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The Effects of Various Reaction Conditions on Trans Isomer Formation
in Hydrogenating Edible Soybean Oil
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Abstract

Edible hardened soybean oil is processed by hydrogenation of refined soybean oil in order to upg-
rade the heat and oxidation stability and to improve flavor and physical nature. This study aims
to investigate the influences of various reaction conditions on iodine value, fatty acid composition
and trans isomer formation in hydrogenating soybean oil. In case that hardening tempterature is 180T,
trans acid formation increased by 6.2 times more under 3.0 kg/cm?H; than under 0.5 kg/cm?H,, while
linolenic acid decreased in contents. In case of 200C of hardening temperature trans acid formation
showed 4.6% higher under 0.5 kg/cm’H, than under 3.0 kg/cm?H, while contents of linolenic and
linoleic acids showed 0.51% and 2.5% lower respectively. It is concluded that 200C of hardening
temperature under 0.5 and 3.0 kg/cm?H, is better condition because trans isomers are little produced,
and iodine value and linolenic acid content decreased in hardening soybean oil.
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FA] AA g Ees 247} 1255, 73} 18958 &
A= ) Jabell A AR A E-E AE-slgl e, potas-
sium iodide+ Hayashi Pure Chemical Co. A &34,
Sodium thiosulfate¢} iodine-2 Shin Yo Pure Chemical
CoAll EFAe}F, DL-methione-2 BDH Chemical Ltd.
(England)A| & *}8-3l5dt}. catalysti= The Haishaw
Chemical Co.(Netherland)®] Ressan 22, Nickel catal-
yste] i nickel content: fully active 22% Ni, physical
form2 black waxy flakegdr}. & hydrogend A&
A FTHEY AFoE FH7) LR 99.99% ] ¢ F &
Al-4-3hod o
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71 ulg 244 &5 150C, 180T, 200T & M A3}
#4249 05kg/cm® ¥ 3.0 kg/cm?shell 4] WE-EA]ATH
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Aol wel AR A 85E 3Hsle] free fatty acid
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can Oil Chemists’ Society(A.0.C.S) ol Z3} 2 =|5hAk
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Japan), trans o]AJale] AA)§eke Infrared Spectro-
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Fig. 1. Schematic diagram of hydrogenation pilot plant
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Table 1. Effect of various reaction time on lodine value,
fatty acid composition and trans isomer formation in
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Table 4. Effect of various reaction time on Iodine value,
fatty acid compesition and trans isomer formation in

hydrogenating soybean oil (unit:%) hydrogenating soybean oil (unit: %)

Reaction time 30 60 9 120 150 Reaction time 4y o) 99 120 150
(min) (min)
Ciso 1083 1056 1095 11.19 10.82 1067 Ciso 10.83 1068 1063 1067 1044 10.55
Ciso 401 443 454 441 444 447 Ciso 401 466 511 556 621 6.75
Cisa 2253 2244 2310 23.03 2396 2450 Cisn 2253 2594 3005 35.78 4291 4850
Cigz 5368 54.09 53.17 5337 52.76 5225 Cig 5368 51.18 4743 4222 36.01 30.87
Ciss 895 848 833 800 802 811 Ciss 895 751 6.76 554 441 331

Trans isomers 403 341 394 383 384 512 Trans isomers 4.03 506 7.76 997 14.20 33.53

(%) (%)

Iodine value 1255 1232 121.5 1199 1196 1194 lodine Value 1255 1185 1139 1076 1018 954

Reaction conditions: 150C, 0.5 kg/cm®H;, 300 r.p.m., 0.11
% as Ni

Table 2. Effect of various reaction time on lodine value,
fatty acid composition and trans isomer formation in

Reaction conditions: 180C, 3.0 kg/cm*H;, 300 r.p.m., 0.11
% as Ni

Table 5. Effect of various reaction time on lodine value,
fatty acid composition and trans isomer formation in

hydrogenating soybean oil (unit:%) hydrogenating soybean oil (unit %)

Reaction time 5, & 90 120 150 Reaction time 45 ¢ g9 120 150
(min) (min)
Cieo 10.83 1067 108 1098 1092 10.53 Cieo 1083 10.72 10.79 11.02 1098 10.72
Ciso 401 358 4.7 429 455 457 Cigo 401 409 406 430 436 398
Cisa 2253 25.07 2385 24.16 2490 27.24 Cis 2253 2312 2280 2631 3161 4561
Cisz 53.68 5246 52.82 5231 5197 5022 Cis 5368 5332 5388 5043 46.16 3543
Cis:3 895 823 78 853 764 741 Cigz 895 872 845 791 685 4.23

Trans isomers 403 385 455 496 552 623 Trans isomers 403 375 497 585 893 1752

(%) (%)

Iodine Value 1255 1216 1194 1187 1180 1165 lodine Value 1255 1229 1209 1179 1139 1029

Reaction conditions:
% as Ni

150C, 3.0 kg/cm®H,, 300 r.p.m., 0.11

Table 3. Effect of various reaction time on Iodine value,
fatty acid composition and trans isomer formation in

hydrogenating soybean oil (unit: %)

Reaction time o/ gy o 130 150
(min)
Ciso 10.83 1061 1061 1061 1051 10.55
Ciso 401 443 483 443 448 463
Cisa 2253 2554 2255 2313 2380 25.14
Cisa 53.68 54.09 53.87 5334 52.68 51.38
Ciss 895 829 857 847 850 828

Trans isomers 4.03 342 372 443 5.02 537

(%)

Iodine Value 1255 1221 121.7 1209 1209 119.8

Reaction conditions: 180C, 0.5 kg/cm®H,, 300 r.p.m., 0.11
% as Ni

e A=A ¢dsked linolenic acid® #S 73
Bl A 47 gdddck 39 2w & 180T 2 29
$4E=E 30kg/em’H 2 592 w(group D)o ZAzpe=

k! mlo

F

Reaction conditions: 200C, 0.5 kg/cm?H,, 300 r.p.m., 0.11
% as Ni

Table 48} 2k, o £AGAE Hsk A17k8) Aho] v}
Savb apolzh &7) 12556004 9548 ¥R AsE:
Boj, 2 zol7t by 05kg/em?e) A$H}d < Sl
olato]l mHeol YA} Aslel] HAMF o] U
viel i}, =3} linolenic acid% 5.6%7} ZFAasel F
Aol A Felgt AaE v 2y 43es 180
T 9 749 trans o} A9 gk o 05 kg/cm’H,
B} 3.0 kg/em?oll 4] 53] o} oF 208 o] Abo] Hic}.

T A3eE S 2000 2 &8 43S 0.5 kg/cm?H,
2 =4 A(group E)2] A3} Table 59 #ch $47)7}
HhS 1208 7Ax]E 11601 AH3EAx, 1 o|F F43)
uh-2-o] A8 xo] 7tieko] 2268 el g™ linolenic
acid@eFE 120504 2.1%, 150394 4.72%7} 7+4 5
o F& ANE 2gen, trans o|AAe PAME o}
FAHA A 3]l

EE 255 200C 2 3L F24HE 30kg/om’E
Z71412-¢ dl(group F)2}] A= table 63 3ch 4
7k ABA el wel F3bsked 1508 Felle 2189
%815 7 linolenic acidv 4.21%7} 4=y A3ks B
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Table 6. Effect of various reaction time on lodine value,
fatty acid composition and trans isomer formation in
hydrogenating soybean oil (unit: %)

Table 8. Effect of various reaction time on Iodine value,
fatty acid composition and trans isomer formation in
hydrogenating soybean oil (unit: %)

Reaction time 0 30 60 90 120 150

Reaction time 0 30 60 90 120 150

(min) (min)
Cieo 10.83 1063 10.82 10.73 10.62 10.71 Cieo 1083 1089 10.74 10.74 1105 10.86
Ciso 401 429 446 478 522 552 Ciso 401 458 482 516 569 585
Cis1 2253 2446 2783 3287 3584 4107 Cis 2253 2497 2652 3060 3929 54.25
Cis2 5368 5334 4897 4499 4221 3793 Cisz 5368 5182 4986 4571 3650 2585
Ciss 895 826 789 661 609 4.74 Cisa 895 771 802 775 743 316
Trans isomers 4.03 376 980 349 996 1292 Trans isomers 403 571 661 870 14.69 25.19
(%) (%)
lodine Value 1255 1212 1175 1224 109.1 1037 Iodine Value 1255 1192 117.9 1124 1052 906

Reaction conditions: 200T, 3.0 kg/cm?H,, 300 r.p.m, 0.11
% as Ni

Table 7. Effect of various reaction time on Iodine value,
fatty acid composition and trans isomer formation in
hydrogenating soybean oil (unit:%)

Reaction time 0 30 60 90 120 150

(min)
Ciso 1083 1096 1054 1096 1152 1091
Ciso 401 465 483 473 598 506
Cisa 2253 2555 27.00 29.71 39.88 38.86
Cis2 5368 50.66 4843 46.75 3564 39.06
Ciss 895 816 874 782 695 6.09
Trans isomers 4.03 1443 11.86 1099 12.77 17.28
(%)
lodine Value 1255 1222 1204 1179 1155 1120

Reaction conditions: 180T, 3.0 kg/cm*H,, 300 r.p.m., 0.11
% as Ni, S 2 ppm

ded ol S 05kg/emH2 819l AL Nrh=
Zhaefo] Ao}, v} trans o) AE A &% 200
T A$ 4 3+ 05kg/emiol A v} 30kg/cm24
Z7ZA A trans o)A 2] Akl Hglon] o)
£ 5 AARE % 5 alsleh o4l AN
trans o] A 9] WAL L4717} UFE Xol ukSo] A9
$l%l group A, B, C2] 278 A|9jslus 2 7 A4
T Aol FPY e ez vehgel

MK & (catalyst poison) HIlof| wWE
acid % trans O|AJ|e| g8}

219 AstA A3LEE 180T, FodH S 30kg
fem’2. 2 3}31 ZvlZ(catalyst poison)° & sulphur 2
ppmS H7H](group G)® A#= Table 73} 2t} &
N M= upel zFo] AZpAIZre) wel AE 1508
SA7Hs 1255004 1357}, linolenic acid: 2.86%7}
AAaF s, el trans o)A & 13.25%7) =7 =g
o} w3 & A A sulphur =< 4ppmoE =
7FA1% & wH(group H)®l Z k= Table 8o E A€ ule}

247}, linolenic

Reaction conditions: 180T, 3.0 kg/cm®H,, 300 r.p.m., 0.11
% as Ni, S 4 ppm

2ol A 7te] AN wat A 1503 ele L4
717} 3494 @3] 7A4E 2 linolenic acide 5.79%u}
At 23 trans o)A Al A8 1508 T 21
16% Z7 =k o]l 49} 7o) Zo)= sulphur
AP, #E 2R sulphurE H7lelA] 4L H¢
Rohe trans o] A 7} ZFaskg] ot A s}A17ke] A
wa} trans o) A3 A 2} PAJo) Zrlak= A2 Kiostermann
o) Bl dAstgdc). =g 2l E 2 ppm HUMAE
4ppm H7}A] Hr} 24719} linolenic acide] A]7hd
Fagkel Aol AslLwr)l wodx Bestel ot trans
oA ML A Frlslyct @by 180T 9 A
Lol EolE H7E Q13 4719 7bas} trans
oA AL AT FAC WEAFNE HHEIE
QA Fslsdcth

oo Aol A Z+ group Fivke A3 A7
Al w2} AstEle A%%e Yy 1% group He}
group Do| z7elA £47b71 74 Qka group A,
B, Co =AM F& 7Z2E eyl &= 57} =
owl w4 wr Zr1sta, 0.5 kg/em’H,Boh= 3.0 kg/
c’Hpoll Al S 47b7) ol ubgErw ZuEE e
¥ gt o]21% A 7= Hastert'®v} Koritala 51®2)
B} X sheich

linolenic acide 2t 27 73| 150804 $4
7V7b vehbe SR e 92 Fasigen, 13
group Hel A linolenic acid®] 7}42Fo] & A 3l7 wskc).
i Foll Za)3h= linolenic acid®} &2 3% AF-2
FaA7E B B et P RkakEd dwe R
o2 Boygl vl Qs B A 4= group D2} group
H+ linolenic acid”} z+7+ 3.31%, 3.16%9°) 3L group E#}
group F& 77 4.23%, 474%2 vehfo] 1 FFo 2
Hol group D2} group H7} #e|3ht o] A=
F3) gk trans o] AJ A9} YA go] B AP ZAHE FoA
7t Fol £4 o2 AAE 2

T trans o]Af M Q] AAEFoZ RWoliE group A,
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B, Co| =74 71 A7) wFell fejsica Pzt
=} 247} linolenic acid§aFe] 7447t Aol #A3tE
H7b dolA wiakAlskx] Ealgdo) A3 a8 EF2&
aete] olue] AAEZ Fgstd £4r1e) linolenic
acid®] ZHa-#o) WAL trans o| Ao MAlwke] HE
Z7el| 2] AFo] 2 slr] Wi B APl 45
A 2718 22719} linolenic acidZ H.o}4+ group
Het Do) 7-$7F 74 felsbed oub trans o] A2 4
Aol v wolx AFe FAlo] Hepsjqir) e}
group E¢} Fol A &40t ol Zrasled
trans o] A7} wlmA AHA YA =Hjonz oz x
AFeNA 7R Jisiin Azhgich

2 %

Fell A AR A T o, A3 NS
FAATI L 0, BAQ) N o4 E Fol7] sty
Tt A% ALs dF5 AR uke 27AE
Zelsld F8 2wk 24, $A47MY trans o] A A9
A mA= Fag AL 180T o] wH-EE
A] trans AFe] AL akE 3.0 kg/cm?Hyoll A4 0.5 kg/cm?®
Heoll A ¥} 6.2v) %718} 3L linolenic acidy #HAs}
Aot e AseE 200C o A% ¢+ 0.5 kg/cm®H,
ol A 3.0 kg/cm?H, Bt} trans o)Al AAlo] 46%7} &
gte.w, linolenic acid, linoleic acid3tek2- 7+7} 0.51%,
25%7) Ztastgel A3 180T, 3 3.0 kg/cm*H,
2} sulphur 4 ppmS- 3715 274 2-47}¢} linolenic
acid7} 743k falstsd o), trans o)A Ale] Ao
74 wot Bkt 2oy Askx 200C, b 05
kg/cm®H, 2} 3.0 kg/cm®Hy2] Z7A3}ol A trans o] A ] ¢
AAel wlwd AA AMEYL, 4718} linolenic

acid® Zhase] HA zAe)a} Az
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