeanu et al., 2015).
The serum lipase concentration was deter-
mined by spectrophotometric method.

Analysis of the faeces

Samples of piglet faeces were collected
once a day in Petri dishes, during the ex-
perimental period and stored at -4 °C until
analysed for bacterial and fungal popu-
lations.
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The number of microorganisms from the
faeces samples was determined by coun-
ting the colonies obtained on selected
media for each particular microorganism.

The result was expressed as logarithm
(base 10) of colony forming units per gram
of sample.

Incidence of diarrhoea. The faeces of
every piglet were examined visually daily
in order to identify the piglets with diar-
rhoea. We used a subjective scoring sys-
tem from 1 to 3 to determine the severity
of diarrhoea: 1 = soft faeces; 2 = mild diar-
rhoea; 3 = severe diarrhoea.

The incidence of diarrhoea was calculated
as average number of days with diarrhoea

related to the total monitoring days.
Statistical analyses and calculation

The data recorded were expressed as
mean values and standard error of the
mean (SEM). The data were submitted to
variance analysis using SPSS - general
linear model (Statistics version 20, 2011).
The response to the dietary treatment was
variable dependent, and the diet was fixed
factor.

The individual was considered as an
experimental unit in the case of the serum
and performance determinations, while the
group was considered as experimental
unit in the case of the faeces composition
assessing.

Table 1.

Composition of the compound feed (%)
Items, % Diets

Control Peas: linseed

Turda corn 58.60 54.94
Wheat 10.0 10.0
Peas : linseed (3:1) - 8.0
Soybean meal 20.0 16.0
Corn gluten 3.0 3.0
Milk replacer 5.0 5.0
Soy oil, Onix variety 0.05 -
DL-methionine 0.10 0.08
L-lysine 0.29 0.22
Calcium carbonate 1.70 1.55
Phytase 0.01 0.01
Monocalcium phosphate 0.05 -
Salt 0.1 0.1
Choline premix 0.1 0.1
Vitamin-mineral premix } 1.0 1.0
Analysed composition (%)
Dry matter 89.30 89.33
ME (MJ /kg) t 32721 3289.81
Crude protein 18.85 18.32
PD 15.35 14.71
Lysine 1.20 1.20
Lysine Dt 1.01 0.99
Met + Cys 0.72 0.72
Met + Cys Dt 0.6 0.59
Calcium 0.9 0.90
Phosphorus 0.65 0.65
Cellulose 4.15 4.61
Ether extracted 2.4 2.8

1 ME and amino acid contents were calculated based on feed composition. Diets were provided in two meals

/day. D= digestible

1Vitamin mineral premix added at 1% to the diet contained (/kg feed): 10000 IU vitamin A; 2000 IU vitamin D3; 30
U vitamin E; 3 mqg vitamin K3; 2 mg vitamin B1; 6 mg vitamin B2, 20 mg vitamin B3; 13.5 mg vitamin B5; 3 mg
vitamin B6; 0.06 mg vitamin B7; 0.8 mg vitamin B9; 0.05 mg vitamin B12; 10 mg vitamin C; 30 mg of Mn; 110 mg
of Fe; 26 mg Cu; 100 mg Zn; 0.38 mg I; 0.36 mg Se; 0.3 mg Co,; 60 mg antioxidant
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RESULTS AND DISCUSSION
Animal performance

Field peas are an important nitrogen and
energy source, with a high biological value
and digestibility of the protein, low content
of fat and antinutritional factors. The re-
sults of this study confirm our previous
results regarding peas used as alternative
source for soybean meal in piglets diets
(Habeanu et al., 2009). Due to fat content
of the peas, in spite of a valuable fatty acid
composition, linseed was included in the
diet for its content in polyunsaturated fatty
acids, especially n-3.

The growth performances were not signi-
ficantly affected by applied treatment (Ta-
ble 2), fact reflected also in the serum bio-
chemical parameters values that were not
altered by dietary treatment (Table 3).

Serum biochemical profile

Serum parameters values are markers for
health status (Habeanu et al., 2010, 2011;
Yeom et al., 2012). The performances of
piglets are affected by the metabolic effi-
ciency reflected by level of certain indi-
cators. In our study, the serum indicators
(cholesterol, triglycerides, total protein and
their fraction: albumin, bilirubin, creatinine
and urea) did not differ significantly bet-

ween treatments. It is known that a high
content of blood cholesterol and trigly-
cerides is associated with an increased
risk of body disorders. As shown by the
results, the levels of both lipid indicators
(cholesterol and triglycerides) were within
the normal limits. Whatever the type of
marker, the piglets fed with peas: linseed
(3:1) had higher value (P>0.05).

Except the protein, slightly below the
recommended limit, the other markers
were within the physiological limits
(Merck&Co.&Merial (Firm), 2015; Yeom et
al.,, 2012). Previously, we showed that a
lower dietary level of protein reduced
piglet post-weaning syndrome associated
with the reduced proliferation of pathogen
bacteria (Habeanu et al., 2015). The se-
rum protein level could be a result of de-
ficient protein intake.

Urea is the main end product of the nitro-
gen (Whang & Easter, 2000) important as
marker of piglet’s ability to retain nitrogen
and use the amino acids. An increased
urea:creatinine ratio show us a sign of de-
hydration, renal dysfunction, protein-rich
diet etc. In our study, the ratio was < 20,
whatever the diet, and the values of both
indicators were within the range of 1-2.7
mg/dL for creatinine and 10- 30 mg/dL for
urea concentration.

Table 2.

Changes on weight, gain, feed intake and feed conversion by dietary addition of peas: linseed mixture
Items* C diet PL diet SEM P value**
Weight at weaning 6.61 6.58 0.15 NS
Weight after 20 days 11.63 11.37 0.24 NS
ADG 0.251 0.247 0.09 NS
ADFI 0.296 0.299
g gain: g feed 0.84 0.82

*ADG average daily gain; ADFI= average daily feed intake

**NS = the treatment applied did not influence significantly the performances

Table 3.

Effects of dietary addition of peas:linseed on serum lipids and protein profile
Parameters _ _ Reference value

C diet PL Diet Merck, Yeom, SEM P value
(2015) (2012)

Cholesterol (mg/dL) 83.40 88.60 31-54 59.45-270.3 2.58 0.35
Triglyceride 47.45 52.55 33-50 3-141.45 1.62 0.12
(mg/dL)

Protein (g/dL) 4.82 4.88 7.8-8.9 5.07-8.65 0.13 0.83
Albumin (g/L) 3.54 3.87 4.2-3.9 3.13-5.03 0.10 0.13
Bilirubin (mg/dL) 0.19 0.19 0.2-10 0-0.69 0.004 0.80
Creatinine (mg/dL) 1.19 1.51 1-2.7 0.10 0.14
Urea (mg/dL) 16.62 17.77 10-30 0.48 0.26
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Weaning period is characterized by a de-
cline in the pancreatic enzyme concen-
tration (Marion et al., 2003). The period of
time to recover the enzyme content of the
pancreas ranges from 2 to 3 weeks post
weaning (Marion et al.,, 2003), and de-
pends on the dry feed intake and protein
source. The lipase level also depends on
the dietary fat content. In our work the die-
tary fat level was similar. Serum lipase en-
zyme level of the weaned piglets de-
creased insignificantly by dietary incur-
poration of 8% peas: linseed (<9.06% in
PL diet compared to C diet, Figure 1). The
lipase has an important role in triglycerides
hydrolysis (Jensen et al., 1997). The lower
level of serum lipase in PL diet was re-
flected in a higher triglyceride (>1.10 ti-
mes) and cholesterol (>1.06 times) level.
A tendency that the treatment had effect
was noticed for serum cortisol as stress
indicator. The cortisol level was reduced
by 94% by the dietary addition of peas:
linseed. At weaning, the level of cortisol
specified in literature ranged between 1.7-
217 pg/dL and 1.68-2.27 ug/dL, 7 days
after weaning, respectively (Habeanu et
al., 2015). In our trial, 20 days after wea-
ning, the cortisol value varied between
0.08-2.89 ug/dL. A possible explanation of
this variability consists in the correlation
between cortisol concentration and the
health status of the piglets reflected in the
days of diarrhoea.

Faecal bacteriological and fungal com-
position and diarrhoea incidence

Enteric disorders in weaning crises have
consequences on mortality and on growth
performances for the producer being an
important aspect for sector productivity.
Enteric E. coli infection usually occurs in
the first week post weaning (Fairbrother et
al., 2005). These bacteria proliferate ra-
pidly. Due to oxidation, in the post-wea-
ning period, piglet potential to resist to in-
fection caused by E. coli bacteria and
other factors is affected (Habeanu et al.,
2015). Usually, in first days after weaning
piglets accumulate fluid in the intestine as
sign of dehydration, metabolic acidosis,
stress factors and a decreasing of feed
intake (Fairbrother and Gyles, 2006). The
vegetable protein source didn’t have a sig-
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nificant influence on the bacteriological
composition of the faeces (Figure 2).

After 2 weeks from weaning, the bacteria
count was slowly higher in PL diet com-
pared to C diet as shown by a higher inci-
dence of diarrhoea (figure 3).

The total fungal counts were close bet-
ween the treatments (4.19 Ig CFU/ g in C
diet vs. 4.08 Ig CFU/g in PL diet. Colonies
of Fusarium graminearum, F. verticilioides,
Penicillium and Yeast were identified. The
consistency score was measured on a
scale from 1 to 3: 1= soft faeces; 2= mild
diarrhoea; 3 = severe diarrhoea (figure 3).
The faecal score was similar between the
treatments.

CONCLUSIONS

Peas and linseed are valuable vegetable
sources for weaning piglets, their com-
bination delivering an opportunity to have
an optimal diet, balanced in essential nu-
trients with positive consequences on
weaned piglets. The changes on the
growth performance and in certain serum
biochemical parameters did not differ
significantly by dietary addition of peas:
linseed. The bacteria counts increased
slowly by peas: linseed treatment with
consequences on enteric disorder.
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E®PEKAT CMECE NPEXPAMBEHOI' TPALUKA U JIAHEHOI' CEMEHA (3:1) HA
nMPOU3BOAHE NEP®OPMAHCE, EHTEPUTUC U OOAPEHEHE NAPAMETPE
CEPYMA KO OAJIYMEHE NPACAAM

Muxaena XabeaHy*, Hukoneta Jlectep, AHka "eopre, KpnctuHa Tabyk, Muxaena Qymutpy,
"eopreta Unpyecky, Muxau NManage

HauunoHanHu nctpaxunsadki pasBojHU MHCTUTYT 3a Bronorujy n ucxpary xmsotura (INCDBNA),
Kanea BykypewTn 6p. 1, BanotewTn, 077015, PymyHuja

Caxetak: Liure oBor paga 6uo je ga ce uCTpaxu yTuuaj cmece npexpambeHor rpatlka:
naHeHor cemeHa (3:1) Ha npounsBogHe nepdopmaHce n ogpeheHe Bnoxemujcke napameTpe cepyma
Ko4 ognydeHe npacagu. Takohe cy ucnutaHe dekanHe 0akTepuornoLwke u yHranHe KynType, kao u
nojaea Aunjapeje. YKynHo aBageceT oanydyeHnx npacagm crapoctu o 28 + 3 naHa 6uno je HaCyMrnyHo
nofder-eHo y ABe rpyne: KOHTpomnHa rpyna (4 auwjeta) ca knacuyHoMm mcxpaHoM (KyKypy3 U COjuHa
cauma) u ornegHa gpyna (M1 amnjeta 3:1). JlunugHu 1 npoTenHckn cactae yTBpheH je nomohy ypehaja
Analyser BS — 130. KoHueHTpauuja kopTu3ona cepyma ogpeheHa je nomohy ypehaja Immulite 2000
(Siemens). KoHueHTpauuja nunase cepyma je ogpeheHa cnektopodoTOMETPUCKOM METOAOM. YKynaH
Opoj MuKpoopraHusama y y3opky deueca ogpeheH je metogom bpojara kosfoHuja Ha ogabpaHum
noanorama 3a CBakuM MuKpoopraHu3am. [JogaBaktbe cCMece rpallak: flaHeHO CeMe Huje 3HauvajHo
yTuuano Ha npou3BogHe nepdgopmaHue npacagu (p>0,05). Mapkepu cepyma: xonecrtepon,
TpuUrnuuepuan, yKyrnHu NnpoTenHU 1 bnxosa dpakumja ce Takohe HUCY 3Ha4vajHO pasnukosanu nsmenhy
TpeTMaHa. OcuM npoTenHa, Ynjn je cagpxaj bMo He3HaTHO Mcnog MpPenopydeHux rpaHuula, octanm
Mapkepu 6unu cy y npenopyyeHum usmonowkmm rpaHudama. Cagpxaj mactn 61o je cnvyaH kog
o6e rpyne npacagun. H1Bo nunase y cepymy Kog ucnutMeaHe npacaau 61o je HelwTo Mawn y OrneaHoj
rpynv y 0OHOCY Ha KOHTPOJIHY, anu pasnuka Huje buna cratuctnyky 3HadajHa (<9,06% y 11 gujetn y
nopefewy ca L| anjetom). Hmwxkn HMBO nunase cepyma y ornegHoj rpynu (1 anjeta) ornegao ce y
BuLLeM HMBOY Tpurnuuepuga (> 1,10 nyta) n xonectepona (> 1,06 nyta). H1BO KOpTM30a CMakbeH je
3a 94% y ornedHoj rpynu. M3Bop OWMrbHUX MpoTemMHa Huje MMao 3HadajaH yTuuaj Ha bakTepuje n3
deueca. HakoH oBe Hepgerbe of oabwjarwa, 6poj 6akTepuja je NOCTENEHO NOCTajao BULLM Y OrfefHOj
rpynu (M1 gujeta) y nopehewy ca koHTpornHoM (L, amjeTa), wTo je nokasana u Beha ydectanoct
avjapeje. Moxe ce 3akibyuuTu a rpallak v fiaHeHo cemMe NMpeAcTaBIbajy AparoueHe n3Bope OUrbHUX
npoTenHa 3a OA4nyyYeHy npacag, a huxosa KOMOMHauwmja npyxa MoryhHOCT onTummn3aumje ncxpaHe.

Krby4dHe peuu: epawak, naHeHo ceme, npou3sodHe nepghopmaHce, npoghus nnasme, rpacad
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