
1695

Copyright © 2019 by Asian-Australasian Journal of Animal Sciences 
This is an open-access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and repro-
duction in any medium, provided the original work is properly cited.www.ajas.info

Asian-Australas J Anim Sci  
Vol. 32, No. 11:1695-1704 November 2019
https://doi.org/10.5713/ajas.18.0615
pISSN 1011-2367 eISSN 1976-5517

The effect of adding ethanolic saffron petal extract and  
vitamin E on growth performance, blood metabolites and 
antioxidant status in Baluchi male lambs

Fereshteh Alipour1, Alireza Vakili1,*, Mohsen Danesh Mesgaran1, and Hadi Ebrahimi1

Objective: This study investigated the effects of the administration of ethanolic saffron petal 
extract (SPE) and vitamin E (Vit E) on growth performance, blood metabolites and anti
oxidant status in Baluchi lambs.
Methods: Thirtytwo Baluchi male lambs (35.22±5.75 kg) were randomly divided into 4 
groups. The 1st (control), 2nd (injectable saffron petal extract [ISPE]), and 3rd (Vit E) groups 
were respectively injected subcutaneously with either physiological saline (5 mL), SPE (25 
mg/kg body weight [BW]) or DLαtocopheryl acetate (225 IU) once a week. An oral dose 
of SPE (500 mg/kg BW) was also administered to the 4th group (oral saffron petal extract 
[OSPE]). Feed intake and BW were measured for 42 days and blood samples were taken on 
days 1, 14, 28, and 42. The lambs were slaughtered, and tissue samples were taken.
Results: Growth performance and many blood metabolites were not affected (p>0.05) by 
the treatments. Cholesterol of plasma in the ISPE and Vit E groups was similar and less (p< 
0.01) than both the OSPE and control groups. Although there was no significant difference 
between the control and other groups for plasma triglyceride, the ISPE group showed lower 
(p<0.05) triglyceride than the OSPE and Vit E groups. The highest (p<0.01) plasma glutathione 
peroxidase (GPx) was detected in the OSPE group, while the ISPE and Vit E groups showed 
higher (p<0.01) superoxide dismutase (SOD) of plasma than the control. Malondialdehyde 
of plasma in the ISPE group was lower (p<0.05) than the OSPE. No differences (p>0.05) were 
observed among the groups for antioxidant status of both longissimus dorsi muscle and liver. 
However, the activity of GPx in the kidney and heart, as well as SOD activity in the kidney, 
were influenced (p≤0.01) by the treatments. 
Conclusion: Adding ethanolic SPE improved antioxidant status and lowered lipids oxidation 
in lambs. The SPE and Vit E demonstrated similar effects on antioxidant status in lambs.

Keywords: Antioxidant Status; Baluchi Lambs; Malondialdehyde; Muscle Tissue;  
Saffron Petal; Vitamin E 

INTRODUCTION

Lipids oxidation decreases the quality and shelflife of frozen and processed meat [1]. Free 
radicals like reactive nitrogen and oxygen species (RNS and ROS), which are formed and 
destroyed by aerobic organisms, are the reason for oxidative damage, with effects on many 
biological molecules such as lipids, proteins, carbohydrates and nucleic acid [2]. Antioxi
dant protective systems, including enzymatic (catalase, glutathione peroxidase [GPx], and 
superoxide dismutase [SOD]) and nonenzymatic (A, C, E vitamins [Vit], peptides of gluta
thione, cofactors (Q10), zinc and selenium minerals, phenolic acids and nitrogen compounds 
of uric acid), play an important role in modulating oxidative stressinduced cell injuries 
by scavenging free radicals [3]. The nonenzymatic antioxidants can be classified into two 
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major categories based on their source: synthetic and natural 
antioxidants [3]. Synthetic antioxidants, such as butylated 
hydroxytoluene, butylated hydroxyanisole, and tertiary bu
tylhydroquinone, are commonly used in the food industry. 
However, the health risks associated with consuming syn
thetic antioxidants have led to a growing interest in the use 
of natural alternatives [4].
 There is scientific evidence that the quality and shelflife of 
the meat may improve by preslaughter dietary supplemen
tation, or by postslaughter treatment of the carcass with 
antioxidants from natural sources [5]. Plants’ secondary me
tabolites, especially phenolic compounds and some of their 
derivatives, are highly effective in preventing oxidation be
cause of the significant relationship between the antioxidant 
activity and the phenolic compounds [6]. 
 Crocus sativus L., commonly known as saffron, is a peren
nial plant of the Iridaceae family that is widely cultivated in 
Iran as it is well adapted to arid and semiarid lands. Saffron 
has long been used in medicine and foods as a condiment or 
when trying to give it a yellow colour. Saffron petal, as an im
portant byproduct of saffron, is produced in large amounts 
annually (more than 10,000 tons/yr) and usually discarded 
as a waste product [7]. The reported antioxidant properties 
of saffron petal [8,9] are more likely attributed to its phenolic 
compounds, such as crocin and kaempfrol [10]. However, 
there are limited studies on the effects of saffron petal, and/
or its bioactive compounds, as an antioxidant source for ru
minant animals. Therefore, the purpose of this research was 
to investigate the effects of saffron petal extract on the growth 
performance, as well as on the plasma and tissue antioxidant 
status, of lambs.

MATERIALS AND METHODS

Extract preparation
Saffron petals were collected from the Bakherz district in 
Khorasan Razavi province in the northeast of Iran in No
vember 2016. A voucher specimen (No. 44557) of the plant 
was identified in the Herbarium of Ferdowsi University of 
Mashhad. The petals were pulverized using a grinder after 
being shadedried. The ethanolic saffron petal extract (SPE) 
was prepared by dissolving 50 g of the dried petal powder in 
1,000 mL of ethanol (80% v/v) and shaking it for 72 h (GFL 
Orbital Shaker 3005, Burgwedel, Germany) at room temper
ature. Then, the extract was filtered through a Whatman No. 
1 paper (Whatman Ltd., Maidstone, England). The residual 
solvent of the ethanolic extract was removed under reduced 
pressure at 38°C using a rotary evaporator (Heidolph Laborota 
4000, Schwabach, Germany). The condensate extract was 
completely dried using a freezedrying system (Martin Cherist, 
Beta 28 LD plus, Osterode am Harz, Germany). The final 
powdered extract was then weighed to calculate the ethanolic 

SPE yield (w/w), which was 42%. The extract powder was 
stored in dark bottles at 4°C until use [11]. Finally, the extract 
was dissolved in normal saline for injections. 

Total phenolic and flavonoid compounds 
determination
The total phenolic content was determined using the Folin
Ciocalteu method [12]. Briefly, a threefold serial dilution of 
gallic acid (0.02, 0.05, and 0.1 mg/mL), as well as SPE solution, 
were prepared in distilled water to final volume of 0.5 mL. 
Then 0.25 and 1.25 mL of FolinCiocalteu reagent (1 N) and 
sodium carbonate solution (20%), respectively, were added in 
test tubes. Afterwards, the tubes were vortexed and the ab
sorbance was recorded at the wavelength of 725 nm after 40 
min incubation at room temperature. Finally, the total phenol 
content of the extract was calculated using a standard curve 
and reported as mg of gallic acid equivalents (GAE) per gram 
of the extract. 
 Total concentrations of flavonoids were measured by the 
aluminum chloride colorimetric method [13]. To this aim, 
0.5 mL of the extract (before drying) was dissolved in 1.5 mL 
methanol, followed by adding 0.1 mL of aluminum chloride 
10% and 0.1 mL of 1 M potassium acetate solution. Finally, 
8.2 mL of distilled water was added, and the compound was 
stored at room temperature for 30 min. Absorbance of the 
reaction mixture was measured at 415 nm against a methanol 
blank. The concentration of flavonoid was reported as mg of 
quercetin equivalents (QE) per gram of the extract.

High performance liquid chromatography 
Determination of flavonoids in SPE was performed by the 
high performance liquid chromatography method using a 
liquid chromatography apparatus equipped with a 1000 Smar
tline pump, a 5000 Smartline manager solvent organizer, a 
250×4.6 mm Eurospher 1005 C18 analytical column, and a 
2800 Smartline photodiode array (Knauer, Berlin, Germany) 
as descripted by Mattila et al [14]. Samples were filtered through 
a syringe filter (PTFE, pore size 0.22) before injection. Twelve 
microlitres of the sample were injected through a 3900 Smar
tline Autosampler injector equipped with a 100 μL loop, and 
the temperature of the column was controlled at 25°C using 
a Jet Stream 2 Plus oven (Knauer, advanced scientific instru
ment, Germany). Methanol (0.05% trifluoroacetic acid [TFA]) 
and water (0.05% TFA) were employed as a mobile phase 
with a flow rate of 0.5 mL/min. The peaks were monitored at 
320 nm and data acquisition and integration were performed 
using EZChrom Elite software (Darmstadt, Germany).

Guidelines for dosage calculation
The injectable dosage of SPE was calculated using the model 
of the US Food and Drug Administration (USFDA) [15]. This 
model has been developed to calculate the human equivalent 
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dose of a drug, or medicinal herbals, and can be used in other 
mammalians as well [15]. According to the USFDA model, 
the injectable dosage of SPE was calculated on the basis of 
body weight (BW) and body surface area as follows: 

 Dosage for sheep (mg/kg BW)  
  = dosage for rat (mg/kg BW)×rat Km/sheep Km

where dosage for rat is 150 mg/kg BW [16], rat km is 6 [17], 
sheep km is a ration of BW (kg) to body surface area (m2) [15]. 
According to Mitchell’s model [18], the body surface area is 
calculated as 0.09×BW0.67.

Animals and experimental design
This study was undertaken from July to September of 2016 
at the Experimental Farm of the Department of Animal Sci
ences, Ferdowsi University of Mashhad. Thirtytwo Baluchi 
male lambs aged 4 to 6 months, with the mean initial BW of 
35.22±5.75 kg, were used in a 56day trial. After performing 
random stratification on the basis of BW, the lambs were di
vided into 4 groups (n = 8) and housed in individual pens. 
Once a week, the first (control) and second group (ISPE) re
ceived a subcutaneous injection of a 5 mL physiological saline 
and 25 mg/kg BW SPE, respectively. The 3rd (Vit E) group 
received a subcutaneous injection of 225 IU of DLαtocopherol 
acetate (a total dose of 1,350 IU) once a week. The 4th group 
(OSPE) received an oral SPE dose equivalent to 500 mg/kg 
of BW in a liquid form once a week. It should be noted that 
DLαtocopherol acetate was included in the experiment as 
a positive control. The treatments were applied for 6 consecu
tive weeks. All the lambs were fed a basal diet (Table 1) twice 
a day at 08:00 and 17:00. The basal diet was formulated using 
Small Ruminant Nutrition System, a mathematical model 
based on the Cornell Net Carbohydrate and Protein System 
[19], to meet the lambs’ requirements. The chemical com
position of the diet was determined using standard methods 
[20,21]. Ad libitum water was also available. The lambs were 
adapted to the diets and pens for 14 days. They were treated 
against internal and external parasites, with 10 mg/kg of 
albendazole and 0.22 mg/kg of ivermectin, 30 days before 
initiation of the experiment.

Growth performance
Weight of feed offered and ort were recorded daily and dry 
matter intake (DMI) was computed as average daily DMI. 
The lambs were weighed weekly before the morning feed. 
Initial and final BW, average daily gains (ADG), body weight 
gains (BWG), and feed conversion ratios (FCR) were also 
measured. 

Blood sampling and analysis
On the 1st, 14th, 28th, and 42nd days of the trial period, the 

blood samples were collected from the jugular vein of all lambs 
before the morning feed [22]. Two blood samples (10 mL) 
were taken into vacutainer tubes, one containing sodium 
heparin for plasma separation, and one containing K3 ethyl
enediaminetetraacetic acid for whole blood analysis. After 
collection, the samples were held on ice for approximately 3 
h. The plasma was obtained by centrifugation at 3,000 rpm at 
4°C for 10 min and then frozen at –20°C until analysis, while 
whole blood samples were processed immediately. 
 The plasma samples were analyzed for albumin, total protein 
(TP), alanine aminotransferase (ALT), aspartate aminotrans
ferase (AST), creatinine, triglyceride (TG), cholesterol and 
glucose levels using commercially available kits (Pars Azmoon 
Laboratory, Tehran, Iran) and an Autoanalyzer (Biotecnica, 
Targa 3000, Rome, Italy).
 White blood cell (WBC) and red blood cell counts, as well 
as platelets, mean cell volume, packed cell volume, haemo
globin level, and mean cell haemoglobin concentration were 
determined in whole blood samples using a cell counter (Nihon 
Kohden Celltac alpha MEK6450 haemotology analyzers, 
Tokyo, Japan). An optical microscope (10×), with the smear 
slides stained with Giemsa, was employed to obtain the dif
ferential counts of WBCs, including lymphocyte, monocyte, 
neutrophil, and eosinophil [22].

Slaughter surveys and tissue sampling 
At the end of the trial period, the lambs were fasted overnight 
with free access to water and then slaughtered in a semiin
dustrial abattoir. Hot carcass weight was recorded and the 
carcasses were kept at 4°C for 24 h to measure cold weight. 
The left side of the longissimus dorsi muscle between the 12th 

Table 1. Ingredients and chemical composition of the basal diet (dry matter 
basis)

Ingredients (%)

Barley, grain 33.08
Corn dry, grain 13.33
Soybean meal 12.75
Salt 0.42
Min Vit mixture 0.21
Limestone 0.21
Alfalfa hay 27.50
Wheat-straw 12.50

Chemical composition 
Dry matter (%) 88.32
Crude protein (%) 15.31
Non fiber carbohydrate (%) 44.91
Ether extract (%) 2.5
Neutral detergent fiber (%) 32.52
Acid detergent fiber (%) 21.60
Crude ash (%) 5.11
Metabolizable energy (Mcal/kg) 2.53



1698  www.ajas.info

Alipour et al (2019) Asian-Australas J Anim Sci 32:1695-1704

and 13th ribs, as well as the liver, kidney and heart tissues, were 
sampled immediately after slaughter, frozen in liquid nitrogen, 
wrapped in aluminum foil and kept at –80°C until further 
analysis [23].

Antioxidant status evaluation
The plasma GPx activity was determined using a Ransel kit 
(Randox Laboratories Ltd., 55 Diamond Road, Crumlin, 
County Antrim, UK, BT29 4QY) according to the method 
of Paglia and Valentine [24]. The SOD and total antioxidant 
capacity (TAC) in plasma were measured using a Ransod kit 
[25] and a Randox kit [26], respectively. The level of malondi
aldehyde (MDA) was also measured using thiobarbituric acid
reactive substances in accordance with the method of Kaya 
et al [27]. To measure the antioxidant statuses of the tissues, 
the longissimus dorsi muscle, liver, kidney and heart samples, 
were homogenized in 1.15% KCl solution and then analyzed 
according to the methods described above.

Statistical analysis
The data were analyzed using the general linear model pro
cedure of SAS (SAS 9.1; SAS Inst. Inc., Cary, NC, USA) as a 
completely randomized design. The means were compared 
using Tukey’s test.

RESULTS

Phenolic and flavonoid compounds
The total phenolic and flavonoid content, as well as some types 
of phenolic compounds in the SPE, is listed in Table 2. The 
extracted powder of saffron petal contained 4.29 (mg/g) of 
total phenols and 2.75 (mg/g) of flavonoids. The concentra
tions of gallic acid, 3, 4dihydroxybenzoic acid, chlorogenic 
acid and rutin in SPE were 0.05, 0.08, 0.08, and 0.51 (mg/g), 
respectively. 

Growth performance and carcass weight 
The effects of the experimental treatments on the growth per
formance and hot and cold carcass weights of the lambs are 
shown in Table 3. There were no differences (p>0.05) among 
the treatments for DMI, ADG, FCR, BWG, the initial and final 
weights, and the hot and cold carcass weights of the lambs.

The biochemical variables of plasma
The effects of the experimental treatments on biochemical 
variables of plasma are shown in Table 4. No differences (p> 
0.05) were observed among the treatments for the biochemi
cal variables of plasma, with the exception of cholesterol 
and TG concentrations (p<0.01 and p = 0.04, respectively). 
The lambs that received the ISPE and Vit E had lower (p< 
0.01) plasma cholesterol concentration when compared with 
the control group. In addition, the plasma cholesterol con
centration was also lower (p<0.01) in the lambs treated with 
the ISPE in comparison with the OSPE. No difference (p> 
0.05) was observed between the control and other experi
mental groups for plasma TG, but the ISPE group showed 
lower (p<0.05) TG concentration than the OSPE and Vit E 
groups.

Table 2. Phenolic compounds and specific flavonoids detected in Iranian saffron 
petal extract using HPLC method

Compounds Secondary  
metabolite survey1)

Total phenolic compounds  
 (mg of GAE/g of powder extract)

4.29 ± 0.15

Total flavonoids (mg QE/g of powder extract) 2.75 ± 0.07
Galic acid (mg/g extract) 0.05 ±  0.01
3,4 DHB acid (mg/g extract) 0.08 ± 0.02
Chlorogenic acid (mg/g extract) 0.08 ± 0.01
Rutin (mg/g extract) 0.51 ± 0.02

HPLC, high performance liquid chromatography; GAE, gallic acid equivalents; QE, 
quercetin equivalents; DHB, dihydroxybenzoic acid.
1) Data are presented as mean ± standard deviation of three replicates.

Table 3. Effects of saffron petal extract and vitamin E on growth performances and carcass weight of Baluchi male lambs

Item
Treatments1)

SEM p-value
Control ISPE Vitamin E OSPE

DMI (kg/d) 1.56 1.50 1.44 1.78 0.04 0.06
Initial weight (kg) 34.38 35.30 35.14 36.06 0.39 0.98
Final weight (kg) 43.50 44.89 44.47. 47 0.32 0.80
ADG (g/d) 228.22 243.03 227.45 268.75 0.02 0.56
FCR 7.34 6.34 6.53 6.61 0.37 0.84
BWG (kg) 9.31 9.59 9.11 10.93 0.49 0.57
Hot carcass weight (kg) 17.53 16.96 17.80 18.63 0.72 0.87
Cold carcass weight (kg) 17.03 16.46 17.30 18.13 0.72 0.87

SPE, saffron petal extract; SEM, standard error of the mean; DMI, dry matter intake; ADG, average daily gain; FCR, feed conversion ratio; BWG, body weight gain; BW, body 
weight.
1) Control, 5 mL of physiological saline as a subcutaneous injection; ISPE, 25 mg/kg BW of SPE as a subcutaneous injection; Vitamin E, 225 IU of DL-α-tocopherol acetate as a 
subcutaneous injection; OSPE, 500 mg/kg BW of SPE as an oral dose. 
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Haematological variables
The effects of the experimental treatments on the haematologi
cal variables are presented in Table 5. There were no differences 
(p>0.05) among the experimental treatments for haemato
logical parameters.

Plasma antioxidant status and malondialdehyde level
The effects of the experimental treatments on the antioxi
dant status and MDA levels of plasma are presented in Table 
6. There were differences (p<0.01) among the treatments for 
GPx activity of plasma. The lambs in the OSPE group had 

Table 4. Effects of saffron petal extract and vitamin E on plasma metabolites of Baluchi lamb fed experimental diet. 

Items
Treatments1)

SEM p-value
Control ISPE Vitamin E OSPE

Albumin (g/dL) 4.11 4.18 4.05 4.52 0.06 0.054
TP (g/dL) 6.89 7.47 7.21 8.19 0.41 0.77
ALT (U/L) 20.37 24.67 25.04 29.34 3.19 0.79
AST(U/L) 122.2 114.73 123.9 128.92 2.50 0.50
Creatinine (mg/dL) 0.96 1.14 1.05 2.59 0.50 0.72
TG (mg/dL) 18.51ab 17.10b 22.67a 23.42a 0.91 0.04
Cholesterol (mg/dL) 53.45a 41.92b 42.16b 57.33a 1.24 < 0.01
Glucose (mg/dL) 81.14 83.95 80.56 84.59 1.49 0.79

SPE, saffron petal extract; SEM, standard error of the mean; TP, total protein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TG, triglyceride; BW, body weight.
1) Control, 5 mL of physiological saline as a subcutaneous injection; ISPE, 25 mg/kg BW of SPE as a subcutaneous injection; Vitaimin E, 225 IU of DL-α-tocopherol acetate as a 
subcutaneous injection; OSPE, 500 mg/kg BW of SPE as an oral dose. 
a,b The means within the same row with at least one common letter, do not have significant difference (p > 0.05). 

Table 5. Effects of saffron petal extract and vitamin E on haematological variables of Baluchi lambs fed experimental diet

Items
Treatments1)

SEM p-value
Control ISPE Vitamin E OSPE

WBC (/μL) 13,789 11,490 13,017 9,653.86 568.70 0.12
N (/μL) 4,891.27 4,353.04 756,042 4,554.86 385.40 0.22
E (/μL) 249.53 155.86 268.67 245.85 21.31 0.32
L (/μL) 6,084.19 5,918.90 6,825.29 6,337.63 273.84 0.87
M (/μL) 232.27 185.67 318.06 337.18 17.07 0.39
RBC ( × 104/μL) 10.76 10.44 10.66 10.40 0.07 0.62
HGB (g/dL) 11.47 11.09 11.29 11.14 0.06 0.39
PCV (%) 29.63 28.28 29.86 28.46 0.23 0.14
MCV (fL) 27.59 27.37 28.03 26.22 0.37 0.43
MCHC (g/dL) 38.54 39.18 38.06 39.32 0.19 0.09
Platelets ( × 105/μL) 4.84 4.03 4.99 4.88 0.18 0.36

SPE, saffron petal extract; SEM, standard error of the mean; WBC, white blood cell count; N, neutrophilsp; E, eosinophil; L, lymphocytes; M, monocytes; RBC, red blood cell 
count; HGB, hemoglobin; PCV, hematocrit; MCV, mean cell volume; MCHC, mean corpuscular hemoglobin concentration; BW, body weight.
1) Control, 5 mL of physiological saline as a subcutaneous injection; ISPE, 25 mg/kg BW of SPE as a subcutaneous injection; Vitamin E, 225 IU of DL-α-tocopherol acetate as a 
subcutaneous injection; OSPE, 500 mg/kg BW of SPE as an oral dose. 

Table 6. Effects of saffron petal extract and vitamin E on plasma antioxidant status of Baluchi lambs fed experimental diet.

Item
Treatments1)

SEM p-value
Control ISPE Vitamin E OSPE

GPx (U/L) 33.26b 39.35b 40.85b 53.49a 1.35 < 0.01
SOD (U/L) 16.15c 27.16b 38.27a 21.87bc 0.91 < 0.01
MDA(nmol/dL) 1.51ab 1.42b 1.62ab 1.87a 0.04 0.04
TAC (mmol/L) 0.28 0.29 0.31 0.30 0.008 0.64

SPE, saffron petal extract; SEM, standard error of the mean; GPx, glutathione peroxidase; SOD, superoxide dismutase; MAD, malondialdehyde; TAC, total antioxidant capacity; 
BW, body weight.
1) Control, 5 mL of physiological saline as a subcutaneous injection; ISPE, 25 mg/kg BW of SPE as a subcutaneous injection; Vitamin E, 225 IU of DL-α-tocopherol acetate as a 
subcutaneous injection; OSPE, 500 mg/kg BW of SPE as an oral dose. 
a-c The means within the same row with at least one common letter, do not have significant difference (p > 0.05).
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higher (p<0.01) plasma activity of GPx compared to the con
trol group. In addition, GPx activity was also higher (p<0.01) 
in the OSPE group compared to the ISPE and Vit E groups. 
 Differences (p<0.01) were also observed among the treat
ments for the plasma activity of SOD. The lambs in the ISPE 
or Vit E groups had higher (p<0.01) plasma SOD activity 
than the control group. On the other hand, the Vit E group 
had greater (p<0.01) plasma SOD activity compared to the 
SPE groups. There were no differences (p>0.05) between the 
ISPE and the OSPE groups for plasma SOD. 
 No difference (p<0.05) was detected between the control 
group and other experimental groups for MDA levels of 
plasma. However, the ISPE group had lower (p<0.05) plasma 
levels of MDA than the OSPE group. Differences between the 
SPE groups and Vit E for the plasma level of MDA were non
significant. The plasma concentration of TAC was not affected 
(p>0.05) by the experimental treatments. 

Antioxidant status and malondialdehyde level in the 
tissues
The effects of the treatments on the antioxidant status and 
MDA levels of the longissimus dorsi muscle, liver, kidney 
and heart tissues are presented in Table 7. The experimental 
treatments had no effect (p>0.05) on GPx, SOD, TAC, and 

MDA levels of both the longissimus dorsi muscle and liver 
tissues. There were no differences (p>0.05) between the treat
ments for GPx activity of the kidney compared to the control, 
but GPx activity of the kidney was higher (p = 0.01) in the 
OSPE group compared to the ISPE group. The activity of GPx 
in the kidney tissue was similar among the SPE groups and 
Vit E. There were differences (p<0.01) among the treatments 
for GPx activity of the heart tissue. The OSPE group had higher 
(p<0.01) GPx activity of the heart compared to the control 
group. In addition, GPx activity of the heart tissue was also 
higher (p<0.01) in lambs treated in the OSPE group in com
parison with either the ISPE or Vit E groups. 
 Differences (p<0.01) were also observed among the ex
perimental treatments for SOD activity of the kidney tissue. 
SOD activity of the kidney was higher (p<0.01) in the OSPE 
and Vit E groups compared to the control group. In addition, 
SOD activity of the kidney in the OSPE group was also higher 
(p<0.01) than the ISPE group. No significant difference was 
observed between the SPE groups and Vit E for SOD activity 
of the kidney tissue. The activity of SOD in the heart tissue 
was not affected (p>0.05) by the experimental treatments.
 The MDA levels of the kidney tissue were affected (p<0.01) 
by the experimental treatments. The kidney tissue levels of 
MDA in the experimental treatments were less (p<0.01) than 

Table 7. Effects of saffron petal extract and vitamin E on tissues antioxidant status of Baluchi male lambs

Items
Treatments1)

SEM p-value
Control ISPE Vitamin E OSPE

GPx (U/mg protein)
Muscle 9.13 7.93 8.50 8.95 0.52 0.43
Liver 43.06 29.29 30.75 38.56 4.24 0.14
Kidney 32.32ab 29.28b 39.54ab 40.95a 1.15 0.01
Heart 28.36b 32.40b 30.51b 43.21a 1.71 < 0.01

SOD (U/mg protein)
Muscle 3.14 2.13 2.78 2.36 0.31 0.2
Liver 9.11 9.01 9.55 9.23 0.13 0.1
Kidney 4.22c 4.92bc 5.88ab 6.48a 0.16 < 0.01
Heart 7.69 6.70 6.13 6.75 0.31 0.41

MDA (nmol/mg protein)
Muscle 1.16 1.03 1.13 1.33 0.14 0.50
Liver 3.76 3.50 2.20 3.20 0.42 0.10
Kidney 3.25a 2.25b 2.16b 2.10b 0.07 < 0.01
Heart 3.20a 3.00a 1.86b 2.50ab 0.10 < 0.01

TAC (mmol/L)
Muscle 0.07 0.10 0.13 0.08 0.02 0.40
Liver 1.02 1.14 1.27 1.06 0.08 0.31
Kidney 0.16 0.18 0.15 0.20 0.016 0.20
Heart 0.075 0.09 0.11 0.076 0.02 0.65

SPE, saffron petal extract; SEM, standard error of the mean; GPx, glutathione peroxidase; SOD, superoxide dismutase; MAD, malondialdehyde; TAC, total antioxidant capacity; 
BW, body weight.
1) Control, 5 mL of physiological saline as a subcutaneous injection; ISPE, 25 mg/kg BW of SPE as a subcutaneous injection; Vitamin E, 225 IU of DL-α-tocopherol acetate as a 
subcutaneous injection; OSPE, 500 mg/kg BW of SPE as an oral dose. 
a,b The means within the same row with at least one common letter, do not have significant difference (p > 0.05).
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the control group. There were no significant differences be
tween other treatments for MDA levels of the kidney tissue. 
The level of MDA of the heart tissue in the Vit E group was 
lower (p<0.01) than the control group. However, no signifi
cant difference was detected between the ISPE and the OSPE 
groups for MDA levels of the heart tissue. The TAC in the 
tissues were not affected (p>0.05) by the experimental treat
ments.

DISCUSSION 

The total phenolic and flavonoid contents of SPE in this study 
were 4.29 (mg of GAE/g of powder extract) and 2.75 (mg QE/
g of powder extract), respectively. Goli et al [8] and Termentzi 
and Kokkalou [28], respectively, reported total phenolic con
tents of 3.35 and 1.38 mg/g for Iranian saffron petal. Significantly 
greater amounts of total phenolic components (65.34 mg of 
GAE/g of powder extract) and flavonoids (60.64 mg CE/g of 
dry plant material) have been reported by Jadouali et al [29]. 
The reasons for the differences between our reported values 
and that of other researchers are probably attributed to the 
genetic variation, ecological conditions and/or the differenc
es in the extraction method. 
 Flavonoids have been known to improve feed efficiency 
and growth rate in animals, likely through positive effects on 
metabolism as well as immune and antioxidant systems [30]. 
However, we failed to find any significant effects of SPE on the 
growth performance, probably due to low dose, few times 
and/or short duration of the trial. In agreement with our re
sults, Omidi et al [31] reported that the use of ethanolic SPE 
in Baluchi lambs had no significant effect on BW. No effect 
of SPE on the growth performance of rats was also reported 
by Babaei et al [16]. However, these results are opposite to the 
results of Shirali et al [32] who found that the use of aqueous 
saffron extract in rats causes an increase in BWG. In the cur
rent study, the results relevant to vitamin E supported the 
findings of Maiorano et al [23], who intramuscularly injected 
a total dose of 1,500 IU of vitamin E into lambs and reported 
no influences on BW or hot and cold carcass weights. In an
other report, Zhao et al [33] showed that the use of vitamin 
E at concentrations of 20, 100, 200, and 2,000 IU had no effect 
on the initial weight, final weight, DMI, and FCR, but resulted 
in a significant reduction in ADG (over 100 IU d–1 lamb–1 of 
Vit E).
 The evaluation of blood metabolites is important as an in
dicator of animal health. For example, increased liver enzymes 
(ALT, AST) in the blood indicate liver damage, or increased 
creatinine in the blood indicates kidney damage. In the cur
rent study, there was no effect of SPE and vitamin E on blood 
meta bolites such as plasma levels of ALT and AST, TP, and 
creatinine, so it can be indicated that the applied doses of 
SPE had no negative impact on both the liver and kidney. 

The reduced cholesterol levels in this study could be attrib
uted to the effects of SPE flavonoids on lipids metabolism 
[34]. Crocin as a bioactive compound in SPE [10] inhibits 
the activity of pancreatic lipase as a competitive inhibitor 
and plays an important role in reducing plasma cholesterol 
[35]. The effect of vitamin E to reduce plasma cholesterol 
level has previously been reported by Santos et al [36]. In 
this study, however, the plasma concentration of cholesterol 
and TG were significantly lower in the ISPE group compared 
to the OSPE group. This variety between the effect of the 
injectable and oral SPE on plasma cholesterol and TG may 
be associated to the changes of SPE compounds caused by 
both microbial and digestive enzyme activities through the 
gastrointestinal tract [37]. Omidi et al [31] reported that the 
oral administration of SPE (5001,500 mg/kg BW) in lambs 
had no impact on blood metabolites. Also Ramadan et al 
[38], showed that the oral administration of ethanolic ex
tracts of crocus sativus and propolis in a dose of 500 mg/kg 
of BW, and their halfdose combination, had no impact on 
plasma levels of AST, ALT, creatinine and urea in rats. The 
results related to vitamin E in this study are similar with 
findings of Vaswani et al [39], who reported that vitamin E 
supplementation had no significant impacts on ALT and AST 
activities in lambs.
 In this study, no effect (p>0.05) of the experimental treat
ments was observed on the haematological parameters of 
lambs. Therefore, it seems that the oral and injection dosages 
of SPE had no anemic effects and were safe for the immune 
system of the lambs. Similar to our results, Alhidary and Abdel
rahman [22] reported that the use of naringin supplementation 
in lambs at levels of 7 or 14 g/week had no effect on haema
tological variables. Babaei et al [16] also reported no effect 
(p>0.05) of SPE on haematology parameters in rats. 
 In this study, we observed no effect (p>0.05) of the SPE 
treatments (ISPE or OSPE) on the antioxidant status and MDA 
levels of both the longissimus dorsi muscle and liver. SOD and 
GPx activities of plasma, as well as GPx activity of the heart 
and SOD of the kidney, were significantly higher (p<0.01) in 
the SPE groups (ISPE and OSPE) compared to the control. In 
addition, the SPE treatments reduced (p<0.01) the level of 
MDA in the kidney tissue. Although reduced MDA con
centration in the kidney could partially be attributed to the 
increased antioxidant enzymatic activity by SPE, a reason why 
SPE increased the antioxidant enzymatic activities can be 
related to the SPE flavonoids [40]. A literature has shown 
that plant polyphenolic flavonoids were one of the major 
groups of compounds acting as primary antioxidant free
radical terminators [41]. In addition to this, in our study, the 
activities of GPx and SOD of the plasma and tissues (kidney, 
heart) were higher (p<0.05) in the OSPE group than the ISPE 
group. We failed to find a clear reason to justify the varia
tion between the injectable and oral administration of SPE. 
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In a study, Omidi et al [31] reported that the oral adminis
tration of SPE elevated the plasma TAC without significant 
effect on the plasma MDA in lambs. In another report, Sa
marghandi et al [42] showed that aqueous saffron extract 
in a dosedependent form (10, 20, and 40 mg/kg/d) in rats 
reduced serum MDA levels and significantly increased se
rum GPx and SOD activities.
 Similar to the SPE treatments, the antioxidant status of the 
longissimus dorsi muscle and liver tissues was not affected by 
vitamin E. Salvatori et al [43] treated 15 dayold lambs by 
weekly intramuscular injection of 200 IU DLαtocopheryl 
acetate for 5 consecutive weeks and reported that muscle li
poperoxidation significantly reduced with Vit E treatment. 
Recently, Maiorano et al [23] reported higher lipid oxidative 
stability of meat in suckling male lambs treated weekly by in
tramuscular injection of 250 IU DLαtocopheryl acetate. The 
contradiction between our findings and the previous ones is 
likely due to the age of the lambs and/or to the site of injection 
(intramuscular vs subcutaneous). However, the activity of SOD 
in the plasma and kidney tissue of the Vit E lambs was greater 
(p<0.01) than the control group. In addition, the levels of MDA 
in both the kidney and heart tissues for Vit E were less (p<0.05) 
than the control group. It has been demonstrated that the rela
tive bioavailability of Vit E varies between tissues [44]. This 
variation may partly associate to the capillary supply, which 
increases Vit E availability, and to the number of mitochon
dria in which the membranebound vitamin E accumulates 
[45]. The reason for the reduction of MDA levels of the kidney 
and heart with vitamin E can be related to the wellknown 
antioxidant properties of Vit E in biological systems [46]. The 
Vit E prevents peroxidation of membrane lipids by scaveng
ing lipid peroxyl radicals, and is changed into a tocopheroxyl 
radical as a consequence [47]. Ithayarasi and Devi [48] reported 
that αtocopherol reduced lipid peroxidation in isoprotere
nol induced myocardial infarction in rats by maintaining the 
levels of antioxidants, membrane bound enzymes and activi
ties of antioxidant enzymes near normal antioxidants, thus 
emphasizing the Vit E effects as an antioxidants. Similar to our 
finding for Vit E, MokhberDezfouli et al [49] found that in
tramuscular Vit E injection had beneficial effects on plasma 
antioxidant activities, besides decreasing MDA values in new
born calves.

CONCLUSION 

Our results clearly indicated that the injectable SPE and Vit 
E decreased cholesterol levels in the plasma, but had no sig
nificant impacts on other blood metabolites, haematological 
parameters and growth performance of lambs. The antioxi
dant status and lipid oxidation in the muscle tissue and liver 
were not influenced by the experimental treatments. Also TAC 
levels in the plasma and tissues were not influenced by the 

experimental treatments. The oral administration of SPE sig
nificantly enhanced GPx activity in the plasma and heart 
tissue. The experimental treatments significantly decreased 
MDA levels in the kidney and heart tissues. These effects of the 
SPE were similar to those observed for the Vit E treatment. 
According to these findings, it could be concluded that SPE, 
in either oral or subcutaneous administration, had a potential 
to enhance the activity of antioxidant enzymes and to mod
ulate lipids oxidation in lambs. Although the results achieved 
in this research revealed the appropriate effects of SPE and 
Vit E on the antioxidant statuses of Baluchi lambs, it is also 
recommended to improve the antioxidant status of other tis
sues, such as muscle and liver be used of SPE in higher doses, 
more often and/or for a longer trial period. 

CONFLICT OF INTEREST

We certify that there is no conflict of interest with any financial 
organization regarding the material discussed in the manu
script.

ACKNOWLEDGMENTS

Researchers gratefully acknowledge funding from department 
of animal science, Ferdowsi University of Mashhad, Iran. 

REFERENCES

1. Faustman C, Sun Q, Mancini R, Suman SP. Myoglobin and 
lipid oxidation interactions: Mechanistic bases and control. 
Meat Sci 2010;86:8694. https://doi.org/10.1016/j.meatsci. 
2010.04.025

2. Chaudhary AK, Nokubo M, Reddy GR, et al. Detection of 
endogenous malondialdehydedeoxyguanosine adducts in 
human liver. Science 1994;265(5178):15802. https://doi.
org/10.1126/science.8079172

3. Carocho M, Ferreira IC. A review on antioxidants, pro oxi
dants and related controversy: natural and synthetic compounds, 
screening and analysis methodologies and future perspectives. 
Food Chem Toxicol 2013;51:1525. https://doi.org/10.1016/
j.fct.2012.09.021

4. Kahl R, Kappus H. Toxicology of the synthetic antioxidants 
BHA and BHT in comparison with the natural antioxidant 
vitamin E. Z Lebensm Unters Forsch 1993;196:32938. https://
doi.org/10.1007/BF01197931

5. Velasco V, Williams P. Improving meat quality through natural 
antioxidants. Chilean J Agric Res 2011;71:31323. http://dx.doi.
org/10.4067/S071858392011000200017

6. Velioglu YS, Mazza G, Gao L, Oomah BD. Antioxidant activity 
and total phenolics in selected fruits, vegetables, and grain 
products. J Agric Food Chem 1998;46:41137.

7. Kafi M, Koocheki A, Rashed MH. Saffron (Crocus sativus): 



www.ajas.info  1703

Alipour et al (2019) Asian-Australas J Anim Sci 32:1695-1704

production and processing. Enfield NH, USA: Science Publi
shers; 2006.

8. Goli SAH, Mokhtari F, Rahimmalek M. Phenolic compounds 
and antioxidant activity from saffron (Crocus sativus L.) petal. 
J Agric Sci 2012;4:175. https://doi.org/10.5539/jas.v4n10p175

9. Serrano‐Díaz J, Sánchez AM, Maggi L, et al. Increasing the 
applications of Crocus sativus flowers as natural antioxidants. 
J Food Sci 2012;77:C11628. https://doi.org/10.1111/j.1750
3841.2012.02926.x

10. Zeka K, Rupareli KC, Continenza MA, Stagos D, Vegliò F, 
Arroo RR. Petals of Crocus sativus L. as a potential source of 
the antioxidants crocin and kaempferol. Fitoterapia 2015;107: 
12834. https://doi.org/10.1016/j.fitote.2015.05.014

11. Hosseinzadeh H, Younesi HM. Antinociceptive and anti
inflammatory effects of Crocus sativus L. stigma and petal 
extracts in mice. BMC Pharmacol 2002;2:7. https://doi.org/ 
10.1186/1471221027

12. Makkar HPS. Quantification of tannins in tree foliage. A Labor
atory Manual for the FAO/IAEA Coordinated Research 
Project on Use of Nuclear and Related techniques to Develop 
Simple Tannin Assays for Predicting and Improving the safety 
and Efficiency of Feeding Ruminants on Tanniniferous Tree 
Foliage. Joint FAO/IAEA of Nuclear Techniques in Food and 
Agriculture. Animal Production and Health Subprogramme, 
FAO/IAEA Working Document. Vienna, Austria: IAEA; 2000.

13. Chang CC, Yang MH, Wen HM, Chern JC. Estimation of total 
flavonoid content in propolis by two complementary colori
metric methods. J Food Drug Anal 2002;10:17882.

14. Mattila P, Könkö K, Eurola M, et al. Contents of vitamins, 
mineral elements, and some phenolic compounds in cultivated 
mushrooms. J Agric Food Chem 2001;49:23438. https://doi.
org/10.1021/jf001525d

15. Wojcikowski K, Gobe G. Animal studies on medicinal herbs: 
predictability, dose conversion and potential value. Phytother 
Res 2014;28:227. https://doi.org/10.1002/ptr.4966

16. Babaei A, Arshami J, Haghparast A, Danesh MM. Effects of 
crocus sativus petals extract on biochemical blood parameters 
in male rats. Avicenna J Phytomed 2013;4:1039. https://www.
sid.ir/en/journal/ViewPaper.aspx?ID=333651

17. Shin JW, Seol IC. Interpretation of animal dose and human 
equivalent dose for drug development. J Korean Oriental Med 
2010;31:17.

18. Mitchell HH. Check formulas for surface area of sheep. A Year’s 
Progress in Solving Farm Problems in Illinois. Illinois Agric 
Stn Annu Rep. Urbana IL, USA; 1928. pp. 1558.

19. Tedeschi LO, Cannas A, Fox DG. A nutrition mathematical 
model to account for dietary supply and requirements of energy 
and nutrients for domesticated small ruminants: the develop
ment and evaluation of the Small Ruminant Nutrition System. 
R Bras Zootec 2008;37:17890. https://doi.org/10.1590/S1516
35982008001300020

20. AOAC. Official method of Analysis. 18th Edition. Association 

of Officiating Analytical Chemists, Washington DC, USA: 
Method 935.14 and 992. 24. AOAC International; 2005.

21. Van Soest PJ, Robertson JB, Lewis BA. Methods for dietary 
fiber, neutral detergent fiber, and nonstarch polysaccharides 
in relation to animal nutrition. J Dairy Sci 1991;74:358397.

22. Alhidary IA, Abdelrahman MM. Effects of naringin supple
mentation on productive performance, antioxidant status and 
immune response in heatstressed lambs. J Small Rumin Res 
2016;138:316. https://doi.org/10.1016/j.smallrumres.2016.03. 
030

23. Maiorano G, Angwech H, Di Memmo D, et al. Effects of in
tramuscular vitamin E multiple injection on quality, oxidative 
stability and consumer acceptability of meat from Laticauda 
lambs fed under natural rearing conditions. Small Rumin Res 
2016;139:529. https://doi.org/10.1016/j.smallrumres.2016. 
05.004

24. Paglia DE, Valentine WN. Studies on the quantitative and 
qualitative characterization of erythrocyte glutathione per
oxidase. J Lab Clin Med 1967;70:15869. 

25. Arthur J, Boyne R. Superoxide dismutase and glutathione 
peroxidase activities in neutrophils from selenium deficient 
and copper deficient cattle. Life Sci 1985;36:156975. https://
doi.org/10.1016/00243205(85)903819

26. Miller NJ, RiceEvans C, Davies MJ, Gopinathan V, Milner A. 
A novel method for measuring antioxidant capacity and its 
application to monitoring the antioxidant status in premature 
neonates. Clin Sci 1993;84:40712. https://doi.org/10.1042/
cs0840407

27. Kaya H, Sezik M, Ozkaya O, Dittrich R. Lipid peroxidation at 
various estradiol concentrations in human circulation during 
ovarian stimulation with exogenous gonadotropins. Horm 
Metab Res 2004;36:6935. https://doi.org/10.1055/s2004
826018

28. Termentzi A, Kokkalou E. LCDADMS (ESI+) analysis and 
antioxidant capacity of Crocus sativus petal extracts. Planta 
Med 2008;74:57381. https://doi.org/10.1055/s20081074498

29. Jadouali SM, Atifi H, Bouzoubaa Z, et al. Chemical charac
terization, antioxidant and antibacterial activity of Moroccan 
Crocus sativus L petals and leaves. J Mater Environ Sci 2018;9: 
1138. https://doi.org/10.26872/jmes.2018.9.1.14

30. Cushnie TPT, Lamb AJ. Recent advances in understanding 
the antibacterial properties of flavonoids. Int J Antimicrob 
Agents 2011;38:99107. https://doi.org/10.1016/j.ijantimicag. 
2011.02.014

31. Omidi A, Rahdari S, Fard MH. A preliminary study on anti
oxidant activities of saffron petal extracts in lambs. Vet Sci 
Develop 2014;4:14. http://dx.doi.org/10.4081/vsd.2014.5161

32. Shirali S, Bathaei S, Nakhjavani M, Ashoori M. Effects of saffron 
(Crocus Sativus L.) aqueous extract on serum biochemical 
factors in streptozotocininduced diabetic rats. Iranian J Med 
Aromat Plants 2012;28:293308.

33. Zhao T, Luo H, Zhang Y, et al. Effect of vitamin E supplemen



1704  www.ajas.info

Alipour et al (2019) Asian-Australas J Anim Sci 32:1695-1704

tation on growth performance, carcass characteristics and 
intramuscular fatty acid composition of Longissimus dorsi 
muscle in Tan' sheep. Chilean J Agric Res 2013;73:35865. 
http://dx.doi.org/10.4067/S071858392013000400005

34. Nijveldt RJ, Van Nood E, Van Hoorn DE, Boelens PG, Van 
Norren K, Van Leeuwen PA. Flavonoids: a review of probable 
mechanisms of action and potential applications. Am J Clin 
Nutr 2001;74:41825. https://doi.org/10.1093/ajcn/74.4.418

35. Sheng L, Qian Z, Zheng S, Xi L. Mechanism of hypolipidemic 
effect of crocin in rats: crocin inhibits pancreatic lipase. Eur 
J Pharmacol 2006;543:11622. https://doi.org/10.1016/j.ejphar. 
2006.05.038

36. Santos NW, Yoshimura EH, Machado E, et al. Antioxidant 
effects of a propolis extract and vitamin E in blood and milk 
of dairy cows fed diet containing flaxseed oil. Livest Sci 2016; 
191:1328. https://doi.org/10.1016/j.livsci.2016.07.012

37. Bourne N, Wathes DC, McGowan M, Laven RA. A compari
son of the effects of parenteral and oral administration of 
supplementary vitamin E on plasma vitamin E concentrations 
in dairy cows at different stages of lactation. Livest Prod Sci 
2007;106:5764. https://doi.org/10.1016/j.livsci.2006.07.001

38. Ramadan A, Soliman G, Mahmoud SS, Nofal SM, Abdel
Rahman RF. Evaluation of the safety and antioxidant activities 
of Crocus sativus and Propolis ethanolic extracts. J Saudi Chem 
Soc 2012;16:1321. https://doi.org/10.1016/j.jscs.2010.10.012

39. Vaswani S, Mani V, Kewalramani N, Kaur H. Mitigation of 
adverse effects of arsenic by supplementing vitamin E in cross
bred kids maintained at low protein diet. Indian J Anim Nutr 
2010;27:34652. 

40. Huang SW, Frankel EN. Antioxidant activity of tea catechins 
in different lipid systems. J Agric Food Chem 1997;45:3033
8. 

41. Singh G, Marimuthu P, De Heluani CS, Catalan C. Antimicrobial 
and antioxidant potentials of essential oil and acetone extract 
of Myristica fragrans Houtt. (Aril part). J Food Sci 2005;70: 

M1418. https://doi.org/10.1111/j.13652621.2005.tb07105.x
42. Samarghandian S, AzimiNezhad M, Farkhondeh T. Immuno

modulatory and antioxidant effects of saffron aqueous extract 
(Crocus sativus L.) on streptozotocininduced diabetes in rats. 
Indian Heart J 2017;69:1519. https://doi.org/10.1016/j.ihj. 
2016.09.008

43. Salvatori G, Pantaleo L, Di Cesare C, Maiorano G, Filetti F, 
Oriani G. Fatty acid composition and cholesterol content of 
muscles as related to genotype and vitamin E treatment in 
crossbred lambs. Meat Sci 2004;67:4555. https://doi.org/10. 
1016/j.meatsci.2003.09.004

44. Blatt DH, Pryor WA, Mata JE, RodriguezProteau R. Reevalu
ation of the relative potency of synthetic and natural αtoco
pherol: experimental and clinical observations. J Nutr Biochem 
2004;15:38095. https://doi.org/10.1016/j.jnutbio.2003.12.011

45. Jensen C, Lauridsen C, Bertelsen G. Dietary vitamin E: quality 
and storage stability of pork and poultry. Trends Food Sci 
Technol 1999;9:6272. https://doi.org/10.1016/S09242244 
(98)000041

46. ELDemerdash FM. Antioxidant effect of vitamin E and sele
nium on lipid peroxidation, enzyme activities and biochemical 
parameters in rats exposed to aluminium. J Trace Elem Med 
Biol 2004;18:11321. https://doi.org/10.1016/j.jtemb.2004.04.001

47. Arita M, Sato Y, Arai H, Inoue K. Binding of alphatocopheryl
quinone, an oxidized form of alphatocopherol, to glutathione 
Stransferase in the liver cytosol. FEBS Lett 1998;436:4246. 
http://dx.doi.org/10.1016/S00145793(98)011764

48. Ithayarasi AP, Devi CS. Effect of alphatocopherol on lipid 
peroxidation in isoproterenol induced myocardial infarction 
in rats. Indian J Physiol Pharmacol 1997;41:36976.

49. Mokhber‐Dezfouli MR, Rahimikia E, Asadi F. The role of 
route of vitamin E administration on the plasma antioxidant 
activity and lipid peroxidation in newborn calves. Basic Clin 
Pharmacol Toxicol 2008;103:4148. https://doi.org/10.1111/
j.17427843.2008.00308.x


