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ABSTRACT

Blood coagulation is a process, which is initiated by certain physico-chemical effects. This process results in
a change in the blood from the sol state, that is well suited for further processing, to gel state. 13 blood
clotting factors take part in the cascade system of blood coagulation. Trisodium-citrate affects factor IV, the
calcium, and prevents the change in blood texture. The effect of different concentrations of trisodium-
citrate (0, 0.48, 2.4, 4.8, 9.6, 14.4, 19.2, 24 w/w%) on the texture of blood is investigated. Porcine blood was
collected in 20 cm3 test tubes in a slaughterhouse directly before trisodium-citrate addition and was stored
for one day under refrigerated conditions. The samples without trisodium-citrate coagulated and the
samples with high trisodium-citrate (4–5 g) became solid as well because of the protein salting-out. The
viscosity of successfully treated samples and the shear stress were measured with a rotational viscometer
(Physica MCR 51, Anton-Paar) with concentric cylinders and Couette type method. The flow behavior of
all samples could be described by the Herschel-Bulkley model. The yield point, the consistency index and
the power of law index, which are determined by the equation of the model, showed that the samples with
lower trisodium-citrate content coagulated “better” and the sample with high trisodium-citrate were most
similar to Newtonian fluid. The results are trend-likes, but significant differences may be expected in the
case of higher sample amount. The yield point of the sample, which contained 14.4 w/w% trisodium-citrate,
was by 37.3% less than the sample containing 0.48% trisodium-citrate, and the consistency index of the
sample with 3 g trisodium-citrate was by 20.5% higher than that of the sample with 0.48% trisodium-
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citrate. Thanks to these results a cheaper concentration and drying of porcine blood and blood fractions are
available because no surplus water is added to the blood.
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INTRODUCTION

The utilization of byproducts, especially by-products of animal origin, will be more important
than ever before in the near future because of the increasing world population and need of food,
especially meat products. Sustainability and utilizing of by-products are hot spots of scientific
literature. More sustainable food system also is preferred by consumers (Floros et al., 2010).
Utilizing so much animal by-products as we can is necessary because of two important reasons.
Substituting of meat with animal by-product is a doubly useful solution. The first reason is the
low efficiency of meat production. 7.7 kg feed and 15,400 L water are required for producing
1 kg beef, 3.6 kg feed and 6,000 L water are required for producing 1 kg pork and 2.2 kg feed and
3,400 L water are required for producing 1 kg chicken (Huis, 2010; Mekonnen and Hoekstra,
2010). Carbon footprint of livestock, which estimated to represent 14.5% of human induced
greenhouse gas emission (Gerber et al., 2013; Harwatt et al., 2017), also leads to the necessity of
development. Absolute and relative overpopulation is the second reason. Absolute population
means the growing of population: more than 9 billion people are predicted by 2050 (Godfray
et al., 2010). Relative overpopulation means excessive consumption: population “only” doubled
between 1950 and 2000 and the volume of meat production nearly multiplied by five from
45 million t/year to 233 million t/year (Boland et al., 2013). Besides, the infield area can be
increased maximum to 1.8 billion hectares, and it was 1.6 billion hectares in 2016 (Godfray et al.,
2010). Starving is also a big problem: 795 million people are starving (11% of population)
(McGuire, 2015), while 58 million t protein is consumed in a year by humans from the produced
77 million t protein (Steinfeld et al., 2006). Utilizing of animal blood in high volume may be a
solution for iron deficiency anemia, which affects 1.6 billion people (in Africa 64.6%, in Asia
47.7%, in Europe 16.7%, in Latin America 39.5%, in North America 3.4% and in Oceania 28% of
children.) (Miller, 2013) with more than 1,490 mg iron/kg dry mass (Sorapukdee and Nar-
unatsopanon, 2017; USDA, 2018). Its absorption is better in the human body than the other
forms of iron (WHO, 2004). The fascinating fact is that 100 g porcine blood powder can cover
an average 70 kg adult’s daily essential amino acid need except for the methionine (Ockerman
and Hansen, 2000). Animal blood may the perfect raw material of food producing in the case of
functional as well as common foods (Bah et al., 2013; Duarte et al., 1999; Hsieh and Ofori, 2011;
Ofori and Hsieh, 2012; Toldr�a et al., 2012). The second reason is the polluting power of this by-
product. Animal blood usually is annihilated instead of further processing, because it has to be
handled as hazardous waste. There are criteria for blood collecting and handling in Europe in
the Regulation (EC) No 853/2004 of the European Parliament and of the Council on specific
hygiene rules for food of animal origin. The biological oxygen demand of blood is about 200 g/L
and the chemical oxygen demand of blood is about 400 g/L (Ofori and Hsieh, 2012). It exceeds
the value in Council Directive 91/271/EEC concerning urban waste-water treatment and
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Commission Directive 98/15/EC amending Council Directive 91/271/EEC with respect to
certain requirements established in Annex I thereof. Because of the high polluting power, animal
blood is the most problematic from animal by-products in slaughterhouses (Lynch et al., 2017).
Besides, blood is produced in a very high amount. The weight of extractable blood is 3–4% of the
live animal weight, which is 3–4 kg per an average pig. The weight of total blood is 5–9% if the
live animal weight, but just about 50% of this amount is available from the bloodletting because
10% is in the skin, 16% is in the spleen and 20% is in the liver. Besides, capillaries cannot be
emptied fully (Gorbatov, 1988; Ockerman and Hansen, 2000).

Blood may be a perfect additive or main component for functional foods because it is a rich
source of iron and proteins of high nutritional and functional quality (Putnam, 1975). If we
would like to utilize animal blood for human consumption in high amount, it must be separated
to plasma and RBC fraction or other blood fractions because the whole blood has dark color and
irony taste, which most consumers do not like (Ofori and Hsieh, 2012). Whole blood or other
blood products can be spray dried or freeze dried for storage or transportation because the
protein rich liquids have very unfavorable shelf-life (Salvador et al., 2009).

Blood coagulation is a process, which is initiated by certain physico-chemical effects. This
process results in a change in the blood from the sol state, that is well suited for further processing,
to gel state. 13 blood clotting factors take part in the cascade system of blood coagulation
(Schmaier and Lazarus, 2011). But the blood coagulation must be inhibited directly following
blood collection before any other preservation technologies would be used. The coagulated blood
cannot be handled in a closed pipe system and its important technological attributes are lost.
10 w/w% sodium-citrate solution is added in 0.24 w/w% to the fresh whole blood for inhibiting
blood coagulation in most places, according to the old industrial recommendation (G�argy�an,
1991). But if water is added into blood, the concentration and drying process will be slower and
more expensive. Water is added into the blood, which has to be removed. Blood coagulation can
be inhibited by EDTA or other substances, for instance heparin or vitamin K antagonists
(coumarins), but trisodium-citrate is preferred in the case of food industry. The group of sodium-
citrates is a licensed food additive, which may be used in prepared meat products without
quantitative restrictions according to the Regulation (EC) No 1333/2008 of the European
Parliament and of the Council on food additives. It is marked with “E 331”. Calcium-disodium-
EDTA has also a mark, which is “E 385”, but the limitation is low and strict.

The aim was of the study was making blood processing and preservation more efficient by
development of blood coagulation inhibiting. The essence of development is that no surplus
water is added to the blood before concentrating and drying. This required that the effect of dry
trisodium-citrate powder on the coagulation of whole animal blood was investigated in this
study. The change in blood texture was measured by viscometric approach. If small amount of
dry trisodium-citrate powder can inhibit blood coagulation in industrial environment, the water
content of blood may be lower before the following processes.

MATERIAL AND METHODS

Blood collection and the addition of anticoagulant

Porcine blood was collected manually in a slaughterhouse directly from the slaughtered pork in
South Transdanubia during the bloodletting. Type of pigs (Sus scrofa domesticus) were
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mangalica 3 duroc hybrid. 20 cm3 test tubes were used as sample holder. The trisodium-citrate
(Reanal Laborvegyszer Kft., Hungary) was added to the blood directly after collection; then the
substances were mixed well. The samples were mixed with different amounts of trisodium-
citrate: 0, 0.1, 0.5, 1, 2, 3, 4, 5 g. If we calculated with the density of porcine blood, which is
1,040 kg/m3 (Kowalski et al., 2011), the trisodium-citrate content of the samples were the
following: 0, 0.48, 2.4, 4.8, 9.6/w%, 14.4/w%, 19.2, 24 w/w%. The prepared samples were stored
in test tubes for one day under refrigerated condition before the measurements. Three parallel
samples were prepared for the investigation.

Flow behavior

An Anton-Paar Physica MCR 91 (Anton-Paar GmbH, Germany) viscosimeter device was used
for the investigation. Samples with 1 w/w% trisodium-citrate were coagulated and protein
content of samples with 24 w/w% trisodium-citrate was salting-out. Because of the different
rheological behaviors, these samples cannot be compared to other samples, and that is why the
previously mentioned samples could not be measured. The viscosity of measurable samples and
the shear stress were measured with a Couette concentric cylinders (CC27) set up. The samples
were tempered to 20 8C during the measurement. The outcome of the measurement was a flow
curve, to which a model was fitted. Data were collected between 10 and 1,000 min�1 shear rate
and the flow behavior of all samples could be described by the Herschel-Bulkley model (Mezger,
2006), which considers the following parameters: shear stress (τ), theoretical yield point (τ0),
deformation speed (g), consistency index (C) and power of law index (p). The parameters were
calculated from the shear rate and shear stress.

Equation (1) τ ¼ τ0 þ C3gp (Mezger, 2006).
A new shear rate was calculated based on these parameters. Based on the difference of

measured and calculated shear rate, the compliance of the model can be validated or rejected.
The determination coefficient (R2) shows how appropriate a model is. The determination co-
efficient shows a very appropriate model.

Data are evaluated by the comparison of attributes’ expected values and Pearson correlation
analysis, which measure the dependence between two quantities. The Pearson correlation co-
efficient (r) shows the strength of the change. The ‘1’ value shows straight ratio and the ‘�1’
value shows inverse ratio. Notations and dimensions, which are used in this paper, are shown in
Table 1.

RESULTS

The yield point, the consistency index and the power of law index, which are determined by the
equation of the used model, showed that the samples with lower trisodium-citrate content
coagulated “better” and the samples with high trisodium-citrate were most similar to Newtonian
fluid. In the case of Newtonian fluid, the value of consistency index is positive, the value of yield
point is 0 and the value of power of law index is 1. Newtonian fluids can be handled more simply
and cheaper because the energy consumption of fluid flow in a pipe system depends on the
viscosity of the fluid, which depends on the shear stress (Xie et al., 2016). This shear stress
dependence is more advantageous in the case of Newtonian fluid. Besides, the more the fluid
differs from Newtonian fluid, the more coagulated parts the fluid contains.
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Some results, which have been obtained from the comparison of the attributes’ expected
values, are introduced in the following and shown in Table 2. The results are trend-likes, but
significant differences may be expected in the case of higher sample amount. The yield point of
the sample, which contained 14.4 w/w% trisodium-citrate, was by 37.3% less than that of the
sample containing 0.48 w/w% trisodium-citrate, and the consistency index of the sample with
14.4 w/w% trisodium-citrate was by 20.5% higher than that of the sample with 0.48 w/w%
trisodium-citrate. It can be described generally that the sample, which contains 0.48% triso-
dium-citrate, was least similar to Newtonian fluid and the other samples were similar to each
other in terms of yield point, consistency index and power of law index. The correlation co-
efficients of the used model were higher than 0.995 so the model, that was used for calculating
the parameters, was appropriate.

The correlation between the trisodium-citrate concentration and yield point (r5 �0.66) and
between the trisodium-citrate concentration and consistency index (r 5 0.66) were moderately
strong. But in the case of biological samples, values over 0.6 are considered to have a good
relation. The samples without trisodium-citrate (control samples) coagulated and the samples
with high trisodium-citrate content (19.2–24 w/w%) became solid as well. The proteins of
samples with high trisodium-citrate were probably salting-out. The pH cannot reach the iso-
electric point of proteins because the trisodium-citrate is alkaline and the isoelectric point of the
main blood proteins is in the acidic region. Besides, there was a solid layer on the surface of the
sample with 0.48% trisodium-citrate, which had to be removed before the measurement.

Table 1. Nomenclature

Notation Dimension used in this paper Name

W w/w% Mass percent
τ Pa s Shear stress
τ0 Pa s Yield stress
C Pa sp Consistency index
g s�1 Shear rate
p – Power of law index/Flow behavior index
R2 – Determination coefficient
r – Pearson correlation coefficient

Table 2. Calculated constants of Herschel-Bukley model of measurable porcine blood samples with
different trisodium-citrate

Na3-citrate (w/w%) τ0 (Pa) C (Pa sp) p (–) R2 (–)

0.48 0.658 2.49E-03 1.22 0.999
2.4 0.346 8.95E-04 1.34 0.995
4.8 0.268 3.33E-03 1.17 0.997
14.4 0.279 8.19E-04 1.36 0.997
19.2 0.246 1.21E-02 1.03 0.999
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CONCLUSION

Water content of blood has to be removed for better use and preservation purposes. But before
water removal an anticoagulant, which fits for food industrial use, has to be added into the
blood. This study recommends adding dry trisodium-citrate powder instead of adding its water
solution. The least sodium-citrate content, which is able to inhibit blood coagulation for one day,
is 2.4% according to the results of this study. If a firm collects animal blood for drying or
producing blood products with low water content, it is advantageous to use dry sodium-citrate
powder instead of a liquid solution. Based on these results, a cheaper and faster water removal,
which means membrane concentration and spray drying or lyophilization, of the porcine blood
and blood fractions are available, because it is not necessary to add water (from a solution) into
the blood.
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