ELSEVIER

PIl: S0308-8146(97)00063-0

Food Chemistry, Vol. 60, No. 4, pp. 459-463, 1997
© 1997 Elsevier Science Ltd

All rights reserved. Printed in Great Britain
0308-8146/97 $17.00+0.00

RAPID COMMUNICATION

Effect of processing on iron bioavailability of
extruded bovine lung

T. A. Pinto,? C. Colli* & J. A. G. Aréas®*

“Departamento de Alimentos e Nutri¢do Experimental, Faculdade de Ciéncias Farmacéuticas da Universidade de Sdo Paulo,
Sdo Paulo, SP, Brazil
bDepartamento de Nutri¢do, Faculdade de Saude Publica da Universidade de Sdo Paulo, Av. Dr. Arnaldo, 715-CEP 01246-904,
Sdo Paulo, SP, Brazil

(Received 5 July 1996; revised version received 25 February 1997; accepted 25 February 1997)

The iron bioavailability of extruded and non-extruded lung products was com-
pared with that of ferrous sulfate by the haemoglobin regeneration method.
Extrusion was performed in a laboratory extruder (L/D 20:1) at several proces-
sing temperatures and moisture contents of the feed (115-160°C; 16-30% moist-
ure) with screw (4:1 compression ratio) speed fixed at 200 rpm. These conditions
included the optimum observed for lung texturization. Bioavailability of iron was
determined as efficiency of haemoglobin regeneration in rats fed bovine extruded
lung-based diets, compared with non-extruded lung and casein standard diets.
The results showed that iron bioavailability was high and comparable with fer-
rous sulfate standard, irrespective of the extrusion conditions adopted. These
results showed that extruded lung can be used as a good iron source, even if
processed in conditions deleterious for other nutrients. © 1997 Elsevier Science Ltd

INTRODUCTION

Extrusion cooking is being increasingly used by the
food industry, particularly for the production of
snacks and breakfast foods. This use has been recently
extended to upgrade by-products from the meat indus-
try, after drying and defatting of the raw material
(Aréas & Lawrie, 1984; Aréas, 1986a,b; Bastos & Aréas,
1990; Bastos et al., 1991). In previous work we have
shown that protein is largely affected in nutritional
terms when drastic conditions for extrusion, which are
the ones for maximum texturization, are employed for
lung texturization (Campos & Aréas, 1993). Another
important nutrient in these waste tissues is iron, which is
present in significant amounts and little information is,
as yet, available about the extrusion impact on its nutri-
tive properties.

The effect of extrusion on changes of the chemical
composition, digestion and absorption of minerals is
not perfectly established. Kevistd et al. (1986) have
reported a reduction in mineral absorption from vege-
table extruded products associated with a resistance of
phytate digestion. However, Fairweather-Tait et al.
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(1987, 1989) observed in in vivo studies, using an extrin-
sic label, no effect of maize extrusion on iron absorption.

Lung, like most meats, has around 50% of total iron
in the haeminic form. Animal tissues are known to have
an enhancing effect on both haem and non-haem iron
absorption. The mechanism behind this is not yet
established but the interaction of iron with specific pep-
tides produced during protein digestion may correspond
with the iron absorption-enhancing properties of meat
(Kapsokefalou & Miller, 1995).

The nutritional effects of extrusion cooking on iron
bioavailability of soy and cereals have been reported
in the literature (Mercier, 1993; Camire, et al., 1990;
Hazell & Johnson, 1989; Asp & Bjorck, 1989; Fair-
weather-Tait ef al., 1987, 1989; Ranger & Neale, 1984).
Nevertheless, an appraisal of the processing effects on
the nutritional quality of these novel extruded animal
waste products is necessary.

The present work reports the effect of processing con-
ditions on iron bioavailability of extruded lung. Lung tis-
sue was dried, ethanol-defatted and extruded at various
temperatures and feed moisture contents that included the
optimum for the texturization of this material (Bastos et
al., 1991). Iron bioavailability was determined by the
haemoglobin regeneration test in anaemic rats fed on
experimental and control diets (Mahoney et al., 1974).
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MATERIALS AND METHODS
Materials

Bovine lungs were provided frozen by Sadia-Frigobras
S.A. (Toledo, PR-Brazil). After thawing overnight at
5°C, they were minced in a homogenizer (MOD D-
Hobart Co., USA) through a perforated plaque of 1cm
holes. Before extrusion, the sample was oven-dried in an
air circulating oven (air temperature of 70°C) for 8h
and ethanol-defatted in a glass Soxhlet apparatus. To
obtain the desired moistures for the extrusion feeding
material, sufficient water was added, and the samples
were mixed thoroughly in a mixer and maintained in
polyethylene bags at 5°C for 24 h. Extrusion was carried
out in a laboratory single-screw extruder (Miotto-Sdo
Paulo, SP, Brazil), 20 mm barrel diameter, L/D ratio 20:1.
Extrusion process variables for lung were established
based on previous work by Bastos et al. (1991) and Bastos
& Aréas (1990), in the range where extrusion of these
materials was possible. A combination of barrel extrusion
temperatures ranging from 115 to 160°C and feed moisture
from 16 to 30% dry solid basis (d.s.b.) was employed.

Methods

Chemical analysis

Triplicate determinations of each component were car-
ried out as follows: desiccation to constant weight at
105°C for moisture, ethyl ether extraction in Soxhlet
extractors for lipids, micro-Kjeldahl for protein, and
calcination at 550°C to constant weight for ash (AOAC,
1980; Instituto Adolfo Lutz, 1985). Iron was determined
after wet digestion of the samples with HCIO4,/HNO;
(1:10), in an atomic absorption spectrometer with
background correction (Mod. 373, Perkin Elmer, USA)
employing a hollow cathode lamp at 248.3mm, and
FeCl; (Titrisol, Merck) as standard.

Animal experiments

Weaning male albino Wistar rats, weighing 58g on
average, were individually housed in stainless steel cages
and maintained under controlled conditions of light and
temperature. They received deionized/distilled water
and were fed ad libitum. The bioassay experiments were
carried out in accordance with the Committee on
Laboratory Animal Diets (NRC, 1979).

The variables: weight of each animal (g), feed con-
sumption (g) and blood haemoglobin (Hb) (g dl~!),
determined by cyanide haemoglobin method after tail
bleed, according to Evelyn & Malloy (1938), were
measured during the assay. The iron pool variation,
which expresses available iron from ingested diets, or gain
in haemoglobin iron (Miller, 1982) was calculated as:
Pool Fe (mg) = 0.067 x weight of animal (g) x 0.035%
x (Hb) (g d1I~"). The percentage of bioavailable iron
(% Abs Fe) was then calculated by dividing the iron

pool variation (mg) by total iron intake in the food (mg)
multiplied by 100 (Mahoney et al., 1974). A correction
of iron absorption according to the variable amount of
iron ingested in different groups was performed, as sug-
gested by Miller (1982). We observed an exponential
relationship between iron intake and percentage iron
absorbed that was reproducible among different trails
(Colli et al., 1993). Thus, based on our experimental
results of casein standard groups, with several iron
concentrations, we derived the equation:

Y = o(41-00513%)

where Y is the average percentage iron absorption of the
casein standard groups of each experiment relative to
the amount ingested (X). This equation was used to
correct the percentage absorbed iron in all experimental
groups according to the iron ingestion of each group.
Iron absorption of experimental groups was then
related to that of casein standard group corrected to the

‘amount ingested (% Cor Fe), and resulted in the rela-

tive biological value — RBV, according to the equation:

RBYV = 100 (% Abs Fe/% Cor Fe).

Anaemia was induced by feeding the animals immedi-
ately after weaning for a 3 week period with a semi-
purified, iron-free diet (AOAC, 1990). This low iron diet
contained (in grams per kilogram of diet): corn starch
555.0, casein 200.0, sucrose 150.0, corn oil 50.0, gelatin
50.0, monosodium phosphate 20.0, calcium carbonate
20.0, potassium chloride 5.0, iodine added sodium
chloride 5.0, vitamin mix 10.0, mineral mix (iron free)
2.7 and choline chloridrate 1.5.

During this period two control groups were investi-
gated together with that of the depletion group to
ascertain that no interference occurred in the animal
growth. One of these groups contained the same deple-
tion diet but with added ferrous sulfate and the other
was a casein standard diet (NRC, 1979).

After 21 days, the rats of the depleted group presen-
ted body weights around 100 g and haemoglobin levels
around 6.5g dl~!. They were then randomly assigned
into eight homogeneous groups in respect of their iron
pool (Hb concentration x body weight). The other two
control groups were sacrificed. The iron bioavailability
in this repletion phase was determined for groups feed-
ing extruded repletion diets based on equal amounts of
bovine lung in each condition of extrusion processing,
and compared with that based on bovine defatted dry
lung and that based on casein standard diet, (with
FeSO,). The amount of lung added was calculated to
supply iron requirements for rats. This provided only
11% of protein, which was adjusted to 20% by adding
9% of pure and iron-free casein.

The test period for repletion spanned 13 days.

Data were analysed by one way variance analysis.
Means were compared pairwise with the Tukey test for
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the equality of variances, and with the Brown-Forsythe
and Sheffé test for the inequality (Neter et al., 1985).
The method of variance analysis with two fixed factors
(two levels of temperature and three levels of moisture)
was performed to verify the significance of the effect and
interaction of factors on the model. This classic analysis
assumes independent random errors with normal distri-
bution and equal variance in every combination of
temperature and moisture (Neter et al., 1985).

RESULTS AND DISCUSSION

The iron contents of lung flours and their extruded
products are shown in Table 1, where one can clearly
see that the iron levels of extruded lung were signifi-
cantly greater than the non-extruded ones. Several
foods with iron contents from 400 to 600mg g~! are
considered suitable as an iron source. The present
results show that lung, be it extruded or not, can be a
good source of dietary iron.

The extrusion process can result in an increase of the
total iron content of the materials. This phenomenon
has already been described by some researchers and
must be taken into account as it could significantly
affect the calculated iron bioavailability (Hazell &
Johnson, 1989; Fairweather-Tait et al., 1987, 1989;
Maga & Sizer, 1978). In all cases the source of addi-
tional iron in the extruded samples was supplied by the
hardened steel extruder.

Protein and iron concentration of the experimental
diets and feed consumption, and protein and iron
ingestion during the depletion period can be seen in
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Fig. 1. Growth curves and haemoglobin values in the depletion
phase of rats.

Table 1. Total iron content of bovine defatted dry lung bovine
flours and their extruded products

Extrusion conditions Fe ug g! C.V.
Temperature/moisture (d.s.b)

115°C/16% 750 +27 4
115°C/30% 685+ 19 3
130°C/16% 691+21 10
130°C/30% 672+30 3
160°C/16% 747 + 74 4
160°C/30% 667 +20 3
Non-extruded 582+33 6

Table 2. Concentration of protein and iron from the feed and
daily ingested iron and protein in the depletion phase

Groups

Protein (g%) (d.s.b.)
Iron (ug g7!) (d.s.b)

Depletion Control Standard

24+04% 25+1.7¢ 20+1.7°
16£1.0 44%2.1¢ 53£2.0¢

Ingested feed (g day—') 11 14 13
Ingested protein (g day~! 2.7 34 2.5
Ingested iron (g day™") 186 606 668

420% pure casein, 5% gelatin.
520% pure casein.
“FeS0O,.7H,0 sprayed from a concentrate solution.

Table 2. Feed consumption, and also animal growth,
showed no significant difference among groups during
the depletion period. However, the haemoglobin con-
centrations were distinct, being the same (around 12g
dl=') at the beginning and the end of the depletion
period for the control groups and decreasing to 6.5g
di-! for the depletion groups. Figure 1 shows the
growth curve and heamoglobin values for the deple-
tion phase.

We observed, in the present work, that FeSO, bioa-
vailability of iron casein standard diet is higher than
that of the lung diets. However, when corrected for iron
ingestion, these values were reduced and resulted in
relative biological values higher than 100% for the lung
diets, after 13 days of the repletion experiment (Table 3).
The efficiency of these diets in overcoming the anaemic
state of the rats, measured by other parameters, can be
seen in Table 3. Haemoglobin increased from the aver-
age of 6.5g dl~! in the anaemic rats to normal levels,
around 12g dl~!. The iron pool, which was averaged
approx. 2.2mg at the beginning of the repletion experi-
ment (non-anaemic rats: Pool HbFe approx. 4.2)
increased to an average of 6.7 mg at the end, typical of
normal rats of this age and weight. Relative biological
value (RBV) presented values for extruded lung, signifi-
cantly higher than the non-extruded sample and the
casein standard group (Table 3) for any of the condi-
tions of moisture and temperature tested. No interac-
tion between the extrusion variables, temperature and
moisture, was detected through variance analysis with
two fixed factors (P <0.05).

The results showed that bovine lung can be a good
source of bioavailable iron and that extrusion, in any
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Table 3. Effect of extrusion condition on iron bioavailability: haemoglobin repletion in anaemic rats in 13 days

Extrusion conditions

Groups -

P 15°C.  130°C. _160°C, _1I5°C.  130°C,  16oeC, Nom-extruded Standard

16% 16% 16% 30% 30% 30%

Diet iron (ug g-') 92+3  90+1  87+3  89+3 873  90%S 8248 5312
Ingested iron (mg) tl 25423 24424 22428 23132 2434 25417 18418  14%14
Body weight 0 145411 141£16 151413 147417 152412 139411  149+11 14211
(@ 1 247413 233419 238422 2444728 256+20 237417 218+16 223421
Haemoglobin 0 64407 6607 62405 66405 65408 67108  63+07 67407
@dl-) 1l 13£0.6 13405 13408 13409 13406 13205 125409  12+1.1
HbFe pool 0 224029 22410° 224029 234049 234049 22104° 224029 23029
(mg) tl 79406 7107 7607 7.5+09 81+08 72+0.6 6506 65+1.0
%A%Js Fe (bioavail-  tl 234256 21£219 25+1.5% 23+27% 24+1.0° 204087  23+20° 31570
able
% Cor Fe il 16407¢ 18408 204114 194124 18419 17405  24+10¢6  —
RBV 1 140417 118420% 1324239 126417% 1404259 123179 99+ 16° —

In a row, means with the same superscript are not statistically different (P <0.05). t0, beginning of repletion phase; t1, after 13 days;
HbFe, haemoglobin iron pool; %Abs Fe, percentage of absorbed iron; % CorFe, percentage of iron ingested; RBV, relative bio-

logical value.

condition of temperature and feed moisture studied, did
not affect this bioavailability. The results obtained in
the present work suggested the possibility of using
extruded bovine lung, not only as a protein source of
high biological value (Campos & Aréas, 1993), but also
as an iron source of high bioavailability.

The great progress achieved to date makes it possible
to forecast the use of extrusion texturization to upgrade
and recover waste animal protein/iron in the near
future. It is necessary to determine the nutritional injury
produced by processing and to focus on the mechanisms
and conditions that could be responsible for it.
Improvement in the equipment and process will help to
optimize the technological and nutritional quality of
extruded products. Optimization of extrusion proces-
sing has thus to take into account, not only acceptabil-
ity parameters, but also nutritional performance of the
final product.

REFERENCES

AOAC (1980). Official Methods of Analysis, 13th edn. Asso-
ciation of Official Analytical Chemists, Washington, DC,
505 pp.

AOAC (1990). Official Methods of Analysis. Association of
Official Analytical Chemists, Washington DC, pp. 1098-
1099.

Aréas, J .A. G. (1986a). Effect of lipid protein interaction on
hydration characteristics of offal protein isolates. J. Food
Sci., 51, 880-882.

Aréas, J. A. G. (1986b). Hydrophobic and electrostatic inter-
actions on extrusion of protein isolates. J. Food Sci., 51,
1311-1313.

Aréas, J. A .G. & Lawrie, R. A. (1984). Effect of lipid—-protein
interactions on extrusion of offal protein isolates. Meat Sci.,
11, 259-299.

Asp, N.-G. & Bjorck, 1. (1989). Nutritional properties of
extruded foods. In Extrusion Cooking, ed. C. Mercier,
P. Linko & J.M. Harper, American Association of Cereal
Chemists, St. Paul, pp. 399-433.

Bastos, D. H. M. & Aréas, J. A. G. (1990). Lung proteins:
effect of defatting with solvents and extrusion on some
functional properties. Meat Sci., 28, 223-236.

Bastos, D. H. M., Domenech, C. & Aréas, J. A. G. (1991). Opti-
mization of extrusion cooking of lung proteins by response
surface methodology. Int. J. Food Sci. Technol., 26, 403-408.

Camire, M. E., Camire, A. & Krumhar, K. (1990). Chemical
and nutritional changes in foods during extrusion. Crit. Rev.
Food Sci. Nutr., 29, 35-57.

Campos, M. A. & Aréas, J. A. G. (1993). Protein nutritional
value of extrusion-cooking defatted lung flour. Food Chem.,
47, 61-66.

Colli, C., Nogueira, N. N,, Pinn, A. B. O, Pinto, T. A. &
Mesquita, C. H. (1993). Iron bioavailability from rice bran
in anemic rats. One-compartiment kinetic model for data
interpretation. In Bioavailability '93, ed. V. Schlemmer.
Bundesforschungsanstalt fiir erndhrung, Ettingen, Ger-
many, pp. 88-92.

Evelyn, K. A. & Malloy, H. T. (1938). Microdetermination of
oxyhemoglobin, methemogiobin and sulfhemoglobin in a
single sample of blood. J. Biol. Chem., 126, 655-662.

Fairweather-Tait, S. J., Portwood, D. E., Symss, L. L., Eagles,
J. & Minski, M. J. (1989). Iron and zinc absorption in human
subjects from a mixed meal of extruded and non-extruded
wheat bran and flour. Am. J. Clin. Nutr., 49, 151-155.

Fairweather-Tait, S. J., Symss, L. L., Smith, A.C. & Johnson,
1. T. (1987). The effect of extrusion cooking on iron absorp-
tion from maize and potato. J. Sci. Food Agric., 39, 341-348.

Hazell, T. & Johnson, I. T. (1989). Influence of food proces-
sing on iron availability in vitro from extruded maize-based
snack foods. J. Sci. Food Agric., 46, 365-374.

Instituto Adolfo Lutz (SP) (1985). Normas Analiticas do Insti-
tuto Adolfo Lutz, 3rd edn, vol.1. Instituto Adolfo Lutz, Sdo
Paulo, Brazil, 533 PP.

Kapsokefalou, M. & Miller, D. D. (1995). Iron speciation in
intestinal contents of rats fed meals composed of meat and
nonmeat sources of protein and fat. Food Chem., 52, 47-56.

Kevistd, B., Anderson, H., Cederblad, G., Sandberg, A.-S. &
Sandstém, B. (1986). Extrusion cooking of a high-fibre cer-
eal product. 2. Effects on apparent absorption of zinc, iron,
calcium, magnesium and phosphorus in humans. Br. J.
Nutr., 55, 225-260.

Maga, J. A. & Sizer, C. E. (1978). Ascorbic acid and thiamin
retention during extrusion of potato flakes. Lebensm Wiss.
Technol., 11, 192-194.



Iron bioavailability of bovine lung 463

Mahoney, A. W., Van Orden, C. C. & Hendricks, D. G.
(1974). Efficiency of converting food iron into haemoglobin
by the anemic rat. Nutr. Metab., 17, 223-230.

Mercier, C. (1993). Nutritional appraisal of extruded foods.
Food Si. Nutr., S44, 45-53.

Miller, J. (1982). Assessment of dietary iron availability by
rat haemoglobin repletion assay. Nutr. Rep. Int., 26, 993-
1005.

Neter, J., Wasserman, W. & Kutner, M. H. (1985). Applied
Linear Statistical Models Regression, Analysis of Variance

and Experimental Designs, 2nd edn. R. D. Irwin, Home-
wood, IL, 1127 pp.

NRC (National Research Council) (1979). Institute of labora-
tory animal resources. Committee on Laboratory Animal
Diets. Control of diets in laboratory animal experimenta-
tion. Nutr. Abstr. Rev., B49, 413-419.

Ranger, C. R. & Neale, R. J. (1984). Iron availability from
soy meat and soy/meat samples in anemic rats with and
without prevention of coprophagy. J. Food Sci., 49, 585-
589.



