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3- Hydroxypropyl methylcellulose


https://en.wikipedia.org/wiki/Carboxymethyl_cellulose
https://en.wikipedia.org/wiki/Carboxymethyl_cellulose
https://en.wikipedia.org/wiki/Carboxymethyl_cellulose

\eeo B JYY 6,93 Avy GJL«&

Qlﬂl L;l"lb Gw‘gf_y\&&bu

Sy sl s S 5 s 03531 My S s s
bl 308 GLS SlS b ot 63ls L1 3 obliie O jon
et 3 S 433 Y e @ U5 e b sdel sy
DA 3 e 3 S St o) Sl pn £ sles
03 el VA Sl s e ol Sl az s —AS
Ve gbos L (FD-5005-BT Ju) (s3lessl oS Sis
Gl (0 g gol Cosb, B as eals ) 3 sl Kol a5
(O-AG) o2 oo b ool s 4y a5 sl 55
fo (0-XG) U515 oo (O-LBG) kS ) &il3 oo
(O- Jdv o Jmisn S350 (0-GG) 18
o—2 5 (0-CMC) o Jo oS 5 S HPMC)
A5 se glasasl el sl 3Ll (0-CG) oLSI S

[1] L
bdssdsl S b Sns b

O—‘})C-:J

G sl b a3l o, o ii jlade (5,85l
ol A bl Sk sl Slesli il b S e 5l 5 S
o 5 005 ONG Jls J3ssl e S ey sk
sl Jlasi Qe rpme 593 L PIT320R Joe 55 Sl
Vosles 55 5 agds Ve Ole) s )3 O3S Sty S
M gl 31 a8 i) 12 S plasl 5 Sl az
4283 0 Dl s ba ST s S wig )yl sl eslanal b os g il
Gillas s, i Aoy [V ds ud 0T 0 5 4l

el ol dloes s 5 alai
Iy e k3 =

ot il 25 05 ¥oadal,

x\ L]
SFas s O3

8 -mono diglycerides

9 -0il Release

88

Sl s g Ldd S s e TY Jsloe ke opl 6l 5
los 3 dmys o/ V=V ee A0S o3 gdome 3 Lol oL =
Lo S a0 o8 Oless obs) e besls (g5
(¥ alal ) Y ISIL iy 5 () adasl) 2015 e 3l eslinad
sla mbly o ol jsbe a5 Ll olke

Do] s 8 el 500 S35 55,
T=ky'" \ byl
T=ky +1, Y abal,
C,.ﬁj_.wy ‘f‘ﬁé%ﬂk‘f&fﬂt‘hb) u-i‘)’

w‘ml.ﬁﬁfojq!fw.b\n ‘w;fur:"".)s

s S 50 Gl sl S5 s
A el LS ls 5 0 5ol 5,
A2 U1 (TA Instruments, Q1000, USA) 3 3!
Gk s oS eV sladssel b ol ol
P R Y I EPR CHS W BN P e SO e NI |
Pl i ol Kl 53 0 s ol Sl

] L

5595 ag
A e Ve LB s 5e lads IS s sus 5l ST L
b lae Opan (535 4252 Yo De 5 S 5 e
U ECHIVEOVL POLJUR IS POA (G NG LR R W P
Ll 5o celn Y8 Code 4y O a0 5l |3 ad shoe
W5 sk 4 (eSS sl Klw s £ gles
e Vo el g bl IS s 51 e 4 I3

r; Y/0 )V/\' L)‘Sjﬁ: r; Y/0 b\ﬁ.ﬁuy‘ylj Q—é‘j)j’lzj

5-Power law
6- Herschel -Bulkley

7 -Tween-80
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14 -Standard Deviation
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10 -Firmness
11- Differential Scanning Calorimetry
12- Fourier Transform Infrared

13- X-ray diffraction
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Figure (1) Rheological Properties of Different Hydrocolloids

(a): Storage Modulus, (b): Loss Modulus, (c): Complex Viscosity, (d) Complex Modulus

(AG: Arabic Gum, LBG: Locust Beam Gum, XG: Xanthan Gum, GG: Guar Gum, HPMC: Hydroxypropyl
methylcellulose, CMC: Carboxymethyl cellulose, CG: Carrageenan Gum)
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Table (1) Differential Scanning Calorimetry of Hydrocolloids

Sample Melting Point (°0) Enthalpy (J/g)
AG 99.29]¢ 1961.203°
LBG 83.283¢ 1853.052¢
XG 98.426¢ 1600.329¢
GG 113.203¢ 1081.994¢
HPMC 95.248¢ 1928.821°
cMc 98.971¢ 2813.354°
cG 100.656" 1822.169¢

(AG: Arabic Gum, LBG: Locust Beam Gum, XG: Xanthan Gum, GG: Guar Gum, HPMC: Hydroxypropyl
methylcellulose, CMC: Carboxymethyl cellulose, CG: Carrageenan Gum)
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Figure (2) Effect of Hydrocolloids on (a) Oil Leakage, (b) Firmness of Canola Oil Oleogels

(Oleogels Produced with O-AG: Arabic Gum, O-LBG: Locust Beam Gum, O- XG: Xanthan Gum, O-GG:
Guar Gum, O-HPMC: Hydroxypropyl methylcellulose, O-CMC: Carboxymethyl cellulose, O-CG:
Carrageenan Gum)

(Samples with different lowercase letters indicate significant differences at the 95% confidence level)
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Fhgure (3) Rheological Properties of Different Oleogels

(a): Storage Modulus, (b): Loss Modulus, (c): tand, (d): Complex Viscosity, (e): Complex Modulus

(O-AG: Arabic Gum Oleogel, O-LBG: Locust Beam Gum Oleogel, O-XG: Xanthan Gum Oleogel, O-GG:
Guar Gum Oleogel, O-HPMC: Hydroxypropyl methylcellulose Oleogel, O-CMC: Carboxymethyl cellulose
Oleogel, O-CG: Carrageenan Gum Oleogel
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Table (2) Thermal Properties of Different Oleogels

Peak #1 Peak #2 Peak #3 Peak #4 Peak #5
Affg’n';g Enthalpy ]‘fol;;”tg Enthalpy Aﬁ;’;g Enthalpy Aff;;;’;g Enthalpy Aff;;;’;g Enthalpy Enthalpy (Total)

sample 10y 00wy o Rl ew Tl e o )

0-AG 30.25 4149 107.91 1.74 43.23
O-LBG 31.19 2154 107.23 0.21 21.75
0-XG 28.55 20.41 60.00 0.16 103.15 345 11938 0.67 127.10 2.62 27.31
0-GG 29.76  20.82 6524 0.19 72.82  0.86 81.62 0.59 22.46
O-HPMC 29.33 23.82 61.08 0.59 24.41
o-cMCc 2852 3785 60.14 0.49 91.52 0.44 103.98 2.83 41.61
0-CG 25.73 26.75 58.07 1.01 116.13 0.81 28.57

(O-AG: Arabic Gum Oleogel, O-LBG: Locust Beam Gum Oleogel, O-XG: Xanthan Gum Oleogel, O-GG: Guar
Gum Oleogel, O-HPMC: Hydroxypropyl methylcellulose Oleogel, O-CMC: Carboxymethyl cellulose Oleogel,
O-CG: Carrageenan Gum Oleogel)
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Figure (4) Schematic of Functional Group Positions in Canola Oil
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Figure (5) FTIR Spectra of Canola Oil and Oleogels formulated with Different Hydrocolloids

(O-AG: Arabic Gum Oleogel, O-LBG: Locust Beam Gum Oleogel, O-XG: Xanthan Gum Oleogel, O-GG: Guar
Gum Oleogel, O-HPMC: Hydroxypropyl methylcellulose Oleogel, O-CMC: Carboxymethyl cellulose Oleogel,
O-CG: Carrageenan Gum Oleogel)
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Figure (6) XRD Patterns of Canola Oil and Oleogels Formulated with Different Hydrocolloids

(O-AG: Arabic Gum Oleogel, O-LBG: Locust Beam Gum Oleogel, O-XG: Xanthan Gum Oleogel, O-GG. Guar
Gum Oleogel, O-HPMC: Hydroxypropyl methylcellulose Oleogel, O-CMC: Carboxymethyl cellulose Oleogel,
OCG: Carrageenan Gum Oleogel)
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Considering the special ability of hydrophilic polymers in forming oleogels,
in this study, the properties of seven selected hydrocolloids and their ability
to form oleogels was investigated. For this purpose, canola oil-based
oleogels were prepared using 3% solutions of gum arabic (AG), locust bean
gum (LBG), xanthan (XG), guar (GG), hydroxypropyl methylcellulose
(HPMC), carboxymethylcellulose (CMC), and carrageenan (CG). The oil
retention ability, texture, thermal behavior, rheological properties,
crystallinity, and infrared spectra of the produced oleogels were evaluated.
Oleogels exhibited solid viscoelastic behavior and their elastic and complex
moduli increased with increasing frequency and their complex viscosity
decreased, indicating shear thinning behavior. Locust bean gum and the
prepared oleogel showed the weakest viscoelastic properties and the highest
oil release. In the thermal profile of the oleogels, one to five endothermic
peaks were observed, which indicated the different crystallization
characteristics and melting behavior of the oleogels and the formation of
different polymorphs in them. The oleogel containing AG had the highest
and the LBG-containing sample had the lowest texture stiffness and melting
enthalpy. Evaluation of the crystal structures showed that all samples except
the oleogels containing LBG had a mixture of semi-stable and stable ' and
B crystals. No significant chemical change in the structure of the samples was
observed, but an increase in the intensity of hydrogen and van der Waals
bonds was confirmed after oleogel formation. Type of hydrocolloids has a
significant effect on the oil-polymer interactions and functional properties of
oleogels. LBG with the weakest viscoelastic properties and melting
temperature was not suitable for oleogelation, while oleogels prepared based
on canola oil with AG, followed by HPMC and CMC with suitable oil
binding capacity, strength and viscoelastic properties appropriate for food
products with low saturated and trans fatty acid content.
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