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Ultrasound-based Determination of Monomer-to-Polymer Conversion
during Styrene Polymerization in Toluene

Abstract

Real-time monitoring of polymerization reactions is crucial in both
laboratory and industrial settings to ensure the production of materials with
desired specifications, particularly when the final product is sensitive to
changes in the reaction medium, such as viscosity or molecular weight
distribution. This study investigates the use of ultrasonic techniques to
monitor the polymerization of styrene in toluene in the presence of
azobisisobutyronitrile (AIBN) as an initiator. Ultrasound waves at a
frequency of 8 MHz were used in the study to monitor changes in the
acoustic properties of the reaction medium, specifically sound velocity and

.attenuation

Ultrasound waves at 8 MHz were applied to track variations in the acoustic
properties of the reaction medium, namely sound velocity and attenuation.
Sound velocity reflects changes in density and compressibility associated
with the conversion of monomers into polymer chains, while attenuation is
linked to viscosity increases resulting from polymer chain growth and
dynamics. Conversion rates were estimated by comparing the acoustic data
of the reaction medium with reference solutions of polystyrene in styrene
representing different conversion levels. For validation, actual conversions
were also determined by conventional precipitation. The results showed that

ultrasonic measurements exhibited good agreement with reference data
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across different temperatures and reaction stages, achieving conversion
accuracy up to 87% compared with precipitation. These findings highlight
the potential of ultrasound as a real-time, non-invasive tool for monitoring

polymerization kinetics.

Keywords: Styrene polymerization, Real-time reaction monitoring,

Ultrasound spectroscopy, Monomer—to—polymer conversion.
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0.89 1322.31+0.08 60.5£0.02 1.82+0.05 10

0.95 1338.91+0.08 59.75+0.02 1.75+0.05 20

0.98 1373.39+0.08 58.25+0.02 1.62+0.05 30

1.07 1415.93+0.08 56.5£0.02 1.49+0.05 40

1.28 1447.96+0.08 55.25+0.02 1.23+0.05 50

1.66 1474.65+0.08 54.25+0.02 0.87+0.05 60

2.22 1488.37+0.08 53.75+0.02 0.52+0.05 70

2.56 1488.37+0.08 53.75+0.02 0.38+0.05 80

Value + combined uncertainty, R? >(.997

8 MHz 235 | 8 cm dasall Jlus Jsh| 80 °C

Bba A
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A g i) g Ailass!) Apigl) o glal) Alealea

Ca

aill G 3 S lad) Flua 3 guadd) ol

oaaa daaly dlaa
2026 ol 7 2:2l) 48 Aaal

Al Salae dagall As Joasl) () Juaal)
smasisall )
dB.cm m.s™1 us Volt
%
0.89 1327.80+£0.08 60.25+0.02 1.76%0.05 10
0.95 1367.52+£0.08 58.5+0.02 1.66+0.05 20
1.25 1397.4+0.08 57.25+0.02 1.26%0.05 30
1.67 1428.57+0.08 56+0.02 0.86%0.05 40
2.21 1481.48+0.08 54+0.02 0.52+0.05 50
2.93 1502.35+0.08 53.25+0.02 0.27+0.05 60
3.25 1531.10+£0.08 52.25%0.02 0.2+0.05 70
3.25 1531.10+0.08 52.25%0.02 0.2+0.05 80

Value + combined uncertainty, R >(0.996

Apuliall Adaalll ag op L)V 858 ey T2l 114-115 °C sie ziall 5ya Aoy <l Laadl
Hﬂ\ (3) 9 (2) OYsaall )g.ki Lyl aSyig eLa;J\ e Jeldd) gleg Cb;lj ahadil) dlec u&g\g
B 5 yalil Ol 8 8 ¢ U] Auslial) A sual)

60 °C sic ()bl 8yaly Jo il Auliall dsigeall adll 2(2) Jsaall

60 °C dic i plicd) §pald A guall culualidl) 3\
1% Gy Jabead) s 0.5% Uiy pobeadl o 0.1% Uiy Jaleal) dpud
Wl cpallienn bl cpallienn il cpalldegn

dB.cm” m.s™! dB.cm” m.s™! dB.cm” m.s™!
1 1 1

0.63 1367.52+08 0.67 1361.70#08 0.67 1327.80+08 10
0.88 1397.38+08 0.80 1367.52+08 0.77 1327.80+08 20
1.04 1428.57+08 0.92 1373.39+08 0.81 1338.91+08 30
1.19 1454.54+08 1.06 1391.30+08 0.85 1350.21+08 40
1.19 1461.18+08 1.16 1434.98+08 0.88 1361.70+08 50
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1.19 1461.18+08 1.18 1447.96+08 0.94 1361.70+08 60

1.19 1467.89+08 1.17 1447.96+08 0.97 1373.39+08 70

1.18 1467.89+08 1.18 1447.96+08 1.03  1379.30+08 80

1.18 1467.89+08 1.18 1447.96+08 1.03  1379.30+08 90

1.19 1467.89+08 1.18 1447.96+08 1.03  1379.30+08 100

1.19 1467.89+08 1.17 1447.96+08 1.03  1373.39+08 110

1.19 1467.89+08 1.17 1451.54+08 1.02  1379.30+08 120

FQ0Mly el ALk Joatl) dpd (b -3-5-3

Crslsil) i dmy (Ot Gunliv) mide (e 5 QP pasiad ¢ [15] (3 Zagiall 40U G
b5 10 °C ) Gl iy o 35 °C daal) sie &) 3l 55 e 25 ML G JAg
A e Gy 510 °C gale ) Jsliy) ce 300 ML 28 canys gl i

D5l Ol (Jr e0ntind sl Jolase dlia) e 2883 15 520 58 Ll _laling
s G HUEY Go 2 Yy (Ragpe i) dalas pladinly ey Jsiliy) ) (o

Iy amy o lally mB (e alea 8 4y Jslaall Ailia) o 1 Jgitiyl 555 o dailadl)
sac dali)ll cilud L it aad aladinly il adsd) m8) &5 4883 30 520 i gyl
sley I Aalil i 3 (il agisay il sl Ll e palaill yLI Jeliyl <y
U el a8 cuyy L lial) ol s 50 °C s die (8 Gana Ciag Baia (5990
DALl (e Jaill A gl daal) Chaasg

m
¢ = —Robotal  qpp .. ... (4)

msty.init
el Ly (2 il nagise (s Mgy inie 5 AN JSV G35l o1y porar <o

wil) ga Leilial @llig (80 °C ie DA 3yali) cdle il J3adl) Cas Aiplall s3es Cand
A gl Ll e s adiasall

80 °C e LD:’M\ ;;)AL d,:;\sﬂ Alaall 27\:\‘9*4\” (‘h:\SM (3) djaﬁj\
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A g i) g Ailass!) Apigl) o glal) Alealea uaa dadly daa

Ca

pidl G 3 (Slhd) plua 3 gadld) a) ) 2026 sle 7 2al) 48 alaall

80 °C aie (pnblicall 3palad 4 gual) ibiualidl) S

1% Gy abead) o 0.5% UGig pobeadl dsed 0.1% Uy Jobeal) duas

-

Wit Cpalldenn sl Cpalldienn il cpalliej

dB.cm™ m.s™! dB.cm” m.s~! dB.cm” m.s™!
1 | |

0.63 1447.96x08 0.62 1454.54+08 0.65 1361.70+08 10

0.90 1461.19+08 0.85 1461.19+08 0.80 1379.31+08 20

1.20 1467.89+08 1.03 1467.90+08 0.88 1403.51+08 30

1.58 1474.65+08 1.34 1474.65+08 1.00 1422.22+08 40

1.58 1474.65+08 1.50 1474.65+08 1.09 1428.57+08 50

1.56 1474.65+08 1.51 1481.48+08 1.10 1428.57+08 60

1.60 1481.48+08 1.51 1474.65+08 1.09 1428.57+08 70

1.60 1474.65+08 1.52 1481.48+08 1.09 1428.57+08 80

1.60 1481.48+08 151 1481.48+08 1.09 1434.98+08 90

1.60 1481.48 1.51 1481.48 1.09 1428.571 100

1.60 1481.48 1.51 1481.48 1.09 1434.98 110

1.60 1481.48 1.51 1474.65 1.09 1434.98 120

ida :'"UAJ aﬁlﬁm -4
(U‘.)éwﬁ —Qadllu) C‘-‘.J"" LJ\,)!.AJ\ Gluiadiall iidlia -1-4

Oy Qs el 5 ) e A i (bl 5o lnes (i 6 i o) i
Gl G e il sl A 5345 a4t 13555 Caplind) 0 B el
s g Cageall s 335 3 2 (3) 5 (2) oS8 e gr LS danesll A gl pailiasl
e i) Aol Ll DA (0 Bang) 5 Tl gl BES Lo WSl Bl
& ey e 4-T7.5% Jlsia Gipall Aoy B Lol B panall (bl o 0l
Al Sl 3 e Al AV 4l Gl s mnly s gag i) (i
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oal) e 383 jlms oysa 585 40-88% laiay aelaall Jalaa dad Cuaiiy) Jilially L Jaussll
saanall hall daa die 5yaldl Jeldi Jany Alls gilhall 038 Slat . daugll Alls &
Syl Jelis ol juds ) sasisa e Ba3aa Jpad Ayl Ablas Aigem (ailiad s
Bl Ay S ki iy Jolaal) (il

Attenuation Vs. Conversion rates

—@— Standard Conversion Samples @ 60 C —@®— Standard Conversion Samples @ 80 C

N~
"

N

Attenuation dB.cm™
=
|

©
w

o

0 10 20 30 40 50 60 70 80 90
Conversion %wt

60 °C ie (3 lind) 5 Jaiall (pp pbias sl 58 5yt 2elall et (2) IS
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Adg i 5 ApibaasSl Apuatigl) a glal) Al oA daala Al
aill a3 (Slaaad) gl 3 gaadl) bl 2026 pls 7 2 48 daal

Sound Veloci

Sound velocity Vs. Conversion rates

—@— Standard Conversion Samples @ 60 —@—Standard Conversion Samples @ 80

=
>
o
o

=
w
(%)
o

1300
0 10 20 30 40 50 60 70 80 90

Conversion %wt
80 °C e G liall A Jaiall (s sl 3853 iy alaill e (3) Sl
j:.u.u}j :\:C\}».as\ uaf\ha;l\ :%3)3..«.\ ux.)j\ & d};ﬂ\ :L\m JY ‘éﬁ U_ﬂ:u;.m]\ oA e.);:mﬁj
A ddaal uj Jelall

13 palal) e i 4 gual) cilild) AlBlia —2-4

3S1535 80 °C 560 °C aic AIBN b sas cuslsill 3 cppliad) syl cBle i ey pal
Lo olaal Ao a3 Lt Josatl) Ay (omidy Cpslgill o Cagpaall (pag ¢ aluall dikid
Jelall Jausl A5 sal)l clpalad) e slall days aluall il 3 caally [16] J3ail

asise ) ol oy Adliae Jelis Jalugl 3 aelall Jaleas geal) dejus o Cund
o“ﬁl—\LAw.w.

I B ) (5) 5 (4) DAl iy
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Al i) 858 day Jausgll A geall (ailadll cldl H& clisl 8 delal ol (S -1

Sle bl 385 Sl Wiy (80 °C wie Jelall ey e sl dayn B gy =2
.60 °C xe Jelil) o

:\.:\E}A“ é)ﬁ L“_ILNQSH Gﬁ_} QLA} d};ﬂ\ ;\..u.m L.SA ;\.A.a..a\j 'BJL_.D sz;\ _)AL\A“ )ﬁs‘)’} "S.JL;I)' Lﬁﬁ“;\ -3
%20 )

(6 JS) Gl amy 2w Ll V) Jelil) oLl 58 (38155 Ayie) 558 any gl Aoy s —4
o aiaeSl il casenaill a3l o i (8 (ba ) ) el bl a5y
cGael ol ) Y1 138 gz liays AR el gl Judld) n g b s

Attenuation Vs. Time at 60 C

—fl—init/mon:0.1 —@—init/mon: 0.5 init/mon: 1%

1.4

1.2

0.8

0.6

0.4

Attenuation dB.cm?

0.2

0 20 40 60 80 100 120 140
Time (min)

60 °C 5)lyny solaall ddlise 3805 die a3l ae daliill e <y 1(4) S

28



Al il g Apilaass)) dpaigh) o slall Al oaen daala dlaa

pidl G 3 (Sld) lua 3 gadd) i) ) 2026 ale 7 23l 48 alaal)

-1

m

Attenuation dB.c

Speed of Sound

Attenuation Vs. Time at 80 C

—fl—init/mon:0.1 —@—init/mon: 0.5 ——init/mon: 1%

©c o o o 2o e
oM D O R NDOO®

0 20 40 60 80 100 120 140
Time (min)

80 °C syhas oluall Al 5805 die (el pe el Jalea il 1(5) Sl

Speed of Sound Vs. Time at 80 C

——init/mon: 0.1 —@—init/mon: 0.5 —&—init/mon: 1%

1440

[ = T
w > BN
o O 9N
o O o

1360

1340
0 20 40 60 80 100 120 140

Time (min)

80 C )iy oluall Adlise 38055 die Cpa3l) ae saall A jus i 1(6) IS
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Castsil) (A o uliieal) B yaly i jaddgn ) e gigall J3ad dped yand (8 A gual) (598 ) ga¥) pladina

Baiady (1) a3 dplmall (pubinm pbiel s QD diguall bl ) 535allsy
el Lo il (e (7 JS3) 5aldl cdlelis oL Auliall 4l 2l

Al Jlae) [y 8 Alidl alll e el e a5 40% J3al) daws glai ol —1
Dabaalls Jadl i pladial sie 28-32% s0ny Joas s ) el 15 [17] [16]
(ot ) asisall dpus 3 ) aa) 80 °C 8yl dayay

Gais I3l daiy Aals e Bl Ay bl 385 o (oSe Jolite il sl =2

Y5 el () Il el sha e abiall S50 52L38 L g1 ali e el Je i) o Ll
55 die Jonill Aaad Gl Bhall s saly) (aad LS o Jatll s e ualy IS8 i
+Jshl s 3 Je il olgl (o) Clua o oS0 yasigall Jif

Agay OV i) il Les Je i) Jaug 40458 3 il diay b Agigeall il cians =3
el e i Adlye 8 ac )y Al 3ol 0585 o Ll Lo 13y «J3atll Ay Jelil Al

Convertion rates with Time, Temperature and Initiator/Monomer
ratio
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Ca

pidl G 3 (Slhd) plua 3 gadld) a) ) 2026 sle 7 2al) 48 alaall

gl cilanall ¢ Aualiioal) J3ail) A ab Sasa i —3-4

o il cadaig 3.5.3 il b mmge o LS il Ak Aadinly Jeatll L cund
(4) I

sl i Aseall (358 7 1saY) Ay Aulie Jpal) s 1(4) 52

Glshall Gline 4 80 °C die pmaal)l sl gl Cu i ddee Ll % ol
Conva% Convpre% MPS,sample Msample Msty,PS Msty,init
Joaill A | Jgmil) A | el AL | Ail) (35 | (135 Qs
pladiuly alasinly Calal) 3l masisall
sy sl
34.8 29.36 1.67 5 88 100 0.1
38.1 34.12 1.87 5 91 100 0.5
39.0 33.73 1.96 5 86 100 1

ISy Bl il A8ykay 60 °C sl vie 8yaly dlee G @bl sl 4aS (i o
ol a5 38 L cpglall a0 Aan ) ziell Bhall dags ady die 3yalll Jelis Caliiin
ie D€ El 13 (56 o Lai bl dppmall Jag 5 200 Y Akl il ) syald) Jelis

80 °C (o leay 3 )hall 1)

dlis conw, % 4diseall (ailadl) aladinly duiall Jiaill s & Cdlial ) il i
paill 13 el Wt ol Cm .cONWY1e % ) el sl Cans Gyl Auslial)
o Aigaall (358 sl alatinly Culdl) A8y i UL 15-18% ¢ crapms 5Ly Al

.85-88% (s Jlae
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The effectiveness of natural formulations and essential oils in
the cosmetic industry

Dr. Baraa Almansour: Faculty member, Faculty of Cosmetology,
Department of Skin Care, Al-Hawash University

Dr. Mayson Abbas: Technical member, Department of Food Engineering,
Homs University, Faculty of Chemical and Petroleum Engineering — Homs,
Syria, Faculty member, Faculty of Cosmetology, Department of Health Care,
Al-Hawash University.

Abstract:

This study aimed to evaluate the effectiveness of some natural cosmetic
formulations based on the use of specific types of fixed and aromatic oils
selected for their therapeutic benefits. A diverse cosmetic set was designed
containing (Body butter, Scrub, Splash and Bath bomb) and then tested on ten
people suffering from certain skin problems, including oily, dry, sensitive, and
combination skin, to evaluate its effect in treating these problems, in addition
to evaluate the effect of essential oils in reducing stress.

The results demonstrated the effectiveness of using body butter -containing
shea butter as a main ingredient- in moisturizing the skin and improving its
appearance, in addition to the scrub with its abrasive materials that had an
effect on skin cell renewal, while the body splash improve the scent and give
a feeling of freshness side by side with bath bomb , which was positively
reflected on psychological health based on the properties of the selected
essential oils.

Keywords:

Cosmetic set, Essential oils, Body butter, Skin.
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Statistical Study of Adding Beetroot and Spinach Powders to Two Types
of Pasta
Dr.Sawsan Bouta Dr.Nour Zien Alabiden Dr.Hanadi Alsiba
Dr.Nsren Albitar

Abstract: Pasta is made primarily from durum semolina and water, and it lacks
some nutrients such as fiber, vitamins, and minerals, which are generally found
in higher concentrations in vegetables. Incorporating vegetables may
contribute to transforming pasta into a functional food. This research aimed to
study the statistical significance of adding beetroot and spinach powder to two
types of pasta. Pasta was prepared with and without eggs, and spinach and red
beetroot powders were added according to a two-level factorial experiment
design. The total phenolic content of both spinach and red beetroot powders
was determined, and the resulting pasta was compared in terms of moisture,
ash, crude fiber content, and cooking characteristics (cooking time, water
absorbed, and volume increase) at a significance level of p<0.05. The results
of the statistical analysis of the designed experiments showed that spinach and
beetroot powder significantly reduced the moisture content of both types of
pasta. Increasing the beetroot powder content from 5% to 10% resulted in a
greater decrease in moisture content than with spinach powder, while the ash
and fiber content increased similarly. In egg-free pasta, increasing the spinach
powder content from 5% to 10% reduced the cooking time. Increasing the
beetroot powder content from 5% to 10% increased both cooking time and
water absorption, resulting in a shorter cooking time of 18 minutes. The
optimal percentage of spinach powder was found to be 10% for the first type
of pasta, yielding the best cooking characteristics, while a 5% beetroot powder
content was preferred for the second type.

Keywords: Pasta, Statistical Study, Spinach, Beetroot, Pasta Cooking Tests
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From Dual Waste to Resources: A Quinary Nanocomposite
from Walnut Shells and Spent Catalyst for Refinery and
Cooling Tower Wastewater Treatment and Brick
Manufacturing)

Abstract:

Industrial wastewater, especially from oil refineries and cooling towers,
poses increasing environmental challenges requiring advanced solutions
beyond conventional methods. This study presents an enhanced five-
component nanophotocatalyst TiO,/Fe;0,/BiV0O,/ZnO/AC (TFBAZ)
combining efficient charge separation under visible light, rapid magnetic
recovery, anti-biofilm properties, and highly porous activated carbon from
walnut shells for improved adsorption. The system integrates advanced
treatment including optimized coagulation (ferric chloride, lime, bentonite,
polyacrylamide), deep filtration, anion exchange, and photocatalytic
oxidation. It achieved excellent removal of phenols (99%), oils and grease
(99.5%), and (chemical oxygen demined) COD (98%) in refinery
wastewater, with similar reductions in cooling tower water within 180
minutes. The process operates efficiently under natural sunlight, enhancing
economic viability. The study applies circular economy principles by
converting treatment sludge into compliant building bricks and using
walnut shells and spent catalyst ((V,Os) in catalyst synthesis, offering a
sustainable solution for hazardous industrial waste.

Keywords: Advanced Oxidation Processes; Bismuth Vanadate; circular
Economy; Chemical oxygen demined; Cooling Tower Blowdown; Petroleum
Refinery Wastewater; Phenol Degradation; Magnetic Nanocomposite; Zinc

Oxide.
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Effect of Temperature and Relative Humidity on Cotton Seed Quality
During Storage

Ahmad Zaatar Nesreen Al-Bitar Abdul Aziz Abbara

Summary

The storage of cotton seeds, which extends for a period of 9-12 months, is of
great importance because of its role in preserving the quality and vitality of the
stored seeds. It was necessary to take into account the most important
conditions related to the storage of these seeds, including the temperature and
relative humidity of the storage rooms, in order to ensure proper storage of the
seeds within the specified period, which in turn is reflected in the quality and
quantity of oil produced from these stored seeds.

Therefore, this study measured temperature and relative humidity indicators
within traditional seed storage rooms over a 12-month period. Variations in
seed temperature and relative humidity were observed in correlation with
external weather conditions; temperature exhibited a weak-to-moderate effect
(r =0.3401). These fluctuations were accompanied by changes in the moisture
content of the stored seeds, which decreased from 11.20% to 8.90% during the
storage period.This decrease in seed moisture led to an increase in the free fatty
acid values of cottonseed oil from 1.85% to 3.52%, which in turn negatively
impacted the amount of oil lost and the color of the resulting oil during refining
and post-treatment processes. Losses increased from 7.47% to 11.14%, which
was accompanied by a greater consumption of soda ash used in oil refining
processes, with consumption increasing from 3.66 to 13.5 kg of soda ash per
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ton of oil This decrease in seed moisture showed a very strong inverse
correlation with the rise in free fatty acid levels in the cottonseed oil—
increasing from 1.85% to 3.52% (r = -0.8071, p = 0.0015). This, in turn,
negatively impacted oil loss and the color of the resulting oil during subsequent
refining and processing; oil loss rose from 7.47% to 11.14%, accompanied by
an increase in the caustic soda consumed during refining—rising from 3.66 kg
to 13.5 kg per ton of oil. Furthermore, the adjusted coefficient of determination
(0.81) indicates that the environmental conditions of the traditional warehouse
caused a degradation of approximately 81% in the quality of the stored seeds..

Keywords: cottonseed, temperature, relative humidity, free fatty acids
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AT (B el Jalsal

Bha dad o Cauiad () aladial 5 (il Asall dushal) s edll 406V Agghl) e
- @Al Claa 5 e 2105

100 x 222 g5 in
s Al
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Ske el ae 3 jUaud) cp e 3 e daal
Oles plhasialy il cae elsgd phall Glayy Guld S 0 bl Bl A e
Thermometer

O len a2l Al Gt osed Ayl Ayshall (S 5 1 logll Al dyshal) @
Hygrometer il 454kl

s B (e ol (Ally Glall )53 ae Aasliall Slsall pren L 2y tilpll) @
Asamal) (il gills AU Cugandl o cad) Al 1Y) (3l ¢ manll A e

) [E P |
100 x%= % ilsill
Ly

il plly il Al sy 8 g (2) S
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Apilpassl) cfylady)
cuialy Soxhlet culuS g Ayl aladinly &5 jedl) B cujl dpd i @
i a105 v Caatll i aladiils Glel /4] sad dlldy  all GLuSell (gsuanll

SR s e i) DA Sl (3) U

dinla 335 NaOH aladinly syleadl D (0 :((FFA%)5al) Liaall (alaal) e
AOAC.2000

Sl ol ) Baga cllaal

3535 o8 pseal) 2085500 Jolaas yladll DA e :(FFA)sAl Ladl) (alaay) o
AOAC.2000 4k 335 llid Jgndll yisa

Ak 33y Lovibond laay Cua e phadll 30wy gl maad S rgslll e
AOAC.2000

i) dptl) e alaie Wl il 88l G 30a3 8 ¢ suly Alalas alie) 51yl S8l
3all davall (bl

122



il il s AasSl dpunsigh o stal Alude s dadls ilya
3oke Saadlae o Ul (el 2 58 ) daal 2026 ole 7 21l 48 alaal)

3.4+(FFA% x 2.2 )=% il sl

2 3 5)8 o anal el ) Baadll Jull Gl plall s 8 (Lint) cadily sl
bbby A sale Sl Aald g3 ol A T e Leadlatial 2y g Al Y mlad) dglee
AL alaily due lua duaal cild

dEBlial)g el

3laa Qi) Z\S)ﬂ Gm.l.\.gj\ N | RID alicudll uksj\ )}..A..: Gildialga (1) d}h

Yol % 4kl Yocusll duss | Agaall (bl | % il
% 5yl
@ﬂ aa ‘_,Jr_;\ s &'j s ‘:Jci s ‘:Jrj aa
13 9 18.5 0.8 1

Blan gy AHA) il (i€l (385 Hlal) il gy clialsa (2) Jsoa

1) el Dlgiiu AP
()A:) L,Uﬂ ds.a Z\-U-E_)l\ “ " U= " N
il Ay | oyl duaall | il a8l
% %
e | LelSa % % %
5-3 | 10-8 0.1 0.1 2-1.5 2.5 15-12
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2019 olal o G p eosen Anibll Jlsally (mpally ) Sl el ) lialsa (3) Jsoa

ol Ayshal %oaSsyp | Amadl paladl | la

i gud ol Baa g % mg/1kg oil % 3yl ppm
0.3 Sel as el as el as el aa

0 10 0.6 50

Lebat ad AN duilsadl) cpladyi-1

sy Lalin 558 (DA s ha fipe il Heblly L) Tagl) $)m Aags Gl 5
il giall Cle DRI it g A ped Alama dgia) Dl PIA el g )yeda saalsll dc Ll die 5,)

L) (Al e 3 e (ann Tl By slsal 3 Al dppedl

o) (AT L 5 logd dal) Ayshaylly Sl cilal 4y gdd) cllaangial) G (4)dss

dggh )

ajj\ st Lad) 4 LAl 4 =
1 3 4ad 3 4ad

1; 30 7:30 L) Uo .'J‘ ”o :J‘ cilial) )
- (%h)iala (¢°) wouall | (p°) (aBd ")

(%)3 Lusa

46.00 = 76.00 = 10.00 = 15.00 =

5 January
1.80 c 2.10 a 0.42 f 0.659

55.00 + 77.00 £ 12.00 + 17.00 +

5 February
2.20 a 1.95 a 0.51 ef 0.72 fg
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53.00 £+ 73.00 £ 14.00 + 18.00 +

5 March
1.75 ab 2.40 ab 0.49 de 0.58 ef
45.00 £ 70.00 + 16.00 + 20.00 +

5 April
1.90 cd 2.15 be 0.62d 0.81e
38.00 + 68.00 + 20.00 + 28.00 £

5 May
1.40 e 1.85 cd 0.88 bc 1.10 c
35.00 £ 66.00 + 22.00 + 30.00 £

5 June
1.65 ef 2.30 de 0.76 ab 0.95 bc
34.00 65.00 £ 23.00 + 32.00 £

5 July
1.50 ef 1.90 de 0.82 ab 1.15 ab
33.00 + 63.00 + 25.00 + 33.00 +

5 August

1.35 ef 2.05 ef 0.91 a 1.02 ab

30.00 + 60.00 + 26.00 + 35.00 +
5 September

1.20 f 2.50 f 0.98 a 1.28 a
25.00 + 62.00 + 23.00 + 33.00 +
5 October
1.10 g 1.80 f 0.70 ab 0.89 ab
28.00 + 65.00 = 15.00 = 25.00 +
5 November
1.45 fg 2.10 de 0.55d 0.74 d
32.00 + 70.00 + 10.00 = 20.00 +
5 December

1.30 f 1.95 bec 0.40 f 0.61 e
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ol g Al Akl 5yall oy (s ADAa)) gy (1) Jaade
Y (sl A Al s5) 12680 (1 Jed e Al Bshayll (8 ) Jaasl
ol Ganl) Giledfe e Aglle A Ayshay 2 JAlLs % 10 s @l H5la,
e e bhall Gilagy A bsale g i) L) (il Capg elsed Bhall cilaal dually Ll
e Ll 8)ha dayn g i) ae cyaall

sl 3as i e lsd Byl layag Apil) dyghall (8 il Jaa ) Solull Jsoall DA e

@@ opS dnlay Hlall dapay Al doshll (&l g aplall sl e aliy Ly
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Chil) ol B cuillly quilgdl) dpady ol Aysh) uadl 4 pgdd) cillaugiall Gy (5)J g2

XS
(%o)cuiall) (%) uilgd) (%) s93sh Aygh) Gl BYRA|
(n)
11.82 +0.41
1.51 £0.08a| 11.20+0.35a 5 January
a
11.74 £ 0.38
1.72+0.11a| 10.53+0.29 b 5 February
a
11.65 + 0.45
1.56 £ 0.07 a| 10.06 + 0.31 be 5 March
a
11.82 +0.39
1.69+0.12a| 9.72+0.24 cd 5 April
a
11.90 + 0.52
1.43+0.06a| 9.40 +0.18 de 5 May
a
11.53 +0.33
1.61 £0.09a| 9.35+0.22 de 5 June
a
11.66 + 0.40
1.30 £ 0.05 a 9.17+0.15 e 5 July
a
11.88 +0.47
1.52+£0.10 a 9.16 £0.19 e 5 August
a
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11.82 + 0.36
1.82 +0.14 a 9.08 £0.21 e 5 September
a
11.80 + 0.42
1.38 £0.08 a 9.06 +0.17 e 5 October
a
11.65 + 0.39
1.73 £ 0.11 a 9.02+0.14 e 5 November
a
11.50 + 0.31
1.55+0.07 a 8.90+0.11e 5 December
a

Aadiy (aliaV) 1y el ae (o JS5 sl dyshay (alias) Gilull Jsaall Pl (e Laal
ahadl Al Ly (oAl ot elsgd Al Auglally Bl clayy 8 Alealall <yl
COLAY) G ol il gl cilyas e Aasl Clpally conlll 2l Cadla i Jaa ol canllly

C M) i) b

Ll ol el (FFA) 5al Aaal (alaally cusll Al ¢ (6)Jd g2

FFA (%)sadl 4daal) Lalaal) (%) 3l A ‘_,x..:; = gYRAl
1.85+0.09¢g 20.55 +0.48 a 5 January
1.96 £ 0.11 fg 20.48 + 0.51 a 5 February
2.11 £ 0.08 ef 20.25 £ 0.39 ab 5 March
2.17 £ 0.12 ef 20.27 + 0.42 ab 5 April
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5be Jaall a3 Janl) a2 e daal 2026 ple 7 2l 48 ol
2.20 £0.14 ef 19.96 £ 0.55 b 5 May
2.45 £ (.15 de 20.45+0.37 a 5 June
2.55+0.18 cd 20.36 + 0.46 ab 5 July
2.66 £ 0.13 ¢ 20.44 £ 0.41 a 5 August
296 +0.22 b 20.00 +0.60 b 5 September
3.22+0.19 a 20.13 £ 0.52 ab 5 October
3.45+0.25 a 19.94 + 0.49 b 5 November
3.52+0.21 a 19.97 £ 0.44 b 5 December

4
3.5 o

—
1.5
1
0.5
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FFA 5 o) o 38 o (2) e
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Gl e (S JS8 Ball daall (alea) das il Gl Jeal) DA e sl
Skl e & dealad) juasll g W) 138 g 5sadl oiaal de)l sl A5 ae A4
Rl Jamall Jasagll a ilanys (B i ) lisnea S yel lly e ginnall aia A3
die g o) paibad B sl 13 ) dushy (B s opadll Cae elsgd A
Tangl sl (b ) Al dpadlly Wy il s <y (8 Byl dsiaall (alaa) dass g i)

s Caila JSE Gl g sl b Awl) alisl

w3l Bl agaageal) daSgpan liaSy Cul) )< @disa G (7)ds

ol LS g b dpas ;
i 3l Bl  gucal) vakd] =
250 a8 3
o e | emsan || e
A 00 . P4
e ] e | m
sigahyl (x5
8 + 3.66 £ 0.12 1.85 +
7.47+0.259 5 January
0.0d g 0.09¢g
8 + 7.71 £0.29 | 3.90 £ 0.15 1.96 +
5 February
0.0d fg fg 0.11 fg
0+ 8.04+£0.18 | 4.18 +£0.11 2.11 +
5 March
0.5¢ ef ef 0.08 ef
9+ 8.17+0.22 | 4.30+0.14 2.17 +
5 April
0.5¢c ef ef 0.12 ef
9+ 8.24 +0.31 | 4.36 +0.18 2.20 +
5 May

0.5c¢ ef ef 0.14 ef
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aes daaly Al
2026 als 7 a1l 48 alaall

Adg Al Asilaass) dpantigh) o slal) Alaulus
Soke Jusadlae o el cpoed @ siS ) daal

10 + 8.79 £0.35 | 4.86 +0.16 2.45 +
June
0.0b de de 0.15 de
10 + 9.01 £ 0.41 5.06 +£ 0.22 2.55 + Jul
u
0.0b cd cd 0.18 cd y
10 + 5.28 +0.15 2.66
9.25+0.28 c August
0.0b c 0.13 ¢
10 + 5.88 + 0.26 2.96 +
991 +£0.50 b September
0.0b b 0.22 b
10 + 10.48 £ 0.44 | 6.40 = 0.20 3.22 +
October

0.0b a a 0.19 a
11 + 11.00 £ 0.55 | 6.84 £ 0.29 3.45 +

November
0.5a a a 0.25 a
11 + 11.14 + 0.48 | 6.98 + 0.24 3.52 +

December
0.5a a a 0.21 a

U (n=5) P - ON R ([EN: R S N | Loagdl Jia Jglaall Gl

Lflas) AN b 338 gt 2a g dsenll (uit (paim Lasee diline By ja Joad il cillaws gial)
¥IN RS YNPRRTS (Tukey's HSD) S5 gl Y & e ANOVA jlid)
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FFA% 2 -

0 T T T T T T T T T T T 1
Yo Y YA Y« YA Y+ ¥YY YY Yo Y¥Y Yo Y.

uAM‘EJ‘JA.“R@JJ

FFA 5))all 45y o scatter plot (a (3) Lakis

FFA% 2 -

%FFA 5 553 435k o scatter plot ¢ (4) Lahis
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le Aysune 5l aall paleal) Asled Lo 500 seall Cilela 23S eiasy (8) Jsaa

Al gl & e U sl sl

e A N _cmam AN ez .= 8 Y

NE &

15 4
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il i Bal) Fal in geall & ghall Ail) g liy) Jansl Gl Sl Talaiall DA e
Syl Blaa b Aerkiesall o s guall e e el A giall dpuil g i) Mg Gail e Hl2)

cappll 8l Ay il Al) ) e Lial S Alee Pl

il Gl 5 g il Aal Gl ) S dules (4) IS

Jeemil ey & U503 gl fotds = )

@JH|MMJH~_J|.__,:{U.I—Y

pog ] Jede - r

B e ik
N

el g -

Aol ezl __}IJU.._JIUL-L.L- v
Al O e - A

December[2024 —January/2024 ol dla e Shustl) miag (9)Jsaa

b WS el 12 H5all Aipan s A

cull ks Gl la 5l Ayl sl FFA
% ass3 el % %
2 ol fas
7.47 3.66 11.20 1.85 January
11.14 6.98 8.90 3.52 December

@ladl Jsaall Pla (e Laal

%8.90 N 11.20% 3 sl dyshay (alissi—
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A ellyg 3.52% ) 1.85% pe ol s b 8yl danal) (ymganll A il danll 32l
25 sy sl (RS i sled il Ayshlly hall cilag b clylly o oud) (3830

HI Y

&V 3.66 (e 0y)S5 alall il Anllae o L] deriind) agseall Clele LS iy @
Gy ol 1/ apisa el 3 6.98
11.14% N 7.47% o <ol 8 i) dpll ¢ i) o

diall daaiial) duilaay) cdladl)

(Pearson Correlation) ¢ gy Jaldy) jLad) -1

shall bugie alaie ) 4ind) cyidly (FFA) syall daal) (alea¥) g BLEY) Gl
F(Ae) Aysha iy
o sa5¢(r=0.3401) lauisia ) Cimm sh b)) ang : FFAg 8l daje o
(p=0.2793) 43 )lad) duall o3a 2ie Lglas) Jio
Llas) JIas las (g8 (—uSe L)) ang: FFA g dagaal) Lpp il Lgh)ll o
(=—0.7918, p=0.0021).
ANl Meglan gf —uSe Lla) aag: FFAG 4080l jeil) dgh) o
Calia aa g luiall I i) Jlasll dida 2S5y Las ¢(r=—0.8071, p=0.0015)
g5 J—aad (A Al dadipall dghall o Cum sl Al Tagys sl
Caseal) o el Sy sa SV Alee e ael s Al A §l5aY) e
Syaldl dgaal)
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(Multiple Linear Regression) aaia ad jlaad) Julad -2

el c(skally (g palls calaall Al da)a) ASsiiall ddnl) iy FFA_) oS5 Loyl
thas Llle s 3l
g 2siwall Al gyl o 67 0.813 :(Adjusted RA2) Jawal) yaail) Jalaa o
() asn yoai (he %81.3 i sl
Jajid) sutl) Dalaa o
FFA(%)=9.8889-0.0687(Temp)-0.1097(RH)
(P<0.00021) Lilas) fax Jla : gisaill Ldlepy) LY o

claagilly claliy)

L.).'}XALG eki ”M\ UJ_.)A:\ QLDJ)L}A ;\‘}A 'é)b; U—’\é‘)d‘j "w .n Z\J)L‘)M Oi .».» N d:\“ L
e Jaugie ) cima il phall Aa OIS G Anaal Ghill )k sam (A plesady

(p=0.2793) is,ladll dimll o2a yie Lolaa) Jla e 585 (r=0.3401)

8y Pl )sdll Ak Cuzadail Cum AN 50l Asha) a8 il pad L]y Clyurill sdag —
Gy S Ll A Gl sall Ayshy (A (alaa) ey %8.90 ) 11.20% (e opaall
sl 4aal) o=l o & & &) o~ s
A xe Ay 3.52% ) 1.85%  oe ohdll L 4 oyl
Ul el oy ) 8 LS e Ul (Sadl 0y50 )y (r==0.8071, p=0.0015)
sy 11.14% N 7.47% oo 86 213 Cum cupll AU dadlaally oSl e DA
G cyll Sl Gllee & daaidll aggall Clsle e DS LS oDlgial 48 o5

¢y sh ] famiga el g8 13.5 11 3.66 (1o dSlgiuall bl caly))
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) 3 ginsall Al Cagyal) o O dail) 0385 (0.81) Jamall ypanill Aoles cjedil LS5

Al sl sasa (e (%81) s Hsas )

@ Adall phill e el Aagaatll o ) deasil) & Gadl 1 P Gasm
el Al Alle dyshays bha lan e Adll) dfnd) Jalgall oy CilS Zpadil) Cile a sisal)
e omids i) dlee Ay (8 AN sl gl o s i) dilee L aaY) dalal)
e el gy (SN @Y e gs0 daany Cua iall Al ageal) @l adiiy ()l
(Kavitha et al , e (8 1305 5 43 (ases ) lelisads dgnall (i geall 500l dilec
Adiay Glal) o ABS 8 Ball Aaall Galeal) (sS Janas Bhall gl o ang 520 2077)

e il Rl Galeadl (sinay sll Y1 Ayshll e

Aladl) Lysgil 7o Jia sdall (35 Cledgine & Alladl) G5l Aadail aladinl Juady Gllal-
Sl s i) 03 Jain UA (e g (il Ciled siuse 8 Alalall il <) Cagal
Gilad G Lahy i lls sl G sal) saall (aleal) iligine b bl Julis

caal) 13g] daaie Al
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