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Abstract 

The applicability of selected ion flow tube mass spectrometry, SIFT-MS, for the study 

of the quality of meat and meat products in comparison to conventional techniques 

(SPME-GC-MS) has been investigated. To this end, two different approaches were 

followed. The first was to study the release of aroma compounds after saliva addition to 

fermented sausages and the second, the application of SIFT-MS and SPME-GC-MS to 

the detection of chemical spoilage in retail meat (raw and cooked). The headspace (HS) 

concentration of volatile compounds was influenced by saliva addition to the fermented 

sausage. SIFT-MS obtained better correlations than SPME-GC-MS between compound 

release and their molecular weight, MW, and hydrophobicity properties. Saliva 

differentially affected the release of the compounds, suppressing the release of 

hydrophilic and low MW compounds and either having little effect or enhancing the 

release of hydrophobic and higher MW compounds. These results provide preliminary 

explanations of aroma perception during eating. In addition, SIFT-MS was able to 

detect differences in the same way as SPME-GC-MS in fresh beef meat during 

refrigerated storage, but the differences were hardly detectable in cooked meat. 

Therefore, SIFT-MS can be used as a fast monitor of lipid oxidation changes in retail 

meat packaged in high oxygen atmospheres.   

Keywords: volatile compounds, flavour, meat, fermented sausage, meat products, 

aroma compounds, SIFT-MS, GC-MS, SPME. 
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1. INTRODUCTION 

The identification and quantification of volatile compounds in meat and meat products 

is important because they can be used as quality markers. In this regard, the 

quantification of volatile components and their relationship to sensory meat 

characteristics can be used to classify the quality of fresh meat and meat products on the 

basis of their manufacturing process (storage conditions, short or long ripening 

processes) or formulation changes (fat, salt, etc.). For this, it is necessary to determine 

the volatile-aroma concentrations in the samples throughout the different storage times 

and processing conditions. This implies that there is a need of fast techniques for 

extraction, identification and quantification of volatile compounds.  

Generally, the study of volatile compounds in meat and meat products is carried out 

using chromatography techniques and selective mass spectrometry detection (GC-MS). 

However, GC-MS is not capable of analysing the release of volatiles from food in real 

time and needs previous extraction or collection of the volatiles from the sample. In the 

last few years the innovative selected ion flow tube mass spectrometry (SIFT-MS) 

analytical technique [1, 2] has been used to analyse the volatile organic compounds 

emitted by foods in real time [3, 4]. However, few analyses have focused on meat and 

meat products [5, 6, 7], but recently Olivares et al., [6] have investigated the 

correlations between SIFT-MS and GC-MS analyses of the volatiles emitted by 

fermenting sausages.  

Most food aroma studies are focused on the analysis of the headspace of foods, 

mainly by static systems and conducted under equilibrium conditions that represent the 

maximum possible concentration of each volatile compound in the nose space 

(orthonasal aroma). Currently, solid-phase micro-extraction (SPME) is the most widely 

technique used for the collection and study of the volatile compounds in the headspace 

of food samples [8]. 

However, it is known that the composition of volatiles released from food is different 

when it is sniffed than when it is eaten (orthonasal and retronasal aroma, respectively) 

[9]. Retronasal aroma perception is a dynamic process in which many factors such as 

mastication, mouth temperature, breath flow and salivation are involved. Saliva has an 

important impact on the release of volatile compounds because it dilutes the food, 

affects the pH and may cause compositional changes through the action of the enzymes 

present [9]. For this reason, aroma release during food consumption should best be 

studied by systems that simulate the retronasal process. 
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Among the thermodynamic parameters that affect flavour release, log P (indicator of 

hydrophobicity) has been described as a key parameter that influences the release of 

volatile compounds during mastication. However, most studies focusing on flavour 

release have been performed on relatively simple systems such as oil, oil in water 

emulsions, mixtures of sucrose and cyclamate, aqueous solution, etc, in order to 

facilitate the interpretation of results. With respect to meat products, Carrapiso [10] 

studied flavour release in sausages in which volatile compounds had been added. Only 

Flores & Olivares [11] determined the release of aroma compounds in a real meat 

matrix; however, SPME was used and no relationship between log P and 

hydrophobicity was found. 

In the present study, we focused on two different objectives involving the application 

of real time SIFT-MS measurements that can achieved rapid detection and 

quantification of complex mixtures of volatile compounds and the comparison of these 

analyses with parallel measurements using the conventional SPME-GC-MS technique. 

The first objective was to study the release of aroma compounds after saliva addition to 

fermented sausages, and the second objective involved the application of SIFT-MS to 

the detection of chemical spoilage in retail meat. These two objectives demonstrate the 

applicability of SIFT-MS to the study of the quality of meat and meat products.  

2. MATERIAL AND METHODS 

2.1. Meat samples 

Various meat and meat products have been analysed. The dry fermented sausages used 

for this study were manufactured under a slow fermentation process with a total drying 

time of 63 days [12]. At the end of the process, 9 sausages were sliced, vacuum packed 

and stored at -80°C before analysis.  

Beef steaks, muscle longissimus dorsi (LD), from three animals and two different 

suppliers were used.  Their LD muscle was sliced into uniform 1.5 cm thick steaks. 

Steaks were packed under Modified Atmosphere Packaging (MAP) (20%, CO2 and 

80% O2) and stored at 4°C. The steaks were sampled at 0, 2, 5, 8 and 12 days of storage. 

In addition, the steaks were cooked and grilled at 95°C for 2.5 min each side until they 

reached an internal temperature of 74°C, and then they were used for aroma analysis at 

0, 5 and 8 days. All the samples were vacuum packed and stored frozen at -80°C to 

await analysis.  
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2.2. SPME-GC-MS analyses 

The analysis of volatile compounds in the headspace (HS) of meat samples was done as 

described by Olivares et al [5]. The fermented sausages and beef meat were minced 

(crushed) in liquid nitrogen and 0.75 mg of antioxidant (butylated hydroxytoluene, 

BHT) was added. Then 5 g of the minced meat was weighted into a 10 mL volume vial. 

The vial was equilibrated and the volatile compounds were extracted by SPME using a 

85 µm carboxen/polydimethylsiloxane StableFlex fibre (CAR/PDMS SF, Supelco, 

Bellefonte, Pennsylvania, USA), as described Olivares et al., [5]. The volatile 

compounds were analyzed using a gas chromatograph (HP 7890A) equipped with a DB-

624 capillary column (J & W Scientific, Agilent Technologies, USA) and a HP 5975C 

mass selective detector (Hewlett Packard, Palo Alto, CA). Compound identification was 

achieved using the (NIST 05) mass spectral database library, linear retention (elution) 

indices [13] and authentic standards. Actually, the volatile compounds were analyzed in 

the Selective Ion Monitoring (SIM) mode in which a single m/z characteristic ion is 

used for quantification of each compound (Table 1). In this mode, the area described by 

the specific ion profile of each (eluted) compound is obtained and proper quantification 

was achieved using external standards. Thus, stock solutions of pure compounds were 

prepared in methanol and then serial dilutions were prepared. Each diluted sample was 

analysed and linear calibrations were constructed between the area described by the 

specific ion profiles and the concentrations of the compound in the diluted samples. The 

results were expressed in parts-per-million by volume, ppm, in the liquid solution. The 

HS of each sample was analyzed in duplicate. 

2.3. SIFT-MS analyses 

The quantification of the volatile compounds by SIFT-MS in the headspace of 

fermented sausages and beef samples was carried out using the method previously 

described by Olivares et al [5] using the identical SIFT-MS Profile 3 instrument 

(Instrument Science Limited, UK) with a flow tube diameter of 1 cm and reaction 

length of 4 cm. H3O+, NO+ and O2
+ ions were used as precursors for chemical ionisation 

and their count rates were in the range from 105 to 106 counts/second. The flow tube 

temperature was 26 ºC and flow tube pressure was 1.0 Torr. The multiple ion 

monitoring (MIM) mode was used to quantify specific volatile compounds [14, 15]. In 

this mode, the analytical mass spectrometer is rapidly switched between selected m/z

values of both the precursor ions and the characteristic product ions. The actual m/z
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values used in the present study are listed in Table 1. The known rate coefficients for 

the analytical reactions were then used to quantify the absolute HS concentrations of the 

compounds using the general method of quantification [14] accounting for ionic 

diffusion and mass discrimination [16]. The concentration of the HS water vapour was 

routinely measured for each sample, as described in [14], and used as an assurance of 

the quality of sampling. The measured absolute humidity was found to be in the range 

from 3.4% to 3.5% for raw meat samples and in the range from 2.9% to 3.1% for 

cooked meat samples. For the sausage samples the spread of the humidity was greater 

(2.0% to 4.7%) due to the variable fat content and dryness of the individual samples.  

For each measurement, 5 g of sample (sausage or beef) was weighted into a 15 mL 

vial, together with 0.75 mg of butylated hydroxytoluene (BHT) used as antioxidant. The 

emitted volatiles were allowed to develop in the HS of the sealed vial (initially purged 

with laboratory air) at 37 ºC for 1 hour. The air/volatile compounds were sampled 

directly by piercing the septum by a stainless steel needle connected directly to the 

SIFT-MS sampling line. The sample entered the helium carrier gas via a heated (70°C) 

capillary tube at a measured rate of 0.45 Torr L/s. A second needle pierced through the 

septum was used to maintain the pressure in the vial at atmospheric pressure by 

introducing laboratory air at a rate that balances the small loss rate due to the sampling 

into the SIFT-MS instrument. Data for each precursor ion were collected and integrated 

for a period of 200 seconds and the mean values over this sampling time were recorded. 

The results were then expressed in parts-per-billion by volume of the headspace, ppbv 

(nL of volatile compound per L of air). The headspace of the meat samples was 

analyzed in duplicate. The measuring order of the samples was randomised. 

2.4. Effect of saliva on the headspace concentration of volatile compounds 

The effect of artificial saliva on the volatile compounds concentrations in the HS of the 

fermented sausages was studied by both GC-MS and SIFT-MS. Artificial saliva was 

prepared according to Deibler and van Ruth [9] and was added together with the 

sausage sample in the vial (sample/saliva ratio 1:1). The GC-MS and SIFT-MS 

analytical procedures were the same as described previously for the sausage alone. The 

results obtained are expressed in ppbv (SIFT-MS) and ppm (GC-MS). Also, the HS 

volatile compounds concentrations are expressed as the ratio of the headspace 

concentration in the presence and absence of saliva (HS concentration with saliva/ HS 

concentration without saliva). A ratio of 1 indicates that the same concentration was 



7 

found both in the presence and absence of saliva. The headspace concentration ratio was 

correlated with the molecular weight (MW) and hydrophobicity (Log Kow: Log of 

octanol/water partition coefficient, calculated using EPI suite v 3.20 from U.S. EPA) of 

each volatile compound. 

2.5. Lipid oxidation 

Lipid oxidation in beef samples was determined using the thiobarbituric acid reactive 

substances (TBARS) method [17] using tricloroacetic acid instead of perchloric acid as 

the solvent. The results were expressed as mg malonaldehyde (MDA) per kg of meat. 

The lipid oxidation determinations were replicated three times and the results expressed 

as the mean of the replicates. 

2.6. Statistical analysis 

The effect of saliva addition on the HS volatile concentration measured by both 

techniques (SIFT-MS and SPME-GC-MS) was analyzed by analysis of variance 

(ANOVA). Differences between particular sample means were analysed according to 

Fisher’s least significant difference (LSD) test. Pearson correlation analysis was 

performed to correlate the results obtained in sausages by both techniques to MW and 

hydrophobicity (log Kow) of each compound. Also, in beef samples the results were 

correlated between both techniques and also to the oxidative status (TBARS values). 

The statistical software XLSTAT, 2009.4.03 (Addinsoft, Barcelona, Spain) package 

was used for these analyses.  

3. RESULTS AND DISCUSSION 

3.1. Comparison of SIFT-MS and SPME-GC-MS applied to fermented sausages.  

The use of GC-MS in the SIM mode enhances the sensitivity and reproducibility of the 

analysis of volatile compounds. Thus, the fermented sausages were analysed using 

SPME-GC-MS in the SIM mode, as indicated in Table 1, and the measured HS 

concentrations are indicated in Table 2, together with the results obtained using SIFT-

MS. The concentrations obtained using the two analytical techniques were very 

different, because SIFT-MS measures directly the HS concentration and SPME-GC-MS 

performs pre-concentration of the HS volatile compounds onto the SPME fibre. In this 

sense, while acetic acid and ethanol were the compounds found in highest abundance by 

SIFT-MS, propanal, hexanal and acid acetic were detected in highest abundance by 
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SPME-GC-MS. These differences are most probably due to the high affinity of 

CAR/PDMS fibre to acetic acid and aldehydes [18, 19]. 

Dry fermented sausages are meat products subjected to a ripening process where the 

volatile compounds are produced as a consequence of bacterial growth and biochemical 

processes. The intensity of these processes depends on the sausage composition, the 

water content available to support bacterial metabolism and the fat content for lipid 

auto-oxidation reactions, among other factors [12].  

The effect on the HS volatile compounds of artificial saliva addition to the sausage 

was also studied. As seen in Table 2, this produced a decrease in the HS concentration 

of most of the compounds measured by both techniques. However, several compounds 

were not significantly affected by saliva addition, including 2-pentanone, 2-heptanone, 

2-nonanone, octanal, hexanoic acid, 2-octenal and nonanal. Importantly, both SIFT-MS 

and SPME-GC-MS revealed that the HS concentration of the volatile compounds 

differed when artificial saliva was added to the sausages (Table 2).  

In addition, it was seen that the effect of saliva on the HS volatile compound 

concentration was a function of MW and hydrophobicity of the compounds (Log Kow; 

partition coefficient octanol/water). The ratio of the HS volatile concentration with and 

without saliva addition was represented as a function of both the MW and Log Kow

(Figure 1). In relation to MW, saliva addition significantly decreased the HS 

concentration of the lowest MW compounds such as ethanol (MW 46), propanal (58), 

carbon disulfide (76), and 2-butanone (72), whereas the concentrations in the HS of the 

higher MW compounds were either unaffected, as is the case for octanal (128), 2-

octenal (126), nonanal (142) and hexanoic acid (116), or even increased, as is the case 

for 2,4-decadienal (152) (Table 2). These results can be seen in Figures 1a and 1b (data 

obtained using SPME-GC-MS and SIFT-MS, respectively) where the ratio of the HS 

volatile concentration with and without saliva addition is equal or higher than 1, 

indicating that no reduction was detected due to saliva addition. Both techniques clearly 

revealed the effect of saliva addition, although the SIFT-MS data correlated better with 

MW (r = 0.9077, p < 0.0001) than did the SPME-GC-MS data (r = 0.5421, p < 0.0001). 

Significant correlations are also seen when comparing the effect of saliva and the 

hydrophobicity (log Kow); this is because saliva addition results in a decrease of the HS 

concentration of compounds with low Kow values (less hydrophobic compounds) and 

increases the HS concentration of the more hydrophobic compounds (Figures 1c and 1d 

for SPME-GC-MS and SIFT-MS analyses, respectively). Again, a better correlation is 
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seen for the SIFT-MS data (r = 0.8170, p < 0.001) than for the GC-MS data (r = 0.4656, 

p < 0.004). The better correlation obtained using SIFT-MS data is again because this 

technique measures the HS concentrations directly whereas the affinity of the 

compounds to the SPME fibre also varies. 

Saliva influences the volatility of some compounds when a food is chewed, because 

it dilutes the sample (food), affects the pH and may affect the binding aroma 

compounds through the action of the enzymes present [9]. In the present study, it was 

observed that the composition of the HS with the sausage alone (orthonasal aroma) 

differed when artificial saliva was added (simulation of retronasal aroma). In this sense, 

low MW and hydrophilic compounds dilute in the saliva and, as a consequence, the 

amount of volatile compound that may reach the olfactory receptors decreases during 

chewing. However, the opposite behaviour was observed for higher MW and 

hydrophobic compounds. Several authors have studied the release of volatile 

compounds from meat products. For instance, Flores and Olivares [11] reported that 

most of the compounds derived from bacterial metabolism and some lipid auto-

oxidation products showed a lower rate of release when saliva was added to dry 

fermented sausages. 

In summary, it is observed that the HS concentration of aroma compounds released 

by the sausages depends on artificial saliva addition. However, saliva is only one of the 

factors that affect the release of volatile compounds when eating food. Also involved 

are mouth temperature, mastication rate and breath flow [9]. The present experiments 

are a preliminary study of aroma perception during eating and further research by 

exploiting SIFT-MS for real-time studies of flavour release (direct nosespace analysis) 

would surely be very productive. 

3.2. Comparison of SIFT-MS and SPME-GC-MS applied to beef meat.  

The measurement of volatile compounds in fresh and cooked beef meat can be used as 

an index of quality. The storage of beef meat in MAP packages is a convenient practice, 

but the use of oxygen-rich atmospheres to preserve the typical red colour of the fresh 

meat accelerates oxidative reactions [20]. Therefore, the measurement of aldehyde 

compounds derived from the lipid oxidation phenomenon in storage meat can be used to 

follow the rancidity process.  

One of the most well known compounds derived from lipid oxidation reaction are 

hexanal and 2-heptenal. Thus, the measurement of these compounds in fresh and cooked 
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beef meat HS was carried out using both SIFT-MS and SPME-GC-MS. In Figure 2 can 

be seen the good correlation coefficients obtained between SIFT-MS and SPME-GC-

MS measurements of hexanal and 2-heptenal in fresh beef meat HS. As the storage time 

increased, an increase in the concentrations of aldehydes (hexanal and 2-heptenal) was 

observed in fresh beef meat, but the release of aldehydes was obviously lower after 

cooking. Therefore, the good correlations obtained between the HS concentrations as 

measured by the two techniques for fresh meat were not so good for the cooked meat 

(Figure 2).  

Generally, lipid oxidation is measured most widely using TBARS. Other methods 

are based on consumer panels, but they have the limitation of being subjective. The 

necessity for a fast reliable technique to measure the lipid oxidation and development of 

off-flavours in MAP beef meat can be solved using SIFT-MS. Therefore, the 

measurement of the aldehyde concentration in beef meat by both techniques (SIFT-MS 

and SPME-GC-MS) was correlated to the TBARS values obtained at each storage time. 

The results of the correlations are shown in Table 3 where it is seen that there are 

significant positive correlations between all the aldehydes and TBARS values in raw 

beef; only the measurement of acetaldehyde (by SPME-GC-MS) was not significant. 

This means that during storage of fresh beef there was a generation of the aldehydes and 

an increase in the TBARS values.  

However, the cooking of the beef meat produces a decrease in the number of 

significant correlations obtained. Only butanal, pentanal, hexenal, 2-heptenal and 2-

nonenal was there significant correlations between SIFT-MS and TBARS values, whilst 

in the case of SPME-GC-MS measurements, only hexenal, 2-hexenal, heptenal, 2-

heptenal, 2-octenal, nonanal and decanal were significantly correlated with TBARS. In 

addition, all the significant correlations obtained in cooked beef were also lower than 

those found in fresh beef. This can be partially due to the release of aldehydes during 

the cooking process as they take part in other aroma reactions [21]. In addition, other 

studies [22, 23] have focused on volatile compounds generated from microbial 

contamination in meat rather than in meat chemical spoilage as we have seen in the 

present study. Nevertheless, SIFT-MS was able to detect differences in the same way as 

does SPME-GC-MS in fresh beef meat during storage, but differences were hardly 

detected for cooked meat. Therefore, SIFT-MS can be used to monitor lipid oxidation 

changes as a fast measurement in retail meat packaged in high oxygen atmospheres.   
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CONCLUSIONS 

In conclusion, the usefulness of SIFT-MS to monitor volatile compounds generated in 

meat products, such as fermented sausages and meat chemical spoilage, has been 

confirmed and compared to SPME-GC-MS for this purpose. However, SPME-GC-MS 

was not able to perform the analysis in real time, because this needs previous extraction 

of the volatiles from the sample. In addition, the present manuscript shows that the HS 

concentration of volatile compounds was influenced by saliva addition to fermented 

sausage. SIFT-MS obtained better correlations than SPME-GC-MS between compounds 

released and their MW and hydrophobicity properties. Saliva differentially affected the 

release of the various compounds, suppressing the release of hydrophilic and low MW 

compounds and either having little effect or enhancing the release of hydrophobic and 

higher MW compounds. These results provide preliminary explanations of the aroma 

perception during eating. However, this research area would benefit from real time 

studies using SIFT-MS during mastication of various foods.  
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Table 1. Characteristics of the volatile compounds (molecular weight MW, 
hydrophobicity, Kow) analyzed by SIFT-MS and SPME-GC-MS analyses.  

Compound Log1

Kow

MW2
SIFT-MS3 SPME-GC-MS4

Precursor
 ion 

Product 
ion (m/z) LRI Ion SIM 

mode (m/z)
Acetaldehyde -0.17 44 H3O+ 45+81 466 45 
Propanal 0.33 58 NO+ 57 524 58 
Butanal 0.82 72 NO+ 71 622 44 
2-butenal 0.60 70 NO+ 69 -5 - 
Pentanal 1.31 86 NO+ 85 737 44 
2-pentenal 1.09 84 NO+ 83+114 - - 
Hexanal 1.8 100 NO+ 99 840 41 
2-hexenal 1.58 98 NO+ 97+128 904 41 
Heptanal 2.29 114 NO+ 113 940 70 
2-heptenal 2.07 112 NO+ 111+142 1010 56 
Octanal 2.86 128 NO+ 127 1044 43 
2-octenal 2.57 126 NO+ 125+156 1115 41 
Nonanal 3.3 142 NO+ 141 1149 57 
2-nonenal 3.06 140 NO+ 139+170 1221 41 
2,4-decadienal 3.33 152 NO+ 151 1392 81 
Decanal 3.76 156 NO+ 155 1254 43 
Ethyl acetate 0.86 88 NO+ 118 635 43 
Acetic acid 0.09 60 NO+ 90+108 726 60 
Butyric acid 1.07 88 H3O+ 89+107+125 895 60 
Hexanoic acid 1.92 116 H3O+ 117+135+153 1080 60 
Dimethyl disulphide 1.77 94 NO+ 94 768 47 
Hydrogen sulphide 0.23 34 H3O+ 35+53 - - 
Methanethiol 0.78 48 H3O+ 49+67+85 474 47 
Dimethyl sulphide 0.92 62 O2+ 62+80 531 62 
Carbon disulphide 1.94 76 O2+ 76 537 76 
Acetone -0.24 58 NO+ 88 530 58 
2-Butanone 0.26 72 NO+ 102 630 43 
2,3-Butanedione -1.34 86 NO+ 86 625 43 
2-Pentanone 0.75 86 NO+ 116 728 86 
2-Heptanone 1.75 114 NO+ 144 933 43 
2-Octanone 2.22 128 NO+ 158 1034 58 
2-Nonanone 2.71 142 NO+ 172 1139 43 
Methanol -0.63 32 H3O+ 33+51+69 - - 
Ethanol -0.14 46 H3O+ 47+65+83 506 31 
1-propanol 0.35 60 H3O+ 43 613 31 

1 Log Kow: Log of octanol/water partition coefficient (calculated using EPI suite v 3.20 from U.S. EPA). 
2 MW: Molecular weight. 
3 SIFT-MS: Precursor ion used for the quantification and product ion generated after ionization as described in Olivares 
et al., (2010a, 2011).  
4 GC-MS: LRI; Linear retention indices calculated for a DB-624 column, and ion used for the SIM mode. 
5 Not analyzed by SPME-GC-MS. 
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Table 2. Concentrations of volatile compounds in the headspace of fermented 
sausages (63d) by SIFT-MS and SPME-GC-MS-SIM in the absence and presence of 
saliva. 

Compound

GC-MS(ppm) SIFT-MS(ppbv) 

sausage sausage 
+saliva p-value1 sausage

sausage 
+saliva p-value

Ethanol 96.4 58.3 ** 408.6 108.8 ** 
Propanal 3468.1 2023.6 ** 99.0 25.0 *** 
Carbon disulphide 734.0 6.2 ** 102.8 35.7 *** 
1-propanol 1.1 1.0 * 180.2 64.0 ** 
Butanal 4.8 5.1 ns 20.1 6.8 *** 
2,3-butanedione 0.5 1.0 ns 12.3 7.0 ** 
2-butanone 18.4 2.1 *** 23.4 7.3 *** 
Ethyl acetate 3.3 1.5 ns 32.0 12.1 *** 
Acetic acid 2571.1 1064.8 ** 831.4 216.3 *** 
2-pentanone 0.4 0.3 ns 8.9 6.7 ns 
Pentanal 42.9 37.3 ns 38.5 19.5 *** 
Dimethyl disulphide 0.4 0.4 ns 8.4 4.6 * 
Hexanal 1463.5 990.2 *** 57.2 40.5 ** 
2-heptanone 14.7 11.9 ns 5.3 5.0 ns 
Heptanal 30.0 28.4 ns 25.0 11.8 *** 
2-heptenal 26.7 12.3 *** 31.9 19.0 ** 
2-octanone 0.6 0.9 *** 3.8 4.1 ns 
Octanal 34.3 31.7 ns 4.7 4.6 ns 
Hexanoic acid 207.9 204.8 ns 13.2 13.1 ns 
2-octenal 21.8 19.3 ns 3.9 4.6 ns 
2-nonanone 5.7 3.8 ns 2.9 4.8 ns 
Nonanal 14.3 13.1 ns 4.5 4.8 ns 
2-nonenal 5.2 4.1 * 3.7 5.1 ns 
2,4-decadienal 0.7 0.7 ns 1.3 2.1 * 

1 p value of saliva addition effect. ***: p<0.001, **: p< 0.01, *: p<0.05, ns: p>0.05. 
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Table 3. Pearson correlation coefficients between TBARS values and volatile 
compounds (aldehydes) obtained by SIFT-MS and SPME-GC-MS in raw and cooked 
beef meat during refrigerated storage. 

Compounds 
Raw beef Cooked beef 

r p-value r p-value 
SIFT-MS 
Acetaldehyde 0.827 < 0.0001 
Propanal 0.787 < 0.0001 0.333 0.245 
Butanal 0.742 < 0.0001 0.707 0.005 
2-butenal 0.710 < 0.0001   
Pentanal 0.839 < 0.0001 0.753 0.002 
2-pentenal 0.572 0.002   
Hexanal 0.803 < 0.0001 0.797 0.001 
2-hexenal 0.735 < 0.0001 0.211 0.451 
Heptanal 0.846 < 0.0001 0.050 0.864 
2-heptenal 0.932 < 0.0001 0.652 0.011 
2-octenal 0.759 < 0.0001 0.028 0.923 
Nonanal 0.920 < 0.0001 0.563 0.029 
2-nonenal 0.658 0.000 0.563 0.036 
Decanal 0.757 < 0.0001 0.435 0.105 
SPME GC-MS
Acetaldehyde 0.162 0.522   
Propanal 0.662 0.001 -0.674 0.008 
Butanal 0.757 0.000 -0.305 0.289 
Pentanal 0.749 0.000 -0.152 0.588 
Hexanal 0.787 < 0.0001 0.695 0.004 
2-hexenal 0.842 < 0.0001 0.569 0.034 
Heptanal 0.792 < 0.0001 0.529 0.042 
2-heptenal 0.838 < 0.0001 0.787 0.001 
2-octenal 0.808 < 0.0001 0.613 0.026 
Nonanal 0.826 < 0.0001 0.701 0.004 
2-nonenal 0.827 < 0.0001 0.386 0.614 
Decanal 0.852 < 0.0001 0.642 0.010 
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Fig. (1). Correlation of the HS concentration ratio after saliva addition as a function of 
the molecular weight (MW) and hydrophobicity (Log Kow) of the volatile compounds: 
a) and c) represent data obtained using SPME/GC-MS, b) and d) represent data 
obtained using SIFT-MS. The symbols in the figures represent the values for each 
volatile compound analyzed. Pearson's correlation coefficients, r, are also given. 

Fig. (2). Correlation of hexanal and 2-heptenal concentrations measured by SIFT-MS 
(ppbv) and SPME-GC-MS (Abundance units of the ion used for quantification as 
indicated in table 1; AU x 10-6) during beef refrigerated storage in raw and cooked beef. 
Supplier 1 (○) supplier 2 (∆). Filled and empty symbols represent the data obtained in 
raw and cooked beef, respectively. Pearson's correlation coefficients, r, are also given.  


