\Y’q-\ﬂ«\ia)}bﬂl\a)w &lx@ujwlp

2P gy oS 4 S gd il (Slig 33 3900 (6w dingd

o . ¥ o o« *y . Y - \
@lG\Q‘J.@Ac Ls:bjﬁ.kwc 6}4»64-6"“\':“‘;5}‘4“"&"{.‘1}&“\”“(’"@‘

Ol Oble ol b Jlo 55 sal o (gl mbis oS Lkl -
Qlﬂ‘ “)K; j.:.b CLAJ 6_)_)_5[.&5 r}lﬁ AK.:J..) ‘g;lU"‘ @L«ﬁ nmb 4@1.&9 @L..ﬁ o}; sl =Y
Ol ‘gkfjfﬂb@t”@),usr}i“&;u (2 mles 0 aSEls ( gliE mlo b 5 sl g wdige 0 S Lkl Y
D1l OB S b mlie 5 (55,5l psle oKl (e mlio 0aS2ils (1 mls 05 8 Ltils 2
Q\ﬁl “JK;J&:A.E CL""}&)JJL‘;S r}lﬁ AK.;Z.':‘J 5@1)& C_L«é SN 4@1.&9 @L..ﬁ o}; )l:.:v.v‘.} -0

(R0/+0/YV 15 s F, 4070 Y/ 12l 55 oy ,)

oS>

S L ol by a5 o Sl (55 (503l Slhes 5 Saoms Ll 34 S0 sl s 1 (sobm e S ol ol s o
—orS W el el el W5 e Ll s 00 Sy ol e Bda g Sl s cnl 51 0 eV e SOISU S S 0 VL
Jims i 0 slaie ol sy G2l 03 St T G bl S el 03 S SO0 1 (WPC) Loy T 5y 0 508
Oleily 5 slas (gls e Ol sty oSG ) 5o lols g 55 sPH s, 56 ol WPC clils (K clle ol T Slles o3 5does Lol jan
s Vs S Sopo o SE sy SoS g do e s il b it Sl ol gl e Ol sieay (EE) 0 e eSS
S el g1 ST wleles 31 JSize 15 0 gend ol s Sl 50 K (5 oS Ln gy o0 sV 30 5 oles G855 (ol seud ol 5 S s
) 03 Sl 05V eSOl DLl S Sl 35 WPC- 5 s pm s (oSUiaS 51 Ko o 2 50 S8 5 85 03 (Ul
=0 o gl 0 STy 5 Ol e 4 33 0L ST sy b ol ol 3 5IUT el ey o33 40/ B AY/Y 6350 53 duoy3 AT 350 4ol
3g05 pasia Al o nl s (mmen 35 (10) 56 o eS Ghls ClSG g Slal 5 (X)) 035 BB, IS 31 e ) age lSss sla
a8 s il 0S|y 5 Oln s WPC (il 34 Ly BBy ()8 31y e 55 b s sl it (o (RS0 0 (s S
PH N0 sl 56 Ol 8 WPC Clale ) (G Clale 5l ap Sole ang Tl b g pamess 3 20 p 28 sls PH-0G Ll

Ll 788 a1y S35 el O e oSSl Ol Sl 35 48 15 O s 50l 56 L TPGPR il poo ailolis 570 il

A 55 O sand ol oL 03 St (§luings (0 genY 5SSl U (S 55 Al 108 51 008

smjafari@gau.ac.ir .o, g ”

1. Whey Protein Concentrate
2. Encapsulation Efficiency
3. Poly Glycerol Poly Ricinoleate

YYo



e SU i) SGS a4 S el Sl 50 5l angs

C)‘)M})ﬁ-}uﬂ\ (L@_H

Ol has ‘a.Li¢lqal Olllas bl S o Ll Sligs,
sdd Glisiny dpmms 5o grin DL oy, S S
L Ogedel Lol g slad S s Soe 5 b o 3L
IY] dzes (g 2eS adg 05k 855 Ll S8 ol las
(5555 ol e 5l el sed sol Dles st 51 (5l
S S e T
S 4 s Jbe Olgea 85 F] sl Koy ol i
o Glad & dts Sl O sl alb il 5SS Dl e
Al Rl 5 Oamd el GG = e 3 5 LS s
5> Sk Il 335 U8 8 el mls gienl )Y
Sl el caliis glas )8 (gl 0l 4 bl sed 5ol
RSN

Elsl & Ol b bised sl 53 Sl o3l ulal
gyl L e )M Mol S
e (+/0=Y 4 (M) U0 S el SLe 5 (Verm) e nm)
oSl glaalile Ol sea W sl 5ol 5L 58 [0] 58
Wiso ol s 2 mlo s b cs SLS S s
mabele (w3l 0 g 5ol Ul 2SIl )
05 el Vor 5l eSS o3l b gl hed (ool oS i ola
Ll oo a0 sod ol Sim g go 5 i 3 555 0S| 56
Cdled Sl ole Wl g sal g S 058l 18 Y]
Odemzr o OA3Lss Jlie 53 VL (lul (s
NSUEPRPSWCINCI IR (PN TP BN SN PP &
S Osedsels S sl B b ey DS 5w
Ta st Dose 4 88 Sl (Salusse s kil Il dbls
ol GLE S (Al gl 5 s LSS (535

5> gl S 3l Glodamy Glae baalele =l gl L s
el @ S ol B 813 0 Kty am 5 205 S0 mle
) WOsed sol pl 3 5 0 4l L850 SO s 4l
(Lo odaal oo oSLss b Al a0 send 5ol
O ed ol e 358 n 408 500 O geed sl 1 S sed 54!
53 ol Osed gl b5 OIWIO) 5, 55 O s 6
W) ol s s Sl s (WIOIW) T s e s,
S 3 S el (i (0) o) Sone s s

g5 ol ool @S 3 W) Sos T w0

8. Microemulsion
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1. Microencapsulation
2. Core material

3. Active agent

4. Internal phase

5. Wall material

6. Coating

7. External phase
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Table 1 Design factors of Taguchi experiment applied in this study

Factors Used levels
Independent variables 1 2 3 4
Pectin content (A) (%, w/w) 0.5 1.0 15 2.0
WPC content (B) (%, w/w) 4.0 6.0 8.0 10.0
Dispersed phase volume fraction, DPVF!
(C) (%. viv) 10.0 15.0 20.0 30.0
pH 6 7 8 9
Surfactant type Span? Span® PGPR? PGPR"
Dependent variables Responses
Encapsulation efficiency (%) Y

& Internal phase was composed of micro-emulsions (with a droplet size of less than 100 nm)
® Internal phase was a nano-emulsion (100-1000 nm).

1. Dispersed Phase Volume Fraction
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Table 2- Experiment design performed by Taguchi and results for encapsulation efficiency (EE)

EE (%) Surfactant” pH DPVF WPC  Pectin  Treatment No.
93.18 1 6 10 4 0.5 1
91.22 2 7 15 6 0.5 2
82.49 3 8 20 8 0.5 3
83.94 4 9 30 10 0.5 4
95.00 4 8 15 4 1.0 5
90.46 3 9 10 6 1.0 6
90.02 2 6 30 8 1.0 7
88.53 1 7 20 10 1.0 8
82.30 2 9 20 4 15 9
84.96 1 8 30 6 15 10
83.83 4 7 10 8 15 11
90.57 3 6 15 10 15 12
94.19 3 7 30 4 2.0 13
84.56 4 6 20 6 2.0 14
87.36 1 9 15 8 2.0 15
90.01 2 8 10 10 2.0 16

* Level 1: Microemulsion formulated with Span; Level 2: Nanoemulsion formulated with Span;
Level 3: Microemulsion formulated with PGPR; Level 4: Nanoemulsion formulated with PGPR.
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Fig 1 Droplet size analysis results of double
emulsions containing folic acid by Dynamic
Light Scattering (DLS) technique for the

formulation No. 1:
0.5% pectin; 4.0% WPC; 10% dispersed phase
volume fraction of Span based nano-emulsion
containing folic acid with a pH=6.

1. Dynamic Light Scattering
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Delta Level 4 Level 3 Level 2 Level 1 Factors
5.59 89.03 85.41 91.00 87.71 Pectin
5.24 88.26 85.92 87.80 91.17 WPC
6.57 88.28 84.47 91.04 89.37 DPVF
3.57 86.02 88.11 89.44 89.58 pH
2.59 86.83 89.43 88.39 88.51 Surfactant

Fig 2Taguchi analysis for main effects: EE (%) of folic acid versus Pectin; WPC; DPVF; pH; Surfactant.
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Table 3- Linear model analysis: Estimated model coefficients for means of encapsulation efficiency.

Coef Level Description Term/Factor
88.2887 Constant
-0.5812 0.5 Pectin
2.7138 1.0 Pectin
-2.8738 15 Pectin
2.8788 4 WPC
-0.4888 6 WPC
-2.3638 8 WPC

1.0813 10 DPVF
2.7487 15 DPVF
-3.8187 20 DPVF
1.2938 6 pH
1.1537 7 pH
-0.1737 8 pH
0.2188 1 Surfactant
0.0988 2 Surfactant
1.1387 3 Surfactant

Table 4 Analysis Of Variance (ANOVA)

Percent Pure F-Ratio Variance Sum of DOF Factor
Sum Squares

25.163 66.041 0 22.014 66.041 3 Pectin
21.511 56.456 0 18.819 56.456 3 WPC
35.524 93.231 0 31.077 93.231 3 DPVF
12.505 32.820 0 10.940 32.820 3 pH
5.296 13.900 0 4.633 13.900 3 Surfactant
100% 262.448 15 Total
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Fig 3 Ranking of independent factors and their
individual share on encapsulation efficiency of
folic acid.
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Fig 4 Interaction Severity Index showing the order
of interactions between two independent factors
affecting encapsulation efficiency of folic acid.
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Table 5 Optimum conditions and performance

Contribution Level No. Level Description Factor
2.714 2 1.0 Pectin
2.879 1 4 WPC
2.749 2 15 DPVF
1.294 1 6 pH
1.139 3 3 Surfactant

Sum of contribution from all factors: 10.775

Current total mean of efficiency: 88.289
Predicted result in optimum conditions: 99.064
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Due to susceptibility of folic acid® like many other vitamins to environmental and processing
conditions, it is necessary to protect it by highly efficient methods such as micro/nano-encapsulation.
Our main goal was to find the optimum conditions in pectin-WPC? double emulsion preparations for
nano-encapsulation of FA by spray drying. Five independent variables and their practical range
including pectin and WPC content, dispersed phase content, pH, and surfactant type of Span and
PGPR?® were considered along with encapsulation efficiency* as the main response. The experiment
design was performed by Taguchi approach and 16 treatments were determined. Final double
emulsions were formulations containing an internal nano/micro-emulsion composed of a W/O system
with FA present in the water phase, the whole dispersed within an aqueous phase of pectin-WPC
complexes. The grand average of folic acid EE was approximately 88.3% in a range of 82.3 to 95.0%.
The main effect analysis with Taguchi technique revealed that dispersed phase content of double
emulsions was the most important factor affecting EE (36%) and surfactant had the minimum
influence (5%). Also, it was revealed that the most important interaction between independent
variables in terms of EE was between WPC and dispersed phase content while pectin-pH had the
lowest interaction. Finally, optimum conditions were determined as 1.0% pectin, 4.0% WPC, 15%
dispersed phase, pH=6, with a PGPR nano-emulsion which resulted in 99.0% EE of folic acid.

Keywords: Folic acid, Nano-encapsulation, Optimization, Spray drying, Double emulsions.
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