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Abstract

The purpose of this study was to determine the protein quality of lupin (Lupinus albus and Lupinus angustifolius) and to
determine their chemical composition, including dietary fiber. The food transformation index, protein efficiency ratio and
net protein ratio were significantly higher for the casein group than for the lupin groups. The in vivo digestibility value of
casein was 95.81 + 1.60, and the DV of L. albus and L. angustifolius were 90.89 + 2.85 and 89.30 + 2.01, respectively.
Amino acid composition scores lower than one were found for almost all essential amino acids in lupin groups. The protein
digestibility corrected amino acid scores ranged from 40.00% to 89.07% for L. albus and from 30.36% to 83.05% for L.
angustifolius. It was concluded that the two varieties of lupins studied are good protein sources, with no statistical differ-
ence between them, and also that this protein has an excellent digestibility, besides being a good source of dietary fiber,
especially Lupinus angustifolius. Therefore, the two varieties of lupine were considered as having good quality protein and
as being a good alternative for human consumption.
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Resumo

A proposta deste trabalho foi determinar a qualidade proteica do tremogo (Lupinus albus e Lupinus angustifolius), além de
determinar a sua composigao centesimal, incluindo fibra alimentar. O Coeficiente de Eficiéncia Alimentar, o Quociente
de Eficiéncia Proteica e o Quociente de Eficiéncia Liquida da Proteina foram significativamente maiores no grupo case-
fna que nos grupos experimentais. A Digestibilidade Verdadeira da caseina foi 95,81 + 1,60, enquanto a de L. albus e L.
angustifolius foi 90,89 + 2,85 e 89,30 + 2,01, respectivamente. Na andlise da composicdo aminoacidica encontrou-se
escores menores que 1 para quase todos os aminoacidos essenciais. O escore quimico corrigido pela digestibilidade va-
riou de 40,00% a 89,07% para L. albus e de 30,36% a 83,05% para L. angustifolius. Concluiu-se que as duas variedades
de tremoco estudadas se apresentaram como uma boa fonte proteica, ndo havendo diferenca estatistica entre essas, e que
essa proteina tem uma excelente digestibilidade, além de ser uma boa fonte de fibra alimentar, especialmente o Lupinus
angustifolius. Portanto, as duas variedades de tremogo foram consideradas de boa qualidade proteica e uma boa alterna-
tiva para a alimentagao humana.
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INTRODUCTION

Legumes are very important for human
consumption due to its high protein content.
Due to its technological properties, their use
has been carried out not only by consumption
of whole grains, but also by its incorporation
into products as flours, concentrates or isolates,
in order to improve the stability, texture and nu-
tritional aspect of preparations’.

Among the various grain legumes studied,
lupin is a source of vegetable protein with great
potential for use in human food. These legume
species are mainly grown in the Mediterranean
and South America, and the most cultivated lu-
pin species are Lupinus albus (white lupin) and
Lupinus angustifolius (blue lupin). Lupin is cul-
tivated for the following three main purposes:
food for ruminants, grass to improve soil struc-
ture and human consumption. Flour has been
reported to be used in the production of pasta,
chips, breads and sausages, and the consump-
tion of canned lupin seeds is common in Euro-
pean countries?.

In Brazil, the lupine is a legume currently
used for forage and animal feed, but it has great
potential for human consumption. Besides own-
ing about 40% protein is also considered a good
source of lipids - mainly unsaturated fatty acids,
dietary fiber - representing 40% of the weight
of the grain, mineral and vitamins. Finally, the
seeds of lupins has a good balance of essential
amino acids®®. In recent years, numerous hu-
man intervention studies have demonstrated
that both protein and dietary fibre of lupin exert
several physiological benefits®”.

Despite the high protein content of legumes,
use of legumes as a source of protein is some-
times limited because of the low digestibility and
nutritional quality of most vegetable proteins®.

For lupin, however, studies have reported
that the levels of undesirable constituents, such
as phytic acid, alkaloids, saponins, lectins, tryp-
sin inhibitors and protease inhibitors, which can
affect protein digestibility, are low compared to
soybeans and others legumes**'.

Given the great potential of lupin as a pro-
tein source and the lack of studies assessing the
in vivo digestibility (DV) of lupin flour, this study
aimed to evaluate the protein quality of two lu-
pin species (L. albus and L. angustifolius) and
determine the chemical composition.

METHOD

Genetic Material

The analysis was carried out on L. angus-
tifolius var. IAPAR 24 and L. albus var. Floresta
seeds, which were supplied by the Agronomy
Institute of Parana (IAPAR). The seeds were ob-
tained by pooling samples from different vin-
tages of the same species.

Preparation of Lupine Flour

To analyze the chemical composition of
the seeds, 2 kg of seeds were ground (brand
Tecnal) to give lupine flour. The material was
ground and sieved to pass a 60 mesh sieve. The
flour samples were packed in plastic containers
and stored in a freezer at -18 °C, during one
month, until that were utilized.

The grains used to produce the flour to be
consumed in the experimental design were sub-
jected to heat treatment in a conventional oven
at 150 °C for 30 min as previously described by
Carvalho'. After the heat treatment, the grains
were ground in a food processor (Walita brand)
and then cooled.

Determination of Chemical Composition

Protein concentration was determined by
the semi-micro Kjeldahl method, and ash was
quantified by incineration of the samples in a
muffle. Total lipids were extracted with petro-
leum ether using a Soxhlet apparatus, and the
moisture was quantified by drying the samples
in a air circulation oven at 105 + 1 oC. Total
dietary fiber was quantified by the enzyme-gra-
vimetric method. Analyses were performed as
described by the AOAC13. Carbohydrates were
estimated by difference. All analyses were car-
ried out in triplicate.

Assessment of Protein Quality

Protein quality was evaluated by a
biological assay lasting 14 days using 24 male



Wistar rats (Rattus norvegicus; albinus variety
and Rodentia class). The rats were weaned at
23 days after birth, and they were obtained
from the vivarium of the Center for Biological
Sciences and Health at the Federal University
of Vigosa (Vigosa-MG). The initial weight of the
animals was 56.37 + 4.94 g as recommended
by the AOAC™.

The animals were kept in individual stain-
less steel cages in a controlled environmental
temperature of 22 + 3 °C with a light cycle of 12
h, and the animals received food and water ad
libitum. The body weight and food intake of the
animals were recorded weekly throughout the
experimental period.

The rats were divided into four experimen-
tal groups as follows: casein (standard), no pro-
tein; L. albus flour; and L. angustifolius flour. The
rats were fed the experimental diets for 14 days.

Diet composition was based on the AIN-
93G formula as follows: 9.5% protein, 7%
fat, 1% vitamin mixture, 3.5% saline mixture,
13.2% dextrinated starch, 10% sucrose, 5%
fiber, 0.3% L-cystine and 0.25% choline bitar-
trate'.

For the evaluation of protein digestibility,
animals were fed with diets labeled with 200 mg
indigo carmine/100 g diet on the 8th and 11th
day of the experiment. The marked feces were
collected on the 9th day, and all feces were col-
lected on the 10th and 11th day of the experi-
ment. Moreover, the unmarked feces were col-
lected on the 12th day of the experiment.

The collected feces were placed in indi-
vidual containers and kept under refrigeration.
The feces were later dried in an air circulation
oven (Marconi brand) at 105 °C for 24 h. The
feces were then cooled, weighed and ground
by a mini processor (ARNO brand) to determine
in triplicate the total nitrogen content using
the semi-micro Kjeldahl method™. The nitro-
gen content of the feces from the experimental
groups was used to calculate true digestibility'.

The animals were euthanized at the end
of the experiment by asphyxiation in a medium
containing CO,.

The protein efficiency ratio (PER) was
calculated based on the weight gain of the test
group compared to the protein intake of the test
group according to the method described by
Hegsted'® modified for an experimental period
of 14 days. The net protein ratio (NPR) was
determined on 14th day of the experiment as the
ratio between the weight gain of the test group
(g) plus the weight loss of the no protein group
(g) and the protein intake of the test group™ as
the formula below.

The food transformation index (FTI) was
calculated as the ratio between the weight gain
(g) and feed intake (g). The protein digestibil-
ity corrected amino acid score (PDCAAS) was
calculated from the amino acid chemical score
corrected by the lupin flour digestibility. For
comparison, the suggested amino acid dose, as
recommended by the Food and Agriculture Or-
ganization', for children who are two to five
years old was used as a benchmark.

The procedures used in the biological as-
say adhered to the didactic / scientific practice
of animal vivisection as approved by the Ethics
Committee for Animal Experimentation (CETEA)
at the Federal University of Minas Gerais (pro-
tocol n 023/07).

This study was conducted from February to
December 2008.

Statistical Analysis

Statistical analysis (ANOVA) was carried
out to determine the F-value. To determine the
level of significance, Tukey’s test at 5% prob-
ability was used for the comparison between
means. Statistical analyses were performed us-
ing the SPSS statistical software package (ver-
sion 3.0; 2003).

RESULTS AND DISCUSSION

Chemical Composition

Table 1 shows the chemical composition
results of the lupin varieties analyzed.

The two lupin flour varieties (L. albus and
L. angustifolius) had similar protein contents
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(Table 1) corroborating with food composition
studies and databases that have reported a pro-
tein content in the range of 30 to 40% for the
lupin family'822.

Table 1. Chemical composition of lupin flours (L.
abus and L. angustifolius), Belo Horizonte-MG,
Brazil, 2013

Components L. albus L. angustifolius
(g/100g flour) (g/100g flour)
Protein 36.30+0.23 36.94 £ 0.36
Lipids 8.37 £1.21 439 £0.31
Ash 2.84 +0.05 2.64 +0.05
Moisture 7.45 £ 0.08 8.99 £ 0.16
Total Dietary Fiber 9.11 +£2.74 23.41 £1.37
Carbohydrates* 35.93 23.63

Values expressed as means + standard deviations.

* Carbohydrate values calculated by difference.
Therefore, no standard deviation was included.

The protein levels in the L. albus and L.
angustifolius flours were 36.30 and 36.94%,
respectively. Erbas, et al® reported that L. albus
flour contains a protein content ranging from
33 to 47%, and Mohamed, et al® obtained a
38% protein level for the same type of flour.
Moreover, Volek and Marounek? reported
a value closer to the value obtained in this
study (36.30%) for L. albus flour. Lqari, et
al** reported a protein content of 32% for L.
angustifolius flour, and Pastor-Cavada, et al’
reported a protein content of 26.6% for the
same flour.

When comparing lupin to other sour-
ces of vegetable protein, both lupin varieties
analyzed in this study had higher protein con-
tents than lentils (23%) and beans (20%)%°, but
they had lower protein contents than soybeans
(values ranging from 40.4 to 44.07%)***’.

With regard to ash
two lupin varieties had
(Table 1). A previous study has reported that

contents, the

similar contents

the fat content of lupin ranges from 6 to 13%
highlighting a high concentration of polyunsa-
turated fatty acids®. In this study, L. albus was
highlighted by lipid content (8.37 + 1.21 g/100
g flour), which was similar to values reported
by others??18:28,

Lupin flour also contains a high amount
of dietary fiber, which has many desirable pro-
perties, such as a high water holding capacity
(7.1 g/g fiber), and beneficial effects for human
health'. In this study, the L. angustifolius flour
had a higher amount of dietary fiber (23.41%)
than the L. albus flour (9.11%).

Lgari, et al** reported a greater fiber
amount in L. angustifolius flour than that found
in the present study (23.41%) with a content
corresponding to 37.6% of seed weight.

As for carbohydrates, the levels measured
for both species (35.93% in L. albus and
23.63% in L. angustifolius) were superior
to what has been previously reported for
lupin'®?*29. Mohamed, et al’ observed a
carbohydrate content equivalent to 48% of
the seed weight for L. albus, and Glencross, et
al** reported a carbohydrate content of 43.8%
for L. angustifolius. However, both of these
groups analyzed total carbohydrate content
without taking into account the amount of
fiber.

King, et al’' obtained results more similar
to the results found in the present study. Exclu-
ding the starch content, these authors reported
polysaccharide levels of 35.02% for L. albus
and 40.02% for L. angustifolius.

Protein Quality

Weight gain, food consumption and FTI of
the lupin groups were inferior to casein group
(Table 2). L. albus flour led to a weight loss in
rats by promoting a negative FTI. Animals fed
with L. angustifolius flour had a small weight
gain, but the weight gain was approximate-
ly 35 times less than the weight gain of the
standard group. Food consumption in the test
groups was approximately 2.5 times less than
that of the casein group.



Table 2. Means and standard deviations

of weight

gain, feed consumption and food

transformation index (FTI) of the groups receiving a diet based on casein or lupin
(L. albus and L. angustifolius), Belo Horizonte-MG, Brazil, 2013

Groups Weight gain (g) Feed consumption (g) FTI

Casein 56.67°+ 10.19 163.322 + 19.55 0.35%+ 0.03

L. albus -0.83b+2.32 60.43"> + 7.08 -0.01% + 0.04

L. angustifolius 01.60" + 2.41 65.80" + 6.71 0.02" +0.03

»b.Means followed by same letter within the same column do not differ by Tukey’s test at 5% probability.

Despite previous reports suggesting that lu-
pin has few undesirable constituents®'°??, the low
consumption of lupin observed in this study may
be related to the presence of alkaloids in the ex-
perimental diets.

Although no significant difference in con-
sumption between the two lupin species was
found in this study, other studies have reported
that L. albus has lower levels of alkaloids than
other lupin species. However, this species also

has higher levels of manganese, which can cause
a loss of appetite in birds, pigs and sheep®.

The animals that received lupin flour had
quality protein indexes, such as PER, NPR and
digestibility, lower than the indexes of the casein
group. The average percentage of adequate casein,
as measured by relative PER (R-PER), relative NPR
(R-NPR) and relative digestibility (R-DV), ranged
from 0.00 to 6.68%, 39.43 to 45.80%, and 94.86
to 93.20%, respectively (Tables 3 and 4).

Table 3. Means and standard deviations of the protein efficiency ratio (PER) and net protein ratio (NPR)

of the casein-based diets and experimental diets, Belo Horizonte-MG, Brazil, 2013

Groups PER NPR NPR-R
Casein 3.69°+0.35 4.422+0.30 100

L. albus -0.14° £ 0.36 1.74> +0.42 39.43
L. angustifolius 0.25>+0.38 2.02>+0.32 45.80

*bMeans followed by same letter within the same column do not differ by Tukey’s test at 5% probability.

Table 4. In vivo protein intake, stool weight, nitrogen excretion, digestibility (DV) and relative digestibi-
lity (R-DV) of the groups fed with either a casein-based diet or experimental diets, Belo Horizonte-MG,
Brazil, 2013

Groups PTN intake(g) Stool Weight (g) Nitrogen excretion DV DV-R
Casein 15.29*+1.83 03.14*+0.77 0.35*+0.11 95.81%+ 1.60 100

L. albus 5.90" £ 0.69 1.90° £ 0.40 0.30" £ 0.07 90.89" + 2.85 94.86
L. angustifolius 5.97" + 0.62 2172 +0.25 0.35" + 0.05 89.30" +2.01 93.20

*b. Means followed by same letter within the same column do not differ by Tukey’s test at 5% probability.
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According to Friedman and Gumbemann??,
protein sources with a PER less than 1.5, as was
observed for the two lupin varieties in this study,
are of low quality. Although the L. angustifolius
flour had slightly better R-PER and R-NPR values
than L. albus flour, the results indicated that the
protein present in the lupin diets was not suffi-
cient to cause weight gain or to maintain the
body weight of the animals. Neves, et al® studied
the flour and protein fractions of L. albus, and
they also found low levels of NPR.

The relative PER and relative NPR va-
lues for lupin in this study were lower than
those obtained by Pires, et al** for beans and
soybeans. These authors reported R-PER and
R-NPR values of 4896 and 65.36%, res-
pectively, for beans, and they also reported
R-PER values of 39.06 and 40.35% and R-NPR
values of 55.96 and 56.59% for the soybean va-
rieties that they studied.

Table 4 shows that both lupin varieties had
good digestibility, similar to the digestibility of ce-
reals, such as rice (92.12%), oats (87.84%)** and
wheat (89.44%), and both varieties had better
digestibility than legumes, such as soybeans and

beans, which have digestibility values ranging
from 71.76 to 83%%*.

No data on the in vivo digestibility of lupin
flour has previously been reported. However,
Chew, et al** studied the in vivo digestibility of
isolated protein from this legume, and they ob-
tained a digestibility value of 98.2%. Others have
reported the in vitro digestibility to be 86.9% for
L. albus*® and 86.3% for L. angustifolius**. These
reported values were lower than the values obtai-
ned in the present study, except for isolated lupin
protein, which was expected to have superior di-
gestibility over lupin flour due to the extraction of
various interfering factors.

Despite having lower protein contents than
soybeans, lupin also has lower amounts of lec-
tins, saponins and protease inhibitors'®. Because
these substances negatively interfere in protein
digestibility, their presence in small amounts in
lupin may explain the better digestibility of lupin
when compared to beans and soybeans.

Contrary to the results reported by Van
Barneveld?® and Erbas, et al?, Table 5 shows that
the L. albus and L. angustifolius flours did not
contain high concentrations of lysine.

Table 5. Amino acids, amino acid chemical score and PDCAAS of the lupin flours
(L. albus and L. angustifolius) according to standards reported by the FAO / WHO'"’, Belo Horizonte-MG,
Brazil, 2013
Aa per g of protein Aa Score PDCAAS
Essential Amino acids
FT 1 FT 2 Standard FT1 FT 2 FT1 FT 2
FAO / WHO"
Phenylalanine + Tyrosine 43.45 31.27 46.00 0.94 0.68 85.44 60.72
Histidine 16.11 15.70 18.00 0.89 0.87 80.89 77.69
Isoleucine 20.30 15.43 31.00 0.65 0.50 59.08 44.65
Leucine 43.58 35.54 63.00 0.69 0.56 62.71 50.01
Lysine 29.10 25.90 52.00 0.56 0.50 50.90 44.65
Methionine + Cystine 13.94 09.37 26.00 0.54 0.36 49.08 32.15
Threonine 26.39 19.56 27.00 0.98 0.72 89.07 64.30
Tryptophan 9.34 06.89 7.40 1.26 0.93 83.05
Valine 18.27 14.46 42.00 0.44 0.34 40.00 30.36

FT 1 represents L. albus flour. FT 2 represents L. angustifolius flour.
Amino acid score = Aa per grams of PTN / standard; PDCAAS = Aa limiting x digestibility of in vivo ex-
periment (DV of L. albus = 90.89; and DV of L. angustifolius = 89.30).



The evaluation of the lupin amino acid com-
position demonstrated that there was a deficiency
of all essential amino acids, except tryptophan
in L. albus, for both lupin species. Lqari, et al*
analyzed L. angustifolius flour and found defi-
ciencies in lysine, histidine, tyrosine and methio-
nine. Pastor-Cavada, et al'" also observed deficits
of valine and tryptophan. Despite the good di-
gestibility when compared to other legumes, the
studied lupin species had lower protein quality in
relation to the presence of essential amino acids.

CONCLUSION

The two species of lupine surveyed in this
study had levels similar to high protein reported
for soy protein. With the digestibility of protein,

lupine proteins were superior to other legumes,
such as soy and beans.

Both varieties showed a high lupine pro-
tein and that had a high digestibility, despite the
values of PER, NPR and NPU were lower than
those obtained by casein. No statistical difference
between the two species of lupine in relation to
protein quality indexes evaluated in this research.

Regarding the chemical composition eva-
luated was no statistical difference between the
two varieties only to the amount of fiber in the
Lupinus angustifolius was higher to Lupinus albus.

The lupine would be a good alternative sour-
ce of protein, allowing the nutritional enrichment
of foods and making them economically viable
for underserved populations. Thus, it creates great
potential for use in the food industry.

REFERENCES

1. Makri E, Papalamprou E, Doxastalis G. Study of functional properties of seed storage proteins from indigenous
European legume crops (lupin, pea, broad bean) in admixture with polysaccharides. Food Hydrocoll. 2005;19(3):583-
94. DOI: http://dx.doi.org/10.1016/j.foodhyd.2004.10.028.

2. Erbas M, Certel M, Uslu MK. Some chemical properties of white lupin seeds (Lupinus albus L.). Food Chem.
2005;89(3):341-5. DOI: http://dx.doi.org/10.1016/j.foodchem.2004.02.040.

3. Kohajdova K, Karovi¢ova J, Schmidt S. Lupin Composition and Possible Use in Bakery — A Review. Czech ] Food Sci.
2011;29(3):203-11.

4. Monteiro MRP, Oliveira CT, Silva LS, Mendes FQ, Sant’ana RCO. Efeito do tratamento térmico na digestibilidade,
solubilidade e indice de atividade de urease em tremoco (Lupinus albus e Lupinus angustifolius). Alim Nutr.
2010;21(3):487-93.

5. Neves VA, Lourenco EJ, Silva MA. Extracdo, isolamento e fracionamento da proteina de tremoco (Lupinus albus) var.
Multolupa. Alim Nutr. 2001;12(1)115-30.

6. Bahr M, Fechner A, Kiehntopf M, Jahreis G. Consuming a mixed diet enriched with lupin protein beneficially affects

plasma lipids in hypercholesterolemic subjects: a randomized controlled trial. Clin Nutr. 2014. DOI: http:/dx.doi.
0rg/10.1016/j.cInu.2014.03.008.
7. Bahr M, Fechner A, Kramer J, Kiehntopf M, Jahreis G. Lupin protein positively affects plasma LDL cholesterol

and LDL: HDL cholesterol ratio in hypercholesterolemic adults after four weeks of supplementation: a randomized,
controlled crossover study. Nutr J. 2013 [cited 2013 Oct 25];12(1):107. Available from: http:/www.nutritionj.com/
content/12/1/107. DOI: http:/dx.doi.org/10.1186/1475-2891-12-107.

8. Neves VA, Silva Jr SI, Silva MA. Isolamento da globulina majoritdria, digestibilidade in vivo e in vitro das proteinas
do tremogo-doce (Lupinus albus L.), var. Multolupa. Cién Tecnol Alimentos. 2006 [cited 2011 Mar 71;26(4):832-40.
Available from: http:/www.scielo.br/scielo.php?script=sci_arttext&pid=S0101-20612006000400019&Ing=pt&nrm=iso
&tlng=pt. DOI: http://dx.doi.org/10.1590/s0101-20612006000400019.

9. Mohamed AA, Rayas-Duarte P. Composition of Lupinus albus. Cereal Chemists. 1995;72(6):643-7.

10. Martinez-Villaluenga C, Frias ], Vidal-Valverde C. Functional lupin seeds (Lupinus albus L. and Lupinus luteus L.) after
extraction of a-galactosides. Food Chem. 2006;98(2):291-99. DOI: http://dx.doi.org/10.1016/j.foodchem.2005.05.074.
11. Pastor-Cavada E, Juan R, Pastor JE, Alaiz M, Vioque J. Analytical nutritional characteristics of seed proteins in
six wild Lupinus species from Southern Spain. Food Chem. 2009;117(3):466-9. DOI: http:/dx.doi.org/10.1016/].
foodchem.2009.04.039.

12. Carvalho AW. Caracterizagdo nutricional, biodisponibilidade de ferro e qualidade protéica de novo cultivar de soja
sem lipoxigenases e de elevado teor proteico [thesis]. Vicosa (MG): Universidade Federal de Vigosa; 2009. 85 p.

N
(&3]}
~

Evaluation of the chemical composition, protein quality and digestibility of lupin (Lupinus albus and Lupinus angustifolius)

0 Mundo da Sadde, Sao Paulo - 2014;38(3):251-259



0 Mundo da Satde, Sao Paulo - 2014;38(3):251-259

25

(==

Evaluation of the chemical composition, protein quality and digestibility of lupin (Lupinus albus and Lupinus angustifolius)

13. AOAC. Association of Official Analytical Chemists. Official Methods of Analysis of AOAC International. 17th ed.
Maryland: Association of Official Analytical Chemists; 2000.

14. Reeves PG, Nielsen FH, Fahey GC. AIN-93 purified diets for laboratory rodents: final report of the American Institute
of Nutrition ad hoc writing committee on the reformulation of the AIN-76A rodent diet. ] Nutr. 1993;123(11):1939-51.
15. Bender AE, Doell BH. Note on the determination of net protein utilization by carcass analysis. Br ] Nutr. 1957 [cited
2011 Mar 71;11(2):138-9. Available from: http:/journals.cambridge.org/action/displayAbstract?fromPage=online&aid=
819704 &fileld=S000711455700029X. DOI: http://dx.doi.org/10.1079/bjn19570028.

16. Hegsted DM. Protein quality and its determination. In: Whitaker JR, Tannenbaum SR. Food proteins. Westport: AVI;
1997. p. 74-7.

17. FAO. Food and Agriculture Organization. Protein and amino acid requirements in human nutrition. Geneva: WHO;
2007. (Technical Report Series 935).

18. Ballester D, Yanes E, Garcia R, Erazo S, Lopez F, Haardt E, et al. Chemical composition, nutritive value, and

toxicological evaluation of two species of sweet lupine (Lupinus albus and Lupinus luteus). ]} Agric Food Chem.
1980;28(2):402-5. DOI: http://dx.doi.org/10.1021/jf60228a056.

19. Yanez E, Ivanovic D, Owen DF, Ballester D. Chemical and nutritional evaluation of sweet lupines. Ann Nutr Metab.
1983,;27(6):513-20. DOI: http://dx.doi.org/10.1159/000176728.

20. Tabela de composicao de Alimentos - US. Department of Agriculture, Agricultural Research Service. USDA Nutrient
Database for Standard Reference. Release 14. 2001 [cited 2011 Sep 10]. Available from: http://www.unifesp.br/dis/
servicos/nutri/.

21. Pereira CAS, Costa NMB. Proteinas do feijao preto sem casca: digestibilidade em animais convencionais e isentos
de germes (germ-free). Rev Nutr. 2002 [cited 2011 Jun 12]; 15(1):5-14. Available from: http://www.scielo.br/scielo.
php?script=sci_arttext&pid=51415-52732002000100002 &Ing=pt&nrm=iso&tlng=pt. DOI: http://dx.doi.org/10.1590/
s1415-52732002000100002.

22. Martinez-Villaluenga C, Urbano G, Porres JM, Frias J, Vidal-Valverde C. Improvement in food intake and nutritive

utilization of protein from Lupinus albus var. multolupa protein isolates supplemented with ascorbic acid. Food Chem.
2007;103(3):944-51. DOI: http:/dx.doi.org/10.1016/j.foodchem.2006.09.048.

23.Volek Z, Marounek M. Whole white lupin (Lupinus albus cv. Amiga) seeds as a source of protein for growing-fattening
rabbits. Animal Feed Sci Technol. 2009;152(3):322-9. DOI: http://dx.doi.org/10.1016/j.anifeedsci.2009.05.003.

24. Lqari H, Vioque J, Pedroche J, Millan F. Lupinus angustifolius protein isolates: chemical composition, functional
properties and protein characterization. Food Chem. 2002;76(3):349-56. DOI: http:/dx.doi.org/10.1016/s0308-
8146(01)00285-0.

25. UNICAMP. Universidade Estadual de Campinas. Tabela brasileira de composicdo de alimentos — TACO. 4a ed.
Campinas (SP): NEPA-UNICAMP; 2011. 161 p.

26. Silva MS, Naves MMV, Oliveira RB, Leite OSM. Composicdo quimica e valor proteico do residuo de soja em relagao
ao grdo de soja. Cién Tecnol Alimentos. 2006 [acesso 12 Jun 2011];26(3):571-6. Available from: http://www.scielo.
br/scielo.php?script=sci_arttext&pid=50101-20612006000300014 &Ing=pt&nrm=iso&tlng=pt. ~ DOI:  http:/dx.doi.
org/10.1590/s0101-20612006000300014.

27. Mendes FQ, Oliveira MGA, Cardoso LR, Costa NMB, Sant’ana RCO. Digestibilidade proteica e caracterizagao
bromatolégica de linhagens de soja com auséncia ou presenca do inibidor de tripsina kunitz e das isozimas lipoxigenases.
Biosc J. 2007;23(1):14-21.

28. Van Barneveld DRJ. Understanding the nutritional chemistry of lupin (Lupinus spp.) seed to improve livestock
production efficiency. Nutr Res Rev. 1999 [cited 2011 Mar 71;12(2):203-30. Available from: http://journals.cambridge.
org/action/displayAbstract?fromPage=online&aid=605528&fileld=50954422499000098. DOI: http://dx.doi.org/10.107
9/095442299108728938.

29. Tessitore MT. Obtencao de extrato aquoso solivel de tremoco amargo (Lupinus campestris) [thesis]. Araraquara (SP):
Universidade Estadual Paulista Jdlio de Mesquita Filho; 2008.

30. Glencross B, Hawkins W, Evans D, Rutherford N, Mccafferty P, Dods K, et al. Variability in the composition of lupin

(Lupinus angustifolius) meals influences their digestible nutrientand energy value when fed to rainbow trout (Oncorhynchus
mykiss). Aquaculture. 2008;277(3-4):220-30. DOI: http:/dx.doi.org/10.1016/j.aquaculture.2008.02.038.

31. King RH, Dunshea FR, Morrish L, Eason PJ, Van Barneveld RJ, Mullan BP, et al. The energy value of Lupinus
angustifolius and Lupinus albus for growing pigs. Animal Feed Sci Technol. 2000;83(1):17-30. DOI: http:/dx.doi.
0rg/10.1016/s0377-8401(99)00115-7.

32. Friedman M, Gumbmann MR. Nutritional improvement of soy flour through inactivation of trypsin inhibitors by
sodium sulfite. | Food Sci. 1986;51(5):1239-41. DOI: http://dx.doi.org/10.1111/j.1365-2621.1986.th13094.x.




33. Pires CV, Oliveira MGA, Rosa JC, Costa NMB. Qualidade nutricional e escore quimico de aminodcidos de diferentes
fontes proteicas. Cién Tecnol Alimentos. 2006 [cited 2011 Jun 12];26(1):179-87. Available from: http://www.scielo.
br/scielo.php?script=sci_arttext&pid=50101-20612006000100029&Ing=pt&nrm=iso&tlng=pt. ~ DOI:  http://dx.doi.
org/10.1590/s0101-20612006000100029.

34. Mendes FQ, Oliveira MGA, Costa NMB, Pires CV, Hoffmam ZB. Qualidade proteica de diversos alimentos, incluindo
diferentes variedades de soja. Alimentos Nutr. 2009;20(1):77-86.

35. Chew PG, Casey AJ, Johnson SK. Protein quality and physic-functionality of Australian sweet lupin (Lupinus
angustifolius cv. Gungurru) protein concentrates prepared by isolectric precipitation or ultrafiltration. Food Chem.
2003;83(4):575-83. DOI: http:/dx.doi.org/10.1016/50308-8146(03)00156-0.

36. EI-Adawy TA, Rahma EH, El-Bedawey AA, Gafar AF. Nutritional potential and functional properties of sweet and bitter
lupin seed protein isolates. Food Chem. 2001;74(4):455-62. DOI: http://dx.doi.org/10.1016/s0308-8146(01)00163-7.

Recebido em: 25 de novembro de 2013.
Aprovado em: 11 de fevereiro de 2014.

N
o1
(de)

Evaluation of the chemical composition, protein quality and digestibility of lupin (Lupinus albus and Lupinus angustifolius)

0 Mundo da Sadde, Sao Paulo - 2014;38(3):251-259



