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Abstract

Vegetables present high nutritional content, being rich in vitamins, minerals, dietary fibres, organic acids and antioxident
compounds. However, firesh vegetables are generally harvested seasonallv, being available in their firesh form for short
periods of time during the vear, and are also highly perishable. Therefore, the necessity of preserving them for a longer
period of time has been addressed, fireezing becoming the main technique used in this scope, due to its ability to maintain
the initial quality of the product. The aim of the present study was fo determine the properties of several fresh vegetables
in different moments during processing for freezing preservation, namely initial moment (fiesh form), after blanching
pretreatment, after freezing/thawing process. The vegetables that were studied during this study were green peas, green
beans, broccoli, asparagus, oyster mushrooms, Agaricus bisporus mushrooms and eggplants. As quality indicators, the
Jfollowing were determined: acidity, aw, colour, total polyphenolic content, antioxidant activity and ascorbic acid content
(where applied). The results showed varied values for the monitored parameters. Generally, significant differences were
observed during processing, with increasing and decreasing values of the tested parameters depending on the tested
sample and applied treatment.

Key words: pretreatment, freezing processing, vegetables properties.

INTRODUCTION are beneficial in improving cardiovascular

disease, lowering blood pressure and regulating
Vegetables are widely consumed, being  gastrointestinal function (Zhang et al., 2021).
recommended in any diet due to their high  Green beans (Phaseolus vulgaris) have high
nufritional content, such as vitamins, minerals. fiber and carbohydrate content while present
organic acids, antioxidants and dietary fibres low fat and energy values (Zhang et al., 2021).
(Bassey et al., 2021). They have low fat content =~ They also have a high content of ascorbic acid,
and also low caloric values, being beneficial to minerals and proteins (Kasim & Kasim, 2015).
human health (Paciulli et al., 2015; Xin et al., Asparagus (4dsparagus officinalis) presents both
2015). There are a lot of studies that identified nutritional and medicinal value, being rich in
the fact that the components of fruit and  nutrients such as proteins, carbohydrates, free
vegetables could play a role in the prevention of ~ amino acids, minerals, vitamins and dietary fibre

different diseases, including diabetes, cancer, (Truong et al., 2022). Broccoli (Brassica
cardiovascular disease or vision related  oleracea) is considered a superfood, being one
problems (Wu et al., 2020). For example, of the most consumed within Brassica

eggplants (Solanum melongena) are known for  vegetables. It is a great source of fibres, proteins
their high phenolic content, being one of the top ~ and minerals (Langston et al., 2023), having
ten vegetables in terms of oxygen radical some health benefits related to its antioxidant,
absorbance capacity (Vallespir et al., 2019). anticarcinogenic and antimutagenic properties
Green peas (Lathyrus oleraceus) are rich in (Multescu et al., 2020). Oyster mushrooms
proteins and are preferred by consumers because (Pleurotus ostreatus) have applicability both in
they can be consumed in various ways, food and pharma industry. They are considered
including fresh, canned or frozen states. They  beneficial for human health, thanks to their high
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content  in  proteins,  polysaccharides,
polyphenols, amino acids and having good
antibacterial, antioxidant, antitumoral and anti-
inflammatory potential (Zhao et al., 2024).
Agaricus bisporus 1s one of the most produced
and consumed mushrooms worldwide, being
also important from food and pharmaceutic
point of view. It presents great nutritional
quality, being rich in proteins, fibres, essential
amino acids and low 1n fatty substances
(Agboola et al., 2023). However, the moisture
content in vegetables 1s around 90%, fact that
make them highly perishable, easy to damage by
mechanical wounding during harvesting,
transportation and storage, leading to great
losses. Therefore, there is a constant need to
preserve them as soon as possible after
harvesting, and one of the easiest ways to do it
1s freezing.

Freezing 1s one of the most used preservation
methods in food industry, being suitable for
agricultural products preservation, increasing
also their off-season availability (Schudel et al.,
2021). This process can reduce microbial and
enzyme activity and also chemical reactions in
food, leading to an extension of their shelf life
(Leng et al., 2023). However, sometimes redu-
cing enzyme activity is not enough for vegetable
preservation and additional pretreatment is
needed. Blanching is recognized as an essential
step before freezing in the case of wvarious
vegetables processing. It has as main purpose
enzyme inactivation (by enzyme proteins
denaturation), preventing this way possible
reactions that can deteriorate the product’s
quality (Deylami et al., 2016). It also reduces the
initial microbial load of products, extending this
way their shelf life (Guo et al., 2021).

The aim of this study was the characterization of
several vegetables (eggplant, green peas, green
beans, asparagus, broccoli, oyster mushroom,
Agaricus bisporus mushroom) in different
moments of their processing for {freezing
preservation.

MATERIALS AND METHODS

Vegetables were acquired from local market in
Bucharest, and processed in the same day.
Samples were washed, the inedible parts were
removed and then the samples were divided,
blanched (in hot water) and frozen. The thawing

70

of vegetables was performed in refrigeration
conditions.

The indicator enzymes that are present in plant
tissues are peroxidases, which can cause the
oxidation of wvarious compounds, such as
ascorbic acid or phenolic compounds (Tadesse
et al., 2023). Therefore, the inactivation of
peroxidase was determined for all samples using
the Guaiacol indicator, and blanching
parameters (temperature/time) were established.
Further, physical-chemical and nutritional
analysis were performed on samples in different
stages of the processing, namely in fresh form,
after blanching and after freezing/thawing
process. The analysis performed were total
titratable acidity, ascorbic acid content, total
polyphenolic content, antioxidant activity and
colour, which are briefly described further.
Total titratable acidity was performed using a
method according to STAS 5952-58. 20 g of
product were mixed with distilled water in a 250
ml flask and heated at 80°C for 15 min. The
sample was allowed to cool down at room
temperature, brought to 250 ml, filtered and
titrated with NaOH 0.IN in the presence of
phenolphthalein as color indicator. The results
were expressed as % total acidity.

Ascorbic acid contfent was determined
spectrophotometrically. 10 g of sample were
extracted in oxalic acid. The mixture was then
filtered and the samples were prepared
according to the method described by Stanciu et
al. (2022). Sample absorbance was read at 500
nm and the results were expressed as mg
ascorbic acid/100 g DM (dry matter).

Total polyphenolic content was determined
using Folin-Ciocalteu method. 5 g of sample
were mixed with 25 g of ethanol and incubated
in the dark at room temperature for 48 h. The
mixture was then filtered and prepared
according to the method previously described by
Popa et al. (2019). The absorbance of the sample
was then read at 765 nm and the results were
expressed as mg gallic acid equivalents
(GAE)/100 g DM.

Antioxidant activity was determined by evalua-
ting the effect of dipheny 1-2- picrylhydrazyl
(DPPH) on the tested samples. 5 g of sample
were mixed with 25 g of ethanol and incubated
in the dark at room temperature for 48 h. The
mixture was then filtered and prepared
according to the method previously described by



Stanciu et al. (2022). The absorbance of the
sample was measured at 515 nm and the results
were expressed as quercetin equivalents
(QE)/100 g DM.

Colour determination was performed using a
HunterLab Miniscan XE Plus equipment. Prior
to sample reading, calibration against standard
black and white plates was made. The colour of
the samples was expressed in terms of L*
(lightness), a* (greenness (-)/redness (+)) and b*
(blueness(-)/yellowness(+)) parameters.
Statistical analysis was performed using SPSS
software. Data are presented as average values =
standard deviations. One-way analysis of
variance (ANOVA) was applied to determine
the effects that blanching and freeze/thawing
had on the tested samples, and Duncan’s test was
used to compare the differences between groups.
The small letters within the tables show
statistically significant differences (p < 0.05)
between the mean values for samples subjected
to different treatments.

RESULTS AND DISCUSSIONS

Peroxidase is the most thermal resistant enzyme
and its complete inactivation could require

longer treating time, fact that leads to nutrient
loss (Zheng & Lu, 2011). Following peroxidase
inactivation, the blanching conditions were
established for each vegetable, as presented in
Table 1.

Table 1. Blanching parameters established according to
peroxidase inactivation

Blanching Blanching

Sample temperature . .
fime (min)
(cC)

Eggplant 95 5
Green peas 90 -
Green beans 95 9
Asparagus 95 10
Broccoli 90 3
Oyster mushroom 90 2
Agaricus bisporus 90 5
mushroom

Total titratable acidity values obtained for the
studied samples are presented in Table 2.
Acidity  registered  significant  (p<0.05)
decreasing values during processing, the lowest
values being registered for the thawed samples.
This fact could be due to cellular juice loss
during thawing, because of cell disruption
during freezing by ice crystals formation.

Table 2. The values for total titratable acidity of the tested samples

Sample
Processing Fresh Blanched Freeze/Thawed
step

Eggplant 3.92:+0.00 2.05°+0.00 0.81°=0.08
Green peas 6.77* = 0.00 6.002 = 0.50 3.18°+0.03
Green beans 3.15*+0.02 2.77*+0.15 1.78°+0.31
Asparagus 6.78*+ 0.53 2.97°+0.77 1.43°=0.06
Broccoli 7.28:£0.06 3.33°+0.03 2.66°+0.16
Oyster mushroom 3.04*=0.00 2.62°+0.00 1.17¢£0.05
Agaricus bisporus 4.07=£0.00 2.79°+ 0.00 1.80°= 0.00

Different lowercase letters in rows indicate significant differences (p < 0.05) between the processed samples.

Table 3 shows the ascorbic acid content during
processing of the studied vegetables. It is known
that vitamin C 1s a heat labile component,
therefore studies have reported vitamin C losses
during blanching (Aadil et al., 2019). However,
there are some studies that reported the fact that
a good retention or no loss of vitamin C was
observed in samples blanched by microwave
(Punathil & Basak, 2016; Koutchma, 2023).
After blanching, different samples presented a
different behaviour, such as significant (p<0.05)
ascorbic acid loss for asparagus, no modification
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for green peas and significantly higher (p<0.05)
ascorbic acid content for green beans and
broccoli. This differences in results could be
attributed to variations of temperature and time
of blanching, but also to the properties of each
studied vegetable. Lee et al. (2018) also found
vitamin C in high amounts in heat treated
broccoli. Their study showed a 668.04 mg/kg
ascorbic acid content in raw vegetable, and
higher amounts in steamed (761.48 mg/kg) and
microwaved (836.15 mg/kg) broccoli. The
significant lower (p<0.05) values for ascorbic



acid obtained for the thawed samples are in
accordance with other research studies. For
example, Zhang F. et al. (2021) determined a

decreasing values of ascorbic acid following
thawing process, fact that could be expected due
to its solubility in water and also due to

decrease in vitamin C content of blanched baby enzymatic or non-enzymatic  oxidation
mustard thawed in refrigeration conditions. reactions.
Similarly, Chen et al. (2022) also observed
Table 3. Ascorbic acid content of the tested samples
Sample
Processing Fresh Blanched Freeze/Thawed
step
Eggplant NA NA NA
Green peas 60.49<£ 0.00 60.75* = 0.00 64.92* £ 0.00
Green beans 174.75° £ 0.38 184.37* = 0.00 150.58°=0.36
Asparagus 237.93*=0.36 222.13*+0.21 186.63°=0.21
Broccoli 177.68°=£0.16 276.73* £ 5.44 239.26°+0.57
Oyster mushroom NA NA NA
Agaricus bisporus NA NA NA

NA-not applied.

Different lowercase letters in rows indicate significant differences (p < 0.05) between the processed samples.

Polyphenolic content of the studied vegetables
increased after blanching for eggplant,
asparagus and broccoli samples (Table 4).
Similar results were obtained by Bamidele et al.
(2017), who determined the effect of blanching
in hot water of six green leafy vegetables. It was
found that a blanching temperature of 90°C for 5
minutes led to a significant increase (p<0.05) in
total phenolic content and antioxidant activity in
all tested vegetable samples. Further, the values
of total polyphenolic content obtained for green
peas, green beans, oyster mushroom and
Agaricus bisporus mushroom decreased. Wen et

al.  (2010) also reported wvariation iIn
polyphenolic content and antioxidant activity
with increasing or decreasing values after
blanching, depending on type of vegetables.
Similarly, Ninfali and Bacchiocca (2003)
determined total polyphenolic content and
antioxidant activity in six fresh and frozen
vegetables, namely broccoli, spinach, beet
green, celery, onion and carrot. Four of them
presented lower phenolic and antioxidant
activity values compared to fresh products,
while the other two had significantly higher
values for these parameters.

Table 4. Total polyphenolic content of the tested samples

Sample

Processing Fresh Blanched Freeze/Thawed

step

Eggplant 1228.77° = 64.81 1732.11*+ 66.40 897.40° + 133.44
Green peas 226.46* £ 6.34 179.53*£0.01 176.78° = 14.45
Green beans 809.62*+ 128.77 746.93* £ 55.74 642.71* £5.32
Asparagus 1002.65° = 47.84 1354.39: + 55.76 1249.07° = 61.34
Broccoli 1257452+ 92,61 1968.422 + 929.35 1702.52*+ 152.85
Oyster mushroom 1304.59*+ 156.83 723.32°+5.45 517.38°+16.48
Agaricus bisporus 1246.52° £ 128.06 1177.68*=103.48 704.50° £ 70.62

Different lowercase letters in rows indicate significant differences (p < 0.05) between the processed samples.

Antioxidant activity values varied between
samples and processing

steps

(Table 3).

microwave
antioxidant activity of the blanched samples

blanching on

peppers.

Increased antioxidant activity was observed
after blanching for all vegetable samples except
mushrooms, which presented lower values for
this parameter. Similar results were also found
by Punathil and Basak (2016), when used
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increased, fact that could be explained by the
generation of phenolic derivatives during
blanching, with enhanced antioxidant activity.
Aadil et al. (2019) also observed an increase of
the antioxidant activity after juice blanching,



most probably due to the retention of phenolic
compounds. Antioxidant activity and total
phenolic content were also proved to increase
after blanching of samnamul (98°C for 30 s), but
increasing blanching time showed rapid
decrease of the values of these parameters (Kim
et al., 2019). Thawing process led to significant
smaller (p<0.05) values for antioxidant activity
compared to fresh vegetables in case of
eggplant, oyster mushroom and Agaricus
bisporus mushroom. Similar results were
obtained in a study performed by Stinco et al.

(2013), where the antioxidant activities of
microwave thawed orange juice samples
registered smaller values compared to fresh
juices. Green beans and broccoli showed
insignificant changes during processing
(p > 0.05). Broccoli and asparagus showed
higher antioxidant activity in thawed samples
compared to the fresh ones, results also obtained
by Ninfali and Bacchiocca (2003) who observed
that the antioxidant activity in frozen broccoli
was conserved.

Table 5. Antioxidant activity of the tested samples

Sample

Processing
step

Fresh

Blanched

Freeze/Thawed

Eggplant

1230.16°+ 1.04

1960.60*=1.17

891.18°+103.88

Green peas

96.41°+3.16

183.34* £ 18.91

137.74% + 40.89

Green beans

1597.81* £ 66.25

1795.12* £ 485.34

817.76° + 54.58

Asparagus 1212.45°+£116.02 5753.45*+ 229.87 3630.48° + 138.22
Broccoli 3350.63°+£ 73.81 4890.56° + 24.09 5405.58*+ 276.95
Oyster mushroom 3491.35% £ 469.65 1098.00° = 1.00 927.55°+51.30

Agaricus bisporus

3232.39*+£310.68

3133.41*+209.19

1694.95°+ 13.74

Different lowercase letters in rows indicate significant differences (p < 0.05) between the processed samples.

Regarding colour determination (Tables 6-8),
changes were observed during processing. L*
values significantly decreased (p<0.05) during
processing for eggplant, oyster mushroom and
Agaricus bisporus mushroom, while for the
other tested samples values remained similar. In
respect to a* parameter, significant differences
(p<0.05) were observed in case of eggplant which
presented a negative value in fresh form (ten-
dency to green colour), fact that could be attri-
buted to the oxidation of the untreated sample.
After blanching and thawing, samples registered
positive values, which mean the colour slightly
shifted towards red most probably due to
enzymatic exposure (Priyadarshini et al., 2023).
Green peas, green beans, broccoli and asparagus
had negative values which are specific for green

products, values that were not significantly
different during processing. Regarding b*
parameter, similar values were registered during
processing for all vegetable samples. Briefly,
significant (p<0.05) decreasing values were
registered for eggplant and green peas, showing
a decreasing yellowness intensity of these
samples. Green beans presented similar b*
values for fresh and blanched samples, showing
that the treatment did not significantly affect the
colour of the sample (p>0.05). However, higher
values were observed for freeze/thawed sample.
Significant changes (p<0.05) were observed for
green beans, asparagus, broccoli, oyster
mushroom and Agaricus bisporus samples, with
increasing and decreasing values during
processing, compared to the fresh samples.

Table 6. L* values for the studied samples

Sample
Processing Fresh Blanched Freeze/Thawed
step

Eggplant 74.09*+0.24 47.64° = 2.36 31.61°=0.58
Green peas 53.04°£0.15 56.03*£0.10 46.19°£0.82
Green beans 36.63°=0.28 39.00* = 0.36 36.50°+ 0.67
Asparagus 42.95*+£2.07 42.02*=0.34 40.12°+ 1.85
Broccoli 37.19°=0.51 31.10°=3.41 44.78*+ 3.86
Oyster mushroom 64.70° £ 1.41 60.87°+0.77 46.59°£0.77
Agaricus bisporus 76.66* £ 1.09 65.81° = 0.94 36.69°= 1.38

Different lowercase letters in rows indicate significant differences (p < 0.05) between the processed samples.
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Table 7.

a* values for the studied samples

Sample
Processing Fresh Blanched Freeze/Thawed
step
Eggplant -0.13°+£0.43 7.23*£0.73 4.95°+0.17
Green peas -10.23*+ 0.06 -14.02¢=0.16 -10.59° £ 0.27
Green beans -8.39° £ 0.04 -5.88°+£0.26 -5.07* £ 0.49
Asparagus -6.36* £ 0.46 -7.89°+0.41 -6.54* £ 0.79
Broccoli -7.13*£0.15 -13.79°£0.59 -10.53°+0.41
Oyster mushroom 1.40°=0.19 2.06°+0.07 2.90*=0.11
Agaricus bisporus 2.49°+0.10 2.79°+0.19 6.43*+0.57
Different lowercase letters in rows indicate significant differences (p < 0.05) between the processed samples.
Table 8. b* values for the studied samples
Sample
Processing Fresh Blanched Freeze/Thawed
step

Eggplant 33.99:+0.89 22.87°+0.43 18.82°=0.48
Green peas 38.05*£0.13 37.53*+0.29 33.27°£0.53
Green beans 19.67°+ 0.24 19.60° + 0.39 22272+ 1.12
Asparagus 3247+ 1.12 36.58* = 1.03 34.56°+0.77
Broccoli 16.67°+ 1.00 26.35°+3.07 32.32*+1.15
Oyster mushroom 20.52°+0.24 19.54°£0.31 21.20*£1.10
Agaricus bisporus 14.30° £ 0.35 19.252 = 0.50 17.91°=0.82

Different lowercase letters in rows indicate significant differences (p < 0.05) between the processed samples.

CONCLUSIONS

Blanching i1s mainly used for enzymatic
inactivation and also colour preservation of
vegetables and is often used as a necessary step
before applying the preservation processes, such
as drying, canning of freezing. The aim of our
study was to characterize seven vegetables in
different ~ moments  during  processing.
According to the results obtained, there are some
variations in nutritional characteristics, which
can be attributed to various factors, including
sample properties, type and processing
parameters (time and temperature). Generally,
no major negative impact was observed after
sample processing, vegetables retaining the
majority of their ascorbic acid and polyphenolic
content, as well as antioxidant activity. Also, the
applied treatments led to significant changes in
the colour of the studied samples, depending on
the nature of the sample and the applied
treatment.
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