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Legumes in human nutrition

Nutrient content and protein quality of pulses

Helmut F. Erbersdobler, Christian A. Barth, Gerhard |ahreis

Fatty acid distribution

The levels of the most important
fatty acids are listed in ¢ Table 4 and
51in g/100 g, and as a percentage of
fat (ether extract or g of fatty acid
methyl ester per 100 g of the sum
of the fatty acid methylesters). Peas
and faba beans provide almost no
fats. Soybeans are a good source of
linoleic acid, the most common n-6
fatty acid followed by oleic acid. Ho-
wever, the level of the n-3 fatty acid
a-linolenic acid (ALA) is also high,
which puts soybean oil in the cate-
gory of fats with medium ALA con-
tent, along with oils such as rape-
seed oil and walnut oil. However,
unlike rapeseed oil, the ratio of lino-
leic acid to a-linolenic acid is not the
recommended ratio for the overall
diet of 5:1 [13]. In order to balance
out the fats from the rest of the diet
(cereals, foods of animal origin),
vegetable oils should ideally have a
ratio even better than 5:1. Lupine oil
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has such a ratio, although its abso-
lute ALA content is rather low.

In terms of fatty acids, there are
more significant differences between
blue, white, and yellow lupines, so
these are each shown separately in
¢ Tables 4 and 5 (according to [7]).
The fat in blue lupines has higher
levels of saturated fatty acids than
the other two species, but the ALA
level is relatively low. White lupi-
nes are richer in oleic acid, but they
have less linoleic acid. Yellow lupi-
nes have particularly high levels of
linoleic acid.

Protein quality

Leguminous proteins are generally
regarded as valuable sources of
amino acids, and are therefore often
considered nearly as valuable as ani-
mal proteins, or are used as an alter-
native to them. ¢ Table 6 shows all
nutritional amino acids, including
the indispensable ones (also known
as essential amino acids).

¢ Table 7 and ¢ Figure 2 show the
levels of indispensable amino acids
in the various legumes expressed
as a percentage of the crude protein

All nutritional amino acids are
necessary, principally, because
they need to be available in the
right place in the right amount
for protein synthesis, and there-
fore, they are not replaceable,
but rather “essential”.
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However, the dispensable amino
acids, unlike the indispensable
amino acids, can be synthesi-
zed through metabolic availabi-
lity of the carbon skeleton and
through transamination from
other amino acids. Nevertheless,
a sufficient quantity of the other
amino acids is required for this.
In order to “protect” the indis-
pensable amino acids from this
transamination, the quantity of
dispensable amino acids consu-
med should be properly balan-
ced in proportion to the overall
amount of nutritional amino
acids. As ¢ Table 6 shows, this is
the case for legumes.

content (N x 6.25) and compared to
the reference values for a child aged
3 years or above. This allows the
calculation of the Amino Acid Score
(AAS), and it also allows the limiting
amino acid to be determined (stated
in italic text in ¢ Table 7).

Pea protein roughly covers the re-
quirements of a growing child for
the sulfur-containing amino acids
methionine and cysteine. In the case
of faba beans and lupines, methio-
nine and cysteine are just limiting
with an AAS of 91% each. However,
this is not an issue because a limi-
ting amino acid can be compensated
to a certain extent by an increased
protein intake which is generally co-
vered by the protein-rich diet that is
the norm in this part of the world.
Soy protein on the other hand



meets all of the expectations, as is
well known. Another notable amino
acid is arginine which is present in
particularly high levels in lupines.
Compared to foods of animal origin,
such as whole milk protein which
contains just 4% arginine, and chi-
cken egg and beef protein, which
contain only about 7% arginine,
the other leguminous proteins also
contain a lot of arginine. Arginine
is a donor of nitrogen oxide (NO),
which causes vasodilatation and lo-
wers blood pressure [25, 26]. Some
studies investigating lupine protein
suggest that the arginine contained in
this protein may have some effect [27].
* Table 7 also shows the AAS, the
true protein digestibility [28, 29],
and the Protein Digestibility Correc-
ted Amino Acid Score (PDCAAS) [14,
19]. The digestibility value for faba
beans and soybeans is almost 91%,
for peas it is almost 96% [28], and
for lupines, it is 89.4% [29]. This
means that the PDCAAS values are:
82.5 for lupines, 90.7 for soybeans,
and 95.9 for peas. Since the digesti-
bility of foods can vary depending
on their composition (e.g. dietary
fiber content) and on how they are
processed and prepared, these diffe-
rences should not be overestimated.
In general, the values are very high,
and very much comparable to those
of animal proteins, which are only
slightly higher.

PDCAAS values (not “truncated”)
found by MartHar et al. [20] include
values for pea protein concentrate,
soy protein isolate, soy meal, and
wheat of 84, 102, 109, and 51 res-
pectively, using the reference values
for children aged three and above as
a basis. The corresponding DIAAS
values were 73, 98, 105, and 54 -
a very good correlation. The some-
what lower values for the pea pro-
tein concentrate compared to the
values in this paper can be explained
by the lower methionine and cys-
teine content, which was probably
caused by the processing of the pro-
duct to make the concentrate.

Since humans in our part of the
world do not get their protein from
one protein source alone, the ef-

fat content 1.4 1.6
palmitic acid 0.16 0.21
(16:0)
stearic acid 0.03° 0.03
(18:0)
oleic acid (18:1) 0.33 0.33
linoleic acid 0.62 0.64
(18:2)
a-linolenic acid 0.1 0.05
(18:3)
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4.0 8.7 5.5 20
0.43 0.66 0.22 2.1
0.25 0.18 0.09 0.7
1.26 3.86 1.16 4.4
1.27 1.59 2.52 10.0
0.25 0.77 0.42 1.3

Tab. 4: Fatty acid content in the legumes (pulses) investigated in g/100 g

2 from Soucl et al., dried peas [10]
> JAHREIS et al. 2016 [11]
¢Musco et al. [7]

fat content 1.4 1.6
palmitic acid 12.6 13.5
(16:0)

stearic acid 2.1¢ 2.1
(18:0)

oleic acid (18:1) 25.0 20.8
linoleic acid 47.7 39.7
(18:2)

a-linolenic acid 8.3 2.8
(18:3)

ratio 5.7:1 14.2:1
18:2/18:3

4.0 8.7 5.6 20

11.4 8.0 4.3 10.6
6.5 2.2 1.8 3.6
333 46.5 22.3 21.8
33.5 19.2 48.6 49.8
6.6 9.3 8.1 6.7
5.1:1 2.1:1 6.0:1 7.5:1

Tab. 5: Fatty acid content of the legumes (pulses) investigated in g/100 g of
ether extract or per 100 g of the sum of the fatty acid methyl esters

respectively
2 from Soucl et al., dried peas [10]
> JAHREIS et al. 2016 [11]

©Musco et al. [7] (in g/100 g of fatty acid methyl esters)

fects of proteins in combination
with other proteins is also import-
ant. This is particularly true when
plants are the main source of pro-
tein. Therefore, cereal proteins make
up a large part of our diet. Proteins
from wheat, corn, and rice are par-
ticularly low in lysine. Therefore,
the PDCAAS value for wheat is only
58%. This is why care has always
been taken to supplement wheat
with protein-rich foods to ensure
adequate lysine supply. The focus
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here was initially on lysine-rich
foods of animal origin, but it was
later broadened — whereupon soy
protein in particular was included.
Since then, other plant-derived pro-
tein sources have also been included
as suitable sources. The leguminous
proteins mentioned here, in particu-
lar peas, soybeans and faba beans,
as well as untreated lentils and chick
peas (not dealt with here), are rich
in lysine. The example below illus-
trates this:
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Tab. 6: Amino acid content in the legumes (pulses) investigated in g/100 g

1.68
0.23
0.32
0.97
1.6
0.97
1.04
1.80

0.21
2.02
0.56
11.40

0.95
2.56
3.87
0.95
0.94
1.05

10.32

AA = amino acid(s)

[l Peas

M Faba beans

Sweet lupines

Lys M+Z Thr

Fig. 2: Levels of indispensable amino acids in the legumes (pulses) investigated
and in wheat protein and beef protein, shown as a percentage of the
ideal protein (requirements for a child aged 3 years or above)

Lys = lysine; M + C = methionine + cysteine; Thr = threonine; Leu = leucine; lle = isoleu-
cine; Val = valine; P + T = phenylalanine + tyrosine; Try = tryptophan; His = histidine

Bl Beef

Leu

142 Ernaehrungs Umschau international | 10/2017

lle

1.67
0.22
0.35
0.95
2.00
1.13
1.22
2.03

0.24

2.40

0.73
12.94

1.05
2.80
4.40
1.09
0.99
1.22
11.55

Soybeans

Wheat

Val

P+T

1.54
0.22
0.45
1.18
2.27
1.38
1.28
2.53

0.26
3.26
0.83

15.20

1.14
3.26
7.00
1.38
1.37
1.61

15.76

2.39
0.53
0.57
1.44
2.89
1.63
1.82
2.26

0.49
2.85
0.99
17.86

1.59
3.89
6.05
1.32
1.65
1.67
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The recommended protein in-
take for a child aged between
3-10 years with a body weight
of 20 kg is 18 g/day [14]. This
requires 82 g of beef, 220 g of
wheat bread, 78 g of peas, 67 g
of faba beans, 56 g of lupines, or
47 g of soybeans (different dry
substance levels are not taken
into account here). The lysine
requirement for the above-men-
tioned child of 700 mg would
not be covered by the 220 g of
wheat bread, which would cover
only 63% of the requirement,
whereas the other foods in the
quantities mentioned would re-
sult in surpluses ranging from
23% (lupines) to 87% (peas) to
170% (beef). Thus, leguminous
proteins are a useful complement
to lysine-poor proteins, such as
wheat proteins. This same prin-
ciple applies to most of the other
indispensable amino acids, and
also to younger children who
have a higher amino acid requi-
rement. It should be emphasized
that the protein intake becomes
less important once a child is
fully grown. Lysine requirements
in particular are much lower in
adults because they do not need
to build as much new muscle as
children.

For the assessment of this supple-
mentary effect, it is advisable to use
the non-“truncated” version for the
AAS where appropriate —i.e. it is not
possible to reduce the surpluses of
individual indispensable amino acids
to 100 [18]. These values for the
AAS can also be found in * Figure 2.
In practice, many different combi-
nations occur in nutrition, and ani-
mal-derived and plant-derived pro-
teins make different contributions to
these, as was established by KorraNny
[30] many vears ago.

Such calculations play an import-
ant role in the assessment of the
suitability of foods for a vegan diet.



lysine 4.8
methionine 2.3 (methionine +
cysteine)
cysteine see above
threonine 2.5
leucine 6.1
isoleucine 3.0
valine 4.0
phenylalanine + 4.1
tyrosine
tryptophan 0.66
arginine -
histidine 1.6
AA score =
true digestibility -
(%)
PDCAA score —

73 6.2
1.0 0.8
1.4 1.3

4.2 3.5
7.1 7.4

4.2 4.2
4.5 4.5
8.0 7.5
0.9 0.9
8.8 8.9
2.5 2.7
100 91

95.9 90.8
959 82.6
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4.8 6.3
0.7 1.4
1.4 1.5
3.7 3.8
Al 7.6
4.3 4.3
4.0 4.8
7.9 7.8
0.8 1.3
10.2 7.5
2.6 2.6
91 100
89.4 90.7
81.4 90.7

Tab. 7: Levels of indispensable amino acids (AA) in the legumes (pulses) investigated,
given as a percentage of protein
2 Amino acid model of the ideal protein (based on the requirement values of children aged three and above) and the Amino Acid

Score (AAS), the true protein digestibility, and the Protein Digestibility Corrected Amino Acid Score (PDCAAS)

italic values = limiting amino acids

Generally speaking, protein-rich
plant-derived foodstuffs are rare,
and those with high-quality protein
are even rarer. This means that le-
gumes rank highly among the na-
tive plant-derived foods, especially
as protein sources for children: if
carefully selected and provided in
the right ratio, they can even be
used as protein sources for a vegan
diet for children.

Conclusion

In conclusion, we have established
that legumes (pulses) are nutri-
ent-dense, highly digestible foods
that provide considerable amounts
of high-quality protein. This makes
them both comparable to proteins of
animal origin, and a suitable repla-
cement for them.
According to Liet al. [31] the advan-
tages of legumes are the following:
* high protein content and high le-
vels of amino acids that determine
protein value

* particularly high soluble fiber con-
tent (baroreceptors and key sati-
ating effect of short-chain fatty
acids)

* high proportion of resistant starch
after cooking

* protease and a-amylase inhibitors
(slowed digestion of proteins and
carbohydrates)

* long-lasting satiety due to these
properties

* technological advantages (see also
[5, 61)
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