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Peas (Pisum sativum L.) are among the most widely cultivated legumes, known
for their adaptability to dry and warm environments and their high nutritional
value. This research aimed to investigate the biochemical diversity of proteins,
polyphenols, flavonoids, tannins, and antioxidant activity in a local population of
peas from the Mareth oasis in Tunisia under different preservation methods:
fresh, frozen, canned, and dried. The hypothesis was that preservation methods
significantly impact the nutritional quality of peas, with fresh peas retaining the
highest levels of essential nutrients. The results showed that fresh peas had
superior nutritional quality, demonstrating the highest concentrations of
protein (39 mg/g MF), polyphenols (0.17 mg GAE/g MF), flavonoids (0.086 mg
QE/mg MF), and antioxidants (52%). In contrast, dried peas exhibited the lowest
nutrient levels, particularly in protein and antioxidant activity. The study
highlighted that freezing is an effective method for preserving the nutritional
integrity of peas compared to canning and drying, which significantly reduce
essential nutrient levels. Understanding the effects of various preservation
techniques is crucial for maintaining the nutritional quality of peas. These
findings have significant implications for consumers and the food industry,
advocating for practices that prioritize the retention of nutrients in preserved
peas. This research contributes to the ongoing discourse on food preservation
methods and their impact on nutritional quality, providing insights that support
better choices in food processing and consumption.

1. INTRODUCTION

Peas (Pisum sativum L.) are widely cultivated
legumes valued for their adaptability to various
climates, including dry and warm environments.
They are an essential component of the diet in
many parts of the world, providing high levels of
protein, dietary fiber, vitamins, and minerals.
This nutritional profile, combined with their
versatility, makes peas a significant dietary
staple, with global production reaching
approximately 10 million tons for fresh peas and
7 million tons for dried peas (Lara & Tsiami,
2024). As consumers increasingly prioritize
nutrient-rich foods, it becomes essential to
understand how different preservation methods
affect the nutritional quality of peas.
Preservation techniques such as freezing,
canning, and drying are commonly used to
extend the shelf life of peas and ensure their
year-round  availability. However, these

processes can significantly alter the nutrient
content of the peas. Previous studies have shown
that nutrient retention depends on factors such
as temperature, humidity, and storage duration
(Xie et al,, 2018; Wang et al,, 2020). For example,
freezing has been shown to retain higher levels
of vitamin C compared to canning, while drying
can lead to substantial changes in protein
structure and amino acid availability. These
findings suggest that preservation methods may
have varying effects on the health benefits
derived from pea consumption.

Antioxidants, polyphenols, and flavonoids, which
are known for their protective health effects, are
particularly susceptible to degradation when
exposed to heat and oxygen (Makris & Rossiter,
2001). These bioactive compounds play a critical
role in reducing oxidative stress and may
provide protection against chronic diseases.
Maintaining these compounds during
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preservation is crucial for maximizing the health
benefits of peas and meeting consumer demand
for functional foods with added health
advantages.

The hypothesis of this study is that preservation
methods significantly impact the nutritional
quality of peas, with fresh peas retaining the
highest levels of protein, polyphenols,
flavonoids, tannins, and antioxidant activity
compared to frozen, canned, and dried forms.
Specifically, it is expected that more intensive
preservation methods, such as drying, will result
in greater losses of these essential nutrients.

To test this hypothesis, the study aims to
evaluate the effects of fresh, frozen, canned, and
dried preservation methods on the nutritional
quality of a local population of peas from the
Mareth oasis in Tunisia. The objectives are to
quantify protein content to assess the impact on
protein  retention; measure polyphenol,
flavonoid, and tannin levels to determine the
preservation effects on bioactive compounds;
and evaluate antioxidant activity using the DPPH
assay to understand how antioxidant capacity
varies with different storage methods. The
findings are intended to provide practical
guidance for consumers and the food industry on
selecting preservation techniques that maintain
the nutritional integrity of peas.

In summary, this research seeks to balance the
need for extending shelf life with the goal of
preserving essential nutrients, ultimately
supporting consumer health and informing food
processing practices that prioritize nutrient
retention.

2. MATERIAL AND METHODS
2.1. Plant material

This study utilized a local population of peas
(Pisum sativum L.) cultivated in Tunisia's arid
Mareth oasis. These peas were preserved in four
distinct forms: fresh, frozen, canned, and dried.
Fresh peas were analysed immediately after
harvest, while frozen peas were stored at -18°C
for two months to simulate standard household
freezing conditions. Canned peas were
preserved by heating at 85°C for four minutes,
replicating typical industrial canning
procedures. Dried peas were air-dried at
ambient temperatures ranging from 20°C to
30°C over two weeks. These methods were
chosen to reflect common conservation
techniques and allow a realistic assessment of
nutritional changes.

2.2. Determination of protein content
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Protein concentration was measured using
the Bradford assay, a colorimetric method ideal
for protein quantification (Bradford, 1976). The
Bradford reagent was prepared by diluting
Coomassie Brilliant Blue G-250 dye in an acidic
solution. Standard protein solutions were
created with bovine serum albumin (BSA) to
establish a standard curve. For each test, 10 uL
of sample was mixed with 2 mL of Bradford
reagent and incubated at room temperature for
5-10 minutes. The absorbance was then
measured at 595 nm with a spectrophotometer.
The resulting data were plotted against the BSA
standard curve to calculate sample protein
concentrations.

2.3. Preparation of Methanolic Extract for
Antioxidant Analysis

2.3.1. Preparation of methanolic extract

Methanolic extracts were prepared to
evaluate phenolic compounds, flavonoids,
tannins, and antioxidant activities. For each
sample, 0.5 g of pea tissue was homogenized
with 5 mL of methanol and stirred for 30
minutes using an electric stirrer. The mixture
was kept in the dark at 4°C for 24 hours to
optimize extraction. After incubation, the
mixture was filtered, and the filtrate was
concentrated with a rotary evaporator to
remove methanol. The resulting extracts were
stored at 4°C until further analysis.

2.3.2. Total polyphenols content

Polyphenols were quantified using the Folin-
Ciocalteu method (Singleton et al.,, 1999). Each
extract was mixed with Folin-Ciocalteu reagent
and sodium carbonate. After incubation for 30
minutes in the dark, absorbance was read at 760
nm. A gallic acid standard curve was prepared to
express results as gallic acid equivalents (GAE)
per gram of fresh mass (MF). All measurements
were performed in triplicate to ensure
reliability.

2.3.3. Total flavonoid content

Flavonoid content was measured following
the Dewanto et al. (2002) method. Extracts were
combined with sodium nitrite, aluminum
chloride, and sodium hydroxide solutions. The
absorbance was measured at 510 nm, and
results were expressed as quercetin equivalents
(QE) per gram of fresh mass. A catechin standard
curve was used to determine flavonoid
concentrations. Triplicate measurements
ensured accuracy.
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2.3.4. Condensed tannin content

Condensed tannins were assessed using the
vanillin-HCl method (Broadhurst & Jones, 1978).
Samples were mixed with vanillin reagent and
hydrochloric acid, and then incubated for 20
minutes. The absorbance at 500 nm was
measured and compared to a catechin standard
curve to express results as catechin equivalents
(CE) per gram of fresh mass. Measurements
were performed in triplicate for consistency.

2.3.5. Assay of antioxidant activity DPPH

Antioxidant activity was evaluated using the
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical
scavenging method (Brand-Williams et al,
1995). A DPPH solution was prepared at 0.1 mM
concentration in methanol. Sample extracts were
added to this solution, and the reaction mixture
was left in the dark for 30 minutes. Absorbance
was recorded at 517 nm, with antioxidant
activity calculated as the percentage of DPPH
inhibition using the formula: % inhibition = [(A0
- A1) / AO] x 100, where AQ represents the
control absorbance, and Al represents sample
absorbance.

2.4. Statistical analysis

Data were analysed using SPSS 20.0 software.
An ANOVA test was used to assess differences
between preservation methods, with mean
comparisons made using Student's t-test at a
significance level of 5%. All experiments were
conducted in triplicate, and results were
reported as mean + standard deviation to ensure
robustness.

3. RESULTS
3.1. Protein content

The protein content of peas varied
significantly depending on the preservation
method used, as shown in Fig. 1. Fresh peas
demonstrated the highest protein concentration,
with 39 mg/g MF, while dried peas had the
lowest concentration, at 21 mg/g MF. This
decline in protein content from fresh to dried
peas can be attributed to processing methods,
such as heat treatment during drying, which may
cause protein denaturation (Jiang et al., 2014).
Thus, fresh peas are the most beneficial option
for protein intake, though freezing and canning
also retain a considerable amount of protein.
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Fig. 1. Variation of pea protein content under
different storage states.

3.2. Polyphenols content

Polyphenols, known for their antioxidant
properties, showed notable differences across
preservation methods. Fresh peas had the
highest polyphenol content (0.17 mg GAE/g MF),
followed by canned (0.08 mg GAE/g MF), frozen
(0.07 mg GAE/g MF), and dried peas (0.064 mg
GAE/g MF) (Fig. 2.). This suggests that fresh peas
have a polyphenol concentration more than
double that of canned peas, the next highest
preserved form. The reduction in polyphenol
content in dried peas implies that drying could
lead to substantial losses in these beneficial
compounds (Whent et al, 2023). Therefore,
consuming fresh peas maximizes polyphenol
intake, though canned and frozen options retain
moderate amounts compared to dry.
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Fig. 2. Variation in the polyphenol content of
peas under different conservation states.

3.3. Flavonoids content

Flavonoids, which contribute to the
antioxidant capacity of plants, also varied
depending on the conservation state. Fresh peas
exhibited the highest flavonoid content at 0.086
mg QE/mg MF, followed by frozen (0.052 mg
QE/g MF), canned (0.05 mg QE/mg MF), and
dried peas (0.043 mg QE/mg MF) (Fig. 3.). The
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decline in flavonoid levels from fresh to dried
peas indicates that the preservation method
significantly impacts these compounds. Freezing
appears to be an effective method for retaining
flavonoid content, as frozen peas maintained a
higher level than canned and dried peas. This
makes freezing a viable option for preserving
flavonoid-rich peas.
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Fig. 3. Variation of pea flavonoid content under
different conservation states.

3.4. Condensed Tannins content

Condensed tannins, which are known to affect
protein digestibility, also showed variability
based on preservation method. Fresh peas
contained the highest tannin content (75.93 mg
CE/g MF), while dried peas had the lowest
(47.71 mg CE/g MF) (Fig. 4.). The pattern
observed suggests that less intensive
preservation methods, like freezing, help
maintain tannin levels compared to more
extensive methods, such as drying. These
findings highlight that immediate consumption
or minimal processing, like freezing; can
preserve tannins better than drying or canning.
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Fig. 4. Variation in pea tannin content under
different conservation states.

3.5. Antioxidant activity (DPPH)

The antioxidant activity, assessed through the
DPPH assay, revealed significant differences
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among preservation states. Fresh peas exhibited
the highest antioxidant activity, with a 52%
inhibition rate, indicating robust antioxidant
potential. Frozen peas followed with 31%, then
canned (26%), and lastly, dried peas (8%) (Fig.
5.). These findings underscore the substantial
reduction in antioxidant capacity that can result
from intensive processing, particularly drying.
To retain the antioxidant benefits of peas, fresh
consumption is ideal, although freezing retains a
considerable amount of antioxidants compared
to other preservation techniques.
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Fig. 5. Percentage of pea DPPH radical
scavenging activity under different conservation
states.

4. DISCUSSION

The preservation of peas in various forms—
fresh, frozen, canned, and dried—significantly
impacts their nutritional composition. This study
highlights that fresh peas generally maintain
superior nutritional quality compared to
preserved forms, especially in terms of protein
content, polyphenols, flavonoids, tannins, and
antioxidant activity. These findings align with
prior research, underscoring the sensitivity of
these compounds to conservation methods.

The results indicate that fresh peas have the
highest protein content, followed by frozen and
canned forms, with dried peas exhibiting the
lowest levels. The reduction in protein content
observed in dried peas may result from protein
denaturation due to heat treatment and
prolonged storage, as supported by studies like
Jiang et al. (2014). This degradation can
compromise the bioavailability and nutritional
value of protein in dried peas. Thus, for
consumers seeking maximum protein intake,
fresh peas are recommended. However, freezing
and canning offer alternatives that maintains
relatively high protein levels, making them
viable options when fresh peas are unavailable.

Polyphenols and flavonoids, crucial for their
antioxidant properties, showed a marked decline
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in preserved peas compared to fresh. Fresh peas
had the highest levels of both polyphenols and
flavonoids, highlighting their potential as a rich
source of bioactive compounds when consumed
in their unprocessed form. Dried peas, in
particular, exhibited significant losses, which
could be due to the oxidation of polyphenolic
compounds during drying, as well as the
reduction in moisture content, which affects
compound stability (Whent et al., 2023). These
findings are consistent with literature suggesting
that polyphenols and flavonoids are sensitive to
heat and oxygen exposure (Makris & Rossiter,
2001). Interestingly, freezing retained more of
these compounds compared to canning,
indicating that freezing is a better method for
preserving bioactive compounds in peas. This
supports the findings of studies such as Wang et
al. (2020), which highlight freezing as a more
protective technique for polyphenols and
flavonoids in vegetables.

Condensed tannins, which can influence protein
digestibility by binding to proteins and reducing
their availability, were highest in fresh and
frozen peas. The tannin content in dried and
canned peas was notably lower, likely due to
leaching during processing or degradation under
prolonged heat exposure. This observation
aligns with findings by Gebczynski et al. (2024),
which demonstrate how tannins can be reduced
in high-heat treatments, thereby altering their
impact on nutritional quality. While tannins are
generally associated with reduced protein
digestibility, they also contribute to antioxidant
activity, indicating a trade-off when choosing
preservation methods.

The antioxidant activity, as measured by the
DPPH assay, was highest in fresh peas, followed
by frozen, canned, and finally dried peas. This
trend suggests that antioxidant compounds are
highly susceptible to degradation through
intensive processing. Drying, in particular, led to
substantial reductions, with antioxidant activity
in dried peas at only 8%, compared to 52% in
fresh peas. This reduction may stem from the
degradation of heat-sensitive antioxidants like
vitamin C and polyphenols, as noted in the
research by Ahmad & Eun (2018). Freezing was
relatively effective in preserving antioxidants,
likely due to the minimized exposure to heat and
oxygen, making it an effective method for
consumers interested in retaining the health
benefits of antioxidants.

These findings have practical implications for
both consumers and the food industry. For
consumers, the study wunderscores the
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nutritional advantages of consuming fresh peas
when possible. Freezing emerges as a close
alternative to fresh, particularly for retaining
polyphenols, flavonoids, and antioxidants.
Canning and drying, while convenient, lead to
greater losses of essential nutrients and
bioactive compounds, which may reduce the
health  benefits associated  with  pea
consumption. For the food industry, these
results suggest opportunities for optimizing
preservation methods. Technologies like
modified atmosphere packaging (MAP) and
vacuum-sealing could further enhance nutrient
retention in frozen and canned peas, as
proposed by Kader (2002).

Furthermore, there is potential to improve
drying processes through gentler techniques,
such as freeze-drying, which may better
preserve  antioxidants and  polyphenols
compared to traditional air-drying. Future
research should explore these alternative
methods to offer consumers preserved peas that
retain a closer nutritional profile to fresh peas.
While this study provides valuable insights into
the impact of preservation on the nutritional
quality of peas, it also highlights some
limitations. The scope was limited to a single
local pea population from Tunisia, which may
affect the generalizability of findings to other pea
varieties or geographic locations. Additionally,
only a few bioactive compounds were analysed.
Future research should consider a broader range
of nutrients, such as vitamins B and K, and assess
different pea varieties to gain a more
comprehensive  understanding  of  how
preservation methods impact pea nutrition.
Overall, these findings emphasize the
importance of choosing appropriate
conservation methods to maintain nutritional
quality. They provide a basis for consumers and
producers to make informed decisions on
preserving peas with maximum nutritional
benefits.

5. CONCLUSIONS

In conclusion, the study highlights that fresh
peas possess superior nutritional quality
compared to their frozen, canned, and dried
counterparts. It is recommended to consume
fresh peas promptly after harvesting to
maximize their nutritional benefits. Preservation
methods such as freezing and canning can
significantly impact the nutrient content,
particularly proteins, polyphenols, flavonoids,
and antioxidant activity.  Factors like
temperature, light, and air exposure also play a
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crucial role in the deterioration of vitamins and
other nutritional components. Thus,
understanding the effects of different
preservation states is essential for maintaining
the nutritional value of peas. As perspectives we
will consider developing the following axes:
improving the quality of our products within the
Conserve Company, and promoting the
conservation of local pea populations.
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