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

Enzyme
Type Time (min) Protein content (%) Degree of hydrolysis (%)
30 80.21+1.52¢ 20.55+0.78°¢
Protamax
60 90.17+0.32° 30.63+0.81¢
90 96.58+ 0.16° 40.23+0.28?
30 70.96+1.35¢ 18.14+0.56"
Bromelain
60 82.88+2.08° 25.59+0.50¢
90 90.70+0.79° 35.25+0.79°

Averages with the different letters (in same columns) indicate that there is significant difference at the P< 0.05.
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Table 2: Effect of enzyme hydrolysis type (at 90 min) of protein hydrolyzed on amino acid composition

Amino acid (g 100 g™) Protamax Bromelain =~ FAO/ WHO, 1990
Threonine® 4.20 4.40 34
Valine* 4.70 4.90 3.5
Methionine® 3.70 3.40 -
Isoleucine * 3.70 3.40 2.8
Leucine® 7.50 6.90 6.6
Phenyl alanine® 9.95 9.10 6.3
Histidine ® 2.70 2.80 1.9
Lysine® 6.10 6.60 5.8
Arginine® 10.22 10.11 -
Tryptophan® 0.95 1.05 -
Glycine 4.11 4.21 -
Aspartic acid 9.22 9.88 -
Glutamic acid 17.55 18.22 -
Serine 5.10 4.99 -
Alanine 4.80 4.90 -
Tyrosine 1.90 1.95 1.1
Cystein 1.50 1.60 -
Total amino acid 98.30 98.11 -
Essential amino acids/ Total amino acid 55.05 53.39 -
Essential amino acids/ none ersential amino acids 1.22 1.14 -
HAAY 36.65 34.65 -

2 Essential amino acids
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® Combined total of hydrophobic amino acids (HAA)= alanine, valine, isoleucine, leucine, tyrosine, phenylalanine, methionine

and cysteine
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Figure 1: The DPPH free radical savaging activity of chia seed protein hydrolysates

Different letters in the same times showed a significant difference at p<0.05.
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Figure 2: The FRAP of chia seed 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 chia seed protein hydrolysates

Different letters in the same times showed a significant difference at p<0.05.
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Figure 4: The emulsifying capacity of chia seed protein hydrolysates
Different letters in the same times showed a significant difference at p<0.05
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Figure 5: The emulsifying stability of chia seed protein hydrolysates

Different letters in the same times showed a significant difference at p<0.05.

Ol pasele Slog ey S dgb o 1) el |85 S
SolwS Sl 5 b Jele o [TV das s
Gt Sessy PH Jels & o)l e b sy
b alie el ml il gl i) 5 S Rl
Slen SIS LV 51 glals gad) S (gl 5 S
wﬂ Loy odd sl 55, SLSUS 5 Lxdls
IR e VL s gbaley eled s WSl
Ssosba il Gl Sass wd b G Ol

130

(el Wy Al die W5 Cmo s SASUS ol
J%Tjsugnsh},&;qw Sl o8 5 odd 03 aslt
Gy ol b 0l 5B S5 0 s slacl~ Sasl
dyilani (630 b Sy sl 41 i S 3503 0L
OS5 2l ekiasOlis (il b b [V ] 55l
o3 b S e I3 L il e oS el LS W5

61)2%5&6}\%%}45%@&&0&‘?\



VErE g5 YY ays0 AW o,led

C)|)‘o‘| g;l"lb GL—&JC}\FM

PUSENNNCW P PRV S VOIS ) S0 ) IS CER R Rt
sk 8l w5l g s dul b Oley b o 5550
S g3l s sl s Lol s Shee 5 aday o i
O, 5 Villanueva-Lazo aslae bl sl 5
55, (YY) (O, Kes 5 Urbizo-Reyes 5 (Y+Y))

)L“w...o ;.L.S;&Séu;ﬁ) d\)(hk.:};dj\b cM}:J))J\:A

ader Oles 53 Sl T L sk sdosdes 55
LS ol 5 Susas e boop 5V s A
sdasdes AuT s 3 gadaze Slidss (P<0/00) sl OLES
SLSS Gl s bl sdesda Ol s L;"-i)j
S il Jelge Lles S pwy s ool
& Saoa ax s pH e Loyl 5 5 a5

.Jub).f WLA Lﬁy—u w\ B N ESEEE ("Lj" W g_,.:.LLB » 4&.}\,‘.@:“
Protamax OBromelain
90 ~
80 -
o
= 70 A
2
3 60 A
2.
S 50 -
£
< .
S 40
=
30 A
20 -
10 -
0 )
Hydrolysis time (min)
Figure 6: The foaming capacity of chia seed protein hydrolysates
Different letters in the same times showed a significant difference at p<0.05.
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Figure 7: The foaming stability of chia seed protein hydrolysates

Different letters in the same times showed a significant difference at p<0.05.
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Chia seeds (Salvia hispanica) are recognized as a rich source of protein and
bioactive compounds, offering positive effects on human health. Enzymatic
hydrolysis of these proteins can enhance their functional properties and
antioxidant activity. This study aims to investigate the effect of different
enzymes on the production of hydrolyzed protein from chia seed with
desirable functional characteristics and high antioxidant. Hydrolyzed protein
from chia seeds was produced using the enzymes Protamex and Bromelain
over periods of 30, 60, and 90 minutes at optimal temperature and pH (50 °C
and pH 7). Subsequently, parameters such as solubility, foaming, and
emulsifying properties, along with DPPH radical scavenging activity and
iron-reducing power of the hydrolyzed proteins, were evaluated. Results
indicated that increasing hydrolysis time and the use of Protamex
significantly affected the degree of hydrolysis and the quantities of chia seed
proteins. At 90 min, the highest degree of hydrolysis (40.23%) and protein
content (90.70%) were observed (P< 0.05), demonstrating the high
efficiency of this enzyme in the hydrolysis process. These conditions also led
to improvements in functional properties, including solubility,
emulsification, and foaming capacity of the proteins. Furthermore, this
hydrolysis resulted in a significant increase in antioxidant activity, including
DPPH radical scavenging and iron chelation. The results revealed that
different enzymes exert varying effects on a substrate, and enzymatic
modification of chia seed proteins creates a natural source of antioxidants
with considerable potential for applications in the food and pharmaceutical
industries.
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