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ABSTRACT

A great global interest in organic cultivation not only helps in enhancing the availability of nutrients but
also reduces dependency upon external inputs as it near to nature. The market for organic foods and other
products has grown rapidly due to consumers often find organic foods to be more nutritious and healthier than
conventional foods. Therefore, this study was designed to evaluate the phytochemical and bioactive compounds
. of green bean (Phaseolus vulgaris L.), which produced either organically or conventionally, as well as, the effect
of different technological processes and frozen storage period at -18°C for 6 months on phytochemical and
bioactive compounds content of their products were studied Organically grown green beans had higher contents
of total sugars, minerals, all bioactive compounds and antioxidant activity than conventional ones. Pyrogallol
was the predominant compound of both organic and conventional green beans (7.58 and 6.71 mg/ 100g,
= respectively), followed by chlorogenic and ellagic acids. There were variations in flavonoid individuals between
organic and conventional green beans whereas, organic green beans had the highest content (6.06 mg/100gm)
comparing with conventional green beans (4.67 mg/100gm).A greater stability of nutritional parameters for
| frozen organic green bean samples compared to frozen conventional samples during the storage period at -18°C.
Furthermore, levels of bioactive compounds in both organic and conventional green bean samples were slightly
affected by steam blanching than boiling blanching process and practically remained unchanged throughout the

entire storage period at — 18 °C for 4 months and then gradually declined.
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INTRODUCTION

Nowadays, consumers turned to organic farming
vegetable products due to the low confidence in food quality,
many food scandals (such as the use of heavy metals, industrial
pesticides and contamination with mineral fertilizers)
(Dangour et al., 2010). Organic vegetables are expected to
possess lower agrochemical contaminants and higher macro-,
micronutrients and bioactive compounds than these of
conventionally grown substitutes (Magkos et al., 2003).

Organically grown fruits and vegetables may result in
plant foods with higher natural antioxidants content. These
natural antioxidants are mainly polyphenols, carotenoids and
vitamins (E and C), exhibit a wide range of biological effects,
including anticarcinogenic, anti-inflammatory, antimicrobial,
antioxidant, antihypertensive and immune -modulating
(Talhaoui et al., 2015 and Xu et al., 2017).

As of 2019, nearly 70,000,000 hectares
(170,000,000 acres) worldwide were organically cultivated,
accounting for about 1.4 percent of the world's total
agricultural land (Willer and Lernoud, 2019). In 2014,
Egypt's organically grown area increased by 36.04 thousand
feddens, reaching about 0.16% of the total area cultivated
organically in the world. As well as, Egypt had 790 organic
farms, accounting for around 0.035% of the total number of
organic farms worldwide and the area cultivated organically
accounted for around 2.3 % of Egypt's overall agricultural
land (Soleiman and Abd-Elhamed, 2018).
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Green bean (Phaseolus vulgaris L.) is an herbaceous
annual plant belonging to the family Fabaceae. Green beans
are annual or multi-annual plants cultivated for their edible
green pods or seeds (Abed El-Hakim, 2017). The total
worldwide cultivated area of green beans is 1,579,489
hectares, producing 23,276,716 tons, as reported by FAO
(2020). In Egypt, the cultivated area of green beans is 33,296
fedden, producing 132,264 tons (EAS-MALR, 2018-2019).

Green beans are a major cash crop, important not
only for export but also for local market, where it is an
important protein source with high nutritional value
(Shalaby et al., 2016), a good amino acids profile (high
lysine) and contains complex carbohydrates, dietary fibers,
important vitamins (B complex vitamin) and minerals as
well as antioxidants and polyphenols (Derbyshire, 2011).
Organically produced foods contain phenolic compounds
and ascorbic acid more than conventional ones (Faller and
Fialho, 2010). Abu-Zahra (2016) found that total soluble
solids, dry matter, anthocyanins, ascorbic acid and total
phenols contents were higher in organic crops versus
conventional crops. Moreover, Mastura et al. (2017) stated
that the total phenols content in eight types of organic and
conventional green beans ranged from 144.0 to 453.77 and
135.71 to 395.38 mg GAE/100g, respectively on dry matter.
While, the antioxidant activity of raw green beans varied
from 594.27 to 1712 by DPPH and 645.14to 2229 by ABTS
pmol TE/100g, for both organic and inorganic respectively.
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In recent years, consumers have become increasingly
aware of the nutritional benefits brought by the regular
consumption of organic vegetable products, which reduces
the risk of health problems and diseases. High-quality raw
materials are essential since minimally processed produce is
highly perishable and susceptible to quality deterioration. So,
it was necessary to turn to use organic vegetables in food
processing, to extend the shelf life and maintain the quality of
the products without emitting dangerous chemicals.
Therefore, this study was designed to evaluate the
phytochemical and bioactive compounds of organic and
conventional green beans, as well as, to study the effect of
different technological processes on the phytochemical and
bioactive compounds content of their product.

MATERIALS AND METHODS

Materials

- Organically grown green beans (Phaseolus vulgaris L. cv.
Polista) were obtained from Central Laboratory for
Organic Agriculture, ARC, Giza. Conventional grown
green beans, was purchased from a private farm in Giza
city, Egypt.

- All chemicals (analytical grade) were purchased from
Elgomhouria pharmaceuticals Co., Cairo, Egypt. - 2.2-
diphenyl-1-1picryl-hydrazyl (DPPH), Folin- Ciocalteu
reagent, gallic acid and quercitin were obtained from
Sigma-Aldrich Chime, Steinheim, Germany.

Methods

Preparation and technological process of green beans

Green bean pods of both organically and
conventional grown green beans, at the immature
physiological stage (green-skin-color), were sorted after
removing the inedible parts with a sharp knife and washed
with tap water, then dried on a paper towel to remove excess
water, then cut into equal small pieces and divided into two

portions. One portion was blanched in boiled water for 4

min. and the second portion was blanched by steaming for 6

min. All blanched samples were cooled in iced water to

20+1°C and packed in polyethylene bags separately. The
two blanched green bean samples were frozen at —18+1°C

and stored for analysis at periodic intervals of 0, 2, 4 and 6

months.

Analytical methods

-Moisture, ash, total solids, total soluble solids (TSS),
titraitable acidity contents as well as, total, reducing and
non-reducing sugars were determined according to the
methods described by the A.O.A.C (2012).

- Minerals were detected, after dry ashing, according to the
method described in the A.O.A.C. (2012), using atomic
absorption (Perkin —Elmer, Model 3300, USA).

- Both chlorophyll (A and B) and total carotenoids of all
samples were determined according to the methods
described by Holm (1954) and Wetsttein (1957).

- Ascorbic acid was quantitatively determined by 2, 6-
dichlorophenol indophenol dye according to the method
described by Ranganna (1977).

- Total phenolic compounds content was determined using
Folin-Ciocalteau reagent according to the method
described by Maurya and Singh (2010) and phenolic
compounds were fractionated and identified by HPLC
Hewllet Packared (series 1050) in FTRI, according to the
method described by Goupy et al. (1999).

- Total flavonoids content was determined according to the
method described by Jia et al. (1999) and flavonoid
compounds were fractionated by HPLC Hewllet Packared
(series 1050) in FTRI, according to the method of Loon
etal. (2005).

- The antioxidant activity of samples was determined by the
2, 2-Diphenyl-1-picrylhydrazyl ~ (DPPH) radical
scavenging activity according to the colorimetric method
of Brand-Williams et al. (1995), and by measuring the
inhibition of hydroperoxides formed from linoleic acid
oxidation (Dapkevicius et al., 1998).

- The statistical data analysis was carried out using one way
analysis of variance (ANOVA) under a significant level of
0.05 for the whole results using the statistical program
CoStat (Ver. 6.400) and data were treated as complete
randomization design according to Steel et al. (1997). To
ascertain the significance among means of different
samples, LSD test was applied.

RESULTS AND DISCUSSION

Chemical constituents of fresh organic and conventional
green beans

Some chemical constituents of fresh organic and
conventional green beans were determined and the results
are shown in Table (1).

Table 1. Chemical constituents of fresh organic and
conventional green beans

Samples* Organic  Conventional LSD >
Constituents % green beans green beans  0.05
Moisture content 90.40°+1.38 90.742x0.23 2.24
Ash 0.562+0.05  0.532+0.09 0.17
Total solids 9.60°+0.15  9.26°+0.24 0.45
TSS 454240.02  4.442+0.07 0.11
Titratable acidity 0.13°+0.01  0.182+0.02 0.03
pH values 449°+0.04  4.38°+0.05 0.10
Total sugars 43824022  3.08"+0.18 0.46
Reducing sugars 3.262+0.18  2.34°+0.14 0.37
Non reducing sugars 1.122+0.1  0.74°+0.03 0.17
Minerals ( mg/100g)

K 1711.74 1420.42 -
Mg 181.21 160.62 -
Na 171.11 153.96 -
Ca 129.34 110.84 -
Fe 5.89 5.30 -
Zn 2.97 2.32 -

* On wet weight basis

Values are the mean of three independent determinations.

Different small letters in the same row indicate significant differences
(P<0.05).

Results show that, no variation in moisture, ash, total
solids and total soluble solids contents. While, there were
slight differences (P<0.05) in total acidity %, pH values,
total, reducing and non-reducing sugars contents for
conventional and organic green beans which had the highest
contents of the total, reducing and non-reducing sugars
(4.38, 3.26 and 1.12 %, respectively) than conventional
ones. These results are in agreement with those reported by
Matt et al. (2011) and Jakopic et al. (2013) which decided
that the sugar content of organic green beans was higher
than conventional ones. Meanwhile, fresh conventional
green beans had a slightly increased of total acidity than
organic ones. On the other hand, organically grown green
beans had the highest content of all minerals comparing with
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conventional ones. These results are in agreement with the
data reported by Abu-Zahra (2016). These might result from
greater microorganism activity in soils with organic
management. Active substances produced by soil
microorganisms are adsorbable by soil minerals, increasing
their accessibility to plant roots (Worthington, 2001). From
data in Table (1), it could be clearly concluded that, organic
green beans had higher contents of total sugars and minerals
than those of conventional ones.

Bioactive compounds and antioxidant activity of fresh
organic and conventional green beans

Data in presented Table (2), reveal that fresh organic
green beans had the highest contents of chlorophyll a, b and
total carotenoids (411.05, 274.84 and 160.23 mg/100g,
respectively) comparing with their contents in conventional
green

beans. Obtained data were in the range of values
recorded by Abd El-hakim et al. (2017), and are in
agreement with those reported by Rossetto et al. (2015). The
fact that nitrogen is a component of the chlorophyll
molecule and is the primary component of all amino acids
in proteins, which serve as a structural substance for green
plastidates, may account for the favourable effect of organic
green beans on chlorophyll concentrations.

Organically grown green beans had the highest
contents of ascorbic acid, total phenols and flavonoids which
were 45.88, 280.25 and 37.36 mg/100g, respectively
comparing with conventional ones (29.98, 234.10 and 32.76
mg/100g, respectively). These results are in agreement with
those reported by Faller and Fialho (2010), Filiz et al. (2017)
and Mastura et al. (2017). Some tomato varietals grown
organically may have more vitamin C content than tomatoes
grown conventionally. Ammonium nitrogen (NH4+) may not
have as much of an effect on vitamin C levels as nitrate
nitrogen (NO3-) (Hallmann, 2012). As well as, without
chemical pesticides, plants might be subjected to more
stressful situations, which would cause them to produce more
polyphenols and other natural defensive substances. There are
more easily available nitrogen sources produced by
conventional farming methods that use synthetic fertilisers,
which could expedite plant development, but no secondary
metabolites for growth. (Winter and Davis, 2006).

Table 2. Bioactive compounds and antioxidant activity
of fresh organic and conventional green beans

Samples Organic Conventional LSD >
*Constituents(mg/100g) green beans  green beans  0.05
Chlorophyll A 411.05%0.23 388.35°+0.36 0.68
Chlorophyll B 274.8440.14 256.00°+05 0.83
Total carotenoids 160.23*+0.22 112.46°+0.16 0.44
Ascorbic acid 45.88°+0.09 29.98°+0.02 0.15
Total phenols 280.25%+0.09 234.10°+0.26 0.44
Total flavonoids 37.36°+0.16  32.76°+0.28 0.52
Antioxidant activity % b

(by-DPPH) 4490%0.1  31.20°+0.36  0.60
Antioxidant activity % a b

( by Bcarotene) 32.872+0.05 24.77°+0.21 0.35
* On dry weight basis.

Values are the mean of three independent determinations.
Different small letters in the same row indicate significant differences
(P<0.05).

Data in Table (2) also reveal that, the organic green
beans had the highest values (44.90%) of antioxidant
activity by DPPH comparing with conventional green beans

which was 31.20%. As well as, the DPPH procedure
recorded the highest values comparing with - carotene
procedure and the different values of each antioxidant
capacity assays resulted from the different mechanisms of
each procedure. So, it could be clearly concluded that
organically grown green beans had a higher content of all
bioactive compounds and antioxidant activity than
conventional ones.
Fractionation of phenolic compounds of fresh organic
and conventional green beans

Twenty-three  phenolic  compounds  were
fractionated and identified by HPLC as shown in Table (3).
Pyrogallol was the predominant compound of both organic
and conventional green beans (7.58 and 6.71 mg/ 100g,
respectively), followed by chlorogenic and ellagic acids.
Alpha-coumaric and benzoic acids were also detected in
significant amounts of both fresh organic and conventional
green beans comparing with other phenolic compounds
detected in immovable amounts. Furthermore, organic
green beans had higher contents of total phenolic acids
(18.15 mg/100g) than conventional ones which recorded
13.91 mg/100g. Data on total phenols found using the Folin-
Ciocalteu method, which were higher than those found
using the HPLC method, support these conclusions. The
HPLC method only provided 50 to 60 percent of the amount
assessed by the Folin-Ciocalteu method (Ferreira et al.,
2002).These results are in agreement with those reported by
Abu-Zahra (2016) and Mastura et al. (2017).

Table 3. Fractionation of phenolic compounds of fresh
organic and conventional green beans

Samples * Phenolic Organic Conventional
compounds (mg/100g) green beans green beans
Gallic acid 0.08 0.03
Pyrogallol 7.58 6.71
4-Amino-benzoic acid 0.12 0.07
Protocatechoie 0.30 0.28
Catechine 0.38 0.29
Chlorogenic acid 2.01 153
Catechol 0.30 0.13
Epicatechein 0.39 0.46
Caffeine 0.17 0.07
P-OH-benzoic acid 0.48 0.17
Caffeic acid 0.07 0.01
Vanillic acid 0.12 0.13
P-Coumaric acid 0.38 0.06
Ferulic acid 0.25 0.11
Iso-Ferulic acid 0.12 0.04
Reversetrol 0.04 0.01
Ellagic acid 2.01 121
Alpha-Coumaric acid 1.43 112
Benzoic acid 1.30 1.17
3, 4, 5 -methoxy-cinnamic 0.14 0.01
Coumarin 0.04 0.01
Salycilic acid 0.34 0.26
Cinnamic acid 0.10 0.03
Total 18.15 13.91

* On wet weight basis.

Fractionation of flavonoid compounds of fresh organic
and conventional green beans

Ten flavonoid compounds were separated and
identified by HPLC and the results are presented in Table
(4). Rosmarinic, luteolin and hesperidin were the major
flavonoid compounds found in organic green beans (1.59,
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1.52 and 1.18 mg/100g, respectively). Rutin and narengin
were detected in moderate amounts comparing with other
flavonoids. On the other hand, hesperidin was the
predominant flavonoid compound in conventional green
beans (3.7 mg/100g). But, luteolin and narengin were
detected in moderate amounts comparing with other
flavonoid compounds.

Furthermore, there were variations in flavonoid
individuals between organic and conventional green beans.
Organic green beans had the highest content (6.06
mg/100gm) of total flavonoid compounds comparing with
conventional green beans (4.67 mg/100gm). These results
are in accordance with those reported by Lima and Vianello
(2011) who found that some organic vegetables have higher
content of flavonoids comparing with the same products
coming from conventional cultivation. The variations in
flavonoid concentrations are likely brought about by the
absence of fertilisers in organic farming. Due to a lack of
synthetic pesticides and highly soluble fertilisers, organic
crops may have a higher phenol content than conventional
ones as a means of enhancing plant tolerance. In addition to
farming system techniques, genetics, fertilisation control,
soil biology, and environmental stress are other factors that
affect the accumulation of polyphenols in fruits and
vegetables. (Mazzoni et al., 2020).

Table 4. Fractionation of flavonoid compounds of fresh
organic and conventional green beans

Samples*Flavonoid Organic Conventional
compounds (mg/100g) green beans green beans
Luteolin 1.52 0.32
Narengin 0.41 0.43
Rutin 0.64 0.09
Hesperidin 1.18 3.70
Rosmarinic 1.59 0.02
Quercetrin 0.11 0.02
Quercetin 0.18 0.02
Naringenin 0.07 0.01
Hespertin 0.22 0.05
Kaempferol 0.15 0.01
Total 6.06 4.67

*On wet weight basis.

Effect of some technological processes (blanching and
freezing) on bioactive compounds and antioxidant
activity of organic and conventional green beans during
storage periods

The effects of the boiling and steaming blanching
processes on the phytochemical compounds of organic and
conventional green beans during storage periods at —18°C for
6 months were evaluated and the results are shown in Table
(5). The results reveal that chlorophyll a and b contents of
organic green beans had markedly decreased with losing
percentages 9.0 and 15.0%,respectively while highly
significant decresses occurred in conventional green beans
with losing percentages 10.0 and 15.95% after the boiling
process. On the other hand, the losing percentages were 8.5 ;
140 % and 8.0 ; 14.5 %, respectively for organic and
conventional green beans after the steaming process. This
decrease is attributed to blanching temperature that converts
chlorophyll a and b to phetophytin a and b through the Mg
substitution of the chlorophyll by hydrogen (Turkmen et al.,
2006). The color loss is accelerated by high temperature and

exposure to oxygen during processing and the boiling method
resulted in the highest loss of chlorophyll a and b content
comparing with the steaming method. Furthermore, organic
green beans were less sensitive to heating (boiling and
steaming) as well as during storage periods at —18°C for 6
months than those of conventional origin.

Concerning the total carotenoids content which is the
most stable form of the thermodynamic point of view, it
found to be very heat stable and had slightly decreased
during storage period at -18°C for 6 months. These results
are in agreement with those reported by Oruiia- Concha et
al. (1997) and Bamidele et al. (2017). Carotene losses were
offset due to blanching beans before freezing considerably
reduces the decreases in lutein and - carotene contents due
to lipoxygenase deactivation by blanching.

The blanching processes of organic green beans
caused a highly significant reduction (27.98% loss) of
ascorbic acid content during the boiling process comparing
with the steaming process (22.47% loss). Furthermore, the
most ascorbic acid reduction observed for conventional green
bean samples with losing percentages were 34.22 and
29.05%, respectively for boiling and steaming processes. The
losses during blanching have been postulated due to leaching
into the blanching medium and thermal degradation of
ascorbic acid to dehydro-ascorbic acid and further oxidation
(Davey et al., 2000 and Chuah et al., 2008).

The blanching process caused significant increases
in the total phenols content (280.25 mg GAE/100g) after
boiling and steaming processes being 316.81 and 319.03
mg GAE/100g, respectively for organic green beans and
from 234.1 mg GAE/100g to 255.61 and 289.96 mg
GAE/100g, respectively for conventional ones (Table, 5).
Moreover, a similar increase in total flavonoids content and
antioxidant activity was observed after the boiling and
steaming processes. Domestic cooking methods can
increase the polyphenol content in vegetables, including
flavonoid and antioxidant capacity, because extractable
parts of these molecules are reinforced by plant tissue
disruption when subjected to high temperatures (Turkmen
et al., 2005). Also, from the same table, it could be clearly
seen that both steam and boiling blanching methods caused
positive significant effects on the total phenols and
flavonoids content as well as, the antioxidant activity of
organic and conventional green beans samples, whereas, the
steaming method resulted in the lowest changed of bioactive
compounds content comparing with the boiling method.
This may be due to the final exposure to heating by hot
vapor, while, steaming has a softer effect on the structure of
the food matrix than exposure to heating by boiling
(Palermo et al., 2013 and Preti et al., 2017).

Generally, it could be concluded that greater stability
of nutritional parameters for frozen organic green bean
samples compared to frozen conventional samples during
the storage period at -18°C. Furthermore, levels of bioactive
compounds in both organic and conventional green bean
samples were slightly affected by steam blanching than
boiling blanching and practically remained unchanged
throughout the entire storage period at — 18 °C for 4 months
and then gradually declined.
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Table 5. Effect of blanching process on bioactive compounds and antioxidant activity of frozen organic and
conventional green beans during storage periods

Organic green beans

Ié%ﬁ;giﬂ;ts - Storage period (months) s ;_SI(D)S
(Mg/100g) oiling water team >0.
Fresh Zero 2 4 6 Zero 2 4 6
Chlorophyll 411058 374.05° 367.16° 351.327 346.12" 376.11%8 361.19% 354.14° 349.449 156
A +0.23 +1.75 +0.83 +0.29 +1.10 +0.38 +0.58 10.92 +1.55 '
Chlorophyll 274.84% 233610 225159 213.647 202.24" 236.36° 226.98° 215.85° 207.53¢ 140
B +0.14 +1.06 +1.07 +0.70 +0.72 +0.84 +1.10 +0.99 +0.93 :
Total 160.232 152.28% 151,78 149.07¢ 148.61¢ 153.008 151.28%+ 150.90° 148.90¢ 105
carotenoids +0.22 +1.21 +0.63 +0.57 +0.50 +1.06 0.34 +0.37 +0.31 :
Ascorbic 45.882 33.04% 29.78%d 2784 25.624 35572 31.328c 2971bd 2832+ 330
acid +0.09 +4.76 +0.00 +3.28 +1.89 +1.04 +2.85 +1.49 3.82 '
Total 280.25¢ 316.812 295.27¢ 289.28° 274.66d 319.03a 305.93b 289.52c 278.77¢ 8.07
phenols +0.09 15.76 +6.05 18.04 15.28 +3.79 +2.61 15.22 15.17 '
Total 37.36° 40.81% 39,03%c 38.78%¢  37.94¢ 41012 39.08%c 3870  37.26° 144
flavonoids +0.16 +0.68 +0.59 +0.35 +1.06 +0.59 +0.70 +2.03  10.74 :
Antioxidant activity 44.9° 53.79> 51.85°¢  48.95¢ 45.13¢ 55.428 53.09° 51.93¢  49.06¢ 0.95
% (DPPH) +0.10 +0.23 +0.65 +0.22 +0.22 +0.67 +0.99 093  +0.66 '
Antioxidant activity =~ 32.87°  40.34* 39.35¢ 38.35%  38.39% 41572 4045  38.42%  3750° 091
% by B — carotene +0.05 +0.25 +0.77 +0.60 +0.48 +1.12 +0.48 +0.43  #0.31 '
Conventional green beans
Treatments Storage period (months)
* Constituents Boiling water Steam LSD>0.05
(mg/100g) Fresh Zero 2 4 6 Zero 2 4 6
Chlorophyll 388.352 34951° 341.22¢ 338109 331.73" 357.28° 350.78° 346.949 340.12 0.93
A +0.36 +0.43 +0.63 +0.77 +1.04 +0.51 +0.29 +0.24 +0.49 '
Chlorophyll 256  215.15° 206.33° 197.92¢ 186.399 218.88* 200.12¢ 196.55° 190.71f 178
B +0.5 +0.46 +1.18 +0.48 +0.53 +0.54 +1.18 +0.93 +2.52 '
Total 112.46° 106.82% 105.49° 104.06%+ 102.72°%+ 107.96* 105.36° 103.89%+ 101.91 112
Carotenoids +0.16 +0.35 +0.88 0.37 0.95 +0.49 +0.75 1.23 +0.54 ‘
Ascorbic 29988 19.72%  1824%  17.11%  16.45° 21.272 18.68%  18.93% 1749 361
acid +0.02 +1.12 +3.71 +1.56 +1.27 +2.36 +3.07 +3.44 +1.25 '
Total 234.1%F 255610 243.40° 234.92%+ 221.94°% 289.96 249.45% 238.26>d 228.25% 14.95
phenols +0.26 +6.23 +8.32 153 10.54 +8.88 +1554 537  +15.60 ’
Total 32.76% 3510 3398* 32699 32279 35.95% 34.60% 3425 32,94 137
flavonoids +0.28 +0.42 +0.83 +2.21 +0.40 +0.42 +0.63 +0.33 +0.32 '
Antioxidant 31.2¢ 36.34% 33.144 30.21° 29.71° 36.642 35.51° 34.46°  33.48¢ 077
activity% (DPPH) +0.36 +0.31 +0.37 +0.22 +0.63 +0.53 +0.52 +0.37 +0.74 '
Antioxidant activity  24.77¢  30.122 29.82%  2851%¢  27.61° 30.07%® 20.37% 2846  27.55° 141
% (3 — carotene) +021  +0.76 +1.95 +0.72 +0.56 +0.81 +0.83 +0.32 +0.74 )

*On wet weight basis
Values are the mean of three independent determinations.
Effect of blanching process on phenolic acid compounds
content of organic and conventional green beans

The effect of blanching process (boiling and
steaming) on phenolic compound fractions of organic and
conventional green beans samples was studied and the
results are presented in Table (6). Steam blanching process
of organic and conventional green beans samples had a
slight effect to reduce the total phenolic compounds content
comparing with the boiling process. Pyrogallol was the
major phenolic compound detected in blanching organic
and conventional green beans which decreased to 5.00, 5.73
mg/100g and 4.74 and 5.11 mg/100g, respectively in boiling
and steamed organic and conventional green beans.
Meanwhile, a-coumaric acid increased to 2.82 and 1.79
mg/100g, respectively in boiling and steamed organic green
beans. These results are closed to those reported with Preti
et al. (2017), who reported that both steaming and boiling
methods of cooking significantly affected the total
polyphenols content and antioxidant activity of green beans,
but the boiling method resulted in the highest loss of total
polyphenols content comparing with the steaming method.

Generally, from the obtained data, blanched organic
and conventional green beans by steaming process had a
higher content of total phenolic acids (15.59 and 12.71
mg/100g, respectively) comparing with the boiling process
(14.82 and 10.22 mg/100g).

Different small letters in the same row indicate significant differences (P<0.05).

Table 6. Effect of blanching processes on phenolic acid
compounds content in organic and conventional
green beans

Samples Organic green Conventional green

*Phenolic beans beans

acids(mg/100g) Fresh Boiling Steaming Fresh Boiling Steaming

Gallic acid 008 014 002 003 013 004
Pyrogallol 758 500 5.73 6.71 474 511
4-Amino-

benzoic acid 012 004 002 007 004 003
Protocatchuic 030 023 029 028 054 0.77
Catechein 038 042 039 029 086 1.70
Chlorogenicacid 201 088 141 153 065 031
Catechol 030 015 018 013 0.17 0.29
Epicatechein 039 022 016 046 034 057
Caffeine 017 0.10 007 007 007 011
P-OH-benzoic 048 024 018 017 017 031
Caffeic acid 0.07 0.05 003 001 004 0.08
Vanillic acid 012 008 014 013 018 034
P-Coumaricacid 0.38 0.24 029 006 0.9 0.12
Ferulic acid 025 0.16 007 011 003 032
Iso-Ferulic 012 051 085 004 004 0.13
Reversetrol 004 035 018 001 0.02 003
Ellagic acid 201 163 0.72 121 066 0.73
o-Coumaricacid 143 282 179 112 004 0.07
Benzoic acid 130 016 1.98 117 062 0.70
3,4,5-methoxy-

cinnamic 014 014 007 001 002 003
Coumarin 004 067 041 001 010 003
Salycilic acid 034 055 058 026 052 0.68
Cinnamicacid 010 0.04 003 003 014 0.21
Total 1815 1482 1559 1391 1022 1271

*On wet weight basis
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Effect of blanching process on flavonoid compounds
content of organic and conventional green beans

Ten flavonoid compounds were separated and
identified by HPLC and the results are shown in Table (7).
Hesperidin increased to 3.15 ; 3.27 and 5.05 and 4.83
mg/100g, respectively in boiling and steamed organic and
conventional green beans. While, narengin increased to 1.72
; 1.11 and 0.48 ; 1.30 mg/100g, respectively in boiling and
steamed organic and conventional green beans.These results
are compatible with those reported by Turkmen et al.
(2005),who reported that domestic cooking methods can
increase the flavonoids content in vegetables, including
antioxidant capacity, because extractable parts of these
molecules are reinforced by plant tissue disruption when
subjected to high temperatures.

Table 7. Effect of blanching processes on flavonoid
compounds content of organic and conventional
green beans

Samples Organic green Conventional green
Flavonoids beans beans
?&?ﬁg‘ég?s Fresh Boiling Steaming Fresh Boiling Steaming
Luteolin 152 088 234 032 080 131
Narengin 041 172 11 043 048 1.30
Rutin 064 164 140 009 013 131

Hesperidin 118 315 327 37 505 483
Rosmarinic 159 064 0.02 002 0.05 0.14

Quercetrin 011 250 187 002 006 0.13
Quercetin 018 0.03 031 002 014 023
Naringenin 007 007 0.16 001 017 0.62
Hespertin 022 017 032 005 008 011

Kaempferol 015 010 031 001 002 0.11
Total 607 1090 1111 467 698 10.09
*On wet weight basis

Generally, steam blanching had a positive effect to
increase flavonoid compounds content in both organic and
conventional green beans than boiling water, as well as, the
organic green beans had a highly increasing rate comparing
with conventional ones. This may be due to the final
exposure to heating by hot water, while, steaming has a
softer effect on the structure of the food matrix than
exposure to heating by boiling (Palermo et al., 2013 and
Preti et al., 2017).

Finally, it could be concluded that ,the levels of
bioactive compounds in both organic or conventional green
beans were slightly affected by steam blanching than boiling
blanching and remained unchanged during storage at — 18
°C for 4 months and then gradually reduced.
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