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Abstract

The dynamic viscosity of olive oil samples of diffat storage ages in yearly basis from differecatimns was measured
as a function of temperature. In this study, therall results of the effect of dynamic viscosityaaunction of storage age
in yearly basis indicate a decrease of dynamicogisg. This work propose three and multi-constamtriulas to obtain
more suitable prediction of temperature dependenabynamic viscosity of olive oil samples from difént locations in
Palestine. The best AAD% was calculated using eopg@sed formulas to be 0%. The relationships beatvthe viscosity
of olive oil samples with temperature and storage lsave been found by fitting equations.

Keywords olive oil; storage ages; dynamic viscosity; canstformulas; fitting equation.

1. Introduction
Viscosity is a fundamental characteristic propeitall liquids and it is an important factor thatermines the
overall quality and stability of food systems.

Two, three and multi-constant formula have bemppsed for the representation of liquid viscositya
function of temperature by numerous researchergidrstudy, Giap derived an equation to replacevibi-
known Arrhenius-type relationship. Giap used sigetable oils to test his model and to prove itsuenzy.
Giap S. G. E., [1]. A functional form describe #féect of temperature (t) in °C on liquid viscogfty in cP was
proposed by Thorpe et.al. [2]. Three-constant ftordescribe liquid viscosity as a function of temgtere was
proposed by De Guzman [3]. A three-constant reptaten also was proposed by Vogel [4]. In additian
polynomial form was proposed by Reid et.al. [S]néw formula to represent the dynamic viscosity deta
function of temperature was utilized by Danner [6].

Abramovic used modified versions of the Andrade atigm to describe the dependence of dynamic
viscosities of number of vegetable oils on tempeetAbramovic et.al. [7]. In addition, Abramoviaggested
new forms to represent the dynamic viscosity data &unction of temperature which has been alsd bge
several investigators. Abramovic.et.al. [8 - 10].

The main goal of this work is to study the deperdeanf dynamic viscosity of olive oil samples from
different location in Palestine on temperature emehpare our results with the standard values. &laionship
between the dynamic viscosity of olive oil with fe@nature and storage age will be found by fittiggaions

Viscosity is a measure of the resistance to flowhaar. Viscosity can also be termed as a drag famd is
a measurement of the frictional properties of thilf It can be expressed in two distinct forms:

a. Dynamic viscosity()

b. Kinematic viscosity¥)

Dynamic viscosity is defined as the ratio of shetess (force over cross section area) to the ofte

deformation (the difference of velocity over a gleeladistance), and it is presented as:

_ T (1)
LTy
0x
Where,n is the dynamic viscosity in Pascal-second (Pa.$; shear stress (Nfn and, ou _ y is rate of

ox
deformation or velocity gradient or better known skear rate (1/s). Viswanath etfdll]. The Kinematic
viscosity requires knowledge of mass density oflidugd (p) at that temperature and pressure. It is defised a
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Where,v is kinematic viscosity in centistokes (cStjs in g/cni. Viswanath et.al. [11].

1.1 Pure-Liquid Viscosity Theories

Two, three and multi —constant formulas have beepgsed for the representation of liquid viscoaiya

function of temperature. The simplest formula oresent the liquid dynamic viscosity as a functbn

temperature was proposed by De Guzman.et.al. [Shith is:

B
n=~Aert 3

Two-constant formulas describe the effect of terapee on dynamic viscosity were proposed by Abramov
Abramovic's formulas have the following forms:

Logn = A B
T (4)
n=A-BlLogt 5)

Wheren is the dynamic viscosity in cP, T is the tempemata Kelvin, t is the temperature in degrees
Celsius. A and B in equations (4), (5) and (6)@estants. Abramovic presented the constants citems (5)
and (6) of olive oil and other oils. Abramovic.&t[8].Andrade’s equations of three-constant forawere used
by Abramovic that are represented in the followéogiations:

Lnp =A+ E + g
T

2

(6)
Ln/7=A+TB—+CT (7)
Antoine’s type of three-constant equation wasaddi by Natarajan, which is:
Logn = + A
C-T (8)

Wheren is the dynamic viscosity in cP, T is the tempem@ta Kelvin. A, B and C are constants. The
constants of Andrade equations of olive oil ancepthils are presented by Abramovicet.al. [7, 8le Tonstants
of equation (9) for dynamic viscosity)(of olive oil and some liquids are presented. Htog et.al. [12, 13].

Clements in his study used multi-constant formdilthe form:

B C D
Lng = A+t 5t =5+ 9)
Wheren is the dynamic viscosity in cP and T is the terapge in Kelvin. A, B, C and D are constants.
Clements et.al. [14].

2. Experimental

2.1Methodology

The samples of extra virgin olive oil and virginvel oil were used from different regions in PalestiThey
were collected from 1997 to 2010, from differentdtions. The dynamic viscosity of olive oil samplzs
different ages from two different locations (Jdef) @nd Saida (1)) was measured as a function of temperature.
The experimental data were fitted and the cor@fatbonstants of the best fits were estimated.

2.2 Experimental Apparatus

Two models of viscometer of different ranges wesedito measure the range of viscosity of olive salsiples:
Low viscosity readings of olive oil samples wereasuwed using the Digital Viscometer Model NDJ-8$hwi
accuracy* 1%. A Brookfield Viscometer Model DV-1+ with accuma * 1% also was used to measure the
viscosity of olive oil samples. The SP-1 spindlesveperated at 60 rpm. The calibration of the Brimbdf
Viscometer Model DV-I+ was verified by using staralfluid with a viscosity of 4840 cP with accuragyl%

at room temperature and RV-3 Spindle at 2 rpm vgas U15].

Temperature was measured using Digital Prima Lohgriometer with accuracy{ 1% which measure
temperature ranges from —20°C up to +100°C.
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The Fried Electric model WB-23 was used to incregasetemperature of the oil samples to a specific
temperature.

3. Results and Discussion

3.1 Fatty Acid Composition of Olive Qil:

The major fatty acids in olive oil are: Oleic Adi@18:1),a monounsaturated fatty acid. The oleid,abie most
representative fatty acid of olive oil, ranges fré66% to 83% of olive oil. The fatty acid compositiof olive

oil varies widely depending on the cultivar, matumf the fruit, altitude, climate, and several extHactors.
Boskou et.al. [16,17].

3.2 Esters of Fatty Alcohols with Fatty Acids (Waxes)

Esters of fatty alcohols with fatty acids (waxes amportant minor olive oil constituents becauseytcan be
used as a criterion to differentiate various oloietypes. The wax content and composition is @édcby
cultivar, crop year, and processing [15].

3.3 Statistical Analysis

Microsoft Excel program was used to propose som@real relations that describe the dynamic visgoas a
function of temperature. The correlation constdots the best fit were estimated. Percentage of ameer

absolute deviation (%AAD) and standard deviatioD)(8f the data were used to choose the best fiamu
Viswanath et.al. [11].

3.4 Temperature-Dependence of Dynamic Viscosity

The dynamic viscosity of olive oil samples from tdifferent locations (Land L) of different storage ages as a
function of temperature is plotted in Fig. 1 a &nd
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Fig.1. The measured values of dynamic viscosity of olivsamples from two different locations
a) L,;and b) L, of different storage ages as function of tempeeatu
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Our experimental results of dynamic viscosity oiv®loil samples c,,) were compared with the
previous calculated valueg{) found by using Abramovic’s formula of two-constam = A - BLogt and

Andrade's formula of three-constaphy = A + B . cT- A, B and C are constants for olive oil. Using
T

Abramovic's and Andrade's formulas, the AAD% valwese found by this work to be from 6.9% to 30.486 a
from 1.1% to 26.6% respectively. This indicateg tNaramovic's and Andrade's formulas are not trst fiefor
our experimental data of dynamic viscosity of olorfesamples.

Due to failure of Abramovic's and Andrade's fornsula fit our experimental data, a modification was
introduced to Abramovic's and Andrade's formulake Tmodification was in order to obtain a suitable
description of our experimental measurements oaha viscosity as a function of temperature. Assult of
this modification, the constants A, B for Abramdsi¢ormula, and A, B and C for Andrade's formulareve
determined using Abramovic's and Andrade's formu@as experimental valuegd, and our calculated values
(meca) using the modified form of Abramovic’s and Ande&l formula of dynamic viscosity at different
temperatures are given. Tables 1 and 2 tabulate?dabDd SD values.

Table (1): Our values of A, B, AAD% and SD using the modifiramovic's formula of two-constant.
. Storage age Temp.
Location A(cP) B (cP Range AAD% SD P
(vear) 0)
0 259.0 133.3681 35.0-63.5 1.2 14
L, 5 255.0 131.9373] 35.0-62.0 1.7 14
13 286.0 152.9451] 35.0-55)0 15 0.9
2 273.5 140.2751| 35.0-65.0 1.5 1.6
L, 9 250.4 131.3744 35.0 -57.0 1.9 1.0
12 308.7 174.6107] 32.0-42)0 1.3 1.0

Table (2): Our values of A, B, C, AAD% and SD using the madifAndrade's formula of three-constant.

. Storage age C (1/K) | Temp. Range SD
Location (ye%r) 9 A B (K) ><(105) FZK) 9€ AAD% et

0 -07.72| 3677.985  -69.0( 308.0 — 334.5 1.p Q.6

Ly 5 -08.00| 3750.927] -76.0( 308.0 — 335.0 1.b Q.8

13 -10.84| 4545.880 6.83 308.0 — 328.0 1.8 Q.7

2 -07.38| 3592.578 -79.0¢ 308.0 — 338.0 2.6 1.1

L, 9 -09.21| 4023.601 9.98 308.0 — 330.0 1.4 0.6

12 -15.30| 5932.681 -96.0( 305.0 - 315.0 1.6 0.6

The modified forms of Abramovic's and Andrade'snfolas give AAD% <1.9% and< 2.6%,
respectively (Table 1 and 2). This shows that tleliffred form of Abramovic's and Andrade's formutim’t
fit exactly our experimental data.

Our values of the constants of the modified formAbfamovic's and Andrade's formulas in Tables 1
and 2 are in disagreement with Abramovic value®l@ 8). The different values were probably duer¢e ffatty
acid composition of different olive oil samples.

Table (3): The constants given by Abramovic using Abramowadd Andrade's formulas.

Equation A B C Temperature range (K)
Abramovic's formula 235.40 cH 124.10 cP - 298t4328.15
Andrade's formula -32.72 7462.27 K  0.04 1/K

Three and multi-constant formulas were proposedbtain a more suitable prediction of temperature
dependence of dynamic viscosity of olive oil saraplEhene,, andn., were used to propose the formulas that
fit our experimental data. That is, AAD% and SDuea are chosen to select the suitable predictiamva-
constant formula is proposed the fitting curvesl wit be in good agreement with the experimentah.da
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Accordingly, the two-constant formula is not suleabor our experimental data where the AAD% givesyv
high value.

Our three-constant B and multi-constant

Lnn = A-
N T+C

n=A+ % + CLn(t) + DE fit our experimental data of dynamic viscosity. rQualculated values of the

proposed  formulas  of

constants (A, B, C, D and E), AAD% and SD of theadwe given in Tables 4 and 5.

Table (4): Our values of A, B, C, AAD% and SD using our progi$wo-constant formula.

Storage
Location age A B (K) C (K) Temp. Range | AAD | SD
(K) % | (cP
(year)
0 -1.82578| -0786.38 -173.180000 308.0 — 336.5 D.0.2 O
Ly 5 -8.35132| -3746.34 -3.656220 308.0 — 335.0 ).2 0.6
13 -1.82740 -4547.45  0.299507 308.0 — 328.0 D.0 D.3
2 -7.74088| -3590.35 -3.909300 308.0 — 338.0 ).2 0.6
9 -9.17109] -4021.00 0.304703 308.0 — 330.0 D.0 0.4
L, -
12 15.7678| -5932.87| -2.562840 305.0 - 315.0 o1 0l4
0
Table (5): Our values of A, B, C, D, E, AAD% and SD using puoposed multi-constant formula.
.| Storag Temp. AA
Locnat|o eage| A(cP) (cPB°C) C (cP) (cPIID"CE) E Range D (ig)
(year) ' (C) %
§ 3822.11| 23.2108 -
0 1360.610 4 5 694.2263 2624.33 35.0-63.5| 0.0 0.2
Ly § 3888.66| 26.5652 -
5 1520.570 5 0 694.2263 2624.33 35.0-62.0 0.0 0.5
- 3369.51| 10.9092 - 1
13 84,5450 0 7 694.2263 2624.33 35.0-55.0 0.0 0.3
. 3891.56| 20.7836 - .
2 1260.024 5 8 694.2263 2624.33 35.0-65.0 0.0 0.5
- 2501.03 - -
L, 9 20.5408 1 0.82095 694.2263 2624.33 35.0-57.0 0.0 04
) 6473.88| 95.4348 - .
12 4856775 7 0 694.2263 2624.33 32.0-42.0 0.0 0.3

Table 4 shows that AAD% 0.2%. Table 5 shows that AAD% = 0.0%. Accordinglyr proposed two
and multi-constant formulas are more suitable tecdbe the temperature dependence of dynamic vigoofs
olive oil samples. In addition, our proposed matinstant formula gives values closer to our expental
values than the values resulting from our proptaedconstant formula.

The experimental values of the dynamic viscosityolife oil samples from Land L, of different
storage ages were fitted by using our multi-cortdtanamula. Our multi-constant formula is proposede:

n=At?+Bt+C+ De™ (10)

Wheren is the dynamic viscosity in cP, t is the storage @ years, A, B, C, D and E are constants. Our

calculated values of A, B, C, D, E, AAD% and SCitod data, are given in Table 6.
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Table (6): Our values of A, B, C, D and E, AAD% and SD using proposed formula.

Nierat et al.

The A B o

location (cPlyear§ | (cPlyear) C (cP) D (cP) E AAD%|  SD
L, -0.149 2.252 27.918 8.682 -0.709 0.0 0|0
L, -0.311 3.199 27.039 9.396 -0.199 0.0 0|0

Table 6 shows that AAD% = 0%. Accordingly, our ppepd multi-constant formula is suitable to
describe the storage age dependence of dynamusitigof olive oil sample.
Fig. 2 a and b and 3 a and b show our experiméatal and our fitting curves using our proposedethre
and multi-constant formulas of dynamic viscosityotife oil samples from two different locations; (&nd L)
of different storage ages as a function of tempeeat
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Fig.2. The dynamic viscosity of olive oil samples fromotdifferent locations a) Land b)
L, of different storage ages as function of tempeeatuThe lines are representing our
proposed three-constant formula and the pointsegmesenting our experimental data.
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Fig.3. The dynamic viscosity of olive oil samples fromotdifferent locations a) Land b)
L, of different storage ages as function of tempeeatthe solid lines are representing our
proposed multi-constant formula and the pointsrepeesenting our experimental data.

3.5 Storage Age-Dependence of Dynamic Viscosity
The experimental values of dynamic viscosity o¥@®loil samples from {andL,as a function of storage age at
45°C are shown in Fig. (4).

Multi-constant formula is proposed by this work dbtain more suitable prediction of storage age
dependence of dynamic viscosity of olive oil saraplBhene,, andn.y were used to propose the formula that
fits our experimental data. That is, AAD% and Sluea are chosen to select the suitable prediction.
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Fig. 4. The measured values of dynamic viscosity of obuesamples from L and L, as
function of storage age.

Fig. 5 shows our experimental data and our fitttlmgves using equation 11 of dynamic viscosity of
olive oil samples from Land L, as a function of storage age in years.
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Fig. 5. The dynamic viscosity of olive oil samples fromdnd L; as a function of storage
age in years. The solid lines are representingtequdl and the points are
representing our experimental data.

252



J. Mater. Environ. Sci. 5 (1) (2014) 245-254 Nierat et al.
ISSN : 2028-2508
CODEN: JMESCN

Conclusion
Our dynamic viscosity of olive oil sample was measduto be 44.5cP at 40°C. Robert obtained the dimam
viscosity of olive oil to be 36.3 cP at 40°C [1&ur value of dynamic viscosity of olive oil at differien
temperatures is not in good agreement Wtbert's value. The small discrepancy in valuestribg due to the
influences of the fatty acid composition of olivik @he machinery groups also effect on the vistyosf olive
oil [19]. The viscosity is influences by the waxntent and composition which is affected by cultjvaop year,
and processing. Viswanath et.al. [11 ,16, 17]. Txgeamental measurements of dynamic viscosity nfeobil
samples of different storage ages in years from different locations (LandL,) at 42°C showed that for
location Ly n = 41.3 cP (0-year storage age) and 36.6¢cP (13steeage age). For location 4 = 59.0 cP (2-
year storage age) amd= 25 cP (12-year storage age). The overall regultisis study of the effect of dynamic
viscosity as a function of storage age in yeargatd a decrease of dynamic viscosity as olivéesatored. The
decrease of dynamic viscosity of olive oil as acfion of storage age in years occurred more rapidgamples
from L, than that in those ofL All experimental measurements of dynamic visgosftolive oil samples of
different locations in Palestine give values whatightly differ from one location to another. Théfefence
might be due to different parameters that influeanethe fatty acid composition of olive oil. Thetfaacid
composition of olive oil varies widely depending tre cultivator, maturity of the fruit, altitude érlimate.
Viswanath et.al. [11, 16, 17, 20]. Hot climate affethe fatty acid composition of olive oils. Thaoter regions
will yield oil with higher oleic acid than warmelimates; therefore, a cool region olive oil may tere
monounsaturated in content than warm region olie @ltitude of location Lis ranges between 440 to 510 m
and the amount of rain of crop season 1997 wasl#@é (cool region) while the altitude of is 350 m and
the amount of rain of crop season 1998 was 544.9 ndne can observe that the results of the dynamic
viscosity values of olive oil from Ln = 36.6 cP (13-year storage age) are greater tltmnalues of olive oll
samples from k n = 25 cP (12-year storage age). The dynamic vigcaalues of some olive oil samples from
location Ly show values less than the sample from locatipof [2-year storage agg:= 43.9 cP. The highest
values for viscosity were found in the case of @ldil from location L of 2 years storage age which indicates
that there are other factors that affect the visgad olive oil. This sample may be exposed totdas that
increase its dynamic viscosity. For instance, obitequality and behavior can be influenced by imgustrial
processes employed for oil extraction. Amirantalef19]. The degree of ripeness is also an imporgaality
factor. Boskou D. [16, 20].

The measured experimental results of dynamic visco$ olive oil samples are compared against the

previously calculated values found by Abramovimsniula of two-constant] = A - BLOgGt and Andrade's

B . . . .
formula of three-constantnn = A + ? + CT for olive oil. For instance, the calculated valwésdynamic

viscosity at 45°C were found to be 30.2 cP and 8P, 0respectively. Our measured experimental valus°C
(36.6¢cP) shows significant difference between oesult and the literature value. This indicates that
Abramovic’s and Andrade's formulas are not the Wiédb be used for our experimental data of dyrami
viscosity of olive oil samples. Abramovic’'s and Aade's formulas were modified to fit our experinaént
values. As a result of this modification, the cans$ A, B and C were determined using Abramovicid a
Andrade's formulas. The calculated dynamic visgasiing the modified form of Abramovic’s and Andesl
formulas at 45°C were found to be 38.5 cP and 8P.6respectively, which indicate that Abramoviasl a

B

Andrade's modified formulas don not fit exactly @xperimental data. ThregL.ny = A - c
+

) and multi

(n:A+% + CLn(t) + Df ) -constant formulas are proposed to obtain morealsigit prediction of

temperature dependence of dynamic viscosity oeadiv samples in our regions. The constants ofpooposed
formulas were estimated to give the best fit.
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