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Table 1.4 Four major vegetable oils as % of total oil and fat production

1976/80 1986/90 1999/00 2000/10 2016/20
Soybean oil 21.3 20.2 22.0 229 20.2
Palm and pko* 7.9 13.8 20.0 24.0 26.3
Rapeseed oil 5.7 0.9 12.0 12.1 12.3
Sunflowerseed oil 5.0 9.6 8.7 8.5 9.2

TABLE 1. Average Yield of Oil from Commerical Processing of Common Oilseeds
(Percent Oil from Seed of Normal Moisture Content).?

Oilseed Yield (%) Oilseed Yield (%)
Babassu (kernels) 63 Perilla seed 37
Castor beans 45 Poppyseed 40
Coconut (copra) 63 Rapeseed 35
Corn (germs) 45 Rice bran 14
Cottonseed 18 Safflower seed 28
Flaxseed 34 Sesame seed 47
Hempseed 24 Soybeans 18
Kapok seed 20 Sunflower seed 25
Oiticica (kernels) 60 Tea seed 48
Palm, African (kernels) 45 Tung 35
Palm 40

Peanuts 35

?Yields are by mechanical expression for all except soybeans, cottonseed, and rice bran, which are by solvent
extraction, and refer to whole or undecorticated seeds, unless otherwise stated.

f | axio



RONOT LS

S

‘aouanbas Buissaoolid s|i0 pue siej [edldA|

1’2 @inbi4
Sunradwa, Surmyd syuawrdiyg Surdexyoeg 3 Suideyoeg % SuiSexyoeg
» Aexdg SO 8 s1e] Uoneznnse[( sutIyD Suiy 3 Surpig
UOTJRZIONSe]] Sunye[] ymg Sutuajioyg auLTedIe|N 1o pmbrg
| IL 11 Il Il 11 I |1
|
Sutulay] Urealg 10 UOTIRZIIOPOa(]
i ]
Sutpualg
| |
Sunpearg
yooispIeH 150g yoolsaseq
| __ I
U0T1BOY1I8]SI2)U] uorneusforpAH UOTIRUOTIORT ] Suixema(]
= = IL T IL 1
I I I
R : _ sutuyay
Surnyoes|g Buryovag o1Isnen)
I [ I I I
Surugay Use o a Suturey J .
onsnen) 1978 p\ uonen|ij suruumsa(J onsnen Suturunsa(g
IL || || IL I |
uorpeaxy | |
JUSAOS [
I I I —
Surrapuay Jauedxy Ta[adxg ding 9 az11Ia1g afinjInuan) To ssaig
_ 1 |
gunjoon) ‘Sunye(] ‘Surnya(q ‘Surues)) pati( Suryse 73 Sutuea|)
1 11 .
sanssi], Aje] ey Spaas(iQ s %3 s3I Sureag 10 w
a



| [Ny

Jol Juad NINOT

(Structure and composition of fats and oils)
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TABLE 3 Classification of Lipids

Major class

Simple lipids

Compound lipids

Dernived lipids

b&ﬁoww

HOOC-R;

HOOC-R; +
HOOC-R;

Subclass

Acylglycerols
Waxes

Phosphoacylglycerols (or
glycerophospholipids)

Sphingomyelins

Cerebrosides

Gangliosides

Materials that meet the definition

of a lipid but are not simple or
compound lipids

> LS o+ o

Description

Glycerol + fatty acids
Long-chain alcohol + long-chain fatty acid

Glycerol + fatty acids + phosphate + another group
usually containing nitrogen

Sphingosine + fatty acid + phosphate + choline
Sphingosine + fatty acid + simple sugar

Sphingosine + fatty acid + complex carbohydrate
moiety that includes sialic acid

Examples: carotenoids, steroids, fat-soluble
vitamins
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CiOH

CrOH e —
CLOH
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Cr COORq
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(;HQOH sn-1 (o) (;HQOOCR — P
HO=t+=H sn-2 (B) R'COO™+=H eg. —L
1 1
CH,OH sn-3 (o) or (o) CH,OO0CR” O
stereospecific numbering triacylglycerol

of glycerol backbone

(;HQOOCR (;HQDH
HO=t+=H RCOO™t+=H
1 1
CH,OH CH,OH
l-monoacyl-sn-glycerol 2-monoacyl-sn-glycerol
(1-MAG) (2-MAG)
(;HQOOCR (;HQOOCR
R'COQO »=t=H HO w—t-=H
1 1
CH,OH CH,OOCR’
1,2-diacyl-sn-glycerol 1,3-diacyl-sn-glycerol
(1,2-DAG) (1,3-DAG)
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TABLE 1.2 Systematic, trivial, and shorthand names and melting points of saturated fatty acids

Systematic Name Trivial Name Shorthand Name Melting Point® (*C)
methanoic formic 1:0 84
ethanoic acetic 20 16.6
propanoic propionic 3:0 20.8
butanoic butyric 4:0 5.3
pentanoic valeric 50 345
hexanoic caproic 6:0 3.2
heptanoic enanthic T:0 7.5
octanoic caprylic 8:0 16.5
nonanoic pelarzonic 9:0 12.5
decanoic capric 10:0 IL6
undecanocic 11:0 9.3
dodecanocic lauric 12:0 448
tridecanoic 13:0 41.8
tetradecanoic myristic 14:0 54.4
pentadecanoic 15:0 525
hexadecanoic palmitic 16:0 62.9
heptadecanoic margaric 17:0 61.3
octadecanoic stearic 18:0 T0.1
nonadecanoic 19:0 69 .4
elcosanoic arachidic 20:0 T6.1
heneicosanoic 21:0 75.2
docosanoic behenic 22:0 &0.0
tricosanoic 23:0 T9.6
tetracosanoic lignoceric 24:0 84.2
pentacosanoic 25:0 83.5
hexacosanoic cerotic 26:0 878
heptacosanoic carboceric 27: &7.6
octacosanoic montanic 28:0 00,9
nonacosanoic 20:0 Q0.4
triacontanoic melissic 30:0 RN
hentriacontanoic 31:0 032
dotriacontanoic lacceric 320 Q6.0
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Table 3.7. Unsaturated fatty acids

Abbreviated Structure Common name  Melting
designation point
(S

A. Faity acids with nonconjugated cis double bonds

®9-Family

18:1 (9) CH3—(CHj)7—CH=CH—CH,—(CH;)¢—COOH Oleic acid 13.4
22:1 (13) —(CH»)10—COOH Erucic acid 34.7
24:1 (15) —(CHj)2,—COOH Nervonic acid 42.5
w6-Family
18:2 (9, 12) CH;3—(CH3)4—(CH=CH—-CH,); —(CH;)s—COOH Linoleic acid -35.0
18:3 (6,9,12) —(CH=CH—-CH,)3—(CH2);—COOH v-Linolenic acid
20:4 (5.8.11,14) —(CH=CH—-CH3)s—(CHz),—COOH Arachidonic acid —49.5
w3-Family
18:3(9,12,15)  CH3-CH,;—(CH=CH-CH;); —(CH;)s—COOH o-Linolenic acid  —11.0
20:5 (5.8.11,14.17) —(CH=CH—CH;)s—(CH3),—COOH EPA?
22:6 (4,7.10,13,16.19) —(CH=CH—CH;)s—CH,—COOH DHA®
AQ-Fami]y
18:1 (9) CH;3—(CH,);—CH=CH-CH, —(CH,);—COOH Oleic acid 13.4
16:1 (9) CH;—(CH,)5— Palmitoleic acid 0.5
14:1 (9) CH3;—(CHz)3— Myristoleic acid

B. Fatty acids with nonconjugated trans-double bonds

18:1 (tr9) CH;—(CH;)7—CH-CH—(CH,); —~COOH Elaidic acid 46
18:2 (119, tr12) CH3—(CH2)4—CH%CH—CH;—CH'=CH—(CH;); —COOH Linolelaidic acid 28

C. Fatty acids with conjugated double bonds
18:2 (9, tr11)  CH3—(CH3)s—CH-CH-CH<CH—(CH;);— COOH

18:3 CH3—(CH»5)3—CHE=CH-CHYCH-CH%CH—(CH»); —~COOH «-Elcostearic acid 48
O, trl 1, trl13)

18:3 CH3;—(CH;)3—CHY=CH-CH“-CH-CHY“-CH—(CH,);—COOH B-Elcostearic acid 71.5
(tr9, trl 1, tr13)

18:4 CH3;—CH,; —(CH=CH);—(CH;); —COOH Parinaric acid 85

(9, 11,13, 15)°

4 EPA: Eicosapentanoic acid, DHA: Docosahexanoic acid.
® Geometry of the double bond was not determined.
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TABLE 1.1

Structure, systematic, trivial, and shorthand names of some common fatty acids

Structure

Systematic MName

Trivial Name/
Abbreviation

Shorthand Name

- or @
CH,(CH,),CO0H Dodecanoic lauric 12:0
CH,(CH,),,COOH Tetradecanoic myristic 14:0
CH,(CH,),/CO0H Hexadecanoic palmitic 16:0
CH,(CH,),CH=CH(CH,),COOH Z-9-hexadecenoic palmitaleic 16:1 9¢ 7
CH(CH,),/CO0H Octadecanocic stearic 18:0
CH,(CH,),CH=CH({CH,),COOH Z-S-octadecenoic oleic 18:1 9¢ 9
CH,(CH,),CH=CH(CH,),CO0OH #-11-octadecenoic cis-vaccenic 18:1 1le 7
CH(CH;)sCH=CH({CH;),COOH E-11-octadecenoic vaccenic 18:1 11x 7
CH,(CH,)(CH,CH=CH)},{CH,);CO0OH £ Z- 9 12-octadecadienoic linoleic {(LA) 18:2 9¢,12¢ 6
CH,(CH,CH=CH),(CH,),COOH 2,7, 7-9,12,15-octadecatrienoic t-linolenic (ALA) 18:3 9¢,12¢,15¢ 3
CH4(CH,)4(CH,CH=CH)4{CH,),CO0OH £ Z Z- 6, 9,12-octadecatrienoic Y-linolenic (GLA) 18:3 60,9012 6
CH,(CH,),,CO0OH eicosanoic? arachidic 20:0
CHy(CH;)s(CHyCH=CH),(CH;);CO0OH £ Z 7 27-58,11 14-¢cicosatetraenoic® arachidonic (ARA)  20:4 5¢c.8c0,11c,14c i}
CH,(CH,CH=CH).(CH,),COOH £ LELLL-5811,14.17- EPA 20:5 5¢.8¢,11¢,14c.17¢ 3
eicosapentaenoic®
CH(CH; )2 COOH docosanoic behenic 22:0
CH,(CH,),CH=CH(CH,),,COOH Z-13-docosenoic erucic 22:1 13¢ 9
CH,CH,CH=CH),(CH,),COOH LELZZZZ 47,10,13,16,19- DHA 226 4cTe, 3
docosahexaenoic 10e,13¢, 16,19
CH,(CH,),,CO0OH tetracosanoic lignoceric 24:0
CH,(CH,),CH=CH(CH,),;CO0OH Z-15-tetracosenoic nervonic 24:1 15¢ 9

* lcosa- replaced eicosa- in systematic nomenclature in 1973, but the latter is still widely used in the current literature.
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WC@DH or CH,4(CH,),, COOH
Fatty acid with saturated alkyl chain

R R R H

R R’

R N R , == ==
~—" TR H H H R

Methylene interrupted Conjugated cis (Z) trans (E)
double bonds double bonds Double bond configuration
\/\j}i/\
Acetylene Allene Methyl branch Hydroxyl
A A ° ya .
/ \ o
Cyclopropane Cyclopropene Epoxide Furan

Fatty acid structure and some functional groups found in Fatty acids.

Table 3.11. The effect of number, configuration and
double bond position on melting points of fatty acids

Melting

Fatty acid point (°C)
18:0 Stearic acid 69
18:1 (tr9) Elaidic acid 46
18:1(2) cis-2-Octadecenoic acid 51
18:1(9) Oleic acid 13.4
18:2 (9, 12) Linoleic acid —5
18:2 (tr9, tr12) Linolelaidic acid 28
18:3 (9,12, 15) o-Linolenic acid —11
20:0 Arachidic acid 75.4
20:4 (5,8,11,14) Arachidonic acid —49.5

TABLE 1.3 Trivial names and melting points of some
monoene fatty acids

Fatty Acid Trivial Name Melting Point® (*C)
16:1 9¢ (n-T) palmitoleic 0.5

16:1 97 (n-T) palmitelaidic 32

18:1 9¢ (n-9) oleic 16.2,(13.3)
18:1 97 (n-9) elaidic 455

18:1 6 petroselinic 31, (29

18:1 11e (n-T) cis-vaccenic 15.5

18:1 11¢ (n-T) vaccenic 44.1

20:1 5¢ (n-16) 27

2001 1e (n-9) gondoic 25

22:1 13¢ (n-9) erucic 335 (=52, 9,14
24:1 15¢ (n-9) Nervonic 45, 41
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Seas o,Lil (12, 13- epoxy oleic acid) dgiyg sl a5 lgs

8]
f’“ﬁg”g\/_%f“mf’“xfﬂf COOH
Vernolic acid
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(Non-glyceride components of fats and 0ils) lo o> g b 4, (g el e LS 5

FoS @ oads Al la g, 40 9 Ao, Ol eS cuis Aval sl g, 0 (G edS e LS
s 2 095 A Jold (6 pucdS e SLS 5 cnl )l ol (g0 peedS st SLS S LS 65 (s

Table 1.4 Fats and Oils Nonglyceride Components
Phosphatides Sterols Cholesterol Tocopherols Tocotrienols

Fat or Oil % ppm ppm ppm ppm
Soybean 22+10 2965 + 1125 28«7 1293 + 300 86 + 86
Canola 2010 8050 + 3230 5327 692 + 85 —
Corn 1.25 £ 0.25 15050 + 7100 57 £ 38 1477 £ 183 355 + 355
Cottonseed 0.8 £ 0.1 4560 + 1870 68 + 40 865 + 35 30+ 30
Sunflower 0.7+0.2 3495 + 1055 26 = 18 738 + 82 270 £ 270
Safflower 0.5+0.1 2373 £ 278 77 460 + 230 15+ 15
Peanut 0.35 = 0.05 1878 + 978 54 + 54 482 + 345 256 + 218
Olive <0.1 100 <0.5 110 + 40 89 + 89
Palm 0.075+£0.025 2250 + 250 16+ 3 240 + 60 560 + 140
Tallow < 0.07 1100 + 300 1100 + 300 — —
Lard <0.05 1150 + 50 3500 = 500 — —
Coconut <0.07 805 + 335 15+9 6+3 49 + 22
Palm kernel < 0.07 1100 £ 310 25+ 15 3+3 30+ 30
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Phospholipids Glycolipids

‘ Glycerophospholipids ‘ ‘ Sphingolipids ‘ ‘ Sphingolipids ‘ ‘ Galactolipids (sulfolipids) ‘

2 g
o = < o
0 n Mono- or TNGTa=aT
L] PO, Alcohol oligosaccharide | | |7| gisaccharide (504
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HO

Figure 2-12 Sterols. (A) Structure of the Steroid Nucleus, (B) Stereochemical Representation, and (C)
Cholesterol

H’.

Cholesterol (3.104) Stigmasterol (double bond at C-22) (3.106)

B-Sitosterol (24-a-ethyl-cholesterol) (3.105)  Campesterol (24-o-methyl-cholesterol)  (3.107)

Table 2-19 Composition of the Unsaponifiable Fraction of Some Fats and Oils

Qils Hydrocarbons Squalene Aliphatic Alcohols Terpenic Alcohols Sterols
Olive 2.8-3.5 32-50 05 20-26 20-30
Linseed 3.7-14.0 1.0-3.9 2.5-69 29-30 34.5-52
Teaseed 34 2.6 — — 22.7
Soybean 38 25 4.9 23.2 58.4
Rapeseed 8.7 43 7.2 9.2 63.6
Corn 1.4 2.2 50 6.7 81.3
Lard 23.8 4.6 2.1 7.1 47.0
Tallow 11.8 1.2 2.4 5.5 64.0

Qs (ol GLuS 5 5 By pee 3 aiid geal> [Lole o OluS 5 oyl =y sy sl JsJ -y
Ngd oo 8l o yeq, 2ST 5 a5 o, 6l |, 2,4 methylene cycloartinol 5 Cyclo artenol g5
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e i g Canl Sglite calizee sla g, 50 ol Jlade a5 ols pb TSl b )1 s yage ol

a linear triterpene (Csg), squalene:

AMAAAAAAA

(3.100)

This compound is used as an analytical indicator
for olive oil (cf. Table 14.24).
iied 5o (89, 0l g5, &5 SleS S -7
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B-Carotene (B, B-carotene) (VII)

The importance of B-carotene as provitamin A is
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Table 3.39. Rate constants of tocopherols and BHT for
reaction 2 in Fig. 3.35 at 30°C

Antioxidant k(1 -mol=!-s=1).1073
a-Tocopherol 235
B-Tocopherol 16.6
v-Tocopherol 15.9
d-Tocopherol 6.5
2,6-Di-fert-butyl-4- 1.1
hydroxyanisole (DBHA)
2,6-Di-tert-butyl-p-cresol 0.1
(BHT)
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TABLE 2. Primary Antioxidants that are Commonly
Used in Foods.

Natural Synthetic

Carotenoids Butylated hydroxyanisole (BHA)
Flavonoids Butylated hydroxytoluene (BHT)
Phenolic acids Ethoxyquin

Tocopherols and tocotrienols Propyl gallate (PG)
Tertiary-butylhydroguinone (TBHQ)

H O4H13C 1307 :

Fig. 2.40. Chemical structure of sesamol (left) and sesamolin (right).

OH
CH;, HO; ; /I\
HO HOOC
CH; (o)
CH;
(b)

(a)
OH OH OH
HO OH
HO 0
T
OCH; CH; COOC3H,
(c) (d) (e) (f)

Figure 8. Natural antioxidants (a) «-tocopherol, (b) camosic acid, and (c) sesamol. Synthetic
antioxidants (d) butylated hydroxyanisole (BHA), (e) butylated hydroxytoluene (BHT), and (f)
propyl gallate.
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RCOOR’ + H,0 — RCOOH + R'OH 1

RCOOH + R'OH ——= RCOOR’ + H,0 @)

RCOOR’ + R“COOH === R”COOR + RCOOH  (3)

RCOOR’ + R"OH === RCOOR” + R'OH )

TAG + glycerol —— MAG + DAG (5

Figure 4. Exchange reactions at the carboxyl group (1) hydrolysis (Chapter xx), (2) esterification
(Chapter xx), (3) acidolysis (Chapter xx), (4) alcoholysis (Chapter xx), and (5) glycerolysis
(Chapter xx). The starting ester RCOOR’ will often be a triacylglycerol. MAG—monoacylglycer-
ol; DAG—diacylglycerol;, TAG—triacylglycerol.
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Table 8.1 Routes for the preparation of esters®

Reactants Reaction type
carboxylic acid” and alcohol esterification
ester” and alcohol a]cc:lu:nlysisLi
ester® and acid acidolysis

ester” and ester interesterification®
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a. Alcoholysis

chloccml HQL;OH
H(Ijoco-k2 + R*OH —— H(ljo-r:QR2 + R*OCOR! & Efc.
H,COCOR? H,COCOR?

b. Acidolysis

chloccml H;CI‘GCOR“‘
H(Ijoco-k2 + R*COOH —— HCI‘.OCOR3 + R!COOH & Etc.
H,COCOR? H,COCOR?

c. Transesterification (ester interchange, ester rearrangement, interesterification)

H,COCOR' H,COCOR* H,COCOR?

1 1 |
H(Ijoccm2 + H(IZOCORS H(EOCORE & Etc.
H,COCOR? H,COCOR® H,COCOR?

Figure 2. Types of interesterification reactions of acylglycerols.
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Figure 2-9 Calculated Values for Glyceride
Types in Random Distribution (Solid Lines) and
Even Distribution (Dotted Lines). Source: From

a) A single-phase interesterification where the
acyl residues are randomly distributed:
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Solid fat index Fatty acid composition
Solid fat content Trans development
Crystal habit Nutritional aspects
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Start: Formation of peroxy (RO}),
alkoxy {RC") or alkyl (R") radicals
Chain propagation:
(MR + O ——= RO,  k,:10°Imol s
{2) RO+ RH ——= ROOH + R"  k,: 10-601mol~' s

(3)RO"+RH —— ROH + R~

Chain branching:
(4} ROOH ——= RO™ + "OH

{5) 2ROCH —— RO, + RO™ + H,0O

Chain termination:

{6} 2R" e
{7} R + ROy Stable products
{8) 2RO,

Fig. 3.19. Basic steps in the autoxidation of olefins

(Reaction with singlet oxygen) :s.cwla.S1y:s
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Soo 5 a8 Cewl VIV g VY ) coldgd ¢ oldend coldgl 5,50 40 (Reactivity) sy (STl G =Y
Al oo Sl Pl VY (Ol gid 0550 0 amwlannSTeid  Son Cawl ailf 9o wige ol a4

5L o (Non-radical) JIGol, e ygumlonnSTes pucslSe =Y

Table 7.1 Relative rates of autoxidation and photo-oxidation of oleate, linoleate and
linolenate

Reaction Oxygen 18:1 18:2 18:3
Autoxidation triplet 1 27 77
Photo-oxidation singlet 3 % 10° 4 % 10* 7 % 10*
Ratio 30 000 1500 900
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Sensitizergoung +HV —Sensitizer yjeq [8]
Sensitizer,, .4 + '1‘03 — Sensitizerygng + 'O1 [9]
'0, + RH —-ROO- + H» [10]

Scheme 3. Formation of hydroperoxides by photoxidation of a lipid with a sensitizer (v is energy
in the form of UV light, sensitizers that are naturally present in photosensitive pigments, their
degradation products, or polycyclic aromatic hydrocarbons capable of transferring energy from
light to chemical molecules).
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> 5l g eols (1Sl 508 JsSge SO L odal jo JISGol, IS s ool s 1 3g,0up a5 JoSUge
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Extent of lipid oxidation as formation
of primary or secondary products

: i
IP, P, P
Storage time

Figure 1. Typical curves for oxidation of lipids (a) No antioxidant added; (b) and (c) represent
added or endogenous antioxidants. Antioxidant activity of (c¢) is higher than (b). IP1, IP2, and IP3
are induction period in hours or days.

g oo WLl g, 4 g AP G JSb 4 o attes 3T sl JI0al) 00y Sl S e S
PG .(Butylated hydroxyanisole) BHA .(Butylated hydroxyanisole) BHT Jels <loS 5 oyl
g il oo Jeid leasle lls a5 00g (Tertiary butylhydroquinone) TBHQ 4 (Propyl gallate)
Peroxide decomposer lgie 4 Jgb SloS 5 5l can oS o Joe o1 IS0l 0055 laie a
Lo asbe K0 cam s o plol oSty SluS 5 nss b 093 SlowuST o1 Lids a5 aciws
<G (Quenchers of singlet oxygen) oS o (8 ) g, | Sl 5nST (Jg,855 65 5 (39,8
&S SlSy S il o (Metal chelators) wlils 0w S ol a4 SO iw Sl aiile 35 (6
Oyl 1538 51 oS 5 BT Sy e8l duwl asile sl (o casalS Jalge wiyls SlaunsST ol ais

b (6ol 55 GgmalinS Tyl STy 5l g5 (oo AT WSS (55l

TABLE 3. Compounds that Exhibit Secondary Antioxidant Activity.

Mode of Activity Compounds in use

Metal chelation Cirtic, Malic, Succinic and Tartaric acids
Ethylenediaminetetraacetic acid, Phosphates

Oxygen scavenging and reducing agents Ascorbic acid, Ascorbyl palmitate, Erythorbic acid,
Sodium erythorbate, Sulfites

Singlet oxygen quenching Carotenoids (p-Carotene, Lycopene and Lutein)

| a0



S 9o Jad REOT I

TABLE 7. Effect of Different Antioxidants on Oxidation of Soybean Qil
[Adapted from (90)].

Antioxidant Activity (as time in hours taken to reach peroxide value of 70)

Antioxidant

(at 0.02% level) 45°C* 98°CP
Control (no added antioxidant) 168 5
Ascorbyl acid 288 43
Ascorbyl palmitate 456 13
BHA 216 9
BHT 240 11
PG 360 14
TBHQ 544 28

TABLE 8. Effect of Antioxidants and Metal Inactivators on the Oxidation of Soybean Qil
[Adapted from (87)].

Antioxidant Activity

Antioxidant or Combination (hours based on peroxide value of soy bean oil)
Control® (contain 1500 ppm tocopherol) 26
C-treated® (contain 45 ppm tocopherol) 17
C-treated + ascorbic acid® 43
C-treated + BHA® 18
C-treated + BHA + 0.01% citric acid® 56
C-treated + BHT® 23
C-treated + BHT + 0.01% citric acid® 53
C-treated + citric acid® 50
C-treated + propyl gallate® 26
C-treated + a-tocopherol® 21
C-treated + a-tocopherol 4 0.01% citric acid® 53

#Naturally present mixed tocopherol.
®Carbon black treated oil to remove natural tocopherol partially.
“Antioxidant concentration is 0.57 mmol'kg.
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Figure 3. Stages of progressive deterioration of fats through oxidation (5).
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Table 4.2 Fats and Oils Oxidative Stability Ratings
Inherent Calculated

Oxidative PUFA lodine

Rating Fat and Oil Source Stability Oxidizability Value

Worst Menhaden oil 32.9 148.5 176.2

Safflower oil 8.0 78.5 146.1

Sunflower oil 7.1 69.1 135.3

Soybean oil 7.1 68.9 133.0

Corn oll 6.5 62.0 128.4

Cottonseed oll 5.8 55.8 112.6

Canola oil 4.5 38.6 113.0

Peanut oil 3.7 32.0 97.1

NuSun oil 3.7 30.6 104.9

High-oleic sunflower oll 1.7 9.0 85.6

Olive oll 1.6 7.7 82.4

High-oleic safflower oil 1.6 7.4 83.3

Palm oil 1.5 10.9 52.4

Lard 1.5 10.3 59.3

Tallow 0.8 3.7 48.4

Milk fat 0.7 4.0 34.0

Palm kernel oil 0.4 2.3 17.2

Best Coconut oil 0.2 1.6 8.1
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:(Physical properties of fats and 0ils) s 129, g b o, So5u8 ols>
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55k
TABLE 2.49 Some physical and chemical properties of major vegetable oils
Sapon. Monsap

Specific gravity Temp “C Refractive index 40°C lodine value value (%)
Canola 0.914-0.920 20020 1.465-1.467 110-126 182-193 <21
Castor 0.956-0.970 15.5/15.5 1.466-1.473 81-91 176-187
Cocoa butter 0.973-0.980 25125 1.456-1.458 32-40 192-200 0.2-1.0
Coconut 0.908-0.921 15.5/15.5 1.448-1.450 6-11 248-265 <l.5
Corn 0.917-0.925 15.5/15.5 1.465-1.468 107-128 187-195 1-3
Cottonseed 0.918-0.926 20020 1.458-1.466 100-115 189-108 <2
Groundnut 0.914-0.917 20020 1.460-1.465 86-107 187-196 <1.1
Linseed 0.924-0.930 25/25 1.472-1.475 170-203 188196 0.1-20
Olive 0.910-0.916 20020 1.468-1.47020) 7594 184-196 1.5
Palm 0.891-0.899 50020 1.449-1.45550) 50-55 190-209 <14
Palm kernel 0.809-0.914 4020 1.452-1 488 14-21 230-254 <1.1
Palm olein 0.899-0.920 40020 1.458-1.459 =55 194-202 <14
Palm stearin 0.881-0.891 6O/ 20 1.447-1.451 <49 193-205 <1.0
Rice bran oil 0.916-0.921 25025 1.465-1.468 99108 181-189 35
Sesame 0.915-0.923 20020 1.465-1.469 104-120 187-195 <21
Soybean 0.919-0.925 20020 1.466-1.470 124-139 189-195 <l.6
Sunflower 0.918-0.923 20020 1.467-1.469 118-145 188104 <l.6
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Figure 2.7 Soybean oil basestocks.
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Figure 1. Relationship between free fatty acid content and smoke, flash, and fire points of
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TABLE 12. Crystal Habit of Hydrogenated Qils and Fats.

Beta Type Beta-Prime Type
Canola Butter Fat
Cocoa Butter Cottonseed
Coconut Menhaden

Corn Palm

Lard Rapeseed (High Erucic)
Olive Rice Bran

Palm Kernel Tallow

Peanut

Safflower

Sesame

Soybean

Sunflower
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TABLE 3. Vegetable Oils by Fatty Acid Type.

Acid(s) Vegetable Qil

Lauric coconut, palm kernel

Palmitic palm, cottonseed

Oleic/linoleic groundnut, safflower, sesame, sunflower, cottonseed, canola, soybean
High oleic olive, safflower, sunflower, canola, groundnut, soybean

Linolenic linseed, canola, soybean

Vegetable butters cocoa butter

Erucic acid HEAR*, crambe

Conjugated acid tung, calendula

Oxygenated acids castor, vernolic

*HEAR high erucic acid rapeseed oil.
TABLE 1. (b) Occurrence.

Fatty Acid Significant Sources

4:0 butter, dairy fats

6:0 (coconut, palm kernel)

8:0 (coconut, palm kernel)

10:0 (coconut, palm kernel)

12:0 coconut, palm kernel

14:0 coconut, palm kernel

16:0 cottonseed, palm

18:0 cocoa butter, tallow

18:1 9c¢ cottonseed, olive, palm, rape
18:2 9c12c corn, sesame, soybean, sunflower
18:3 9c12c15¢c linseed

20:1 13c high erucic rape

20:5 5c8c11c14ci7c fish and animal fats

22:6 4c7¢10c13c16¢19c fish and animal fats
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Table 1.2 Typical fatty acid composition (%wt) of the two major lauric oils

8:0 10:0 12:0 14:0 16:0 18:0 18:1 18:2
Coconut 8 7 48 16 9 2 7 2
Palmkernel 3 4 45 18 9 3 15 2

:(Vegetable butter group) L3 o,5 09,5 -V
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Table 1.1 Typical fatty acid composition (wt%) of selected vegetable oils and fats

16:0 18:0 18:1 18:2 18:3
Cocoa butter 26 34 35 - -
Com 13 3 31 52 1
Cottonseed 23 2 17 56 -
Groundnut® 7-12 3 46-71 14-35 -
Linseed ] 3 17 14 60
Linola® 16 72 2
Olive 10 2 78 7 1
Palm 44 4 39 11 -
Palm olein 41 4 31 12 -
Palm stearin 47-74 46 1637 310 -
Palm mid-fraction 41-55 5-7 32-41 4-11 -
Rape (high erucic)® 3 1 16 14 10
Rape (low erucic) 4 2 62 22 10
Rice bran oil 20 2 42 32 -
Safflower (regular) 7 3 14 75 -
Satflower (high oleic) 6 2 74 16 -
Sesame 9 6 41 43 -
Soybean 11 4 23 53 8
Sunflower (regular) 6 5 20 60 -
Sunflower (Sunola) 4 5 31 8 =
Sunflower (NuSun) 4 5 65 26 -
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Table 1.6 Typical fatty acid composition (%wt) of the major animal fats

14:0 16:0 16:1 18:0 18:1° 18:2
Butter” 12 26 3 11 28 2
Lard 2 26 3 11 44 11
Beef tallow 3 27 11 7 48 2
Mutton tallow 6 27 2 32 31 2

* including rrans isomers.
> also 4:0 (3%), 6:0 (2%), 8:0 (1%), 10:0 (3%), 12:0 (4%).
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Table 1.8 Typical fatty acid composition of some commercial fish oils

Anchovy Capelin  Cod Men- Sardine Salmon  Tuna

liver haden (farmed)

Saturated

14:0 9 7 B 9 8 5 3

16:0 17 10 10 19 18 12 22
Monounsaturated

16:1 13 10 8 12 10 6 3

18:1 10 14 25 11 13 20 21

20:1 1 17 10 1 4 10 1

22:1 1 15 7 - 3 9 3
Polyunsaturated (n-3)

20:5 22 8 10 14 16 7 6

22:5 2 - 1 2 2 2

22:6 9 6 10 8 9 11 22
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- Desolventization/
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Crude Cottonseed
Coltonseed Gil Meal

Figure 2. Cottonseed oil extraction flow sequence.

TABLE 16. Comparative Yield of Cottonseed Qil
from Different Extraction Processes.

Kg of Qil
per MetricTon
Method of Cottonseed
Hydraulic Press 154
Continuous Screw Press 163.5
Solvent Extraction Including
Prepress Solvent Extraction 180.5-188
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Figure 7. Flow diagram of solvent extraction of pomace.

Paste

|

Pomace Extraction]

system

Qil

Solvent

» Qil + water

Centrifugationg

extraction
system
T Consumption Vegetation
or water
refining
Pomace
Exhausted ail F
atty
pornace l acids sv:ftitfn
Refining e
i | Products
—>{ Pomace || Oweoil | Vign L[ oy pogus
E__.O_ILV_B_E'_I_-_I f LW,E)IJ!?PJLJ or waste

Figure 6. Filow diagram of olive oil extraction and processing to yield olive oil products and
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Figure 6. Process flow diagram of a conventional palm oil mill.
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Figure 14. Preparatory treatment of sunflower seed for extraction.
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Figure 18. Refining of crude sunflower oil. Figure 17. Production of crude sunflower oil.
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TABLE 1. Fractions Obtained by Bench-Scale Dry Milling and Wet Milling
of Corn. Note: Commercial Wet Milled Fiber is a Mixture of Course and Fine

Fiber.
Wt % Qil in
Grams of Bench Scale Wt % Qil in Bench Commercial
Fraction Fraction/100 g of Kernel® Scale Fraction® Fraction®®
Dry Milling
Grits 82.63 0.63 £ 0.03
Germ 11.24 15.00 £ 0.37 20-25°
Bran 6.13 2.11+0.08 1-2°¢
Wet Milling
Starch 68.48 0.02 £ 0.01
Gluten 8.34 0.89 +0.00
Fine Fiber 8.58 1.36 £ 0.05 1-2°
Course Fiber 5.48 2194+ 0.05 1-2°¢
Germ 4.90 35.56 + 0.41 44-50°
Steepwater 3.33 0.06 + 0.008
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TABLE 4. Steps in the Commercial Processing of Corn Oil.

Steps Purpose Byproduct Produced
Alkali Refining
Degurmming Remove gums Lecithin

Alkali Treatment

Bleaching

Dewaxing (winterizing)

Deodorization
Physical Refining

Degumming

Eleaching

Dewaxing (winterizing)

Steam refining/
decdorization

Remove free fatty acids

Remowe pigments and oxidation
products

Improves stabilty, especially at
lower temperatures

Remove volatiles and off-flavors

Prevent precipitates at low
temperature

Remowve pigments and oxidation
products

Improves stability, especially at
lower temperatures

Remowes free fatty acids and other
volatiles

Soapstock — a source of fatty
acids
Spent Clay

Waxes and saturated
triacylglycerols

Decdorizer distillate—a
source of phytosterols and
tocopherols

Lecithin
Spent clay

Waxes and saturated
triacylglycerols

Distillate—a source of free
fatty acids, and a potential
source of phytosterols and
tocopherols

TABLE 2. Processes for Conventional Extraction of Corn Germ.

Process

Equipment Used

Germ Pretreatment

Oil Remaining (%)?

Untreated Germ

Full (Hard) Press
Partial Press &
Hexane
Extraction
Extrusion &
Hexane
Extraction

Expeller Heat
Expeller & Extractor Heat
Extruder (Expander) Heat and
to produce collets additional
and extractor moisture

44-50 (germ from wet mill)
20-25 (germ from a dry mil)
6-11
1-3

1-2

«(Safflower oil) 5,15 ¢4,

sl GP9) O (R oolail Q‘ )" e 9 uS‘)ﬁ"" ‘é)L"" 6‘):’ 9 °o% f"S Lo SENNCY) CJ'.’.‘ g

S a5 A (S Mol baseas o o)y a8 (gylal aewlannST Llie o ol oYL Sadsid
5ol gmmlanaST Blia 5o 4z )0 9 059 (Vb Sl aanl (llo 45 Wl ot oy (6l o L
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Soybeans

+

| CLEANING |——> Foreign Matter

Y
------------- >-| CRACKING |->-[ ASPIRATING |-~ Hulls
y (----optional) v
e e € Meats
DRYING
OR COOKING
‘ >y
Foots SCREW PRESSING | — Cake —>{ MEAL GRINDING |
: !
SETTLING | [ MEAL COOLING |
Y v
| POLISH FILTERING |—> Foots Partially Defatted
l Meal
Crude Qil

Figure 1. Process flow diagram for screw pressing soybeans.
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(oil and solvent)

sTRIPPING| A | _SOLVENT .

EXTRACTING - h
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¥ h
. White Flakes
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GRINDING
¥
MEAL Enzyme-active
DESOLVENTIZING Flour

TOASTING

GRINDING

Toasted Meal

Figure 3. Process flow diagram for direct solvent-extracting soybeans.
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————————————— >--| CRACKING |---[ ASPIRATING |-~ Hulls

Y (----optional) A
e et € Meats
7y
EXTRUDING
EXPELLING |
Foots (screw pressing) Cake —>—  MEAL GRINDING
Y v
< SETTLING MEAL COOLING
Y v
POLISH FILTERING —> Foots Partially Defatted
i Meal
Crude Oil
Figure 7. Process flow diagram for extruding-expelling soybeans.
Crude Soybean Qil
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R R LR R <--------- - i ----- €------- Y
Alkali —>| NEUTRALIZING | M
Soapstock | GUMS DRYING | » Moisture
| CENTRIFUGING —> (free fatty acids, ;
phosphatides) Y
Water Lecithin
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soapstock)
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Bleaching BLEACHING
Earth
Spent Bleaching
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Steam —»| DEODORIZING }——»—{ DISTILLATE CONDENSING |

| POLISH FILTERING | Deodorizer Distillate

(off-flavor compounds, minor
volatiles, free fatty acids)

Salad & Cooking Oils

Figure 9. Diagram of conventional soybean oil refining.
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Figure 2. Canola oil processing.
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Figure 1. Canola seed extraction.
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Fig. 5.63. Basket extractor {Type C.M.B. Simplex-40; courtesy of C.M.B. Pomezia).
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Figure 3. Rotocel extractor. Courtesy of Kveamer Davy.
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Fig. 5.55. Carousel extractor; sectional operating diagram of one-stage extractor and
material flow (courtesy of Krupp Maschinentechnik GmbH, Hamburg).
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Table 2.2 Refining processes

Process Procedure Impurities removed or reduced

Degumming H;PO,4, H-0, 70-80°C Phospholipids, trace metals,
carbohydrates, proteins

Neutralisation NaOH or other alkali Fatty acids. phospholipids, pigments,
trace metals, sulfur compounds

Washing Water Soap

Drying - Water

Bleaching bentonite, etc. Pigments, oxidation products, trace
metals, sulfur compounds,
phospholipids, traces of soap

Filtration - Spent bleaching earth

Deodorisation or
physical refining

Steam at reduced pressure

Fatty acids, mono- and di-
acylglycerols, oxidation products,
pigment decomposition products,
pesticides

Polishing - Traces of o1l insolubles
Crude oil
e Chemical — -y I'-"I'Iz'i]nli wp
onventional) 1
Degumming
Degumming Prebleaching
1
MWeutralization >>> Soap =»> ._ Soap spiitting 1|
1= I
| | Refining fatty acids
Bleaching {earnh) Blazching (heat)
1 —+ | Distillative nevtralization
I Fattyacids <<= _«j  Deodorization
Dsodenzation
L= —+ - —

Fuily refined oil

Fig. 7.2. Process steps of chemical and physical refining.
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TABLE 7.1
Factors Influencing the Amount of Lye Needed for Neutralization

Influencing factor Influence
Proportion of free fatty acids before neutralization +
Specific density of the oil +
Average molecular weight of the oil’s fatty acids ~
Lye strength -

+ = proportional; - = inversely proportional

alwg 45 9 05 o dgd Olge cpl 5l Sla clale a5 Cui cpl 4 a0 degy a0 L 0gu bl
Syt Sgd (oo (aTie dagy 47 )3 e p 9w Shile Aoy Sl Seg 0eB) (g dee Sl o,
Lo o9l (oo ools I joled JS& @ Joloe (09)0 yiegyoed WS (o0 Joe pgate 13y >

D oo dmwle dgw Zdale ( paatte Jgloax sl ool

NaOH Molecular Weight 40
Oleic Fatty Acid Molecular Weight 282

Factor = = 0.142.

Thus, the formula for caustic treatment 1is:

o/ . Z0FFA X 0.142 + YExcess + Acid Addition
o freat= % NaOH in caustic < 100.
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Figure 2.4 Comparison of long- and short-mix chemical refining systems.
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C,Hyo+2nH,O - nCO,+(3n+ 1) H, [6.19]
It consists of two steps and includes large-scale purification. These steps are as follows:
C,Hy s +nH,O — aCO+(2n+1) H, [6.20]
nCO +n H,O — nCO,+nH, [6.21]
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TABLE 6.32

Composition of Crude Hydrogen from the Iron Carbon and
from the Hydrocarbon Reforming Process

Iron carbon process

Hydrogen 98 -99%
Carbon dioxide 0.5 -1.0%
Carbon monoxide 0.2 0.4%
Oxygen 0.0 -0.1%
Hydrogen sulfide 0.05-0.2%
Nitrogen 0.25-1.0%
Hydrocarbon reforming process

Hydrogen 99.968%
Carbon dioxide 0.001%
Carbon monoxide 0.001%
Oxygen 0.005%
Methane 0.018%
Nitrogen 0.007%
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TABLE 8 Effects of Processing Parameters on Selectivity and Rate of

Hydrogenation

Processing parameter SR Transacids Rate
High temperature High High High
High pressure Low Low High
High catalyst concentration High High High
High-intensity agitation Low Low High
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Deodorized 0.00 0.03 0.00 790
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TABLE 8.12
Hydrophilic Lipophilic Balance (HLB) of
Different Types of Emulsions?

Emulsion type HLB
Emulsion water in oil 3-8
Wetting of an oil or wax surface 7-9
Emulsion oil in water 8-18
Detergent 13-15
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TABLE 8.8
Average Composition of European Type Margarines
Component Amount Examples
Qils/Fats (%) >80 Soybean oil, rapeseed oil, sunflower oil, palm oil,
coconut oil, partially hardened
Emulsifiers (%) 0.2-0.6 Lecithin, monoglycerides, monodiglycerides
Milk Components (%) <6 Soured milk, butter milk, sour whey, sweet whey
Acids (%) 0.1-0.3 Citric acid, lactic acid
Salt (%) 0.1-0.3
Flavors (%) Traces Qil and water soluble
Preservatives (%) <0.12 Sorbic acid, benzaic acid (rarely in margarines,
usually in half-fat margarines to protect during open
shelf life)
Water (%) to 100 Potable water
Vitamins (1) 1500 Vitamin A
(iU} 100 Vitamin D
(ppm)  100-300  Vitamin E
Stabifizers In half-fat and low-fat margarines
Colorants Carotene
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Fig. 8.27. Cross section of a scraped surface heat exchanger and a crystallizer.
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TABLE 1. Quality Parameters of Fats and QOils.

Parameter

Details

Fatty acid composition and distribution

Relative density

Refractive index

Viscosity

Color

Turbidity

Solidification point, titer, solid fat
content, and cooling curve

Odor and taste

Saponification value

lodine value (1V)

Unsaponifiable matter

Acid value (AV)

Smoke, flash and fire points

Oxidative state
Peroxide value (PV)
Thiobarbituric acid reactive
substances (TBARS)
para-Anisidine value (p-Anv)
TOTOX
OSlI, Rancimat and AOM value
Polar Lipids
Polymers

Volatile mater (%)

Phosphorus

Iron, copper, lead, arsenic

Cadmium

Trans-fatty acids

Cholesterol content

Contaminants and foreign matter,
including plasticizers (%)

Carotenoids and chlorophylls

Squalene

Sterols

Tocols

Synthetic antioxidants

Antifoaming agents

Metal chelators

Crystallization inhibitor

Adulterants

Percentage of total; depends on the type of material
At 20°C or 40°C relative to water at 20°C (<1)
At40°C

At20°C

Visual, Lovibond or Colormet

Visual or instrumental

For water-insoluble fatty acids
Sensory evaluation

mg KOH/g

g iodine/100-g sample (WIJS method)
g/kg

mg KOH/g

°C

meq oxygen/100-g sample

umol/g

mg/kg

2PV + p-AnV

Percentage

Percentage

At 105°C

mg/kg

mg/kg

ng’kg

Percentage; measured at ~10p
Percentage, mainly for animal fat

mg/kg

C3{jH5,g

GC determination

HPLC determination

BHA, BHT, TBHQ, PG

Dimethyl polysiloxane, singly or with silicon dioxide
Citric acid or citrates, phosphoric acid

Oxystearin

Fingerprinting using sterols or other minor components
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