
TRABAJOS DE 
INVESTIGACION



A R C H IV O S  L A T IN O A M E R IC A N O S  D E  N U T R IC IO N 297

EFFECTS OF TEMPERATURE OF PROCESSING AND OF
ISOLEUCINE FORTIFICATION ON THE NUTRITIVE 

VALUE OF BLOOD MEAL*

Ana Maria L. Coser**, L. Jokl and Enio C. Vieira

Departamento de Bioquímica, Instituto de Ciencias Biológicas,
Universidade Federal de Minas Gerais, Belo Horizonte,

MG BRASIL

SUMMARY

A processing for cattle blood consisting of protein coagulation and 
drying at mild temperatures is described. The protein efficiency ratio 
and the food efficiency of this blood meal supplemented with isoleucine 
were similar to those obtained for casein. Fortification of commercial 
blood meal with isoleucine did not improve much its quality.

I N T R O D U C T I O N

Blood meal represents a protein source that has not been 
properly utilized in Brazil. In the slaughter houses, coagu­
lation and drying of the blood proteins is performed at high 
temperatures for more than 9 h. The quality of the resulting 
blood meal, evidently, is lowered by this processing.

Experiments on feeding monogastric animals with blood 
meal showed that it is deficient in isoleucine (1-3). The defi­
ciency symptoms did not appear when blood meal was sup­
plemented with casein (4). The quality of blood meal was 
dependent on the temperature of processing (5,6).
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In this paper, a milder processing for blood is described. 
The nutritive value of the product and the effect of enrichment 
with isoleucine were evaluated.

MATERIAL AND METHODS 

Commercial blood meal

Commercial blood meal was kindly supplied by Frigorí­
ficos de Minas Geraia S. A., (FRIMISA). This is obtained by 
cooking the blood at over 100°C, 0.5 kg/cm2 for about 9 h.

Experimental blood meal

Total bovine blood was collected at the time of bleeding 
and immediately fibrin was removed by vigorous shaking 
with a wooden stick. At the laboratory fibrin was mixed with 
the uncoagulated blood. Everything was cooked in an open 
pan until precipitation of the proteins occurred. This step 
usually took about 30 min. The liquid was removed and 
the proteins dried at 60°C for 5 h.

Chemical analysis

Moisture, total nitrogen, protein nitrogen, crude protein, 
real protein, ether extract, ash, and non-nitrogenous extract 
were determined according to methods described by AOAC 
(7). The methods os Spackrhan, Stein & Moore (8) and of 
Miller (9) were used for amino acid analyisis and tryptophan 
determination, respectively. Available lysine was determined 
by the method of Hall, Trinder & Givens (10).

Biological evaluation

Albino rats from the laboratory colony were used. The 
animals, 24-25 days old, were fed commercial ration for two 
days. They were then divided in five homogeneous groups of 
six rats (three males and three females) and maintained in 
individual cages. The initial average weight varied between 
49.2 and 52.5 g. All animals received food and water ad



Table 1

Composition of d iets based on commercial and experimental blood meals and on casein

Ingredients
Diets (g/kg)

A B C D E

Saline mixture* SO. 00 50.00 50.00 50.00 50.00

Vitamin mixture* 10.00 10.00 10.00 10.00 10.00

Soybean o il 70.00 70.00 70.00 70.00 70.00

Cod liv e r  o il 10.00 10.00 10.00 10.00 10.00

Cellulose SS.00 55.00 55.00 55.00 60.00

Starch** 671.70 671.70 656.70 656.70 670.20

Commercial blood meal 133.30 - 133.30 - -

Experimental blood meal - 133.30 - 133.30 -

L-Isoleucine - - 15.00 15.00 -

Casein*** - - - - 119.10

Protein level (I) 10.62 10.69 10.76 10.77 10.75

* AOAC (7)
** Maizena, kindly supplied by Refinagoes de Milho, Brasil S.A.

*** ANRC Reference protein  (Sheffield Chemical, Norwich, N.Y.).
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libitum for 28 days. Food consumption and weight gain were 
measured weekly.

Table 1 shows the composition of the diets which were 
isocaloric and isoproteic. The protein source for diets A and 
B were commercial and experimental blood meal, respecti­
vely. Diets C and D contained these meals supplemented with 
isoleucine. Casein was the protein source of diet E.

Protein efficiency ratio(PER) and food efficiency (FE) 
were calculated as follows:

weight gain (g)
PER =  -------------------------------

ingested protein (g)

weight gain (g)
FE =  -------------------------------

ingested food (g)

Apparent digestibility (Dapp) was measured by adding 
ferric oxide (200 mg/100 g of diet), as a tracer, in the last 
week of the experiment. The feces were collcted daily, pooled 
for each animal at the end of the week, dried at 105°C for 24 
h, and powdered. Total nitrogen was determined and the 
apparent digestibility was calculated with the equation:

absorbed nitrogen (g)
DaPP =  -----------------------------------  (11)

ingested nitrogen (g)

Statistical analysis

Since the available rats showed variation in initial weight 
a covariance analysis for total food ingestion and weight gain 
was performed with the objetive of eliminating the effect of 
such difference on the results. The following mathematical 
model was used (12):

Y„ =  Y u —  b (Xij  —  X) 
«SJ
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and

Zìi =  Zy —  b  (Xu —  X )
adì

where

Yij =  adjusted weight gain for rat i on treatment j:
adj

Yij =  weekly weight gain for rat i on treatment j;
Xij =  initial weight for rat i on treatment j;
X =  initial weight general mean;
b =  positive effect of each gram of weight above the

general mean;
Zy =  adjusted food ingestion for rat i on treatment j;

ad]

Zij =  weekly ingestion for rat i on treatment j.

The analysis of variance was made using the data correct­
ed by the covariance analysis. The comparison between the 
adjusted means was made through the minimal significant 
difference (m.s.d.) at 5% significance level.

QMEadj
m.s.d. =  t . --------------

adj s% n

where

QME =  mean square of adjusted error; 
n =  number of observations

R E S U L T S

Production of blood meal

The final product of several batches was brick-red and 
tasteless and represented between 21.64 and 24.61% of the 
blood.

Chemical composition

Table 2 shows the chemical composition of commercial 
and experimental blood meal. Table 3 shows the amino acid 
composition of both products, including the level of available
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Table 2

Chemical composition of commercial and experimental blood meal

Blood meal Moisture
(»)

% of dry matter

Total Protein Crude Real Ether Ashnitrogen nitrogen Protein protein extract

Commercial 3.8 14 .14 12 .4 7 88.36 77.96 0.291 2.320

Experimental 5.7 14.20 12 .72 88.80 79.53 0.477 3.10 7



Table 3
1

Amino acid composition of commercial and experimental blood meal 
Cg/100g)

Aminoacids Experimental
blood meal blood meal

Lysine 7.32 7.29
Available lysine 3.46 5.42
Histidine 4:66 4.72
Arginine 3.63 3.42
Aspartic acid 7.74 7.43
Threonine 3.20 3.12
Serine 4.10 4.23
Glutamic acid 7.76 7.76
Proline 3.06 2.88
Glycine 2.54 2.88
Alanine 5.16 5.56
Valine 5.97 5.88
Methionine 0.78 0.82
Cystine 0.48 0.84
Isoleucine 0.47 0.44
Leucine 10.24 10.34
Tyrosine 1.76 2.32
Phenylalanine 6.12 5.5?
Tryptophan 1.56 1.48
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lysine. Attention is called to the difference in available lysine 
which corresponds to 47.2 and 74.3% of total lysine in com­
mercial and experimental blood meals, respectively. Cisteine 
level was also higher in experimental blood meal.

Biological assay
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weeks

Fig. 2 - Average growth of rats during four weeks on 
diets of different protein sources. Casein ' 
(A—A ); experimental blood meal + isoleucine 1 
(A—¿S); commercial blood meol + isoleucinel°—°); 
experimental blood meal I®— ®); commercial ' 

blood meol lD— °).
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weight gain, respectively, for the five groups of animals. The 
food consumption and weight gain were very poor in both 
diets based on commercial blood meal and on diet based on 
unsupplemented experimental blood meal. In the diet con­
taining experimental blood meal fortified with isoleucine, 
however, the food consumption and weight gain were similar 
to the diet based on casein. In these two diets there was a 
correlation between food consumption and weight gain.

Table 4 shows weight gain, food consumption, food ef-
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ficiency, protein efficiency ratio, and apparent digestibility 
for the five diets. There is no significant difference (p>0.05) 
between diets based on casein and isoleucine supplemented 
experimental blood meal for all variables measured. There 
is difference between these two and the other three diets. 
Nonsupplemented experimental and commercial blood meals 
showed no statistically significant difference. Concerning di­
gestibility, there are signficant differences between diets 
based on supplemented and non-supplemented blood meals 
and on supplemented commercial and experimental blood 
meals.

D I S C U S S I O N

The results show that processing blood under milder con­
ditions improves its nutritive value when supplemented with 
isoleucine. Blood meal is deficient in isoleucine, since hemo­
globin, its main protein, does not contain this amino acid.

Processing affects the protein quality of foods, specially 
when it is done by heat (13). There are evidences for meth­
ionine (14,15), lysine (16), and leucine and tryptophan (17) 
destruction or blocking in proteins, making them nutritionally 
unavailable.

A noticeable difference between commercial and experim­
ental blood meal was the level of available lysine which rep­
resented 47.2 and 74.3%, respectively, of the total lysine 
content. Lysine, probably, is the most sensitive amino acid 
during processing. Dvorak et al. (18) showed that a three 
month storage of blood meal reduced the level of available 
lysine to 24% of the original lysine present.

The digestibility of blood meal depends on the tempera­
ture of processing (19). This would explain why the experi­
mental blood meal had a better digestibility than the com­
mercial one.

Experimental and commercial blood meal, without sup­
plementation, showed negative values for protein efficiency 
ratio and food efficiency, with no significant difference be­
tween them. Isoleucine supplemententation improved the nu­
tritive value of both products. However the results were more 
dramatic for the experimental blood meal. In the latter case, 
the nutritional value was nearly the same of casein.
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Among the reasons for the better quality of fortified 
experimental blood meal when compared with fortified com­
mercial blood meal, one should point out: (i) the low diges­
tibility of commercial blood meal; (ii) the marked difference 
in available lysine.

The results showed that a milder processing in the prep­
aration of blood meal improves, markedly its nutritive value 
when supplemented with isoleucine. The temperature of 
processing used does not exclude the possibility of contami­
nation by microorganisms, since spores resist boiling for 30 
min. This work shows, however, that a milder temperature 
may be found so that the resulting product will be more 
nutritious and at the same time bacteriologically safe.

Research on that line are under way in this laboratory.

R E S U H O

Descreve-se u m  processam ento p a ra  farinha  de sangue bovina que 
consiste em  coagulaqäo e secagem  das p ro teinas a  tem peratu ras mais 
b randas. Os valores do coeficiente de utilizagäo p ro teica e d a  eficiencia 
a lim en tar da  fa rin h a  experim ental suplem entada com isoleuclna foram 
sem elhantes aos obtidos com  caseina. Fortifica^ao da farinha  de  sangue 
com ercial com  isoleuclna näo m elhorou m uito  sua qualidade.
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