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Summary: Typhoid, caused by Salmonella enterica serovar Typhi (S. Typhi), is a major health 
problem worldwide especially in developing countries. Lipopolysaccharides are one of the main 
virulence factors of S. Typhi. Hydrophobic lipid A anchors the lipopolysaccharides into the bacterial 
outer membrane and also serves as the epicenter of endotoxicity, which is linked to the presence of 
several fatty acid chains. Fatty acid profiling is, therefore, very important to understand the 
endotoxicity of these pathogenic bacteria. To profile lipid A with respect to its fatty acid 
constituents, a S. Typhi was isolated from blood culture of a typhoid patient from the Faisalabad 
region of Pakistan. After its complete identification using biochemical and molecular techniques, 
this bacterium was cultivated in a fermentor. The cell pellet obtained was subjected to hot phenol 
process to extract and purify lipopolysaccharides. Acid hydrolysis of the lipopolysaccharides yielded 
lipid A, which was subjected to analyses using GC-MS after derivatization into their fatty acid 
methyl esters. The fatty acid methyl esters were identified on the basis of their retention times, 
compared with standards as well as characteristic mass fragmentation patterns of their respective 
mass spectra. This fatty acid profiling revealed the occurrence of dodecanoic acid (C12:0), 
tetradecanoic acid (C14:0), 3-hydroxy tetradecanoic acid (3-OH C14:0) and hexadecanoic acid 
(C16:0) in the lipid A component of S. Typhi strain with the relative percentage abundances 8.5%, 
12.5%, 55.9% and 23.1%, respectively.  
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Introduction 
 

Typhoid, typically characterized by fever, 
headache, anorexia, malaise, splenomegaly and a 
relative bradycardia, is an acute and life-threatening 
febrile disease caused by Salmonella enterica serovar 
Typhi (S. Typhi) belonging to Enterobacteriaceae 
family. S. Typhi is a human restricted Gram-negative 
pathogen with no animal reservoir. S. Paratyphi A 
causes paratyphoid fever which is less common but 
clinically similar to enteric fever [1]. Typhoid caused 
by S. Typhi is recognized as highly life-threatening 
by the World Health Organization [2]. It is rare in 
industrialized countries, but is still a major public 
health problem worldwide occurring endemically 
throughout the developing world. Its annual global 
burden is more than 21 million people with nearly 
200,000 deaths. More than 90% of these morbidities 
and mortalities occur in Asia [3]. Typhoid is highly 
prevalent in South Asia, Southeast Asia and the 
Indian subcontinent [2]. Unfortunately, it is the 4th 
major cause of death in Pakistan [4]. A major 
problem is that local isolates of S. Typhi are 
increasingly developing resistance towards the first 
line antimicrobials [5, 6]. 

 
Like other Gram-negative bacteria, S. Typhi 

harbors lipopolysaccharides (LPS) in its outer 
membrane. LPS are vital for the structural, as well as, 
functional integrity of outer membrane of Gram-
negative bacteria [7]. These are the main surface 
antigens (O-antigen) and important virulence factors 
for most of the pathogenic bacteria affecting humans 
and animals [8]. LPS are not only essential for the 
reproduction and growth of cells [9] but also provide 
protection against bacteriophages, certain antibiotics 
and the host defense systems during infection [10]. 
The detailed structure of LPS varies inter and intra 
species. These differences also affect the virulence 
[11]. The structure of LPS consists of a 
polysaccharide part (O-antigen or specific O-chain), 
oligosaccharide core and a carbohydrate lipid moiety 
termed lipid A [12]. The schematic representation of 
LPS structure is shown in Fig. 1.  
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Fig. 1: General architecture of lipopolysaccharides (LPS). 
 
 

Structurally, lipid A is considered to be a 
relatively well conserved component of LPS but 
differences may exist in its structure among species 
and even strains which influence a variety of 
biological activities. These differences exist 
regarding the types of amino glycans, degree of 
substitution on the disaccharide core by phosphate, 
fatty acids, and/or ethanolamine, and may also be due 
to the type, quantity and distribution of these fatty 
acids [13]. Structure of Lipid A from 
Enterobacteriaceae family and many other Gram-
negative bacteria has a common general architecture, 
consisting of a bisphosphorylated ß-(1→6)-linked 
glucosamine disaccharide substituted with fatty acids. 
These fatty acids are amide-linked at positions 2 and 
2′ while ester-linked at positions 3 and 3′. The most 
common fatty acids in lipid A contain 10-16 carbon 
atoms, although longer chains may also exist in some 
bacteria [14]. The lipid A fraction generally also 
contains several chains of 3-hydroxy fatty acids. 
These chains may serve as a marker for the detection 
of Gram-negative bacteria due to their absence in 
other cell-wall lipids [15].  

 
Lipid A is not only the hydrophobic anchor 

of LPS but also the endotoxically active part of the 
molecule [16]. The over activation of the innate 
immune system, induced by lipid A, can cause the 
over production of cytokines, which can lead to 
massive inflammation, septic shock, organ failure 
and ultimately death to the host. Toxicity of the lipid 
A moiety is closely related to its precise chemical 
structure, i.e., the nature and number of the fatty acyl 
chains and the phosphorylation state of disaccharide 
backbone [17]. Hence, much work has been focused 
on the profiling of the fatty acyl chains attached with 
lipid A. The fatty acid chains vary considerably 
between species, in number, nature, length, order and 
degree of saturation [7]. Some bacteria can even 
change the lipid A structure by fatty acids 
substitution: a variation which occurs in response to 
environmental changes or according to the type of 

host (where multiple hosts are being used), to deal 
with different host immune responses [18-20]. 

 
It is worth mentioning that the endotoxicity 

of S. Typhimurium has been proved to be its main 
virulence factor. Structural variation in lipid A, 
induced by deletion–insertion of waaN gene (which 
encodes for completion of one of the two secondary 
acyl chains to complete lipid A biosynthesis) can 
have significant impact on the death or survival fate 
of the host [21]. Such work has not been reported on 
S. Typhi. Therefore, fatty acid profiling of lipid A is 
crucial for the understanding of the endotoxicity of 
the S. Typhi strain. The current study is the first 
report concerning the fatty acid profiling of lipid A 
from S. Typhi isolated from a human typhoid patient 
from the Faisalabad region of Pakistan. 
 
Results and Discussion 

 
S. Typhi strain (AS-1), isolated from blood 

culture of a typhoid patient from the Faisalabad 
region (Pakistan), was selected for fatty acid profiling 
of lipid A. The strain was revived in tryptic soy broth 
(TSB) medium. The culture was streaked on 
MacConkey agar plate to obtain isolated colonies. 
The inoculation on triple sugar iron (TSI) agar slant 
showed a characteristic S. Typhi reaction (alkaline 
slant, acidic butt with blackening due to H2S 
production). 

 
After DNA extraction from the bacterial 

isolate, a highly specific 495 bp fragment of fliC-d 
gene (phase-1 flagellin gene for d antigen [H:d]) was 
successfully amplified in first round, regular PCR 
[Fig. 2] followed by the 363 bp amplification of gene 
fragment in nested PCR [Fig. 3]. No amplification 
was seen in case of negative controls. This method 
for molecular identification of S. Typhi by PCR is 
now well established for the diagnosis of typhoidal 
diseases and provides superior specificity and 
sensitivity as compared with conventional methods 
[22]. 
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Fig. 2: Regular PCR for S. Typhi. 
(in Figure label of 495 is missing which should be 
495 bp) 
Lane M: 100 bp DNA ladder (Fermentas) 
Lane 1:   S. Typhi (fliC-d gene 495 bp) 
Lane 2:   Positive control 
Lane 3:   Negative control 
 

 
 
Fig. 3: Nested PCR for S. Typhi. 
(495 bp should be removed here in this fig) 
Lane M: 100 bp DNA ladder (Fermentas) 
Lane 1:   S. Typhi (fliC-d gene 363 bp)  
Lane 2:   Negative control 
 

The fermentor growth of S. Typhi strain AS-
1 yielded 5 g/L of the harvested cell pellet. The 
extraction and purification of lipopolysaccharides by 
a modified hot phenol-water method [23] yielded 134 
mg of purified LPS per 100 g of bacterial cell pellet. 
The extracted LPS were further processed to yield 

lipid A by mild acid hydrolysis using 1% glacial 
acetic acid [23]. 

 
Fatty acids of extracted lipid A were 

derivatized into fatty acid methyl esters [9] and 
analyzed by a gas chromatograph (GC) coupled to an 
electron impact (EI) ionization mass spectrometer 
(MS). GC-MS is a powerful technique used not only 
for the analysis of bacterial and fungal [24] fatty 
acids but also for the study of fatty acids from plants 
seeds, leaves [25, 26] and deep fried foods [27] after 
their derivatization into fatty acid methyl esters 
(FAMEs). These FAMEs of lipid A in the sample 
were identified by comparing their retention times in 
the GC chromatogram to those of standards of 
FAMEs (Sigma, USA) and confirmed by 
characteristic fragmentation patterns of their 
respective mass spectra.  

 
Total ion current (TIC) of fatty acid methyl 

esters derived from lipid A, extracted and purified 
from S. Typhi strain AS-1, are shown in Fig. 4. The 
results of fatty acid analyses indicating their retention 
times and relative percentage abundances are 
summarized in Table-1. Peaks at 7.75, 13.43 and 
19.79 min were identified as dodecanoic acid 
(C12:0), tetradecanoic acid (C14:0) and 
hexadecanoic acid (C16:0) respectively. The peak at 
18.05 min was assigned to 3-hydroxy tetradecanoic 
acid (3-OH C14:0). Among these, the peak at 18.05 
min bearing 3-hydroxy tetradecanoic acid (3-OH 
C14:0) was the most abundant. Dodecanoic acid 
(C12:0) contributed 8.5% whereas tetradecanoic acid 
(C14:0), 3-hydroxy tetradecanoic acid (3-OH C14:0) 
and hexadecanoic acid constituted 12.5%, 55.9% and 
23.1% respectively. These fatty acids were confirmed 
by their characteristic fragmentation patterns in their 
respective mass spectra.  

 
Table-1: Fatty acid methyl esters along with their 
retention times and relative abundances. 
S.No. Retention  

Time(min) Compounds Relative 
Abundance (%) 

 
1 
 
2 
 
3 
 
4 

 

7.75 
 
13.43 
 
18.05 
 
19.79 

 
Dodecanoic acid  
(C12:0) methyl 
ester 
Tetradecanoic 
acid  
(C14:0) methyl ester 
3-OH 
Tetradecanoic 
acid  
(3-OHC14:0) 
methylester 
Hexadecanoic acid  
(C16:0) methyl 
ester 

8.5 
 
12.5 
 
55.9 
 
23.1 
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Fig. 4: GC-MS chromatogram (total ion current) of fatty acid methyl esters of lipid A extracted from 

indigenous S. Typhi strain AS-1. 
 
 

Mass spectrum of peak at retention time 
7.75 min represented dodecanoic acid (C12:0). It 
showed molecular ion peak at m/z 214 while its 
daughter peak at m/z 183 corresponded to the loss of 
the -OCH3 group from the parent molecule. The 
peaks at m/z 171, m/z 157 and the following peaks 
showed the repetitive difference of m/z 14 which is 
the characteristic mass of methylene group (-CH2-) 
present in fatty acids multiple times. Peaks at m/z 74 
and m/z 87 were obtained by cleavage at specific 
point by electron transfer and neutral loss at C-2 and 
C-3 from acyl group thereby generating the stable 
fragments of base peak (m/z 74) and second abundant 
peak m/z 87, respectively [Fig. 5]. Peaks at m/z 74 
and m/z 87 were intense because the stability was 
conferred from extended conjugation of free radical 
with the carbonyl cation and the resonance stability 
of cation in enolate system, respectively. These peaks 
have been proved to be EI-MS confirmatory 
fragments for straight chain saturated fatty acid 
methyl esters [23]. Similar fragmentation pattern of 
peaks were observed for retention times 13.43 [see 
Fig. 6] and 19.79 [see Fig. 8], indicating the straight 
chain saturated fatty acid methyl esters, which 
differed only in their molecular ion peaks at m/z 242 
and m/z 270 respectively. These peaks were 
confirmed as tetradecanoic acid (C14:0) and 
hexadecanoic acid (C16:0) methyl esters. In contrast, 
the fragmentation pattern of peak at retention time 
18.05 was completely different from the other three 
peaks as shown in Fig. 7. The base peak at m/z 103 is 
a characteristic peak for 3-hydroxy fatty acid methyl 
esters (C4H7O3). The peak at m/z 240 represented the 
removal of hydroxyl group from the parent molecule. 
Thus retention time and fragmentation pattern in 
mass spectrum confirmed it as 3-hydroxy 
tetradecanoic acid (3-OH C14:0). A β-hydroxy group 
in a carbonyl system is fairly labile and can 
ultimately cause the loss of water to the molecular 

ion peak. The high stability of peak at m/z 103 might 
be due to the electronic contribution by the 
neighboring ester group to the proton (Fig. 7). 
Greater abundance of this peak in TIC at retention 
time 18.05 represents the presence of multiple 
numbers of 3-hydroxy tetradecanoic acid (3-OH 
C14:0) in lipid A molecule purified from S. Typhi 
strain. Since 3-hydroxy fatty acids are characteristic 
components of lipopolysaccharides from Gram-
negative bacteriaand are not present in other cell-wall 
lipids, so they serve as a lipid A marker [15]. 

 

From previous studies on other serovars of 
Salmonella like S. Minnesota [28] and S. 
Typhimurium [29], it is known that their particular 
lipid A molecule is a heptaacylated 
bisphosphorylated diglucosamine and consists of a 
C12:0, C14:0, 3-OH C14:0 and C16:0 fatty acyl 
chain profile. On the basis of our results we can 
suggest that the types of fatty acyl chains present in 
lipid A purified from S. Typhi strain AS-1 are more 
or less the similar to other members of Salmonella 
species, which contain the heptaacylated lipid A 
structure as illustrated in Fig. 9. Notably, C16:0 fatty 
acid acyl chain is mainly present in heptaacylated 
lipid A species [30], indicating the highly pathogenic 
characteristics of S. Typhi. It may be worth 
mentioning here that presence of six and seven fatty 
acid acyl chains in heterogeneous distribution on 
bisphosphorylated ß-(1→6)-linked glucosamine 
disaccharide constitute highly endotoxic 
hexaacylated and heptaacylated lipid A species, 
which can excessively activate the host immune 
system to cause high fever, massive inflammation, 
septic shocks and ultimately death to the host [31]. 
Since, the complete structural analysis of lipid A is a 
complicated task, so exact location of the specific 
fatty acyl chains and identification of any 
microheterogeneity needs further investigations. 
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Fig. 5: Mass spectrum and fragmentation pattern of dodecanoic acid methyl ester at 7.75 min derived from 

lipid A extracted from indigenous S. Typhi strain AS-1. 
 

 
 
Fig. 6: Mass spectrum and fragmentation pattern of tetradecanoic acid methyl ester at 13.43 min derived 

from lipid A extracted from indigenous S. Typhi strain AS-1. 
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Fig. 7: Mass spectrum and fragmentation pattern of 3-hydroxy tetradecanoic acid methyl ester at 18.05 min 

derived from lipid A extracted from indigenous S. Typhi strain AS-1. 
 

 
 
Fig. 8: Mass spectrum and fragmentation pattern of hexadecanoic acid methyl ester at 19.79 min derived 

from lipid A extracted from indigenous S. Typhi strain AS-1. 
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Fig. 9: General structure of lipid A from Salmonella 
species. 

 

Experimental 
 

Bacterial Isolate 
 

The S. Typhi strain AS-1 was isolated from 
blood culture of a typhoid patient belonging to the 
Faisalabad region of Pakistan. The isolate was 
characterized and stocked at -20 ºC in tryptic soy 
broth (TSB, Merck, Germany) containing 10% 
dimethyl sulfoxide [32]. It was revived by 
inoculating 20 µl in 3 ml of TSB and 24 h incubation 
at 37 ºC. The bacterial growth was streaked on 
MacConkey agar (Merck, Germany) plate and 
incubated at 37 °C for 24 hours. Small (~2-3 mm), 
smooth, round, transparent, and moist bacterial 
colonies, typical of Salmonellae[33] were selected for 
biochemical and molecular identification. 
 

Biochemical Identification of Bacterial Isolate 
 

Biochemical identification of the isolate was 
carried out in triple sugar iron (TSI, Merck, 
Germany) slant by stab and streak method followed 
by incubation at 37 °C for 24 hours. Triple sugar iron 
is the most commonly used agar medium for 
identification of Enterobacteriaceae family [34]. 
 

Molecular Identification of Bacterial Isolate by 
Polymerase Chain Reaction 

 

Polymerase chain reaction (PCR) has been 
successfully used for the detection and identification 
of pathogenic microorganisms from clinical and 
environmental samples. It has been used previously 

for the diagnosis of S. Typhi and proved superior to 
conventional methods [32]. The genomic DNA was 
extracted from an overnight culture of biochemically 
identified S. Typhi strain AS-1 by conventional 
phenol-chloroform method [35]. Primers targeting 
specific region of fliC-d gene (signature gene of S. 
Typhi) were used for regular and nested PCR [36]. 
Both sets of primers were supplied by Sigma (Dorset, 
United Kingdom); their sequences and sizes of 
amplified products are shown in Table-2.  
 

PCR Conditions 
 

Each 50 µl of reaction mixture for regular 
PCR contained 10 µl of template DNA, 1.5 mM 
MgCl2, 50 nmol each of four dNTPs, 40 pM of each 
forward and reverse primer and 5 U Taq polymerase 
(Fermentas, USA). The thermal cycler 
(MasterCycler; Eppendorf, Germany) was set for 30 
cycles and the conditions were as follows: 
denaturation at 94 °C for 1 min, annealing at 48 °C 
for 1 min and extension at 72 °C for 1.5 min.   

 

The amplified product of regular PCR was 
diluted 1/5 times and used as template for nested 
PCR. Each 50 µl reaction mixture for nested PCR 
contained 10 µl of template, 1.5 mM MgCl2, 50 nmol 
each of four dNTPs, 40 pM of each primer and 5 U of 
Taq polymerase (Fermentas, USA). The conditions 
for 30 cycles were as follows: denaturation at 94 °C 
for 1 min, annealing at 55 °C for 1 min and extension 
at 72 °C for 1.5 min. The amplified products of both 
regular and nested PCR were electrophoresed on 2% 
gels which were stained with ethidium bromide and 
photographed by UV transilluminator (Eagle Eye, 
Stratagene, CA, USA). 
 
Growth of Bacteria and Extraction of 
Lipopolysaccharides 

 

After biochemical identification and 
molecular confirmation of S. Typhi strain AS-1, large 
scale cultivation was done in a fermentor (BiostatC, 
Sartorius AG, Goettingen, Germany) at 37 oC for 14 
h with vigorous aeration using TSB as growth 
medium. The growth was subcultured on MacConkey 
agar and TSI agar slants and after confirming the 
purity, the cells were harvested through 
centrifugation at 7,000 × g at 4 oC for 1 h to obtain 
the cell pellet.  
 

 
Table-2: Primers used for regular and nested PCR. 

Target Gene Predicted Amplification size (bp) Primer Sequence (5'-3') Reference 
fliC-d 

regular 495 ST1 
ST2 

TATGCCGCTACATATGATGAT 
TTAACGCAGTAAAGAGAG [36] 

fliC-d 
nested 363 ST3 

ST4 
ACTGCTAAAACCACTACT 

TGGAGACTTCGGTCGCGTAG [36] 
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Lipopolysaccharide extraction was done 
from the cell pellet by a modified phenol-water 
method as described previously [23]. Briefly, about 
100 g cell pellet was gently mixed in 1 L of distilled 
water overnight. Then 1 L aqueous phenol (90%) 
solution previously equilibrated at 68 oC was added 
to the cell suspension. The solution was stirred at 68 
oC for 30 min and then cooled in an ice bath until the 
temperature dropped to 10 oC. The mixture was 
centrifuged at 7,300 × g at 10 oC for 1 h. The upper 
aqueous layer was withdrawn and the lower organic 
phase was re-extracted with an equal amount of 
distilled water as described above. Both aqueous 
layers were combined. To the combined aqueous 
layers, sodium acetate, calcium chloride and ethanol 
were added to adjust their overall concentrations 10 
mM, 2 mM and 25%, respectively. After mixing the 
solution for 20 minutes, it was stored at 4 oC 
overnight. The mixture was centrifuged at 7,300 × g 
at 10 oC for 1 h, and further ethanol was added to the 
supernatant to adjust its overall concentration to 75%. 
After thorough mixing, the solution was stored at 4 
oC overnight.  

 
After 24 hours, the suspension was 

centrifuged at 7,300 × g at 4 oC for 1 h to get the LPS 
pellet, which was then suspended in 20 ml of the 
buffer (2 mM MgSO4 and 50 mM Tris at pH 7.6). 
The suspension was added to a dialysis bag and 
equilibrated against the same buffer (2 mM MgSO4 – 
50 mM Tris, pH 7.6) at 37 oC for 2 h. To remove 
contaminations of DNA and RNA, enzymes DNase 
(Promega, USA) and RNase (Roche, Germany ) were 
added (25 mg each) and solution was kept under 
gentle stirring for 6 h. Protein contamination was 
removed by the addition of 50 mg of Proteinase K 
(Promega, USA)and solution was kept at 37 oC for 24 
h under continuous stirring. The solution was finally 
subjected to dialysis against distilled water at 4 oC for 
2 days with four changes of water. The contents of 
solution were centrifuged at 5,000 × g at 10 oC for 30 
min. The supernatant was freeze-dried to get crude 
LPS. For further purification, the crude LPS were 
dissolved in distilled water at 40 mg/ml and 
ultracentrifuged at 64,000 × g at 10 oC for 5 h. The 
pellet was dissolved in distilled water and lyophilized 
to get pure LPS.  
 
Extraction and Purification of Lipid A 

 
Mild acid hydrolysis of the purified LPS 

with 1% acetic acid (pH 3.1) at 100 °C for 1 h was 
used to cleave the ketosidic or 3-deoxy-D-manno-2-
octulosonic acid (Kdo) linkage between lipid A and 
polysaccharide part, while keeping all other aldosidic 
linkages intact due to their higher acid stability. The 

insoluble lipid A was separated from the hydrolysis 
mixture by ultracentrifugation at 64,000 × g at 10 oC 
for 5 h as pellet and then lyophilized [23]. 
 
Fatty Acid Derivatization 

 
Before starting the fatty acid analysis of 

lipid A on GC–MS, these fatty acids were derivatized 
into fatty acid methyl esters as described previously 
[9], the derivatization chemistry can be seen in 
Scheme-1. Briefly, purified lipid A (~10 mg) was 
dissolved in 0.5 ml of 4 M HCl and kept at 100 oC for 
4 h. The sample was then partitioned between 3 ml 
water and an equal amount of chloroform (CHCl3). 
The organic layer was removed while the aqueous 
layer was extracted twice with 3 ml of chloroform. 
After combining the organic layers, 200 mg of 
Na2SO4 was added and mixture was stirred for 1 h at 
room temperature. Sample was filtered and 
evaporated to dryness under a stream of N2 to get free 
fatty acids. These free fatty acids were then esterified 
after mixing with 0.5 ml MeOH and 70 l acetyl 
chloride under ice cooling. The sample was kept for 
16 h at 85 oC. After cooling, 1 ml NaCl solution (30 
mg/ml) was added and extracted with 3 ml of 
chloroform. The chloroform layer was evaporated to 
dryness under a stream of N2. The sample was re-
dissolved into ethyl acetate before its analysis using 
GC–MS. A mixture of fatty acid methyl esters 
standards were obtained from Sigma, USA for 
comparing retention times with the sample.  
 
GC–MS Equipment and Conditions 

 
The derivatized sample was analyzed on 

GC–MS equipment Agilent 6890 Gas 
Chromatograph equipped with an autosampler using 
a DB-5 fused silica capillary column (30 m × 0.25 
mm, 0.25 µm i.d., Agilent Technologies, Palo Alto, 
CA, USA). 0.5 µl sample was injected. Injector 
temperature was set at 250 oC while the transfer line 
temperature was adjusted at 270 oC. The initial oven 
temperature was set at 130 oC for 1 min, followed by 
a ramping of 3 oC/min to 250 oC (held for 1 min) and 
from 250 oC to final temperature 325 oC (held for 5 
min) at ramp temperature 20 oC/min. Full scan mode 
between m/z 50-400 was used to detect the fatty acid 
constituents and selective ion monitoring (SIM) was 
performed on the fragment ion m/z 103 for the 
detection of trace amounts of 3-hydoxy fatty acids 
[9]. The mass spectrometer was operated in the 
electron impact (EI) ionization mode. Chemstation 
software of Agilent Technologies was used for the 
data acquisition and analysis. 
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Scheme-1: Schematic derivatization of fatty acids to fatty acid methyl esters. (Its better to change its 

fonts and line width, its very prominent and bold in print) 
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