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1. Monounsaturated fatty acids
2. Polyunsaturated fatty acids
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9. Mini spray dryer

10. Two fluid nozzle atomizer
11. Co-current flow

12. Air flow rate

13. Pump feed rate percent
14. Inlet air drying tempreture
15. Aspirator rate

16. Vessel
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4. Gum arabic

5. Dextrose equivalent

6. Whey protein concentrated
7. Magnetic stirrer

8. Round per minute
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19. Vortex shaker

20. Relative centrifugal force (CFU)
21. Lipophilic compounds

22. Ependorf
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17. Particle analyser
18. International Dairy Federation
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Table 1. The range of input parameters.

Parameters Minimum Maximum

X1 :Inlet drying air

140 180

temperature (°C)
X2: Aspirator rate (%) 55 75
X3: Pump feed rate percent (%) 5 15
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23. Box-Benken experimental design (BBD)-full factoriel
24. Response surface methodology (RSM)

25. Design Expert version 10.0.1.0

26. Moisture content

27. Particle size

28. Bulk density

29. Encapsulation efficiency
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Table 2 Experimental design obtained from RSM- BBD by considering different spray drying condition

R oo Varabls
Inlet ering Aspirat  Pump Moisture Average Bulk Micropcapsu Peroxide value
air . . lation after month 3
femperature ororate roate (;ontent partlcle den51t3y efficiency (meq peroxide /

(°C) (%) (%) (%W.b.) size (um) (kg/m’) %) Ikg sample)

1 180 65 5 1.94+0.241 2.8240.004 512.82+2.160  79.75+1.263 15.64+0.019
2 160 65 10 3.19+0.243  2.38+0.006 526.314+2.121  78.54+1.261 16.95+0.020
3 160 55 15 246+0.237 2.13+0.007  408.16+2.089  90.95+1.262 23.08+0.019
4 160 75 5 1.19£0.240 2.3740.002 512.82+2.095  86.98+1.259 16.08+0.022
5 140 55 10 3.17£0.244 2.2440.015 476.19+2.144  75.41£1.258 20.2440.018
6 180 75 10 2.58+0.036 2.25+0.013  500.00+2.100  84.26+1.255 17.20+0.021
7 140 75 10 1.62+0.035 2.37+0.009  487.80+2.136  85.26+1.256 12.11+0.020
8 160 65 10 3.18+0.240 2.39+0.006  526.00+2.105  80.21+1.265 16.98+0.017
9 160 55 5 1.38+0.242 2.38+0.008  476.19+2.142  78.78+1.259 14.97+0.019
10 180 55 10 2.36+0.239 2.51+0.004  500.00+2.119  75.36+1.263 14.93+0.017
11 140 65 5 1.94+0.234 2.66+0.012  487.80+2.087  79.78+1.261 16.74+0.022
12 160 75 15 2.5740.245 2.12+0.003  476.19+2.115  86.54+1.260 16.88+0.021
13 180 65 15 1.33+0.243  2.18+0.009  425.534+2.098  83.29+1.257 20.30+0.018
14 140 65 15 3.35+0.237 2.18+0.011  363.63+2.221  81.98+1.264 16.97+0.023
15 160 65 10 3.14+0.235 2.38+0.007  523.64+2.141  79.13+1.258 16.99+0.019
16 160 65 10 3.21+0.244 2.39+0.005 529.98+2.133  78.46+1.265 16.98+0.022
17 160 65 10 3.16£0.238 2.38+0.002  525.12+2.110  76.34+1.264 17.01+£0.017
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Table 3 ANOVA results and regression coefficients for responses surface quadratic model

Source

Moisture content

DF

Average particle size

Bulk density (Y3, kg/m3)

Microencapsulation

Peroxide value in month 3
(Y5, meq.pov/l1kg

0, 1 0,
(Y1,%W.b.) (Y2, pm) efficiency (Y4, %) sample)
g g g g g
= < — < — < — < — <
S ¢ f 0% ¢ io% ¢ isocoifoto i
S £ A S £ A S £ A S £ A S £ A~
wn wn wn wn wn
Model 318 7%  00177¢ 238 048 00072 32621 0672 00046t RS 26774 OR19* 1698 9055 00002*
linear
b, 1 023 04 01441 0039 002 02345 1537 188897 00634 0029 00066 09742 025 051 03008
b, 1 018 025 0249 0019 00@8 0591 1453 16398 00812 28 51  00133* 137 149 00005
bs 1 04 133 o4 02 033 00003* 3952 1249914 00009 218  3RIS  0032* 12 2377 O000L*
quadratic
b 1 025 027 0297 00% 0B 0073 2805 BB 00U 14 9% 02341 06 152 0095
by 1 049 09 0027 013 0067  00183* 716 21578 04905 307 398  0M33* 026 029 04255
b3 1 078 25 00054* 0008 0000 08465 5071 108279 00013* 42 7434 00093* 1M 449  00I28*
interaction
b1 1 04 078 0036 008 0M8 00538 290 BT 0R1 024 0B 08502 26 2703 <0000l
bis 1 05 102 000l* 004 0004 0374 92 34003 03915 034 045 07902 11 491 00104
by 1 0075 003 0701 0000 000 1000 785 24649 0423 315 M5 0B3M4* AL 13X 00007
Residual 7 113 005 285411 41 285
Pure error 4 00029 00001 206 7R 00019
R? 087 090 091 086 0%
Adj-R? 071 078 081 069 093
CV (%) 1636 357 416 298 374
Adequate 663 1102 ) 67 201
precision

*: significant effect at level p<0.05
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Fig 2 3D response surface plots for moisture content,
A, inlet drying air; C, pump feed rate percent.

Sly3 g oIl Kle Y=Y
St Cilisen Jayl 53 0l Ll adig g Koo D3 (6 03100
Jsds Do Soslie g S YAY U YAY o 23L 05 S
e st ST ) oty s Jsdr el (Y
S 033§ a3 Fl 5 S S w ($2505 s wdR 0L~
Gz SLd 6 Sl Gay by me b plad
(o903 Sl o blie SN (P < a/r0)anals s
>0/00) kil Sl g el g, p ol J,ufu@
sdalie LU (7 ) Sad slogel 55 S 455 Oleadp
3OS S sy sl gl JBs e s el
0 O G P SN U Y PP OO ICIP
53 Uil 8 el J sl (P > 0)ailn Sl
OB e oS S w oas ¢ wdE Olr Se e
ol Sl and g O3 6 el s S Gl iy o

(¥ JS8) ol 4228

sk, lgoe -V Y
BTN Sl s slass g (s odd S o3l Cush ) Ol
53 bty IUT ey (Y dsar s sl LYY
{j)@));](%%—é}gM))(;b;\éb\bomrdj_b
Blie 3 oy S b doys s 4z s G sl al S
Slyoee Fob oy S b dons 5 a0y Sl sl
gl sl sl s (P < a/00) Kal G e Cusby
Sl Slaged 3 (P >0/r0) dmill Gl sme J S
Sl 5o 2 300 M e TSl A0 IS
A diS g o b s bl el sl enls Ol Cysb s
S ol Sk Ol o SRlBl (ol e b @
sledl Ogad ol dns ey VL Gl e s ol ol
AL e Rl paseine Ol 5 S S (g adaise 4 ol
Sl i 513 Els ln b ol s ales Ol Lilaze
5 o oS ol sl Jals Ol s 5l cusby s 5 anl
el el iy Casby Ol Loedd Gl ade sl s
ol sl 0a 8 Sax b DAT (Y0 ) 0bsls 5 oS
055 s andg 3 NV (YY) obKen 5 Jalel 5 Js
D3 Casby GRS oS S b sl b
S o 53 S g b B oy Sl il 1y sl 8

LS Skl el

Perturbation
35—
A S
A —
S e
I TR%
§: e / \3
. ;z/
Sc 15
1
T T T T T

Deviation from Reference Point (Coded Units)

Fig 1 Perturbation graph, independent variables on
moisture content; input factors: A, inlet drying air
temperature; B, aspirator rate; C, pump feed rate
percent.
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Fig 4 Perturbation graph, independent variables on
Bulk density; input factors: A, inlet drying air
temperature; B, aspirator rate; C, pump feed rate
percent.
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Fig 3 Perturbation graph, independent variables on
average particle size; input factors: A, inlet drying air
temperature; B, aspirator rate; C, pump feed rate
percent.

& a2y Ol s slaad g dis 0L e 150G
D 2o GRSl ol S WL e IS S S
o S S plad ol s F el O cSe 5 el
gl ol g b b s B L Sy g el
oS Kixt (g abise 3 UK L b 5y 4 andlas
d;L;uﬂj;i;\yu@up%w\.;p@ub@
il 058 S gl g 53 VAT (YY) 0L
Ghde 5 Sl bedd sidy Jn S eslas
Sia gl sl oLl s [V (VN1 ) O 5 SLal
ol S5 Ol abend 55558 Sla Shs a2k 038
ols (R2='/.<\~);m3%}¢ Olsas . iils Callas ats 5l
& o3 S0l oy 5 i (sla ke Olos Vb (Stean S
LAl e ol)3

03 45 (§ Aumdls —Y-Y

6 wndls Hldie (el jaseia ¥ oesled Jadx 53 48 Oles
OYAAA b TP/ o (s anls 3 eld (6,5 o3l (5 o5 s
Yookt dsdr Gb s oslite oS e SIS
50l £33 a3l 5 4ds Ol s bl (ANOVA)
il oS S 4 a5 Gler sbes pas s I ramen
S OLd S e 8 il Ok Ga) G me LG
ol dala t ISE s (P < /v 0)nils edd Sl i,
Loodd s andis O3 (6 e (6 anndls lde 53 S

et ] S 5 (63555 len Slos e 53 il



Q‘)K.aﬁ))ﬁ()‘ﬁe))«dm

Gla bl oS el 0T S 0l (RP = JAN) cpimmen 5 3L e
OAE s ad g L s Shee SITAT 53 adllles 5550 it
Ll es g s

Encapsulation eMclenc (%))

Fig 6 3D response surface plots for micro-
encapsulation efficiency, B, Aspirator rate; C, pump
feed rate percent.

.x.lL...Slzu.a:'-l.:.—o—\"
ST ke TYIA BTN 1 wpe s LS, asls
Sl (6,8 o3l oo T S 5l e s wgad 53 LS,
e sl (ANOVA) ¥ Jor s sl s s
el S o el ey ) (P e /0)0
Y’JJLE.Z.AJS\ ‘QM%AA{C‘?}E MJ){}D b))ﬁ\jdb)ﬂ

= Perturbation
ot
& za00
| =
=
=
S
= 2200
]
o
-
= 2voo| C
S
s
B
£ 1300
2
= A
= C
3 1600 |
=
£
~ 1400
-
=
=}
=
i 1200 —{
g T T T T T
= 1.000 -0.500 0000 0.500 1.000
Deviation from Point (Coded Units)

Fig 7 Perturbation graph, independent variables on
peroxide value; input factors: A, inlet drying air
temperature; B, aspirator rate; C, pump feed rate

percent.

Call gols pme Sl LSty et e 63555 sl sles

b s gl cal 52U 5V IS 55 68 >0/00)

Vo

s < o/v0) Sl I3 el as cpl e Blixe S 4dss
P >00) as 355 sl sled B a5 5k
(0 JS2) fuly ol 0 byrye (S Jlaged 53 45 6 S0kes
WA g e 5 ] e I ] el
el 0l GG Sls il B8 e s ulBl o 5 e
35 55 ShlBl am 53 5 5l S 03 5L L
Ol Glbl 0y 558 aes slis S Sa s 4 0l
dt}_{ﬂif"@ﬁ Odd S g algl Jle s end Ll
0 A 0L s ad oS L sy W el 5 5,8
Gas 2 sk 3 Y] 084Y) O 5 okl 23 8

.Mli@;@u.»@lﬁ@cuam;ﬁlag);;)b@ﬁ

Perturbation

o5 |
£
- a0 |
by
=
=2
S
L =3
L3
s a5 _|
E C
=3
3
[+ 9
o
2 c
o 80 —|
B =
=

FO

T T T T T
1.0 0.500 0.000 0.500 1.000

Deviation from Reference Point {Coded Units)

Fig S Perturbation graph, independent variables on
microencapsulation efficiency; input factors: A, inlet
drying air temperature; B, aspirator rate; C, pump
feed rate percent.

W gy P o DS JSES I e dss Ok o 1B
by s Sledy cnl 53,8 eSS gk Sl L
e s Olpe 5o SalS Esl 5 A8 e (S sl
adls ooy Odd Gl andy SIS Al aiS ol
INT Y ) OLen 5 Jilel gls bl b ams ol .ol
eV KE il cilee ale 85, 058 Sl wds s
e 95 Jlite Jl Cod QS s ad s Lf_\)lS'CML?ClMLS
QIS Gy S b Aoy 5 sl el e 3505 S
s3 ek Wy slayng Ol plal 5 a8 ol sl asls Ol
A b ad e oL wdis 0L 5 sl el VL cs
P (YJsa>) ANOVA Gk U LS CO PRy Ao

SR 5 oS Shls (VAN el ol sl s oals i



VYAV OLT )0 6,55 AY 6 la

u—iu‘-&’ dl«ﬁjr}l&

e))

Peroxide value ((milllequivalents perogide per 1Kg s

9
C: Feed rate ((%))

Peroxide value ((milllequivalents peroxide pet 1 kg sardige)

b))

- Aspirator rate ((%)) *°

Peroxide value ((mllllequivalents peroxide per®000 g

Fig 8 3D response surface plots for peroxide value as
an interaction of the independent variables: A, inlet
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pump rate.
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Table 4 Fatty acid composition before and after microencapsulation

Fatty acid content C16:0 C18:0 C18:1 C18:2 C20:0 Others TUFA
Before microencapsulation 17.15 13.46 8.33 47.70 2.2 L 56.03
After microencapsulation 1833 19 14.02  42.56 3.82 0.3 56.58

TUFA: total unsaturated fatty acid.
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The aim of the present study was to investigating the effects of some process conditions on the
microencapsulation of pumpkin seed oil (PSO). The laboratory spray dryer was used for
microencapsulating of PSO. Gum Arabic, maltodextrin DE-6, and whey protein concentrate (WPC) were
used as wall materials of the microcapsules. Independent variables examined in this study were inlet
drying air temperature (140-180 <C), aspirator rate (55-75%), and pump feed rate percent (5-15%), and
dependent variables were moisture content (%W.b.), average particle size (um), bulk density (kg/m’),
microencapsulation efficiency (%), and peroxide value (meq of peroxide 1000 sample). The RSM method
was applied to establish the relationship between the independent and dependent variables. Consequently,
the optimum drying conditions for microencapsulation of PSO with maximum MEE and minimum POV
was found to be inlet air temperature 141 <C, aspirator rate 75 %, and pump feed rate percent 15%. The
optimized powder produced according to this conditions and its chemical properties studied.
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