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ABSTRACT: The effects of dietary extruded linseed (ELS):walnut meal (WM) mixture (8:1) on some 
plasma parameters and intestinal health in weaned piglets was investigated. Forty piglets (Topigs 
hybrid; body weight BW=8.02±0.82 kg), age 30±3 days, were divided into 2 groups and fed 2 diets: 
control (C, based on corn-triticale-soybean meal (SBM)) and experimental (ELS:WM, where the 
ELS:WM mixture 8:1 partially replaces SBM). Blood samples were collected at 7 and 21 days post-
weaning (PW). A chemistry analyzer was used to determine the plasma lipid (total cholesterol, T-Chol; 
HDL-cholesterol, HDL-C; triglycerides, TG), mineral and enzymatic profile. Microbial populations from 
fecal samples were determined by counting the colonies obtained on selected media. There was no 
effect of dietary mixture inclusion on plasma parameters at 7 and 21 days PW (P>0.05). The plasma 
HDL-C concentration was positively correlated with the alpha-linolenic (ALA) fatty acids content of diet 
at days 7 (r=0.94, P<0.0001) and 21 PW (r=0.89, P<0.0001), while at day 21 PW the T-Chol (r=0.52, 
P=0.08) and TG (r=0.54, P=0.07) tended to be influenced by the dietary treatment. Fecal score (FS) 
decreased at day 7 PW (P>0.05), and at day 21 PW a tendency to decrease FS as a response to 
dietary mixture addition was observed (P=0.07). The tested dietary mixture positively affected the 
microbial fecal populations by decreasing the Staphylococcus spp. (P=0.001), E. coli (P<0.0001) and 
fungi (P=0.004), also tended to increase the Lactobacillus spp. (P=0.08). In conclusion, the dietary 
mixture could be an alternative to partially replace SBM in piglet’s diet due to positive biochemical 
response and intestinal health. 
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INTRODUCTION 
The gut of piglets during weaning period is 
associated with changes of size, protein 
turnover rates, microbiota, digestive and 
immune function (Pluske et al., 1997). As 
a result, plasma markers, as indicators of 
health status, could be altered as well. The 
stress-generating factors specific to wea-
ning period slow the growth rate caused 
by high diarrhea incidence and imbalan-
ced intestinal microecology (Giang et al., 
2012). Growth and disorders, weakness or 
high mortality rate are manifestations of 
the effect of immunity function, inappro-

priate adaptation of the thermoregulation 
system, incomplete digestive system de-
velopment as well as secondary infections 
caused by pathogens. For example, en-
teric diseases that are often associated 
with different Escherichia coli bacteria 
cause 1.5–2.0% post-weaning mortality 
(Kiers et al., 2003; Jansman et al., 2007). 
Many authors have shown that different 
protein sources or higher level of dietary 
proteins provide a substrate for pathogen 
bacteria to proliferate (Nyachoti et al., 
2006; Hăbeanu et al., 2015), causing wa-
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tery feces (Wellock et al., 2008) and af-
fecting the health and performance of pig-
lets (Che et al., 2012). Thus, the pre-
sence of by-products (e.g. linseed, walnut 
by-products) in the diet, with various com-
binations of phytonutrients and biologically 
active substances (n-3 fatty acid, FA; 
alpha-linolenic, ALA; antioxidants; lignans; 
dietary fiber) with beneficial effects on ani-
mal health, could offer benefits with res-
pect to the control of diarrhea and feed ef-
ficiency in piglets.  
Linseed is among the most known poly-
unsaturated fatty acid (PUFA) source 
which led to beneficial effect on health 
(Zhan et al., 2009). Several biological ac-
tivities, such as beneficial effects on se-
rum parameters, immune mediators and 
anti-inflammatory responses in humans 
and animals were reported using linseed 
diets (Barcelo-Coblijn and Murphy, 2009; 
Farmer et al., 2009; Țăranu et al., 2014). 
Moreover, walnut meal is a nutrient-dense 
food with exceptional nutrient profile which 
has been investigated for its antiathero-
genic, anti-inflammatory and antioxidant 
activities (Mar-tínez et al., 2010; Chen et 
al., 2012).  
Due to the complementary effects, we pro-
pose as a solution a mixture of linseed and 
walnut meal (8:1) as an alternative to im-
prove the energy, amino acids and fatty 
acid balance of the compound feed which 
could additionally be beneficial in mini-
mizing some of the adverse effects of 
weaning stress period. Therefore, we 
aimed to investigate how this mixture in-
fluences certain plasma parameters and 
intestinal health. 

MATERIALS AND METHODS 
The trial procedures were approved by the 
Animal Care Committee of the INCDBNA 
Balotesti (Romania) and pigs were 
handled in conformity with EU Directive 
2010/63/EU (OJEU, 2010).  
Animals and diets 
A total of forty weanling piglets Topigs [♀ 
Large White x Hybride (Large White x 
Pietrain) × ♂ Talent, mainly Duroc], ave-
rage body weight (BW) 8.02±0.82 kg, age 
30±3 days, housed in environmentally 
controlled conditions, were randomly as-

signed into 2 groups (male : female, 1:1) 
with 2 replicates each (10 piglets/pen). 
Piglets had free access to feed and water 
for all period. 
Dietary treatments consisted from a con-
trol diet (C, based on corn-triticale-soy-
bean meal (SBM)) and an experimental 
diet (ELS:WM, based on corn-triticale-
SBM and a mixture of extruded lin-seed: 
walnut meal (8:1) that replaced 27.8% of 
SBM).  
The gross chemical composition of dietary 
mixture ELS:WM used in this study was 
910 g/kg dry matter, 274 g/kg crude pro-
tein, 143 g/kg crude fat, 156 g/kg crude 
fiber and 14.95 MJ/kg ME. 
The diets were isocaloric and isonitro-
genous, formulated based on corn, triti-
cale, soy-bean meal, corn gluten, milk re-
placer, sun-flower oil, essential amino 
acids (L-lysine and DL-Methionine), cho-
line premix, phytase and vitamin-mineral 
premix, according to nutrient require-
ments of pig’s hybrid (Topigs, 2012).  
The analyzed composition and fatty acid 
profile of diets are presented in Table 1. 
As expected the experimental diet con-
tained a high concentration (24.58%) of 
C18:3 n-3 and a ratio of 1.67:1 of LA:ALA 
as the results of dietary mixture addition.  
Chemical analysis 
The chemical composition of feed ingre-
dients and diet samples was determined 
by standardized methods according to EU 
Regulation 152/2009 (OJEU, 2009): dry 
matter (SR ISO 6496:2001), crude protein 
(SR EN ISO 5983-2:2009), crude fat (SR 
ISO 6492:2001), crude fibre (SR EN ISO 
6865:2002), crude ash (SR EN ISO 
2171:2010).  
The fatty acids profile of feed ingredients 
and diets were determined by gas chro-
matography, as described Hăbeanu et al. 
(2014; 2015). 

Blood sampling and analysis  
Blood samples were collected on days 7 
and 21 post-weaning from 8 piglets per 
group (4 male and 4 female) by jugular 
venipuncture in heparinized vacutainer tu-
bes (6 mL) and centrifuged (3000 rpm for 
15 min) for plasma separation.  
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A chemistry analyzer (Spotchem EZ SP-
4430, Arkray, Japan) and specific com-
mercial kits were used to determine the 
plasma biochemical parameters (total cho-
lesterol, T-Chol; HDL-cholesterol, HDL-C; 
triglycerides, TG; calcium, Ca; magne-
sium, Mg; inorganic phosphorus, IP; glu-
tamyl oxaloacetic transaminase, GOT; glu-
tamyl pyruvic transaminase, GPT; creatine 
phosphokinase, CPK; gamma-glutamyl 
transferase, GGT).  
Faeces sampling and analysis  
During the first week post-weaning sam-
ples of piglet feces were daily collected in 
Petri dishes, and stored at -4 °C until mi-
crobiological analyses (Hăbeanu et al., 
2015).  
Fecal microbial populations (total fungi, 
Staphylococcus spp., E. coli, Lactobacillus 
spp., Salmonella) were determined on se-
lected media using a colony counter. The 
results were expressed as a logarithm 
(base 10) of colony-forming units per gram 
of sample. For the calculation of the fecal 
score the consistency of piglets feces was 

evaluated visually daily according to a 
scoring system from 1 to 3 (1, soft feces; 
2, mild diarrhea; 3, severe diarrhea). The 
inci-dence of diarrhea (%) was calculated 
as average number of days with diarrhea 
related to the total monitoring days (Hă-
beanu et al., 2017).  

Statistical analysis 

The results are given as means and stan-
dard error of the mean (SEM). All expe-
rimental data were analyzed using the 
GLM procedure of the software SPSS 
(IBM SPSS Statistics version 20.0, 2011). 
One-way analysis of variance (ANOVA) 
with the Tukey's comparison test was used 
to evaluate statistical significance of differ-
rences between the dietary treatments.  

Differences were considered significant at 
P≤0.05. The individual was considered as 
experimental unit in case of plasma bio-
chemical analysis and replicate for the fe-
cal parameter determinations. The bacte-
rial counts were transformed (log10) be-
fore statistical analysis.  

 

Table 1.  
Chemical composition and fatty acid profile of piglet diets 

Chemical composition (g/kg) Dietary groups 
C ELS:WM 

Dry matter 895.2 891.9 
Crude protein 187.5 183.3 
Lysine 12.0 12.0 
Methionine+Cystine 7.2 7.2 
Calcium  9.0 9.0 
Phosphorus  7.8 7.8 
Crude fat 47.5 47.3 
Crude fiber 36.9 43.0 
Metabolisable energy, ME (MJ/kg)* 13.64 13.63 
Fatty acid (% of total FAME)   
C14:0 (myristic) 0.16 0.10 
C16:0 (palmitic) 12.99 9.11 
C16:1 (palmitoleic) 0.16 0.16 
C18:0 (stearic) 2.89 2.80 
C18:1cis-9 (oleic) 26.53 21.38 
C18:2n-6 (linoleic LA) 51.54 41.00 
C18:3n-3 (alpha-linolenic ALA) 4.59 24.58 
C18:4n-3 (stearidonic) 0.35 0.27 
C20:2n-6 (eicosadienoic) 0.28 0.20 
C20:4n-6 (arachidonic) 0.25 0.12 
Total SFA 16.04 12.01 
Total MUFA 26.69 21.54 
LA:ALA ratio 11.23 1.67 

C – control diet, ELS:WM – extruded linseed:walnut meal diet  
*ME calculated using regression equations (NRC, 1998) 
Results are given as mean (n=3); FAME: fatty acids methyl esters; SFA: Saturated fatty acids; Total SFA = C14:0 
+ C16:0 + C18:0; MUFA: Monounsaturated fatty acids; Total MUFA = C16:1 + C18:1cis-9 
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tery feces (Wellock et al., 2008) and af-
fecting the health and performance of pig-
lets (Che et al., 2012). Thus, the pre-
sence of by-products (e.g. linseed, walnut 
by-products) in the diet, with various com-
binations of phytonutrients and biologically 
active substances (n-3 fatty acid, FA; 
alpha-linolenic, ALA; antioxidants; lignans; 
dietary fiber) with beneficial effects on ani-
mal health, could offer benefits with res-
pect to the control of diarrhea and feed ef-
ficiency in piglets.  
Linseed is among the most known poly-
unsaturated fatty acid (PUFA) source 
which led to beneficial effect on health 
(Zhan et al., 2009). Several biological ac-
tivities, such as beneficial effects on se-
rum parameters, immune mediators and 
anti-inflammatory responses in humans 
and animals were reported using linseed 
diets (Barcelo-Coblijn and Murphy, 2009; 
Farmer et al., 2009; Țăranu et al., 2014). 
Moreover, walnut meal is a nutrient-dense 
food with exceptional nutrient profile which 
has been investigated for its antiathero-
genic, anti-inflammatory and antioxidant 
activities (Mar-tínez et al., 2010; Chen et 
al., 2012).  
Due to the complementary effects, we pro-
pose as a solution a mixture of linseed and 
walnut meal (8:1) as an alternative to im-
prove the energy, amino acids and fatty 
acid balance of the compound feed which 
could additionally be beneficial in mini-
mizing some of the adverse effects of 
weaning stress period. Therefore, we 
aimed to investigate how this mixture in-
fluences certain plasma parameters and 
intestinal health. 

MATERIALS AND METHODS 
The trial procedures were approved by the 
Animal Care Committee of the INCDBNA 
Balotesti (Romania) and pigs were 
handled in conformity with EU Directive 
2010/63/EU (OJEU, 2010).  
Animals and diets 
A total of forty weanling piglets Topigs [♀ 
Large White x Hybride (Large White x 
Pietrain) × ♂ Talent, mainly Duroc], ave-
rage body weight (BW) 8.02±0.82 kg, age 
30±3 days, housed in environmentally 
controlled conditions, were randomly as-

signed into 2 groups (male : female, 1:1) 
with 2 replicates each (10 piglets/pen). 
Piglets had free access to feed and water 
for all period. 
Dietary treatments consisted from a con-
trol diet (C, based on corn-triticale-soy-
bean meal (SBM)) and an experimental 
diet (ELS:WM, based on corn-triticale-
SBM and a mixture of extruded lin-seed: 
walnut meal (8:1) that replaced 27.8% of 
SBM).  
The gross chemical composition of dietary 
mixture ELS:WM used in this study was 
910 g/kg dry matter, 274 g/kg crude pro-
tein, 143 g/kg crude fat, 156 g/kg crude 
fiber and 14.95 MJ/kg ME. 
The diets were isocaloric and isonitro-
genous, formulated based on corn, triti-
cale, soy-bean meal, corn gluten, milk re-
placer, sun-flower oil, essential amino 
acids (L-lysine and DL-Methionine), cho-
line premix, phytase and vitamin-mineral 
premix, according to nutrient require-
ments of pig’s hybrid (Topigs, 2012).  
The analyzed composition and fatty acid 
profile of diets are presented in Table 1. 
As expected the experimental diet con-
tained a high concentration (24.58%) of 
C18:3 n-3 and a ratio of 1.67:1 of LA:ALA 
as the results of dietary mixture addition.  
Chemical analysis 
The chemical composition of feed ingre-
dients and diet samples was determined 
by standardized methods according to EU 
Regulation 152/2009 (OJEU, 2009): dry 
matter (SR ISO 6496:2001), crude protein 
(SR EN ISO 5983-2:2009), crude fat (SR 
ISO 6492:2001), crude fibre (SR EN ISO 
6865:2002), crude ash (SR EN ISO 
2171:2010).  
The fatty acids profile of feed ingredients 
and diets were determined by gas chro-
matography, as described Hăbeanu et al. 
(2014; 2015). 

Blood sampling and analysis  
Blood samples were collected on days 7 
and 21 post-weaning from 8 piglets per 
group (4 male and 4 female) by jugular 
venipuncture in heparinized vacutainer tu-
bes (6 mL) and centrifuged (3000 rpm for 
15 min) for plasma separation.  
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A chemistry analyzer (Spotchem EZ SP-
4430, Arkray, Japan) and specific com-
mercial kits were used to determine the 
plasma biochemical parameters (total cho-
lesterol, T-Chol; HDL-cholesterol, HDL-C; 
triglycerides, TG; calcium, Ca; magne-
sium, Mg; inorganic phosphorus, IP; glu-
tamyl oxaloacetic transaminase, GOT; glu-
tamyl pyruvic transaminase, GPT; creatine 
phosphokinase, CPK; gamma-glutamyl 
transferase, GGT).  
Faeces sampling and analysis  
During the first week post-weaning sam-
ples of piglet feces were daily collected in 
Petri dishes, and stored at -4 °C until mi-
crobiological analyses (Hăbeanu et al., 
2015).  
Fecal microbial populations (total fungi, 
Staphylococcus spp., E. coli, Lactobacillus 
spp., Salmonella) were determined on se-
lected media using a colony counter. The 
results were expressed as a logarithm 
(base 10) of colony-forming units per gram 
of sample. For the calculation of the fecal 
score the consistency of piglets feces was 

evaluated visually daily according to a 
scoring system from 1 to 3 (1, soft feces; 
2, mild diarrhea; 3, severe diarrhea). The 
inci-dence of diarrhea (%) was calculated 
as average number of days with diarrhea 
related to the total monitoring days (Hă-
beanu et al., 2017).  

Statistical analysis 

The results are given as means and stan-
dard error of the mean (SEM). All expe-
rimental data were analyzed using the 
GLM procedure of the software SPSS 
(IBM SPSS Statistics version 20.0, 2011). 
One-way analysis of variance (ANOVA) 
with the Tukey's comparison test was used 
to evaluate statistical significance of differ-
rences between the dietary treatments.  

Differences were considered significant at 
P≤0.05. The individual was considered as 
experimental unit in case of plasma bio-
chemical analysis and replicate for the fe-
cal parameter determinations. The bacte-
rial counts were transformed (log10) be-
fore statistical analysis.  

 

Table 1.  
Chemical composition and fatty acid profile of piglet diets 

Chemical composition (g/kg) Dietary groups 
C ELS:WM 

Dry matter 895.2 891.9 
Crude protein 187.5 183.3 
Lysine 12.0 12.0 
Methionine+Cystine 7.2 7.2 
Calcium  9.0 9.0 
Phosphorus  7.8 7.8 
Crude fat 47.5 47.3 
Crude fiber 36.9 43.0 
Metabolisable energy, ME (MJ/kg)* 13.64 13.63 
Fatty acid (% of total FAME)   
C14:0 (myristic) 0.16 0.10 
C16:0 (palmitic) 12.99 9.11 
C16:1 (palmitoleic) 0.16 0.16 
C18:0 (stearic) 2.89 2.80 
C18:1cis-9 (oleic) 26.53 21.38 
C18:2n-6 (linoleic LA) 51.54 41.00 
C18:3n-3 (alpha-linolenic ALA) 4.59 24.58 
C18:4n-3 (stearidonic) 0.35 0.27 
C20:2n-6 (eicosadienoic) 0.28 0.20 
C20:4n-6 (arachidonic) 0.25 0.12 
Total SFA 16.04 12.01 
Total MUFA 26.69 21.54 
LA:ALA ratio 11.23 1.67 

C – control diet, ELS:WM – extruded linseed:walnut meal diet  
*ME calculated using regression equations (NRC, 1998) 
Results are given as mean (n=3); FAME: fatty acids methyl esters; SFA: Saturated fatty acids; Total SFA = C14:0 
+ C16:0 + C18:0; MUFA: Monounsaturated fatty acids; Total MUFA = C16:1 + C18:1cis-9 

149



Anca Gheorghe et al., Aspects of plasma biochemistry and intestinal health of weaned piglets fed dietary extruded linseed and 
walnut meal mixture, Food and Feed Research, 46 (1), 147-153, 2019 

 

RESULTS AND DISCUSSION 
Plasma biochemistry  
The effect of dietary extruded linseed: wal-
nut meal mixture (8:1) on plasma bio-che-
mistry parameters of weaned piglets is 
shown in Table 2. There was no evident 
effect of dietary mixture inclusion on plas-
ma lipid profile (T-Chol, HDL-C and TG), 
at days 7 and 21 PW (P>0.05), the values 
obtained range in normal limits (Merck Ve-
terinary Manual (Merck&Co. 2010; Perri et 
al., 2017).  
Blood cholesterol levels are influenced by 
genetic factors and environmental condi-
tions, including nutrition (Hanczakowski et 
al., 2009). The levels of HDL-Cholesterol 
in pig’s plasma should represent at least 
40% of total cholesterol concentrations 
(Winnicka, 2011), a decrease in the HDL 
fraction below this value is undesirable. In 
the current study, the HDL fraction was 
higher than 40% from the total cholesterol 
and was not affected by the dietary treat-
ments at day 7 (45.14% ELS:WM vs. 41% 
C group), or at day 21 (49.72% ELS:WM 
vs. 50.61% C group).  
In addition, the results of our study sho-
wed that the plasma HDL-Cholesterol con-
centration was positively correlated with 
the ALA fatty acids content of diet at days 
7 (r=0.94, P<0.0001) and 21 post-weaning 
(r=0.89, P<0.0001), while at day 21 post-
weaning the T-Chol (r=0.52, P=0.08) and 
TG (r=0.54, P=0.07) concentration tend to 
be influenced by the ALA fatty acids 
content of the dietary treatment.  
Recently, Gheorghe et al. (2018) reported 
that a dietary mixture consisted of extru-
ded linseed:walnut meal (8:1) improved 
the growth performance and had a positive 
effect on plasma protein profile, especially 
on urea nitrogen of piglets in weaning pe-
riod. The improvement in growth perfor-
mance of piglets could be attributed to the 
anti-inflammatory properties of n-3 PUFA 
and bioactive compounds with benefits on 
health status contained by the tested die-
tary mixture. Plasma mineral and enzyme 
profile at days 7 and 21 PW (P>0.05) were 
not affectted by feeding with the dietary 
mixture, the concentrations being in nor-
mal range (Merck Veterinary Manual, 
2010). 

Intestinal health  
The major cause of suboptimal production 
and mortality of piglets in the first 2 weeks 
after weaning is post-weaning diarrhea 
(Pluske et al., 2003). Table 3 presented 
the effect of feeding extruded linseed: 
walnut meal mixture (8:1) on fecal scores 
(FS) and incidence of diarrhea (ID) in 
weaned piglets. Fecal score reflects the di-
gestive health of piglets, a high score in-
dicates high incidence of diarrhea (Wen et 
al., 2018). In our study, fecal score was 
decreased by 10.71% at day 7 PW 
(P>0.05), and at day 21 PW it was ob-
served a decreasing tendency by 17.05% 
FS as a response to dietary mixture ad-
dition (P=0.07). Consequently, the in-
cidence of enteritis also decreased as a 
result of feeding with the dietary mixture, 
but the difference was not significant 
(P>0.05). These findings are partially con-
sistent with previous studies of Hăbeanu 
et al. (2017) who reported that the use of 
dietary peas:linseed mixture (3:1) slowly 
increased (P>0.05) the bacterial count of 
feces and caused a higher incidence of 
diarrhea after 2 weeks post weaning com-
pared to classical diet. 
The effect of feeding extruded linseed: 
walnut meal mixture (8:1) on fecal mi-
crobial populations at 7 days post-weaning 
(log10 cfu/g) are given in Table 4. 
The results shown that dietary mixture 
addition positively affects the bacterial po-
pulations of the faces by decreasing the 
Staphylococcus spp., (-1.31%; P=0.001), 
E. coli (-5.27%; P<0.0001) and total fungi 
(-9.52%; P=0.004), and tend to increase 
Lactobacillus spp. (+6.84%; P=0.08). 
It is known that Lactobacillus spp. is con-
sidered as a beneficial bacterium for the 
balance of intestinal microbiota, due to its 
health promoting effects such as preven-
tion of diarrhea and intestinal infections.  
Previously, Konstantinov et al. (2006) in a 
study on intestinal microbiota of weaned 
piglets has shown that after weaning, E. 
coli concentrations increased while the 
number of Lactobacillus decreased. The-
refore, our results showed an increase of 
Lactobacillus (P=0.08) and a decrease of 
E. coli (P<0.0001) in feces of weaned pig-
lets and confirmed the  reduced incidence 
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Table 2.  
Plasma biochemistry parameters in weaned piglets fed dietary extruded linseed:walnut meal mixture 
(8:1) 

Parameters 
 

References 
Period post-

weaning 
(days) 

Dietary groups 
SEM  

 
P-value* C ELS:WM 

T-Chol, mg/dL 67.0-3772 7 77.30 82.63 4.17 0.569 
21 82.00 81.25 3.01 0.884 

HDL-C, mg/dL - 
7 31.50 37.30 3.20 0.424 
21 41.50 40.40 2.04 0.810 

TG, mg/dL 33-501 7 45.80 43.80 5.30 0.503 
21 43.50 50.00 3.27 0.374 

Ca, mg/dL 6.8-14.82 7 16.50 16.56 0.45 0.952 
21 16.10 15.61 0.35 0.535 

Mg, mg/dL 2.0-3.51 
7 2.05 2.10 0.05 0.695 
21 2.45 2.14 0.08 0.069 

IP, mg/dL 5.5-9.31 7 5.95 5.43 0.19 0.212 
21 6.6 7.53 0.31 0.173 

GOT, UI/L 22-471 7 25.37 42.38 6.34 0.222 
21 27.5 33.5 2.56 0.291 

GPT, UI/L 15-651 7 28.88 32.63 2.01 0.407 
21 60.63 53.25 2.47 0.232 

CPK, UI/L 66-6892 7 525.5 601.88 138.22 0.808 
21 651.75 634.13 122.17 0.135 

GGT, UI/L 31-751 7 50.3 55.5 12.21 0.857 
21 48.75 42.13 4.13 0.152 

C – control diet, ELS:WM – extruded linseed:walnut meal diet, SEM-standard error of mean 
1Merck Veterinary Manual (Меrck&Co., 2010); 2Perri et al. (2017) 
*Means within rows do not differ significantly (P>0.05) 
T-Cho, total cholesterol; HDL-C, high-density lipoproteins cholesterol; TG, triglycerides; Ca, calcium; Mg, 
magnesium; IP, inorganic phosphorus; GOT, glutamyl oxaloacetic transaminase; GPT, glutamyl pyruvic 
transaminase; CPK, creatine phosphokinase; GGT, gamma-glutamyl transferase 

Table 3.  
Fecal scores (FS) and incidence of diarrhea (ID) in weaned piglets fed dietary extruded linseed:walnut 
meal mixture (8:1) 

Item Period post-
weaning (days) 

Dietary groups SEM  P-value* 

C ELS:WM 

FS 7 2.24 2.00 0.13 0.496 
21 2.17 1.80 0.09 0.074T 

ID 7 16.80 14.28 1.49 0.521 
21 5.63 5.00 0.32 0.389 

C – control diet, ELS:WM – extruded linseed:walnut meal diet, SEM-standard error of mean  
* Means within rows do not differ significantly (P>0.05) 
T Tendency to be influenced by the treatment 

Table 4.  
Fecal microbial populations at 7 days post-weaning (log10 cfu/g) 

Item 
 

Dietary groups SEM  P-value 
C ELS:WM 

Staphylococcus spp. 6.89a 6.83b 0.01 0.001 
E. coli 10.05a 9.52b 0.10 <0.0001 
Lactobacillus spp. 9.06 9.68 0.18 0.081T 

Total fungi 4.20a 3.80b 0.08 0.004 
C – control diet, ELS:WM – extruded linseed:walnut meal diet, SEM-standard error of mean 
 a,bMeans within a row with no common superscript differ significantly (P< 0.05) 
T Tendency to be influenced by the treatment 
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RESULTS AND DISCUSSION 
Plasma biochemistry  
The effect of dietary extruded linseed: wal-
nut meal mixture (8:1) on plasma bio-che-
mistry parameters of weaned piglets is 
shown in Table 2. There was no evident 
effect of dietary mixture inclusion on plas-
ma lipid profile (T-Chol, HDL-C and TG), 
at days 7 and 21 PW (P>0.05), the values 
obtained range in normal limits (Merck Ve-
terinary Manual (Merck&Co. 2010; Perri et 
al., 2017).  
Blood cholesterol levels are influenced by 
genetic factors and environmental condi-
tions, including nutrition (Hanczakowski et 
al., 2009). The levels of HDL-Cholesterol 
in pig’s plasma should represent at least 
40% of total cholesterol concentrations 
(Winnicka, 2011), a decrease in the HDL 
fraction below this value is undesirable. In 
the current study, the HDL fraction was 
higher than 40% from the total cholesterol 
and was not affected by the dietary treat-
ments at day 7 (45.14% ELS:WM vs. 41% 
C group), or at day 21 (49.72% ELS:WM 
vs. 50.61% C group).  
In addition, the results of our study sho-
wed that the plasma HDL-Cholesterol con-
centration was positively correlated with 
the ALA fatty acids content of diet at days 
7 (r=0.94, P<0.0001) and 21 post-weaning 
(r=0.89, P<0.0001), while at day 21 post-
weaning the T-Chol (r=0.52, P=0.08) and 
TG (r=0.54, P=0.07) concentration tend to 
be influenced by the ALA fatty acids 
content of the dietary treatment.  
Recently, Gheorghe et al. (2018) reported 
that a dietary mixture consisted of extru-
ded linseed:walnut meal (8:1) improved 
the growth performance and had a positive 
effect on plasma protein profile, especially 
on urea nitrogen of piglets in weaning pe-
riod. The improvement in growth perfor-
mance of piglets could be attributed to the 
anti-inflammatory properties of n-3 PUFA 
and bioactive compounds with benefits on 
health status contained by the tested die-
tary mixture. Plasma mineral and enzyme 
profile at days 7 and 21 PW (P>0.05) were 
not affectted by feeding with the dietary 
mixture, the concentrations being in nor-
mal range (Merck Veterinary Manual, 
2010). 

Intestinal health  
The major cause of suboptimal production 
and mortality of piglets in the first 2 weeks 
after weaning is post-weaning diarrhea 
(Pluske et al., 2003). Table 3 presented 
the effect of feeding extruded linseed: 
walnut meal mixture (8:1) on fecal scores 
(FS) and incidence of diarrhea (ID) in 
weaned piglets. Fecal score reflects the di-
gestive health of piglets, a high score in-
dicates high incidence of diarrhea (Wen et 
al., 2018). In our study, fecal score was 
decreased by 10.71% at day 7 PW 
(P>0.05), and at day 21 PW it was ob-
served a decreasing tendency by 17.05% 
FS as a response to dietary mixture ad-
dition (P=0.07). Consequently, the in-
cidence of enteritis also decreased as a 
result of feeding with the dietary mixture, 
but the difference was not significant 
(P>0.05). These findings are partially con-
sistent with previous studies of Hăbeanu 
et al. (2017) who reported that the use of 
dietary peas:linseed mixture (3:1) slowly 
increased (P>0.05) the bacterial count of 
feces and caused a higher incidence of 
diarrhea after 2 weeks post weaning com-
pared to classical diet. 
The effect of feeding extruded linseed: 
walnut meal mixture (8:1) on fecal mi-
crobial populations at 7 days post-weaning 
(log10 cfu/g) are given in Table 4. 
The results shown that dietary mixture 
addition positively affects the bacterial po-
pulations of the faces by decreasing the 
Staphylococcus spp., (-1.31%; P=0.001), 
E. coli (-5.27%; P<0.0001) and total fungi 
(-9.52%; P=0.004), and tend to increase 
Lactobacillus spp. (+6.84%; P=0.08). 
It is known that Lactobacillus spp. is con-
sidered as a beneficial bacterium for the 
balance of intestinal microbiota, due to its 
health promoting effects such as preven-
tion of diarrhea and intestinal infections.  
Previously, Konstantinov et al. (2006) in a 
study on intestinal microbiota of weaned 
piglets has shown that after weaning, E. 
coli concentrations increased while the 
number of Lactobacillus decreased. The-
refore, our results showed an increase of 
Lactobacillus (P=0.08) and a decrease of 
E. coli (P<0.0001) in feces of weaned pig-
lets and confirmed the  reduced incidence 
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Table 2.  
Plasma biochemistry parameters in weaned piglets fed dietary extruded linseed:walnut meal mixture 
(8:1) 

Parameters 
 

References 
Period post-

weaning 
(days) 

Dietary groups 
SEM  

 
P-value* C ELS:WM 

T-Chol, mg/dL 67.0-3772 7 77.30 82.63 4.17 0.569 
21 82.00 81.25 3.01 0.884 

HDL-C, mg/dL - 
7 31.50 37.30 3.20 0.424 
21 41.50 40.40 2.04 0.810 

TG, mg/dL 33-501 7 45.80 43.80 5.30 0.503 
21 43.50 50.00 3.27 0.374 

Ca, mg/dL 6.8-14.82 7 16.50 16.56 0.45 0.952 
21 16.10 15.61 0.35 0.535 

Mg, mg/dL 2.0-3.51 
7 2.05 2.10 0.05 0.695 
21 2.45 2.14 0.08 0.069 

IP, mg/dL 5.5-9.31 7 5.95 5.43 0.19 0.212 
21 6.6 7.53 0.31 0.173 

GOT, UI/L 22-471 7 25.37 42.38 6.34 0.222 
21 27.5 33.5 2.56 0.291 

GPT, UI/L 15-651 7 28.88 32.63 2.01 0.407 
21 60.63 53.25 2.47 0.232 

CPK, UI/L 66-6892 7 525.5 601.88 138.22 0.808 
21 651.75 634.13 122.17 0.135 

GGT, UI/L 31-751 7 50.3 55.5 12.21 0.857 
21 48.75 42.13 4.13 0.152 

C – control diet, ELS:WM – extruded linseed:walnut meal diet, SEM-standard error of mean 
1Merck Veterinary Manual (Меrck&Co., 2010); 2Perri et al. (2017) 
*Means within rows do not differ significantly (P>0.05) 
T-Cho, total cholesterol; HDL-C, high-density lipoproteins cholesterol; TG, triglycerides; Ca, calcium; Mg, 
magnesium; IP, inorganic phosphorus; GOT, glutamyl oxaloacetic transaminase; GPT, glutamyl pyruvic 
transaminase; CPK, creatine phosphokinase; GGT, gamma-glutamyl transferase 

Table 3.  
Fecal scores (FS) and incidence of diarrhea (ID) in weaned piglets fed dietary extruded linseed:walnut 
meal mixture (8:1) 

Item Period post-
weaning (days) 

Dietary groups SEM  P-value* 

C ELS:WM 

FS 7 2.24 2.00 0.13 0.496 
21 2.17 1.80 0.09 0.074T 

ID 7 16.80 14.28 1.49 0.521 
21 5.63 5.00 0.32 0.389 

C – control diet, ELS:WM – extruded linseed:walnut meal diet, SEM-standard error of mean  
* Means within rows do not differ significantly (P>0.05) 
T Tendency to be influenced by the treatment 

Table 4.  
Fecal microbial populations at 7 days post-weaning (log10 cfu/g) 

Item 
 

Dietary groups SEM  P-value 
C ELS:WM 

Staphylococcus spp. 6.89a 6.83b 0.01 0.001 
E. coli 10.05a 9.52b 0.10 <0.0001 
Lactobacillus spp. 9.06 9.68 0.18 0.081T 

Total fungi 4.20a 3.80b 0.08 0.004 
C – control diet, ELS:WM – extruded linseed:walnut meal diet, SEM-standard error of mean 
 a,bMeans within a row with no common superscript differ significantly (P< 0.05) 
T Tendency to be influenced by the treatment 
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of diarrhea as results of dietary mixture 
addition (Table 3). 

CONCLUSIONS 
The results showed that the addition of 
extruded linseed:walnut meal, 8:1 mixture 
in weaned piglets diets improve perfor-
mance and had no significant effect on 
plasma lipid, mineral and enzyme profile, 
as important biomarkers of health status. 
Furthermore, the dietary mixture may be a 
viable solution to partially replace SBM in 
piglets’ diet due to the positive biochemical 
response and intestinal health by impro-
ving the beneficial bacterial populations. 
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АСПЕКТИ БИОХЕМИЈСКИХ ПАРАМЕТАРА КРВНЕ ПЛАЗМЕ И 
ИНТЕСТИНАЛНОГ ЗДРАВЉА ОДЛУЧЕНИХ ПРАСАДИ ХРАЊЕНИХ 

МЕШАВИНОМ ЕКСТРУДИРАНОГ ЛАНЕНОГ СЕМЕНА И САЧМЕ ОРАХА 
Анка Георге*, Михаела Хабеану, Николета А. Лефтер, Михаела Думитру, Даниела М. Григоре 

Национални истраживачко-развојни институт за биологију и исхрану животиња (INCDBNA), 
077015 Балотешти, Калеа Букурешти 1, Румунија 

Сажетак: У оквиру овог истраживања испитиван је утицај исхране прасади смешом 
екструдираног семена лана (ELS) и сачме ораха (WМ) у односу 8:1 на одабране параметре 
крвне плазме и здравља црева код одлучених јединки. Четрдесет прасади (Topigs хибрид) 
телесне масе (BW) 8,02 ± 0,82 кг, старости 30 ± 3 дана, подељено је у 2 третмана: контролни (C, 
исхрана на бази кукуруза, тритикалeа и сојине сачме (SBM)) и експериментални (смешом у којој 
смеша екструдираног семена лана и ораха, у односу 8:1, делимично замењује SBM). Узорци 
крви су сакупљани 7-ог и 21-ог дана након одлучивања прасади (PW). За одређивање липида у 
крвној плазми (укупни холестерол, Т-Chol; ХДЛ-холестерол, HDL-C; триглицериди, ТG), 
минералног и ензимског профила коришћен је хемијски анализатор. Микробиолошке популације 
из фекалних узорака одређиване су бројањем колонија добијених на одабраним медијумима. 
На основу добијених резултата није установљен ефекат примењене мешавине у исхрани 
одлучене прасади (PW) на параметре крвне плазме узорковане 7-ог и 21-ог дана огледа 
(P>0,05). Резултати истраживања показали су да је концентрација HDL-C у плазми PW била у 
позитивној корелацији са садржајем алфа-линоленских (АЛА) масних киселина након 7-ог дана 
(r = 0,94, P <0,0001) и 21-ог дана огледа (r = 0,89, P <0,0001), док је 21-ог дана испитивана 
мешавина утицала на садржај Т-Chol (r = 0,52, P = 0,08) и TG (r = 0,54, P = 0,07). Фекални скор 
(FS) код PW је редукован 7-ог дана  (P> 0,05), а 21-ог дана је уочена тенденција смањења FS 
као последице додавања експерименталне смеше у исхрани прасади (P = 0,07). Тестирана 
смеша  за исхрану прасади је позитивно је утицала на популације фекалних микроорганизама и 
то смањењем Staphylococcus spp. (P= 0,001), E. coli (P <0,0001) и гљивица (P = 0,004), а такође 
је уочена тенденција повећања врста Lactobacillus spp. (P = 0,08). У закључку, испитивана 
смеша може бити алтернатива за делимичну замену SBM у исхрани прасади због позитивног 
биохемијског одговора и доброг утицаја на здравље црева. 

Кључне речи: екструдирано храниво, хранљива смеша, ентеритис, фекална микро-
флора, параметри крвне плазме, прасад 
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of diarrhea as results of dietary mixture 
addition (Table 3). 

CONCLUSIONS 
The results showed that the addition of 
extruded linseed:walnut meal, 8:1 mixture 
in weaned piglets diets improve perfor-
mance and had no significant effect on 
plasma lipid, mineral and enzyme profile, 
as important biomarkers of health status. 
Furthermore, the dietary mixture may be a 
viable solution to partially replace SBM in 
piglets’ diet due to the positive biochemical 
response and intestinal health by impro-
ving the beneficial bacterial populations. 
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АСПЕКТИ БИОХЕМИЈСКИХ ПАРАМЕТАРА КРВНЕ ПЛАЗМЕ И 
ИНТЕСТИНАЛНОГ ЗДРАВЉА ОДЛУЧЕНИХ ПРАСАДИ ХРАЊЕНИХ 

МЕШАВИНОМ ЕКСТРУДИРАНОГ ЛАНЕНОГ СЕМЕНА И САЧМЕ ОРАХА 
Анка Георге*, Михаела Хабеану, Николета А. Лефтер, Михаела Думитру, Даниела М. Григоре 

Национални истраживачко-развојни институт за биологију и исхрану животиња (INCDBNA), 
077015 Балотешти, Калеа Букурешти 1, Румунија 

Сажетак: У оквиру овог истраживања испитиван је утицај исхране прасади смешом 
екструдираног семена лана (ELS) и сачме ораха (WМ) у односу 8:1 на одабране параметре 
крвне плазме и здравља црева код одлучених јединки. Четрдесет прасади (Topigs хибрид) 
телесне масе (BW) 8,02 ± 0,82 кг, старости 30 ± 3 дана, подељено је у 2 третмана: контролни (C, 
исхрана на бази кукуруза, тритикалeа и сојине сачме (SBM)) и експериментални (смешом у којој 
смеша екструдираног семена лана и ораха, у односу 8:1, делимично замењује SBM). Узорци 
крви су сакупљани 7-ог и 21-ог дана након одлучивања прасади (PW). За одређивање липида у 
крвној плазми (укупни холестерол, Т-Chol; ХДЛ-холестерол, HDL-C; триглицериди, ТG), 
минералног и ензимског профила коришћен је хемијски анализатор. Микробиолошке популације 
из фекалних узорака одређиване су бројањем колонија добијених на одабраним медијумима. 
На основу добијених резултата није установљен ефекат примењене мешавине у исхрани 
одлучене прасади (PW) на параметре крвне плазме узорковане 7-ог и 21-ог дана огледа 
(P>0,05). Резултати истраживања показали су да је концентрација HDL-C у плазми PW била у 
позитивној корелацији са садржајем алфа-линоленских (АЛА) масних киселина након 7-ог дана 
(r = 0,94, P <0,0001) и 21-ог дана огледа (r = 0,89, P <0,0001), док је 21-ог дана испитивана 
мешавина утицала на садржај Т-Chol (r = 0,52, P = 0,08) и TG (r = 0,54, P = 0,07). Фекални скор 
(FS) код PW је редукован 7-ог дана  (P> 0,05), а 21-ог дана је уочена тенденција смањења FS 
као последице додавања експерименталне смеше у исхрани прасади (P = 0,07). Тестирана 
смеша  за исхрану прасади је позитивно је утицала на популације фекалних микроорганизама и 
то смањењем Staphylococcus spp. (P= 0,001), E. coli (P <0,0001) и гљивица (P = 0,004), а такође 
је уочена тенденција повећања врста Lactobacillus spp. (P = 0,08). У закључку, испитивана 
смеша може бити алтернатива за делимичну замену SBM у исхрани прасади због позитивног 
биохемијског одговора и доброг утицаја на здравље црева. 

Кључне речи: екструдирано храниво, хранљива смеша, ентеритис, фекална микро-
флора, параметри крвне плазме, прасад 
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