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Abstract

Sesame oil is a commonly used condiment oil, and it blend with
soybean oil to produce blended sesame oil regularly. However, sesame oil
has constrained development and application due to the different
characteristic with other condiment oil. This research try to improve
extensibility and applicability by using spray dried sesame oil powder
which use MD and HPMC as wall material. Although there already has
some product of sesame oil powder in the market, but most of them has
insufficient flavor when it dissolved in water. To find the most suitable
usage in modern food industry, this experiment controls the amount of oil
added in 7.5, 10, 12.5 % and sesame oil blending ratio in 20, 40, 60, 80,
100 %. The results showed that the drying yield is in 55.07 to 68.79 %
range, the production decreased as amount of oil increased, and it had no
significant difference by using different emulsifier. The moisture content
also decreased by the amount of oil added. However by adding 10 % of oil,
the moisture content is increased (4.28 to 5.87 %) and the sesame oil
blending ratio increased, the water activity is in 0.541 to 0.661 range, it
decreased by amount of oil added, and sesame oil blending ratio increased.
The result indicated that if the oil contents sets in between 7.5 and 12.5 %,
it had no significant difference. In 7.5 %of oil added, the oil content is
increased from 39.11 to 44.11 %, and sesame oil blending ratio increased
by the amount of oil added. The surface oil content increased by the amount
of oil added, and only in 7.5 % of oil added, it decrease significantly
between 30.50 to 24.79 % but sesame oil blending ratio increase; the
encapsulation efficiency is increased from 23.59 to 43.78 % when sesame
oil blending ratio increase. Furthermore, in 80 and 100 % of sesame oil

blending ratio, it decreased significantly by the amount of oil added.



Aerated and tapped bulk density are increased significantly by amount of
oil added, but decreased significantly by sesame oil blending ratio
decreased. The hausner ratio is in between 1.4 to 1.45. Compared with
temperature in 25°C and 90°C, and the solubility is increased significantly
only in 7.5 % of oil added with 40, 60, 100 % of sesame oil blending ratio.
The hygroscopicity is increased by the amount of oil added, but it has no
significant difference with sesame oil blending ratio. In the appearance,
this research observes that the color of powder became deeper by the
amount of oil added and sesame oil blending ratio increase, also, all of
them were caking. After spray drying process finished, except in 20 % of
blending oil ratio, the POV is increased significantly by the amount of oil
added. After storage 7 days with in 25°Cand 60°C, except in 40 % of
blending oil ratio with 25°C, the POV 1is increased significantly by the
amount of oil added. As result, compare with control sample in the same
environment, the powder has poor preservation. The Concentration result
showed that high sesame oil blending ratio can earn better favor and
recognized with strong sesame flavor. However in the 12.5 % of oil added
and 20 % of sesame oil blending ratio, the result shown poor concentration
because of rancid flavor oil. Based on the result above, the powder has
better quality with the research setting of lower water content, water
activity and hygroscopicity. Besides, it has good solubility in both heat and

cold water this indicated the high extensibility and applicability as well.

Keywords: Sesame oil » Oil powder » Microencapsulation >

Emulsion properties » Spray drying
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Table 2-1. Fatty acids composition of sesame oil (% of total fatty acids).

Fatty acid Godin and Spensley (1971) Yermanos (1978) Seegeler (1983) Maiti et al. (1988)

Palmitic 7-9 8.3-10.9 8.4-10.3 7.8-9.1

Stearic 4-5 3.4-6.0 4.5-5.8 3.64.7

Arachidic 8 — 0.3-0.7 0.4-11
Oleic 37-50 32.7-53.9 39.5-43.0 45.3-49.4
Linoleic 3747 39.3-59.0 41.0-45.0 37.7-41.2

(Maiti et al, 1988; Seegeler, 1983; Godin & Spensley, 1971; Yermanos, 1978)
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Table 2-2. Chemical composition and relative content of volatile components of sesame oil.

BB e PR PAEE v &t Ap i A&
1 1.75 0.56 Ethanol 86
2 2.67 0.02 EthylAcetate 88
3 4.87 0.08 Pyrazine 83
4 7.24 8.78 Pyrazine,methyl- 91
5 8.41 0.19 3-Furanmethanol 94
6 8.73 0.50 2-Furanmethanol 95
7 8.90 0.04 2-Butanone 83
8 9.22 0.06 Pyridine,4-methyl- 91
9 9.32 0.02 Pyridine,3-methyl- 91
10 9.97 0.25 Ethanone,1-(2-furanyl)- 86
11 10.13 15.29 Pyrazine,2,5-dimethyl 87
12 10.41 1.00 Pyrazine,2,3-dimethyl- 91
13 11.17 0.18 Dihydro-3-(2H)-thiophenone 87
14 11.44 0.24 2-Heptena,l(E)- 93
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Table 2-2. Chemical composition and relative content of volatile components of sesame oil.

BB e PR PAEE v &t Ap i A&
15 11.70 0.10 2-Furancarboxaldehyde,5-methyl- 87
16 12.37 0.17 Phenol 90
17 12.81 1.65 Hexanoicacid 83
18 13.02 1.71 Pyrazine,2-ethyl-6-methyl- 91
19 13.13 1.00 Pyrazine,2-ethyl-5-methyl- 94
20 13.23 6.36 Pyrazine,trimethyl- 90
21 13.48 0.28 2-Acetylthiazole 90
22 13.65 1.80 Acetylpyrazine 95
23 13.78 0.43 1H-Pyrrole-2-carboxaldehyde 83
24 14.04 0.05 Ethanone,1-(2-pyridinyl)- 94
25 14.09 0.07 2-Thiophenemethanol 83
26 14.72 0.03 Pheno,12-methyl- 86
27 14.94 0.18 2(3H)-Furanone,5-ethyldihydro- 82
28 15.40 2.66 Ethanone,1-(1H-pyrrol-2-yl)- 94
29 15.71 2.32 Pyrazine,3-ethyl-2,5-dimethyl- 95
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Table 2-2. Chemical composition and relative content of volatile components of sesame oil.

e YR FAEE et PR
30 15.80 5.49 Pheno,l2-methoxy- 97
31 15.92 0.47 Pyrazine,3-ethyl-2,5-dimethyl- 81
32 16.00 0.20 Pyrazine,2,6-diethyl- 83
33 16.88 5.21 1-(6-Methyl-2-pyrazinyl)-1-ethanone 90
34 17.46 0.46 Thiazole,5-ethyl-2,4-dimethyl- 82
35 17.58 0.85 1H-Pyrrole-2-carboxaldehyde,1-methyl- 80
36 1.69 1.43 5H-5-Methyl-6,7-dihydrocyclopentapyazine 91
37 19.46 3.43 Pyridine,2-butyl- 93
38 19.62 0.44 1H-Benzimidazole,2-methyl- 83
39 19.80 0.08 Quinazolin 83
40 20.19 2.54 Benzothiazol 95
41 21.22 0.02 2(3H)-Furanone,5-butyldihydro- 90
42 21.30 1.41 4-Hydroxy-1,8-naphthyridine 80
43 21.79 0.23 4-Methylpyrrolo[1,2-a]pyrazine 90
44 22.20 0.38 Indolizine 87
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Table 2-2. Chemical composition and relative content of volatile components of sesame oil.

B e PR PAEE R ip iR
45 22.75 3.15 2-Methoxy-4-vinylphenol 91
46 22.88 7.12 1,3-Benzodioxol-5-ol 95
47 23.13 0.12 2-Benzothiazolamine 80
48 23.40 0.27 Piperonal 94
49 24.23 0.36 2(3H)-Furanone,dihydro-5-pentyl- 84
50 25.12 0.23 Benzonitrile,4-(dimethylamino)- 80
51 26.54 0.09 Pheno,|2-methoxy-6-(1-propenyl)- 94
52 27.62 1.20 1,4-Naphthalenediol 91
53 28.17 0.03 ButylatedHydroxytoluene 91
54 28.94 0.13 1,4-Naphthalenediol 93
55 29.17 0.16 1H-2-Benzopyran-1-one,3,4-dihyhydro-8-hydroxy-3-methyl-[R]- 95
56 30.52 0.11 Benzothiazole,2-(methylthio)- 94
57 33.25 0.03 1H-Indene,2,3-dihydro-1,1,3-trimethyl-3-phenyl- 90

(*%1,2005)
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Table 2-3. Sesame oil in the main ingredients of the flavor.

o Ee

10

(%] > 2005)
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Table 2-4. Production of sesame seed and oil in different regions of the world.

Region

Sesame seed (tons)

Sesame oil (tons)

Total (tons)

Africa
America
Asia
Australia

Europe

808,864
176,469
2,180,387
0

1,430

1,336,763
22,467
809,355
2,000

31,025

2,145,627
198,936
2,989,742
2,000

32,455

11

(FAO > 2010)
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Table 2-5. A survey of sesame production in Taiwan in 2016.

ppy BESH oS &2 A
(2F) (2F) (LA E-27) (=)
nv 126 126 539 68
SN 2,120 1,709 740 1,264
% 3 3 793 2
o 259 259 523 136
376 BR 1 1 700 1
w8 R 13 13 643 8
350 98 98 351 34
# 4R 3 3 567 2
Z HeAh 47 47 598 28
Ty o 41 41 449 18
B A B4 56 56 783 44
o kR 0 0 595 0
B3 2,508 2,097 701 1,470

AERAT R SR R T A LT

A
L& k) = A N R G R W ; 21 5
r'/'?i"" % & r'/‘?l_ éI?~€'\‘= BB B é\'\i

(Frcke b £ ¢ B ¥ > 2016)
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gt @A S R A RS 5 Wi T o 1995 (2014)
g*gifﬁljf'%?l%Gﬁéfv;;‘%&«’ﬂ’5‘.‘%3:«’ SR Bl R -
AP R P IEA R A S 3 2001 E AL T
Eowe R > RAEBEZFEL Fd 51 LI FNEHEASE G
FHe B RESRY > FIPFTHE LA I FEF LIS

I‘J'éli I% IE' m#ﬂfﬁg}?}’w -lzr' g’}—'\é{—,‘}—\ J,J{-Zﬁ ~ 'H‘]L/ﬁ:\l f:ﬁ ’

x“\

2.2 J%z'xﬁzf? ﬁiizn‘rr‘
Bl - BE LA 1-1000 Aok 22 B e | 3R A H B H
L ARV F P e R b TR RS H
A(core materials) ~ & ~idE ~ M ARE L e 5 @ YR eEE A
By %k~ BB & E 9 (Gharsallaoui et al., 2007) o # e 2 4] e
M d R 2 ek 4 B (wall materials) » e #82 B & 0 2 <
TF Rt &3 N ErA 4 o Aapl AR gk o] R o 2 AR B
WA TR SR o

5 2% 1927 # o i F 87 G 2w o e $te(spray-drying) #- b
vk e (7 A v (Fanger, 1974) « @ AR A1 %9 of His it {
WREE TR B KT &R RS B A iR L E A
B 3 3FHREAL T HEIET RN FfcEL S 004
B ke ki gAe o a5 bk 5% 2 (freeze drying) » S g (v
U RS (fluidized bed coating ) » &< I\ (centrifugal extrusion) -

’ 2

ZEEVES

i<

TR

& f& 47 % & % (inclusion complexation) » 4§ & 5% &_(complex
coacervation) ' B+ A7 1 % (ionotropic gelation ) » #g B A8 ¢ 42
(liposome entrapment)f=# & 5 7% (electro-spraying) ( Shahidi & Han,
1993; Gouin, 2004; Desai, 2005; King, 1995) & # j#+ o

13



221 THEA* R
WREARTEZ - 2 0 a8 S o SRR

AR S PR A e~ R

FRAETS]BEM2-2) r it ErEARE T S
ARNF R BB EER R FE BREFL ST
PR I O A AR o R oy o Ry & Rkl
RERI® Ak e o H R VR o TR Y e R R S B 0 BE R
BoRy X TMBRRF A DS RT BT AR B
B~ &2 448 2 (Gharsallaoui et al.; 2007). o ot *F 245 % 5+
Aefite LAY F ot~ B R e 2 R R it A3 3 ¢
2 24 3 Al SR B R Ao ] 2-3 2 4 2-6 615 1 3] (Gibbs
et al., 1999; Gharsallaoui et al., 2007) -

El

@ _Gouin(2004)# 417 & F1 e T R - B P g

(1) ZHaE 3508 WS A S E IR B ok Bt (bldel B R -
BASFF RO RERE SR " R

(2 REBCHER PRy L2 @B X o

(@@&&Hﬂﬁﬁg%ﬁ,@ﬂia%ﬁlago

@) A A& O HRAE B 2 i R PO A
iﬁ*%@%ﬁiﬁ%ﬁﬁﬁﬁw%M°

(6) ¥ £F " RO B F s H AT R > L3593 o
2 TR AT R

(6) 45 E 2 S HHR eFmkhag o

(7) R EHHF Y BHE AL EFTHRIFHALFLF R o

14



R 5k At B o T b

R R AR

B 22 ~ Mok & ik A it o

Fig.2-2. The basic structure of microcapsules.
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SIMPLE IRREGULAR

MULTI.CORE MULTI-WALL

Bl 2-3 ~ 7 b #aa) e o

Fig.2-3. Morphology of different types of microcapsules.

(Gibbs et al., 1999)
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% 2-6 ~ * e Ap A T E o
Table 2-6. Morphology of different types of microcapsules.

% FERE A 4L
simple 29 BAGEHAL e f o] ¥ sta
irregular g AR S P
matrix A S A AR~ i R AT
multi-wall i s SR B i
multi-core Bt o & Sy B N ol NS

(Gharsallaoui et al., 2007)
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222 REBREHEBRN S

Wl ok REFHB R B RS2
MR ERTE AL R FHEMR G 20
CEPRFARERE A FE CRBECRERE BN B
wefestic i bR ¢ 4 g 3 7 * (Gharsallaoui et al., 2007) -

R A ay g il R E AR IR Aok 2-
TR A GRORIE Edr s T B fergff 3 S ffev & 2-8 X K-
Lg g f &G AT HOE(F 0 2014) Bk T B (4§ T AR A
A SR Jr%?fﬁ')a BOW E TGRS o WA pat i
f»%"fﬂ B g ke g BRAE AR EEET

Feho ARt 2T Fed FE R ik e REn KPS R R

PR F QAR € S A REE (T e (Gharsallaow etal.,
2007) o o g EERE R 2 B L € B IRT I R T (R
MAZERJoRIFRAF)E R ADEI G B R E RS B R
R A i {-g it 48 = % (Carneiro et al., 2013; Jafari et al.,

2008) -

=f

Desai & 4 (2005)# 9} 7 3L {8 chEEH 4L i &4 02 T Hr gk
(1) B kB BED¥ 00 R4F A dF g 2 o
(VANTE SRS FEAASY e ol URSLIN I AR A & -
@) WhyteFiHENREHTEL L EF -
(4) Bted &G ARY BPSHAE G HT R ARG R

(5) T AR Y TS 1 £ H(dok 2 L )
_\‘
E

(6) it 53 Lif § AR A RE T R EAPEHF TR 23 127

18
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Table 2-7. The materials prepared by the microcapsules are classified according to the chemical structure.

i AL 6

i 5 R I SRR 5 5 SRR R AP o SR B

P4 PRET T~ SR

A g 65

B RALRE B TR R R R T R E AU

19

(% > 2014)
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Table 2-8 ~ The material prepared by microcapsules is sorted by source.

A7 oL

F S ’%‘r P d Fo s ke ¥
2R A 5 o AR RRUE PR TR R
Ry PR S A S R
2t % ﬁii'l x" z%ﬁ ’/fﬁ ]ﬁ’ﬁg fig ~ %Xxﬁﬂi"—gi?‘ 3 Exf\ﬁ )14;" ﬁi,_n;; R FC J/TJF ~ERac )ﬁ

v i 2 UL/ o FRpE R R~ R fa RN o RPE RUORAR - RA S
A7 ey o

(% »2014)

20



(7) REPSP T RRE (doF § - £ £40BR)
< i -

2221 ¢ 58

% 5 54 (MD ; maltodextrin) 8- f&-k f#s 4 » 5 ¥pij it
Pk it & 0 BV B bR 2-4 0 Wi a1 44T
R FHEEF  FTRMSAL I FEAF AT ET
Fh ek EHE A4 adEang a1 (Aidoo etal., 2013)

ERCRY S SN A GRS S RN o i
(Gharsallaouietal., 2007) » H & 5 = & X ~ & 7R 5 v ~ B Ik
B erate * F o 0n® O RdE M AR R TR B AR iR
## 5c ¥ ik EE(Bule et al., 2010; Fernandes et al., 2008) o -
B3R IBEOMPEER R BF R SRR Z A
R B A iR BT 0 YRGB E R
BB R AL AR JFAE gk £+ o Cano-Higuita & 4
(2015)3%f 7 i %u & FAAME ~ M P 3L 2 A f6 iR 4 40 38 B
R AR R St RS A T R Rt L
SR A% 8 L b e o Oberoi v Sogi (2015) 6 5
WO FT M A - A R YR FR AR
Ao ggEb AR AL ZREETE IR T AR
s 5§ o Araujo-Diaz % 4 (2017):=f% 1 ¢ 5
EF HioRpaf s ic i A LR
% -

FERa RIS TM G iR HER A o

e faEfARET AL b M A4 AR iR &
< R R o T i # %—Qfé‘ﬁiﬂ SRR R -t o F < 4@
# (Carneiro et al., 2013) -

21



CH-,OH
I O
OH
H-4-0
OH
a-1.4
2<n<20

B 2-4~ § FHH I B S o

Fig. 2-4. Chemical structure of maltodextrin.

22

(Aidoo et al., 2013)
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2222 =R AT A ad

2 A A 7 A @ & % (HPMC ; hydroxypropyl
methylcellulose) » ¥ & ¢ vk > v & I Ao > ks %qu‘“,flJ‘
pd nd il R o A gtk X MR E AR E
(W 2-5) ¢ 5 zgp A e B @ FRMEEF S F a0k
TRTIPEG R R A DAk N R R o Flpt
sem AT AR AFFTL S S £ ot L m s R S
WA ~ RS TR AR ~ £E T~ s & (Soottitantawat et al., 2003;
Burdock 2007; Gharsallaoui et al., 2007; Soottitantawat et al.,
2005) o M e & F-qt ity ? > A & A B AR e gL R D
KABRER 0 FER B YV MF MEERE TR 2 e 5 (8
Fuitiz 3 { 4 8 < £ (McClements, 2005) -

Davidov-Pardo & % (2008) %7 7 = % &g 7 {é * 2 b4
BF o4 AREE  EAATAREE TR AND
* g T~ @ e oAl o Yonekura & 4 (2014)R) %
Moo EEA R T ARAF (FL HER > F LR Fic%iE
2 ¥ R Fes 4o Wang % 4 (2014)45 34 Y X

Polvg Hac EARY s A AT AR B F T FALH G ok
Mo % BT AR N A AE 8% A AT A E o [

TG AT EfE e R REASRE Y R AR o

FHACEZE SR EY hoe T Y BB LaEH
Woov FE BT S A(Rayetal, 2016) > ¥ ¢Fid iE
Fac R F AR B R PR T L B T R

T S B AR fREMZ A RE R B o (Zuidam &
Heinrich, 2009) - Santivarangkna % % (2007)% % 4p > "8 %
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| |
H
0 OR H
H\ H
| O
CH20OR
— n

Where R = H or CH3 or CH2CHOHCH:3

DIPENELE G E 3D STF & =

Fig.2-5. Hydroxypropyl methylcellulose chemical structure.

(Burdock, 2007)
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FCEV L RGCE A AN AR T IV E 2R R B
oF F ek O T AP $H B PR AR(5-100 §)) 0 FIt i & AT HUT
BV E 4o 2P F - bt ¢ % % (Rodriguez-Hernandez et
al., 2005; Yousefietal., 2011) > ¥ ¥ & 5B 5 M-k& 7 & % K&
Mg Bl o i FORB E TR o M HRc R R Tk k2 5
Akkark s ZEF A .’rﬁgs’é@/»\ B % 2-5%Fc 0.2-0.6 (Shishir et al.,
2016; Tze et al., 2012; Kha et al., 2010; Patil et al., 2014) - # iz if
BT ol RAS RS e KRR - P T E O A3 e
B peA e~ F A rEfR A R o tE M (Marques et al., 2007; Tan et
al.,2011) -

7“3?

231 B HFackP il g

IR B H S W 26 A BB - FlR
FERZFRE EPHEZF BRI B ARRETRR
(Mohammad Rezaul Islam Shishir & Chen, 2017) -

s 50 BT et e - e i AR
LT U Ll N SR R
R mABfh 0 Fl BB EL BAFET E TR 0
e (%0 2010) ¢

B vf ooy SHR* g B4 iRt s
A fode g A B R w 8(2 2 2010)« A o oK e
R EPRA 2-90H ¢ 2R ReE (T IR 00 h IR
i ¥7£AE?§ B AR ER 0 @ g 1t BRI AP
WAt i i BehAd FRRM o AZF A K AP IRATG T

P oA iR v oA ,—g-/igi’pff."gﬁlj L e



Atomizer

Feed (i.e. fluid nozzle or
solution rotary atomizer)
Droplet
development

Drying
Chamber
(150-250°C)

Hot air g

(Co-current or counter
current or mixed flow)

&
o

Feed characteristics

Feed composition
Types of carrier agent
Carrier concentration
Density

Viscosity

[

O WA e W

Feed flow

Hot air flow
Compressor

Spray nozzle

Spray feed particles
Drying chamber
Cyclone

Powder collector
Exhaust tube

" Final

Spray drying @
: factors affect the :
product quality :

Sessnsnnsnnnnnnannnnnns

l_‘_\

Spray dryer design

Cyclone

Recovery

Operation condition

Inlet and Outlet temperature
Feed flow rate

Drying air flow rate
Compressed air flow rate
Feed temperature

Atomizer speed

Air flow: Co-current/ Counter-current/ Mixing
*  Atomizer type: rotary atomizers, twin-fluid nozzles

B 26 Hic BREE* BEE ST TF -

Fig. 2-6. Spray drying diagram and the factors that affect product quality.

(Mohammad Rezaul Islam Shishir & Chen, 2017)
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Table 2-9. The principle of the action of different nebulizers.

BrEmY RS el
R
(5 i ef oK) R4 A e R A AT i B AR | e A P

(Pressure Nozzle)

G
(Rotary Atomizer)

[2aPk - e
(7 inRgeg o)
(Two-Fluid Nozzle)
REAHE

(Ultrasonic Atomizer)

kTR i iE o AR U B S g RST

I%ﬁﬁ s 4 gk
54k 2 R f o
FREERE i R B SIS A 1 Bic
g\;mfli’f}%’ﬂ}ﬁlilfi”{ﬁ?ljgg@
G4 RRE IR RBERL -

LR P S S FLE AT

W A

ER o

e ah URAE i RIaiA R Rl %mf&f%% ¥ 3

DR 2R E T

Bk (E e e SRR CAR)E R

27

(£ » 2011 ; Cal & Sollohub, 2010)



LAvdm ] o % R NEEF > RFARTHE B m\f}*»‘
HFN TR LFEE D F R OB R R
I F ER R ARG A 0 A PR A F %(|
& Sollohub, 2010; Huang et al., 2006) -

BB ROEHE 0 ¢ B S T {rdb R 1Y
EACRA ST A o F R KD EAXF 0 A R F AR
e F AR WAL R ok 5 E 4 WP f FA DR

® -1 € Hi4e 0 B2 & & B (Shishir & Chen, 2017) -

2312 HivpFaEzFRE

PIEERE AR F T BRI E A e B g% g
FOUL LG E G 0 MELPE o RALE XK P i §
e d o R T F R RWF 5 150-220°C - F] iRt
¢oavRk A plr g F i aole B g e 2w 474 (Fleming,
1921) o I ® = = g vk R B £ 50-80°Cﬁ’v]§c;€;3:’z
Vo d i AT 2R A SR A SR L R
€ L A o m apndeE  RI AR R T o E
S oo b B L 6 BRI A S T EY 5 AR LR
4 BATR A 57 AP AR TR F T
# (Fleming, 1921) -

FRFERTFEM AR FALIFESERL
AFROLBRIGEdINEL 0 T 5 R A ST RD
Fooa&F BRI ApE 02w BE o ke FNE RS 0 B
piE B g% v % o (Gharsallaoui et al., 2007) -

—\
[as}

)

b

ASH

AN A RIS > R ISR A B2 BIA A

BB RPRER RS R BB A A B 2 r T
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& & (Gharsallaoui et al., 2007; Masters, 1991) -

D) FRFERZTFEAF > RFORAH IR ER -

(2) LR 2 fm Rk F A RT RS EF R D
QAR B TELI I R A ST

(3) Botd » RiF £ 3 X g b B FoE T E Wik gk
AEPRATE 50 T Ty Rk T SR R Bk MR AR R

CEEAN ETT Sl R

by -PEY BT F RRFREREENDF 0 BRI
A e RA iR O O R SRR g B A dedE o N fR ek
fr o ResR RS e DR Fm TR ZEFRT TR
*Rc P 5 5-100 §) 0 etk R G0 0 3 0 AR
WH B G T N R R P B R 9% (Corrigan, 1995) -
b TR 3 f B AR ¥ 1530 ) LG (v L Btk
% B £ R ;pw ¥l (Fogler & Kleinschmidt, 1938) - Fleming
(1921)% 77 » 2 Z f BIRAFR & g g0 { B pw 24 iR

AT PR T

.

2313 fohEMEZF A2 B RS

RFACF B AR ST N G Hig R e
A BT RECR R RE F AR ¥ b D e b
BESEEC RN R EE T TE - SIS TSR

PR Er RFRE Ak E FHIE A
_\‘

\‘73:

Rf? 7 %07 fi £ B (Bimbenet et al., 2002)
R ABEEL T o H AR g e e KA
f? l’:!?i. E%ﬁ-f\‘i%ﬁ*% im'fﬂ ’7‘\}% rr‘i{%? l/,,t,,@ﬂ?é f
Lo ik SR e AT T R (deid A )

29



Alamilla-Beltran % + (2005)45 ) vf 7% 30 %% P42 @ >
PRl HERCEE KA TR GCRERT M &
BRIy g d AR KR o ¥ b JEd F i
Wof A e R R IT e TR AR R s 45
B IR F 0 BRI B AN R e 2 B U 2

Bk B R R RE R A Tendp T iTH o

232 o HAKS FEEP

RO AFE G R TPR A RORPEAEEZ G
LA S SRR R R 8 R ¥ ST
B VR R R RR PN AE FACRALS P R R F] S -
(Jamilah et al., 2013)

5 BRSPS R i

=] g%fg"‘ﬁi'l ek B LI /}F oy B A RS EEE R /]?f Rl i 28
o B2k (02010) - e By R4 KT - g R T
3 &R g Lol o Fod g i B AR 0 i ch

BRA o ERTRF B g RRE- AR AR F R D
PR 0 (Jumahetal.,2000) » ER A& KA 2 BRE & A
B 2R TR RE LG > EREAE A
ZvE M (4k 0 2010) e

2322 % fFimid
SeR i L AR LR T A2 - o T
w4

¥

gh‘(
@4

’KEL’F%@?E:‘E{%}%F’ T e B T s sl bl %‘
o KT T F iR R IR AR FRE 0 8 g
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WL F e AREF ML FhgcEa £ AL E R sk
fﬁfﬁﬁaﬂﬁﬁ"’éxaﬁffﬁfﬂﬁﬁ"’ HARE T RE IR
e ERREINASTRERE B A F LT (Goula &
Adamopoulos, 2005; Goulaetal., 2004) o gt ¢t > 37% 7 & 0¥
ﬂ#ﬁﬂﬁ’{%ﬁ%%ﬁ%*ﬁ%%’%ﬁﬁ*ﬁiﬁ%
R o FoEA ) Ad 2R EFAE > F 2 F R
PoehpFiz > e ars R A F Mg bix? > @ § 2§ inid
P OPEIE B ot e R A €48 T FLP (k0 2010)

2.3.2.3 &R

B Rl e o i LR H g R R iE
o i o 2 K dp ] sEsktsg 3¢ (Tonon et al., 2008) » X @ 5 3
Pk R AT o MM g @ r*%? 22} -2
(Can Karaca & Ak, 2016;Muzaffar & Kumar, 2015; Gallo et al.,
2011;. Fazaeli, 2016; Murugesan & Orsat, 2011; Tonon et al.,
2008) A d At iR I ¢ BRRIE AT 2 52
BT REIF T2 L o EREROFEE O B g R
oo S AA S (4502010) - o iR dp e i B
B M E BRSP4 0 Rt o g B F
(Mohammad Rezaul Islam Shishir & Chen, 2017)

B

“@

2324 »v §

FHICEE Y PR RE N 4 mﬁ*u{/\ R R iR
Borv BRIBPRHICER AP FRFT LR R F
(Mohammad Rezaul Islam Shishir & Chen, 2017) » ¥ 7% 3¢ % <9
AR IR A 1200 FIG aptRaE R b i
HFlhRFLD BB E (30 2010)c A § ~ TR R B

Rg
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ke EER R SRR 0 AR R TR
& <t (Mohammad Rezaul Islam Shishir & Chen, 2017) > @ #- %8
g ¢ 'F iK(Tzeetal, 2012) » % f2 5 gl + = (Dazaetal.,
2016) - BMEF F L AFT P T ORFDOrNTIERF

£ ¢ T " (Mohammad Rezaul Islam Shishir & Chen, 2017) » #X

Aoy R R E BRRR AT o AR 2 2 ARF LV
Mg ik g o e R TRF AT BR €RBICEREF
o &3k & A £ (Cal & Corke, 2000) -

2325 RFER
BRI R A T G IR A 2 B R e
TR RIgREOEF X

FRMH e HF 0 FRFRER SR ORI FBA RS
KRG EAES 0 F oA iRl 2w (g

~ R Z R 5 e n (FF 0 2010) ¢ ¢t vk Shishir &
Chen(2017)F 5 % Tk R hAb B fo 4 & 564 3 B o 3fecne
1§ s

2.3.3 Mg Hac %k WA R A B %

G EcRiE B2 AR LT 3L A R A W i) & (- (Ahn
et al., 2008; Bae & Lee, 2008; Fuchs et al., 2006; Partanen et al.,
2008)e @ 12 - AR BB AW L R g4 5 A B I
Ppengtic & 2 F F ik ok & v (Dziezak, 1988) -

Fui ag R S H e g e fT B R Y A e
XD a0 hrE GEcEw 0 FLIVRR

FEAEEE 1-100um fe RIp o 3 B - TR R

=g

¥
\—3
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N

g

(Liu et al., 2001) » g id ey s 5 2 450 engv v % f > 2 5
AR R i K S MY F R 5 2 F % s2(Drusch, 2006) - i
B AR € IR G e 0 A HEC R T 2 Jleh s AR
(Rosenbergetal., 1990) - Barbosa % * (2005)5# 3 45 ) » 5 3*
RARAE T BB BRI MR R AW g ¢ Rtk € AxE
Mg At RRIF s AR REor G RF R 0 T OUH
B avEp e g 2 g F% o 2 £ Carneiro % « (2013)
ST PRI f B RESLLRRIFR AR AR
A2ERDSR A PREEd W PEH P EET R A E
R 7 s sy 4 2 %3 24 (Liu etal., 2001; Jafari et al., 2008;

3

it

%ny

Soottitantawat et al., 2005) -

FHICR DB FRd B RGO R A FH
BB FREF  ERORA P T 0 G R B
A& 1 & Fr e 54 @ % (Gharsallaoui etal., 2007) - Z. Liu & *
(2004)ie % o Hic R P BB BEF 2 20ichl & 7|3 5
BRE~>CRERZACER CFRL O EPPFORER ERE
Frivigeaab R oom BRI E e p 8 F 0 R r]t“iikz’g-
HERKZESOFZ RZESE ML R AL rmwifr,,s iF =l
e g3 R g §1%F = L TR $2 ?{?5”#{]‘} A ERR At R T
ﬁéﬂ%“%ﬁ@ﬂﬂﬁ’ﬁ?uﬁ%ﬁ%%ﬂﬁ
%

e £ oo i P90 3 sg W 47 & (Gharsallaoui et al.,

mh}x*

2007)> d ¥ @ & v R R 2 B £ E £ h(Zbicinski
etal.,2002) - ¥ ¢t r» TR REMBE R RADEEER 2 BM

@ E D e g #A&iﬁmﬁ%4“ﬁ§ ﬁ%ﬁ*
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(Zakarian & King, 1982) -

Jafari & 4 (2008) s pLghzs s M E VW g 2 4 g
’Tﬁ‘rnu £ FF R B s S B ORR B E) &
ALFL i R e > (RFA P ~ARR S RIF X D) ferE Aok AR
ER(FE > ERE TN N RR) MR R
TR AR > TS F R G s RSP o BT F T
a?';%zté’ri*p’}iév MNZFE L 12 e B2 ERP
BA 22 Lk % igek(Cameiroetal., 2013) -
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(1) 80 s MR Eps & (2™ 50 RS R g F R e Kehe
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v & 170-180°C - FFd ¥ REE R e R R WK SO TR
W H B A4 R AR B R 38 T i 2k 5 13500 rppm
G RCE O TR R e 175°C 0 i ER R 4 TR Bk T ir
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& 5 0.5(m3min) » @ EkluniE d A EpiE B ;;s:rwgw B [ 4R
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3T o Bl iE Rk % 225% o
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Bt ey e 2 A 5 Wi e 0~ 2 =20:80
40:60 ~ 60:40 ~ 80:20 ~ 100:0 (v/v)5 Ao 2 4 &l
“’ﬁﬁﬁaﬂiﬁﬁﬂéﬁé%i%MP’ﬂ”“ﬁﬁ?%%

ST B ot DIAGIB LT TR G 12.5%PF 0 RGBT

& b Pl (M 4-2) 0 @ MY T5% 0 BIsRE AR S0
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AL Hic k2 UEMREL AD L A EiFE II?W{ EP LA
Table 4-1. The optimum conditions for the preparation of microcapsule powder and oil by spray drying method were
discussed.

Paper =4 FUi e WK o A0 i

Bfwd  ET epd FFRP TR
(rpm) (min).  (g/min)  (kgf/cm?) °C)

B R R AR (T BT R e R ‘ 6-12 - 180

* e kEH i,—:»'?ﬁ'@z‘ ‘J’I,{F?%ib"#/z’@i% 2_ PR vherEd 2

16000 5 11.6 - 170
7 5
g
W AR PR R L R TR A

18000 5 12 0.6 180

PR F VAR P
b1 LR A L0 v R R 2 ok 14000, 5 . 13-14 : 170
zwggggfﬁﬁ\wﬁwﬁxﬂﬁﬁék$%%”%%
Rl U S % o B G 2

10000 5 10 0.6 180
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Table 4-1. The optimum conditions for the preparation of microcapsule powder and oil by spray drying method were

discussed.
Paper % i FUfug 1) % o i
BpikE BT R ZFBRY AT EA

(rpm) - (min)  (g/min)  (kgflcm?)  (°C)
Se L GE g o Fac R W e B oY R 2k 14000 5  13-14 : 170
R EAMET 2 F TR PR Ry R

10000 5 5 _ 150
®# i
oo ek R SR e 2 A AR 1000 5 1314 : 170

(Binsi et al., 2017 Carneiro et al., 2013; Fernandes et al., 2016; Frascareli et al., 2012; Mohammed et al., 2017; Premi &
Sharma, 2017; Roccia et al., 2014; Shamaei et al., 2017; Silva et al., 2014; Tontul & Topuz, 2014; Zhou et al., 2017)

38



A ST i FL R T e B 8RS 75510

DM

G % A HTEOIEA R R e SRR X SRR A
Sk kb g efp B WE R S el Ao R R A T hA 5
ERFFMFE LGB TfEA AT i R ARG
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Bk ‘Eé'ﬁ#ﬁ%%—rfw?'li’ x//_]; R A ¥ W 'S 9 oF S S
R A o R R T A g B R B O e 1420
FreniEd It WP BEEF %L RS R LT AR o
ok > BB R R ) DURESE A R en Ut gy i
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B 4-2 ~ 4238 1250007 4o B & b 2 i 4] ) -

Fig. 4-2. More than 12.5% of the added oil produces a floating oil.
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15
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o

2. 7% A

# i pi(Petroleum Ether) ~ 7k fig ik (Acetic Acid,Glacial) i p
T LB RORR G PF 5 F75 0 5% o B 3 %2(Isooctane pure)
pp AppliChemPanreac = @ » %t © 95%¢ fRpLp # P iV 1 %
LS SAR IR LN LR i

3. - 4

s
gL

o
e

# pk (Hydrochloric ACid)p g o i B ik i 5 P12 @ > A7

B 5 A o B AR ik 40 (Sodium Thiosulfate 5-hydrate for
analysis,ACS) Bt p AppliChem Panreac = & > g o 7k it 49
(Potassium lodide) PEp frk &1 4RV €4 K> P & o
= " 4 & % (Hydroxypropyl Methylcellulose » HPMC -
Benecel™ ES5 Pharm hypromellose)pp 5 8 = i 7% > 5 X
S S o & v sk (Maltodextrin » MD)REp & =5 3% i
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/\‘?‘] 5
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52 REHEKA
1. ¥8 5 52 % % SL(BR) 5-1)
Spray drying GB-22 (Yamato > p #)

2. Ui IR
Heidolph = 7 (Nuremberg » Germany) > DIAX 600 %] -

3. 1 AlARdr st B4 f s
Hettich = @ (Kirchlengen > Germany) » MIKRO 22R 3] o

4. B ik 4 Hs
HITACHI = # (Tokyo - Japan) > himac CR22GII 7] -

5.4 B Al &b ER
Binder 2> # (Neckarsulm » Germany) - FD115 7]

6. ik -k A A 37 iR
A&D Y % B >3 "= & (Tokyo - Japan) - Mostiure Analyzer

ML-50 %] -

7R FE A AT R
AquaLab = & (Pullman > USA) » AL 1494 3] -
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Fig. 5-1. Spray drying system GB-22 used in the experiment.
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531 EBHp i
%% Roccia & 4 (2014)1%:% 13 sz » r [ LI B
Bt TR 6%33 95 2C EAE KT  BEFE N P~
B3%NHPMC » 22 B THFWLL = 237 » T HHEF 4T
T 24 PR o

532 Afrid -k
BT B s RER D oS0 TR L~ B9 =20:80 -
40:60 - 60:40 ~ 80:20 ~ 100:0 (V/v) » T+t @ kA B F 15 o

533 f i japey

%+ Carneiro & & (2013)= j# » ¥ d IFF H S 575 B ik
Zoo B Fp ik R 4 A Ft b 7.5 510 ~ 12.5%4c » BE LY o fR
B 2120 ml sl o F iRdE ks TR T i@ 2T 4% 13500
rpm 3285 A 45 B~ 100 ml 5t it iR 2 R TR fF a0k o

534 v Bic%
MR 2 q i B P IRE JIAE o O g gk
TR Ao o TR R R vE B B 4 10.5(kgflem?) » S5k T F i

i#:0.5(m¥min) > » v R A175°C o & sklin ik :22.5%(5.5-6 g/ min) e

5.4 TR 3 RAR AT
o A B O T % 4k B 3+ (BROOKFIELD/U.S.A
Model:LVDV-1I )ipl 7_» %% /& ¢ ¥ # Spindle03 #&:¢ 60rpm i (7

p 6 % BLGF E {5 0 % Spindle & » I 50mL e F 2 & A
Fplz=x H11CPS47 - &tz & R o
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55.1 A & 447
% PaolaRoccia % 4 (2014)= ;2 % :x2 > vf Fic k flae i

R AIr 2 Rz T B R K Y A ke R I R A (W)Y
Eavtg ® Lo 2 R E (W) 0 f AT 4 £ & (Wo)3
PEAS > T = 4

A X (%):(Wg-Wl)/ Wy x100%

Woist i i 5 ¢ £ (g)
Wgﬂi%ﬁi(@
) FEFLEHREZ B KRB R E (0)

552 kA 3 £ A4
R AR FacE L - =050k AW 0 B~ fF
kBl RS Y AEE > B2 TR ARSI RS

ran

EEFZERER e

55.3 RiF MR
d R GE LRI RR R TR R A 0.50 4 A W gt RE L
%ﬁﬂiﬁi’%2?0H@%Méwwa%@%Wio

Tz & fi*ﬁ/?

&2
T i

554 B3 E -~ F - FadnmE ¢ RF
1245 Binsi (2017)> i i3 22> HFEFEE 0.59 45 % i 75 (W)
2 50 mL #. ’F‘J v dex 2 M ﬁﬁ’x 4mLuf§/¢,w P=E R

1295+ 2°C-Rip 45 A~ 4ats > #2224 e r B2 mLIR
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148 4vr 10mL 728 mOR &353 > 12 9000 rpm dgw 5 4
& B bR A ngrfrE 2 AR ALY (W) o £ e x 0.5 mL
P EUR £ FHERAY FRICEIDIFEARY 0 12 105£2°CKk
fascHk 2 ) o ioE e (Wo) o d 0T 2582 B g fe
FFoHkHEEFZLRWR -

Fe &b Pg ¢ A1 ik engd & (g oil /g powder) = (W,- Wh)/ W
"5 4248 5 (%) = (AO-TO)/AO. x100%

Woits &7 "g £ (Q)

W2 532 £ ()

Wod=B g+ Al q @ B £ (0)

TO:k &b 7q ® #rikend £ (g oil/g powder)

AO: fugu itz ¥ WFA 4 3 & ¢ “ribeid £ (g 0il/g solid)

%= Fioramonti,(2017) 2 Binsi(2017) = 2 i3 zT2. > #f fE =B~
0.5 g # & b % (Wo) 2 50 mL#ss § ¢ > %e » 10 mL % 4 i >
TR S P (vortex)30 £5 15 0 AR TR E 5 A4 MR L H 5
Jo A (Whatmann No. 4)iEijg & ¥ L8 dcf=E 2 F=& ¥ 7 (Wy) > 1
3=t ul 6mL inT b flo B RS > BTk I P - 225
¢ 512 105+ 2°CHE 45 55k 2 M%’ ETIcE e L (W) o d 1

TORNPEEF LR o REEFZE R
k4 fq® Fow b g & (g oil/g powder) = (W,- W1) / W,

Woits % 4 %5 £ (Q)
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Wi =g 532 £ (9)
Wo e B s E+p A0 5P 5 9 g (Q)

¢ % % (%)=(TO-SO)/TO x100%

TO: # % b " @ 971k e £ (g oillg powder)
SO: ¥ & "3 # & o ¥ "5 & (g oil/g powder)

55.5 BETERR ?%fﬁ%)ﬁl A3

% PR Thalberg(2004)£ Fazaeli (2012)= ;2 i3 :x2_ > B~ 1Q
kb oo (W)l » 10mL % 59 » bk 3 < BMs > T
PRBEREMANMN) BFEFEREF 10> L H5- <88
o R R AMAR (V) E 0T 2 S E R
’T‘ REPR - RSEFZ L RER

AT R B (glem®) = Wyl Va
s (g/cm?) = Wol Vr

Woids % 4 #3 £(0)
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V1 Bf‘ % 48 F (cm3)

1245 Saifullah (2016) % » d T 5|25 a8 w7 @ R4 E

Hausner ratio » #: #82k14 45 1 o
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¥ A &bt 4p ¥ Hausner ratio = D1/ Da

Da: £4T% & (g/lcm3)
Dr: ?T]‘\%'B' & (g/cm3)

55.6 %2R

% P& Cano-Chauca (2005)% Wang & Zhou (2015) % « = j#
T3 er 2. o 4= 0.3 g s kb P (Wo) >t 150 mL ME4x ¢ > 4~ w4
~ 25 8 90+ 2°C x4 Kk 10mL » s » 2 & 3L 5 ~4afs # 1 15
mL & § P02 5000 rpm s 5 4480 B FR A 1 EF L
FE 2 FTR ALY (Wa) > 77 135 + 2CU- 45368 5 PF » 50 44
BEEML) 8 T AN ERAGERE R TRGFZE Rk o

% 12 B (%) =( Wa-W1)/ Wox100%
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Wo =8 5T E + R Ppip 2532 ()

55.7 Bw RIE
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—

FERTERTIRLEAFEEW,) > d 0T 28 F SR o &
Pl 7 =4 fi’,‘ﬁ/?
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Woisks % id *a £ (9)
W= 532 £ (0)
W =g 5T E+ &0 P tEe 7 2 4 £ (g)
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5.9 A4

9 % #c¥p F 12 mean + standard deviation (SD) # 7 - i *
Statistical Product and Service Solutions ( SPSS Statistics , IBM, 24)
FREE 7t A 45 0 12 ANOVA 25 (8B 245 > & 1 gtd < %
B3 EkE p<005 T RTISE2 EEPLB -
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6.1 L4 ¥7
611 A FAfkAZ B FHELEAF RS

AFWMERR LIRS EPR AR TR B
FAMEL o F o g Z a1 ¥ A0 - BER IR FIERF

A 4 o7 7 B oz £ (Can Karaca & Ak, 2016) - 4% Bhandari
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g S - BB R e AR e

354 6-1 2 Bl 6-1 i % ¥ v sl Hacons iy
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FRB AR T A 0 FIUF A FIR A SO'F K5 ¥ k£ Shishir &
Chen (2017)%efEch s A g @ » = % Baon g kR =
A gRE2 Mt 0 d AR SHEGHR R R A g
e ERAZ D AR A AR R ’%ﬁfé FAL L
Tl mig * o TR Ak R ke F I RE A S oo e
Tonon % 4( 008)cr#= g ara I g & 7 s aE ek B d  10%3 4o
30%FF » P 950 & o s Jish A d TR B
Ji%ﬁﬁﬁ Gt RFAL > FAEFEMR O R EFENE
FRF AR ZEEAN o E R EL o Ra AT
Pl ihfe s HAF T REEFEORT B
MR RREAERTRAR R 2 A EFE 2
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Table 6-1.Effect of different blending ratio and the amount of oil added on

drying yield of sesame oil powder*.

Drying yield (%)

Concentration%(g oil / g emulsion)

Concentration%
(g sesame oil /g oil )

7.5

10

125

20

40

60

80

100

68.79 + 2,93 A2

65.81+4.24 ~@

65.61 + 5.92 A2

64.07 + 9.90 A4

62.60 + 18.54"°

66.36 + 6.30 A2

61.59 + 5,59 A2

60.64 + 10.38%

58.18 + 7.85 "

56.30 + 19.15%

66.36 + 6.30 “

61.59 + 5,59 A

60.09 + 8.20 ~°

55.07 + 9.98 A

54.85 # 15.04"°

! Each value are expressed as Mean + SE (n=3) .Values with different

letters (upper case) for the same concentration%(g oil / g emulsion) and

different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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Fig.6-1.Effect of different blending ratio and the amount of oil added on

drying yield of sesame oil powder*.

! Each value are expressed as Mean + SE (n=3) .Values with different
letters (upper case) for the same concentration% (g oil / g emulsion) and
different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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R REPRATY R F R AL R KL T E
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Table 6-2.Effect of different blending ratio and the amount of oil added on
moisture content of sesame oil powder *.

Moisture content(%)

Concentration%(g oil / g emulsion)

Concentration%

. . 75 10 12.5
(g sesame oil / g oil)
20 5.30 + 0.36 A0 4.28 +0.10 A2 413+ 0217
40 5.60 + 0.20 A° 4,50 + 0.10 ABP 4.03+ 0.06 A2
60 573+ 0.35A¢ 4.33+0.15 B0 4,10 + 0.20 A2
80 5.37 + 0.06 AP 5.07 + 0.06 ©2 4.02+0.3142
100 5.80 + 0.20 AP 5.87 + 0.15 P° 4.30 £ 0.20 A2

1 Each value are expressed as Mean + SE (n=3) .Values with different

letters (upper case) for the same concentration% (g oil / g emulsion) and

different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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Fig. 6-2.Effect of different blending ratio and the amount of oil added on
moisture content of sesame oil powder *.

! Each value are expressed as Mean = SE (n=3) .Values with different
letters (upper case) for the same concentration% (g oil / g emulsion) and
different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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Table 6-3.Effect of different blending ratio and the amount of oil added

on water activity of sesame oil powder *.

Water activity

Concentration%(g oil / g emulsion)

Concentration%

: : 7.5 10 12.5
(g sesame oil / g oil)
20 0.655# 0.005 ©¢ 0.612 + 0.005 BCP 0.578 + 0.002 ©2
40 0.661 + 0.009 ¢ 0.625+ 0.004 ©° 0.546 + 0.003 B2
60 0.660 + 0.005 ©¢ 0.623 + 0.008 ©P 0.573 + 0.009 ©2
80 0.641 + 0.012 B¢ 0.600 + 0.007 B° 0.574 + 0.004 ©2
100 0.506 + 0.001 A° 0.541 + 0.010 @ 0.536 + 0.003 A2

! Each value are expressed as Mean + SE (n=3) .Values with different
letters (upper case) for the same concentration%(g oil / g emulsion) and
different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).

60



Water activity

Hl 7.5%
0.8 1 I 10%
B 12.5%
Cc Cc Cc Bc
BCb Cb Cb c Bb
0.6 - Ca 5 a Ca pp A2 pa
0.4 -
0.2 -
OO T T T T T
20 40 60 80 100

Concentration% (g sesame oil /g oil )

B 63 7 3t et 2 i o BT A KA R

Fig. 6-3.Effect of different blending ratio and the amount of oil added on
water activity of sesame oil powder:.

! Each value are expressed as Mean = SE (n=3) .Values with different
letters (upper case) for the same concentration%(g oil / g emulsion) and
different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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Table 6-4.Effect of different blending ratio and the amount of oil added
on oil content of sesame oil powder?.

Oil content(%)

Concentration%(g oil / g emulsion)

Concentration%

(g sesame oil /g oil ) e 10 123
20 39.91 + 0.43 A2 52.44 + 1.05 A 58.62 + 0.81 A°
40 41.93 £0.52 B2 52.21 + 0.58 A° 59.39 + 0.45 A
60 43.17 + 1.03 BC? 52.21 + 0.16 A° 58.52 + 1.06 A°
80 4407 £1.19 <@ 52.27 + 1.73 A° 58.43 + 0.50 A°
100 4411+ 0.52 ¢ 52.85 + 0.41 A 59.45 + 0.96 A°

1 Each value are expressed as Mean + SE (n=3) .Values with different
letters (upper case) for the same concentration% (g oil /. g emulsion) and
different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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Fig. 6-4.Effect of different blending ratio and the amount of oil added on
water activity of sesame oil powder *.

1 Each value are expressed as-Mean + SE (n=3) .Values with different
letters (upper case) for the same concentration% (g oil / g emulsion) and
different letters (lower case) using the same concentration%(g sesame oil /
g oil) differ significantly (p < 0.05).
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Table 6-5.Effect of different blending ratio and the amount of oil added
on oil retention of sesame oil powder?.

Oil retention (%)

Concentration%(g oil / g emulsion)

Concentration%

7.5 10 12.5
(g sesame oil /g oil )
20 84.22 +0.91 A2 94,92 + 1.90 AP 95.56 + 1.32 AP
40 88.47 +1.10 B2 94,51 + 1.05 AP 96.80 + 0.74 A°
60 91.10 + 2.18 BCa 94.49 + 0.29 AP 94,30 + 0.27 AP
80 93.00 + 2.51¢2 94.62 + 3.13 A2 03.77 + 1.83 A2
100 93.07 + 1.09 2 95.66 + 0.75 AP 96.90 + 1.57 A¢

1 Each value are expressed as Mean + SE (n=3) .Values with different
letters (upper case) for the same concentration% (g oil / g emulsion) and
different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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Fig. 6-5.Effect of different blending ratio and the amount of oil added on
oil retention of sesame oil powder 1.

! Each value are expressed as Mean + SE (n=3) .Values with different
letters (upper case) for the same concentration% (g oil / g emulsion) and
different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p <0.05).
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Table 6-6.Effect of different blending ratio and the amount of oil added
on surface oil of sesame oil powder 2.

Surface oil (%)

Concentration%(g oil / g emulsion)

Concentration%

75 10 12.5
(g sesame oil /g oil )
20 30.50 + 0.85 B2 34.47 + 2.11 A 42.84 +0.71 AP
40 30.39 + 0.10 B2 34.49 + 1,79 Ab 40.45 + 2.21 A°
60 30.95 + 0.59 Ba 34.03 + 1.53 Aab 40.78 + 3.73 AP
80 24.82 + 2.35 72 36.53 + 1.97 b 40.86 + 1.78 A°
100 24.79 + 0.81 A2 35.50 + 0.37 A0 41.78 £ 1.73 ¢

1 Each value are expressed as Mean + SE (n=3) .Values with different
letters (upper case) for the same concentration% (g oil /. g emulsion) and
different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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Fig. 6-6.Effect of different blending ratio and the amount of oil added on
surface oil of sesame oil powder *.

1 Each value are expressed as Mean + SE (n=3) .Values with different
letters (upper case) for the same concentration% (g oil / g emulsion) and
different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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Table 6-7.Effect of different blending ratio and the amount of oil added

on encapsulation efficiency of sesame oil powder *.

Encapsulation efficiency (%)

Concentration%(g oil / g emulsion)

Concentration%
(g sesame oil /g oil )

7.5

10

12.5

20

40

60

80

100

23.59 + 1,964
27.50+0.95 42
28.28 + 2.95 A2
43.58 + 6.71 BP

43.78 + 2.25B°

34,30+ 2.72 ABP
33.96 + 2.68 ABP
34.82 + 2,99 B2
30.15+ 1.79 4

32.83 + 0.84 ABb

26.91 + 1.00 A2
31.88 + 3.84 A%
30.22 + 7.49 A2
30.05 + 3.55 A2

29.74 £ 2.24 %

1 Each value are expressed as Mean + SE (n=3) .Values with different

letters (upper case) for the same concentration% (g oil / g emulsion) and

different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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Fig. 6-7.Effect of different blendingratio and the amount of oil added on
encapsulation efficiency of sesame oil powder *.

! Each value are expressed as Mean = SE (n=3) .Values with different
letters (upper case) for the same concentration% (g oil / g emulsion) and
different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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Table 6-8.Effect of different blending ratio and the amount of oil added

on aerated bulk density of sesame oil powder*.

Aerated bulk density(g/cm?®)

Concentration%(g oil / g emulsion)

Concentration%
(g sesame oil /g oil )

7.5

10

125

20

40

60

80

100

0.216 + 0.001 &

0.204 £ 0.002 P2

0.187 + 0.001 2

0.172 + 0.001 B2

0.161 + 0.001 "

0.241 + 0.002 P°
0.245 + 0.001 &°
0.230 + 0.002
0.218 + 0.004 B°

0.207 + 0.001 A

0.314 +0.001 P°
0.295 + 0.001 ©°
0.314 + 0.002 ®°
0.286 + 0.001 B¢

0.192 + 0.001 A°

1 Each value are expressed as Mean + SE (n=3) .Values with different

letters (upper case) for the same concentration%(g oil / g emulsion) and

different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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Fig. 6-9.Effect of different blending ratio and the amount of oil added on
aerated bulk density of sesame oil powder *.

! Each value are expressed as Mean + SE (n=3) .Values with different
letters (upper case) for the same concentration% (g oil / g emulsion) and
different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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Table 6-9.Effect of different blending ratio and the amount of oil added
on tapped bulk density of sesame oil powder 1.

Tapped bulk density(g/cm?)

Concentration%(g oil / g emulsion)

Concentration%
(g sesame oil /g oil )

7.5

10

12.5

20

40

60

80

100

0.264 + 0.001 E@
0.261 + 0.003 P2
0.246 + 0.002 B2
0.250 + 0.001 2

0.215 + 0.001 A2

0.298 + 0.003 P
0.279 + 0.001 B°
0.297 £ 0.003 <P
0.307 + 0.006 °°

0.273 + 0.002 A

0.386 + 0.001 P°
0.358 + 0.001 ¢°
0.359 + 0.002 ©°
0.334 + 0.001 B¢

0.268 + 0.001 A°

1 Each value are expressed as Mean + SE (n=3) .Values with different

letters (upper case) for the same concentration%(g oil / g emulsion) and

different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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Fig. 6-10.Effect of different blending ratio and the amount of oil added
on tapped bulk density of sesame oil powder *.

1 Each value are expressed as Mean + SE (n=3) .Values with different

letters (upper case) for the same concentration%(g oil / g emulsion) and

different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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Table 6-10.Effect of different blending ratio and the amount of oil added

on hausner ratio of sesame oil powder*,

Hausner ratio

Concentration%(g oil / g emulsion)

Concentration%
(g sesame oil / g oil)

7.5

10

12.5

20

40

60

80

100

1.228 + 0.003 A
1.278 + 0.003 B¢
1.317 + 0.001 ©°
1.450 +0.001

1.333 + 0.001 P°

1.235+ 0.001 B°
1.139.+ 0.001 A2
1.294 + 0.001 ©°
1.411 + 0.001 &

1.317 + 0.001 P?

1.231 + 0.001 P2
1.214 + 0.001 ©°
1.143 + 0.001 A2
1.167 + 0.001 B2

1.400 + 0.001

1 Each value are expressed as Mean + SE (n=3) .Values with different

letters (upper case) for the same concentration%(g oil / g emulsion) and

different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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Fig. 6-11.Effect of different blendingratio and the amount of oil added on
hausner ratio of sesame oil powder.

1 Each value are expressed as Mean + SE (n=3) .Values with different

letters (upper case) for the same concentration% (g oil / g emulsion) and

different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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Table 6-11.Effect of different blending ratio and the amount of oil added

on solubility of sesame oil powder*,

Solubility(%)

Concentration%(g oil / g emulsion)

Temp(°C)

Concentration%

(g sesame oil / g oil)

7.5

10

12,5

25

20
40
60

80
100

74.25 + 3.69 A0!
76.89 + 0.59 Ab!
73.74 + 2.06 A0!

74.82 + 1.30 Ab!
73.55 + 0.18 A0!

67.62 + 0.82 ~a
70.50 + 2.56 Abal
72.85 + 1.37 Bal

73.89 + 2.75 BCol
77.65 + 2.80 ©

67.66 + 1.57 A4
69.09 + 0.94 A4
65.98 + 2.42 A4l

65.80 + 1.13 A4
66.00 + 2,55 A4

90

20
40
60
80

100

75.60 + 1.35 4!
78.11 + 0.66 A°
78.32 + 2.48 A!!
76.44 + 1.34 AV
82.60 + 0.92 Bb!

69.44 + 0.30 A
74.88 + 1.43 B!
75.13 +1.69 B!
75.92 + 2,53 BV
83.60 + 0.68 P!

69.41 + 1.17 A4
66.23 + 2.46 A4
69.45 + 1.06 A4
66.58 + 1.99 A4
69.51 + 2,92 A4

1 Each value are expressed as Mean + SE (n=3) .Values with different

letters (upper case) for the same concentration% (g oil / g emulsion) and

different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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Fig. 6-12.Effect of different blending ratio and the amount of oil added on
solubility of sesame oil powder at 25°C water temperature *.

1 Each value are expressed as Mean + SE (n=3) .Values with different
letters (upper case) for the same concentration% (g oil / g emulsion) and
different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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Fig. 6-13.Effect of different blending ratio and the amount of oil added on
solubility of sesame oil powder at 90°C water temperature*.

1 Each value are expressed as Mean + SE (n=3) .Values with different
letters (upper case) for the same concentration% (g oil / g emulsion) and
different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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Table 6-12.Effect of different blending ratio and the amount of oil added

on hygroscopicity of sesame oil powder *.

Hygroscopicity (g/100g)

Concentration%(g oil / g emulsion)

Concentration%

(g sesame oil / g oil) & 10 12.5
20 3.36+0.15 & 2.63 +0.22 B 2.00 + 0.10 Bca
40 3.06+ 0.15A° 2.65+0.03 B 2.04 +0.05 ¢
60 3.18 + 0.05 AB¢ 2.59 £ 0.24 #B° 1.86 + 0.14 B¢
80 3.00 + 0.06 *° 2.19+0.35 4 1.77+0.11 5
100 3.75+0.15 0 3.56 + 0.20 ©° 1.52+0.18%

1 Each value are expressed as Mean + SE (n=3) .Values with different
letters (upper case) for the same concentration%(g oil / g emulsion) and
different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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Fig. 6-14.Effect of different blending ratio and the amount of oil added on
hygroscopicity of sesame oil powder *.

1 Each value are expressed as Mean + SE (n=3) .Values with different
letters (upper case) for the same concentration%(g oil / g emulsion) and
different letters (lower case) using the same concentration%(g sesame oil /

g oil) differ significantly (p < 0.05).
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Table 6-13.Effect of different blending ratio and the amount of oil added

on appearance of sesame oil powder .

Appearance

Concentration%(g sesame oil / g oil)

Concentration%
(g oil / g emulsion)

60 80
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Table 6-14-1.Effect of different blending ratio and the amount of oil added on peroxide value of sesame oil powder *.

POV/(meg/kg)
Concentration%(g oil / g emulsion)
Time Concentration%
. _ 75 10 12.5
Temp (g sesame oil / g oil)
20 5.67 4+ 0.12 P2 5.45 + 0.04 A2l 6.18 + 1.07 A2l
1 Day 40 3.58 £ 0.51 ¢! 5.84 £ 0.02 A= I 8.20 £ 1.98 APV VVI
60 1.68 + 0.57 Ba! 5.68 + 0.53 ABb 11! 8.38 + 1.06 AcVV!
80 1.27 + 0.01 Ava! 5.75 + 0.03 ABR!I! 6.41 + 0.07 AV
100 0.95 + 0.01 Aa! 6.39 £ 0.63 BRIV 6.68 + 0.89 Ab Il IVV
20 18.71+ 0.22 BVIVH 20.51 £ 1.21 CbVIVII 21.14+0.97 VI
7 Day 40 16.81 + 0.66 P2V VI 17.80 + 1.01 BaVV! 18.60 + 3.01 Beavivil
60 13.92 £ 0.50 Gl "1V 17.28 + 0.24 8oV V! 17.44 + 1,78 ABPV VI
25°C 80 11.80 + 0.06 52" 16.09 £ 0.15 B V'V 14.23 £ 2.08 ANV
100 8.21+ 0.15 Aa! 12.43 + 1,43 Ab 1 13.97 + 0.09 Ablt IV
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Table 6-14-1.Effect of different blending ratio and the amount of oil added on peroxide value of sesame oil powder 2.

POV(meqg/kg)
Concentration%(g oil / g emulsion)
Time Concentration%
: . 7.5 10 12.5
Temp (g sesame oil / g oil)

20 97.91 # 3,51 CaV VIVl 108.84 + 5.60 <2 V!l 184.91 + 13.37 ¢ X
7 Day 40 81.82+ 0.86 Ball!ll 104.85 + 4.47 BCb VI Vil 143.44 + 7.38BeVil

60 80.76 + 0.39 Ballll 98.50 + 2.83 BoVVIVII 102.27 + 3.93A0Vivil
60°C 80 74.72 + 0.33 Aall 87.93 £ 4,39 A0 !NVV 95.08 + 2.97 AcVVVI

100 71.99 + 2.97 Aall 86.20 + 3.05 A0 1TV 88.89 + 5.16AbNIIVV

1 Each value are expressed as Mean * SE (n=3) .Values with different letters (upper case) for the same concentration% (g oil
/ g emulsion) and different letters (lower case) using the same concentration% (g sesame oil / g oil) differ significantly (p <
0.05) using the same concentration%(g sesame oil / g oil) and different Roman numerals for the same storage

environment(Table 6-14-2) differ significantly (p < 0.05).

90



#6-14-2 T B2 a2 P ER3HRETEF LR RE
Table 6-14-2. Sesame oil and soybean oil in different preservation of
the peroxide value results .

Time
POV(meq/kg)
Temp
1 Day Soybean oil 1895+ 3.26 V!
Sesame oil 9.50+ 0.01"
7 Day
Soybean oil 38.09 +.2.29 X
25°C
Sesame oil 17.10 + 0.06 V!
7 Day
Soybean oil 154.90 + 13.39 X
60°C
Sesame oil 2721+ 952!

1 Each value are expressed as Mean + SE (n=3) .Values with different
letters (upper case) for the same concentration% (g oil / g emulsion) and
different letters (lower case) using the same concentration% (g sesame oil
/ g oil) differ significantly (p < 0.05) using the same concentration% (g
sesame oil / g oil) and different Roman numerals for the same storage

environment(Table 6-14-2) differ significantly (p < 0.05).
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Fig. 6-15.Effect of different blending ratio and the amount of oil added on
peroxide value of sesame oil powder on the first day .
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Fig. 6-16.Effect of different blending ratio and the amount of oil added on
peroxide value of sesame oil powder stored for 7 days at 25°C.
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Fig. 6-17.Effect of different blending ratio and the amount of oil added on
peroxide value of sesame oil powder stored for 7 days at 60°C.
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Table 6-15. Sensory evaluationin preference test for sesame oil powder * 2.

Concentration%(g oil / g emulsion)

7.5 10 12.5

Concentration%

) ) 20 60 100 20 60 100 20 60 100
(g sesame oil /g oil )
Overall 460+ 25078C 570+1578P 6,64+ 1.43° 4.50+1.62/8¢ 442+1387  6.00+115°° 3361124 450+ 157 ABC 450+ 1.08 ABC
Appearance 5.00+2.114¢ 540+ 1264 545+ 1.754 5.08+1.31A 542+ 1.004 6.00 + 0.94 A 491+0944 4.83+1.194 4.80+1.484
Flavor 410+2.08%8 420+204%8 - 6.70x1.77° 4.58+1.5148 425+238% 620+103¢€ 3361294 458+1687% 536+1.298C
Taste 510+1.85%% 550+ 15848C 518+ 1.40A8  4.42+1.38% 508+ 13878  6.50+053¢€ 464+1037 517+111% 580+ 16285

1 Each value is expressed as mean + SD (n=10). Means with different letters within a row are significantly different

(p<0.05)

2 Scores were given from 1-9 - 1=dislike very much,5=average > 9=like very much
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Table 6-16. Sensory evaluationin intensity test for sesame oil powder .

Concentration%(g oil / g emulsion)

75 10 125
Concentration%

(g sesame oil /g il 20 60 100 20 60 100 20 60 100
Appearance 300226~  365+£232A 355+254A  242+207A  275+166A  2.70£157A 236+175A  217+164A  2.60+1.90A
Taste 190+ 160~ 240+ 178A  2.82+248A ~ 217+147”A  192+079A  180+1.32A 136+067A  158+100A  170+134A
sesame 270+ 157~  3.80+215A  355+234A . 258+156A  410+179A  4.60+25078 227+174A  300+171A  550+2018
Toast 150+ 071~  200+170A  191+151A  123+045A  242+162”°  160+084A  145+093A  175+122A  140+084A7
Bitterness 110+ 032~  180+155A  136+050A  125+045A  158+144~A  190+129A  127+047A  142+079A  1.30+067A
Coffee 120+ 063~  1.90+1.60A  1.18+040A  125+045A  167+144~  170+157A 155093~  142+079”A  1.60+084~
Cocoa 100+ 000~  1.30+0.67A ~118+040~ = '117+039A 142+067A 150+0.85A  1.36+0.67~  142+100A  1.20+0.42A°
= Oil consumption 280+1.69A  230+£106A 173+101A  283+134A  183+058A = 230+£0.82A ~ 409+145B  225+114A  2.20+1.03A
§ Rancidity 120+042~  120+063A = 1.09+030~  125+045A  108+029A  110#0.32A  164+103~A  142+067~  110+032A2
Fetid 100+ 000~  1.10+032A  1.09+0.30A 100+0.00A 1.00+000A = 1.00+0.00A  1.09+030A  108+029A  1.00+0.004
Burned 110£0.32A  170+157A  136%067A  117£039A  150+145A [ '150+1.08A  136+067~  150+080A  1.50+1.08A
Greasy 380+1.87A  340+217A 255+157A  392+219”A  367+271A  340£207~  364+225A  317+244A  350+1.65A
Mineral oil 190+ 129~  240+207A 127065~  158+1.00A 175+171~ 180+162A  164+103A  217+175A  170+134A
Straw 150+ 0.71A 160+ 107~  127+065A  133+065A  167+089% 15041084  182:0982  158+079~  1.60%0.97A

@ Each value is expressed as mean £ SD (n=10) . Means with different letters within a row are significantly different (p<0.05).

b Scores were given from 1-9 » 1=weak » 9= strong.
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