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Abstract

We report the study of the microencapsulation processes of a protein isolate from Cordyceps militaris using spray
drying technique. Maltodextrin (MD), B-cyclodextrin (ﬁ-CD) and maltodextrin mixed with B-Cyclodextrin (MD:ﬁ-CD)
at ratio of 1:1, 1:2 and 2:1 (weight/weight) and the ratio of protein isolate to wall material of 1:4 (weight/weight) were
used as experimental variables. Physicochemical properties of microencapsulated powder, i.e., yield percentage, color
value, water activity, encapsulation efficiency, solubility, chemical composition, total phenolic content, DPPH and ABTS
radical activities were investigated. Protein isolates encapsulated with MD1:[3-CD2 had the highest yield percentage
and protein content of 73.89% and 16.75%. However, B-CD encapsulated had the highest encapsulation efficiency
and solubility of 89.44% and 95.67%, respectively. In addition, all treatments of microencapsulated powder had water
activity, lightness (L*), redness (a*) and yellowness (b*), and total color difference (AE*) values in the range of
0.21-0.25, 74.74-79.20, 7.32-8.65, 35.59-41.52 and 38.94-46.21, respectively. B-CD encapsulated protein isolate
powder had the highest total phenolic content of 101.45 mg GAE/g sample, but MD1:[3-CD2 encapsulated protein
powder had the highest ABTS radical scavenging activities of 1536.49 pmol Trolox equivalent/g sample,

respectively. Therefore, the protein isolate encapsulated with MD1 :ﬁ-CDZ with its high yield percentage and antioxidant

activity, represents an optimal microencapsulation process for Cordyceps militaris.

Keywords: Microencapsulation, B—Cyclodextrin, maltodextrin, cordyceps militaris
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Figure 1 The appearance of microencapsulated protein isolate from Cordyceps militaris
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Table 1 Yield, encapsulation efficiency, water activity and solubility of microencapsulated protein isolate from Cordyceps

militaris using different types of wall materials

Yield EE Solubility

Treatments a

(%) (%) W (%)

MD 65.51 + 0.97°" 86.52 + 0.22° 0.25 + 0.01° 84.13 + 0.68°
B-co 68.57 + 1.14° 89.44 + 0.25° 0.23 + 0.02* 95.67 + 0.75°
MD1:[3-CD1 72.31 + 1.24° 88.17 + 0.10° 0.23 +0.01% 88.99 + 0.41°
MD1:3-CD2 73.89 + 0.54° 88.20 + 0.13° 0.22 +0.03° 93.88 + 0.72°
MD2:[3-CD1 72.48 + 0.74° 87.59 + 0.46° 0.21 +0.02° 92.75 + 0.33°

* Values are given as means = SD (n=3)

** Different with letters (*°) in the same column indicate significant differences (p < 0.05)

MD: Maltodextrin
B-CD: |3-cyc|odextrin

MD1:[3-CD1: Maltodextrin mixed with ﬁ-cyclodextrin at ratio of 1:1, (weight/weight)
MD1:[3-CD2: Maltodextrin mixed with ﬁ-cyclodextrin at ratio of 1:2, (weight/weight)
MD2:[3-CD1: Maltodextrin mixed with ﬁ-cyclodextrin at ratio of 2:1, (weight/weight)
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from Cordyceps militaris with Maltodextrin and ﬁ-CycIodextrin
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Table 2 Color values of microencapsulated protein isolate from Cordyceps militaris using different types of wall

materials
Color values
Treatments
L* a* b* AE*

MD 79.20 + 0.01%" 7.32 £ 0.01° 35.59 + 0.01° 38.94 £ 0.01°
B-co 75.61 £ 0.03° 7.57 £ 0.02° 41.27 £ 0.01° 45.51 £ 0.02°
MD1:[3-CD1 76.96 + 0.02° 8.65 £ 0.01° 38.29 + 0.01° 42.27 + 0.02°
MD1:[3-CD2 75.92 + 0.01° 8.65 + 0.01° 40.67 + 0.01° 45.07 + 0.00°
MD2:[3-CD1 74.74 £ 0.01° 8.25 + 0.01° 41.52 + 0.01° 46.21 + 0.01°

* Values are given as means + SD (n=3).

** Different with letters (*°) in the same column indicate significant differences (p < 0.05).

MD: Maltodextrin
ﬁ-CD: f)-cyclodextrin

MD1:[3-CD1: Maltodextrin mixed with ﬁ-cyclodextrin at ratio of 1:1, (weight/weight)
MD1:[3-CD2: Maltodextrin mixed with ﬁ-cyclodextrin at ratio of 1:2, (weight/weight)

MD2:[3-CD1: Maltodextrin mixed with ﬁ-cyclodextrin at ratio of 2:1, (weight/weight)
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80.17-84.55 AINEGL uanmnﬁﬁﬂ%mm‘[ﬂsﬁuagj‘lwﬁ’m
Jouaz 12.31-16.75 WU é’aaa’wﬁﬁﬂ'\sﬁaﬁuﬁwwaa‘[w
anSnIuHaNAULL- lrlaaiandniuludangiun 1.2 §
ﬂ%uwmlﬂiﬁugdﬁq@whﬁ'u%aﬂaz 16.75
I@Uﬁ"’svl,ﬂLLﬁaﬂizﬁw‘ﬁmmesﬁaﬁm:uﬂs
HnAuindTualdsduludagnsazifiuin niedu
Tsaulelnanannifadagnanasdoiud-lolasiand
w“smﬁmﬁmﬁmﬁmﬁﬂi:'ﬁw'ﬁmwhmsﬁaﬁuﬁgja (Table
1) %aﬁwlﬁﬁnéuwaaugﬁﬂmvliﬂué'mwﬁmﬂdwiaﬂ%mm
Iﬂsﬁuluéhamaﬁﬂ%mmﬁaﬂﬂdwﬁ'samdﬁﬁmsﬁaﬁw
Fovoalnandrswdssdiden defiadszansainwly

J Sci Technol MSU

nmaeduaandt wisfitSumwedudnanlsdlunva
ﬁuiﬂsﬁu"l,@?ﬁayﬁﬂﬁﬁﬂ’%mmiﬂiﬁuﬁﬁ'ﬂvlﬁﬁmgm AU
1671 Thauasamndufiansiu asmnIreuinarnlwaad
Usznaumaadiuanensin Ussansanwuesnmsyui
niovsunmanadwdududssdyiifioadaslunis
MAUAR NN Lm:mﬂqmil,ﬁu%fﬂmmawﬁwﬁmﬁﬁlﬂu
B Lﬁaamﬂﬂ%mmmw%uﬁgamaLﬂua'mm@ﬂ,ﬁl,ﬁ@m’m
wilealuayninvasndasiut (Pudziuvelyte et al., 2020)
vaalniandvisu uaziud-lolaaendniudliiiuaniva
ﬁuimmﬁ%’mﬁﬁqmauﬁamﬂﬂaaﬁumsg@mm%mﬁu

val
9219

Table 3 Chemical composition of microencapsulated protein isolate from Cordyceps militaris using different types of

wall materials

Moisture Fat Ash Protein Carbohydrate

Treatments

(%) (%) (%) (%) (%)

MD 241 +0.06° 0.69 + 0.03" 0.19 + 0.02° 12.31 + 0.36° 84.55 + 0.39°
B-co 2.26 £0.01% 0.58 + 0.06° 0.32 + 0.03° 13.78 + 0.26° 83.03 + 0.27°
MD1:3-CD1 2.30 +0.02° 0.56 + 0.01° 0.21 + 0.04° 15.60 + 0.30° 81.35 + 0.31°
MD1:[3-CD2 2.23 + 0.02% 0.70 + 0.03° 0.15 + 0.04° 16.75 + 0.43° 80.17 + 0.41°
MD2:[3-CD1 2.19 + 0.03* 0.72 £ 0.07° 0.45 + 0.05° 15.46 + 0.17° 81.18 + 0.29°

* Values are given as means + SD (n=3).

** Different with letters (*°) in the same column indicate significant differences (p < 0.05).

MD: Maltodextrin
[3-CD:-cyclodextrin

MD1:3-CD1: Maltodextrin mixed with 3-cyclodextrin at ratio of 1:1, (weight/weight)
MD1:3-CD2: Maltodextrin mixed with 3-cyclodextrin at ratio of 1:2, (weight/weight)
MD2:[3-CD1: Maltodextrin mixed with 3-cyclodextrin at ratio of 2:1, (weight/weight)
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from Cordyceps militaris with Maltodextrin and B-Cyclodextrin
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a ab ab
100 b 1 b wile —
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40 4

Total Phenolic Content
(mg GAE/g sample)

20 A

MD Beta-CD MD1Beta-CD1  MD1:Beta-CD2  MD2Beta-CD1

Figure 2 Total phenolic content of microencapsulated
protein isolate from Cordyceps militaris using different
types of wall materials. Values are expressed as
means + SD (n=3). Different lowercase letters indicate

statistically significant differences (p < 0.05).
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Figure 3 DPPH radical scanning activities of
microencapsulated protein isolate from Cordyceps
militaris using different types of wall materials. Values
are expressed as means = SD (n=3). Different
lowercase letters indicate statistically significant

differences (p < 0.05)
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Figure 4 ABTS radical scanning activities
of microencapsulated protein isolate from Cordyceps
militaris using different types of wall materials.
Values are expressed as means + SD (n=3).
Different lowercase letters indicate statistically

significant differences (p < 0.05).
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