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Abstract: Nowadays, a wide range of non-traditional gluten-free products can be purchased. Al-
though consumers identify all these as being similar, their nutritional composition can differ de-
pending on the raw materials used and the production process itself. The aim of the current study
was to evaluate the nutritional quality of ten commercially available flours made from rice, pea,
chickpea, soybean and hemp. The proximate composition (moisture, fat, fiber, protein, starch and
carbohydrates), the mineral composition (Na, Mg, P, K, Ca, Cr, Ni, Se, Cu, Zn, Mn, Fe, Cd, Pb), the
phenolic composition (total phenols, total flavonoids, flavanones and dihydrofavonols, and total
antioxidant capacity) and the fatty acid profile were analyzed. Results showed an important influence
of the vegetable species but also of the brand on the flour composition. Soybean flours, followed
by hemp, showed the highest phenolic content and antioxidant capacity. Hemp flour showed a low
n6/n3 ratio, while pea flour contained a small amount of fat with a large amount of oleic acid and a
satisfactory n6/n3 ratio.

Keywords: chickpea; pea; hemp; soybean; rice; commercial flour; proximate composition; phenolic
content; antioxidant activity; fatty acid profile

1. Introduction

Modern consumer requirements are reflecting more and more their concern about
improving their diet, health and well-being [1]. In recent years, there has been a growing
interest in the potential use of different sources of protein in human nutrition. Dairy
and meat products are no longer the main sources of protein in diets, with an increase
in the number of plant-based protein products [2]. In this context, non-traditional flours
obtained from various raw products are attracting the interest of researchers and the food
industry [3]. These kinds of products are suitable for use in vegan or vegetarian diets and
for consumers who are aware of the need to reduce the consumption of animal products
due to their relation to climate change. In addition, these flours can be used to meet the
demand for gluten-free (GF) formulations [4] owing to the requirements of the growing
population suffering from celiac disease [5]. Gluten-elimination studies performed on
non-celiac individuals showed that a GF diet has beneficial effects in preventing not only
gluten-related disorders (GRDs) but also other disorders such as irritable bowel syndrome
(IBS) and diabetes [6].

On the other hand, these flours can be used to improve the textural properties of foods
and/or improve their nutritional composition. Their ability to improve the rheological
behavior of doughs has led to their incorporation into wheat for baking products [7,8].
They are also being used in fortification as a tool to balance the overall nutritional profile of
diets, to restore nutrients lost in food processing, and to make products more attractive to
consumers [9].

As mentioned above, growing interest has been observed in the use of gluten-free
cereals and pseudocereals. These grains are mainly consumed in the form of flours and

Appl. Sci. 2023, 13, 2309. https:/ /doi.org/10.3390/app13042309

https://www.mdpi.com/journal/applsci


https://doi.org/10.3390/app13042309
https://doi.org/10.3390/app13042309
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0003-1543-4736
https://orcid.org/0000-0003-0178-3177
https://orcid.org/0000-0001-9643-883X
https://orcid.org/0000-0002-4067-3416
https://doi.org/10.3390/app13042309
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app13042309?type=check_update&version=2

Appl. Sci. 2023,13, 2309

2 of 20

seeds, which can be easily added to different preparations. Among these cereals, rice is an
important source of protein for humans. Like other cereals, rice seed proteins are deficient
in some essential amino acids [10], which has led to intensive work on modifying the
amino acid profile of rice grain to develop varieties of high nutritional value [11]. The
components such as protein, available starch, and dietary fiber may be present in varying
amounts in different rice cultivars [12]. Rice flour has been incorporated into gluten-free
products such as cakes [13], yellow alkaline noodles [14], bread [15], and pasta [16], among
other products.

Pulses have also attracted the interest of both the food industry and consumers. Pulse
flours provide high levels of good-quality protein and dietary fiber [17]. Owing to the low
level of sulfur amino acids, they are considered to be proteins of less biological value than
animal proteins [18]. However, they are a rich source of other amino acids, such as lysine,
leucine, isoleucine and phenylalanine and therefore provide a well-balanced essential amino
acid profile when combined with other grains such as wheat or rice [19]. In addition, the
high starch content of pulses makes their flour highly suitable for use in bakery products [20].
Legume flours have also been used to enhance the nutritional value of gluten-free foods such
as pasta, breads and snacks [21,22]. Other minor components of pulse flour include proteins,
such as lectins and enzyme inhibitors, and phytic acid. Although these have previously
been considered anti-nutritional due to their ability to bind micronutrients and reduce the
digestibility of macronutrients, some studies also show the potential health benefits of includ-
ing low levels of these compounds in one’s diet [23]. The correct ratio of anti-nutrients to
nutrients can reduce the negative impact on digestibility and play a beneficial role in cellular
processes, including antioxidant and anti-inflammatory activities [24]. Among the pulses,
different flours have been studied, such as soy flour [25-27], chickpea and lentil flour [21],
fava bean flour [28], carob flour [29], green and yellow pea flour [2] and flour of the Prosopis
species [30], among others.

Other non-traditional seeds have been processed into flour, and their viability for
incorporation into different products has been studied. Hemp is the non-pharmacological
variety of Cannabis sativa subsp. sativa, the cultivation of which is legal in several coun-
tries [31]. Hemp seeds contain a high proportion of protein (20-25%) and a high fat
content (25-35%), comprising mainly polyunsaturated fatty acids (PUFAs), and also inter-
esting amounts of fiber and minerals [32]. Their flour has been used for the production of
gluten-free bread [33] and bakery by-products [34]. Amaranth flour for the production of
gluten-free breads and biscuits [35], quinoa flour for the production of dairy yogurt [36] or
mulffins [37] and sorghum flour for the preparation of pasta [38] and flatbread [39] have
also been studied.

Plant-based foods are a growing trend among consumers, which has led to these
flours quickly becoming popular [40]. At present, a wide range of these products can
be purchased in supermarkets or online. Although consumers identify all these flours
as similar products, their nutritional composition can be very different depending on
the raw materials used and the production process itself. The aim of the current study
was to evaluate the nutritional quality of ten commercially available flours made from
rice, pea, chickpea, soybean and hemp in relation to current nutritional guidelines and
dietary requirements.

2. Materials and Methods
2.1. Materials

Commercial flours from chickpea (Cicer arietinum), soybean (Glycina maxima), pea
(Pisum sativum), hemp (Cannabis sativa) and rice (Oryza sativa) were purchased in local mar-
kets (Zamora, Spain) and by electronic commerce, each being of one type from two different
food companies.
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2.2. Proximate Composition of Flour

The samples were analyzed for nutritional composition (protein, fat, carbohydrates
and starch) by using the AOAC procedures [41]. The crude protein content of the samples
(N x 6.25) was estimated by the macro-Kjeldahl method; crude fat was determined using a
Soxhlet apparatus by extracting a known weight of the sample with petroleum ether.

The moisture content of the flours was determined by using the AACC method
14-15 A [42]. Ash content was determined by incineration at 550 £ 10 °C using the AACC
method 08-01.01 [43]. The total fiber was determined according to the AOAC Method
991.43 [44] by using the ANKOM dietary fiber analyzer (ANKOM technology, New York,
NY, USA). Total carbohydrates were calculated by their difference, and the % energy
provided was calculated considering that protein and carbohydrate provide 4 kcal /g and
that fat provides of 9 kcal/g. All the determinations were performed in triplicate.

2.3. Mineral Analysis

Element concentrations were determined by ICP-MS (Na, Mg, P, K, Ca, Mn, Fe, Ni,
Cu, Zn, Se, Cr, Cd and Pb). Amounts of approximately 0.2 g samples were placed in Teflon
vessels with HNO3 and a Milestone digestion microwave system was used. Concentrations
were determined using an Agilent 7800 ICP mass spectrometer (Agilent, Santa Clara, CA,
USA) with the following operating conditions: Rf. Power 1550 W, Plasma Ar flow 15 L/min,
Auxiliary Air flow 0.9 L/min, Nebulizer Air flow 0.99 L/min.

Quantification was carried out by using certified standard solutions (1 g/L) (Panreac,
Castellar del Valles, Spain) grouping the elements into two multi-elemental standards. The
results were expressed as mg kg~ ! of sample.

2.4. Fatty Acid Analysis

The extraction of lipids from 10 g of the flours was performed using a soxhlet extractor
(Soxtherm Gerhardt Variostat; Soxtherm V7.5, Wiesbaden, Germany) using petroleum
ether. The fatty acids were analyzed after methylation with methanolic KOH by gas
chromatography using the method described by Luruefia et al. [45]. Two to five microliters
of the sample were injected into the equipment (GC 6890 N, Agilent Technologies, Santa
Clara, CA, USA) using a 100 m x 0.25 mm X 0.20 um capillary column (SP-2560, Supelco,
Inc., Bellefonte, PA, USA) equipped with a split/splitless injector and an FID detector.
The fatty acids were identified according to their retention times by comparison with a
mixture of commercial standards (47885-U Supelco, Sigma-Aldrich, Darmstadt, Germany).
The quantification was expressed as g per 100 g of total fatty acid methyl esters. The
determinations were performed in triplicate.

2.5. Determination of the Phenolic Composition and Antioxidant Capacity
2.5.1. Extraction of Flour Samples

The extracts of different flour samples were prepared as described by Betances Salcedo
et al. [46]. The different flours (1 g each accurately weighed) were added to 20 mL of 70%
ethanol aqueous solution. After keeping the mixture in an ultrasonic water bath for 8 min,
it was centrifuged at 3000x g for 20 min at 20 °C. The supernatant was separated and then
completed in a 25 mL volumetric flask with 70% ethanol. The extractions were performed
in duplicate, and all the subsequent determinations were performed in triplicate.

2.5.2. Determination of the Total Phenolic Content

The total phenolic content of the extracts was measured using the Folin—Ciocalteu (FC)
reagent using the method described by Millar et al. [2]. Approximately 0.5 mL of FC was
added to 0.5 mL of the sample. Then, 10 mL of Na,CO3 10 H,O (7.5%) was added, and
the solution was mixed thoroughly. The volume of the mixture was made up to 25 mL
with distilled water. The total phenolic content of the sample extract was determined at a
750 nm wavelength in a spectrophotometer (Shimadzu UV 1280, Shimadzu, Kyoto, Japan).
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The results are expressed as mg gallic acid equivalent (GAE)/100g of fresh weight. The
calibration equation used was y = 0.232x — 0.019; r* = 0.996.

2.5.3. Determination of the Total Flavonoid Content

The total flavonoid content (flavones and flavonols) of the sample extracts was deter-
mined using the colorimetric method based on the formation of the aluminum chloride
complex as described by Valencia et al. [47], with slight modifications. Five hundred mi-
croliters (0.5 mL) of 5% AICI3 was added to 2 mL of sample extracts and brought up to
25 mL with 96% ethanol. The mixture was kept for 30 min in the dark at room temperature.
The absorbance was measured at 425 nm using a spectrophotometer (Shimadzu UV 1280,
Shimadzu, Kyoto, Japan. The results are expressed as milligrams of rutin per 100 gram of
sample. The calibration equation used was y = 2.839x — 0.004; 1> = 0.997

2.5.4. Total Flavanone and Dihydroflavonol Content Determination

The content of flavanones and dihydroflavonols was determined spectrophotometri-
cally, according to the method described by Popova et al. [48], with slight modifications.
An aliquot (1 mL) of the flour extract and 2 mL of the DNP (2.4 dinitrophenylhydrazine)
solution was heated to 50 °C for 50 min. After cooling to room temperature, 10% potas-
sium hydroxide (KOH) in methanol (w/v) was added to the solution up to 10 mL. The
absorbance at 486 nm of 1 mL of the resulting solution was measured using a spectropho-
tometer ((Shimadzu UV 1280, Shimadzu, Kyoto, Japan). The presence of pinocembrin has
been described in the literature in rice and chickpea, so the authors decided to use it as a
standard and to express the results as mg of pinocembrin/100 g of the flour sample extract
The calibration equation used was y = 1.340x — 0.015; r? = 0.993.

2.5.5. Determination of the Total Antioxidant Capacity

The total equivalent antioxidant capacity (TEAC) was determined by the ABTS (2,2-
azinobis (3-ethylenebenzothiazoline-6-sulfonic acid)) method according to the method
described by Chen et al. [49] using the vitamin E analogue Trolox (6-hydroxy-2,5,7,8-
tetramethylchorman-2-carboxylic acid) as a standard. An appropriate amount of the
sample (20 uL) was added to the ABTS reagent, and the mixture was incubated at 25 °C.
Absorbance was recorded every minute for 10 min using a Shimadzu spectrophotometer
(Shimadzu UV 1280, Shimadzu, Kyoto, Japan). Appropriate solvent blanks were run in
each assay. The percentage of inhibition of absorbance at 734 nm was calculated and
plotted as a function of the concentration of Trolox to give the total equivalent antioxidant
capacity (TEAC). The determinations were performed in triplicate and calculated from the
calibration curve determined by linear regression (r?: 0.9852): Trolox eq = (% decrease in
Abs +2.107)/1.1815.

2.6. Statistical Analysis

ANOVA and LSD Fisher Tests were used to identify significant differences between
groups using the SPSS Package 25 (IBM, Chicago, IL, USA).

Unsupervised pattern recognition analysis through principal component analysis
(PCA) was applied to group the samples. The data for PCA modeling were the analyzed
physicochemical parameters, which showed values >0 in all the samples. These data were
normalized, scaled, and mean-centered. Subsequently, the original variables were linearly
transformed into a new set of variables (principal components PCs) which retain the
information of the original set. The number of PCs for classifying purposes was determined
by selecting those with an eigenvalue of >1. The calculations were performed using the
SPSS Package 25 (IBM, Chicago, IL, USA).
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3. Results and Discussion
3.1. Proximate Composition

The nutritional composition of the different flours analyzed can be seen in Table 1. The
moisture content varied between 6.0% and 9.9%, with chickpea and pea flours having the
highest moisture contents. There is a large variability in the moisture contents of these types
of flours described in the bibliography, ranging from 0.2% described for hemp flour [50] to
10.11% described for pea flour [51]. The lowest protein content was found in rice flours
(7.2%), while the highest was found in soybean flours (41.5%). In relation to fat content,
soybean flours (23.0%) and hemp flours (11.5%) showed the highest concentrations, while
the lowest concentrations were obtained in rice flours (0.6%). All the flours analyzed
showed high amounts of carbohydrates (CHO) (>31.8%), with starch being the most
important carbohydrate in the rice flour samples (76.6%), followed by pea flours (48.0%)
and chickpea flours (41.1%). The highest fiber contents were found in hemp (50.2%) and
soybean (28.6%) flours.

Chickpea and pea flours showed high carbohydrate contents and significant starch,
fiber and protein contents. Similar values for chickpea flour (24.61%) and pea flour (22.96%)
have been reported for protein content [52]. Similarly, the carbohydrate content reported
for chickpea flour (57.78%) and pea flour (57.94%) agrees with the results obtained in
this study [52]. Rice flours were characterized by a high carbohydrate content, with a
high starch content and very low fat, fiber and ash contents, matching those described by
Bolarinwa et al. [53]. Soybean and hemp flours showed high protein and fiber contents
with higher amounts of fat and ash than the other flours tested, while their carbohydrate
and starch contents were much lower. These results agree with those obtained by Uwem
et al. [54] and Alphonce et al. [55] for soybean flours and [50] for hemp flours. As far as
energy is concerned, the values are similar, and non-significant differences were observed
between the products analyzed except for soybean, which showed significantly higher
values owing to its higher fat content.

If we compare the different commercial brands analyzed, it can be observed that in
all cases there are statistically significant differences in several of the parameters analyzed,
with these being particularly striking in the fat, fiber and starch contents of soybean and
hemp flours.

From the nutritional composition point of view, the content of fiber and fat in these
flours is of particular interest. The current recommendation as outlined by the European
Food Safety Authority (EFSA) is for consumption of >25 g fiber a day to maintain normal
bowel function, prevent gastrointestinal disorders, aid in weight management and reduce
the risks of coronary heart diseases and type 2 diabetes [56]. The role of fiber in weight
management is due to its role in adding bulk to the diet to induce satiety and its lower
energy density [57]. On the other hand, the high fat content can be a disadvantage for the
use of these flours, owing to the lipoxygenase-catalyzed oxidation of unsaturated fatty
acids to volatile compounds, which can affect both the taste and the shelf life of foods [58].
Among the tested flours, soybean and hemp flours differ from other flours in terms of their
high fat and fiber, and pea and chickpea flours have a high concentration of fiber with a
very low fat content; in contrast, rice flour has a low fiber and fat content.

The starch and protein content is another important aspect to take into account in
the composition of these flours. The starch content affects human health through its
contribution to the glycemic index and levels of resistant starch. Incomplete digestion—
absorption of resistant starch in the small intestine results in non-digestible starch fractions
with physiological functions similar to those of dietary fiber and therefore with important
health benefits [59]. Starch contributes 50-70% of the energy in the human diet, as it
provides a direct source of glucose, which is an essential substrate in brain and red blood
cells for generating metabolic energy [60]. Considering the indications of the Food Safety
Authority of Ireland, a product is considered to be high in protein when at least 20% of the
total energy comes from protein. According to this approach, all the flours analyzed in this
study are high-protein foods except rice flour. Soybean and hemp differ from other flours
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in terms of their low starch content and also in their high protein content. In contrast, rice
flour is mainly composed of starch with a low protein content. Pea and chickpea flours
have a high concentration of protein and starch, with a very low fat content, which makes
them particularly interesting from a nutritional point of view.

3.2. Mineral Content

The concentrations of the 14 minerals analyzed (Na, Mg, P, K, Ca, Mn, Fe, Ni, Cu,
Zn, Se, Cr, Cd and Pb) for each of the flours studied can be seen in Table 2. The minerals
calcium, phosphorus, sodium, potassium and magnesium are called macroelements as
their nutritional requirements are higher than 100 mg/dL day [61]. In all the flours ana-
lyzed, potassium is the major macroelement, followed by phosphorus. Sodium is the least
abundant macroelement in chickpea, soybean and hemp flours, while in rice and pea flours,
calcium is the minority macroelement. Soybean flours have the highest potassium con-
tent (18,223.35 mg/kg), while hemp flours have the highest concentrations of phosphorus
(9908.3 mg/kg) and magnesium (4978.6 mg/kg). On the other hand, rice flours have the
lowest macroelement content, with particularly low concentrations of calcium, potassium
and magnesium compared to the other types of flour analyzed.

Those elements of which trace amounts are necessary are called microelements and
include copper, iron, manganese, selenium, zinc, chromium and nickel. In all the flours
analyzed, the microelement with the highest concentration is iron, followed by zinc and
manganese. The highest concentrations of all of these elements were found in the hemp
flour, whereas selenium was only detected in one sample of pea flour. The results obtained
for macro- and microelements are similar to those described by other authors in chickpea
flour [62], rice [63], soybean [64] and pea flour [2] but lower than those described for
hemp flour [65]. In all the minerals analyzed, a large variability in their concentrations
was found depending on the commercial brand analyzed. This is due to the fact that the
mineral composition varies according to parameters such as phenotypic variation, climatic
conditions, the fertilizers used, soil quality, processing and storage [66].

Minerals are essential elements in our diet for long and healthy life; some macro- and
microelements are found in the structure of teeth (Ca, P and F) and bones (Ca, Mg, Mn,
P, B and F) and in the control of blood pressure (Ca and K), and some act as catalysts for
metabolic reactions (Zn, Cu, Se, Mg, Mn). They play a vital role as a structural part of
many enzymes (Cu, Fe, Mn, Mg, Se and Zn) and are involved in the immune (Ca, Mg,
Cu, Se and Zn) and brain (Cr and Mn) systems [67]. Plant foods are in themselves an
important source of essential minerals, but they can also be used in the fortification of other
foods as a strategy to reduce micronutrient malnutrition. Mineral deficiency is therefore
more prevalent in developing countries, where access to fresh food is scarce, whereas in
industrialized countries, Ca deficiency is a major problem [68]. However, it should be
noted that the total amount of a mineral in a food does not reflect the amount available in
the body through absorption, as only a certain amount of the mineral is bioavailable [67].
Dietary deficiency of some of these minerals may be due to low mineral intake, but in
some cases, the cause is poor mineral absorption. Phytic acid present in cereals and some
legumes has been described as one of the main inhibitors of Fe and Zn absorption and, to a
lesser extent, of calcium, with oxalic acid being the main inhibitor of Ca absorption [69].
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Table 1. The proximate composition (g/100 g fresh weight) of different flours. Data presented as means + standard deviation from triplicate analysis.

Chickpea Pea Soybean Hemp Rice
A* B A B A B A B A B
Moisture 81+03d 90+0.1°¢ 99+ 05" 89+0.1¢° 73+01¢ 6.0+0.12 62+0.12 6.6+01P 7.74+02¢ 98+0.1f
Ash 31+00¢ 274+00¢ 3.0+004d 32400f 50+008 53+0.0h 6.5+ 0.0 60+001 07+01Pb 05+0.12
Fat 43+09Pb 56+04°¢ 154052 1.1+00° 183+ 0.6° 23.0+008 7340049 115+ 00¢ 1.0+012 064002
Fiber 167 £0.14 1714004 86+03P 11.5+02°¢ 28.6+05f 254 +04¢ 50.2 +£04h 382+098 1.0 +0.02 1.0+ 002
Proteins 234+ 00f 1934+0.0° 21.7+01¢ 213+ 0249 38.1+001 415+ 041 294+018 32.1+04h 7.6+£00P 72+002
Starch 409+0.0¢° 411+00¢ 48.0+0.08 456+ 04f 35+0.1°¢ 41+0.04d 0.1+0.02 08+0.1P 76.6 £0.21 724+0.1h
CHO 635+45d¢  g52+31de  g54+25de  g58+03¢ 39.1+1353  31.8+1342 53.0 + 4.4<d 47.6 + 6.2 b¢ 833 +0.8f 820+ 03f
Energy (Kcal/100g) 373.6+592 3717 +16.62> 35744412 35554352 4183+409P° 4312+668° 373742083 3878433323 36974212 360.2+20°2

* A and B are different commercial brands. a-j: values followed by different superscripts in the same row are significantly different (p < 0.05).

Table 2. The mineral composition (mg/kg fresh weight) of different flours. Data presented as means + standard deviation from triplicate analysis.

Chickpea Pea Soybean Hemp Rice
A* B A B A B A B A B

Macroelements

Na  1196.8 +46.3°¢ 1028.8 + 444 1057.9 + 58.9 4 967.1 +41.2¢d 1009.9 + 17.84 987.7 +12.6 4 6414 +6.62 846.1 £5.6P 991.2 +19.8¢ 861.7 + 4.9 ¢

Mg  1430.7 +71.7°¢ 13169 4+ 12.4 ¢ 1224.1 + 55.7 bc 9584 +6.9° 2390.9 + 46.2 4 21442 +182.1¢ 5255.2 + 69.0 f 4702.0 + 149.6 ¢ 39254712 3747 £31.12

P 2268.9 + 105.1 b 2580.0 +79.2 b 2530.2 + 104.9 P 25249 +0.7° 4147.8 + 69.8 ¢ 5347.0 +110.1 ¢ 10,717.6 £ 245 f 9099.0 + 141.1 ¢ 873.1 £19.32 11383 4+ 60.3 2

K 10,8484 +40.6°¢ 94129 + 56.0P 10,356.6 + 61.6 10,4649 £16.6° 175958 +£23524  18,850.9 +53.0¢ 10,686.2 & 174.4 ¢ 10,4192 + 144 ¢ 1237.0 + 12.72 1316.8 + 1252

Ca 12743 +5294 1596.8 4 37.3 ¢ 677.6 +3.2°¢ 4065 + 8.4P 1609.2 + 22.7 ¢ 2097.3 + 136.6 1776.8 £17.9°¢ 1290.4 + 0.7 ¢ 69.7 +0.62 7434042
Microelements

Cr 0.119 £ 0.07 2 0.189.0 + 0.06 P 0.119 £ 0.07 2 0.429 +0.01 ¢ 0.950 + 0.01 8 0.125 4+ 0.09 2 0.331 +£0.01¢ 1.04 +£0.021 0.485 4 0.08 0.238 4 0.01 ¢

Ni 4150 £ 0.194 0.885 £ 0.09 2 3.596 + 0.16 34.044 + 0.18 8 8.436 + 0.83 ¢ 5.379 +0.15 4 3443 £0.25¢ 16.055 4 0.07 1.152 + 0.17°P 1272 +£0.23b

Se ND ND ND 0.322 + 0.02 ND ND ND ND ND ND

Cu 96+04° 49 +0.4Pbc 7.6+ 044 63+01d 87+00¢ 141 +02f 189+1.08 149 +1.1f 29+0.19 204012

Zn 3274+ 15 21.7 £ 0243 26.1 + 1.3 bed 25.7 + 0.1 be 25.9 +0.1bc 33.6+564 770+ 04f 481+08¢ 147 +£0.32 145+0.1°2

Mn 244+1.0b 269+1.1°¢ 11.0+ 062 98+032 2724+03¢ 25.0 + 0.2 be 1422 +0.6°¢ 102.6 +1.24 112+022 1144002

Fe 69.6 £3.6¢ 492+ 04° 85.6+42f 351+12°b 103.6 +1.38 59.3 + 094 166.6 + 0.9 204.0 £ 251 20.8 +£0.32 681+12¢

Trace Toxic Elements
cd ND ND 0.014 +0.042 0.289 + 0.08 & 0.034 +£0.02° 0.040 £ 0.05¢ 0.057 4 0.01 ¢ 0.075 £ 0.06 f 0.053 4+ 00.3 4 0.036 4+ 0.07P
Pb 0.108 4 0.05 2 0.115 + 00.7 2 0.327 £0.01 ¢ 0.602 +0.01 f 0.492 + 0.06 © 0.176 + 0.01 2P 0.481 +£0.09 ¢ 2.945 4 0.06 & 0.216 4 0.04 be 0.263 4+ 0.09 <d

* A and B are different commercial brands. a—i Values followed by different superscripts in the same row are significantly different (p < 0.05). ND not detected.
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In addition to these elements, some minerals such as Cd and Pb have no known
biological activity but accumulate in living organisms and can be highly toxic. Cadmium
has not been detected in any of the chickpea flours analyzed, and the concentrations found
in the other flours are low except in one of the pea flour samples. Although there is no
specific legislation regarding Cd and Pb content in plant-based flours, there is European
legislation regulating the Cd and Pb content in cereals and legumes. As far as cadmium
content is concerned, REGULATION (EU) 2021/1323 sets a limit of 0.04 mg/kg in dry
legumes and 0.15 mg/kg in rice. The results obtained from the samples analyzed show
that all of them are below the established limits, except for one sample of pea flour, which
shows very high Cd contents (0.289 mg/kg). Ingestion of Cd-contaminated food has been
linked to renal tubular damage, osteoporosis and cancer [70].

However, all the flours analyzed showed the presence of lead. In one of the samples of
soybean flour and pea flour and in the two samples of hemp flour, high concentrations of
this mineral were found, which were particularly high in one hemp flour (2.94 mg/kg). The
levels found in the samples analyzed are higher than those recommended by REGULATION
(EU) 2021/1317, which sets a maximum limit for cereals and pulses of 0.2 mg/kg of Pb.
Only the two samples of chickpea flour and one sample of soybean flour were below this
value. Prolonged exposure to Pb has been linked to kidney problems or high blood pressure
in adults and delayed physical and mental development in children [71].

3.3. Phenolic Composition and Antioxidant Activity

All the studied parameters, the total phenolic content (TPC), the total flavonoid content
(TFC), the flavanone and dihydroflavonol content, varied significantly in the different
samples studied (Table 3), depending both on the plant species and on the commercial
brand. Therefore, the total phenolic content (TPC) varied from 6.33 mg GAE/100 g in rice
(B) flour to 139.31 mg GAE/100 g in soybean (B) flour; the total flavonoid content ranged
from 1.47 for rice to 66.65 mg of rutin/100 g for hemp, and flavanones and dihydroflavonols
showed values between 328.31 for rice and 638.45 mg of pinocembrin/100 g for pea. These
results showed that soybean flour had the highest values of TPC, followed by hemp, which
showed the highest values of TFC and flavanones and dihydroflavonols, while pea showed
similar values to hemp for this group of phenolic compounds. On the other hand, rice
showed the lowest values of all the bioactive compounds. Variations between brands were
observed in the TPC for chickpea, pea and especially for soybean and in flavanones and
dihydroflavonols for pea and soybean, but this variation was particularly noticeable in TFC
also for chickpea, pea and soybean.

As can be observed in Table 3, all pulse flours showed significantly higher values
than cereal flour (rice) for all the parameters determined. These results are in agreement
with those previously reported by Millar et al. [2], which showed that pulses (fava, green
pea and yellow pea) had higher phenolic contents than wheat flour, and with those of the
Rocchetti et al. [72], which found lower TPC in white rice than in the chickpea. Regarding
pulses, chickpeas showed a higher content of TPC than peas agreeing with the results of
Xu et al. [73], although Magalhaes et al. [74] showed the opposite for field peas. However,
for TFC, the values found in this work for peas were similar to or higher than those found
for chickpea, which was in agreement with the results found by Magalhaes et al. [74]
but not with those reported by other authors [73,75]. On the other hand, hemp showed
higher contents of TPC than green pea [76], although this work pointed out that wheat
(cereal) showed higher TPC content than green peas, differing from the results of Millar
et al. [2] and those obtained in this study. Moreover, the research by Multari et al. [76]
found similar contents of TFC for green pea and hemp, which were significantly higher
than that observed for wheat, in agreement with the present study. Xu et al. [73] reported
significantly higher values for TPC and TFC values in soybean than in pea and chickpea, as
observed in this study, although the differences were lower.
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Table 3. The phenolic composition and antioxidant capacity (per 100 g of fresh weight) of different flours. Data presented as means + standard deviation from
triplicate analysis.

Chickpea Pea Soybean Hemp Rice
Ax B A B A B A B A B
TPC 41.854+2.04°¢ 2426 +1.63° 21.91 £ 0.01° 748 +£1.64° 95.45 4 9.25 f 13930 £ 1.74 8 79.53 £2.81°¢ 66.42 +0.72 4 6.90 £0.80° 6.33 £0.81°
TEC 39.73 £ 2.00 17.08 £+ 6.01° 48.21 4 2.04 d¢ 32.65 £0.05¢ 32.61 +£0.05¢ 56.66 + 10.12 ©f 58.24 + 4.05 8 66.65 = 0.09 & 5734+2.02% 148 £0.012
F/DF 471.59 £18.91°¢ 436.58 + 50.17 b 638.46 £ 10.89 ¢ 570.56 + 12.44 4 457.73 £40.93 ¢ 390.75 + 1.06 2P 620.31 4 6.19 d¢ 580.62 + 37.71 de 33133 £13.95% 328.31 £35.28°
TEAC 3.794+0.79°¢ 2.8240.18 ¢ 1.86 + 0.08 ®® 1.08 £0.842 7.91 4 0.64 9 8.69 +0.714 3.4540.09 € 3.754+087°¢ 127 £0.04% 1.66 + 0.20 P

* A and B are different commercial brands. TPC: total phenolic content (mg GAE/100 g), TEC: total flavonoid content (mg rutin/100 g), F/ DF: flavanones and dihydroflavonols (mg
pinocembrin/100 g), TEAC: total antioxidant activity (nmol Trolox/100 g). a—g: values followed by different superscripts in the same row are significantly different (p < 0.05).
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The TPC of chickpea was lower than that previously reported [73,77,78] but close to
the value (54 mg/100 g) found by Fernandez-Orozco et al. [79] and higher than the values
found by Magalhaes et al. [74]. Previous studies also showed that the most important
phenolic compounds in chickpeas are phenolic acids [74,80], with p-hidroxybenzoic acid
being the most relevant in relation to the antioxidant properties [81]. Some studies also
showed the presence of flavonoids, as was found in the present study, but this depended
on the variety [80,81].

The TPC of peas was also lower than previously reported for both yellow and green
pea [2,73]. Previous studies also showed that it is possible to find both phenolic acids
(protocatechuic and p-hydroxybenzoic acids) and flavonoid compounds such as luteolin
and apigenin [74,82]. Regarding soybean flour, the TPC was in the lower half of the
range reported by Slavin et al. [83] and Kumar et al. [84] and slightly lower than that
previously reported by Xu et al. [73] but slightly higher than the value found for soybean
flour by Villalobos et al. [85]. The most relevant phenolic compounds in soybean are
isoflavones daidzein and genistein, although it also contains phenolic acids, such as gallic
and protocatechuic acids, and flavonoids such as rutin and quercetin [86]. As mentioned
above, the rice flour showed the lowest content of TPC; indeed, the values observed were
slightly lower than those found in white rice flour [87] and significantly lower than the
values described for wild, black or violet rice flours [72] because pigmented varieties have
higher TPCs related to reducing disease risk [88]. The main individual phenolic compounds
present in rice flour are phenolic acids such as vanillic, chlorogenic and ferulic acids and
flavonoids such as epicatequin [87,89]. Finally, hemp flour showed TPC values similar to
or slightly lower than those previously reported, ranging from 74.4 to 98.7 [3], but lower
than the values reported by Irakli et al. [90]. The most important phenols found in hemp
flour are phenolic acids such as protocatechuic, p-hydroxybenzoic, cinnamic acid and
p-coumaric [76,90].

The total equivalent antioxidant capacity (TEAC) also showed a significant variation
among flours depending more on the plant species rather than the commercial brand, as
no significant differences were detected regarding this factor. The TEAC values ranged
from 8.69 nmols for soybean to 1.08 nmols for Trolox per 100 g of pea. Soybean showed
the highest statistically significant values of TEAC, followed by hemp and chickpea which
did not show significant differences between them, while rice and pea showed the lowest
values without statistically significant differences between them. As antioxidant activity
can be measured by different methods, the results of the ABTS methods in the bibliography
are scarce, although in general, higher values were reported [85,90]. This can be related to
the fact that the bioactivity depends on the extraction and assay conditions, and the lack of
standardization in these methods can make comparisons difficult [91]. However, previous
studies have pointed out that soybean and hemp have a higher antioxidant capacity than
peas, as observed in these commercial flours [73,75]. Indeed, hemp showed higher DPPH
values than wheat, which means that this species has a higher antioxidant capacity than
cereals, as has been observed in this study in rice [3]. Other studies also found that chickpea
has a higher antioxidant activity, measured by FRAP and ORAC methods, than rice [87],
which is in agreement with the results obtained in this study for the ABTS method.

As previously mentioned, the highest antioxidant activity and the highest phenolic
content (Table 3) were observed in soybean flour. Then, the Pearson correlations between
phenolic groups and ABTS were subsequently calculated. A positive correlation between
the ABTS and TPC was observed (r? = 0.935, p < 0.01), agreeing with previous reports by
Millar et al. [2], and also between the TFC and ABTS (r? = 0.652, p <0.05).

Phenolic compounds are known to interact with proteins to form complexes that, in
turn, decrease the solubility of proteins and make protein complexes less susceptible to
proteolytic attack than the same proteins in isolation [92]. Furthermore, they impair starch
and disaccharide assimilation and interact with proteolytic enzymes to inhibit their activity.
Then, the lower TPC content of some flours may result in greater protein bioavailability,
because the total phenols include tannins and phenolic acids, which can affect the overall
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digestibility of pulse flour [93]. However, plant phenolics are attracting increased interest
owing to their potential role as protective factors against free-radical-mediated pathologies,
such as cancer and atherosclerosis in humans [94]. Indeed, phenolic compounds have
a multitude of physiological functions such as anti-inflammatory and cardioprotective
activity [95]. Owing to their intrinsic antioxidant activity, they are commonly used as food
additives for the protection of food products against oxidation [96]. Knowledge of the
biological activities of these plant chemicals is continually growing; they have the potential
to play a preventative role in inflammatory conditions and the metabolic syndrome, as has
been highlighted in several reviews [23,97,98].

The results presented in this study demonstrate the potential of incorporating such
flours into cereal-based foods to increase the level of these beneficial plant chemicals in
the diet. This was shown by Turco et al. [28], who used a wheat—pulse flour composite to
increase the nutritive value of semolina pasta; a significant increase of 18% in antioxidant
activity (ORAC) was observed. Similarly, [2] used wheat—pulse flour composites in the
formulation of unleavened crackers. The authors reported an increase of up to 182% in
antioxidant activity (DPPH).

3.4. Fatty Acid Profile

The results corresponding to the fatty acid composition of the various flours analyzed
are shown in Table 4. Significant differences due to the vegetal species were observed for all
the fatty acids but also between brands for pea, soybean and hemp, where these differences
are very important for the first two.

The most abundant fatty acid in pulses and hemp was C18:2 n6, ranging from 40.7 to
56.5%, except for the B brand of soybean (28.1%), whereas rice flour showed a very low
value of this fatty acid (4.8% on average). For these flours, the most abundant fatty acid was
C16:0, with average values of 51.5% on average. The chickpea and hemp flours showed the
highest values for C18:2 n6 acid without significant differences between them, followed
by pea and soybean, with similar values. In fact, the significant differences observed for
pea and soybean were between brands, with the difference being very important for this
soybean flour.

The second most abundant fatty acid in pulses and rice flour was C18:1 (24.8-33.6%),
except for the B brand of soybean (33.6%) for which C18:1 was the most abundant. Then,
the highest values of this fatty acid were found for soybean and pea flours, followed by
chickpea and rice, while hemp flours showed the lowest values.

However, for hemp flour and the B brand of pea, the second most abundant fatty
acid was C18:3 n3, with C18:1 being the third most abundant fatty acid. In fact, marked
differences among samples were observed for C18:3 n3, with hemp flours and the A brand
of pea showing the highest levels, followed by soybean (A brand) and chickpea, while rice
flour showed very low values.

On the other hand, chickpea, the A brand of pea and soybean flours showed higher
values of the C16:0 (9.9-11.1%) than those observed for C18:3 n3, with the content in the
B brand of soybean sample (21.7%) being especially high. As mentioned above, rice flour
showed the highest values of this fatty acid, and it was the most abundant and different
from all other flours. The pulses showed intermediate values, while hemp flours had the
lowest contents of this fatty acid.

As far as C18:0 is concerned, significant differences were observed between vegetable
species but also between brands. Therefore, the highest content of this fatty acid was
therefore observed for the B brand of soybean, followed by the A brand of soybean, rice
and pea without significant differences being found between the samples.
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Table 4. The fatty acid composition of different flours (g per 100 g of total fatty acid methyl esters). Data presented as means + standard deviation from
triplicate analysis.

Chickpea Pea Soyabean Hemp Rice
A* B A B A B A B A B

Cl14: 0 0.14 £ 0.00° 0.14 +0.00° 0.51 + 0.01 be 0.81 £0.10¢ 0.07 £0.02 0.16 £ 0.00° ND ND 3.01+035¢ 1.79 +0.29 d
C15:0 0.06 + 0.01 2 0.06 +£0.002 ND ND 0.02+0.0° 0.045 4+ 0.012 ND ND 0.26 + 0.07P 052 +0.32P
C16:0 9.89 +0.01°¢ 10.76 +£0.90 ¢ 10.65 + 0.51 ¢ 10.83 £1.23¢ 1111 +£1.17¢ 21.69 + 0314 6.98 +0.042 8.67 +£0.37P 51.08 + 0.81°¢ 52.50 4 0.59 ¢
C16:1 0.24 + 0.00 «d 0.26 + 0.01 de 0.08 +0.012 0.18 +0.01° 0.08 +0.012 0.11 +0.00 2 0.11 £0.002 0.21 + 0.02 bc 0.29 +0.04°¢ 0.20 + 0.03 be
C17:0 0.07 £+ 0.002 0.07 £0.012 ND ND 0.13 4+ 0.002 0.22 +0.022 ND ND 1.08 + 0.40P 0.42 + 0432
C17:1 0.07 £ 0.002 0.18 £0.142 0.05 + 0.022 0.94 +0.582 ND ND ND ND 0.53 £ 0.602 0.15 £+ 0.07 2
C18:0 1.56 +0.022 1.57 £ 0.04 2 4504+ 0.374 2.834+0.70" 461+0.184 9.62 4+ 0.25¢ 3.16 + 0.01 b¢ 2.17 4+ 0.47 2b 48241154 4.04 4+ 0.04d
C18:1n9 0.05 + 0.01 @b 0.02+£0.012 0.10 + 0.01 @b 0.49 + 0.08 «d 0.07 £ 0.03 2 0.38 + 0.03 be 0.02 +0.002 0.84 +0.42°¢ 1.23 +0.09 f 0.78 + 0.05 de
C18:1 26.51 4+ 0.24 ¢ 26.63 4+ 0.67 € 31.51 + 0524 15.15 + 1.64 P 24.8141.80¢ 33.65 4+ 0.10 ¢ 13.55 + 0.06 © 10.81 +£1.332 25.80 4 0.21 ¢ 2525 + 1.56 ¢
C18:1n7 1.36 £ 0.00 ¢ 0.85+0.11P ND ND 1.034+0.11P 1.67 + 0.06 0.63 +0.022 0.94 +0.13P ND ND
C18:2 n6t 0.01 £ 0.002 0.08 £ 0.012 ND ND ND ND ND ND 2.83 +0.82P 2.58 +1.37P
C18:2n6 54.51 4 0.18 ¢f 53.81 4 0.50 ¢ 40.72 4+ 0.36 ¢ 47.82 +£1.034 48.09 +1.90 4 28.14 + 0.78© 56.58 & 0.05 52.85 + 1.61°¢ 425+1.802 537 +£0.742
C20:0 0.93 +0.022 0.97 +£0.012 094 +0.232 092 +0.932 0.46 +0.002 0.88 +0.012 0.89 +0.012 071 +0212 0.83 £0.092 0.67 £0.192
C20:1 n9 0.02 +0.002 0.01 £0.002 ND ND 0.03 +0.00P 0.06 4 0.00 © ND ND ND ND
C18:3n3 3.45+0.032 343 +0.012 9.72 +1.48° 17.33 +£3.15¢ 836+ 1.22P 1.50 + 0.07 16.75 &+ 0.06 © 15.19 £ 1.35¢ 096 +1.112 1.75+0.112
C21:0 0.10 + 0.00® 0.09 + 0.00P ND ND 0.05 + 0.002 0.08 + 0.01P ND ND ND ND
C20:2 n6 0.09 + 0.002 0.10 £ 0.002 ND ND 0.04 +0.002 0.06 + 0.002 ND ND 0.48 +0.20P 0.39 +0.15b
C22:0 0.68 + 0.02 de 0.64 + 0.02 «de 0.28 + 0.052b 0.19 £0.102 0.62 =+ .04 bede 0.89 +0.03 ¢ 0.44 +0.012bd (.56 + .43 bede 0.30 + 0.04 abc 0.40 + 0.02 abed
C22:1n9 0.04 +0.002 0.04 £0.012 0.08 +0.022 0.43 £0.102 0.01 £ 0.002 0.06 £+ 0.002 ND ND 0.66 +£0.152 219 +£1.77°
C20:3n3 ND ND 0.01 £0.012 0.09 +0.07 2 ND ND ND ND 0.54 +0.05° 0.40 +0.15b
C20:4 n6 0.114+0.01° 0.11 +0.00 ND ND 0.06 +0.012 0.114+0.01° ND ND ND ND
C22:2 n6 0.04 +0.042 0.10 £ 0.052 0.05 + 0.042 033 +0252 ND ND ND ND ND ND
C24:0 ND ND 0.69 + 0.06 ° 0.29 +0.052 ND ND ND ND 0.80 + 0.09° 0.46 +£0.03a
C20:5n3 ND ND ND ND 0.20 £0.01a 0.36 &+ 0.02P 0.19 £ 0.002 0.26 +0.10 aP ND ND
C24:1 n9 0.02 £0.012 0.01 £0.012 0.06 +0.032 1.33 +0.44P 0.08 +0.042 0.18 £ 0.042 ND ND ND ND

SFA 13.45 + 0.02 b 14.34 + 0.83 2bc 17.58 + 1.20 ¢ 15.88 + 2.61 b¢ 17.08 +£1.33¢ 33.60 4 0.56 ¢ 11.47 £ 0.072 12.13 +1.482 62.20 +2.60°¢ 60.83 4+ 0.75 ©
MUFA 28.31+0.21°¢ 28.03 4 0.38 © 31.90 4+ 0.59 4 1852 +1.75P 26.11 4+ 1.78 ¢ 36.11 +0.23¢ 14.32 £ 0.042 12.81 £1.902 28.52 4+ 0.72 ¢ 28.59 +0.21°¢
PUFA 58.23 +£0.23 ¢ 57.63 + 0.45 4 50.52 +1.80 ¢ 65.59 4 4.36 © 56.81 +3.114 30.28 + 0.78 P 7421 +0.11f 75.05 4+ 3.39 f 927 +£1.872 10.58 4 0.54 @
n3 3.45+0.032 343 +0.012 9.75 +1.48P 17.43 +3.08 ¢ 861 +121P 1.97 +0.012 16.95 + 0.06 © 1545 + 1.24 ¢ 151+ 1.16° 215+0.052
né 54.78 +£0.21° 54.20 + 0.44 © 40.77 +0.32¢ 48.15 +1.28 4 48.19 +1.90 4 28.31+0.77P 57.26 4 0.06 f 59.60 +2.13 f 7.77 £0.722 8.42 +0.492
n6/n3 15.89 + 0.08 © 15.79 + 0.06 ¢ 423+0612 2.80 + 0422 5.63 £ 0.57P 14.34 +£0.27°¢ 3.38+0.012 3.86 +0.172 50+296P 390 +0.142

* A and B are different commercial brands. a—f: values followed by different superscripts in the same row are significantly different (p < 0.05). ND not detected.
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Some fatty acids were found in certain vegetable species but not in others such as
C15:0, C17:0 or C18:1n9t. Other fatty acids were determined only in some samples such
as linolenic-y, which was found in hemp; the amount of the two brands analyzed was
different, as that of the B brand was 6 times higher than that of the A bran (6.75 vs. 0.68%).
Eicosatrienoic was found only in rice, and DHA was determined only in soybean flours;
in both cases, the levels were very low (<1%) and there were no significant differences
between brands. It is noteworthy that hemp had the lowest variety of fatty acids, while
chickpeas showed the highest number of fatty acids.

According to these values, pulses showed very high contents of polyunsaturated fatty
acids (PUFA) (50-65%), especially n6 PUFA (48-54%), followed by monounsaturated fatty
acids (MUFA) (18-31%) and with low values of saturated fatty acids (SFA) (13-17%), except
for the B brand of soybean, which showed a different behavior, and the levels of the three
FA groups were similar. Moreover, pea, followed by soybean, was characterized by the high
contents of n3 PUFA, while chickpea had the lowest values. These results are in agreement
with those previously reported by Jahreis et al. [99].

The findings of this study regarding the fatty acid profile of chickpeas are similar
to those reported by other authors who found the SFA to be between 12.6 and 16.5%
(13.4%), the MUFA between 19 and 39% (28.2%) and the PUFA between 44 and 63%
(58%) [99-103]. Among the PUFAs, the percentage of n3 and the n6/n3 ratio were
within the range previously reported (15-21%) [99,102]. These studies also found that
the most dominant fatty acid in chickpea is linoleic acid (42.1-61.4%), followed by oleic acid
(20.1-38.5%), palmitic acid (9.1-12.1%), linolenic acid (2.1-6.6%) and stearic acid (1.3-2.4%).
The variations reported can be attributed to environmental factors and the cultivar [103].

The results from pea indicate that the values found for the A brand for SFA, MUFA
and PUFA are within the range described by previous studies, i.e., 11-23%, 26-34% and
41-56%, respectively [99,104,105]; however the B brand showed slightly higher values for
PUFA and lower values for MUFA. The n6/n3 ratios in the analyzed A and B flours were
slightly lower than the values previously found [99,105], and the values were significantly
lower than those found for chickpeas. For chickpeas and other pulses, the main fatty acid
was linoleic acid, followed by oleic acid, and the values were similar to those reported
in other studies (34.7-47.7% and 25.0-33.3%, respectively) [99,103,105,106]. In general,
the amount of linoleic acid and oleic acid was similar to that of other pulses, such as
beans and lentils, which have 46.7 and 44.4% linoleic acid and 28.1 and 20.9% oleic acid,
respectively [103]. These fatty acids were followed by linolenic acid, in contrast to chickpeas,
and showed slightly higher values than those previously reported (6.5-8.3%), while palmitic
acid showed lower values (15.5-12.6%) [99,105].

Soybean flour A showed a similar percentage of SFA, MUFA and PUFA to pea and
chickpea. This result and the percentages observed are in agreement with the data re-
ported by Jahreis et al. [99] and Dahmer et al. [107], who also found that the n6/n3 ratio
varied between 5.8 and 8.2, as was observed for the A flour. Then, the main fatty acids
of the A brand flour were linoleic, oleic, palmitic and «-linolenic acid, as previously
observed [99,108-111], with the percentages observed for these four fatty acids within the
range described by these authors being 40.4-54.8%, 17.5-21.4%, 10.8-13.1% and 5.3-9.9%,
respectively. However, the B flour showed a lower amount of PUFA and a higher amount
of the two other fatty acid groups and a very low amount of n3. The differences in the
technological process, which led to a variation in the fat content (18 vs. 23%), may be the
origin of the difference in the level of fatty acids, together with differences in environmental
factors and the cultivar [112].

Hemp flour showed the highest PUFA contents among the flours analyzed, with
a value of 74-75%, while the MUFA and SFA were about 11-14%. These results are in
agreement with the values described in both flours and hemp seeds [90,113-115]. The high
proportion of n3 fatty acids, which makes the ratio of n6/n3 one of the lowest among the
flours analyzed, is noteworthy. These studies also highlight the high percentage of linoleic
acid (51.6-56.4%) followed by a-linolenic (10.5-17.3%) and oleic acid (10.7-17.9%), with
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significant levels of y-linolenic acid (3—18%), which is in accordance with the findings of
this study.

Finally, rice flour showed a very different fatty acid profile, with high amounts of
SFA, low amounts of PUFA compared with the remainder of the flours and with the data
reported in the literature pointing to levels of SFA between 25 and 39.3%, and low amounts
of MUFA between 34.9 and 50.9% and of PUFA between 9.9 and 37.2% for milled rice
flour [116-118]. The closest values were found for parboiled milled rice, with an SFA
content of 55.5% [116]. These results highlight the strong influence of the rice variety and
the technological process on the fatty acid profile of rice flour [116]. The main fatty acids
in the flours analyzed were palmitic acid, followed by oleic, linoleic and stearic acids, in
contrast to the findings of previous studies, which reported that the main fatty acids were
oleic, palmitic and linoleic acid for white rice flours and oleic, linoleic and palmitic acids
for brown rice flours [118,119].

Fatty acids of specific chain length and saturation are required by humans for their struc-
tural and metabolic needs. Linoleic acid is responsible for the production of prostaglandins,
which prevent the concentration of heavy cholesterol on the blood vessel walls [120], but
is also correlated with an improved blood lipid profile, lower incidence of type 2 diabetes,
improved insulin sensitivity and anti-arrhythmic effects. Oleic acid is known to have bene-
ficial effects on autoimmune and inflammatory diseases, as well as cancer and the healing
of wounds [121]. a-Linolenic acid is an essential fatty acid correlated to inflammatory and
immunosuppressive activities by means of the formation of several intermediates such as
leukotrienes, thromboxane and prostaglandins [122]. However, unsaturated fatty acids are
susceptible to lipid oxidation, which results in undesirable changes in organoleptic properties
owing to the presence of off flavors [123]. In this sense, oleic and linoleic acids show less
propensity towards oxidation compared to linolenic acid during processing [124]. Pulses and
hemp flours were characterized by high levels of all these fatty acids, which are correlated
with the above-mentioned health benefits, with pea and hemp flours showing the highest
levels of linolenic acid.

However, not only PUFA levels but also the n-6/n-3 PUFA ratio should be taken into
account. According to the World Health Organization, this ratio should be below 4:1, as
is shown by both brands of both pea and hemp flours. In this context, if any flour with a
high n6/n3 ratio is to be partially replaced, it would be desirable to use hemp flour, owing
to its low n6/n3 ratio or pea flour, as this contains only a small amount of fat with a large
amount of oleic acid and an adequate n6/n3 ratio.

3.5. PCA Method

Principal component analysis yielded six PCs with an eigenvalue >1, which explained
96.43% of the variance. Figure 1 shows the projection plot of the samples and the original
variables in the space defined by the first two PCs, which explain 70.36% of the variance.

Soybean samples were found in the upper-right quadrant, with positive values of both
PCs, due to the strong contribution of protein, ash, TPC, Ca and K to PC1, together with the
correlation of C22:0 and C18:1 to the PC2. The hemp flour samples presented positive PC1
values due to the correlation of this PC1 with ash and fiber, as previously mentioned, but
also with TFC and Cu contents. These samples also showed negative PC2 values, which
were correlated with C18:2, Mg and Fe variables, but mainly with C18:3 levels. In the
opposite quadrant were chickpea samples showing positive PC2 values, which correlated
with the observed levels of C18:1 and C18:0 (as for soybean and one pea sample, which
have positive PC1 values). In fact, chickpea samples had negative PC1 values due to the
strong correlation with Na.
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Figure 1. Projection plot of the flour samples in the space defined by the two firsts PCs. TPC: total
phenolic content, TFC: total flavonoid content, F/DF: flavanones and dihydroflavonols, TEAC: total
equivalent antioxidant activity (nmol Trolox/100 g).

Pea and rice samples were in the lower-left quadrant and showed negative PC1 and
PC2 values. Thus, rice samples had the highest levels of C16:0 and C18:1n9t but also of
carbohydrates and starch, together with the lowest values of TFC, TPC, C18:2 and most
minerals. The pea samples had a high moisture content but also low values of Mg, P and Ca.
However, they showed the highest values of Pb, which was associated with the negative
values of PC2. As in the case of rice, the pea samples showed relatively low TPC and
TEAC values. One sample showed very low amounts of C18:1, which justifies the low PC2
value observed.

The figure also shows that the samples of the two brands of rice, hemp and chickpea
were close, while the two samples of pea and especially soybean were separated due to
the observed compositional differences. Indeed, the soybean, rice and hemp flours were
very different from each other, while the chickpea flour and one of the pea samples were
quite close.

4. Conclusions

Although plant-based flours are referred to as a generic term, not all products under
this name have a similar composition and therefore do not make a similar contribution
from a nutritional point of view. All the flours analyzed in this study (chickpea, pea,
soybean and hemp) have carbohydrates as their main component and provide a similar
amount of energy (Kcal/100 g). However, pea and chickpea flours contain large amounts
of protein and fiber, while soybean and hemp flours provide significant amounts of fat.
Regarding the mineral composition, potassium and phosphorus as macro-elements and
iron as a microelement are the major components in all flours. The phenolic composition,
antioxidant activity and fatty acid profile of these meals vary greatly depending on the
plant species. In addition to these differences, plant-based flours have been shown to
have highly variable compositions between different commercial brands, which makes it
necessary to educate consumers to check the nutritional labels of this type of food in order
to ensure healthy diets. Surprisingly, the presence of high amounts of lead has also been
detected in some of these flours, so health authorities should be aware of this fact in order
to implement control mechanisms for plant-based flours.
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