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Abstract: The legume by-products of broad beans,
artichokes and peas seem to be of little nutritional value.
However, further analysis shows the presence of phenolic
compounds, pigments; proteins, lipids and
polysaccharides. The present study extended on the one
hand to follow the classic drying kinetics in a ventilated
oven of the powder of the bean peel, the pea and the
leaves of artichokes, on the other hand on the influence of
this drying process on color and chemical composition
(polyphenols, Brix, pH, conductivity and antioxidant
activity) depending on the size of the powders. Depending
on the results of the drying kinetics and the
physicochemical parameters, it took >24 h for the samples
of by-products placed between 30 and 40°C to reach a
stabilized  mass  and  for  the  samples  dried  to  more
from 50°C, the drying time is very short, the polyphenol
concentration, between 60 and 80°C is higher than the
other temperature. In addition, the finer the powder size
of the bean, artichoke and dried pea by-products, the
higher the bioactive content.

INTRODUCTION

With  the  considerable  increase  in  the  production
and  transformation  of  plants,  significant  quantities  of
by-products intervene and represent an economic and
ecological problem due to their large volumes and
disposal costs[1]. Today, by-products are considered a
promising source of functional compounds, which remain
after isolation from the main constituents which are
abundant and represent an inexpensive material that has

been undervalued, only used as fuel or fertilizer[2]. Most
legumes are consumed after a simple industrial process in
which the pod is removed and the seed is prepared as
frozen or fresh food[3]. Small birds are widely consumed
and are cultivated all over the world. According to the
Food and Agriculture Organization of the United Nations,
the pea represents a world production of 15.87 million
tonnes (including the national production of Morocco
estimated at 125,482.00 t), Morocco  is  a  country  among 
the  best  producers  of peas, occupying 3rd place
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worldwide, 67% of which are by-products. Artichoke
cultivation is widely distributed around the world, world
production is around 1.5 million tonnes, in Morocco
around 60,200 tonnes according to the Ministry of
Agriculture and the 9th place in production bean world.
These have a very short shelf life, due to their highly
perishable nature. To reduce post-harvest losses, many
drying techniques have been developed.

Industrial activity in the fruit and vegetable sector
generates  a  large  amount  of  waste  and  agro-industrial
by-products, surpluses, residues, products rejected
because of size, inadequate color or other quality
standards and used washing water.

In  the  composition  of  most  of  these  wastes  or
by-products, there are compounds that are interesting
from a nutritional point of view in the context of animal
or human food, most often antioxidant compounds. The
most recently used synthetics are butylhydroxyanisole
(BHA) and butylhydroxytoluene (BHT)[4], despite the
harmfulness in the case of chronic use[5] or in others fields
such as cosmetics or medicine or which constitute a good
primary material for obtaining new compounds or
materials. Instead of considering this waste or by-products
as a problem, we should rather consider them as a
resource and therefore as an alternative business
opportunity to the marketing of fresh products according
to Agrosmartcoop.

In   this   study,   the   objective   is   to   promote   the
by-products of the pea (Pisum sativum), the bean
(Aquadulce)[6, 7] and the artichoke (Cynara scolymus)[8], in
the form of a powder with different uses in cooking and
in the formulation of high added value products such as
cosmetics by the conventional drying technique process.
At different temperatures we studied the dosage effect of
polyphenols, pH, conductivity, Brix degree, antioxidant
activity  and particle size of powders with a benchmarking
with other plants[9, 10], finally, manufacture of tablets based
on by-products as a food.

MATERIALS AND METHODS

Harvesting of plant material: The plant material used in
our study is the peelings of the pea (Pisum sativum), the
bean  (aquadulce)  and  the  leaves  of  the  artichoke
(Cynara scolymus) have as below produced, the raw
material is bought at the local market Moroccan in
Marrakech. These varieties are characterized by a medium
size of the pod and dark green color at maturity (Fig. 1).

Pretreatment and drying: In the laboratory, a
preliminary sorting was carried out, elimination of the
perforated, broken, damaged pods, carrying spots, rotten
or presenting damage caused by harmful insects. Then the
pods were washed thoroughly with tap water and then
with  distilled  water.  The  empty  pods  were cut into two 

Fig. 1: The plant material

slices. Subsequently they have undergone drying, for the
type of drying chosen, samples are placed in the oven at
different temperatures, 30, 35, 40, 50, 60, 70, 80, 90°C
and the loss by mass is monitored periodically until a
constant mass is obtained.

Grinding and sieving: After obtaining a constant mass
by drying in the temperature-controlled oven, the samples
were ground using an electric mill.

The powders obtained were sieved using an
electromagnetic sieve until there were four particle size
fractions >125 μm, between 125 and 50 μm, between 50
and 25 μm and <25 μm (Fig. 2). After grinding and
sieving, the powders were kept in closed glass bottles and
stored protected from light.

The liquid-solid extraction was carried out by
maceration, the solvent used is pure methanol. One gram
twice of fresh samples, dried (powders) regularly at
different temperatures were weighed and then macerated
in a volume of 10 mL of the solvent. The mixture is kept
under magnetic stirring for 3 h at room temperature. The
solution obtained is then filtered on Wattman filter paper
under vacuum, the filtrate is collected in a glass bottle is
labeled  and  then  stored  in  a  refrigerator  for  analysis
(Fig. 3).

Analysis of polyphenols, conductivity, Brix degree,
pH: The analysis of total polyphenols was carried out
using  the  method  of  reduction  of  the  reagent  of
Folin-Ciocalteu[11]. George et al.[11], the blue coloration
produced is proportional to the content of total phenolic
compounds present in the sample[12]. For conductivity and
pH using a multi-parameter device of the SELECTA
brand, MP-2006 multi-parameter analyzer, a
refractometer for the Brix degree and Atomic Absorption
Spectroscopy (AAS) for the trace elements.

Analysis by Chromatographie Liquide à Haute
Performance (HPLC): The analysis of polyphenols by 
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Fig. 2: The electromagnetic screen

Fig. 3: Maceration with pure methanol and filtration

liquid chromatography was carried out at the analysis and
characterization center of Cadi Ayyad University,
Semlalia Faculty of Sciences in Marrakech, the method
uses that used by Puigventos et al.[13]. The
chromatographic separation was carried out with a
Kinetex C18 reversed-phase (100×4.6 mm, 2.6 μm
particles) column and gradient elution with 0.1% formic
acid aqueous solution and methanol mobile phases as
previously established by HPLC with UV absorbance
detection. The flow rate of mobile phase entering into the
instrument was 500 μL minG1. Under these conditions, an
acceptable chromatographic separation of the 16
polyphenolic compounds was obtained in <30 min.

Determination of antioxidant activity: The antioxidant
activity was measured by the free radical 2,2 diphenyl-1-
picrylhydrazyl (DPPH)[14]. A volume of 0.1 mL of the
extract  was  mixed  with  3.9  mL  of  DPPH  solution
(0.1 mM). The absorbance of samples was measured at
515 nm after 1 h of incubation in the dark. Methanol
solvent  was  used  as  blank.  The  inhibition  activity 
was calculated:

% of radical scavenging activity = 

((abs control-abs sample)/(abs control))×100

The results obtained were reported as DPPH% per 100 g
of dry weight.

Fig. 4: Device for manufacturing tablets based on
artichoke, bean and pea by-products

Manufacture of tablets based on artichoke, bean and
pea by-products: The by-product tablets are prepared on
a tablet-type compression device (TDP 1.5 Desktop
Tablet  Pill  Press,  Tablet  Pill  Press  Machine  2019)
(Fig. 4). Running a simulation profile of a tablet press as
a food. The excipients were mixed with 0.5% magnesium
stearate for 10 min in à mixer, picture below according to
the protocol of Bellini et al.[15].

RESULTS AND DISCUSSION

Physico-chemical analyzes of bean (Aquadulce), pea
(Pisum   sativum)   and   artichoke   (Cynara   scolymus)
by-products: The analysis of some physico-chemical
parameters carried out in the laboratory are illustrated in
Table 1.

Separation and analysis by (HPLC): For HPLC
separation, several full or partial coelutions as standards 
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Table 1: Analysis of some physicochemical parameters of bean by-products (Aquadulce), pea (Pisum sativum) and artichoke (Cynara scolymus)
           The pea       The bean          The artichoke

Parameters (Pisum sativum) peel (Aquadulce) peel (Cynara scolymus) leaves
pH (±0.02) 5.3 4.5 6
Conductivity (mS±0.05) 0.895 1.938 2.33
The Brix degree 1 3 1
The water content (%) 87.58 89.32 85
The ashes (%) 5.3 8.5 6.8
The total phenolics content of 303.9 1535.2 257.2
by-products (mg ÉqAG/100 g)
Cd <0.001 <0.001 <0.001
Cu <0.001 <0.001 <0.001
Fe <0.001 0.007 0.002
Mn <0.001 <0.001 <0.001
Ni <0.001 <0.001 <0.001
Zn <0.001 <0.001 <0.001

Fig. 5: Chromatogram peaks of pyrogallic mixture standards

Fig. 6: Chromatogram peaks of gall mixture standards

of Pyrogallique, Vanillique, Cafeique, Furelique,
Hesperidine, Salicyclique, Gallique, Catechine,
Chlorogenique, Epicathechine, vaniline, p-coumarique,
Sinapique, Naringine, Rutine, Quercetine and Kaempferol
(Fig. 5 and 6).

Analysis  of  the  three  samples,  to  be  shown  from
Fig. 7-9, the appearance of the peaks in the
chromatograms obtained by HPLC.

HPLC analysis made it possible to identify the
presence of certain predominant phenolic compounds,
especially  the  retention  time  tablets  5.78,  28.33  and
29.65 min, often flavonoids but are not identifiable given
the non-availability of the standards.

Total phenolic compounds
Effect of the drying temperature on the dosage of total 
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Fig. 7: Chromatogram peaks of bean (Aquadulce) by-products

Fig. 8: Chromatogram peaks of pea (Pisum sativum) by-products

Fig. 9: Chromatogram peaks of artichoke (Cynara scolymus) by-products

polyphenols: Phenolic compounds are specific molecules
of the plant kingdom which have interesting biological
properties[16]. The results of the determination of total
phenolic compounds (PPT) for the various extracts of the
fresh material and of the powders obtained after drying
are illustrated in Fig. 10-12. The results of the
determination of the total polyphenols of the extracts of

the byproducts of the bean (aquadulce) of the little pea
(Pisum sativum) and of artichoke (Cynara scolymus)
show that the concentrations vary between 0.1 and 2 g Eq
AG/100 g, respectively of the dry matter. These
fluctuations in the content of phenolic compounds can be
explained by their degradations under the effect of
temperature   and   time[17].   The   same   results,  we were
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Fig. 10: The concentration of total polyphenols in the pea by-products (Pisum sativum) as a function of temperature

Fig. 11: The concentration of total polyphenols in Bean by-products (Aquadulce) as à function of temperature

Fig. 12: The concentration of total polyphenols in artichoke (Cynara scolymus) by-products as a function of temperature

found by Lahnine et al.[18], the significant increase in the
phenolic composition of irradiated Fagonia arabica
compared to unirradiated after application of doses
between 1-10 kGy. Similar results were confirmed by
accumulation of phenolic substances in irradiated
Strawberry fruit studied by Cheng and Breen[19].

Likewise, increasing the drying temperature has a
significant effect on the phenolic content; an increase in
the content of total polyphenols, these results are
confirmed with the results of drying in the open air the red

pepper (Capsicum annuum, L. var. Hungarian)[20]. In
addition, the activation of phenolic compounds at high
temperatures may be due to the availability of precursors
of phenolic molecules by enzymatic inter-conversion
between phenolic molecules.

Arslan and Ozcan[21] demonstrated the effect of the
drying temperature on total polyphenols as a function of
drying processes and they linked the increase in the
concentration of total phenolic compounds to the release
of the compounds phenolics of the plant matrix during the
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Fig. 13: The concentration of polyphenols in pea by-products as a function of the size of the powder at different
temperatures

Fig. 14: The concentration of polyphenols in bean by-products as a function of the size of the powder at different
temperatures

process. In addition, drying could accelerate the release of
phenolic compounds by breaking the bonds and breaking
down the cellular constituents.

Effect of granulometry of powders on the dosage of
polyphenols (Sieving): In this part, the objective is to
know the effect of the size of the seeds of the powder of
the by-products of the pea, of the bean and of the
artichoke on the bioactive (polyphenols), the fractions
<25  µm,  between  25  and  50  µm  and  between  50 and
125 µm. The finer the size, the higher the polyphenol
content, given the contact between the extraction solvent,
so the powder is very mixed, these results are consistent
with found by Nabil et al.[9], for the cladode powder
(Opuntiaficus-indica),   the  results  are  illustrated  in 
Fig. 13-15.

Antioxidant activity: DPPH radical scavenging assays
were applied for determining the antioxidant activity of
different drying temperature and for a uniform sieve size
(Fig. 16-18). The maximum antioxidant activity estimated
by DPPH was recorded for the three matrices: 48% for the
artichoke leaves; 79% for the pea peel and 94% for the
bean peel.

The DPPH assay gave comparable results for the
antioxidant activity with that find for the total polyphels,
especially at drying temperatures between 60 and 80°C.

The heating effect may have à positive impact on the
content of bioactive compounds and antioxidant activity.
Correlation between antioxidant activity obtained from
DPPH and the determination of total polyphenols as a
function of the drying temperature assays was positively
high.
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Fig. 15: The concentration of polyphenols in artichoke by-products as a function of the size of the powder at different
temperatures

Fig. 16: % of radical scavenging activity methanolic extract of by-product of artichoke at different temperatures

Fig. 17: % of radical scavenging activity methanolic extract of by-product of pea  at different temperatures

Drying effect on pH, conductivity and Brix degree: For
the drying temperature effect of by-products of pea, bean
and artichoke on pH, conductivity, and Brix degree are
illustrated in the figures below, the results are illustrated

in Fig. 19-21. For the effect of the drying temperature on
the pH, the conductivity and the Brix degree, according to
the figures note a decrease in the pH value, given a
degradation  of  the  ions   H+  during  drying,  also for the
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Fig. 18: % of radical scavenging activity methanolic extract of by-product of bean  at different temperatures

Fig. 19: The pH value of the by-products as a function of the temperature

Fig. 20: The value of the conductivity of the by-products as a function of the temperature

conductivity a random variation due to the disappearance
and degradation of mineral salts during drying, finally for
the Brix degree which represents the solid matter soluble
in legume by-products, there is a drop in Brix degree due
to the degradation of the constituents of by-products[20].

Manufacture of tablets as a food: The by-product tablets
are prepared on a tablet-type compression device (TDP
1.5 Desktop Tablet Pill Press, Tablet Pill Press Machine

2019), running a simulation profile of a tablet press as a
food. The excipients were mixed with 0.5% magnesium
stearate for 10 min in a mixer (Fig. 22).

Since, the drying temperature and the particle size
have an effect on the bioactive by-products of artichoke,
peas and beans, we chose the powder with a
homogeneous  size  of  <125  μm  at  a  drying
temperature 70°C and cooking, for the manufacture of
tablets  as  a  food  or  as  a  good compliment for athletes,
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Fig. 21: The value of the Brix degree of the by-products as a function of the temperature

Fig. 22(a-c): (a) Artichoke, (b) Bean and (c) Pea by-
product tablets

especially the bean which is very rich in fiber and
antioxidant compounds, this powder can even replace
vegetable   activated   carbon   (like   Charcoal-Fennel) 
(Fig. 22), used to absorb intestinal gases and preserve the
good health of the digestive tract. these ingredients are
characterized.

CONCLUSION

The leguminous by products bean, petit pois and
artichoke seem to be no great food interest. But further
analysis showed the presence of phenolic compounds,
minerals and pigments.

The present study has spread on the one hand to the
follow-up of the kinetics of classic drying in a ventilated
oven of the peel of the bean, the pea and the leaves of
artichoke.  On  the  other  hand  the  influence  of  this
drying  process  on  the  color,  the  chemical  composition 
of  bioactive  (polyphenols),  pH,  conductivity,  Brix 
deg,  antioxidant  activity  and  manufacture  of  food
tablets.

According  to  the  results,  the  samples  set  at  60°
and  70°C  have  a  value  of  polyphenols  important  at
other  drying  temperatures  with  a  very  fine  particle
size. The study then focuses on the analysis of the
different types of polyphenols by liquid choromatography
and the other chemical compounds by Flasch
chromatography  and  spectral  analyzes  in  a  second
article.
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