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Abstract: Common beans (Phaseolus vulgaris L.) represent the most consumed worldwide and 

produced grain legume for direct human consumption, due to their rich nutritional and functional 

value. Concomitantly, innovative methodologies and approaches have been developed, which 

improves the quality evaluation of food products, in order to replace conventional analysis, 

reducing the use of chemicals, saving time and minimizing sample handling. The main objectives 

of this work are the characterization of beans and the study of their uses in the enrichment of food 

products, with added value for the agrifood chain. Linked to this objective it is also envisaged the 

development of new methods, for the determination of relevant compounds present in bean 

cultivars, using Fourier Transform Infrared Spectroscopy (FTIR), through the multivariate analysis. 

Navy, black and pink eyed cultivars are the most promising protein and amino acids sources, which 

can be used for nutritional enrichment. Red kidney and arikara yellow cultivars offer the best 

functional proprieties due to their higher phytochemical composition, in vitro antioxidant activity 

and individual phenolic compounds. We also found that the FTIR techniques are suitable for the 

evaluation of an array of relevant macro compounds, as well as compounds present in low 

concentrations. In conclusion, the results of this work state a progress in the knowledge of the 

nutrients, phytochemicals and in vitro antioxidant activity of each cultivar and their potential for 

food applications, besides proofing the suitability of the innovative and eco-friendly FTIR 

methodology as a routine method in laboratories and food industry. 
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1. Introduction 

The recent awareness of the importance of food composition on human health has triggered a 

rising worldwide consumer interest in eating foods that are particularly important sources of 

nutrients and bioactive compounds [1]. Of all the potential foods, the present study focuses on 

legumes for important reasons. Firstly, legumes represent a good and cheap alternative to partly 

replace the meat based food products due to their rich nutritional and phytochemical composition. 
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Secondly, experts indicate that legumes play a key role in food security and climate challenges by i. 

providing proteins and lysine to complement cereals in human nutrition, ensuring a balanced diet 

for vegetarians and vegans, and ii. contributing to diversified crop rotations and nitrogen-fixing in 

the soil, thus reducing the use of fertilizers and greenhouse gas emissions. Lastly, legumes, 

particularly common beans are rich in protein, carbohydrates and dietary fiber, as well as a source of 

essential nutrients including vitamins, minerals, phenolic compounds and lower amounts of fat, all 

contributing to associated with health benefits [2]. 

If on one hand, this rising adoption of beans as high protein alternatives for food and enrichment 

is beneficial, by on the other hand recent concern about the use of rapid and eco-friendly 

methodologies in food industries and laboratories for assessment of beans quality. The evaluation of 

beans’ quality is traditionally performed through the use of mainly high liquid chromatography 

(HPLC), gas chromatography-mass spectroscopy (GC-MS) and spectrophotometry that are time-

consuming, using chemicals and are destructive for the samples. One of the current innovative 

methodologies is Fourier transform infrared spectroscopy (FTIR) which is simple to apply, faster, no 

chemicals used and non-destructive for samples. This methodology focuses in mid-Infrared (MIR) 

region 400–3600 cm−1 and near-Infrared (NIR) defined as encompassing the 4000–14,000 cm−1, which 

the absorptions of spectrum are related to the vibrations of functional groups [3].  

In summary, a detailed study with composition of different bean cultivars is essential to 

determine and their potential uses in the food industry. Associated to this need, there is a 

methodological challenge to develop eco-friendly methodologies to quickly and non-destructively 

evaluation of the nutritional composition, total phenol and in vitro antioxidant capacity of different 

bean cultivars.  

2. Methods 

2.1. Sampling 

42 common bean samples used were classified according to their morphological characteristics 

resulting in 10 common bean cultivars clustered as: arikara yellow (A), butter bean (B), cranberry (C), 

red kidney (K), navy (N), pinto (P), black (Bk), brown eyed (BE), pink eyed (PE), and tarrestre (M). 

The seeds were the collection held at the Research Unit of Biotechnology and Genetic Resources 

(INIAV, Oeiras, Portugal) and were cultivated in Cabrela (near Sintra, Portugal). All bean seeds were 

ground through the Falling Number 3100 mill (Perten, Hägersten, Sweden) using a 0.8 mm screen 

and stored at room temperature in sealed plastic bags until further analysis. 

2.2. Protein Content 

The protein content of samples was determined by the method 954.01 (AOAC, 2005). The results 

are presented as grams of protein per hundred grams of sample dry weight (g/100 g dw). 

2.3. Amino Acids Composition 

The amino acids were quantified by HPLC as the method described by Machado et al. [4]. The 

results expressed as grams per one hundred gram of sample dry weight (g /100g dw). 

2.4. Total Phenols 

The quantification of the total phenols content of each bean extract was determined according 

to the method of Mena et al. [5], with minor modifications. The absorbance was measured at 750 nm, 

and the results expressed as milligrams of gallic acid equivalents per gram dry weight (mg GAE/g 

dw). 

2.5. In Vitro Antioxidant Activities 

The free radical scavenging (DPPH and ABTS) assays and ferric reducing antioxidant power 

(FRAP) assay were performed according to the methods described by Espín et al. [6], with slight 
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modifications. The absorbance was measured at room temperature after 30 min of reaction at 520 nm 

for DPPH, at 734 nm for ABTS and at 593 nm for FRAP. The results of all procedures were measured 

as µM of trolox equivalents per gram of dry weight (µM TE/g dw). 

2.6. FTIR Analysis 

Infrared spectra (IR) of bean flours were collected in two regions (MIR and NIR), using a Thermo 

Scientific Nicolet iS50 FTIR spectrometer (Thermo Fisher Scientific Inc., Waltham, MA, USA), 

possessing both the Diffuse Reflectance Infrared Fourier Transformed (DRIFT) and attenuated total 

reflection (ATR) accessories, corresponding to NIR and MIR capabilities, respectively, being 

controlled by the Omnic software Version 9.2.28 (Thermo Fisher Scientific Inc., Waltham, MA, USA). 

2.7. Statistical Analysis 

NIR and MIR spectra were processed using the OriginPro 9.1 software (OriginLab, 

Northampton, MA, USA), which has been also used for the multivariate analyses. The spectral 

treatments applied in both methodologies (MIR and NIR) comprised mean normalization (spectra), 

1st derivative of spectra (1st deriv) and 1st derivative after mean normalization (1st deriv MN). Partial 

least squares (PLS) regression was used to correlate the spectra with analytical contents [7]. The 

optimal models were evaluated through cross-validation (CV) and external validation. The accuracy 

of the models calibrated was evaluated through the values obtained regarding prediction error sums 

of squares (PRESS), and the determination coefficients observed between analytical and predicted 

values (R2), which were calculated for both the calibration (R2c) and validation (R2v) sets, bias values, 

which should be close to zero [8,9], and residual prediction deviation (RPD). The contents in protein, 

amino acids, total phenols and in vitro antioxidant activity, were assessed in triplicate. The statistical 

analyses applied to the analytical results were performed using SPSS Statistics 21.0 software (SPSS 

inc., Chicago, IL, USA). 

3. Results and Discussion 

The protein content varied between 23.38 and 26.01 g/100g dw (Figure 1). Lys and Asp+Asn were 

the most predominant amino acids in the cultivars, showing 1.5–1.9 g/100g, and 2.5–3.1 g/100g, 

respectively (Figure 1). These results are consistent with those previously reported by Kan et al. [2]. 

 

Figure 1. Protein content, essential and nonessential amino acids of common bean cultivars. 

“Cultivars: arikara yellow (A), butter bean (B), cranberry (C), red kidney (K), navy (N), pinto (P), black 

(Bk), brown eyed (BE), pink eyed (PE), and tarrestre (M)”. 

N, Bk and PE beans showed the highest amounts of protein content and profile in amino acids, 

similar tendency was verified by Du et al. [10]. Altogether, this detailed characterization of the 

distinct groups of beans enables a potential boost of the use of specific beans in the food industry for 

the development or enrichment of food products with health benefits [11]. For instance, N cultivars 

can be particularly used for nutritional enrichment of normal or for gluten-free products, mainly due 

to their higher protein content and essential amino acids (lysine). 

The cultivars of type K and cranberry reported higher total phenols and in vitro antioxidant 

activity, while the lower amounts were found in uncoloured cultivars including N, BE and PE [11] 

(Figure 2). On the other hand, K bean cultivars showed considerable potential to be used as a 
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functional ingredient to develop novel foodstuffs due to their higher amounts of phenolic 

compounds and antioxidant properties. 

 

Figure 2. Total phenols and in vitro antioxidant activities (DPPH, ABTS, FRAP) of common bean 

cultivars. “Cultivars: arikara yellow (A), butter bean (B), cranberry (C), red kidney (K), navy (N), pinto 

(P), black (Bk), brown eyed (BE), pink eyed (PE), and tarrestre (M)”. 

The results obtained with the PLS regressions developed for the MIR and NIR region, regarding 

the evaluation of protein, essential and nonessential amino acids are summarized in Table 1. 

Table 1. PLS regressions for the prediction of protein and amino acids assessed, corresponding to the 

best calibration developed with MIR and NIR. 

MIR NIR 

Analytical 

Parameters 
Treatment 

PRESS 

(NF) 
R2c R2v 

Analytical 

Parameters 
Treatment 

PRESS 

(NF) 
R2c R2v 

Protein 
1st deriv 

(FI) 

0.283 

(4) 
0.99 0.96 Protein 1st deriv 

0.284 

(4) 
0.99 0.98 

Thr 
1st deriv 

MN (LF) 

0.714 

(7) 
0.98 0.90 Thr 

1st deriv 

MN  

0.748 

(2) 
0.77 0.75 

His 
1st deriv 

(FI) 

0.935 

(2) 
0.61 0.51 His 

1st deriv 

MN 

0.900 

(2) 
0.65 0.62 

Val 
1st deriv 

MN (HF) 

0.530 

(4) 
0.95 0.88 Val Spectra 

0.530 

(4) 
0.89 0.88 

Lys 
Spectra 

(FI) 

0.978 

(1) 
0.41 0.37 Lys Spectra 

0.962 

(1) 
0.46 0.44 

Ileu 
Spectra 

(HF) 

0.550 

(6) 
0.92 0.88 Ileu 1st deriv 

0.629 

(3) 
0.91 0.89 

Leu 
1st deriv 

(LF) 

0.319 

(5) 
0.99 0.96 Leu 

1st deriv 

MN  

0.410 

(4) 
0.98 0.97 

Phe 
1st deriv 

(LF) 

0.881 

(6) 
0.97 0.87 Phe 

1st t deriv 

MN 

0.876 

(2) 
0.68 0.65 

Trp 
1st deriv 

(FI) 

0.790 

(4) 
0.90 0.84 Trp 1st deriv 

0.859 

(3) 
0.82 0.77 

Asp+Asn 
1st deriv 

MN (HF) 

0.649 

(4) 
0.93 0.86 Asp + Asn 1st deriv 

0.644 

(2) 
0.87 0.86 

Ser 
1st deriv 

MN (HF) 

0.791 

(4) 
0.91 0.78 Ser Spectra 

0.727 

(6) 
0.81 0.78 

Glu+Gln 
Spectra 

(LF) 

0.691 

(2) 
0.79 0.76 Glu + Gln 1st deriv 

0.716 

(2) 
0.85 0.83 

Gly 
1st deriv 

(LF) 

0.762 

(5) 
0.95 0.89 Gly 

1st deriv 

MN 

0.814 

(2) 
0.74 0.70 

Arg 
1st deriv 

(FI) 

0.916 

(2) 
0.64 0.58 Arg 

1st deriv 

MN 

0.929 

(2) 
0.65 0.61 
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Ala 
1st deriv 

MN (FI) 

0.491 

(4) 
0.96 0.93 Ala 

1st deriv 

MN 

0.486 

(2) 
0.92 0.91 

Pro 
1st deriv 

(LF) 

0.458 

(6) 
0.99 0.95 Pro 1st deriv 

0.561 

(2) 
0.91 0.89 

Tyr 
1st deriv 

MN (LF) 

0.865 

(4) 
0.93 0.84 Tyr 1st deriv 

0.752 

(5) 
0.96 0.91 

FI—Full region; LF—Low-frequency region; HF—High-frequency region; NF—Number of factors. 

MIR and NIR regions proved to be reliable approaches for the prediction of protein and most of 

amino acids present in bean flours, except for His, Lys and Arg in both regions. The determination 

coefficients for quantification of protein using NIR and MIR region, were higher than the coefficients 

published by Plans et al. [12]. Hence, and according to the present results, the best treatment for the 

development of analytical models to quantify the protein and amino acids, was the 1st derivative. 

Concerning MIR, the use of the LF assessed (450–1800 cm−1) represented the most reliable approach 

for the development of analytical models [13]. 

The predicted models in the MIR and NIR region with the best calibration coefficients from the 

correlation between measured and predicted values of total phenols and in vitro antioxidant activities 

(DPPH, ABTS and FRAP) are presented on Figure 3. 

 

Figure 3. Correlation between the measured and predicted values by the calibration models obtained 

by MIR and NIR for the total phenols (MIR: 1st deriv MN; NIR: 1st deriv) and the in vitro antioxidant 

activities (DPPH (MIR: 1st deriv MN; NIR: 1st deriv), ABTS (MIR: spectra; NIR: 1st deriv) and FRAP 

(MIR: 1st deriv; NIR: 1st deriv MN)). 

In both techniques (MIR and NIR approaches) displayed suitability to be used for the 

quantification of total phenols and in vitro antioxidant activity (except FRAP). The MIR approach 

providing the best results was the 1st deriv MN, applied to the restricted LF region (450–1799 cm−1) 

[14]. As for NIR, the best models were developed using the 1st deriv treatment and its performance 

in assessing bioactive compounds was better than in MIR region, with R2v between 0.86 and 0.91 and 

RPD from 4.36 to 5.23. 

4. Conclusions 

Our study has identified the cultivars of Phaseolus vulgaris L. with the best nutrient specific 

profile and functional proprieties for an increasingly requirement for healthy food. Additionally, our 

results revealed that the spectroscopical methodologies may represent an accurate and rapid method 

for quantification of protein, total phenols and in vitro antioxidant activity of beans, thus, their 

applicability in the food industry representing an good alternative to the traditional approaches. 
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