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Introduction

Seeds and nuts have received increasing attention due to their nutritional value and the high therapeutic
properties of their bioactive compounds. Most of the seeds are used as nuts, and some of them are considered
agricultural waste. Pumpkin seeds have a high content of protein (30-40% in terms of dry matter). Proteins are
among the vital health-giving components that provide nitrogen, essential amino acids and energy necessary for
normal cells. Pumpkin seeds are a good source of amino acids such as valine, histidine, isoleucine, leucine,
threonine and methionine. Protein hydrolysate is a mixture of peptides and amino acids that can show antioxidant,
antimicrobial, anticancer, antidiabetic and antihypertensive properties. During hydrolysis, proteins are broken into
small peptides and amino acids. Since enzymatic hydrolysis is performed in relatively mild conditions and no
amino acid damage occurs, this type of hydrolysis is preferred over acid and alkaline hydrolysis. Hydrolysates
obtained from pumpkin seed protein have bioactive properties, especially antioxidant activity. Pretreatment of
proteins before enzymatic hydrolysis acts to improve the release of bioactive peptides from different proteins.
Pretreatment can facilitate the unfolding the structure of proteins and thus increase the access of enzymes to peptide
bonds. The main properties of microwaves usually show three characteristics: penetration, reflection and
absorption. Microwave assisted enzymatic hydrolysis can shorten the time and improve the speed of the reaction.
The purpose of this research was to investigate the antioxidant activity of pumpkin seed protein hydrolysates
(Cucurbita maxima L.) by alcalase enzyme in two conditions: without pretreatment and using microwave
pretreatment.

Material and Methods
In this study, Pumpkin (Cucurbita maxima L.) was purchased from the local market of Astane Ashrafieh in
Gilan province. The seeds were scooped manuallyand then dried in an oven at 50°C for 72 hours. After the
production of protein concentrate from pumpkin seeds, the chemical properties of the concentrate, such as the
amount of fat, protein, ash and moisture, were measured. The isolated pumpkin seed solution was exposed to
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microwave energy with a power of 450-900 watts for 30-90 seconds and was used as a substrate solution in
enzymatic hydrolysis experiments. It should be noted that after measuring the total antioxidantactivityr for
different powers and times of microwave pretreatment, the power of 600 watts for 60 seconds was selected and
applied before enzymatic hydrolysis. Enzymatic hydrolysis was done by alcalase enzyme with a concentration of
0.5 to 2.5% compared to the protein substrate during 20 to 190 minutes, and the optimum temperature and pH of
alcalase were determined in order to produce hydrolysates with antioxidant activity. Antioxidant activity was
measured by using DPPH free radical inhibition, total antioxidant activity and iron chelation activity methods.

Result and Discussion
Bioactive peptides produced by the enzymatic hydrolysis of proteins have significant antioxidant properties.
Pumpkin seeds can be used as a rich source of nutrients and bioactive compounds in various food industries. The
results showed that the maximum amount of antioxidant activity without pre-treatment was achieved in 165
minutes with a 2.2% ratio of E/S by using DPPH free radical scavenging activity (40.5%), total antioxidant power
(0.79), and iron chelation activity (96.2%) methods. By using microwave pre-treatment, the maximum amount of
antioxidant activity was achieved in a shorter time and with less enzyme (105 minutes and E/S ratio 1.5%) using
DPPH free radical scavenging (52%), total antioxidant power (0.711), and iron chelation activity (93%). Therefore,
it can be concluded that using microwave assisted enzymatic hydrolysis , in addition to achieving hydrolysates
with proper antioxidant activity, is a suitable method to save time and reduce enzyme concentrations used in

enzymatic hydrolysis.
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Table 1- Levels of independent variables used to optimize the antioxidant activities of pumpkin seed protein
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Table 2- Chemical compounds present in whole grain, defatted flour and pumpkin protein concentrate

Aiged (woyn) Cugby  (a0)3) pss (w0)3) (22 (n0) (i
Sample Moisture Ash Fat Protein
Jot5 s 8.46 6.9 3157 33.92
Whole grain
odd @Sz xS 7,65 4.65 5.12 50.5
Defatted flour
935 OnSay 03l 5.45 1.45 2.29 65.62

Pumpkin protein concentrate
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Table 3- Random treatments and antioxidant activity of hydrolyzed pumpkin seed protein without pretreatment

Treatment Time E/S Total anti-oxidant Chelation activity %
1 20 15 0.654 25.2 79.6
2 45 0.8 0.625 22.3 76.5
3 45 2.2 0.684 26.5 83.6
4 105 0.5 0.637 23.6 81.1
5 105 15 0.714 31.2 89.2
6 105 15 0.72 32.8 88.5
7 105 15 0.725 335 87.8
8 105 25 0.764 375 90.5
9 165 0.8 0.658 255 84.6
10 165 2.2 0.79 40.5 96.2
11 190 15 0.725 335 89.5
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Table 4- Random treatments and antioxidant activity of hydrolyzed pumpkin seed protein under microwave pretreatment

)l'°‘$3 0"“) M)"‘/,l‘:‘“"w K un%“s'_'um DPPH % U;'A‘us Y oy
Treatment Time E/S Total anti-oxidant Chelation activity %
1 20 15 0.654 25.7 84.8
2 45 0.8 0.625 231 80.2
3 45 22 0.665 28.3 86
4 105 0.5 0.613 225 80
5 105 15 0.688 51 93
6 105 15 0.711 50.8 91
7 105 15 0.701 52 92
8 105 25 0.691 35 89
9 165 0.8 0.632 26 81
10 165 22 0.688 40.2 89.7
11 190 15 0.642 37 84.3
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Table 5- Variance analysis of chelation activity of pumpkin seed protein hydrolysate by alcalase
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Fig. 1. Effect of time and E/S on chelation activity without pretreatment (a) and Effect of time and E/S on chelation activity
with pretreatment (b)
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Table 6- Variance analysis of free radical scavenging activity DPPH of pumpkin seed protein hydrolysate by alcalase
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Fig. 2. The effect of time and E/S on DPPH free radical inhibition activity without pretreatment (a) and The effect of time
and E/S on DPPH free radical inhibition activity with pretreatment (b)
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Table 7- Variance analysis of total antioxidant activity of pumpkin seed protein hydrolysate by alcalase
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Fig. 3. Effect of time and E/S on total antioxidant activities without pretreatment (a) and Effect of time and E/S on total
antioxidant activities with pretreatment (b)
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