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SUMMARY 
The antioxidant effect of dietary supplementation with a plant mixture 

(bilberry fruit, black currant fruit, quince fruit, peppermint oil, bitter fennel 
fruit oil) on the antioxidant activity and lipid oxidative stability of pig liver 
was evaluated. A 4-week study was conducted on 8 castrated Topigs pigs 
with an initial bodyweight of 18.69 ± 0.85 kg, assigned to 2 groups (C, E) 
and housed in individual metabolic cages. The pigs were fed on corn-
soybean meal-based diets (18.75% CP; 3214 kcal/kg ME). The diet of E 
group was supplemented with 0.748 g/kg plant mixture. At the end of 
experiment, all pigs were slaughtered and liver samples were collected in 
order to determine the antioxidant activity and oxidative stability 
parameters. The results (45.0 ± 2.6 kg (C) and 45.25 ± 0.9 kg (E) final 
weight) showed an antioxidant effect of dietary plant mixture in terms of: 
ABTS evaluation: 24.81 ± 4.26 % inhibition (C) and 26.76 ± 3.13 % 
inhibition (E); DPPH evaluation: 33.54 ± 3.07 % inhibition (C) and 34.21 ± 
1.85 % inhibition  (E); phosphomolibdenic method: 15.60 ± 3.78mMeq 
ascorbic acid (C) and 15.30 ± 3.38 mMeq ascorbic acid  (E). Significant 
differences were noticed on oxidative stability of liver samples, under plant 
mixture influence: 0.48 ± 0.13 mg/kg (C) and 0.31 ± 0.08 mg/kg (E). 
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INTRODUCTION 
Antioxidants or oxidation inhibitors are compounds that prevent or 

delay the process, and in this way generally prolong the life of a product 
(Patel et al., 2016). The protection against the destructive effects of free 
radicals damage is the main function of antioxidants. Plants contain a 
number of metabolites that, under the influence of the environment, can act 
in the defence body system against physiological stress and pathogens. The 
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plants included in the diets of farm animals, can have beneficial effects on 
palatability, digestive secretions and may have antioxidant action (Visioli et 
al. 1998). The antioxidative capacity of biological samples can evaluate the 
response against free radicals (Rubio et al. 2016). TEAC (trolox equivalent 
antioxidant capacity), ABTS (2,2- azinobis (3-ethyl-benzothiazoline-6-
sulfonic acid), DPPH (2,2-diphenyl-1-picrylhydrazyl), total antioxidant 
capacity determined by phosphomolibdenum method (TAC), FRAP (ferric 
reducing ability of plasma), and CUPRAC (cupric reducing antioxidant 
capacity) are different assays described to determine the antioxidant 
activity of a sample (Thaipong et al., 2006). In recent years, it has become 
evident that lipid oxidation or lipid peroxidation is an important step in the 
emergence of many adult and infant diseases. Normally, a natural 
phenomenon of lipid peroxidation occurs under the action of several 
oxygen species (hydroxyl radical, hydrogen peroxide, etc.). The 
degradation of membrane lipids and the final lipid peroxidation reaction 
products are particularly dangerous for the viability of cells and tissues. 
(Mylonas et al., 1999). 

The aim of the study was to evaluate the effect of dietary 
supplementation with a plant mixture on antioxidant activity and lipid 
oxidative stability of pig liver. 
 
 

MATERIAL AND METHODS 
The experiment was performed in accordance with Directive 

2010/63/EU on the protection of animals used for scientific purposes and 
all procedures described and it was approved by the Ethical Commission of 
National Research and Development Institute for Biology and Animal 
Nutrition, Balotesti, Romania. 

 
Experimental design: 
The experiment was conducted on 8 growing castrated TOPIGS male 

pigs, under conditions of balance experiment and it ran for 28 days. 
Throughout the experimental period, the piglets were randomly assigned 
to 2 groups (4 animals per group), kept in individual metabolic cages 
(AGRICO, RYBARSKA, Czech Republic) with an area of 0.87 sqm, placed in 
an experimental hall under controlled environmental conditions 
(temperature of 240C, humidity 50-60 %). The piglets received the feed ad 
libitum in one meal, at 8.00 a.m. Water was supplied ad libitum via drinking 
nipples. The pigs had an average initial body weight of 18.69 ± 1.3 kg. They 
received a commercial diet designed for this category of animals which 
differed between groups by the level of plant (bilberry fruit, black currant 
fruit, quince fruit, peppermint oil, bitter fennel fruit oil) mixture 
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supplement (0.748 g/kg feed). The productive parameters were calculated 
from the records of the body weights and feed intake.  

 
Chemical analyses 
The crude protein (CP) in the diet, faeces and muscles was determined 

using a semiautomatic classical Kjeldahl method using a Kjeltek auto 1030 
– Tecator (SR EN ISO 5983-2, 2009). The ether extract was determined 
using an improved version of the classical method by continuous extraction 
in solvent, followed by fat measurement with Soxhlet after solvent removal 
(SR ISO 6492, 2001). The dry matter (DM) and crude ash (CA) was 
determined according to Regulation (EC) No 1831/2003. 

The liver samples were analysed for trace mineral concentrations 
applying flame atomic absorption spectrometry (FAAS) as described by 
Untea et al., (2012) after microwave digestion. The used equipment was as 
follows: Atomic absorption spectrometer Thermo Electron – SOLAAR M6 
Dual Zeeman Comfort (Cambridge, UK), with deuterium lamp for 
background correction and air-acetylene flame and microwave digestion 
system with remote temperature measurement, BERGHOF, Speedwave 
MWS-2 Comfort (Eningen, Germany).  

 
Antioxidant assays 
Immediately after slaughter, fresh liver samples were taken. Five 

grams of each meat sample was homogenized, 40 mL of 0.05 M phosphate 
buffer (pH 7) were added and the mix was centrifuged at 12,000 × g for 60 
min. The supernatant obtained was used for the estimation of total 
phenolic content, DPPH, ABTS and TAC. 

 
DPPH free radical scavenging assay 
DPPH radical-scavenging activity of the supplements was estimated by 

the method of Qwele et al. (2013). A volume of 2 mL of 0.2 mM DPPH 
prepared in methanol was added to 400 μL supernatant and 1.6mL distilled 
water. The mixture was vortexed and left to stand at room temperature for 
30 min. A tube containing 2 mL of methanol and 2 mL of DPPH solution was 
used as control. The absorbance of the solution was measured at 517 nm 
using a spectrophotometer (Jasco V-530, Japan Servo Co. Ltd., Japan). The 
scavenging activity of sample against DPPH radical was expressed using a 
standard calibration curve constructed by plotting percent age inhibition 
against concentration of trolox. 

 
ABTS free radical scavenging assay 
The scavenging potential of plant extracts against ABTS radical was 

determined using the method described by Qwele et al. (2013). The radical 
was generated by mixing two stock solutions of 7 mM ABTS and 2.4 mM 
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potassium persulphate in the same ratio and allowed to react in the dark 
for 12 h at room temperature. This solution was further diluted with 
ethanol to adjust its absorbance to 0.70 at 734 nm. The diluted ABTS+ 
solution (6 mL) was reacted with 40 μL of the supernatant followed by 
measuring the absorbance at 734 nm (Jasco V-530, Japan Servo Co.Ltd., 
Japan) using ethanol as blank. The scavenging activity of sample against 
DPPH radical was expressed using a standard calibration curve constructed 
by plotting percentage inhibition against concentration of trolox. 

 
Evaluation of total antioxidant capacity (TAC) byphosphomolybdenum 

method 
The total antioxidant capacity of the liver extracts was evaluated by the 

method of Prieto et al. (1999).An aliquot of 0.2 ml of the sample solution 
was mixed with 4 ml of the reagent solution(0.6 M sulfuric acid, 28 mM 
sodium phosphate and 4 mM ammonium molybdate). For the blank, 0.2 ml 
ethanol was mixed with 4 ml of the reagent. The absorbance of the test 
sample was measured at 695 nm. The antioxidant activity was expressed 
for the samples as ascorbic acid equivalents. 

 
Determination of total phenol content  
TPC in meat was determined using Folin–Ciocalteu reagent, following 

the modified method of Qwele et al. (2013). To 0.1 mL supernatant was 
added 0.2 mL of the Folin–Ciocalteu, followed by the addition of 3 mL 
sodium carbonate solution (5%). The reaction mixture was vortexed after 
incubation at 23 °C for 1 h. The absorbance of phenolic content was 
measured spectrophotometrically (Jasco V-530, Japan Servo Co.Ltd., Japan) 
at 732 nm. The quantification of phenols was based on the standard curve 
generated with the use of Gallic acid and expressed as Gallic acid 
equivalent/g of meat. 

 
TBARS 
Thiobarbituric acid reactive substances (TBARS) were determined for 

malonaldehyde formed in fresh liver samples, according to method 
described by Botsoglu et al., 1994, using third derivative 
spectrophotometry for removing spectral interferences from the reaction 
mixture. 

 
Statistics 
The analytical data were compared performing analysis of variance 

(ANOVA), using STATVIEW for Windows (SAS, version 6.0). The differences 
between mean values in the groups were considered significant at P<0.05. 
Pearson's correlation coefficient was used to establish the degree of 
association between the three antioxidant methods determination used. 

http://pathwayscourses.samhsa.gov/eval201/eval201_glossary.cfm?anchor_var=Pearsons_coefficient#pearson's_correlation_coefficient
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RESULTS AND DISCUSSION 
Table 1 shows the chemical composition of liver samples. 
 

Table 1. Chemical composition of liver samples 

 
Dry matter, 

(%) 

Crude protein, 

(%) 

Ether 

extractives, (%) 

Crude ash, 

(%) 

Liver            C 27.65 ± 0.93 62.11 ± 0.38 7.55 ± 0.20 4.89 ± 0.81 

Liver            E 27.79 ± 1.04 62.87 ± 1.10 7.59 ± 0.26 4.13  ± 0.82 

 
The proximate composition of liver samples, showed no significant 

differences (P>0.05) between groups. The plant mix supplement decrease 
the crude ash concentrations, but the results were not significant different.  

The deposits of Cu, Fe, Mn and Zn in the liver were evaluated and the 
results are presented in table 2. Comparing the experimental findings, it 
can be noticed that the plant mix supplement, which made the differences 
between groups C and E, had a negative effect on Cu and Fe deposition in 
liver. This tendency cannot be explained from the physiological point of 
view, a small number of experimental animals being an error factor. A 
similar range of values of mineral concentration in pig organs was reported 
in the scientific literature (table 3). From table 3, it can be observed there is 
a wide range of values reported in the literature, depending of age, type of 
feed, breed and weaning period.  

 
Table 2. Mineral concentrations in organs  
 Cu, (mg/kg) Fe, (mg/kg) Mn, (mg/kg) Zn, (mg/kg) 

Liver            C 19.11b ± 0.34 363.37b ± 2.64 9.58 ± 0.12 135.27±0.74 

Liver            E 17.84a ± 0.45 338.35a ± 6.12 9.45 ± 0.16 135.30 ± 1.05 

In the same column, different superscripts mean significantly different (P<0.05) from C (a) 
and E (b) respectively. Results are expressed as a mean ± SD.  

 
Table 3. Reference values for trace elements content in liver  

Cu 
(mg/kg) 

Fe 
(mg/kg) 

Mn 
(mg/kg) 

Zn 
(mg/kg) 

Age of 
pigs Reference 

28.29 192.56   39 days Taranu et al., 2012 

103   300 28 days Carlson et al., 2007 

19.76  11.88 164.61 50 days Untea et al., 2012 

48.5 173  69.5 28 days Davin et al., 2013 

19.31 342.41 9.28 183.90 73 days Untea et al., 2014 

23.1  0.13 69.6 49 days Zralý et al., 2010 
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The antioxidant capacity was determined using three different 
methods and the polyphenols content and the oxidative stability of liver 
samples was established by TBARS method (table 4).  

 
Table 4. Antioxidant activity, polyphenols and TBARS determinations in liver 
samples 

 
ABTS 

mmol trolox 
eq /kg 

DPPH 
mmol trolox eq 

/kg 

TAC 
(mg/kg) 

Polyphenols 
mg gallic acid 
equivalent /g 

TBARS 
(mg/kg) 

Liver   C 89.05 ± 12.24 128.82 ± 15.67 15.60 ± 3.78 0.87 ±0.12 0.48b ± 0.13 

Liver   E 92.66 ± 17.45 117.72 ± 10.53 15.30 ± 3.38 0.94 ± 0.17 0.31a ± 0.08 

In the same column, different superscripts means significantly different (P<0.05) from C (a) 
and E (b) respectively. Results are expressed as a mean ± SD. 

 
No effect on antioxidant activity was registered in the liver, with a 

slight numerical increase on polyphenols concentrations. The correlation of 
antioxidant methods was studied, and the results obtained are presented in 
figure 1. 

 

 
Fig. 1 Correlation graph of the three antioxidants methods 

 
The data presented in figure 1 showed a very good correlation (R² = 

0.986) between the tested parameters, these results proving that the 
methods used to assess the antioxidant capacity presented accuracy, 
precision and reproducibility. 
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From the oxidative stability point of view, the plant mixture 
supplement had a significant effect on TBARS values (P<0.05). Even if the 
presence of plants mixture didn’t produce any effect on the antioxidant 
capacity and polyphenols concentrations of the liver, the oxidative stability 
of animal product was improved. 

 
 

CONCLUSIONS 
The results of the study indicate that the plant mixture supplements 

improve the oxidative stability of the liver. Three different methods to 
determine the antioxidant activity were tested, and a very good correlation 
was noticed between them.  
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