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3. Soxhlet extraction

4. Supercritical fluid extraction

5. Accelerated solvent extraction

6. Mao et al.

7. Rhamnogalacturonath

8. Microwave extraction (MAE)

9. Extraction with ordinary solvent (CSE)
10. Ultrasound Assisted Extraction (UAE)
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9. Food and Agriculture Organization of the United Nations (FAO)
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1. Microwave assisted heat extraction (MAHE)
2. Drug delivery

3. Gene delivery

4. Wound healing
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1. Fourier transform infrared spectroscopy (FTIR)

2. Field Emission Scanning Electron Microscope (FESEM)
3. Atomic Force Microscopy (AFM)

4. Energy-dispersive X-ray spectroscopy (EDX)
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Fig 1. Effect of solvent on the efficiency of pectin extraction by ultrasonic method (temperature 40 °C, time 30 min and pH = 1.3) , (n=3 and
=% represents P<0.01)
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represents P<0.05)
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Fig 3. Effect of time on the efficiency of pectin extraction by ultrasonic method (extraction temperature 40°C and pH = 1.3), (n=3 and
represents P<0.05)
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Table 1. Properties of extracted pectin in optimum condition
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Fig 5. Polarization Curves for a steel sample in a solution of 1 M molar hydrochloric acid without pectin and containing a concentration of 2
w/w % pectin, at temperatures of 20, 30 and 40 ° C and immersion time 1 h.

i A 0gd Lol 5 e b lude la Jily

ol STl 1098 co Cgmze (53T Ly WIS g3 5l 0 lojLs
Jemiliy g5 5l o0l ol jmeS AL MV 1 olnl
L ool sios o [0200] 00T o olusas Lalise
el S50V Mg de )0 S5 clale ]33]
4o g AD MV 5l oiy (59,05 Joily plal> (i

5% e Lt (0) JSb yo i baS slay st gl
ol s il axls 9 50 00 bz o515 Sy H5a>
cbald Goli 8l Ly eizen g 00 aBlal ol (piomie
Gols Ly ol 5 ooals ol 50 8 S (s
035 I8k yema> )3 (5995 iy 45 50,0 23
Comws A AO MV 51 i 00y losl jeun cdl> 4y cad



Ohled 5 059500 rmx

va O S (5955 (S e plsie 4 1 0,5 5 (SijparsS | S gl
N

Ozt g oo ls5l 5l g9 (! sloJsSUge ;0 CP4CN
e 59, Ps O NS lapsl o ol5T slagyg iUl 5924
gl gy, Ldlrs (idgy G iS5 Wigd e i 38

Torav] axms o 518

Ul_')} ‘;lj} U"_‘M el 0092 )Ju.u.a J.)QLM [P
05,85b (lgieds sl SIS g 000V M Jolons po (S
oo I gloonilojly ()b 5l 0gei Jos uilS g3 5l
CS €O asle iad sloog,5 o> Lo 4 Ysano uiSy

b ] S1ST55000 VM Jolono 53 05 05 Y8 (59,95 (sl semlie Dl slasiomin jf ol cass a0 (5,95 sloyal s (V) Jgor
(F g ¥e Yo °C) dilie glales jo (S il glacdalé

Table 2. Corrosion parameters obtained from polarization curves for corrosion of carbon steel in 1M HCI with different concentrations of
pectin at different temperatures (20, 30 and 40 °C)

T (°C) W(g/g) Re (Q) Ba (V/dec) Bc (V/dec) Cgr (mmly)

Los 39 oy 59,95 Canglie Y S e SS9 s
Temperature Weight percentage Corrosion resistance Anodic slope Cathodic slope Corrosion rate

20 0 2.079 3.307 0.139 11.63

20 2 14.450 0.555 0.187 1.755

20 3 22.030 0.433 0.228 1.229

20 4 33.430 0.370 0.173 0.638

30 0 2.079 3.307 0.139 11.630

30 2 6.440 1.105 0.205 4.787

30 3 12.560 0.570 0.188 2.040

30 4 17.710 0.585 0.263 1.854

40 0 2.079 3.307 0.139 11.630

40 2 4671 1.298 0.172 5.900

40 3 4.838 1.346 0.192 4301

40 4 10.660 0.673 0.205 2.664
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Fig 8. Results of FESEM analysis of steel samples a) polished, b) Exposed to the corrosive environment without pectin, and c¢) exposed to
the corrosive environment with pectin
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Fig 9. Results of EDS analysis of steel samples exposed to the corrosive environment with and without pectin
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Abstract

This study aimed to extract pectin from tomato waste in a new way and to investigate its anti-corrosion
properties. In this regard, pectin using ultrasonic extraction method under different conditions of solvent type,
extraction temperature, and extraction time was done. The highest yield was obtained with citric acid at a
temperature of 40 °C and 30 min equal to 18.5 = 1.18. The degree of esterification, the amount of methoxyl
group, and galacturonic acid of extracted pectin were measured as 53, 25, and 45%, respectively. To evaluate its
inhibitory effect on corrosion, a sample of low carbon steel in hydrochloric acid solution was used. The
mechanism of inhibition was discussed by electrochemical tests and surface analysis. Electrochemical
polarization test was performed after 1 h immersion of carbon steel in 1 M hydrochloric acid containing
different concentrations of pectin and at different temperatures. The results showed that with increasing
temperature from 20 °C to 40 °C, the inhibition efficiency decreased from 94% to 77%. Also, the activation
energy of corrosion rate decreased with increasing pectin concentration from 2% to 4% w / w from 1.76% to
0.64%. The results of the corrosion potential and current density showed that pectin is a mixture-type inhibitor
and its inhibition is due to the geometric blocking of chemical inhibitors adsorbed on the metal surface. In
addition, examination of the morphology and roughness of the steel sample surface by field diffusion scanning
electron microscopy and atomic force microscopy analyzes showed that pectin was adsorbed on the steel surface
and a stable protective layer was formed on the surface to prevent corrosion. The results of element composition
analysis by X-ray diffraction spectroscopy showed the absence of corrosive elements on the surface of carbon
steel confirmed the effectiveness of pectin in preventing corrosion.
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