5 e
DANONE INSTITUTE CHINA @E

J AN MG R R O ML A5 9 55 ) - AR IR H.

B iR
(Bl PSR A b B S Rl #0)

RAN M O SRS 55T I.  Classes of Trans Fatty Acids

Trans Fatty Acids and Cardiovascular Disease AR RR TR

Risk: Good, Bad and Ugly
- » Mono-trans fatty acids ¢ mmm=taiE)

» Polyunsaturated frans fatty acids (zxmmztn
1 3]

Zhen-Yu Chen Cont "y - .
+ Conju rans acids ¢ )
Food & Nutritional Sciciice Programine juga ity e

School of Life Science
The Chinese University of Hong Kong

CONTENT AR AR

+ Types of trans fatty acids ¢ FSUMBHELAYRIZS) Common Mono Trans Fatty Acids

+ Sourceof rans fatty acids (AP |

« Trans fatty acids and heart disease risk ( FEsLRIRYER 5.0t FHEA) 18:1 8
% P RRRAEAEIR) 18:1 t9 (RsUnhMg, ki)
Elnidic versus vaccenic acid (EREMERXR M) 18:1 t10 e
18:1 t11 € v b
*  Polywsaturated trans faty acids (£ 7HRIEAAAE ot :n BAH
Conjugated trans lincleic acids  ( RAILHEE) 18:1 t13
+ Trans fat altematives ¢ RLMBIBMI QAR 5EPHA) 18:1 14
IR & ?‘Iﬂ”""mﬁm e
What Are Trans Fatty Acids? e e e
Fatty Acids
%MC Rl R2 (C=C-(CH2),-C=0)
- -3 S g
» C=C
R AR 7 S
A R1 JH 18:2 69, 112
AERRAAAAS ~Nc=C
S —— H/ \Rz 18:219, c12

18:219, c13
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Common Conjugated Trans Fatty Amounts of industrially
= produced frans fatty acids
Acids L

((‘=C-C=C‘) outlets in \r:nous coumntries.
Values in parentheses are

18:2c9.t11 ge of trans fatty
acids of total fat in French

18:219.¢11 fries and chicken,

18:2 08,10 Spekisy.
Stender et al.

18:218,e10 Atherosclerosis Supplement
2006,7:47-52

18:2110,¢12

18:2 ¢10.112

II.  Source of 7rans Fatty Acids
CRARBRR A RABMIRIEA
Trans Fat Intake (g/day)
. lC)hc.rmcal Hydrogenation ( %ftl‘?ﬂi ) « China: 06¢g
artial hydrogenated vegetable oil ]
18:1 6 (elaidic % i ) * EU-USA:  14-80¢g
« Korea: 04g
* Bio-hydrogenation (ruminant fat fz £ sh#15Hi) * Japan; 0.1-03 g

18:1 711 (vaccenic acid it 205 i)

= Deodorization (N T 5 AR R )

Kie MY, Nanchang University

%

At o EEk?
Partial Hydrogenation, Why"
Increase the stability

Increase the melting point
Replace natural butter - margarine
Modify texture of oils
Crispiness
Snap
Better month feel

B 0 = S i
Breast Milk Trans Fatty Acids (% of total fat)

12 -

Chongging HE Canada
ik Fit R

Chen et al. Lipids 1997-32:1061-1067

Trans-fatty acids have high melting

points (MP)
Lt . A%
"%a*t;'-‘. Oleic acid MP 16C
AAA AN AR I'  Elaidic acid MP 52C

e 8 e i 101 it

18:1 trans in milk (%)

B R BRI SR i SRR A RIE L
12 Y=0.42X +1.49
8

10 -
8
6
o

5 10 15 20
18:1 trans in previous day diet (%)

Craig-Schmidt et al Am. J. Clin. Nutr. 1984, 39:778
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Estimation of Trans Fat Intake

15 10.6g/d

Chongging  HK Canada

Chen et al. Lipids 1997:32:1061-1067

& {kath o B AR R 7 S LDL/HDL L
Trans intake increases the ratio of LDL:HDL

o8
p

Percentage of Energy from Fat
Ascherio ef al., N Engl J Med 340 (1999):1994-1998

III. Total Trans and Mono-Trans Fatty
Acids from Partially Hydrogenated Vegetable
Oils and cardiovascular disease risk

At E AR i 5 SRR I R AEFH RS LDL/HDL HE
Why do trans fatty acids increase the

Sk o R A ST S O i ratio of LDL to HDL?
2 {kih o B CAG G 8 FHELDL(E B IEHDL Mechanism 1
Trans Fatty Acids Increase LDL and Reduce HDL- 2 2R R M (LD (R A i

Cholesterol

(Mensink, et al. New Eng. .J. Med. 1990, 323:43%)

(mmol/L) Cis Trans Saturated
Total Cholesterol  4.46 4.72° 5.01*
LDL-Cholesterol  2.67  3.04°  3.14*
HDL-Cholesterol 142  1.25* 142
Triglyceride 081  0.94 0.94

Trans fatty acid (18:1 19) decreases LDL receptor activity

AL
i m
!

o A Iy 8 7 e i, £ TC:HDL b B
Changes in Total: HDL Cholesterol (Panel A) and Levels of
LDL and HDL Cholesterol (Panel B) Resulting from the
Repl tof S d or Cis U d Fatty Acids with
Trans Fatty Acids

Mozaffarian et al. NEJM 2006:354:1601-13

Mechanism 2

RIS CET RS

Trans fatty acid (18:1 r9) up-regulates cholesteryl ester
transporting protein (CET or CETP) activity in humans

it of sl Am 7 Clis Nusr. 2003 May:77(5:0119-24
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CET i BRSIRFFELDL 5 HDLAY 72

CET determines distribution of cholesterol between LDL and HDL

Peripheral
cholesterol Dietary cholesterol
[Lear
CET ’
LDL ¢ HDL Chylomicron

I S IDL Remnant
e SB-R
(m WD& l / F\
CYP?.

)
/'&TEK Live »
e ( Chsladlsral poat] [T okt DIs Acids
T

/\_‘—‘_‘_—.—/ hydroxylase

B T HE T o M [ A, R R A e A e
e R Y R ?

Why does elaidic acid (18:119) increase the risk of
CHD beyond its cholesterol-raising property?

mm} -
e ()
o
RABHROFEARMEELRORE
Meta-Analysis of Trans Fat Intake vs Relative Risk of CHD Eiﬂiﬁ&&‘-‘ﬂﬁ)\iﬁmm%&pﬁ and Lipopﬂein(a)ﬁ!]m,a
ot ey 2t e 1. Trans FA Consumption increases ApoB and Lipoprotein (a)
e "-".‘" b 0.08 4 - TFAReplacing PUFA
s < [Tk S s
.. — TFA Replacing 5FA

2% Trans F A replaces Carbohydrates- RR=1.29

2% Trans FA replaces SFA- RR=1.20
2% Trans FA replaces MUF A- RR=1.27
2% Trans F A replaces PUFA - RR=1.32

Mozaffarian et al. NEJM 2006:354:1601-13

0 1% 2% M A% %
Percent of Calorles Replaced by Trans Fat

0% ™ N AN 5%
Percent of Calorkes Replaced by Trans Fat

Mozaffarian ef al, Furopesn Jourmal af Clinicsl Nutrition 2006, 63:55-521

295 3 AR B A 0 8 o B R 70%

CHD risk increases by 70% if trans futty acid intake reaches 2% Energy

I t on C y Heart Di (CHD)

I Sat
- " ¥ _ £%E
s 0
. Moso
-0
Pty
Husal MESL T H8L0108T)

B TS R R A BN 5 S i A

2. Trans mono fat Causes arterial inflammation
Atherosclerosis and Inflammation

FAE SR FEBAL

* High sensitivity C-reactive protein (hsCRP) is a
biomarker of inflammation in the body

* Elevated hsCRP is a stronger predictor of heart di
than a high LDL (harmful) cholesterol

& =

2952 3 AR AT 0 8 o B R P 23 %

CHD risk increases by 23% if trans fat intake increases fo 2% Energy

00 02 04 08 08 10 12 14 16 18 20
18:1 frans efidic acd (En %)
FIG. 3. Association batween average intake of elaidic acid (%RE)
and 25-year mortality rates from coronary heart disease (%) in the
Seven Countries Study. Symbols are the same as thoss in Fig. 1.

(Kromhout et al., F Med 1995, 24:308-315 )

[ FCAERT R AN 0 0 SEAE B A A AT S ILAICRP
Trans Fat Intake and Artery Function
kins (IL) and C-reactive protein (CRF) are markers of wtery dysfunction

21 q T
1 1 T
", d i CRP
- -
iplend) gLy
s o + s
(5 T T T T B

'lﬁ-ﬂlr.-lm\lllm L
(trans intake x BMI)

Fomm
Cells

fFarian, Ath lerosi ! 7, 2006, 29-32
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Trans Fat Promotes Inflammation and Causes Artery Dysfunction

Soluble tumor necrosis factor receptor (STNF-R) §s a bicmarker of artery dysfimction

@& =

MozafTarian. Atherosclerosis Supplement 7, 2006, 29-32

AR RS A5 A9 5 — R R SRS RT R AR iR i 4 A

S itk B — A R SURR R M AR i o A A R
Distribution of 18:1 trans isomers in human adipose and
partially hydrogenated cancla/soybean oil (PHVO)

40
_E O Adipose
s 30¢ .
E
2 20}
gm-
H
0789I0|Ii2!3|ll$16

Double Bond Position
Chen et al. Can J Physiol Pharmacol 1995:73:718-723

B CHERG MR SN R IR T 73 3 (PGI2)Y & B

3. Mono-Trans Fatty Acids Prevents PGL Release in Endothelial Cells

HFFRAEN3.6 52 5 35 M AN T e I ot 7 S [
Effect of 3.6 g/d vaccenic acid on blood cholesterol in humans

TABLE 4

WFEFR PGL) & Bi0RkEnh ) mEE WY TR, mOsak Efect of the Sk dictary inlervention on Laaing blood lipids,
Linoleio Acid Tapoprotaine, oxidative stross, and inflmmatony and hersostatic markon”
‘ = W i . ; a-:l‘:;:m Cotrol dich
cl Markor in= 2 = 0y
archdosioAcis £ 8™ s T
s g i = :.m.h-le«uulnum’::_: g 4ET £ 00
7\‘ \ E '[ Ulrisiry n-u---l;:I:‘Tn;.’lmll‘ E
Prostacyclin Thromboxane § ™ PVl o
+ = PAR| inglnl) 169 £ 087
PGI, TXA, E Z . i :IIII..:I::.I—I::::I:'.;I.- 436 = 007 -‘:fl jnlb.::
(Endothelium) {Platelet) T FAN valies are § + SE. S-ho-POFs,.. Kisrprostaglandie Fu: CRP,
Bt Strueaind s proscin: F¥Ie, fac bt v AL, plaseni
sctivaor lehibisor |, Mined meodel asalysis of covariance: mesn values are
st for baseline vabues, which were wned as covariates.
+* Signiicantly different rom the contol diet: °P < 0.01, P < .05
- = Thoketray o ol Am Ol s
v ic acid TC and ath lerosis in Mice
A sh AR o ) R 5t e 5 Ll R o
- Cholesterol
IV. Mono-Trans Fatty Acids from = .
E-]
ruminant fat and cardiovascular .
- - »w
disease risk :
= Atherosclerasts
* Vaceenic acid (S 5-l1# VA) in ruminant fat : -
1
*  VAhas no effect on TC, LDL-C =
[

Coml sl dBa  ATA

Bassett o al. ] Nutr. 2000, 140(1) 18-24

FLE B (claidic), 4 51 & K5 it Bi(vaccenic)
Distribution of 18:1 Trans Isomers

45
335 Vi ic acid
H
i1
B
B

8 9 10 11712 13 141

Human milk fat
Partially hydrogenated soybean ol
Cow's milk fat

BE 00

Review Paper

Human health benefits of vaccenic
acid

Field et al. Appl. Physiol. Nutr. Metab. 2009, 34:979-991

Oo
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Why ?

B X 0 R A AP T R e e A I
Metabolism of Vaccenic Acid

VA (111-1g1) o Dentiie

9¢, 111-CLA

5 7 0L X TR R 0 S A A D 0 o ot R A 2

Poly 18:2 Trans fatty acids may be converted to trans
Arachidonic Acid (AA)

18:2 ¢9, 121 18:2 n-6

Desaturase

=

/ Elongase
AA 20:4 n-6 20:4 trans isomers
i I
TXA2 (fi# 2 ) +TXA2 (RAMEE)
Kwan et al. Lipids 1998, 33:409-416.

bl o A A R SR M S L U R

V. Polyunsaturated 7rans Fatty
Acids from PHVO and
cardiovascular disease risk

Fehin ARG # 5 O l E R
VI. Conjugated Trans Fatty Acids
and Cardiovascular Disease Risk

18:2 ¢, t11 (CLA)
18:2 110,012 (CLA)

a
it

-—

AL A A0 B SR B L i AR Y
B R — A R AT R =

Poly-trans increase the risk of primary cardiac arrest

Seattle study
3 Odds Ratio
= 179 patients and 286 controls "
* Red blood cell membrane lipids 3
* Poly 18:2 Trans isomers — 3-folds '
18:11 18:2t

Lemaitre et al. Circulation 2002; 105:697-701

BHIESR RS 5 Ry i o i 5 4 R
i B sh A S 0 B AT RT RE R A A Y

Animals and cell culture studies

~3 l

* Anti-obesity =3
o b

¢ Antioxidants == L P ¢ f
2m

- Anti-mutagenesis -]

* Anti-carcinogenesis E :

* Cholesterol-lowering & o

Control LA CLA LN («1]

Human trials are lacking BT R R,

Lam of sl Atheroschorosis 2008; 1598 85-93

F AL P B AR R G A A e i Y
S R — A e ST R R Y A
Plasma phospholipid 18:2 trans fatty acids increases fatal
ischemic heart disease (IHD)

Odds Ratio
+ 214 IHD and 214 controls = =
*» Plasma phospholipids analysis 3 S
* Poly 18:2 Trans isomers — 5-folds °-®
0
18:1t 18:2t

Lemaitre et al. Circulation 2006; 114:209-215

CLA. Vaccenic
Acid ()
Good, Bad and Ugly
BE=5

Total Trems fat, Elnidic Acid
(&)
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R fe S R % R SRR 52 X
Codex Definition

» Trans fatty acids refer to all the geometrical
isomers of monounsaturated and
polyunsaturated fatty acids having non-
conjugated, interrupted by at least one
methylene group, carbon-carbon double
bonds in the trans configuration

RATI AT S 5 P A
VI. Trans Fat Alternatives

+ Modification of Partial Hydrogenation Process
= Plant breeding and genetic engineering
+ Tropical oil substitute
Palm, Palm kernel oil, coconut oil
» Fractionation
* Inter-esterification

Regulatory Issues of 7rans Fatty Acids
USA

FDA requires labeling of trans fatty acids in Nutrition Facts
effective on Jan 1 2006.

Canada
Labeling of trans fatty acids was effective on July 1, 2003.
Denmark

No permit was given if food contained 2% trans derived
from partial hydrogenation.

EU
EU requires labeling of any food contains partially hyds

vegetable oil

SR E A
Modification of Partial Hydrogenation Process

* Low-trans products
» Choice of catalyst

* Pressure

» Temperature

« Choice of solvents

Label Format AR A 0 S
Nutrition Facts Plant preedmg al}d genetic
e engineering-oilseeds
= —

SRAMITN e * High-oleic Oilseeds
Siutstwel g Sunflower
Sodlum BE0mg 20%
Carbohydrate 31g ___10% Canola
Fibre 0g 0%
T E— Soybean
Pratein 5g
Vitarmin A 4% » VitaminC 2% Comn
Caloium 15% . kon 4%
91 04 4 SR 2 B G I R 18 A R i B R 1% e——

WHO Recommendation

» Trans fat intake should not exceed 1 percent
of the total calorie, and saturated fat should
not exceed 10 percent of total calories.

about 2.2 g /day

Blending Hard Fat and Liquid Fat

* Palm oil, Palm Kernel Oil, Coconut Oil
(A)

* Liquid vegetable oils (B)

* Partially hydrogenated vegetable Oil (C)

- Blending
- Addition of antioxidants
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RO RS

Blending

Palm Ol Saybean Ol Blends

Anabyis Palm 0L Palm B0 Palm  TORSH0  GMLPalm  S0% Palm
WSRO WSRO MOSED  ARSHO 500 SBO
S50 3T 295 M8 191 142 02
S0 70 173 124 o 78 61 51
51 B0F T 104 0 b 52 a4
SH0F 4 83 (] 0 16 13
R 42 49 a1 16 13 12
MOPF W3 w00 o 989 6.8 wr
AT 440 A0 7 s 04 7
LI a3 43 43 4 43 43
wcia 400 332 359 45 e ni
wC1B2 0 ns s a1 04 s
wCibd 03 e 14 5 11 40
% Tolal Sats. 512 aTh 4 404 W 15
Kokl rans 0 as [ oh as 0
Kodali and List, 2005

Tom  Poymotwsel Steed  Sianc
Fnf%  FniN Bl Asdi%
Typeal Marpeme 17 7 1 1

[ e Te— o 2 1

e,
&
@%?3 T

H =8 FacibAR
Interesterification-Triacylglycerols

Summary

Chemistry of trans fatty acids is complex (F=IgiETE
{eics £y

-

-

Varying effect on cardiovascular disease risk with
three types of trans fatty acids ( =f = EHHEw CME
FREHEATR)

-

Clunese llave a very Iow intake of frans fat and the

di risk is minimal (B
AP ES R R UERGRR A SHE » s eT e
TAREX)

Palm Oil Soybean Oil Interesterified Oil * Alternatives to trans fat are available and high intake
of trans fat can be avoided ( TP EHSimeeA RS
&gt RAMBRAEARTLEBSN)
R e o S
Fractionation BH, AT EbR PO !
» Palm Oil

Olein and Stearine

» Stearine-soybean inter-esterification-
Zero-trans margarine

-1 18-




