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Table 1. Effect of enzyme hydrolysis type and time of protein hydrolyzed on protein content, degree of hydrolysis

and peptide chain length.

Enzyme
Protein content (%) Degree of hydrolysis | Peptide chain length

Type Time (min) (%)

10 64.59+0.50° 14.21+0.72° 7.04+0.35°
Protamax

30 77.69+0.61° 23.69+0.79° 4.22+0.14°

60 95.21+ 1.15% 35.17+1.59% 2.84+0.12¢

10 62.23+0.55' 12.53+0.84° 8.00£0.56°
Bromelain

30 74.62+1.08¢ 22.03+0.05° 4.53+0.01°

60 90.58+0.45° 31.59+0.83° 3.16+0.08°

Averages with the different letters (in each columns) indicate that there is significant difference at the P< 0.05.
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Table 2: Effect of enzyme hydrolysis type (at 60 min) of protein hydrolyzed on amino acid composition

Amino acid (g 100 g™7) Protamax Bromelain FAO/ WHO,
1990
Threonine® 6.44 6.79 34
Valine? 5.99 5.66 35
Methionine® 0.39 0.47
Isoleucine ? 4.14 4.05 2.8
Leucine® 7.04 7.05 6.6
Phenyl alanine® 5.88 4.99 6.3
Histidine ® 2.48 2.97 1.9
Lysine® 6.59 6.77 5.8
Argining® 5.79 5.11
Glycine 4.10 4.78
Aspartic acid 18.97 18.55
Glutamic acid 10.21 10.05
Serine 511 6.05
Alanine 5.79 511
Tyrosine 3.99 3.68 1.1
Cystein 0.44 0.45
Prolin 7.11 6.98
Total amino acid 99.63 99.39
HAA® 40.41 37.91
AAA° 12.35 11.46

2 Essential amino acids
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® Combined total of hydrophobic amino acids (HAA)= alanine, valine, isoleucine, leucine, tyrosine, phenylalanine,
methionine and cysteine
° The total amount of aromatic amino acids (AAA) (phenylalanine, histidine, tryptophan and tyrosine)
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Figure 1: The DPPH free radical savaging activity of clover sprouts protein hydrolysates
Different letters in the same times showed a significant difference at p<0.05.

S S s by sl 5wl gl Jis

IFA Y] o a5 0l 55,008

(St BT cdl e gl g, 5 K S

V7O

SISt s s S e o3l 0Ll e
O 5B, g a ek 5 el pasdes GlanSs

(S350 035 Gdaoden a3 Gdaodes S el 03



OLes 5 sAd,

ol Bl el mSTs sl gl Kol L asly e
gte 3 Shas ol 4 S Las Soll olS S

L74] 35 Aal 55 O el donST 6l 6 s SleiSTs 03 S

St ST Cdled sy Gl o S e
6@ u&.«s‘j S el L;N’L*-:S;’“ 5 okas Q)JJ&J\ K:)LM“SJ:
JeSon e Gl Sl L1 S penlienST gla s
)\ J—.ﬂ\;- aM}:j}JA:A L;LA U?S}Jﬂ m&g.d}:.a,\.ml
ol dosdes s 3l Ll s Ol e
Foosdasten Ol b Mag s Sebsn sl bws
G5 Ly ls 1, d_}\,\.:mS\ JJ Cled JJJYL 423>

}asﬁo.l;.hbi}}fﬁl4sﬁj\>&u%e“):}))“6&

> Protamax OBromelain
2 100 - 4 a
(@]
c 90 -
4 b T
s _ 80 :
3370 - T \:-:-:-
Sze0 | & ¢ N \-:-:-:
Bz R o
8 S 40 - R
?'Z) 30 - L
g(: 20 - ::::::

10 - \

10 30 60

Hydrolysis time (min)

Figure 2: The ABTS free radical savaging activity of clover sprouts protein hydrolysates
Different letters in the same times showed a significant difference at p<0.05.
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Figure 3: The solubility of clover sprouts protein hydrolysates
Different letters in the same times showed a significant difference at p<0.05.
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Figure 4: The emulsifying stability (a) and capacity (b) of clover sprouts protein hydrolysates
Different letters in the same times showed a significant difference at p<0.05.
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ABSTRACT

ARTICLE INFO

Enzymatic hydrolysis is one of the methods used to improve the functional and
nutritional properties of food proteins. Considering the effect that hydrolyzed
proteins have on the functional and health-giving properties of food, in this
research, using Protamax and Bromelain enzymes, the protein obtained from
the clover sprout was hydrolyzed and the effect of this process on the
antioxidant properties (inhibition DPPH and ABTS free radicals activities) and
their functional characteristics (solubility, foaming and emulsification) were
investigated. Then the hydrolyzed protein was micro-encapsulated by
nanoliposome and its characteristics were analyzed. According to the results,
the sum of hydrophobic and aromatic amino acids for Protamax and Bromelain
enzymes were 40.41, 37.91, 12.35 and 11.46, respectively. Also, among the
enzymes, Protamax enzyme was able to produce hydrolyzable protein with a
higher degree of hydrolysis, protein content, antioxidant properties and higher
functional properties, and also increasing the hydrolysis time had a positive
effect on the aforementioned characteristics. Therefore, the protein hydrolyzed
by Protamax enzyme and time 60 minutes was covered by nanoliposome, the
results related to the size of the particles carrying peptides equal to 93.64+3.37
nm, zeta potential equal to 42.1+1.38 8-mV and microcoating efficiency was
68.73+2.37%. The results of the present research showed nano protein can be a
useful approach for direct application of clover sprout peptides with antioxidant

capacity in food products.
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