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Author Miss Ladda Srisuwan
Major Program Packaging Technology
Academic Year 2008
ABSTRACT

An aroma is one of the desirable packaging functions in consumer satisfaction
which capably influences decision of buying. Encapsulation techniques can be employed to retain
aroma compounds in packaging and delivery during storage and on shelf of packaged products. In
this work, B-cyclodextrin and maltodextrin were used as orange aroma oil microencapsulants
which were obtained from molecular inclusion and spray-drying processes respectively. The
stability of storage temperatures at 30 and 45°C on the retention of orange aroma oil was studied.
The mechanical properties of uncoated paper, paper coated with microencapsulated orange aroma
oil emulsion particles and paper coated with orange aroma oil were investigated as well. Total oil
content of 2:1 of wall material to orange aroma oil ratio revealed that B-cyclodextrin remarkably
showed ability to retain the orange aroma compounds with the aroma retention efficiency of
61.25%, whereas maltodextrin had the aroma retention efficiency of 45.28% which was
statistically significant difference. The sensory evaluation and the total oil content showed that the
encapsulated aroma from maltodextrin had stronger aroma intensity but shorter aroma lasting than
the encapsulated aroma from ﬁ-cyclodextrin. The 80MD, a combination between 80%
encapsulated aroma from maltodextrin and 20% encapsulated aroma from B-cyclodextrin, had an
optimum overall performance during 8-week storage. The mechanical properties of coated
corrugated board with 80MD were tested overtime. It was found that the coated corrugated board
had the highest ECT results but the lowest performance was found in the pin test. In addition, the
sensory scores and the total oil content well remained at room temperature during 4-week storage
time of coated corrugated board with 80MD. Results based on the stability of encapsulated orange

aroma, sensory evaluation and mechanical properties of coated corrugated board suggested that
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the microencapsulation was the efficient technique of aroma retention for developing the active

packaging.
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Figure 2. A schematic illustration of various processes of flavor encapsulation.
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Table 1. Characteristics of the wall material used for encapsulating flavors.

Wall material Interest
Maltodextrin (DE<20) Film forming
Corn syrup (DE>20) Film forming, reductability
Modified starch Very good emulsifier
Gum arabic Emulsifier, film forming
Modified cellulose Film forming
Gelatin Emulsifier, film forming
Cyclodextrin Encapsulant, emulsifier
Lecithin Emulsifier
Whey protein Good emulsifier
Hydrogenate fat Barrier to oxygen and water

111 Madene azay (2006)
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Figure 5. Chemical structures of B-cyclodextrin.
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Table 2. Flavor load of flavor/ B-cyclodextrin complexes.

Name of flavors

Flavor load of complex (%)

Citral-CD 9.4
Caraway-CD 10.5
B-lonone-CD 13.3
Grapefruit-CD 8.5
Pepermint-CD 9.4-9.7
Tarragon-CD 10.0-10.3
Thyme-CD 9.4-9.8
Cinnamon oil-CD 10.4
Jasmin oil-CD 9.2
Orange 0il-CD 9.0-9.5
Lemon 0il-CD 8.9-9.1
Onion o0il-CD 10.4-10.6
Garlic 0il-CD 10.2-10.4
Mustard o0il-CD 10.8-11.0
Marjoram o0il-CD 8.8-9.0
Carrot-CD 8.8-9.0
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Table 3. Characteristics of encapsulation processes.

Particle size =~ Max. load

Techniques Encapsulation method References
(um) (%)

Chemical Simple coacervation 20-200 <60 Richard & Benoit, 2000
Complex coacervation 5-200 70-90 Richard & Benoit, 2000
Molecular inclusion 5-50 5-10 Uhlemann et al., 2002

Mechanical Spray-drying 1-50 <40 Richard & Benoit, 2000
Spray chilling 20-200 10-20 Uhlemann et al., 2002
Extrusion 200-2000 6-20 Uhlemann et al., 2002
Fluidized bed >100 60-90 Richard & Benoit, 2000
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Figure 6. Mechanism of flavor release from microcapsule.
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Table 4. Volatile compounds in orange essential oil.

Volatile compounds % wiw Reference
Monoterpenes 96.83 Rodriguezl et al., 2003
93.98 Ahmad et al., 2006
Ol-pinene 0.51 Rodriguezl et al., 2003
1.26 Ahmad et al., 2006
Camphene 0.02 Rodriguezl et al., 2003
Sabinene 0.42 Rodriguezl et al., 2003
B—pinene 0.04 Rodriguezl et al., 2003
Myrcene 1.22 Rodriguezl et al., 2003
6.28 Ahmad et al., 2006
d-limonene 94.55 Rodriguezl et al., 2003
86.27 Ahmad et al., 2006
Aldehydes 1.55 Rodriguezl et al., 2003
0.38 Ahmad et al., 2006
Octanal 0.23 Rodriguezl et al., 2003
Nonanal 0.06 Rodriguezl et al., 2003
Citronellal 0.06 Rodriguezl et al., 2003
Decanal 0.45 Rodriguezl et al., 2003
Neral 0.19 Rodriguezl et al., 2003
Geranial 0.23 Rodriguezl et al., 2003
Undecanal 0.10 Rodriguezl et al., 2003
Dodecanal 0.20 Rodriguezl et al., 2003
OL-sinensal 0.01 Rodriguezl et al., 2003
B-sinensal 0.02 Rodriguezl et al., 2003
Alcohols 0.84 Rodriguezl et al., 2003
0.02 Ahmad et al., 2006
Octanol 0.04 Rodriguezl et al., 2003
Linalool 0.48 Rodriguezl et al., 2003
0.02 Ahmad et al., 2006




Table 4. Volatile compounds in orange essential oil (Cont.).

Volatile compounds % wWiw Reference
Alcohols
Ol-terpineol 0.13 Rodriguezl et al., 2003
Trans-carveol 0.02 Rodriguezl et al., 2003
Citronellol 0.11 Rodriguezl et al., 2003
Nerol 0.01 Rodriguezl et al., 2003
Cis-carveol 0.02 Rodriguezl et al., 2003
Geraniol 0.02 Rodriguezl et al., 2003
Nerolidol 0.01 Rodriguezl et al., 2003
Esters 0.29 Rodriguezl et al., 2003
Octyl acetate 0.07 Rodriguezl et al., 2003
Bornyl acetate 0.04 Rodriguezl et al., 2003
Citronellyl acetate 0.05 Rodriguezl et al., 2003
Neryl acetate 0.05 Rodriguezl et al., 2003
Geranyl acetate 0.01 Rodriguezl et al., 2003
Sesquiterpenes 0.46 Rodriguezl et al., 2003
2.17 Ahmad et al., 2006
Ol-copaene 0.07 Rodriguezl et al., 2003
B-elemene 0.13 Rodriguezl et al., 2003
B-caryophyllene 0.12 Rodriguezl et al., 2003
Ol-cadinene 0.03 Rodriguezl et al., 2003
Ol-humulene 0.02 Rodriguezl et al., 2003
B_ Farnesence 0.04 Rodriguezl et al., 2003
Valencene 0.04 Rodriguezl et al., 2003
S-cadinene 0.01 Rodriguezl et al., 2003
OL-Terpinene 2.11 Ahmad et al., 2006
Y- Terpinene 0.07 Ahmad et al., 2006
Carvone 0.03 Rodriguezl et al., 2003
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Table 5. Formula of orange aroma oil encapsulated with maltodextrin.

Ratio of MD:O Maltodextrin Aroma oil Water
(wiw) (2 (2) (2

2:1 200 100 1000

1:1 200 200 1000

1:2 200 400 1000

o 1 [ I § @
ihduwanlunsazyan1snaasens Table 5 wanlifwionoaiulaelsy

TWEEN 20 Jowaz 2 @Wudiadlmeosdunaudioninalalud luwasdroniuisa 10,000

a

1 A A o o Y 9 A o Y 1 9
souaou Wunar s widi i lddwdedremIosiutwnunudes Tasldguunieinia

U

a ) a o s
"lﬂl,"fh 160-170 DIF BT E HAaZgUNUDINIAYI90N 70-80 NG mwamnmmmﬁl

wuluviaudailaaiin
3. mswanlulasumlgavesasldnaudulael i lalnaidinanIwuiuamsvoru

= dy 9 1 9 Aag Ia [ 1
vinmsanyuiiosdunuin msteuuatlganaie3s luanaarsoungdu

[ a A 3 d a I ]
mwziumseaa luTasuadyavesarsidnaudulaslduoa Tmdndgnswiuarsvedu
A I3 Jd a g’ Y= 1A a 9 [ ¥y A
iiesanuealmmndnsuansoazaei1aa uaz lumaasUsznouFadounuams Idnau

9y Y <] J a I T Y R o o 9 ] 4 g’
auy ﬂ']ﬁ15])'3JﬂﬁT'ﬂmﬂ‘ﬁ)"ﬂiulﬂuﬁ']iWi’)‘l/j‘3JleL‘Vf3J']$ﬂ‘]Jﬂ']TVI']LWTQLLUUWHN@ﬂ%QﬁTNTiﬂLLﬂﬂH']

4

1 ] < [} { I a [
ponvndiunay ldedesiaiuas ligeern  luvaginmsldud lsTaaandgnTwiuas

' Y a a 9 [ Y A Y o Y A a dgl Y
‘Ha‘mlfuzmﬂmiﬂizﬂﬁlm%wauﬂumﬂwmuﬁm 1/]1(1'14'&711115ﬂllﬂﬂ§]$ﬂ@uﬂ!ﬂﬂﬂ]uu1llﬁ3

a 9y

irldindalddre TunisAnwindaalulasundgavesarsldnaududalois
Tuanaa1foungiuialfind lyTnadndnTuiuasveRuiivasiladoinaziinsnan

Yy A 9 Y v 2 o a I "y an A a
luTasundgavesas IinauduTagldud lalaamngnswdumsvodu 2 35 Ao nawaa

#1833 e15aza18 1azI3 Paste Method

a Y Aas
3.1 MINanYITaITasa

=

o 3 Jd a oy M) A a
3.1 i e Taamngnivazarelminauniiguvgi 50-55 osruwaiBod 1au
U 9

a3 linauduas i luassazaewd lalnadndniued1edn 9 Tavl¥oadiunmugans

o S o qud o = Ay Ay v v
NAADY AN Table 6 i]']ﬂi.!l!‘ﬂ11‘”&]1!?3\1{l]lglﬂig‘ﬂ\?ﬂﬁi’gﬂ!ﬁﬂllﬁf’]ﬂ ﬂ')uﬁ?ﬁﬁga']flﬂﬁllﬂhlﬂiﬂﬂol%

u

3 M I 1 A
Magnetic Stirrer 1119814 $ NI INVATASONANNQUNYN 4 IR UTATIT UIY 16

Y

SRR



Table 6. Formula of orange aroma oil encapsulated using solution method and B-cyclodextrin.

Ratio of B-CD:O B-cyclodextrin Aroma Oil Water
(wiw) (2) (g) (g
2:1 100 50 1000
1:1 100 100 1000
1:2 100 200 1000
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Table 7. Ratio of encapsulated orange aroma oil using maltodextrin and B-cyclodextrin.

Treatment Ratio of encapsulated orange aroma oil (%)
Code
Maltodextrin B-cyclodextrin
1 100 0 100MD
2 80 20 80MD
3 60 40 60MD
4 50 50 50MD
5 40 60 40MD
6 20 80 20MD
7 0 100 0MD
8 0 0 aroma oil
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Table 8. Volatile compounds in orange aroma oil.

Volatile compounds Retention time (min) Relative GC peak area (%)
Octanal 7.615 4.99
Limonene 7.963 56.12
1-Phenylethyl acetate 10.759 10.21
Linalyl acetate 11.496 5.26
Undecanal 12.257 0.67
Unknown 1 8.250 15.40
Unknown 2 10.209 1.33
Unknown 3 10.381 2.57
Unknown 4 11.338 1.96

Unknown 5 13.928 1.49
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Figure 12. Chromatogram of volatile compounds in orange aroma oil.
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Table 9. Volatile compounds in extracted orange aroma oil by hydrodistillation.

Volatile compounds Retention time (min) Relative GC peak area (%)
Limonene 8.015 82.96
Linalool 9.238 11.09
Unknown 1 7.481 0.85
Unknown 2 10.773 5.10
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Figure 13. Chromatogram of volatile compounds in extracted orange aroma oil.
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Table 10. Properties of maltodextrin.

Value
Properties
Specification Experiment
Moisture (%) 5.63 3.91+£0.32
Solubility (%) 99.80 -
DE (%) 11.72 -
Bulk density (g/ml) - 0.65+0.00

Aw - 0.27+0.01




Table 11. Properties of B-cyclodextrin.

Value
Properties
Specification Experiment

Moisture (%) <14.0 12.49+0.25
Solubility in water (g/100ml)

at 20°C 1.6

at 50°C 7.5

at 80°C 25.0
Bulk density (g/ml) 0.7 0.75+0.00
Aw - 0.41+0.00
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Figure 14. Appearance of encapsulation by paste method for 1:1 of wall material to orange aroma

Ratio.

o 18 luTasunlgavesans Idnauduuaazisudninndnpiauiiaaie veq

untlgadi 18 wudr lulnsunlgavesanslinauduildoinmslduealndndnuiuans

] a o ' o ] ' J
WouareIs Mt wdanuunudes udasds  Table 12 vzwiuldnlulasuadagan ldtan
Y

Y ' 9 v v v
anusuodlus19dosas 4.48-8.75  uaziuud Iduiuduaulsaas naun sy

po19lvod1Ayn19dda (P<0.05) e1atileainnslgas Idnauduuininulydq 14
< Jd a ] a o d 1 A o A (] a
voa Inangniu bigunsanafldudeduasldnauduldvua SeildtiansIdnaudiunu
A T A a 9 ] o Y a dy Aa 9 A 42’
mideaguInurmthvedlulnsunlya derah ldanlsmannusuidmsied lamunni
a a { 1 1< 1
alSunaensIinaudun1y (Padukka er al., 2000) 9819'l5nA WA Aw Vo TuTasuAlgann
Y
sasrdiuiimlndifesiuegluyie 0.13-0.17  weN9INHUFIMUI AIANUHUIUUTINYDA
luTasundgaiinedluyie 033-0.51 nfudeliadans wazliuudTinanasmulSumeasld
Q' d' Q' dgl 1 A v o w aa A 9 Y Q' a
nauinIuedNiied Ay neana (P<0.05) e1atieennnms Igas Iinauludsuan
o q ¥ a ¢ 3 o a 9 Y A 0 q Y o o
winldmsinadauveswea lnangnsudonsouas lnauanas shldtimminyeseynia
[ a a 1 Y 1 A a Y A A 9 A d%l
apliuasiisnanas dewaldmanuruudusiinaaamulsunums inaunldmnuin

9 9 v
vinmisaneTuiaihiuinavuavedluTasuadganldoinnis e

Y a

< d A I ] 9 [ [ < d A 1 9 [ [ =
3J’E)ﬁT‘VIlﬂﬂ“])"VI31!HJL!’GTTTW'E]‘V!N(lu’f)ﬂi"lﬁ')uiJ’e)ﬂTVlLﬂﬂ“]miu@ﬂﬁ”lislﬁﬂﬁuﬁll 3 999189 7UY

9 v a

J @ 1 @ a @ 1 < Jd a v a
ﬂ'.]”mlmﬂ@ﬁﬂu@fﬂﬂﬁuﬂﬁTﬂﬂJu‘VINﬁﬂﬁ (P<0.05) Tﬂﬂ’ommmu’oaimﬂﬂmmummﬂﬁ'ﬂau

E2 9
Fumdu2 @o 1, 1 69 1 vaz 1 e 2 wun JUSuanhiunmuamifusesas 45.28, 33.69

o <3 Y a oy o g = @ 1 Y A Y Aq 9
1az 0.73 auanay i]:mu'lmwﬂimmumuwwmnmaﬂmmmmm’mmﬂwﬂauﬁumh

A é’ A a g} o A a o Y <3 d Aa ] 1 Y gl v A 9
IWNUYY !uf]\i"l]']ﬂﬂiiﬂmu'lllu‘i/'lll'Iﬂl,ﬂuhl‘lj‘ﬂ1114%8?111/“@17’]“]51/]iulli\lﬁ'm'liﬂ?iﬂﬂuu'm‘lﬁ/ﬂ%

Y v v
wanuald Mlddasldnaudunun luanuea Indnanswnaiaudousonld denalilu

u



sgremstwdauuiudesars inaudiun lignveduazegusnuriviveseynin

a =

vazgaudeliiie lasuanudougeluszuiemsimdawuunurosdaldguugigeds 160-

@

= Y as/' a oy % R A [ 1 Y Ql
170 23fLsaLas e muuﬂimmumuﬂlea"l,mTﬂmﬂﬂGgamumaﬂawmamwmumﬂwﬂau
~ QIQ' tﬁy @ [l < d Aa 1 9 A [ 1 A A g} % Qsl/
NHnuIn oasrdIuvoa INANFNTUADES IHNAWNIND 2 A9 1 Nﬂi?JWﬂ!U”I?JHVNﬁ?JﬂQ’Q

[

A = A @ ] dy A 9 z 1
1/1q@ﬁ)aﬂmaaﬂ'emimauumahiumimaawumm@"hJ

Table 12. Properties of encapsulated orange aroma oil using maltodextrin.

Moisture Bulk density
Ratio of MD:O Aw Total oil retention (%)
(%) (g/ml)
2:1 4.48+0.05" 0.13+0.00" 0.51+0.01° 45.28+0.92°
1:1 5.9940.22°  0.14+0.01° 0.46+0.00" 33.69+1.22°
1:2 8.75+0.13°  0.17+0.01° 0.33+0.00° 0.73+0.13"

The different superscript in the same column denote the significant differences (p<0.05)
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Table 13. Properties of encapsulated orange aroma oil by solution method.

Moisture Bulk density Total oil retention
Ratio of B-CD:O Aw
(%) (g/ml) (%)
2:1 6.2510.29" 0.21£0.00° 0.4710.01° 61.2511.46°
1:1 6.2510.28" 0.19%0.01° 0.4910.01° 37.9710.33°
1:2 751%0.15° 0.25%0.01° 0.49%0.00° 20.84710.83"

The different superscript in the same column denote the significant differences (p<0.05)
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Table 14. Properties of encapsulated orange aroma oil by paste method.

Moisture Bulk density Total oil retention
Ratio of 3-CD:0 Aw
(%) (g/ml) (%)
2:1 23.0810.09° 0.1810.00° 0.7010.00" 34.1110.35"
3:1 21.6910.08° 0.3130.01° 0.8210.01° 4733%121°
4:1 11.5510.86" 0.33%£0.00° 0.8510.01° 59.37£1.26°

The different superscript in the same column denote the significant differences (p<0.05)
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Figure 16. SEM micrographs of shattered microencapsulated orange aroma oil particles at 1500x:

(A) maltodextrin —encapsulated particles; (B) B-cyclodextrin — encapsulated particles.
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Figure 17. Confocal scanning electron microscope of encapsulated orange aroma oil using

B-cyclodextrin.
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Figure 18. The FT-IR spectra of standard limonene (A) and orange aroma oil (B).
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Figure 19. The FT-IR spectra of maltodextrin (A) and encapsulated orange aroma oil using

maltodextrin (B).
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Figure 20. The FT-IR spectra of B-cyclodextrin (A) and encapsulated orange aroma oil

using B—cyclodextrin (B).
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Figure 21. Mixed microcapsule of microcapsule using maltodextrin and B-cyclodextrin from
percentage of 100(A), 80 (B), 60 (C), 50 (D), 40 (E), 20 (F) and (G) in opened dish

at 30 °C.
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Figure 22. Mixed microcapsule of microcapsule using maltodextrin and B-cyclodextrin from
percentage of 100(A), 80 (B), 60 (C), 50 (D), 40 (E), 20 (F) and (G) in opened dish

at 45 °C.
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Figure 23. Total oil content of encapsulated orange aroma oil in opened dish at 30°C for 8

weeks.
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Figure 24. Total oil content of encapsulated orange aroma oil in opened dish at 45°C for 8 weeks.

Table 15. Effect of temperature on retention of total oil.

Temperature Encapsulated Total oil content (g) Retention of total oil

(°0) orange aroma oil 0 week 8 week (%)

100MD 1.4590 0.8341 57.17

¥ 80MD 1.4499 0.8426 58.11

60MD 1.5877 0.9102 57.33

50MD 1.5812 0.9881 62.49

40MD 1.5819 1.1274 71.27

20MD 1.6226 1.3135 80.95

OMD 1.7190 1.3986 81.36

aroma oil 4.1528 1.1923 28.71

45 100MD 1.4590 1.1715 80.29
80MD 1.4499 1.2462 85.95

60MD 1.5877 1.3760 86.67

50MD 1.5812 1.3261 83.87

40MD 1.5819 1.3605 86.00




Table 15. Effect of temperature on retention of total oil (Cont.).

Temperature Encapsulated Total oil content (g) Retention of total oil
(°C) orange aroma oil 0 week 8 week (%)
45 20MD 1.6226 1.3639 84.06
0OMD 1.7190 1.4723 85.65
aroma oil 4.1528 0.0000 0.00
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Figure 25. Sensory score of encapsulated orange aroma oil in opened dish at 30°C for 8 weeks.
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Figure 26. Sensory score of encapsulated orange aroma oil in opened dish at 45°C for 8 weeks.
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Figure 27. Coated paper with encapsulated orange aroma oil (30MD).
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Figure 28. Weight of uncoated and coated paper with encapsulated orange aroma oil and

orange aroma oil at room temperature for 4 weeks.
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Figure 29. ECT of uncoated and coated paper with encapsulated orange aroma oil and orange

aroma oil at room temperature for 4 weeks.
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Figure 30. Bursting strength of uncoated and coated paper with encapsulated orange aroma oil

and orange aroma oil at room temperature for 4 weeks.

< a S 4
ﬂ']ﬁ‘VIﬂﬁ'[’]‘Uﬂ'J']iJLLGINLLS\1GU’E]\1ﬂ'ﬁ@]ﬂﬂ']'JL‘]J‘anﬁVIﬂﬁﬂﬂlli\iﬁj%i‘lt!ﬂ'ﬁllﬂﬂ
1 a % 1 <3
ﬂ§$QTHQﬂ‘I(“!ﬂﬁSﬁ’31\3Eli’)ﬂﬁ@u@jﬂw”ﬂl!ﬁzﬂﬁgﬁnyﬂgN'J 51152\3ﬁ13J1§ﬂ‘]J\TUf’Jﬂﬂ’JTlJ!L‘]NLLiQGlHﬂ"IS
a [ 1 1 < 1
ﬁﬂ@]ﬂﬂl@ﬂﬂ??ﬂﬂﬂigﬂ']ﬂ@jﬂﬂﬂ ﬁ\iNﬁ@]ﬂﬂ?TlllleNLlﬁﬁﬂlﬂﬂﬂizﬂﬁﬂQﬂﬁﬂllﬁgﬂaaﬂﬂﬁgﬂ"ly

gniyn 91nmsnaasannat usaldlumsuennszarvgnynszuitweaasugnynuay

U u



a 1 § S o {
ﬂig@ﬂ‘]&l1J$W'J“U’ENﬂﬁgﬂ']‘]elnﬂ"]gﬂﬂTTVIﬂﬁ’f)\ﬂiJLﬂaﬂutlﬂﬁ\i@]TﬂJﬁgﬂzlﬂaTﬂTﬁLﬂUﬁﬂ‘HW NTEATHN

o o aa

1 A A = Y Y A 9 = 1 [ 1 A o
limaovuaznszmuitnaoudleas linaudu hilianuuanannuedniivediayneana
(p<0.05) uazfimgannszaiinaoudie luTasundgavesas Idnaudu (Figure 31) 919
A ) £ & @ ] A a
iweawnnmsih lulasuatlyga soMp  Fuilusandiunavveslylnsuailgaindaain

< S a 9 Y <3 Jd a 9 A
vea Indngnsusesas 80 tazud s laaangniuiosas 20 vuAAUUUAOUNTZATHNYN
9 A dy <3 d A = 42’
Arenuaula lumIganuFuYeINea INANGNI U tazmsmsonasazagluiuaouns

A o Yy g} % 1 1A a Y 1 Y
waen M lnlihiuuedivesnvinualganazuieguinuriiveuallga dinald
szansamlunmsaanitaadias luvuznnszasimaoudalears nauduludaim
HANAIINNTZATEN MiAdey leaanas 1 nauduaansaduas 1 lunszaiy 1149 1
Y
hfudrupuusnurAInvenszay dawalidszansamlunsaaniluuandiaain

d' ) A
ATz lunasy

Force required to separate corrugated
board/width (N/cm)

Storage time (week)

" ® - gromaoil ~ " - 80MD —*— uncoated

Figure 31. Pin adhesion testing of uncoated and coated paper with encapsulated orange aroma oil

and orange aroma oil at room temperature for 4 weeks.
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Figure 33. Sensory score of coated paper with encapsulated orange aroma oil and orange aroma

oil at room temperature for 4 weeks.
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Figure 34. SEM micrographs of shattered encapsulated orange aroma particles at 1500x:

(A) maltodextrin —encapsulated particles; (B) B—cyclodextrin —encapsulated particles

and (C) coated paper with 80MD.
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Figure 35. Test apparatus of oil extraction.
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4. TassaHramaniiveslulasuadlgandunsizila Iaglfin5e9 Fourier  Transform

Infrared Spectroscopy (FT-IR)

Table 16. The operating condition of FT-IR.

Condition Value
Frequency range (em ) 4000-400
Resolution 4
Instrument EQUINOXS55
Sample scans 32
Zerofilling 2
Technique KBr pillet
Acquisition mode Double sided, Forward-Backward

d Al A
5. annlumsdinnzvinsnszmalalaaldinses GC/MS

Table 17. The operating condition of GC/MS for volatile compound analysis.

Condition Rtx-5MS column

Length of column (m) 30

Diameter of column (mm) 0.25

Film thickness (Jlm) 0.25

Mode of operation Split ratio 25:1
Injection temperature °c) 250

Oven temperature °0) 50 °C (Holding time 3 min)

10°C/min

50 °C —> 250 °C (Holding time 10 min)
Interface temperature (OC) 250

Mass rang (amu) 25-550
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Table 18. The operating condition of GC for limonene analysis.

Condition HP-5 column
Length of column (m) 30
Diameter of column (mm) 0.25
Film thickness (J.lm) 0.25
Type carrier gas He
Rate of carrier gas (ml/min) 2.0
Mode of operation Split ratio 20:1
Injection temperature °0) 220
Detector temperature (OC) 280
Oven temperature (°C) 60 °C (Holding time 1 min)

15°C/min

60 °Cc = 200 °C
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Figure 36. Test apparatus of bursting strength.
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Figure 37. Test apparatus of edgewise crush resistance.
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Figure 38. Test apparatus of pin adhesion of corrugated board by selective separation.
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Table 19. Analysis of variance for properties of microcapsule using maltodextrin and spry-drying

Processes.
Sum of Squares df Mean Square F Sig.
Moisture  Between Groups 28.092 2 14.046 646.621 .000
Within Groups 130 6 .022
Total 28.222 8
Aw Between Groups .002 2 .001 58.657 .000
Within Groups .000 6 .000
Total .003 8
Bulk density Between Groups .052 2 .026 777.000 .000
Within Groups .000 6 .000
Total .052 8
Efficiency of Between Groups  3204.875 2 1602.438 2044.071  .000
aroma Within Groups 4.704 6 784

retention Total 3209.579 8




Table 20. Analysis of variance for properties of microcapsule using B-cyclodextrin and solution

Method.
Sum of Squares df Mean Square F Sig.
Moisture ~ Between Groups 3.184 2 1.592 25.656 .001
Within Groups 372 6 .062
Total 3.556 8
Aw Between Groups .007 2 .004 62.245 .000
Within Groups .000 6 .000
Total .007 8
Bulk density Between Groups .001 2 .000 6.143 .035
Within Groups .000 6 .000
Total .001 8
Efficiency of Between Groups  2467.980 2 1233.990 1264.564  .000
aroma retention Within Groups 5.855 6 976
Total 2473.835 8




Table 21. Analysis of variance for properties of microcapsule using B-cyclodextrin and paste

Method.
Sum of Squares df  Mean Square F Sig.
Moisture Between Groups 237.923 2 118.962 474.161  .000
Within Groups 1.505 6 251
Total 239.429 8
Aw Between Groups .038 2 .019 595.933  .000
Within Groups .000 6 .000
Total .038 8
Bulk density ~ Between Groups .042 2 .021 632.333  .000
Within Groups .000 6 .000
Total .042 8
Efficiency of = Between Groups 957.798 2 478.899 452.888  .000
aroma retention ~ Within Groups 6.345 6 1.057
Total 964.142 8
Table 22. Analysis of variance for weights of uncoated and coated papers with encapsulated
aroma oil (80MD) and aroma oil.
Sum of Squares df Mean Square F Sig.
Between Groups 850.767 14 60.769 10543.006  .000
Within Groups 778 135 .006

Total 851.546 149




Table 23. Analysis of variance for sensory score of coated paper with encapsulated aroma oil

(80MD) and aroma oil.
Sum of Squares df Mean Square F Sig.
Aroma oil Between Groups  1124.862 4 281.216 71.525 .000
Within Groups 216.245 55 3.932
Total 1341.107 59
80MD  Between Groups 31.401 4 7.850 1.623 182
Within Groups 266.094 55 4.838
Total 297.495 59

Table 24. Analysis of variance for mechanical properties of uncoated and coated paper with

encapsulated aroma oil (80MD) and aroma oil.

Sum of Squares df Mean Square F Sig.
ECT Between Groups 7748.894 14 553.492 75.990 .000
Within Groups 983.309 135 7.284
Total 8732.203 149
Pin Between Groups 2318.129 14 165.581 11.000 .000
adhesion  Within Groups 2032.052 135 15.052
Total 4350.181 149
Bursting  Between Groups 68.768 14 4912 41.518 .000
strength Within Groups 15.972 135 118
Total 84.740 149
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