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Figure 1- fabricated PCB with honeycomb pattern
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Figure 2- setup of the surface dielectric barrier
discharge cold plasma. Source of power (1), plasma
chamber (2), grounded electrode (3), high voltage
electrode (4), dielectric barriers (5), and oil sample (6)
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Table 1- Fatty acid composition of raw soybean oil samples treated with DBD cold plasma over 13 hours

. Time (h)

Fatty acid(%0)
0 1.5 3 5 9 13

C16:0 12.20:0.1% 11.55+0.3 11.6620.1° 12.0120.1°  14.57+0.1° 17.8+0.1°
C18:0 3.76+0.2° 4.31+0.1° 4.55:0.1° 5.81:0.2° 6.69:0.2¢ 7.24+0.2°
C18:1-9t 0.00 0.13:0.05° 0.21:0.03° 0.3:0.05" 0.35:0.05Y  0.45:0.05°
C18:1-9¢c 25.36+0.4° 26.47+0.1° 26.78+0.09" 28.02:0.2°  30.23:0.2%  32.65:0.1°
C18:2-9t,12t 0.00 0.07:0.01° 0.08:0.01° 0.15:0.08°  0.27+0.07" 0.4-0.09°
C18:2-9c,12¢ 51.5:0.6 51.25+0.09" 49.68+0.1° 45.42:0.19  40.38:0.1°  36.04:0.1f
C18:39c,12c,15¢ 7.12:0.8° 6.09:0.1° 5.56:0.2° 5.1:0.2¢ 4.6:0.2° 3.8:0.4
SFAs” 15.96 14.86 16.21 17.82 21.26 26.04
MUFAs™ 25.36 26.6 26.99 28.32 30.58 33.1
PUFAs ™ 58.62 57.41 55.32 50.67 45.25 40.24
Total Trans - 0.2 0.29 0.45 0.62 0.85

Different letters in a row indicate a significant difference (p < 0.05).
#:saturated fatty acids, **: monounsaturated fatty acids, ***: polyunsaturated fatty acids

ladlid Ln Oy sl s oldl e SO O laal s gLl Oy sladwl

Z 'ON /T2 "IOA / ¥202 Burids / uonuinN 72 ABojouyoa pooH

369 3077 6 arre A0 (e3( [ [ P 6 (e |




Z ON / TZ "[OA / ¥20z Buuids / uoniin 7 ABojouyos | pood

AR

360 3077 6 arre) A (23 [ [ P 6 omfa |

O 9 (F e (RO (xS

2 239 (g )b sme gld Caslio VWU 00 o diged
(p < 0.05)

cebo Wy o glagles > JobsSE Ol
3,5 o odalin ¥ Jodo 0 &S johailen A (6,505l
WU 0l slas d59es 9l d5905 Jo,895 55 (ljee (1
Olise (P < 0.05) 5)l> 3535 gy xe oty sl
odd o Wged I yidy dald diged )3 by 586555
Wdigad > Jo b5 Wl (i & (e 4 il
il e Lasts LB e o0 jlog sl

S5 ojl el WY g+ (slagle; p3 Sl (e
&S shatlen cuwl oad ool LS ¥ Jos 0 ls
Gged g ald diged Joyul Glise o 335 (o0 oalie
5 Dy (b dme Cgld celw WU ond Hlew
SalS 7Y sgis IS Jastal e (p <0.05)
oo Joyiel Ul 0-Ws gl (2ol i o5 8l
il JgpolloSiial o Jg yigeS

Cr2 gl S 5 -
Jow cou el VYW Gde 4 Lgw plb S5, diged
= %50 Nz (555 S5 ) (raw (95 (2 3 Loy
Cdises o slbawl Sy .cé s 5 7 50 H,
Oloj e (b )3 350 slowdly b oad Jlod Lgw (485,
@b lhe ol oad 039l V Jgd» > celw WY
Wged (ygliaphn dal)d 3 ploj Sl ;556 calols
Plae o ol dopy Sy @l Lgw ()
2z o sl gy 4y ke (P<0.05) 55

OF9) badigel 5 ald Lged CuSld cupd e
500 KV 5 b el W b ond e pl Lgu
QLS Y Jgda > (450 Ha = 7 50 Np) 55 bglbxe
oaduie uilyly 4350 puls 4 dsg b Cawl odd 00l
ghw ) CusS cupd ©o) g Oloj S b oS A
Sl 905l 51 ool b e sl Iy xe 7 A0
g Jald diged pm W NAD dunlie g (0 09,5 by 1 Sile
VO Gao o Hlowd digad > ) o Hlow (sladiges
Oliee Cppida Gl 2935 ()b dme Golty (cslw
(2 peS g Wbl oo dald diged 4 bgrje sl oo
Woode 4 ol Hlow diged 4 barpe Cunld Cupo
Sl oo el

sladiges 5 2ald Lged A595) (lise ¥ Jouo
5 VO KV 5Ug b el VY (b oad Jlowi pls g (485,
L .cool oad &l,) (% 50 Hy — 7 50 Np) 55 bglbxe
)9S 5 &S A asedie (ibjly 4jod @l 4 g
sl I im0 A0 s )3 156518 50 595 2 Lo
dgei 4 bgye (YEIYA PPM) 15658 ol oy
(FIYY ppM) 43958 Glise cnpieS 9 bl Sald
Al o el VW e &y 0l jlawd diges 4y gy e

Celo Wos 0 e slasle; o laiges g dad
GBI L (Y Jgis) 108 (a5 05 55 o3l
sl @ g8 odd led Sladiged g i las (o)
(P <0.05) cél yilsbl gyl sxe
ojlul celw VY 4 -
&S jehailen .l 0ads 03l LIS Y Joda 53 g b (55

g dald dged dwSly Gudl lise o 335 o oaalin

Celw VY (b (b (65 (2 (60 2w Lowdl b oaud jlowi ol Ligaw (€9, (s AIg0s (o biowidss 348 (olgd - Jgan
Table 3- Physicochemical properties of crude soybean oil samples treated with DBD cold plasma over 13 hours

) ) ) Time(hour)
Physicochemical properties
0 1.5 3 5 9 13
lodine index 129.64+0.6° 127.49:0.6° 123.66:0.8° 116.11:0.9° 107.99:1.1° 100.45+1.2"
Refractive index 1.4672:0.0° 1.4668:0.0° 1.4663:0.0° 1.4655:0.0° 1.4644:0.0° 1.464+0.0°
Carotenoid(ppm) 26.38:0.4°  15.7:0.2°  14.05:0.4°  10.5:0.1  8.75:0.1°  6.32+0.1'
sliding melting point (°C) - 0:0.0? - 1.3:0.6° - 7+0.8°
Peroxide index (meq Oy/kg 0il)  2.4+0.4% - - - - 5.8+0.6

Different letters in a row indicate a significant difference (p < 0.05).
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Table 4- Changes in the amount of tocopherol in crude soybean oil samples treated with DBD cold plasma over 13

hours
Type of tocopherol 5 Time (hour) 13
(ppm) Alpha tocopherol 190.2+2° ND
Gamma tocopherol (ppm) 1026.21+63% 34.7+1.7°
(ppm) Delta tocopherol 381.99+21° 3"+50.67

Different letters in a row indicate a significant difference (p < 0.05).
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Table 5- Changes in sterol content of raw soybean oil samples treated with DBD cold plasma over 13 hours

Type of sterol

Total sterol (ppm)
Campestrol (ppm)
IStigma sterol (ppm)

Betasitosterol (ppm)
Delta 5 ona sterol (ppm)
Delta 7 ona sterol (ppm)
Brassica sterol (ppm)
Delta 7 stigmasterol (ppm)
Delta 5 and 24 Stigma Ostadi Atoll (ppm)
other (ppm)

Time (hour)
0 13

2636.51+73° 2315.86+62°
532.57+25% 407.58+20°
511.21+32% 391.22+20°
1334.86+68° 1315.87+65°

76.45+7° 49.34+45°

31.11+2% 26.11+1°

24.50+1% 19.01+0.9°

67.23+8% 55.20+2%

47.45+1° 42.46+0.8°
11.07+0.7 9.07+0.6°

Different letters in a row indicate a significant difference (p < 0.05).
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Abstract

Introduction: Due to the high content of unsaturated fatty acids in soybean oil, the possibility
of oxidation occurrence in this product is high and its application in the food industry is
limited. Therefore, in order to increase the oxidative stability and extend the applications of
soybean oil, various modification processes have been investigated. Among modification
processes, the hydrogenation process using the cold plasma technology has been considered
to produce the partially hydrogenated oil with very low trans fatty acids.

Materials and Methods: this research evaluated the effect of surface dielectric barrier
discharge cold plasma on physicochemical properties of soybean oil at 15 kV voltage and
50% hydrogen- 50% nitrogen gas composition for 13-hour treatment. The samples were taken
at certain intervals to measure the fatty acid composition, iodine value, refractive index,
carotenoid content, melting point, peroxide value, tocopherol, and sterol contents during
treatment.

Results: After 13-h treatment, the results showed a decrease in unsaturated fatty acids from
58.62% to 40.24%, carotenoid contents from 26.38 to 6.32 ppm, refractive index from 1.4672
to 1.4400, iodine value from 129.64 to 100.45 and total sterol content from 2636.51 to
2315.86 ppm and an increase in peroxide value from 2.4 to 5.8 meq O2/kg oil and melting
point of 7°C (p<0.05). In addition, the content of trans fatty acids was detected in very small
content (0.85%).

Conclusion: According to the obtained results, surface dielectric barrier discharge cold
plasma treatment can be used as a new technology for the hydrogenation and probably
bleaching of oils.

Keywords: Cold Plasma, Hydrogenation, Physicochemical Properties, Soybean Oil, Trans
Fatty Acid.
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