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◎ Trans fatty acids and
their effect on health

◎ Conjugated fatty acids

◎ Structured lipids

◎ AA metabolism and blood
pressure

◎ Hypocholesterolemic effect
of soybean
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Trans Fatty Acids and
Their Effect on Health

*Chemical properties

*Sources, Nutrition

*Effects on EFA metabolism,
lipoprotein, CHD and cancer

*Conclusion
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1. Introduction:

(1) Edible oils
in food processing

a. Margarine
b. Shortening
c. 精製豬油
d. 食用精製加工油脂
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7(2) Nutritional problems in
processed oil and fat.

a. Lipid oxidation  BHA…
vit E (mg)/PUFA (g) = 0.6 

b. Emulsifier: MG, lecithin

c. trans-fatty acids (t-FA)

d. Conjugated diene FA

e. Cholesterol oxidation products
(COPs)

Cis and Trans fatty acid - Oleic isomer

9c-18:1
9Z-18:1

9t-18:1
9E-18:1

9

Linoleic isomer

Geometrical isomer of trans fatty acid

Linoleic acid and its geometrical isomer 10

(3) t-FA sources

a. Ruminant animals:
＜ 5% total FA

b. Hydrogenation
Margarine  1869 French,

Texture utilization
and Stability

Partially hydrogenated oils

一杯鮮奶含多少TFA?

If milk fat: 3.5%

TFA content: 3%

 240240 mLmL ××1.017g/mL1.017g/mL ×× 3.5%3.5% ×× 3%3%

≒≒ 0.26 g0.26 g

Not a significant source of trans fat
＜ 0.5 g

12

Hydrogenation

Hydrogenation yields a product that is more saturated,
more spreadable, and more resistant to oxidation.

18:2 (n-6)
18:2,△9,12

Stearic acid
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13

Hydrogenation isomer

14

15

Various degree hydrogenation

16

TFA from heated vegetable oils

17

樣品 (乾燥or濕重)
以有機溶劑萃取脂肪
皂化
以PE萃取不皂化物
酸化
以PE萃取脂肪酸
甲酯化( FAME)
GC-FID
(與標準品比對各脂肪酸的位置，再
由面積計算所含之﹪)

18

BF3-MeOH (AOAC)

Fats (oils) ~0.2 g
加 methanolic NaOH soln’
Boiling (~5~10 min)
經由冷凝管加BF3/CH3OH
Reflux 2 min
FAME (fatty acid methyl ester)
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19

加2~5 mL heptane
1 min
放冷
加飽和NaCl soln’
取1mL上層液
以無水Na2SO4脫水

GC-FID

20

GC

1. Carrier gas

2. Injector

3. Column

4. Detector

5. Integrator

21

GC-FID
(flame ionization detector)

氣體的導電度與該氣體內
所含荷電體之濃度成正比。

TCD (thermal conductivity
detector)

當樣品分子與攜帶氣體混合通過熱
燈絲(一種Wheatstone bridge
circuit)時所帶走的熱量  燈絲電阻
增加。

22

GC chart
% SFA
% UFA

% MUFA
% PUFA

P/S
n-6/n-3

23

T-FA determined

12:0

9t-16:1

16:1

18:0

7 6t-18:1
8 9t-18:1
9 11t-18:1

11 9t,12t-18:2
12 9c,12c-18:2

10 9c-18:1

17:0

24樣品收集
業者、超級市場、大賣場、便利商
店、速食店與百貨公司

34件部份氫
化油脂樣品

38件
烘焙製品

6件速食
油炸食品
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25
25

Frequencies of TFA in partially hydrogenated
oils used in industry.

Percentage were shown in parentheses.
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Frequencies of TFA in partially hydrogenated oils
used in home.

Percentage were shown in parentheses.

4

6
5

0
1

0

2

4

6

8

10

sa
m

pl
e

nu
m

be
r

＜1 1~10 11~20 21~30 31~40

TFA content (%)

(25)

(37.5)
(31.3)

(0)
(6.25)

1212 (75.0)(75.0)

13.0%13.0%

27

Frequencies of TFA in bakery products.

Percentage were shown in parentheses.
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28

2. Structure and Chemistry

(1) Geometrical isomers:
cis (Z) and trans (E)
18:1, 9c vs. 9t

Positional isomers:
e.g., Plants oil: c-18:1 95% inΔ9

氫化後 80% inΔ9

10% inΔ12

29

Fatty acids M.P. (℃)

Stearic acid (18:0) 69.6
Oleic acid (9c-18:1) 10.0 ~11.0
Elaidic acid (9t-18:1) 44.5 ~ 45.5
Vaccenic acid (11t-18:1) 43.5 ~ 44.5
Linoleic acid (9c, 12c-18:2) -8 ~ -9
Linolelaidic (9t, 12t-18:2) 26 ~ 26.5

30

(2) Melting point 
 Semi-solid cooking fats

and margarines.

(3) Analysis

a. Infra-red spectroscopy:
less sensitive

b. GC: peak overlaps



6

31

3. t-FA in Foods

(1) Plants and vegetables:
trace in seed oils of plants

(2) Dairy and Meat:
t-18:1 (2-8%),

11t-18:1 vaccenic acid異油酸
(75% of total t-FA)；

CLA, (ex) 9c,11t-18:2

32

Foods contents

33

Structure-1

19

12

c9,t11-CLA

1,3-butadiene

1,4-pentadiene

34

(3) Hydrogenated oils and
processed foods:

margarines and shortenings

breads and rolls,

French fries, candies,

crackers, cakes, cookies…..

35

T-FA in margarines

Matsuzaki et al. (2002)

36

T-FA in margarines

Matsuzaki et al. (2002)
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Industrial hydrogenation
t-18:1, n-8; n-9; n-10

elaidic acid

Bacterial hydrogenation
t-18:1, n-7; n-9

vaccenic acid

39

(4) Human milk:

North American 6-7﹪

Hong Kong <0.5%

Infant formula diets ＜
human milk

40

Human milk and infant foods

41

4. Consumption of t-FA (t-18:1 )

(1) Intake in various country:
Western countries:

2-12 g/d (or 5-7% of TFA)
North American:

3-13 g/d (or 4-11% of TFA)
Mediterranean countries:

< 1-2 g/d

42

(2) Contribution of
specific food items

USA (%) UK
Margarine and spreads 31 42
Baked goods, deep-fat frying 27 14
Meat and dairy products 17 14
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43

FAO/WHO recommended
that t-FA intake in daily
diets should be below 1%
energy (2003.4.23)

44

5. Tissue levels and diet

(1) adipose tissue, liver, heart
＞ brain or lung

(2) 1% en from t-18:1 in the diet

0.42% t-18:1 in milk

45

Contents in adipose tissue

2~5%

46

Country t-FA in adipose tissue
(%)

Japan 2.5 (0.7 - 3.7)
UK 5.2 (3.8 –6.8)
USA 3.4 (2.0 –5.8)
Germany 2.1 (1.0 –4.3)

In fasting,

t-FA in serum FFA fraction

47

6. Metabolism

(1) Absorption:

apparent digestibility vs MP.
Oleic & elaidic

Hydrogenated corn oil
& corn oil

 小腸對c, t 同樣吸收，並無選擇性

48

(2) Incorporated into lipid fraction:
usually sn-1

(3) Use as energy through
-oxidation.

(4) Levels of elaidic acid were
slightly lower in vegetarians
than in non-vegetarians.
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(5) High intakes of t-FA affect
the EFA catabolism

Inhibit Δ-6 desaturase
Δ-5D

50

EFA metabolism

51

EFA metabolism-2

Pathways of linoleic and -linolenic acid metabolism

52

FA
metabolism

EFA deficiency ?

(20:3 n-9)/(20:4 n-6)
＞ 0.6

53

Sources of -linolenic acid (18:3, -6)

Fungal fermentation

15-20Blackcurrant oil 黑醋栗

21-25Borage oil 玻璃苣

7-10Evening primrose oil (EPO)

Contents (%)Sources

54

a. t-FA:

b. Long-chain PUFAs:

fetal and infant growth, and in visual
and central nervous system
development.

Mothers  fetus,
Maternal milk  infant tissues

Infant tissues: if high level t-FA
 linoleic acid

arachidonic acid; DHA
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c. In preterm infants and
healthy term babies:
t-FA isomers 1/birth weight.

d. In some studies, plasma t-FA
are inversely related to birth
weight and head circumference.

56

(6) The isomers of linoleic acid
have no EFA function.

(7) The desaturation and
elongation of t-FA is slow,
and thus negligible.

(8) (＜5 g/d  catabolism:
not a major problem)

57

(9) 當18:2 n-6適當，t-FA:

a. 不影響Rabbit之 liver 微粒體，
粒線體及胞液 中CHO、Lipid等代
謝性酵素活性。

Rats liver drug-metabolizing
enzyme activity or cyt. P-450。

b. 但影響LCAT活性，使LCAT。

58

PL LysoPL
LCAT

Chol CE

Lecithin cholesterol acyltransferase

59

7. Their effect on serum and
lipoprotein lipids

(1) Early studies:
a. t-FA  － or serum chol

b. t-FA serum TG (some)

60

Serum lipids

Annu Rev Nutr 15, 473-493 (1995)
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61

t-FA and serum lipids

62

(2) Recent studies of
LDL-C and HDL-C:

a. t-FA (11% of total en) 
LDL-C and HDL-C (Fig 3)

63

LDL-C and HDL-Ct,STC， S 2t

t,SLDL-C

Only t  HDL-C

11% en

64

b. t-FA (8% of total en) also

LDL-C and HDL-C,

but no difference between

t-FA and stearic acid. (Fig 4)

65

TC-HDL-LDL-C

8% en

t, S均TC, LDL-C

HDL-C

t vs S no differ

66

c. t-FA (5-7% of total en) 
LDL-C and apo B
HDL-C and apo A-I
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Overview of HDL-LDLRegression coefficient

LDL-C 0.04 mM

HDL-C –0.013 mM

In USA
1% en = 3 g/d

68

(3) Lipoprotein (a)

a. Lp(a) particles consist of LDL
molecules that have an extra
glycoprotein, the so-called
apoprotein(a), attached through
a disulfide link.

b. Diet effect on LDL-C marked,
but insensitive to Lp(a)

c. Dietary t-FA  Lp(a) levels.

LDL的 genetic variant

69

T-FA vs Lp(a)

SFA (C12-C16)

t-FA47/59 t-FA > SFA

70

FA & Lipid levels

71

(4) Fasting TG levels

a. During fasting,
Serum TG HDL-C.

b. t-FA TG levels (0.013 mM/1 en)

c. t-MUFA modestly
fasting levels of plasma TG.

72

TG
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73
Sizes and Compositions of

the Lipoproteins

74

<0.96 1.006 1.063 1.21

TG TG Chol PL
Prot.

75

Sizes and Compositions of the Lipoproteins
76

Lipoprotein transport

Lipoprotein
lipase

77

* Lipoprotein function:

•Chyl and VLDL transport TG.

•LDL carry Chol to all tissues.

•HDL is responsible for
reverse transport of Chol.

78

8. Mechanism
(1) CETP

VLDL TG TG HDL
LDL CE CE

(2) 人CETP 活性 Atheros 
(3) In vitro, 9t-18:1 promote

CE from HDL to LDL
(4) 9t-18:1 diet to人 CETP 活性
(5) 9t-18:1 diet  CETP 活性；

CE/TG ratio in HDL
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9. t-FA and CHD

(1) Patients with CHD intake
more t-FA or margarine.

(美心臟學會，1993)

(2) t-FA promote CHD?
tissue t-FA CHD?;
but it affects plasma lipids

and lipoproteins.

80

T-FA and atherosclerosist-FA量

Control

t-FA in human adipose tissue

81

(3) At present, there appears to no
strong evidence that high tissue
levels of t-FA per se are
associated with increased risk for
CHD.

82

In Demark, t-FAs intake

6 g (1976)
＜ 1 g (1996)

＞50%  in deaths from
IHD (ischemic heart disease)

83

2 en% LDL/HDL-C IHD risk

t-FAs  0.1 5%

SFA  0.04 2%

84

10. t-FA and cancer

(1) Dietary fat vs. cancer

(colon cancer –quantity;
breast cancer –quantity, quality)

a. 流病研究: intake levels 
colon cancer,
breast cancer
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85

Carroll et al., (1986)

Fat and Cancer

Total fat SFA

MUFA PUFA

86

10. t-FA and cancer

(1) Dietary fat vs. cancer

(colon cancer –quantity;
breast cancer –quantity, quality)

a. 流病研究: intake levels 
colon cancer,
breast cancer

87

b. Enig et al.

(a) The intake amount of total
fat and vegetable oil 
mortality of cancer.

(b) Total UFA or individual SFA
can’t completely explain.

(c) t-FA should be responsible
for?

88

c. t-FA and breast cancer

(a) oleic vs elaidic acid:
(i) proliferation of tumor cell
(ii) survival ratio

(b) mouse  DMBA
(dimethylbenz(a)anthracene)

 high fat  cancer,
but no difference between

c- and t-FA

89

d. t-FA and colon cancer

(a) animal studies: t-FA
stimulate steroids secretion,
secondary bile acid

(b) DMA (1,2 dimethylhydrazine)

(c) mutagenic potential of t-FA:
Ames test

90

Bile acids

Primary- Secondary-
cholic acid litho-
chenodeoxy- deoxy-
taurochenodeoxy- taurodeoxy-
glyco- glycodeoxy-

Third-
ursodeoxy-
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(c) mutagenic potential of t-FA:

Ames test
Mutagen: 2-aminofluorene (AF)

Benzo(a)pyrene (BP)
DMBA
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11. Conclusion

(1) Hydrogenated soybean oil is
not hazardous to the public so
far as dietary fat levels that we
now current or that might
reasonably be expected in the
future. (美實驗生物學會 FDA)

只要18:2 n-6供應適當，t-FA是無
害的。

93

(2) t-FA  LDL-C, Lp(a), TG；
HDL-C

(3) The risk of cardiovascular
diseases can only be reduced by
replacing butter with margarine
checked for a low trans fatty acid
content.

94

(4) Dietary prevention of
coronary disease should
therefore continue of focus on
reducing dietary saturated fats
and cholesterol; for regulatory
and educational purposes, t-FA
could be conveniently included
with the saturated FA.
However,…

95

Labelling

96

Labelling
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97

Labeling form of USA

98

(5) Large intakes of t-FA should
be avoided especially from
industrially hydrogenated
products.

99
＊ Labeling of t-FA in Foods

1. Canada:
2003.1.1. Food products

2. FDA:
2006.1.1. All foods

3. EU: If a product contains
some partially hydrogenated fat,
it should appear on the label.

100
4. Oils and fats containing
more than 2% trans fats are
not be sold in Danish market
(2004.1.1).

[By 2003.12.31, a transitional
level of 5% t-FA in fats and
oils used as ingredients in
the manufactured foods will
be reduced to 2%].

101

2006年底擬標示

2006

102

(2006-10-03)
＞2%


