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Summary This study aims to improve the nutritional characteristics of durum wheat re-milled semolina by adding
3%, 7%, 10% and 15% lupin flour (Lupinus albus L.) (L For lupin protein concentrate (LPC) (Lupinus
angustifolius L.). Lupin flour showed a high protein content (40.05 g/100 g), which further increased to
55.00 g/100 g in the protein concentrate. Compared to re-milled semolina, the protein content of the flour
blends significantly increased for additions of LPC > 3% and LF > 7%. The lysine score significantly
increased at levels of addition of LF or LPC > 7%. The addition of LF at levels > 3% determined an
increase of manganese and iron, while copper and zinc increased at addition levels > 10%. The macroele-
ments significantly increased with the addition of LF (at levels > 3% for magnesium; >10% for potassium
and calcium; >15% for phosphorous) and LPC (at levels > 3% for potassium and magnesium and >10%
for calcium). The obtained flour mixes are potentially suitable for the formulation of biofortified and
functional foods.

Keywords Durum wheat semolina, Lupinus albus L. flour, Lupinus angustifolius L., multielemental features, nutritional aspects, protein

concentrate.

Introduction

During the last few years, functional foods have
gained attention from the food industry and con-
sumers because of their potential role in the mainte-
nance of health and well-being. The use of pulse flour,
alone or mixed with wheat flour, in the production of
pasta, biscuits and bread substitutes has particularly
increased in recent years (Costantini et al., 2021;
Spina, 2020; Pasqualone et al., 2019). The addition of
pulse flours represents a promising strategy to improve
the nutritional and nutraceutical value of food (Ficco
et al., 2018).

In particular, lupins have recently gained consider-
able interest for their good nutritional and technologi-
cal value (Spina et al., 2022), thanks to their high
content of proteins (30%—45%) and soluble and insol-
uble dietary fibres (14%—16%), coupled with very low
starch content (0.7%-2.2%) (Sirtori et al., 2010), good
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quality lipids (10%-12%) and high lysine amino acid
content. Recent clinical investigations have indicated
that the consumption of lupins may be beneficial due
to their hypocholesterolaemic effect (Sirtori et al.,
2004). Lupins are also capable of lowering the
glycaemic index due to relatively low starch content
combined with the presence of the y-conglutin, an
insulin-mimetic protein (Spina, 2020).

Lupin seeds are a good source of minerals, such as
potassium, calcium, phosphorus and iron, among
others (Ruiz-Lépez et al., 2019). The mineral micronu-
trients are essential for both plant and human health.
Specifically, iron plays a fundamental role in the meta-
bolic functions being part of haemoglobin, and zinc is
critical for the immune system, protein synthesis and
cell division (Jurowski et al., 2014). A regular daily
intake of these micronutrients is needed to maintain a
steady state in the body. The European Food Safety
Authority (EFSA) has established dietary reference
values for some essential microelements. The popula-
tion reference intake (PRI) for the adults has been set
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at 11-16 mg day ' for iron, and 7.5-12.7 mg day

for zinc. The EFSA also set the average nutrient
intake (AI), that is, the level considered adequate for
the population’s needs, accounting for 1.3 mg day '
for copper (no more than 5 mgday '), and
3 mg day ' for manganese. Biofortification of wheat
flour with minerals is considered a strategy for reduc-
ing micronutrient deficiency (Velu et al., 2019). A sim-
pler strategy could be, instead, the addition of lupin
flour (LF), which is well suited to the formulation of
snacks, baked goods, pasta, food supplements.

Durum wheat [(Triticum turgidum L. subsp. durum
Desf.) Husnot] ‘re-milled” semolina is the product
obtained by repeatedly milling the grains of durum
wheat to a smaller particle size than semolina. The
particle size reduction causes a partial starch damage
which makes this kind of durum wheat flour suitable
for bread making. Typically, durum wheat re-milled
semolina is used for the production of bread in the
Mediterranean area (Pasqualone, 2012). Recently,
the addition of LF to soft wheat flour for bread mak-
ing has been proposed (Plustea et al., 2022); however
no studies have been done so far to evaluate the effects
of the addition of LF to re-milled semolina.

The main aim of the present study was to improve
the nutritional characteristics of durum wheat
re-milled semolina by adding LF or lupin protein con-
centrate (LPC). Pure lupin flours and blends with
re-milled semolina at increasing levels (3, 7, 10 and
15 g/100 g) were analysed to assess the impact of the
addition on the proximate composition, the amino
acid profile and the mineral elements, to identify the
best level for a possible use in the production of bio-
fortified durum wheat bread.

Materials and methods

Flours

Fifty kilograms of re-milled semolina (RMS) were pro-
vided by Societa Cooperativa Agricola “Valle del Dit-
taino” a.r.l. (Assoro, Enna, Italy), a company holding
both an industrial mill and a bakery plant. The indus-
trial mill ground the durum wheat grains by a series of
roller mills (Golfetto, Padua, Italy) alternated with
plansifters (Golfetto, Padua, Italy). The bakery plant
mainly produced the “Pagnotta del Dittaino” Pro-
tected Designation of Origin (PDO) durum wheat
bread, so RMS met the quality characteristics
imposed by the technical sheet of this PDO bread,
namely ash content 0.70-0.90 g/100 g, protein content
> 10.5 g/100 g and Falling Number 480-800 s (Euro-
pean Commission, 2014). Re-milled semolina showed
70% of particles in the range 160-200 um.

Twenty-five kilograms of LF and 25 kg of LPC were
purchased from Terrena (Martigné-Ferchaud, France)
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and from L.I. Frank (Twello, The Netherlands), respec-
tively. Lupin flour was obtained by milling dehulled
sweet white lupin (Lupinus albus L.), while LPC was pre-
pared by milling narrow-leaved lupin (Lupinus angusti-
folius L.) and subsequent flour air-fractioning the flour,
then collecting the fine fraction. Lupin protein concen-
trate had 95% particles < 100 pm, while LF showed
89% of particles in the range 280—400 um. Flours from
the two lupin species are considered similar in composi-
tion and would yield similar protein concentrates when
similarly processed.

For preparing homogeneous flour blends, 10 kg of
RMS and an amount of LF and LPC accounting for
3%, 7%, 10% and 15% (w/w) were mixed for 3 min
by a spiral mixer with a capacity of 12 kg (Conti, Bus-
solengo, Verona, Italy). The range of levels considered
has been defined by preliminary trials, since at
levels < 3% there were no significant differences com-
pared to RMS, while above 15% excessive increases of
ash content and brown index occurred. Representative
samples were extracted from the mixes by taking three
sub-samples for each of them.

Physical determinations

The colour evaluations were made by using a colorime-
ter (CR 200, Minolta, Osaka, Japan). The CIELab col-
orimetric model was adopted, measuring the L*
(luminosity), a* (from green to red) and »* (from blue
to yellow) colour coordinates. The brown index
(100 — L*) was then calculated, which indicates the
darkness level, ranging from 0 to 100 (Sanfilippo et al.,
2023). The analyses were carried out in triplicate.

Determination of the proximate composition

The moisture content was determined by oven drying
(Memmert, Milano, Italy) according to the AOAC
method 935.25 (AOAC, 1995). The protein content was
measured according to the AOAC 950.36 method
(AOAC, 1995), considering 5.7 as the nitrogen-to-
protein conversion factor for RMS and 6.25 for LF and
LPC. The total dietary fibres were determined by using
an enzymatic—-gravimetric procedure, according to the
AACC method 32-07.01 (AACC, 2000). The crude fat
content was determined by Soxhlet extraction, following
the AACC method 30-25.01 (AACC, 2000). The ash
content was determined according to the ISO method
2171 (ISO, 2007). Available carbohydrates were calcu-
lated by difference: Carbohydrate = 100 — (moisture +
ash + crude fat + protein + fibre). The amino acid pro-
file was analysed as reported in Gorissen et al. (2018).
The amino acid score was calculated as mg amino acid
in 1 g of test protein/mg amino acid in | g of reference
protein x 100. The analyses were carried out in
triplicate.
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Multielemental analysis

The multielemental analysis was carried out by Induc-
tively Coupled Plasma Optical Emission spectroscopy
(ICP-OES). An amount of 0.5 g of flour was accu-
rately weighed to the nearest 1 mg in a microwave ves-
sel. Then, 2 mL of deionised water, 8 mL of nitric
acid (concentration > 69.0%) and 2 mL of extra-pure
hydrogen peroxide (30% w/w) were added for the
digestion, according to Spina et al. (2022), waiting for
12 h for the stabilisation of the reaction, until the for-
mation of bubbles had finished. The vessel was then
sealed and heated in the MARS6 Microwave Digestion
System (CEM Corporation, Matthews, NC, USA),
adopting the following thermal conditions (Spina
et al., 2022): the temperature was raised to 150 °C in
approximately 20 min and maintained for 30 min,
then raised to 200 °C in approximately 20 min and
maintained for 30 min. After cooling, the digested
solution was filtered through a filter with a 0.45 um
pore size. The solution was supplemented with water
to reach a 25 mL volume and analysed using the
Optima 2100 DV ICP/OES (PerkinElmer, Waltham,
MA, USA), coupled with the WinLab32 software for
ICP/OES, version 3.4.1.0271, according to the follow-
ing operating conditions: spray chamber type =
cyclonic; plasma aerosol type = wet; sam{ple flow
rate = 1.50 mL min~'; plasma = 15 L min~'; aux =
0.2 L min~'; nebulizer = 0.4 L min™'; power = 1300
Watt; purge gas = nitrogen ultra-high purity (UHP)
99.99%; dual backside-illuminated, cooled, CCD
detector (PerkinElmer, Waltham, MA, USA). The
analyses were carried out in triplicate.

Statistical analysis

All data (mean =+ standard deviation) were subjected
to one-way analysis of variance (ANOVA) by using
the Statgraphics® Centurion XVI (Statpoint Technol-
ogies, The Plains, VA, USA) software. The difference
between the means was determined by the Tukey test,
at the probability level P < 0.001 for all the parame-
ters, with the exception of »* (P < 0.01).

Results and discussion

The physical-chemical characteristics of the flours

Table 1 shows the proximate composition and colour
features of the pure flours and their blends. The mois-
ture content of LPC (8.20 g/100 g) and LF (9.10 g/
100 g) was lower than RMS (12.25 g/100 g), while the
flour mixes showed intermediate values. The protein
content was significantly higher in LF and LPC than
in RSM. In particular, a very high value was observed
in LPC (55.00 g/100 g) due to the process of protein
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concentration adopted for its preparation. The
protein level of LF was slightly lower than the value
reported by other authors (Hamad et al., 2020). Re-
milled semolina, instead, had a protein content of
11.93 g/100 g, meeting the requirements of current
rules for this kind of flour (European Commis-
sion, 2014). The addition of LF and LPC resulted in a
significant increase in the protein content of the flour
mixes, except when LF was added at the lowest per-
centage (LF 3%). Similarly, Plustea et al. (2022)
achieved protein increases by mixing white lupin flour
(10%, 20% and 30%) and soft wheat flour.

The ash content of LPC and LF, closely related to
the amount of minerals, was very high compared
to RMS. Consequently, the flour mixes showed higher
ashes than RMS, with significant differences when LF
was added at levels > 7% and LPC > 15%. The ash
content of LF was slightly lower than the value
reported by Plustea er al. (2022). The ash content of
RMS complied with the legal limits established in Italy
(Italian Republic, 2001).

Lupin flour and LPC showed higher values of fat
(9.70 g/100 g in LPC and 12.01 g/100 g in LF) than
RMS (1.35 g/100 g), therefore their addition to the lat-
ter resulted in significant increases, starting from
levels > 3% for both the lupin milling products. The
amount of fat assessed in LF agreed with other studies
(Plustea et al., 2022). The fat content of RMS was
slightly lower than the value reported for semolina
(Pasqualone et al., 2014), indicating a substantial
agreement, being semolina a less refined product of
durum wheat milling than RMS. A similar behaviour
was observed for the fibre content (2.30, 4.77 and
6.01 g/100 g for RMS, LPC and LF, respectively), but
in this case the increases of fibre in the flour mixes
respect to RMS were not statistically significant.
The level of fibres of LF was between the findings
of Plustea et al. (2022) and those of Alomari &
Abdul-Hussain (2013) and Hamad et al. (2020), while
the content of fibre of RMS agreed with other studies
(Pasqualone et al., 2017).

As regards the quantity of carbohydrates, the maxi-
mum value was found in RMS (71.54 g/100 g) and the
minimum in LPC (19.33 g/100 g). Blending therefore
reduced the carbohydrate content, but the difference
was statistically significant, relative to RMS, only in
the LPC 15% mixture.

The colour of the three pure flours and their mixes
was substantially yellowish, but significant differences
were assessed by the instrumental evaluation. The
highest value of a¢* was assessed in LPC, but particu-
larly interesting was the very high value of b* deter-
mined in LF, which indicates intense yellowness and is
attributable to the presence of relevant amounts of
carotenoid compounds in the lupin seeds (Khan et al.,
2015; Brandolini et al., 2022). Carotenoids have
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23.37 + 0.01°°
23.90 + 0.01°

—1.41 £ 0.01°
—1.27 + 0.01°
—-2.02 £ 0.01¢
—2.32 + 0.01°f
—2.30 + 0.01¢f
—2.42 + 0.01f

11.85 + 0.01°°
11.98 + 0.01°

0.83 + 0.03°

65.63 + 0.18%°
62.71 + 0.16°
70.60 + 0.05°

2.19 + 0.01°° 2.68 £ 0.11°

16.24 + 0.14¢°
18.43 + 0.30°

12.43 £ 0.01%°
12.15 + 0.02°

LPC 10%
LPC 15%
LF 3%
LF 7%

0.93 + 0.03"°

3.18 £+ 0.03°

2.60 + 0.04°

22.16 + 0.02°

11.45 + 0.01°¢

0.63 + 0.02¢

1.67 + 0.05° 3.56 + 0.09°
2.10 + 0.03°°

12.72 + 0.099"

10.82 £ 0.029

23.17 + 0.01°°
23.95 + 0.02°
24.14 + 0.03°

0.86 + 0.01°° 11.51 + 0.01¢

68.29 + 0.02%°

4.19 + 0.08°

13.85 + 0.01°F
14.69 + 0.15°
16.10 + 0.01¢

10.71 + 0.01°F
10.90 + 0.02¢
10.66 + 0.02f

3.04 + 0.02° 68.02 + 0.06°° 0.93 + 0.01°° 11.78 + 0.01°°

2.42 + 0.04°

LF 10%
LF 15%

4.03 + 0.06°° 65.30 + 0.11%° 0.96 + 0.01° 11.87 + 0.01°°

2.95 + 0.01°

Different letters in column indicate a significant difference (P < 0.001; P < 0.01 for b*).
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known provitamin A activity. Re-milled semolina
showed values of brown index (100-L*) and «* in the
usual range for re-milled semolina, but »* was slightly
lower (Giannone et al., 2018). The addition of LPC
and LF to RMS caused an increase in the brown
index, b*, and a*, proportional to the percentage of
LPC and LF used in the flour mixes. A similar trend
was observed by Alomari e al. (2016) with the addi-
tion of increasing amounts (5%, 10%, 15% and 20%)
of germinated lupin flour to soft wheat flour.

Legumes are known to contain more lysine and less
methionine and cysteine than cereals, as confirmed by
the analysis of the amino acid profile (Table 2). In LF
and LPC the prevailing amino acids were, in decreas-
ing order, leucine, lysine, phenylalanine, valine, isoleu-
cine and threonine, with values in agreement with
other studies (Sujak et al., 2006; Martinez-Villaluenga
et al., 2010). In the flour mixes, some amino acids
increased, namely leucine (with significant differences,
compared to RMS, only for LF at addition levels
> 15%), threonine (with significant differences for
LPC > 10%), tyrosine (with significant differences for
LPC > 15% and LF > 10%) and lysine (with signifi-
cant differences for LPC and LF > 10%). On the
contrary, decreases were observed for cysteine and
methionine (significant for LF > 15%), and for phe-
nylalanine (significant for LF > 10%).

Based on the reference value suggested for children
aged 1-2 years (WHO/FAO/UNU Expert Consulta-
tion, 2007), accounting for 5.2 g/16 g N, the limiting
amino acid was lysine both in the pure flours and in
their mixes. However, RMS showed a significantly
lower lysine score (50.9) than LF and LPC (88.6 and
90.9, respectively). Therefore, the addition of LF
and LPC improved the lysine score of the flour mixes,
reaching, respectively, the values of 56.7 and 57.1 at
the highest dose of addition (15%). The increase of
lysine score was significant for levels of addition of LF
and LPC > 7%.

The microelements (Cu, Mn, Zn, Fe), the macroelements
(K, P, Ca, Mg, Na) and the heavy metals (As, Cr, Pb,
Cd, Ni)

Re-milled semolina showed a significantly lower con-
tent of microelements compared to LPC and LF
(Table 3). The most abundant element was Mn, with
the highest level detected in LF (116 mg kg™ '). This
value was in agreement with other studies (Plustea
et al., 2022; Spina et al., 2022). Re-milled semolina,
instead, showed 11.03 mg Mn kg~', in agreement with
Yaver & Bilgi¢li (2021). The Mn content of the flour
mixes increased significantly with the addition of
LF > 3%. Lupin protein concentrate showed a signifi-
cantly lower Mn content than LF, therefore the
increase of Mn in the flour mixes was significant only
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= P, 2 of Plustea er al. (2022) in soft wheat flour. The Zn
c . . . . .
£ - AT SRES RS 8 content of the flour mixes increased significantly with
g 22|cccsccscscocso =t additions of LF > 10% and LPC > 15%. Increases in
2 2e B A A A ] L% the content of Zn were observed also by Plustea
~ — 5 . . . .
S 33|23 333Idaa S5 et al. (2022) and Yaver & Bilgigli (2021) in blends of
E e 6 8 6 & & s = lupin flour with soft wheat flour or semolina.
@© o o @ L) @ © @ © ©_  Q =
o _ £5(138388885883 g Q The macro-elemental profile (Table 3) of the three
[e)) c O OO OO o000 O OoO oo e L{ > 1
53 Sl SRRRRRTRETRS 85 pure flours was dominated by K, followed by P.
oS Tt | wnwooos o= £z Lupin flour showed lower contents of K than those
== 2~ RONKRKROGGONO®© © © T =2
) 22| oS- C e s C s Cd 5 reported in LF by other authors (Mazumder et al.,
(7] [ . . .
o 2 6 e 8 5% 0 6o e o g8 2021), while the other elements approximatively
O M T 1 O LW O© LW © W LW = . .
<2 £|22223323222¢2°¢ EXS agreed with other studies (Aslan & Bilgi¢li, 2021;
—>§ o P HHHHAHHHHHA i Mazumder et al., 2021; Yaver & Bilgicli, 2021). Inter-
c S 8RO REBIGF~RE S 5 estingly, all the macroelements except P were more
© r~ TP | dFaaadaadN© 8 4 ’ . :
o 5 5 c3 concentrated in LPC than in LF. Although LPC was
=~ Qo . . . . .
B o o 5 06 695 % oo 53 e £35a a commercial product, with no detailed information
s @ Q DO~ N~ N — N — — c = o 4
o2 b pa = pa SNEERE SRR SNERR NN ES E about the process conditions adopted to concentrate
B E 2 B A A N 38w the protein fraction, studies have shown that protein
o2 f8|ggsdisndgse8 £ 3 % concentrates obtained by dry-fractionation of pulse
—_ [T - 1 1 P’ - - P’ 1
£o 5§82 flours are richer in K and Ca than the starting flours
- +— o) .
< c 8 2« (De Angelis et al., 2021). The contents of macroele-
E o) — 3 0 .a
Ne 2 2 8 g:§ o R € g g £ ments assessed in RMS_ were lower than_ those
20 E|20 ocovoo SReLs2|g20 reported by Yaver & Bilgigli (2021) in semolina for
Rl BlEILSYYYYLYYYSe " [52 ¢ pasta-making, probably due to a higher refining
International Journal of Food Science and Technology 2023 © 2023 Institute of Food Science and Technology.

85U8017 SUOWWIOD BAIIEe.D 3(edl|dde au) Aq peusenob ae Sapie YO 8sn Jo Sa|ni Joj Akeiqi8uIIUO AB]IM UO (SUORIPUOD-PUR-SLLIBI WD A8 1M ARe.d 1 jBul UO//SdNL) SUOIPUOD Pue SIS | 8L} 88S *[7202/70/ST] Uo Areiqiiauliuo Ae|im ‘1eg 1a 1pnis 116 AisieAiun Aq 2659T SHITTTT 0T/I0p/W00 A3 1M Alelq 1 uljuo Is)l//Scily Wwo.j pepeo|umod ‘6 €202 ‘T292S9ET



Durum wheat and lupin flour blends A. Spina et al.

Table 3 Content of microelements and macroelements of re-milled semolina (RMS), narrow-leaved lupin protein concentrate
(LPC), white lupin flour (LF) and their mixes at different percentages (3, 7, 10 and 15 g/100 g)

Microelements

Macroelements

Cu Mn Zn Fe K P Ca Mg Na
Sample (mg kg™") (mg kg™") (mg kg™") (mg kg™ ") (mg kg™ (mg kg™ (mgkg™") (mgkg™) (mgkg™")
RMS 3.15 + 0.03°  11.03 + 0.01"  16.29 + 0.06 13.91 + 0.01 2212 + 92° 1387 + 199 233 + 9¢ 383+ 17" 113+7°
LPC 494 +0.10°  22.04 + 0.04"  32.05 + 0.05° 40.81 + 0.06°  8421+76° 2774 + 40°  2140+81° 1685:£54° 4944292
LF 8.13 + 0.13%  116.00 + 1.14° 48.58 + 0.08° 35.62 + 0.03° 1705 + 14 47054592 1685 + 87° 1084 + 53° 195 + 5P
LPC 3%  3.17 + 0.04% 11.35 4+ 0.03°"  16.74 + 0.01°f 15.53 + 0.049 2266 + 92° 1436 + 819 288 + 4° 426 + 19 126 + 1°
LPC 7%  3.22 4+ 0.04% 11.81 £ 0.02%" 17.57 + 0.01°%" 15,63 + 0.08° 2469 + 39¢ 1462 + 879 362 + 14° 477 + 3F 142 + 2°°
LPC 10% 3.33 + 0.01%¢ 12.12 4+ 0.03%"  18.10 + 0.12°%f 16.58 + 0.01° 2791 + 64° 1541 + 2.89 416 + 5° 520 + 149 153 + 3°°
LPC 15% 3.44 + 0.06%  12.66 + 0.04°  19.03 + 0.04° 17.84 + 0.06° 3164 + 52° 1619 + 12°¢ 510 + 3° 580 + 5° 171 + 2°°
LF 3% 3.20 + 0.04% 54.32 + 0.02°  17.25 + 0.05°%°f 14.65 + 0.06" 2197 + 91 1496 + 259 279 + 5° 404 + 39 115 + 3°
LF 7% 3.26 + 0.04%  61.39 + 0.04%  18.40 + 0.06°%°f 15.62 + 0.019 2177 + 49" 1659 + 42°¢ 271 4 2° 439 + 49 121 + 3°
LF 10% 3.67 + 0.15°®  64.52 + 0.08°  19.06 + 0.76° 16.04 + 0.061°F 2161 + 829" 1752 + 68°9 383 + 10° 462 + 10f 124 + 4°
LF 15%  3.97 + 0.01° 65.23 = 0.31°  21.14 + 0.01° 17.12 + 0.06% 2136 + 86" 1957 + 80° 466 + 4° 501 + 2° 128 + 2°

Different letters in column indicate a significant difference (P < 0.001).

degree of RMS. The macroelements of the flour mixes
significantly increased with the addition of LF (Mg at
levels > 3%, K and Ca at levels > 10% and P at
levels > 15%) and LPC (K and Mg at levels > 3%
and Ca at levels > 10%). Increases in the content of
Ca, K and Mg were observed also by Plustea
et al. (2022) by mixing LF with soft wheat flour, while
Yaver & Bilgi¢li (2021) reported increases of Ca and
P in blends of LF with semolina.

The analysis of heavy metals (Table 4) detected
values of As, Pb and Cd < 0.01 mg kg~', both in the
pure flours and in their mixes, complying with
the limits imposed by the EU Reg. 1881/06 (for
As), EU Reg. 2021/1317 (for Pb) and EU Reg. 2021/
1323 (for Cd). Cd and Pb contents ranging from not
detectable to 0.01 mg kg~' were reported in six
L. angustifolius L. and three L. albus cultivars by
Mazumder et al. (2021). Cr was in the order
LPC > LF > RMS and proportionally increased in the
mixes according to the percentage of addition. Higher
values were detected for Ni, especially in the lupin
milling products (0.30 mg kg~ in LF, 0.94 mg kg™
in LPC, 0.06 mg kg in RMS). Therefore, compared
to RMS, the flour mixes showed higher contents of
Ni, which increased proportionally with increasing
additions of LF and LPC. Ni has recently become the
object of attention by the European Food Safety
Agency (EFSA), which has raised its tolerable daily
intake (TDI) from 2.8 to 13 pg kg™' of body weight
(Schrenk et al., 2020). In wheat flour, levels of Ni from
0.08 to 0.09 mgkg ' were observed by Tejera
et al. (2013), while Bawiec et al. (2014) reported an
increase from 0.09 to 0.31 mg kg~' with the decrease
of wheat flour refining degree. Levels of Ni of
0.02 mg kg~' were reported by Plustea er al. (2022)
in LF.

© 2023 Institute of Food Science and Technology.

Table 4 Heavy metal content of re-milled semolina (RMS),
narrow-leaved lupin protein concentrate (LPC), white lupin
flour (LF) and their mixes at different percentages (3, 7, 10,
15 g/100 g)

As Cr Pb cd Ni

Sample (mgkg™") (mgkg™") (mgkg™) (mgkg™) (mgkg™"
RMS <0.01 0.01 <0.01 <0.01 0.06
LPC <0.01 0.31 <0.01 <0.01 0.94
LF <0.01 0.16 <0.01 <0.01 0.30
LPC3%  <0.01 0.03 <0.01 <0.01 0.16
LPC 7%  <0.01 0.04 <0.01 <0.01 0.17
LPC 10% <0.01 0.07 <0.01 <0.01 0.27
LPC 15% <0.01 0.08 <0.01 <0.01 0.54
LF 3% <0.01 0.02 <0.01 <0.01 0.13
LF 7% <0.01 0.02 <0.01 <0.01 0.15
LF 10%  <0.01 0.03 <0.01 <0.01 0.19
LF 15%  <0.01 0.04 <0.01 <0.01 0.34
Conclusions

Lupins have recently come under the spotlight for
their unique nutritional characteristics, not to mention
the recognised health benefits of this legume, so there
has been a boom in lupin-based snacks and a growing
trend has been established in their consumption.

Overall, the results obtained in this study show that
re-milled durum wheat semolina can be effectively for-
tified with LF, and especially with LPC. The incorpo-
ration of lupin remarkably improved the nutritional
profile of the flour mix in terms of proteins and
minerals.

To quantify, the protein content significantly
increased in the flour blends for additions of LPC
>3% and LF > 7%. The lysine score significantly
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increased at levels of addition of LF or LPC > 7%.
Additions of LPC at levels as little as 3% were suffi-
cient to determine a significant increase of iron,
manganese and magnesium, while copper, zinc,
potassium and calcium increased at addition levels
> 10%.

These results suggest a promising use of the flour
mixes in the production of biofortified durum wheat
breads and other widely consumed baked products,
assumed that further studies are made to evaluate their
technological performance. Such baked goods would
meet the increasing request for more nutritious plant-
based food products expressed by the modern
consumers.
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