
CHAPTER V

DISCUSSION

T his รณdy focu sed  on  so m e food categories w h ich  contain  h igh  T F A  such as 
partially hydrogenated  vegetab le  o il and bakery products. T w o groups o f  these  
sam ples w ere ch osen  b ecau se m ajor source o f  T F A  found in partially hydrogenated  
vegetab le  o il and this kind o f  v egetab le  o il is attractive in food  industry for enhance  
the palatability o f  bakery products. Several m ethods are available for determ ining  
total T F A  content such  as gas chrom atography (G C ) or infrared (IR) absorption  
spectroscopy. In this รณdy, IR procedure based on attenuated total reflection  (A T R ) 
fourier transform  infrared (FTIR ) spectroscopy w as se lected  to determ ine total TFA  
content in se lected  foods. T he A T R -FT IR  procedure offers several advantages over  
the GC procedure. T he analysis tim e is shorter than G C (about 5 m inute per analysis)  
and ca lcu lates T F A  content from  a linear regression equation. Sm all quantities o f  test 
sam ples are required. T he need  for w eig h in g  and quantitatively d iluting test sam ples  
w ith so lven t is  elim inated w ith  A TR -FTIR  (A li et al, 1996).

The contents o f  T F A  in som e foods that determ ined b y  GC and A TR -FTIR  
w ere com pared. In study o f  A li et al (1 9 9 6 ) show ed  that products w ith  T FA  content 
greater than 5% o f  total fat, results obtained b y  A T R -FT IR  w ere higher than those  
obtained b y  G C but products w ith  T FA  content less  than 5% the GC procedure w ere  
sign ifican tly  h igher than th ose obtained b y  the A TR -FTIR  procedure. Fritsche et al 
(1 9 9 8 ) found that the T FA  lev e ls  determ ined by A T R -FT IR  w ere usu ally  higher than 
those determ ined b y  G C , partly because the GC m ethod underestim ates trans C l 8:1 
isom ers in favor o f  cis C l 8:1 isom ers. A nd another reason for such a d ifference m ay  
be due to the fact that the w eak  abosorbance near 985  and 948  cm '1 o f  conjugated  
dienes overlap w ith  the 9 6 6  cm '1. A t low er lev e ls  o f  T FA  (<  1%), G C m ay be m ore  
accurate than A T R -FT IR  for quantitation o f  total T FA  (M ossob a  et al, 1996).

The A TR -FTIR  m ethod w orks w ell for fats that contain m ore than 5% trans 
fat (M ilo sev ic  et al, 2 0 0 4 ). H ow ever, to im prove sen sitiv ity  and accuracy, a new  
A TR -FTIR  procedure that m easures the height o f  the n egative  second  derivative o f  
the trans absorption band at 9 66  cm '1 relative to air w as recently proposed. The 
second  derivative o f  an absorbance spectrum enhanced the resolution o f  IR bands, and
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m ade it p o ss ib le  sm all sh ifts in IR band p osition  and the p resen ce o f  lo w  interferences 
(M ossob a  et al, 2 0 0 7 ). M io lsev ic  et al (2 0 0 4 ) com pared the G C  m ethod w ith  the new  
A T R -F T IR  m ethod that em p loys the n egative  secon d  derivative to determ ination o f  
low  lev e ls  (0 .5  -  5% ) o f  trans fats. It w as found that n egative  secon d  derivative A TR - 
FTIR m ethod is  capable to determ ine lo w  level o f  T F A  content. Therefore, negative  
second  derivative ATR-FTER m ethod w as used for determ ining total T F A  content in 
this study.

Total fat contents o f  bakery products w ere iso lated  b y  ultrasonic extraction  
w ith « -h exan e as so lven t. T he results obtained from  som e food s w ere  com pared w ith  
the total fat contents that declared on  the labels o f  those products. ๒  this study, fats 
that extracted from  cracker brand 2 w as 119.06%  o f  the labeled  am ount. N orm ally , fat 
content sh ow n  on  the labels are ±  10% o f  total fat content o f  the product. The higher  
fat content m ay  cau se b y  adding ex cess  fat ingredients into the form ula during the 
process o f  m anufacturing.

G enerally  m argarine contains appropriate ratios o f  hard vegetab le  fats derived  
from  cocon u t, palm  kernel, interesterified vegetab le  o ils  and/or hydrogenated  
vegetab le  o ils . D uring the industrial catalytic hydrogenation p rocess, som e cis fatty 
acids are reduced and isom erized  to trans isom ers w h ich  exhib it ph ysica l properties 
sim ilar to saturated fats (K andhro et al, 2 008). In Thailand m ost m argarine are derived  
from soybean  and palm  o il base. M argarine and shortening are m ajor sources o f  TFA  
in the d iet (K arabuluta et al, 2 0 0 6 ). In this study, average total T FA  content o f  
shortening w as higher than m argarine because shortening con sists o f  100%  fat that 
obtain from  partially  hydrogenated vegetab le  o il, w ithout any flavor but m argarine 
m ade from  partially  hydrogenated vegetab le o il that often m ixed  w ith  skim m ed m ilk, 
salt, antioxidant, em u lsifiers and other flavors. S om e studies have show n that TFA  
elevated lev e ls  o f  serum  L D L -C  and low er H D L -C  w h ich  m ay b e harmful to 
con su m ers’s health (M cd on ale  and M ossob a, 1998). Trans fatty acid lev e ls  o f  
m argarine and shorten ing in  this รณd y ranged from 1 .85-2 .22%  and 1 .85-3 .42%  o f  
total fat, resp ectively . T h ese results w ere low er than th ose o f  products availab le in 
som e other countries such as 0 .4 -39 .4%  o f  total fat in m argarines availab le in Turkey  
(Karabulut et al, 2 006); 18 .2-31 .8%  o f  total fat in these products from Argentina  
(T avella  et al-, 2 0 0 0 ) and 2 .0 -16 .5%  o f  total fat in shortening from Turkey.

T he present study dem onstrates that TFA  content in butter co o k ie  group varied  
w id ely  (table 9). Each 100 g o f  butter cook ie  contain 0 .2 6  - 5 .07  g o f  T F A , depending
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on the brand consum ed. There are several exp lanations for the variability  o f  T FA  
content o f  food s w ith in  a food  category. First, the m anufacture con d ition s o f  
hydrogenated o ils  w h ich  can result in variable content o f  T F A . Such conditions  
includ in g tem perature, hydrogenation pressure, type and am ount o f  catalyst and 
agitation. S econ d , food  p rocessin g  m ay use sin g le  hydrogenated or non-hydrogenated  
fats or o ils  or m an y  p o ssib le  com binations o f  them  to ach ieve  the desired  final product 
characteristics. Trans fatty acids content in each food  m ay  vary b ecau se food  
producers can ch an ge type and content o f  o il depending on  current supplier and cost. 
(Innis et al, 1999).

In this study, N M R  w as used to confirm  the p resence o f  T F A  signal that 
detected b y  FTIR analysis. For 'H -N M R  spectrum , sign als o f  the o le fin ic  protons o f  
elaid ic acid ( C l 8:1 trans) are sligh tly  d ow n fie ld  (by about 0 .03  ppm ) com pared to 
o le ic  acid ( C l 8:1 cis). T hus, the shift d ifference b etw een  the peaks o f  the o lefin ic  
proton is  appropriate for characterize cis and trans isom ers (Frost and G unstone, 
1975). For this study o le fin ic  protons o f  trans fatty acid  o f  shorten ing and butter 
co o k ie  w ere slig h tly  d ow n fie ld  about 0 .05 ppm  com pared to o le fin ic  protons o f  cis 
fats (F ig .5 ). For 13C -N M R  spectrum , the o le fin  carbon atom s and their associated  
ally lic  groups have ch em ica l shifts w hich  depend on  double bond p osition  and 
configuration  and, for g lycero l esters, on w hether the unsaturated centre is  in the a  or 
(3 chain (B u s et al, 1977). A s a prelim inary to the in vestiga tion  o f  partially  
hydrogenated o ils  a m ixture o f  g lycerol trioleate (cis) and g lycero l trielaidate (trans) 
w as exam ined . W ell reso lved  sign als w ere observed  for the o le fin ic  and a lly lic  signals  
at 1 30 .48 , 130 .17 , 130 .00  and 129 .70  ppm  (CIO, C9; trans and CIO, C9; cis 
resp ectively ) and at 3 2 .6 4 , 3 2 .5 9 , 2 7 .2 4  and 2 7 .1 9  ppm  (C l 1, C8; trans and C l 1, C8; 
cis resp ective ly ) (G unstone, 1993). 13c  N M R  spectrum  o f  this study can distinguished  
cis and trans isom ers (F ig .5 ,6). F igure 4  sh ow  a peak o f  trans d ou b le  bond o f  butter 
co o k ie  A  that is broader than the shortening A . It m eans that T F A  content o f  butter 
co o k ie  A  is m ore than that o f  shortening A  w h ich  is  correlated to the A TR -FTIR  
analytical result. The T F A  content in butter cook ie  A  and shorten ing A  w ere 5 .07 g/ 
100 g  sam ple and 2 .08  g / 100 g sam ple, respectively .

A lthough, the average T FA  content o f  bakery products and partially  
hydrogenated vegetab le  o il o f  Thailand in this รณdy w ere le ss  than 2.5 g /1 0 0  g  food. 
The consum ers should  aware and avoid con su m in g products con ta in in g  T FA , since  
intake o f  T FA  have an adverse effect on the d evelopm ent o f  heart d isease  that is m ore



43

than 10 tim es greater than th ose w h o  intake saturated fat (S tender and D yerberg, 
2 0 0 3 ). For m in im ize  the risk o f  coronary heart d isease , the D epartm ent o f  Agriculture  
(U S A ) m ade a lim ited  intake o f  TFA ; a k ey  recom m en dation  o f  the n ew  food- 
pyram id gu id elin es, subsequent to the recom m en dations o f  the D ietary  G uidelines  
A d visory  C om m ittee that the consum ption  o f  T F A  b e kept b e lo w  1 percent o f  total 
energy intake (M ozaffarian , 2 0 0 6 ).

From  ab ove results, total fat content did not correlate w ith  total T F A  content 
such as rich butter bun w h ich  contained the lo w est lev e l o f  total fat content, but 
sh ow ed  the fourth h igh est T FA  content. F ood  m anufacture m ay  u se  non-hydrogenated  
o ils  h igher than partially  hydrogenated o ils  to attain the final product. The TFA  lev e ls  
in food s can vary w id e ly  depending on  the content o f  partially hydrogenated  o ils. So, 
the w a y  to id en tify  total T F A  content in food s is to read the T F A  content on the 
nutrition labels o f  food s or w atch out for partially hydrogenated o ils  in the ingredients 
list.

N ow ad ays, the food industries try to reduce T F A  in their products and 
sim u ltan eou sly  preserve the structural and palatable characteristics o f  the food  
product. D ev e lo p ed  tech n o lo g ies are currently in use b y  the food  and ed ib le oil 
industries in products w ith  m inim al to zero T FA  content. First, m od ifica tion  o f  the 
chem ical hydrogenation  p rocess to produce partially hydrogenated fats w ith  low  T FA  
content such as e lectrocatalytic  hydrogenation, precious catalyst hydrogenation and 
supercritical flu id  state hydrogenation (Jang et al, 2 0 0 5 ). S econ d , m od ifica tion  fatty  
acid com p osition  o f  o il seed  through plant breeding and gen etic  engineering  
techniques. A nd the other m ethods are interesterification o f  m ixed  fats, u se  o f  tropical 
o ils  (palm  kernel o il, and coconut o il)  and fractionated tropical o ils  (Tarrago-trani et 
al, 2 0 0 6 ). S om e o f  these tech n o log ies have b een  availab le to the food  industry for 
som e tim e; h ow ever , an alternate m ethod to hydrogenation  alternatives cost m ore 
exp en siv e  than conventional hydrogenation. Therefore, it cou ld  not ea sily  replace the 
conventional hydrogenated vegetab le o ils. So consum ers shou ld  avoid  or lim it foods  
that contain partially  hydrogenated vegetab le  oils.

A t present in Thailand, there is no legal regulation to en force the m anufacture  
to label or declare T F A  content on the product produced. W ith such label, consum ers  
can be awared and avoid  risk o f  intake o f  T FA . Therefore, w e  strongly  urge to health 
authority to im plem ent such aw areness to consum er in different m eans o f  regulation.
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