
79

Research Article
Received: 25 April 2014 Revised: 26 November 2014 Accepted article published: 8 January 2015 Published online in Wiley Online Library: 26 January 2015

(wileyonlinelibrary.com) DOI 10.1002/jsfa.7062

Composition and biological activities of
slaughterhouse blood from red deer, sheep, pig
and cattle
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Abstract

BACKGROUND: Animal blood is a large-volume by-product of the meat industry. Besides blood meal fertiliser, blood is marketed
for human consumption as a supplement. Minimal comparative work on slaughterhouse animal blood fractions has been carried
out. In this study, slaughterhouse deer, sheep, pig and cattle blood parameters were compared. Some blood constituents were
determined. Fractionated blood was assessed for antioxidant activity (2,2-diphenyl-1-picrylhydrazyl radical scavenging, oxygen
radical scavenging capacity and ferric reducing antioxidant power). Angiotensin converting enzyme (ACE) inhibitory activity
and antimicrobial activity were also assessed.

RESULTS: Serum iron ranged from 35.3±0.6𝛍mol L−1 in cattle to 16.3± 3.1𝛍mol L−1 in deer. Cattle had the highest total plasma
proteins (81.7±1.5 g L−1). While the plasma fractions contained considerable antioxidant activity, the red blood cell fractions
of all four animal species contained higher antioxidant activity (P < 0.05). Negligible levels of ACE inhibitory activity were
found for all animal blood fractions. Antimicrobial activity was detected towards Escherichia coli, Staphylococcus aureus and
Pseudomonas aeruginosa with sheep white blood cells from which a crude neutrophil extract was obtained which demonstrated
concentration-dependent inhibitory effects on the growth rates of these bacterial strains.

CONCLUSION: Fractionated animal blood obtained from local slaughterhouses contains native proteins that possess antioxidant
activity and antimicrobial activity.
© 2015 Society of Chemical Industry
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INTRODUCTION
Blood is a by-product obtained soon after slaughter of an animal
and is a readily available protein source. Blood from slaughtered
animals can represent up to 4% of the live weight of the animal.1,2

The volume of blood generated in slaughterhouses can have a
major impact on the environment if it is not adequately treated.3

Thus, numerous studies have investigated potential applications
for use of animal blood, from incorporation into food to the gen-
eration of bioactive peptides through enzymatic hydrolysis. The
food industry uses about 30% of the blood produced,4 mainly in
meat products as a gelling agent and natural colorant. Blood and
its derivatives are also used in the pet food industry, animal farm-
ing, agriculture, pharmaceutical diagnostic agents, and as glue in
the paper industry.5 The utilisation of blood in various applications
adds value to it and avoids the cost of the environmental compat-
ible disposal of the animal by-product.

Blood can be regarded as a complex liquid that is made up of two
main fractions, namely the cellular fraction (containing red blood
cells, white blood cells and platelets), and the plasma fraction.
Animal blood contains about 18% protein, with haemoglobin,
which is present in the red blood cells, accounting for more
than half of the protein present.6 The valorisation of blood can
be increased by separation of whole blood into the blood cell
fraction and the plasma.3 After removal of the cells from unclotted
blood, the plasma accounts for 60–70% of the total volume

of blood. In general, mammalian plasma contains 6–8% w/v
protein, consisting primarily of albumin (60%), globulins (36%),
and fibrinogen (4%).1,3

While studies have been carried out on hydrolysed blood frac-
tions and their related bioactivities, a comparison of the properties
of unhydrolysed slaughterhouse animal blood from deer, sheep,
pig and cattle has not yet been reported. The use of blood as
food or as a source of bioactives is more common than the use of
hydrolysed blood proteins. Components other than protein may
also exhibit bioactivity. Blood obtained from New Zealand red deer
is exported and sold in capsule form with a marketing focus on its
ability to heal human ailments.7 Deer blood is claimed to be ben-
eficial in the development of respiratory function, in reducing the
frequency of injuries, in controlling the level of body fat in blood
and in facilitating the supply of oxygen to cells.7 As the potential
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of deer blood remains largely unexplored, this study will compare
the profile and activity of deer blood with the other animal bloods.

The objectives of this study were (1) to assess the blood con-
stituents in deer, in comparison with sheep, pig and cattle blood
obtained from local abattoirs, (2) to evaluate the potential biolog-
ical activities in terms of antioxidant activity, ACE inhibitory activ-
ity and antimicrobial activity and (3) to determine whether native
blood fractions possess bioactivity without further processing.

MATERIALS AND METHODS
Chemicals
2,2-Diphenyl-1-picrylhydrazyl (DPPH), 2,4,6-tris(2-pyridyl)-1,3,5-
triazine (TPTZ), 6-hydroxy-2,5,7,8-tetramethylchromane-2-
carboxylic acid (Trolox), fluorescein sodium salt, ferrous sulfate
heptahydrate, sodium citrate, angiotensin-I converting enzyme
(ACE, from rabbit lung, lyophilised powder), and hippuryl-L-
histidyl-L-leucine (Hip-His-Leu), used as the substrate for ACE were
obtained from Sigma–Aldrich (St Louis, MO, USA). Ammonium sul-
fate and ferric chloride hexahydrate were from the AnalaR® range
(BDH Chemicals Ltd Poole, UK). 2,2′-Azo-bis(2-amidinopropane)
dihydrochloride was purchased from Cayman Chemicals (Ann
Arbor, MI, USA). Methanol was obtained from LabServ®, Pronalys
Chemicals, Scoresby, Vic, Australia. Ficoll-PaqueTM was purchased
from GE Healthcare Bio-Sciences AB (Uppsala, Sweden). All chem-
icals used were of analytical reagent grade unless otherwise
stated.

Measurement of blood constituents
Fresh animal blood (from deer, sheep, pig and cattle) was obtained
from local commercial slaughterhouse facilities. The blood sam-
ples collected for each species were pooled samples obtained
from the abattoir blood waste stream. The samples were in trip-
licates. Red deer (Cervus elaphus) were of 15–16 months age,
sheep (Perendale) were 10–11 months old, pigs (Duroc) were 5–6
months old and cattle (Angus) were 22–24 months old. Measure-
ment of deer, sheep, pig and cattle blood biochemical param-
eters (serum iron, total protein, albumin and alpha-, beta- and
gamma-globulin), were determined by Gribbles Veterinary NZ
using Roche Modular total protein and albumin assays.

Blood separation
Fresh animal blood (from deer, sheep, pig and cattle) was collected
with unbuffered sodium citrate (10 g L−1) added to prevent coag-
ulation.

To obtain the plasma and red blood cells (RBC) fractions, the
blood of each animal species was centrifuged at 2060× g for
15 min at 4 ∘C which generated three fractions. The lower fraction
contained the red blood cells (stored and used for bioactivity
assays), the middle fraction was the white buffy coat (containing
white blood cells and platelets which were removed), and the
upper fraction was the plasma (stored and used for bioactivity
assays).

To obtain the white blood cell fraction, Ficoll-PaqueTM (an ery-
throcyte aggregating medium) was used as it enables a better
separation of the white blood cells from the erythrocytes in the
blood.8,9 Either uncoagulated whole blood or the white buffy coat
layer removed in the earlier step above, was layered gently on top
of the Ficoll-PaqueTM. The tube was then centrifuged at 800× g, for
30 min at 20 ∘C (no brake applied). The Ficoll gradient separated
the blood into four layers (top to bottom: plasma, white blood

cells, Ficoll-PaqueTM, and red blood cells). The white blood cells
were removed carefully and washed three times with 20 mmol L−1

sodium phosphate buffer, pH 7.2, containing 0.15 mol L−1 NaCl,
and then pipetted into a clean tube. The white blood cell fractions
were used in the antimicrobial assays only. Figure 1 describes the
work flow of this study in more detail. The plasma, red blood cell
and white blood cell fractions were stored at −20 ∘C until use.

Obtaining a crude neutrophil extract containing
antimicrobial peptides
The method developed by Anderson et al. was followed to
obtain a crude neutrophil extract from animal blood.10,11 Red
blood cells in uncoagulated whole blood were first lysed by the
addition of 0.83% ammonium chloride solution to the blood
at a ratio of 3:1.10 The remaining white blood cells were col-
lected by centrifugation (700× g, 15 min, 4 ∘C), resuspended in
PBXS buffer (137 mmol L−1 NaCl, 2.7 mmol L−1 KCl, 0.5 mmol L−1

MgCl2, 8.1 mmol L−1 Na2HPO4, 1.5 mmol L−1 KH2PO4, pH 7.4), and
homogenised to release the neutrophil granules. These granules
were collected after centrifugation (27 000× g, 40 min, 4 ∘C), sus-
pended in 10% acetic acid, and mixed overnight at 4 ∘C to extract
the antimicrobial peptides. The solution containing the peptides
was then separated from the granules (27 000× g, 20 min, 4 ∘C),
freeze dried, and suspended in 0.01% acetic acid.

Protein profile of blood plasma and red blood cell fractions
Proteins were displayed by one-dimensional SDS-PAGE using
BOLTTM gradient (4–12%) Bis–Tris gels (Life Technologies, Auck-
land, New Zealand) which can display proteins from 260 kDa down
to 3.5 kDa. A 2 μL aliquot of each sample (plasma fractions were
diluted five-fold; red blood cell fractions were diluted 10-fold) was
added to 3.8 μL of BOLT sample buffer, 1.5 μL of BOLT reducing
agent and 8 μL of Milli-Q water. The samples were incubated at
90 ∘C for 5 min prior to being loaded on a gel. Electrophoresis
was performed in BOLT running buffer (1×) at 164 V for 34 min
at room temperature. Protein standards (Novex Sharp Pre-stained
Protein Standard; Life Technologies) were included on the gel as a
molecular marker. After electrophoresis, the gels were stained with
SimplyBlue™ SafeStain (Life Technologies) and then de-stained
with Milli-Q water.

Antioxidant activities
Radical scavenging activity using the 2,2-diphenyl-1-picrylhydrazyl

method
The DPPH radical scavenging activity of animal blood samples was
carried out as described by Brand-Williams et al.12 and Janasweska
and Bartosz13 with a reaction time of 1 h. Trolox was used as a
standard. The change in absorbance of all the samples and stan-
dards were measured at 517 nm. Samples were added directly to
the DPPH–methanol solution without any dilution. As precipitates
formed in the samples when the blood samples were added to
the DPPH–methanol solution, the samples were centrifuged prior
to measurement of absorbance of the supernatant at 517 nm as
described by Janasweska and Bartosz.13

The DPPH free radical scavenging activity (%) was calculated
using the following formula:

% radical scavenging =
(

c − cb

)
−
(

s − sb

)

c − cb

× 100

where c is the absorbance of water plus DPPH in methanol, cb is
the absorbance of water plus methanol, s is the absorbance of
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Figure 1. Workflow of the current study.

the sample added to DPPH in methanol, sb is the absorbance of
the sample plus methanol. The results obtained are reported as %
radical scavenging activity.

Oxygen radical antioxidant capacity assay
The antioxidant capacity of blood fractions was determined using
the oxygen radical antioxidant capacity (ORAC) assay according
to Huang et al.14 The plasma fractions were diluted 200-fold while
red blood cell fractions were diluted 800-fold in 75 mmol L−1

PBS (pH 7.4) prior to measurement. The final ORAC values were
calculated using the differences of areas under the curves of
fluorescence decay between the blank and sample (net area under
the curve). Trolox was used as a standard. Results are expressed as
micromole Trolox equivalent (TEq) per litre.

The contribution of the non-protein components in the blood
fractions towards the measured antioxidant activity was deter-
mined as described by Ninfali and Aluigi15 Aliquots of samples
were depleted of proteins as follows: 50 μL of blood sample
was diluted to 100 μL with 75 mmol L−1 phosphate buffer
pH 7.0, then 400 μL of 100% saturated ammonium sulfate was
added, mixed and placed on ice for 30 min. Samples were then
centrifuged at 21 000× g for 10 min using an ultracentrifuge.

The supernatants were removed carefully and used directly
for analysis.

Ferric reducing antioxidant power assay
The ferric reducing antioxidant power16 (also known as ferric
reducing ability of plasma)17 assay was performed in a 96-well
microplate. Test samples (20 μL) were mixed with 150 μL FRAP
solution. The FRAP solution was prepared by mixing acetate buffer,
ferric chloride hexahydrate (FeCl3 · 6H2O) and TPTZ, at a ratio of
10:1:1, respectively. The mixture was mixed and incubated at 37 ∘C.
Absorbance was measured at 593 nm after 60 min. The change
in absorbance was compared to that of a standard that was run
concurrently. Standards of known Fe(II) concentrations (containing
FeSO4 · 7H2O) were run in triplicate using several concentrations
between 25 and 1000 μmol L−1. A standard curve was prepared
and the FRAP antioxidant activity of the blood samples was then
determined using this standard curve and expressed as micromole
Fe(II) equivalent per litre.18

Angiotensin-I converting enzyme inhibitory assay
The assay for ACE inhibitory activity was performed using the
method of Cushman and Cheung,19 as described by Liu et al.20
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Table 1. Levels of iron and protein constituents in slaughterhouse deer, sheep, pig and cattle blood

Constituent Deer Sheep Pig Cattle

Serum iron (μmol L−1) 16.3± 3.1c 29.3± 2.1ab 23.3± 4.0bc 35.3± 0.6a

Total plasma protein (g L−1) 66.3± 15.0ab 57.3± 11.0ab 46.3± 6.0b 81.7± 1.5a

Albumin (g L−1) 33.3± 8.3a 25.3± 2.3a 33.7± 4.9a 29.3± 0.6a

Globulin (g L−1) 33.0± 7.2b 32.0± 13.2bc 12.7± 2.1c 52.3± 2.1a

Alpha 1 (g L−1) 3.2± 0.7a 2.7± 1.3ab 0.7± 0.2b 4.1± 0.3a

Alpha 2 (g L−1) 6.3± 1.5ab 5.9± 2.4b 3.8± 0.5b 10.2± 0.4a

Beta 1 (g L−1) 7.1± 1.8a 5.6± 3.4ab 1.9± 0.2b 5.2± 0.5ab

Beta 2 (g L−1) 6.2± 0.4b 14.1± 4.0a 3.8± 0.9b 12.5± 1.2a

Gamma (g L−1) 10.3± 3.4b 3.7± 3.4c 2.5± 0.5c 20.3± 0.1a

A/G ratio* 1.01 0.79 2.65 0.56

Results are reported as the mean value± SD; n= 3.
Means in the same row with different letters are significantly different (P < 0.05).
*Ratio of albumin to total globulin.

ACE was prepared with 50 mmol L−1 sodium borate buffer, pH 8.3,
containing 300 mmol L−1 NaCl. Hippuryl-L-histidyl-L-leucine was
used as the substrate for ACE. Captopril was used as the positive
control. The absorbance of hippuric acid was measured at 228 nm
using a UV–visible spectrophotometer.

The percentage inhibition was calculated as follows:

% inhibition = B − A
B − C

× 100

where A is the absorbance in the presence of ACE and an ACE
inhibitory component, B is the absorbance without an ACE
inhibitory component, and C is the absorbance without ACE.21

Antimicrobial assays
Drop agar diffusion method
Mueller–Hinton agar plates were inoculated by swabbing evenly
in three directions with a 0.5 McFarland standard concentration of
each test isolate [Escherichia coli O157 verotoxin negative (ATCC
35130), Staphylococcus aureus Oxford strain (NCTC 6571), and
Pseudomonas aeruginosa (ATCC 10213)]. Using the drop agar
diffusion method, a 10 μL aliquot of the blood samples (plasma,
red blood cell or white blood cell fraction) was applied to the inoc-
ulated plates.22 The plates were then incubated at 37 ∘C for 24 h.
E-test strips of ampicillin (for E. coli and S. aureus) and gentamicin
(for P. aeruginosa) were used as the control antimicrobial agents.
The E-test minimum inhibitory concentration was determined in
accordance with the manufacturer’s guidelines (AB Biodisk, Solna,
Sweden). Sabouraud dextrose agar plates were used for Candida
albicans A82 and incubated for 48 h. Amphotericin B was used as
the control antimicrobial agent for C. albicans.

Single-layer agar well diffusion method
E. coli, S. aureus and P. aeruginosa were grown overnight in tryp-
ticase soy broth (TSB), while C. albicans was grown in sabouraud
dextrose broth (SAB). The overnight culture was centrifuged, and
the supernatant removed. A 0.5 McFarland standard of each
bacteria culture was then prepared by suspension in PBS. An
aliquot of this suspension (0.5 mL) was added to 19 mL of molten
Mueller–Hinton or sabouraud dextrose agar at 45 ∘C and then
poured into a plate.

Once the agar had set in the plates, 7-mm diameter wells were
cut in the agar, with use of a sterile toothpick to remove the agar
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Figure 2. One-dimensional SDS-PAGE of red deer, sheep, pig, and cattle
plasma and red blood cell fractions. Protein profiles of animal blood
fractions by SDS-PAGE. Lane 1, molecular weight marker; lane 2, sheep
plasma; lane 3, pig plasma; lane 4, deer plasma; lane 5, cattle plasma; lane
6, sheep red blood cells; lane 7, pig red blood cells; lane 8, deer red blood
cells; lane 9, cattle red blood cells.

plug in each well. A 50 μL aliquot of each blood preparation was
dispensed into the wells. All plates were incubated at 37 ∘C for 24 h
and the results recorded.

Double-layer radial well diffusion method
E. coli, S. aureus, P. aeruginosa and C. albicans were grown overnight
for 18 h at 37 ∘C in 50 mL of full-strength (3% w/v) TSB or SAB.23

To obtain mid-logarithmic phase organisms, 50 μL of this culture
was inoculated into 50 mL of fresh broth and incubated for an
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Figure 3. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) and oxygen radical absorbance capacity (ORAC) antioxidant activity of animal plasmas and red blood cell
fractions. (A) DPPH radical scavenging activity of deer, sheep, pig and cattle blood fractions, expressed as % radical scavenging activity. (B) Oxygen radical
antioxidant capacity (ORAC) of deer, sheep, pig and cattle blood fractions expressed as micromole Trolox equivalents (TEq) per litre. The value of each
data point represents the mean± standard deviation.

additional 2.5 h at 37 ∘C. The microorganisms were centrifuged
at 900× g for 10 min at 4 ∘C, washed once with cold 10 mmol L−1

sodium phosphate buffer, pH 7.4 (NAPB) and resuspended in
10 mL of cold NAPB. The optical density (OD) of an aliquot was
measured at 600 nm, and based on growth curves established pre-
viously, 1× 106 CFU was added to 10 mL of previously autoclaved,
warm (42 ∘C) 10 mmol L−1 NAPB that contained 3 mg of powdered
TSB or SAB medium and 1% w/v agarose. After rapidly dispersing
the bacteria, the agar was poured into Petri dishes and allowed to
set. A template and a 7 mm diameter gel punch were used to make
six evenly spaced wells. After adding 50 μL of test or control mate-
rial per well, the plates were incubated for 3 h at 37 ∘C, and then
overlayed with 10 mL of sterile agar that was maintained in fluid

phase at 42 ∘C. The overlay agar consisted of a double-strength
(6% w/v) solution of TSB or SAB and 1% w/v agarose. After incuba-
tion for 24 h at 37 ∘C, the diameter of the clear zone surrounding
the wells was measured with a digital calliper.

Effect of crude neutrophil extract on the growth rate
of bacteria
E. coli, S. aureus and P. aeruginosa were grown overnight in 10 mL
of trypticase soy broth (TSB) in a shaker incubator with a constant
speed of 175 rpm and temperature of 37 ∘C. The cultures were then
centrifuged at 2060× g for 20 min to form a pellet. The supernatant
was discarded and the pellet was resuspended in 0.1% peptone

J Sci Food Agric 2016; 96: 79–89 © 2015 Society of Chemical Industry wileyonlinelibrary.com/jsfa
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water to achieve a 0.5 McFarland standard. This was then diluted
10-fold before 10 μL of the bacterial culture suspensions was
added to a microtitre plate well containing 50 μL of TSB and 50 μL
of crude neutrophil extract at different concentrations. Ampicillin
and gentamicin were used as standard antibacterial agents.

Microbial growth kinetics were recorded on a Synergy-2
microplate reader driven by a Gen5™ reader control and data
analysis software (BioTek Instruments, Winooski, VT, USA). The
96-well microplates were incubated at 37 ∘C for 24 h. Turbidity was
measured as absorbance at 600 nm, and was taken every 30 min.
The microplates were shaken for 10 s prior to the measurement to
achieve homogeneous suspensions.

Statistical analysis
All blood constituent analysis was carried out in triplicate. The
bioactivity experiments were performed in triplicate samples
(n= 3) and each sample was measured in triplicate. Data were sub-
jected to one-way analysis of variance (ANOVA). Statistical analysis
was performed with Minitab version 16. Results are presented as
means± standard deviation. Significance was defined as P < 0.05.

RESULTS AND DISCUSSION
Composition of blood constituents from commercially

slaughtered deer, sheep, pig and cattle
Deer blood had the lowest concentration (P < 0.05) of serum iron
of the four animal species studied (Table 1). Cattle blood had twice
the concentration of serum iron compared to deer blood and
sheep and pig blood serum iron concentration was intermediate
between cattle and deer.

Cattle blood also had the highest concentration of total
plasma protein (81.7± 1.5 g L−1), followed by deer, sheep and
pig. The total plasma protein concentration of New Zealand
beef cattle was similar to that reported for Canadian beef cattle
(75.4± 5.2 g L−1)24 and slightly higher than that in Italian dairy
cattle (67.54± 11.53 g L−1).25 Total plasma protein concentration
of New Zealand red deer blood was similar to that reported for
Mexican captive red deer (66.0± 6.6 g L−1)24 and for Norwegian
free ranging (64.8± 6.1 g L−1) red deer.26 The value obtained
for sheep total plasma protein concentration was close to that
reported by Anosa and Isoun (56.0± 3.6 g L−1)27 while the total
plasma protein concentration for pig blood obtained in this study
was lower than that reported by Barnett et al. for unstressed
female pigs (60.9± 0.38 g L−1)28 and Tremee et al. for Yorkshire
pigs (63.6± 0.80 g L−1).29 These differences could be due to the
health, gender and reproduction stages of the animal,24 species
effects, geographical altitude, maturity of the animal,1 as well
as stress levels experienced by the animal.28 In addition, other
factors such as genotype, phenotype and diet of the animals could
possibly contribute to differences.

Both red deer and pig blood had similar concentrations of
albumin (33.3± 8.3 and 33.7± 4.9 g L−1) and were higher than the
concentrations of albumin in cattle and sheep blood. Red deer
albumin concentrations were similar to values (36.6± 4.3 g L−1)
reported for Norwegian free ranging red deer.26 The albumin
concentration for pig was close to that reported for unstressed
pigs (38.65± 0.81 g.L−1).28 The sheep albumin concentrations
(25.3± 2.3 g L−1) were also close to those reported by Anosa and
Isoun (24.7± 2.6 g L−1).27 The albumin concentrations for cattle
blood (29.3± 0.6 g L−1) were close to the values reported for Italian
dairy cattle (31.86± 4.60 g L−1)25 but lower than that reported by
Doornenbal et al. for Canadian beef cattle (39.6± 4.4 g L −1).24

Table 2. ORAC values of ammonium sulfate deproteinised plasma
and red blood cell fractions

ORAC values of
deproteinised
samples (μmol TE L−1) ORAC-AS/ORAC-T (%)a

Species Plasma Red blood cells Plasma Red blood cells

Deer 1632.1± 353.3 4621.1± 829.5 1.33 0.88
Sheep 2671.6± 413.4 4118.9± 714.9 2.55 0.74
Pig 3265.8± 639.3 5208.8± 915.2 4.08 0.76
Cattle 2120.0± 144.2 6591.2± 906.2 2.70 1.19

Values of ORAC total (ORAC-T) were determined on 1:200 diluted
plasma and 1:800 diluted red blood cell fractions, while ORAC-AS val-
ues were determined on 1:10 diluted ammonium sulfate (AS) depro-
teinised plasma and red blood cell fractions.
Values are mean± SD.
a These values represent the antioxidant contribution of non-protein
plasma or red blood cell components with respect to the whole plasma
or red blood cell fraction.

Globulins, which are further sub-divided into alpha, beta and
gamma fractions, comprise a heterogeneous group of globular
proteins that include a variety of enzymes, carrier and antigenic
proteins. The most abundant sub-group within globulins cor-
responds to the immunoglobulins.30 Gamma-globulins have
a vital role in natural and acquired immunity to infection. The
level of globulin in cattle blood was the highest among the
four animal species, with gamma-globulins contributing 38.8%
of the total globulin amount. Gamma-globulins were also the
most abundant globulin in red deer blood, while for sheep,
beta2-globulin was the most abundant. Pig blood had the low-
est levels of globulins compared to the other three animal
species. In unstressed pigs, the level of globulins was reported
at 22.1± 1.22 g L−1,28 which is higher than the value obtained
in this study (12.7± 2.1 g L−1). In Italian dairy cattle, reference
levels of alpha1-globulin (5.77± 2.20 g L−1), alpha2-globulin
(5.84± 1.90 g L−1), beta-globulin (7.46± 1.94 g L−1), and gamma-
globulin (16.73± 4.54 g L−1) concentrations as well as the albu-
min/globulin (A/G) ratio (0.88± 0.43) were reported.25

The blood extracts were subjected to one-dimensional
SDS-PAGE analysis (Fig. 2) to compare proteins present in the
fractions. The fractions displayed a complex protein profile on
SDS-PAGE, as expected. A dominant band was observed in the
animal plasmas (Fig. 2, lanes 2–5) with an apparent mass of
66 kDa, corresponding to the reported value for albumin.30 Bands
adjacent to albumin correspond to the globulins.31,32 Sheep, deer
and cattle plasma had a more prominent band at 30 kDa corre-
sponding to gamma-globulin.32 The red blood cell fractions from
each animal (Fig. 2, lanes 6–9) had a dominant band at 15 kDa,
corresponding to alpha and beta globin. Each alpha globin sub-
unit consists of 141 amino acids, and has a molecular weight of
15 126 Da. Each beta globin subunit consists of 146 amino acids,
and has a molecular weight of 15 867 Da.33

Antioxidant activities
2,2-Diphenyl-1-picrylhydrazyl radical scavenging activity
The DPPH radical scavenging assay monitors the percentage
of the DPPH radical remaining after a given time. The time of
measurement is an important parameter for the reaction and
for the comparison of the results. As Janaszewska and Bartosz13
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Figure 4. Ferric reducing antioxidant power (FRAP) antioxidant activity (AA) of animal plasmas (A), and red blood cell fractions (B) expressed as FeSO4
equivalent (micromole Fe(II) per litre). The value of each data point represents the mean± standard deviation.

reported that their kinetic measurements showed that the reduc-
tion of DPPH by blood plasma was not complete at 30 min of reac-
tion time, in this study the reaction time was set at 1 h.

The DPPH radical scavenging activity of the four animal
blood plasmas and red blood cell fractions are shown in Fig. 3.
Sheep plasma had the highest DPPH radical scavenging activity
(27.6± 2.0%) compared to deer (21.9± 2.2%), cattle (21.3± 1.5%),
and pig (17.4± 4.7%). Albumin, the major protein in plasma, is
considered to be a major circulating extracellular antioxidant34,35

which could be contributing to the antioxidant activity found. The
DPPH scavenging activity found for pig plasma was similar to the
DPPH radical scavenging activity reported by Liu et al.36 for pig
plasma (21.43± 0.09%).

Red blood cell fractions of all four animal species had higher
DPPH scavenging activity compared to the plasma fraction.
Sheep RBC had a DPPH radical scavenging activity of 81.9± 1.4%,
followed by pig (76.4± 2.6%), deer (73.5± 4.7%) and cattle
(60± 0.4%). This higher antioxidant scavenging activity of the
red blood cell fraction compared to the plasma fraction may be

partly attributed to enzymatic antioxidant systems within the
red blood cells such as superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase.37 SOD, CAT, and glutathione
peroxidase constitute the primary mechanism for protecting cells
from oxidative damage. SOD catalyses the dismutation of super-
oxide anions to form hydrogen peroxide and oxygen. Glutathione
peroxidase converts hydrogen peroxide to water in a reaction
that also oxidises GSH to its disulfide (GSSG) while catalase safely
decomposes H2O2 to H2O and O2. Previous investigations of SOD
activity in RBC have shown that it is quite uniform among a variety
of animal species.37

Oxygen radical scavenging capacity results
Oxygen radical absorbance capacity (ORAC) was measured in
whole plasma and red blood cell fractions. Ammonium sulfate
deproteinised plasma and red blood cell fraction samples of deer,
sheep, pig and cattle were also measured and results are desig-
nated as ORAC-AS. The ORAC value of both total (ORAC-T) and
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Table 3. Summary of antimicrobial activity screening of slaughterhouse animal blood fractions

Microorganism

Method, animal, and blood fraction Antibiotic E. coli S. aureus P. aeruginosa C. albicans

Drop agar diffusion
Pig

Plasma – ND ND ND ND
RBC – ND ND ND ND
WBC – ND ND ND ND

Deer
Plasma – ND ND ND ND
RBC – ND ND ND ND
WBC – ND ND ND ND

Cattle
Plasma – ND ND ND ND
RBC – ND ND ND ND
WBC – ND ND ND ND

Sheep
Plasma – ND ND ND ND
RBC – ND ND ND ND
WBC – 12.0 mmb 15.0 mmb 9.0 mmb ND
Neutrophil extract – ND ND ND ND
– Ampicillin (E test strip) 4.0 μg mL−1a 0.64 μg mL−1a NA NA
– Gentamicin (E test strip) NA NA 1.0 μg mL−1a NA
– Amphotericin B (40 μg mL−1) NA NA NA 20 mmb

Agar well diffusion (well diameter= 7 mm)
Sheep

Neutrophil extract (40 mg mL−1) – ND ND ND ND
Radial well diffusion (well diameter= 7 mm)

Sheep
Neutrophil extract (40 mg mL−1) – 10.2 mmb 11.7 mm 9.2 mm ND
– Ampicillin (0.25 mg mL−1) 13.7 mmb 20.5 mmb NA NA
– Gentamicin (0.25 mg mL−1) NA NA 12.0 mmb NA
– Amphotericin B (40 μg mL−1) NA NA NA 16.4 mmb

a MIC.
b Clear zone (mm).
NA, not applicable; ND, no antimicrobial activity detected; RBC, red blood cell fraction; WBC, white blood cell fraction.

deproteinised plasma/red blood cell fractions was carried out to
determine the anti-peroxyl radical contribution of both protein
and non-protein components.

The total animal red blood cell fractions had higher ORAC activity
than the total plasma samples with pig red blood cells having
the highest activity (Fig. 3B). ORAC values obtained for the plasma
fractions of all four animal species in this study were relatively
similar. ORAC values of 11 374± 734 μmol L−1 have been reported
for pig whole plasma, and 16 521± 1140 μmol L−1 for sheep whole
plasma;15 however, this was using B-phycoerythrin (B-PE) as the
fluorescent probe, thus a direct comparison is not possible.

Table 2 shows the results of the deproteinised samples and their
relative contribution to total ORAC activity. The results show that
plasma and red blood cell non-protein components contribute
less to the total ORAC activity than the whole plasma or whole
red blood cell fractions. Ninfali and Aluigi reported higher relative
contributions of ORAC-AS to ORAC-T than found in this study. They
reported a relative contribution of 6.3% for pig and cattle plasma,
and 11.2% for sheep plasma when using B-PE as a fluorescence
probe.15 Nonetheless, this is an important point showing that
a large portion of antioxidant activity could be contributed by

the protein components of blood and supports further studies in
increasing the antioxidant activity through the hydrolysis of blood
proteins.

Ferric reducing antioxidant power results
The FRAP assay utilises the reducing potential of the antioxidants
to react with a ferric tripyridyltriazine (FeIII –TPTZ) complex and
produce a coloured ferrous (FeII –TPTZ) form.17 Figure 4 sum-
marises the FRAP activity of deer, sheep, pig and cattle plasma
(A) and red blood cell (B) fractions. Deer, sheep and cattle plasma
had similar levels of FRAP activity while pig plasma had higher
activity. Apart from proteins, Benzie and Strain estimated the
relative contributions of other antioxidants in fresh plasma to
the FRAP value to be 15, 5, and 5% for ascorbic acid, 𝛼-tocopherol,
and bilirubin, respectively.17 The lipids in blood could also serve
as a potential source of other antioxidants such as 𝛽-, 𝛿- and
𝛾-tocopherols, tocotrienols, 𝛽-carotene and other carotenoids.38,39

Red blood cell fractions had higher activity once again compared
to the plasma fractions. Pig and cattle red blood cells had higher
activity compared to deer and sheep.
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Figure 5. Effect of sheep neutrophil extract on the growth of bacteria. (A) Growth curves of E. coli treated with sheep neutrophils at different concentrations.
(B) Growth curves of S. aureus treated with sheep neutrophils at different concentrations. (C) Growth curves of P. aeruginosa treated with sheep neutrophils
at different concentrations.

Angiotensin I converting enzyme-inhibitory activity of crude blood
fractions

ACE inhibitory activity of the crude blood fractions was very low
or negligible (none to 3.30± 2.23%) compared to controls, sim-
ilar to results by Wanasundra et al., who found that unhydrol-
ysed bovine plasma had insignificant ACE inhibitory activity.40

Angiotensin-I converting enzyme increases blood pressure when
it catalyses the formation of the potent vasopressor angiotensin-II
from angiotensin-I. For this reason, ACE inhibitors are used to
lower blood pressure. ACE inhibitory activity was not detected
for the native blood protein fractions in this study. ACE inhibitory
peptides have been identified previously in deer plasma, after the
plasma was hydrolysed with trypsin.20 Similarly, enzymes used

to hydrolyse bovine and porcine haemoglobin resulted in pep-
tides with ACE inhibitory activity.41,42 The relationship of peptide
structure to ACE inhibitory activity have been studied, and it has
been suggested that the presence of hydrophobic side chained
amino acids, N-terminal residues with branched side chain amino
acids such as valine (Val), isoleucine (Ile), and amino acids such
as tryptophan (Trp), tyrosine (Tyr), proline (Pro), or phenylala-
nine (Phe) at the C-terminal may correlate with increased ACE
inhibitory activity.20

Antimicrobial activity of crude blood fractions
Fractions of blood from deer, pig, sheep and cattle were initially
tested for antimicrobial activity against E. coli, S. aureus, P. aerugi-
nosa and C. albicans using the simple drop agar diffusion method.
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Sheep white blood cells demonstrated some inhibition towards
the growth of E. coli, S. aureus and P. aeruginosa, but none of the
other animal blood fractions did (Table 3).

The extraction and further processing of neutrophils (a type of
white blood cell) can increase antimicrobial activity and has been
reported for cow,43 pig,44 sheep,10 goat45 and deer.46 A crude neu-
trophil extract from the sheep white blood cells in this study was
obtained and further tested in a range of antimicrobial assays. In
the drop agar and well diffusion methods, no antimicrobial activ-
ity was detected against E. coli, S. aureus, P. aeruginosa or C. albicans
(Table 3). However, when the radial diffusion method was used,
antimicrobial activity was detected against E. coli, S. aureus, and P.
aeruginosa with clearance zones of 10.2 mm, 11.7 mm and 9.2 mm
respectively. The radial diffusion method has been reported to
be more sensitive for endogenous antimicrobial polypeptides due
to the use of agarose which helps in the migration of the tested
compounds.23 Because the endogenous antibiotic polypeptides of
leukocytes are typically polycationic, the use of agarose instead of
agar reduces electrostatic interactions with the negatively charged
sulfate and sugar residues of the agaropectin component of agar.23

Including nutrients in the bottom agar and seeding with bacte-
ria in mid-logarithmic growth phase, instead of stationary phase,
can also improve the assay. This is because defensins and other
endogenous antibiotics may be more effective against metabol-
ically active microorganisms.23 In addition, by keeping the ionic
strength and divalent cation content of the bottom agar layer low,
the ability to support the antimicrobial activity mediated by most
leukocyte-derived peptides can be enhanced.23 Finally, the use of a
double agar technique allowed the composition of the underlayer
to support antimicrobial activity and a conventional overlayer to
support microbial growth.23

Sheep neutrophil extract (SNE) was then further tested in a
microplate assay to see the effect on the growth rate kinetics of
E. coli, S. aureus and P. aeruginosa (Fig. 5). The crude neutrophil
extract demonstrated effects on the growth rates of these bacteria
depending on the concentration used. At 40 mg mL−1, SNE extract
inhibited the growth of E. coli and S. aureus over a period of 24 h.

While the plasma and red blood cell fractions in this study
did not demonstrate strong antimicrobial activity, it has been
documented that antimicrobial peptides can be derived from
the haemoglobin fragments of red blood cells, for example
through peptic hydrolysis of bovine haemoglobin.47 Native ovine
haemoglobin tetramer displayed no activity at the highest tested
concentration of 30 mg mL−1, but the separation of subunits at
0.5–2.0 mg mL−1 provided moderate activity against E. coli and S.
aureus.48 Further processing such as enzymatic hydrolysis or acid
extraction may be required to release these peptides in order to
demonstrate greater antimicrobial activity.

CONCLUSION
The blood constituents and biological activities of red deer, sheep,
pig and cattle blood obtained from local slaughterhouses were
compared. The present study documented differences in the
blood constituents (serum iron, total plasma protein and globulin
levels) of slaughterhouse animal blood. It was also demonstrated
that native fractions (unhydrolysed) of animal blood possess vary-
ing degrees of antioxidant activity, but only low ACE inhibitory
activity. White blood cell fractions can be further purified to yield
neutrophils which exhibit greater antimicrobial activity.
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