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  ملخص البحث
ختبارات الكيمو حيوية و تقنية التحليل الغازى السائل الكروماتوغرافى اإل أستخدمت فى ھذا البحث

chromatography  )الذھبية العنقودية  للتمييز بين ستة عترات مرجعية لستة أنواع من بكتيريا المكورات) لوانتقنية فصل األ
ية العنقودية موضوع البحث تم إجراء إثنين و وع من بكتيريا المكورات الذھبنبالنسبة لكل . ھمية الطبية و البيطريةذات األ

عشرين إختبار كيموحيوى و تحليل كروماتوغرافى نوعى و كمى لألحماض الدھنية طويلة السلسلة المستخلصة من الخاليا 
  .لبكتيرية الستةابين األنواع  زييمتلل البكتيرية ثم أستخدمت نتائج التحاليل

مع % 100بكتيريا المكورات الذھبية العنقودية كانت متطابقة  أوضحت نتائج اإلختبارات الكيموحيوية أن تفاعالت
أما بالنسبة ألنواع البكتيريا الخمسة األخرى فقد تراوحت ) دليل بيرجى للبكتيريا(نتائج نفس األنواع الواردة فى المرجع العالمى 

الخلوية  افى أن عدد األحماض الدھنيةكذلك أوضحت نتائج التحليل الكروماتوغر%. 95.5و  77.3نسبة التطابق فى النتائج بين 
لكل نوع من أنواع المكورات الذھبية العنقودية تكوين مختلف من األحماض الدھنية  11- 4تراوحت بين التى طويلة السلسلة 

  .محدد الشكل يمكن تمييزه بسھولة لكل نوع) كروماتوغرام(الخلوية طويلة السلسلة و رسم بيانى 
ث أن تقنية التحليل الغازى الكرماتوغرافى يمكن أن تستخدم كوسيلة مخبرية جيدة للتمييز لقد اوضحت نتائج ھذا البح

 افالخ ةعاس نيرشع و ةعبرأ زواجتت ال ةرتف لالخ عونلا ىوتسم ىلع ةيدوقنعلا ةيبھذلا تاروكملا ايريتكبل ةفلتخملا بين األنواع
  .ةضقانتم وأ ةمساح ريغ جئاتن ىطعت دق و مايأ ةدعل دتمي امبر انمز قرغتست ىتلا ةيويحوميكلا تارابتخإلل

Summary 
Conventional biochemical tests and gas liquid chromatography were used to 

differentiate between six reference strains of staphylococci of medical and veterinary 
importance. For each staphylococcal strains twenty two biochemical tests in addition to 
qualitative and quantitative gas liquid chromatographic analysis was done.  

The results of the biochemical tests showed that S.aureus reactions were identical 
with the reactions specific for S.aureus stated in Bergy,s manual of systematic bacteriology 
(100 % agreement). For the other five staphylococcal species the percentage of biochemical 
reactions found in agreement with the manual results ranged between 77.3 to 95.5 %. 
Analysis by Gas Liquid Chromatography (GLC) showed that the number of matched 
cellular long chain fatty acids for the different bacterial species ranged between 4 -11 fatty 
acids. Each of the six staphylococcal strains had demonstrated a different fatty acids profile 
and a unique distinguishable chromatogram. According to the results of this study we 
believe that GLC could be used for the differentiation of staphylococci at the species level 
within twenty four hours unlike the biochemical tests which are cumbersome, time 
consuming and may give inconclusive or even contradicting results.  

Introduction 
Staphylococci are found normally on the skin and the mucous membranes of humans and 

animals. They are potential pathogens and could cause infections ranging from simple skin 
pyogenic abscesses to inflammation of the mucous membranes and internal organs (Omer, 
1997). Staphylococci could also cause serious food poisoning and nosocomial infections in 
humans. Generalized infections could lead to fatal septicemia (Brooks et al, 2001). According to 
Greenwood et al (1997) more than thirty species of staphylococci are known. Many laboratory 
methods are used for differentiation of staphylococci; the most common include bacteriological, 
biochemical, antibiotic susceptibility, serological and phage typing methods (Bergy et al, 1986; 
Etienne et al, 1988; Dryden et al, 1992).   
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These methods are ambiguous, time and material consuming and often give inconsistent results 
 (Etienne et al, 1990; Dryden et al, 1992). During the past two decades new characterization 
methods based an genomic typing and cellular biochemical analysis were used (Tenover et al, 
1994; Stoackes et al, 1994; Neumeister et al, 1995; Behme et al, 1996). This work compares 
between biochemical tests and gas liquid chromatography for characterization of six reference 
strains representing six different staphylococcal species. 

Materials and Methods 
Bacteria: 
 Six reference strains of different staphylococcal species were kindly supplied by Prof. 
Dr. Lammler, Department of Veterinary Medicine, University of Giessen, Germany. The 
reference strains comprise the following:  
 Staphylococcus aureus sp. aureus ( Cowan I ) 
 Staphylococcus homins (ATCC 27845) 
 Staphylococcus saprophyticus ( CCM 883 )  
 Staphylococcus hyicus (CCM 2368) 
 Staphylococcus intermedius (CF 17 Kloos) 
 Staphylococcus epidermidis (ATCC 14990) 
Bacteriological and biochemical tests: 

These were done by standard laboratory methods as described by Bergy's et al.(1986) and 
Cowan and Steel (1974).  
Gas Liquid Chromatographic Analysis: 

Gas liquid chromatographic analysis (GLCA) for determination of bacterial cellular fatty 
acids for each staphylococcal species was done according to the method of Heitefuss (1991) 
using a gas chromatograph type Prekin Elmer Sigma 2000, Germany equipped with type AS 
8400 auto sampler. Each bacterial sample was analyzed in triplicate. A commercial fatty acid - 
methyl ester mixture (Supelco 4-7080) which contains 27 different Methyl esters was used as a 
reference fatty acids marker. 
Statistical analysis: 

Statistical analysis using the Chi-Square test (P = 0.05) was done to compare between the 
numbers of known matched and unknown components of bacterial (LCFA). One way analysis of 
variance (ANOVA) (P = 0.05) was done to compare between the different means of total peak 
areas of the identified LCFA of the six staphylococcal strains.   

Results 
Bacteriological and biochemical tests: 

All staphylococcal species grew well in conventional bacteriological media. Results of 
the biochemical reactions are shown in Tables 1 and 2. They were recorded either as in 
agreement, controversial or contradicting with results when compared to standard reactions 
stated in Bergy's manual of systematic bacteriology (Bergy's et al, 1986). The results of 
biochemical reactions of S. aureus were in complete agreement (22/22 reaction) (100%) with 
results of different tests stated in Bergy's manual. S. hominis ranked second (21/22 reactions) 
(95.5 %), followed by S. saprophyticus, and S. intermedius (20/22 reactions each) (90.9 %) and  
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Table 1: Characteristics of six reference staphylococcal species on the basis of some 
biochemical reactions (growth and enzymes production  
 

S.intermedi
us 
 

S.hyicus S. saprophyticus S.hominis S. 
epidermidis 

S.aureus               Species     
Character 

+            + +      + +            + +       + +         + +        + Aerobic growth 
+           v 

+            + 
+       _ +           _ -w     + w       w+ +        + Haemolysis 
_        v _       _ _     _ _      _ +        + Coagulase 

+          v _     _ _       _  _          d  _            d +        + Clumping factor 
_      _ _     _ _       _ _     _ _     _ _     _ Cytochrome oxidase C 

+            + +      + +              + +       + +            + +        + Catalase 

+          + _       v +           + +       + +            + +w       + Urease 
+         + +      + _       _ _    _ +            + +        + Alkaline phosphatase 

  _    _ _       + +           +        vــ ___        + +        + Acetone production 
_      _ _     _ +           + _      _ _            + _     _ Novobiocin resistance 

_          + _           + v           + +      v _            + +w     + Pigments 
Key: characters on left side of columns are those obtained by the organisms of the study, on right side are those 
stated in Bergy,s manual of systematic bacteriology ; + = positive reaction ; _ = negative reaction ; d = doubtful 
reaction; v= variable 11-89 % of the strains are positive;w = weak reaction; +w = positive to weak; -w = negative 
to weak; (   ) = delayed 

 
 

Table 2: Characteristics of six reference staphylococcal species on the basis of some      
biochemical reactions (Acids production from carbohydrates).   

                                               
Key: Characters on left side of columns are those obtained by the organisms of this study. Characters on right side 
are those stated in Bergy,s manual of systematic bacteriology ; + = positive reaction ; -- = negative reaction ; d = 
doubtful reaction; v= variable 11-89 % of  the strains are positive; w = weak reaction; +w = positive to weak;  -w 
= negative to weak; (   ) = delayed reaction.         . 

 
 
 
 
 

S.intermedius 
 

S.hyicus S. 
saprophyticus 

S.hominis S.epidermidis S.aureus Character 

+           + +      + +           +        ++            +d +       + Glucose 

+         v 

_      _ 
+       + +        v _        v _         v +        + Lactose 

_     _ _     _ _     _  _            d _     _ D – Xylose 
+         _ _     _ _     _ _     _  _           d _     _ L Arabinose 
_      _ _     _ _     _ _     _ _      _ _     _ Cellobiose 
+         + +     + +           + +       + (+)       + +        + D - Fructose 
+          + +      + +         + v        + _           + +        + D Trehalose 

_      _ _    _ +             + +         + +             + +        + Maltose 
+   (+w)      +        + +       )+( +     (+) +w       + +        + Sucrose 

v       + _    _ v         + _      _ _            + +        + Manitol 
     +(+) +       + _          + (+)     _      ) +(w)+) +        + Mannose 
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S. hyicus (19/22 reactions) (86.3 %). The lowest agreement was observed with S. epidermidis 
reactions (17/22) (77.3 %). Two contradicting reactions were recorded for each of S. 
saprohyticus, and S. intermedius.  

For S. hominis only one and for S.hyicus three contradicting reactions were recorded. 
However, the number of controversial results which could be recorded as weak to positive, weak 
to negative, doubtful or variable reactions varied between the different species and ranged 
between 2-8 reactions. 
Gas chromatographic analysis (GCA): 

The results of GCA for detection of staphylococcal cellular long chain fatty acids 
(LCFA) are shown in Tables 3 and 4. Each bacterial species exhibited a characteristic 
chromatogram (Fig. 1). The number of matched components (identified fatty acids) ranged 
between 4 -11 components.  
 
Table 3: Number of known and unknown components and % total peak areas of long chain 
fatty acids of six reference strains of staphylococci.    

 
The percentage total peak areas for the identified fatty acids of each bacterial species 

ranged from 44.47 to 95.68 %. Ml3 M Tetradeconic acid and M3OH-Tetradecanoic acid (Myristie 
acid) are major components of S. auerus, S. homins, S. hyicus and S. epidermidis (range of total 
peak area from 10 to 24%). Heptadeconic acid represented approximately 34% of total peak area 
of S. epidermidis and S. hyicus. M. Hexadecanoic (Palmitoleic) acid represented 24.9% and 
84.45% of total peak area in S. saprophytic and S. intermedius, respectively. The % peak area of 
M. cis - 9- Hexa-decanoic acid (Palmitoleic acid) in S. saprophyticus was (22.97%). 
M.octadecanoic (Oleic acid) represented 10.73% of total peak area in S. hominis. Each other 
methylated fatty acid represents less than 5% of total peak area for the other staphylococcal 
species. Statistical analysis of the data showed that there were no significant differences (P>0.05) 
between the numbers of matched and unmatched components of the LCFA of the six 
staphylococcal reference  strains, however, significant differences (P< 0.01) were detected 
between the different means of  total peak areas of the identified LCFA of the compared six 
staphylococcal reference strains.   
  
 
 
 
 

Total peak 
areas 
(%) 

Number  of 
unmatched 
components 

Total peak 
areas 
(%) 

Number of 

matched 
components 

Bacterial 
species 

55.53±2.86 11 44.47±2.10 8 S.aureus  
34.73±1.78 5 65.37±3.78 4 S.epidermidis 
46.29±1.66 9 53.71±1.98 7 S.hominin 
23.88±1.58 6 76.12±4.10 11 S.saprophyticus 
28.01±1.48 6 71.99±2.39 6 S.hyicus 
4.32±0.18 4 95.68±5.78 8 S.intermedius 
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Table 4: Composition of cellular long chain fatty acids of six reference staphylococcal 
species as determined by gas liquid chromatography    

 

Methylated 
Fatty acid   

Retention 
time 
(minutes) 

% mean values of peak areas of long chain fatty acids 
S.aureus S.epidermidis S.hominis S.saprophyticus S.hyicus S.intermedius   

M.2-OH 
dodecanoic acid   

15.30 1.93±0.15 2.89±0.06 1.50±0.07 0.92±0.03 0.00 0.38±0.1 

M.3-OH-
Dodecanoic acid 

16.80 2.48±0.08 0.00 0.00 5.13±0.48 2.69±0.14 0.27±0.01 

M.Tetra-decanoic 18.50 0.00 0.00 4.47±0.3 1.31±0.25 9.55±0.74 1.77±0.13 
M.13-M-Tetra- 
decanoic acid  

18.70 10.65±0.30 12.51±0.19 24.16±2.1 1.83±0.16 11.24±0.6 1.44±0.10 

M.12-M-Tetra- 
decanoic acid 

19.50 1.95±0.14 0.00 1.39±0.17 2.09±0.09 2.44±0.16 0.80±0.02 

M.3-OH-Tenta- 
decanoic acid 

21.10 24.39±1.60 15.60±0.88 8.88±0.41 3.42±0.26 11.20±0.09 2.21±0.32 

M.14 -M-Petra- 
decanoic acid 

21.50 0.00 0.00 0.00 3.19±0.18 0.00 0.00

M.cis -9-Hexa- 
decanoic acid 

22.05 0.74±0.11 0.00 0.00 22.97±3.0 0.00 0.00

M-Hexa- 
decanoic acid 

23.00 0.918±0.05 0.00 2.51±0.08 24.92±2.9 0.00 8.75 

M-Hepta- 
decanoic acid 

24.40 0.00 34.24±2.90 0.00 4.02±0.45 34.3±0.17 1.52±0.05 

M-trans-9-Octa- 
decanoic acid 

0.00 0.00 0.00 0.00 6.28±0.20 0.00 0.00

M- Octa- 
decanoic acid 

0.79 0.00 0.00 10.73±1.4 0.00 0.00 0.00
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Fig. 1: Gas Chromatography Analysis for detection of staphylococcal cellular long chain fatty acids. 

Discussion 
 In this study we investigated the capacity of biochemical tests and GLC For 
differentiation of staphylococci at the species level using reference strains representing six 
different staphylococcal species of medical and veterinary importance. 

The twenty two biochemical reactions which were investigated in this study comprise the 
most important bacteriological and biochemical tests used routinely for differentiation of the 
different species of staphylococci. The results of the twenty two biochemical reactions for each 
of the six reference staphylococcal strains used in this study were compared to the results of the 
same species stated in Bergy's manual for systematic bacteriology (Bergy's et al, 1986). In 
general, the biochemical reactions of all investigated staphylococcal species, except that of S. 
aureus, gave either apparently contradicting or controversial results. The number of such 
reactions varied from one species to another. One contradicting character for S.hominis was 
found (fermentation of mannose). Two characters were found to be contradicting with characters 
mentioned in Bergy's manual for S.saprophyticus (haemolysis, mannose fermentation) and S. 
intermedius (pigmentation, arabinose fermentation).For S. hyicus three and for S. epidermidis 
five contradicting characters were recorded. 

A contradicting character may not be a really true condition since the definitions 
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mentioned in Bergy's  manual for systematic bacteriology for a positive (+), negative (-) or 
doubtful reaction" d" is loose and not highly specific and  allows  more than one interpretation. 
For example a positive or a negative reaction is defined as 90 % of strains of that species could 
give that specific reaction and a doubtful  reaction " d" means that 16 -84 % of the strains of that 
specific bacterial species could give positive reactions; a variable reaction (v) means that 11 -89 
% of the strains could give positive reactions. In other words a considerable percentage of the 
strains of the same bacterial species could give contradicting results. 

On the other hand, all the staphylococcal species of this study, except S. aureus,  gave 
controversial reactions with varying degrees. S. epidermidis recorded the highest number of such 
reactions (8/22) followed by S. hominis (7/22), S. saprophyticus (4/22), S. intermedius (2/22), 
and S. hyicus (2/22). The causes of controversy may be attributed to the interpretation of delayed 
reactions which may require of 1-2 weeks before reading final result. Weak positive or weak 
negative reactions are also difficult to judge by simple subjective macroscopic observation. 
Another possibility is simply due to strain variation because of biologic or genomic diversity 
within a specific bacterial species. The latter is specifically true for some coagulase negative 
staphylococci (Etienne et al 1988, Neumeister et al 1995). According to Bergy's et al (1986) the 
ideal features of an identification scheme may not always be possible particularly with genera or 
species that are not susceptible to being characterized by traditional biochemical or physiological 
tests. Etienne et al (1988) have concluded that the discrimination of staphylococci by the API 
Staph biochemical kit alone was not sufficient. For this reason and for the fact that there is a 
great biologic diversity among strains of staphylococci many authors have tried different 
schemes of identification or characterization and ended with different results (Etienne et al, 
1988; Dryden et al. 1992; Tenover et al, 1994; Neumeister et al, 1995; Behme et al, 1996). 

Since the early work of Abel et al (1963) who examined cellular fatty acids of 
enterobacteria by gas liquid chromatography, the pattern of cellular long chain fatty acids as a 
marker for characterization or identification of bacteria was used by many workers (Miller and 
Burger, 1985; Mianto et al, 1988; Heitefuss, 1991; Stoackes et al, 1996). In this study we used 
GLC analysis to differentiate between six species of staphylococci on the basis of differences in 
the pattern of cellular methylated long chain fatty acids (LCFA).We followed the protocol 
described by Heitefuss (1991) for saponification, methylation, extraction, neutralization and 
finally analysis using gas liquid chromatography. The results of this study showed that 12 
methylated LCFA could be identified in the six bacterial species. The types of identified LCFA, 
their retention time and percentage total peak area of the identified LCFA varied greatly among 
the different 6 species, thus giving a unique chromatogram for each staphylococcal species.The 
statistical analysis of the results have shown that the total amount of the identified (matched) 
LCFA rather than the number of the identified (matched) LCFA is the most important criterion 
for differentiation of staphylococcal species by GLC. An advantage of GLC analysis is that it is 
quick since a complete chromatogram of a bacterial isolate could be obtained within 24 hours 
compared to the biochemical tests which may take several days. 

Despite extensive computer assisted literature search during the past 20 years, little work 
concerning the use of GLC for characterization of staphylococci was found.Stoakes et al, (1994) 
reported a complete agreement of a microbial identification system (MIS) based on identification 
with GLC for cellular fatty acids and conventional bacteriological and biochemical tests in the 
identifying 87% of 413 staphylococcal isolates belonging to different species. He concluded that 
the overall performance of MIS is acceptable and can be used as alternative identification 
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method. Behme et al, (1996) applied a self limiting system combining whole cell fatty acids and 
results of 35 biochemical tests in the identification of 35 species of staphylococcus. He reported 
that this approach has resulted in a comprehensive table of biochemical tests results and fatty 
acids profile library which together provide a practical system for valid identification. 

In conclusion, we believe that our work has demonstrated that GLC analysis could be a 
quick and helpful tool in the differentiation of staphylococci at the species level, however, much 
work warranted to be done to detect the credibility of the system in differentiation between 
strains belonging to the same species. 
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