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Abstract 

Fermented Parkia biglobosa seed is a food of high nutritional value that plays a vital role in the diet of many populations, 

particularly in West Africa. This food offers a combination of proteins, vitamins, minerals and fibers, while having beneficial 

properties for the health of consumers. Thus, this study aimed to investigate the feasibility of using front face fluorescence 

(FFFS) to assess the quality of dry fermented seed of Parkia biglobosa (Soumbara) during storage. In this study, the 

physicochemical parameters (pH, fat and peroxide value (PV)) were determined. The obtained results showed that the pH, fat and 

PV values varied with the storage duration. For example, from day 1 to day 30, the pH values increased from 6.130 ± 0.05 to 

6.723 ± 0.07. By applying principal component analysis (PCA) and factorial discriminant analysis (FDA) on the emission spectra 

acquired after excitation wavelengths fixed at 250 nm, 340 nm, 360 nm, 290, 290 nm and 410 nm, a perfect discrimination of the 

soumbara samples according to the storage times. In addition, the factorial discriminant analysis allowed to obtain a correct 

classification rate between 90 and 100. Regarding the prediction of the pH, fat and PV level, the partial least squares regression 

(PLSR) applied to the FFFS spectra data gave an excellent prediction with R2 values of 0.99. The results obtained in this study 

show that the FFFS method coupled with descriptive and predictive chemometric tools could be applied as an effective, rapid and 

non-destructive method for monitoring the quality of fermented Parkia biglobosa (soumbara) seeds during storage. 
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1. Introduction 

The seed of Parkia biglobosa, also known as African 

breadfruit or "néré in French" is a source of bioactive com-

pounds, such as flavonoids, polyphenols and other secondary 

metabolites. These constituents give this foodstuff the pow-
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erful positive health properties Nowadays, attention is paid 

to underutilized legumes in order to find new alternative 

sources of proteins to meet the increasing demand for plant 

proteins [1]. As such, the seeds of Acacia nilotica and P. 

biglobosa are considered as underutilized legumes with re-

markable dietary values for the health of consumers [2]. 

Regarding the fermented and dried seed of P. biglobosa, it is 

widely consumed in several countries of sub-Saharan Africa, 

and it is known under various names [3]. It is known as 

Soumbara in Bambara (Guinea, Mali, Ivory Coast), soumba-

ra in Burkina Faso. Its transformation is done by alkaline 

fermentation involving the use of many microorganisms 

responsible for this fermentation, such as lactic acid bacteria, 

staphylococci and micrococci [4]. Indeed, the main bio-

chemical reaction that occurs during alkaline fermentation is 

proteolysis which results in the release of peptides and es-

sential amino acids, and part of the amino acids obtained is 

degraded into alkaline components such as ammonia which 

are responsible for its strong odors, leading to an increase in 

the pH of the final product which varies between 8 to 10 [5]. 

Moreover, [6] reported that the strong flavor and odor of 

soumbara are due to the presence of molecules such as am-

monia, pyrazines, esters, acids and ketones which are pro-

duced during fermentation. In addition, lipolysis and carbo-

hydrate degradation also occur, making this condiment an 

important source of essential fatty acids and amino acids. 

The technology of obtaining soumbara is often carried out in 

conditions where good hygiene practice methods and good 

manufacturing practice methods are not well mastered and 

respected. This makes it imperative to develop reliable 

methods for assessing their quality. In this context, [6] used 

physicochemical methods to evaluate the quality of P. bi-

globosa seed powder. The results obtained showed that this 

product contains, in addition to alkaloids, polyphenols and 

terpenes, proteins (28.60%), lipids (35.03%), total carbohy-

drates (18.50%) and fibers (10.49%) with an energy value of 

503.67 kcals. The authors also determined the levels of acid 

index (8.7 mg KOH/g), peroxide (2.66 mEq O2/Kg), iodine 

(101.03 g I2/100g) and saponification (162.69 mg KOH/g 

oil). In addition, Souley & Diadié [7] also used physico-

chemical methods to evaluate the quality of soumbara; In 

their study, they concluded that the average water, protein, 

lipid, carbohydrate, energy and mineral contents of the sam-

ples analyzed varied depending on the typology of the 

soumbala and their environment of origin. In addition to 

these physicochemical methods, several authors have used 

chromatographic methods to evaluate the quality of fer-

mented seeds of P. biglobosa [7, 6, 8]. Despite the interest of 

researchers in evaluating the quality of P. biglobosa seeds, to 

our knowledge, no study has yet focused on the use of fluo-

rescence spectroscopy. However, fluorescence spectroscopy 

can be used to monitor the evolution of quality by providing 

information on the nutritional value and antioxidant proper-

ties of foods. Despite these advantages, to our knowledge, no 

study has yet investigated the use of the potential of fluores-

cence spectroscopy to monitor the evolution of the quality of 

soumbara during storage. Thus, the present study aims to 

explore the potential of fluorescence spectroscopy, and to 

couple this potential with chemometric tools to evaluate the 

evolution of the quality of soumbara during storage. 

2. Materiel and Methods 

2.1. Preparation of Cloves and Sesame Flour 

Dry fermented seeds of Parkia biglobosa were purchased 

from the Aviation market in Conakry (Guinea). These seeds 

were carefully sorted and reduced to fine powder using the 

mixer (Valentin mini-chopper, Made in France). The powder 

obtained was subdivided into 7 batches, then vacuum-packed 

and covered with aluminum foil and stored at room temper-

ature. This condition was similar to that of sale. The analyses 

were carried out every 5 days of storage (days 1, 5, 10, 15, 

20, 25 and 30). All the parameters evaluated were carried out 

in triplicate. 

2.2. Physico-chemical Measurements 

The evaluation of physicochemical parameters of P. bi-

globosa samples included the determination of pH value, fat 

content, and peroxide value (PV). Five grams (5g) of sample 

were dissolved in 50 ml of distilled water. The obtained 

solution was filtered out with Whatman paper 4. The pH of 

the solution was measured using a pH meter (Germany mod-

el). The AOAC [9] method was used to extract the total lipid 

content. The peroxide value (PV) was established according 

to the method described by Wenjiao et al. [10]. All measure-

ments were determined in triplicate after 1, 5, 10, and 15 

days of fermentation. 

2.3. Fluorescence Spectroscopy 

Fluorescence spectra were recorded using a Fluoromax-4 

spectrofluorometer (Jobin Yvon, Horiba, NJ, USA) equipped 

with a thermostat at 20 °C. The incidence angle of the exci-

tation radiation was set at 60° to ensure that reflected light 

scattered radiation and depolarization phenomena were 

minimised. The spectrofluorometer was equipped with a 

thermostated cell and the temperature was controlled by a 

Haake A25 AC 200 temperature controller (Ther-

mo-Scientific, France). Finely homogeneous P. biglobosa 

powders were placed in a quartz cuvette and fluorescence 

spectra were recorded at 20 °C. The emission spectra of 

aromatic amino acids and nucleic acids (AAA+NA) (290–

400), tryptophan (305–450 nm), nicotinamide adenine dinu-

cleotide (NADH) (370–600 nm), fluorescent Maillard Reac-

tion Products (FMRP) (400-600 nm), and polyphenols (290–

520 nm) were acquired with the excitation wavelengths set at 

250, 290, 340 nm, 360 nm, and 270 nm, respectively. The 

vitamin A excitation spectra (250–370 nm) were scanned 

http://www.sciencepg.com/journal/ijnfs


International Journal of Nutrition and Food Sciences http://www.sciencepg.com/journal/ijnfs 

 

272 

after the emission wavelength set at 410 nm. 

2.4. Statistical Analyses 

Different pre-processings were applied to the fluorescence 

spectra to discriminate P biglobosa samples. For this, a nor-

malization by reducing the area under each spectrum to a 

value of 1 in order to reduce scattering effects was applied to 

the fluorescence spectra [11]. Subsequently, the relevant 

information was extracted for sample identification from a 

data table, and a descriptive chemometric method (PCA) was 

applied to reduce the dimensionality by projecting each data 

point onto only the first few principal components to get 

lower-dimensional data while keeping as much of the data's 

change as possible [12]. To confirm the PCA and increase 

the discrimination between samples, an FDA was performed 

with leave-one-out cross-validation on the first 5 principal 

components of the PCA from the spectral data as a function 

of storage time. Finally, the ability of fluorescence spectros-

copies to predict lipid oxidation levels was evaluated by 

applying PLSR. This approach aimed to find the best regres-

sion model that would allow us to better understand the oxi-

dation levels. The 21 spectral measurements that constitute 

the set were divided into two sets of 14 and 07 spectra. The 

first group was used to develop statistical models called 

calibration models, while the second group was used to vali-

date the models previously developed. The first group (14 

spectra) designated as the calibration set and representing 

samples belonging to the different classes was used. The 

calibration equation was determined for each parameter. To 

validate the calibration, an independent set of 07 samples 

was randomly selected from all the sets representing the 

different classes. The coefficient of determination (R2), the 

root mean square error of calibration (RMSEC) and the root 

mean square error of prediction (RMSEP) were calculated to 

assess the robustness of the models [13]. ANOVA and FDA 

were carried out with XLSTAT 2016 (Addinsoft SARL USA, 

New York, NY, USA), while the PCA and PLSR were per-

formed using MATLAB software (Matlab, Version 6.5, 

Release 12, The MathWorks) and Unscramble X Software 

(V.10.4. Camo Software AS, Oslo, Norway), respectively. 

3. Results and Discussion 

3.1. Evolution of Physico-chemical Parameters 

The results of the physicochemical analyses obtained on 

the samples of the fermented seed powder of Parkia bi-

globosa during storage are recorded in Table 1. 

Table 1. Physicochemical composition of Parkia biglobosa seed samples during storage for 30 days. 

Storage duration (day) pH Fat (%) PV (mEq O2/Kg fat) 

1 6.130 ± 0.05c 20.003 ± 0.19c 2.00 ± 0.07a 

5 6.323 ± 0.01bc 20.107 ± 1.23c 2.583 ± 0.15b 

10 6.313 ±0.03bc 20.190 ± 0.21c 2.510 ± 0.41b 

15 6.307 ± 0.01bc 20.288 ± 0.59bc 2.363 ± 0.05c 

20 6.247 ± 0.06c 20.719 ± 0.20bc 2.310 ± 0.01c 

25 6.507 ± 0.17ab 21.747 ± 0.12ab 2.333 ± 0.10c 

30 6.723 ± 0.07a 22.101 ± 0.08a 2.017 ± 0.06a 

The values mentioned in the table are means of triplicate determinations (n=3) ± standard deviation. The small letters represent the statistical 

differences observed between the samples according to the storage duration. We considered that a difference was significant only when the 

p-value is greater than 0.05. PV: peroxide value. 

The values of the parameters determined varied signifi-

cantly during the storage period. For instance, on days 1, 5, 

10, 15, 20, 25 and 30 the pH values are 6.130 ± 0.05, 6.323 ± 

0.01, 6.313 ± 0.03, 6.307 ± 0.01, 6.247 ± 0.06, 6.507 ± 0.17 

and 6.723 ± 0.07. These values are similar to those found by 

Cissé et al. [6] in the fermented seed powder of P. biglobosa 

(pH = 6.21 ± 0.02). Furthermore, these values show that the 

storage duration had an impact, since a significant difference 

(p > 0.05) was observed on days 25 and 30. On the other 

hand, the pH levels remained relatively stable on the first 

fifteen days of storage. Indeed, the evolution of pH with the 

storage duration could be attributed to the biochemical reac-

tions due to the proteolytic bacteria that degrade the amino 

acids leading to an evolution of pH as reported by Ouoba et 

al. [5]. In addition, the pH values found are within the range 

of values found by Kambire et al. [14], who obtained a pH 

value between 6.05 and 6.8 in three types of soumbara 

(granuleted, paste and powder). 

The fat contents found in the samples at days 1, 5, 10, 15, 

20, 25, and 30 were 20.003 ± 0.19%, 20.107 ± 1.23%, 
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20.190 ± 0.21%, 20.288 ± 0.59%, 20.719 ± 0.20%, 21.747 ± 

0.12%, and 22.101 ± 0.08%, respectively (Table 1). Statisti-

cal tests (Fisher, Tukey, and Bonferroni) showed no signifi-

cant difference (p<0.05) between the samples during the first 

10 days of storage; on the other hand, a slight increase was 

observed at days 15 and 20. It was only at days 25 and 30 

that fat values increased significantly (p>0.05). The results 

are similar to those obtained by Koura et al. [15] who found 

total lipid values of 19.39 to 22.56% in P. boglobosa seeds 

from different localities in Benin. On the other hand, they are 

lower than those obtained by Cissé et al. [6] who found 

35.03 ± 0.07% lipids in P. biglobosa seed powder. 

Regarding the peroxide value (PV) obtained (Table 1), it 

allows to highlight the level of oxidation of the oils [16]. 

Indeed, in the oils extracted from the fermented seeds of P. 

biglobosa throughout storage (Table 1) show some variation 

in the PV levels. However, the values remained lower than 

the regulation set by the FAO which sets 15 mEq O2/kg of 

oil as the recommended limit value for vegetable oils in-

tended for human consumption. These results show that 

soumbara oil would be less rancid, which is consistent with 

the conclusion of Nkafamiya et al. [17] who noted in their 

study that soumbara oil would be less rancid than other edi-

ble oils. Despite the conformity to this FAO regulation, it 

should be noted that the PV value obtained in our study were 

affected by the storage duration; for example, the values 

increased significantly (p>0.05) during the first ten days of 

storage, from 2.00 ± 0.07 mEq O2/kg oil at day 1 to 2.510 ± 

0.41 mEq O2/kg oil at day 10. Subsequently, a drastic de-

crease was observed from 2.510 ± 0.41 mEq O2/kg oil at day 

10 to 2.017 ± 0.06 mEq O2/kg oil at day 30. This decrease 

could be due to the decomposition of primary oxidation 

products to secondary products. 

3.2. Analysis of Fluorescence Spectra 

Fluorescence spectroscopy is a very sensitive analytical 

method capable of measuring trace substances in foods con-

taining at least one fluorescent chemical molecule [18]. In 

this context, several fluorophores relevant for food products, 

including aromatic amino acids and nucleic acids 

(AAA+NA), NADH, tryptophan, polyphenol and vitamin A, 

have been studied. Indeed, the emission spectra obtained 

after the excitation was fixed at 250 nm showed the same 

pattern with the highest fluorescence intensity located at 394 

nm (Figure 1). 

 
Figure 1. Normalized emission spectra acquired on emission spectra after excitation set at 250 nm on soumbara samples (fermented seeds of 

Parkia biglobosa) during storage for 30 days. 

These results show a stability of the proteins during stor-

age for 30. These results are in agreement with the protein 

contents (data not shown), where no significant difference 

was observed between the soumbara samples. When the 

principal component analysis (PCA) was applied to the spec-

tra acquired after excitation fixed at 250 nm (Figure 2), a 

clear differentiation was observed between the samples ac-

cording to the storage time. 
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Figure 2. Principal Component Analysis (PCA) map recorded on the emission spectra after excitation set at 250 nm on soumbara samples 

(fermented seeds of Parkia biglobosa) during storage for 30 days. 

This observation was confirmed by the discriminant factor 

analysis (FDA) applied to the first 5 PCs of the PCA, since 

the samples on days 1, 10, 15, 20 and 30 were correctly clas-

sified (100% correct classification); on the other hand, on 

days 5 and 25, the samples were not classified. It should be 

noted that an overall rate of 70% of correct classification 

(Table 2) was obtained. These results showed that fluores-

cence spectroscopy coupled with chemometric tools (PCA 

and FDA) could be used to monitor the quality of dry fer-

mented P. biglobosa seed samples during storage. 

Table 2. Classification table of factor discriminant analysis (FDA) with leave-one-out cross-validation obtained on soumbara samples (dry 

fermented seeds of Parkia biglobosa) at different storage times for fluorescence spectroscopy data. 

Predited/Observation So day 1 So day 15 So day 20 So day 25 So day 30 So day 5 So day10 
% correct classi-

fication 

Fluorescence emission spectra acquired after excitation at 250 nm (AAA+AN) 

So day 1 3 0 0 0 0 0 0 100.00% 

So day 10 0 3 0 0 0 0 0 100.00% 

So day 15 0 0 3 0 0 0 0 100.00% 

So day 20 0 0 0 2 1 0 0 66.67% 

So day 25 0 0 0 0 3 0 0 100.00% 

So day 30 0 0 0 0 0 3 0 100.00% 

So day 5 0 0 0 0 0 0 3 100.00% 

Total 3 3 3 2 4 3 3 95.24% 

Fluorescence emission spectra of nicotinamide adenine dinucleotide (NADH) acquired after excitation at 340 nm 

So day 1 3 0 0 0 0 0 0 100.00% 

So day 15 0 3 0 0 0 0 0 100.00% 

So day 20 0 0 3 0 0 0 0 100.00% 

So day 25 0 0 0 1 2 0 0 33.33% 

So day 30 0 0 0 0 3 0 0 100.00% 

So day 5 0 0 0 0 0 3 0 100.00% 

So day10 0 0 0 0 0 0 3 100.00% 
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Predited/Observation So day 1 So day 15 So day 20 So day 25 So day 30 So day 5 So day10 
% correct classi-

fication 

Total 3 3 3 1 5 3 3 90.48% 

Fluorescence emission spectra acquired after excitation at 360 nm (fluorescent Maillard Reaction Products: FMRP) 

So day 011 3 0 0 0 0 0 0 100.00% 

So day 051 0 3 0 0 0 0 0 100.00% 

So day 101 0 0 3 0 0 0 0 100.00% 

So day 151 0 0 0 3 0 0 0 100.00% 

So day 201 0 0 0 0 3 0 0 100.00% 

So day 251 0 0 0 0 0 3 0 100.00% 

So day 301 0 1 0 0 0 0 2 66.67% 

Total 3 4 3 3 3 3 2 95.24% 

Fluorescence emission spectra acquired after excitation at 290 nm (Polyphénol) 

So day 1 3 0 0 0 0 0 0 100.00% 

So day 10 0 3 0 0 0 0 0 100.00% 

So day 15 0 0 3 0 0 0 0 100.00% 

So day 20 0 0 0 3 0 0 0 100.00% 

So day 25 0 0 0 0 3 0 0 100.00% 

So day 30 0 0 0 0 0 3 0 100.00% 

So day 5 0 0 0 0 0 0 3 100.00% 

Total 3 3 3 3 3 3 3 100.00% 

Fluorescence emission spectra acquired after excitation at 290 nm (Tryptophan) 

So day 1 3 0 0 0 0 0 0 100.00% 

So day 10 0 3 0 0 0 0 0 100.00% 

So day 15 0 0 2 1 0 0 0 66.67% 

So day 20 0 0 1 2 0 0 0 66.67% 

So day 25 0 0 0 0 3 0 0 100.00% 

So day 30 0 0 0 0 0 3 0 100.00% 

So day 5 0 0 0 0 0 0 3 100.00% 

Total 3 3 3 3 3 3 3 90.48% 

Fluorescence emission spectra acquired after emission at 410 nm (Vitamin A) 

So day 1 3 0 0 0 0 0 0 100.00% 

So day 10 0 3 0 0 0 0 0 100.00% 

So day 15 0 0 3 0 0 0 0 100.00% 

So day 20 0 0 0 3 0 0 0 100.00% 

So day 25 0 0 0 0 3 0 0 100.00% 

So day 30 0 0 0 0 0 3 0 100.00% 

So day 5 0 0 0 0 0 0 3 100.00% 

Total 3 3 3 3 3 3 3 100.00% 

So: Soumbara sample; day: storage day 

http://www.sciencepg.com/journal/ijnfs


International Journal of Nutrition and Food Sciences http://www.sciencepg.com/journal/ijnfs 

 

276 

As shown in Figure 3, the normalized NADH emission spectra recorded on soumbara samples during storage show a maxi-

mum located at ~548 nm. A shift in the maximum NADH emission towards higher wavelengths was observed as a function of 

storage time, indicating changes in the molecular environment of the samples. 

 
Figure 3. Normalized emission spectra acquired on emission spectra after excitation set at 340 nm on soumbara samples (fermented seeds of 

Parkia biglobosa) during storage for 30 days. 

The PCA similarity map was able to differentiate the sam-

ples based on storage duration into four groups (Data not 

shown). These results show that PCA can be coupled with 

NADH spectra to differentiate the dry fermented P. bi-

globosa seed samples during storage. By applying FDA to 

NADH spectra, it was found that all samples were correctly 

classified (100%) except samples at days 5 and 25 which 

were not classified at all. Furthermore, an overall rate of 70% 

was obtained (Table 2). 

The PFRM fluorescence spectra (Figure 4) show the same 

pattern with a maximum intensity located at approximately 

535 nm for all samples, regardless of the storage time. Still, 

the spectra are clearly visible depending on the samples. 

However, the spectra are well separated depending on the 

storage days (days 1, 5, 10, 15, 20, 25 and 30). These peaks 

could be attributed to FMRP from the reaction between free 

amino groups and the carbonyl compound [19]. 

 
Figure 4. Normalized emission spectra acquired on emission spectra after excitation set at 360 nm on soumbara samples (fermented seeds of 

Parkia biglobosa) during storage for 30 days. 
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PCA applied to PFRM emission spectra showed discrimi-

nation between samples during storage. When FDA was 

applied to the 5 PCs of the PCA, all samples were correctly 

classified (100% correct classification) except samples at day 

30 where 66.67% correct classification was obtained. The 

overall rate of 95.24% was obtained for all samples (Table 

2). 

Polyphenols are chemical compounds that are very benefi-

cial to human health; they are present in many plant products 

such as the dry fermented seed of P. biglobosa [6]. These 

compounds are characterized by their fluorescent properties 

with the excitation wavelength set at 270 nm and the emission 

wavelengths between 375 and 425 nm [20]. During the storage 

period of the soumbara samples, the normalized emission 

spectra acquired after the excitation wavelength set at 290 nm 

show the same appearance. For example, the spectra shown in 

Figure 5, show the maximum fluorescence intensity at 375 nm 

which is attributable to polyphenols. 

 
Figure 5. Normalized emission spectra acquired on emission spectra after excitation set at 290 nm on soumbara samples (fermented seeds of 

Parkia biglobosa) during storage for 30 days. 

Although the appearance of all the spectra is the same, a 

shift was observed on days 1, 5, 10, 20 and 30 (Figure 5) and 

the same is true for days 15 and 25. 

A clear differentiation was also observed between the 

samples depending on the storage duration following the 

application of the PCA (Data not shown). Indeed, the sam-

ples at days 15, 20 and 25 have positive scores at PC1, on the 

other hand, at days 1 and 10, the samples show negative 

scores compared to PC2. Only samples belonging to day 5 

and 25 were positioned negatively of CP1 and positively of 

CP2. These results show that PCA can be applied on poly-

phenol spectra to clearly differentiate soumbara samples 

during storage. This trend was confirmed following the ap-

plication of FDA where 100% of correct classification was 

obtained for all samples (Table 2). 

As shown in Figure 6, the normalized emission spectra 

recorded on soumbara samples between 305 and 450 nm 

after an excitation set at ~290 nm showed a peak at ~379 nm 

corresponding to the maximum emission of tryptophan [21]. 

As illustrated in this figure, the spectra show a visible dif-

ference between the samples depending on the storage time. 

 
Figure 6. Normalized emission spectra acquired on emission spec-

tra after excitation set at 290 nm (tryptophan) on soumbara sam-

ples (fermented seeds of Parkia biglobosa) during storage for 30 

days. 
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The findings in this figure are that a decrease in fluores-

cence intensity proportional to the storage time was observed, 

which could probably be due to lipid oxidation reactions. 

This explanation is similar to those given by Hassoun & 

Karoui [22] who found a strong correlation between trypto-

phan fluorescence intensity and thiobarbituric acid reactive 

substances (TBARS) level. In addition, this variation could 

be due to the interactions of chemical constituents, such as 

lipid-lipid and/or lipid-protein interactions, as described by 

Viljanen et al. [23]. In light of these results, it was found that 

storage time promotes lipid oxidation, thus causing a degra-

dation of the quality of soumbara. Furthermore, a decrease in 

fluorescence intensity was observed at days 10, 15, 20, 25 

and 30. This could be explained by the fact that during the 

storage period of soumbara, the protein could undergo oxida-

tive reactions such as loss of functional groups by degrada-

tion of amino acid residues, modification of side chains and 

aggregation and/or polymerization of the protein, which 

could lead to a decrease in the fluorescence quantum yield of 

tryptophan, and this is consistent with that reported by 

Ganhão et al. [24]. In view of these results, it can be con-

cluded that tryptophan was in a more polar environment for 

samples with a storage time of 10 to 30 days, since it is 

known that in a more polar environment, tryptophan in an 

excited state will relax to a lower energy state. Furthermore, 

in order to better exploit the information contained in the 

dataset tables, a PCA was applied (Figure 7), and the ob-

tained results in this framework allowed to discriminate the 

samples into 4 groups according to the storage time. 

 
Figure 7. Principal Component Analysis (PCA) map recorded on the emission spectra after excitation set at 290 (tryptophan) nm on 

soumbara samples (fermented seeds of Parkia biglobosa) during storage for 30 days. 

Indeed, the samples of days 15, 20 and 30 presented posi-

tive scores compared to PC1 and 2, which is totally contrary 

to the samples of days 1, 5, 10 and 25 which are positioned 

on the negative side of PC2. Subsequently, an FDA was 

applied to confirm this trend. These results allowed to clas-

sify the samples according to the storage time with a correct 

classification rate of 100 for all samples, except for the sam-

ples of days 5 and 20, where 66.66% were obtained (Table 

2). 

The vitamin A excitation spectra scanned on fermented 

dry sausages between 252 and 390 nm with an emission 

wavelength set at 410 nm are presented in Figure 8. These 

excitation spectra showed a maximum located at about 288 

nm and another located at about 346 nm for all samples dur-

ing storage with the same spectra shape. In addition, the 

spectra show visible differences depending on the storage 

time. These observations are similar to those found by 

Karoui et al. [18] who recorded a maximum fluorescence 

intensity of the excitation spectra of vitamin A scanned on 

different varieties of soft cheese after emission at 410 nm 

was located at about 322 and 305 nm. The observed varia-

tions in the appearance of the could be due on the one hand 

to the increase in the viscosity of the triglycerides, and on the 

other hand to the crystallization of the triglycerides during 

the storage period; these results are in agreement with the 

previous results of Charlotte Møller Andersen & Mortensen 

[25]. 
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Figure 8. Normalized excitation spectra after emission set at 410 nm of soumbara samples (dry fermented seeds of Parkia biglobosa) for 30 

days of storage. 

PCA applied to the normalized spectra allowed a clear 

discrimination of samples according to recipes and fermenta-

tion stage (data not shown). When FDA was applied, all 

samples were correctly classified (100% correct classifica-

tion) (Table 2). 

 

3.3. Performance of PLSR Models to Predict 

the Physicochemical Parameters 

Determined on Soumbara Samples 

The results of the prediction of physicochemical parame-

ters from fluorescence spectra are shown in Table 3. 

Table 3. Cross-validation results of pH, fat and peroxide value (PV) levels using partial least squares regression (PLSR) of calibration and 

validation models. 

 Calibration Validation 

 R2 RPD RMSEC R2 RPD RMSEP 

 Fluorescence emission spectra of aromatic amino acid and nucleic acid (AAA+NN) acquired after excitation at 250 nm 

pH 0.99 0.50 0.21 0.99 1.76 0.30 

Fat 0.99 2.32 0.30 0.99 2.71 0.11 

PV 0.98 2.53 0.36 0.99 3.1 0.28 

 Fluorescence emission spectra of nicotinamide adenine dinucleotide (NADH) acquired after excitation at 340 nm 

pH 0.97 0.45 0.02 0.99 1.88 0.23 

Fat 0.98 2.74 0.08 0.99 4.12 0.09 

PV 0.98 2.92 0.28 0.99 2.39 0.39 

Fluorescence emission spectra fluorescent Maillard reaction products (FMRP) acquired after excitation at 360 nm 

pH 0.98 2.01 0.2 0.99 2.57 0.21 

Fat 0.96 2.20 0.11 0.99 2.80 0.15 

PV 0.97 2.16 0.24 0.99 2.30 2.19 

 Fluorescence emission spectra of polyphenol acquired after excitation at 290 nm 
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 Calibration Validation 

 R2 RPD RMSEC R2 RPD RMSEP 

pH 0.98 2.01 0.23 0.99 2.37 0.21 

Fat 0.97 2.20 0.11 0.99 2.80 0.25 

PV 0.99 2.16 0.24 0.99 2.30 2.07 

 Fluorescence emission spectra of tryptophan acquired after excitation at 290 nm 

pH 0.98 2.46 0.32 0.90 2.32 0.4 

Fat 0.97 3.37 0.45 0.99 1.09 0.35 

PV 0.99 4.22 3.62 0.99 2.15 2.44 

Fluorescence excitation spectra of vitamin A acquired after emission at 410 nm 

pH 0.98 2.50 0.21 0.99 2.65 0.24 

Fat 0.98 3.60 0.24 0.99 1.68 0.76 

PV 0.99 5.81 0.32 0.99 2.54 0.31 

RMSEC: Root mean square error of calibration; RMSEP: Root mean square error of prediction; RPD: Ratio of prediction deviation; PV: 

peroxide value. 

Considering the validation model and all the fluorophores 

used in this study, an R2 of 0.99 was obtained. The prediction 

of the validation set gave a model with R2 = 0.99, indicating 

the ability of FFFS to differentiate soumbara samples stored 

at room temperature with excellent accuracy. In addition, the 

prediction of the calibration set gave a model with R2 greater 

than 0.96. These two models sufficiently show that FFFS 

coupled with PLSR is an excellent possibility to predict the 

physicochemical parameters (pH, fat and peroxide value) of 

soumbara during storage. The main conclusion of this sec-

tion is that all the studied parameters were excellently pre-

dicted by PLSR from fluorescence spectra. Indeed, despite 

the relatively small number of samples, the performance of 

the model developed and applied for the first time to 

soumbara samples, was very satisfactory and suggested the 

potential use of FFFS as a powerful tool to rapidly screen the 

differentiation between soumbara samples according to stor-

age duration. This hypothesis should be confirmed on a large 

number of samples sampled over a long period. 

4. Conclusion 

This study determined the physochemical composition of 

fermented Parkia biglobosa seeds during storage for 30 days 

at room temperature. The results obtained showed that the 

storage duration induced a variation in the physicochemical 

quality. In addition, the potential of FFFS spectroscopies 

used to monitor the evolution of soumbara quality in this 

original study was successful. By combining these methods 

with various chemometric tools such as PCA and FDA, an 

excellent classification of soumbara samples according to 

storage duration was obtained, with an accuracy rate of 

100%. Regarding the prediction of pH, fat et PV levels, 

FFFS demonstrated its high ability to predict these values 

with R2 of 0.99. In conclusion, it can be confirmed that fluo-

rescence spectroscopy coupled with chemometric tools can 

be considered as a rapid, efficient and non-destructive meth-

od to assess the evolution of soumbara quality during storage. 

Moreover, compared to traditional chemical measurements, 

the technique has the potential to significantly reduce analy-

sis time and the use of chemicals. 
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