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A B S T R A C T   

Smen is a fermented Moroccan butter highly regarded for its unique flavor characteristics. For the first time, this 
study aimed to evaluate the suitability and complementary performance of purge-and-trap extraction (PTE) and 
solvent-assisted flavor evaporation (SAFE) extraction methods prior to gas chromatography–mass spectrome-
try–olfactometry (GC–MS–O) in order to characterize key compounds in Smen. According to the representa-
tiveness tests, both SAFE and PTE aromatic extracts gave satisfactory similarity and intensity scores and were 
representative aromatic extracts, being similar to the Smen reference odor. Thirty-four volatile compounds were 
identified in Smen including acids, alcohols, esters, and ketones. Aroma extract dilution analysis (AEDA) was 
applied to characterize potent odorants, and odor activity values (OAVs) were calculated to authenticate these 
compounds. Twenty-two and nineteen aroma-active compounds were revealed by SAFE and PTE methods, 
respectively, with flavor dilution (FD) factors ranging from 4 to 4096, and OAVs between 1 and 3359. Ethyl 
butanoate, ethyl lactate, ethyl hexanoate, butanoic acid, and hexanoic acid were the main potent odorants in 
Smen, producing fruity-rose, creamy-whey, overripe fruit, ripened cheese, and rancid buttery/soapy odors, 
respectively. Therefore, SAFE and PTE methods were not only representative, but also complementary for 
elucidating potent aroma compounds of Smen.   

1. Introduction 

Dairy products play an important dietary role through delivery of 
nutrients in different cultures worldwide. In Morocco, traditional dairy 
products are highly regarded by consumers because of their nutritional 
proprieties and organoleptic characteristics. Among these products, 
Smen is a fermented and salted Moroccan butter consumed primarily as 
a food additive and as an ingredient in processed foods. The production 
of Smen butter has been celebrated for over 12 centuries. It is a home-
made product fabricated especially to protect and store the butter for a 
long time and is used as a fundamental food ingredient (Benkerroum and 
Tamime, 2004). Nowadays, Smen is consumed mostly as a food additive. 
Its unique and pleasant aroma can improve the taste and flavor of some 
Moroccan meals (Tantaoui-Elaraki and El Marrakchi, 1987). Smen 
butter is traditionally manufactured by the following steps: i) preparing 
curdled milk through the spontaneous fermentation of cows’, goats’ or 
ewes’ raw milk, ii) separating the raw butter from the fermented milk by 

churning, iii) adding salt to the butter (approx. 8–10 g 100 g–1 of butter), 
and iv) ripening the resulting mixture under dark, anaerobic conditions 
(3–6 months) (Benkerroum and Tamime, 2004). 

Moroccan Smen butter is produced through enzymatic and chemical 
reactions (Benkerroum and Tamime, 2004; El Marrakchi et al., 1986; 
Tantaoui-Elaraki and El Marrakchi, 1987). Lipolysis is considered the 
main biochemical pathway resulting in organoleptic modifications 
during Smen ripening. Lipolysis can result principally from microbial 
lipases (Benkerroum and Tamime, 2004). The release of free fatty acids 
(FFAs) during the ripening period inhibits progressively Leuconostoc 
and Lactococcus bacteria, whereas Lactobacillus take over due to their 
ability to metabolize FFA (Tantaoui-Elaraki and El Marrakchi, 1987). 
These reactions have a major effect on the taste, aroma, and rheological 
characteristics of Smen (Benkerroum and Tamime, 2004). Short-chain 
(C4–C10), unsaturated (mainly oleic acid (C18: 1)), and saturated 
(C12–C20) FFAs are respectively released into the product in accordance 
with ripening time (Tantaoui-Elaraki and El Marrakchi, 1987). In 
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addition, chemical oxidation of milk lipids may make a smaller contri-
bution on Smen flavor, and may result in off-odors (Benkerroum and 
Tamime, 2004). 

Various techniques have been used for the isolation of the volatile 
compounds of butter, namely solid-phase microextraction (SPME) 
(Lozano et al., 2007), solvent-assisted flavor evaporation (SAFE) (Li 
et al., 2012), high-vacuum distillation (HVD) (Triqui and Guth, 2001), 
purge-and-trap extraction (PTE) (Povolo and Contarini, 2003), steam 
distillation (SD), and solid-phase extraction (SPE) (Adahchour et al., 
2005). Several researchers have tested different methods to determine 
which are most appropriate for the isolation of volatile compounds from 
butter samples and have reached different conclusions (Lozano et al., 
2007; Povolo and Contarini, 2003). Generally, in order to evaluate the 
quality of the extraction methods prior to instrumental analysis, a 
representativeness test of the aromatic extracts can be designed to 
ensure the representativeness of the applied extraction technique, 
providing an aromatic extract with a typical odor of the original product. 
SAFE and PTE are two techniques widely used for the extraction of 
aroma compounds in dairy products. SAFE is quite time consuming; 
nevertheless, it is an exhaustive, simple, and robust method of extracting 
volatile compounds that involves steam distillation under vacuum by 
solvent as well as a cold trap (liquid nitrogen) with the use of mild 
conditions (low thermal impact). These conditions reduce the risk of 
artifact formation or sample degradation during the extraction process 
(Costa et al., 2012; Engel et al., 1999). Overall, the high sensitivity of the 
SAFE method makes it more reliable for the identification of a broad 
spectrum of polar and less volatile compounds (Li et al., 2012), espe-
cially aroma-active compounds that may have low concentrations or low 
detection thresholds but have a strong potential impact on product 
aroma (Lozano et al., 2007). However, although the method has good 
reproducibility, some highly volatile compounds may be lost during 
pretreatment and/or concentration of the extract (Lozano et al., 2007). 

The PTE technique is considered a simple and reliable form of 
extraction for the purpose of identifying the main volatile compounds 
(Pillonel et al., 2002). It isolates the more volatile compounds, removing 
them from the sample using an inert gas such as nitrogen; the com-
pounds are retained and trapped onto an adsorptive phase (Costa et al., 
2012). 

Lozano et al. (2007) used two extraction methods SAFE and dynamic 
head space (DHS) for the extraction of aroma compounds from sweet 
cream butter. They showed that the SAFE technique was particularly 
suited for components having higher boiling points and hydrophobic 
properties in addition to those having lower concentrations but strong 
odor (Lozano et al., 2007). Li et al. (2011) showed the effectiveness of 
the SAFE method for the extraction of less volatile compounds without 
artifacts in comparison with SDE and SPME methods. Furthermore, PTE 
showed a higher extraction efficiency for several kind of compounds, 
especially for the highly volatile and smaller molecular weight com-
pounds, such as 2-nonanone and 2-heptanone, (Contarini and Povolo, 
2002; Mallia et al., 2005). Ultimately, selecting the most suitable 
extraction method for aroma compounds is critical for both the reli-
ability of the results and, in particular, for the analysis of aroma active 
compounds using GC–MS–olfactometry. 

The aroma of dairy products is an important parameter that signifi-
cantly affects consumer choice and satisfaction. The understanding of 
which aroma compounds comprise Smen is quite limited in the litera-
ture. So far, the general aroma groups of Smen have been studied by 
Iradukunda et al. (2018). There is also a study of Smen potent odorants. 
However, the researchers did not test the reliability of the extraction 
method before GC-olfactometry and determined only five potent odor-
ants in Smen: butanoic acid, pentanoic acid, hexanoic acid (FD ≥ 100) 
and ethyl isobutyrate and (Z)-4-heptenal (FD ≤ 10) (Triqui and Guth, 
2001). Therefore, our first objective is to compare and evaluate the 
suitability and complementary efficiency of the purge-and-trap extrac-
tion (PTE) and solvent-assisted flavor evaporation (SAFE) methods for 
the isolation of aroma compounds in a Smen sample. The second is to 

characterize the potent odorants of Smen using the application of aroma 
extract dilution analysis (AEDA) as an olfactometric approach with gas 
chromatography–mass spectrometry–olfactometry (GC–MS–O). Conse-
quently, to assess the impact of the potent odorants on the overall Smen 
aroma, odor activity values (OAVs) were calculated with quantitative 
measurements of odor threshold values. 

2. Material and methods 

2.1. Chemicals 

Diethyl ether, 4-nonanol (internal standard), anhydrous sodium 
sulfate, and sodium chloride were purchased from Merck (Darmstadt, 
Germany). Purified water was obtained from a Millipore-Q system 
(Millipore Corp., Saint-Quentin, France). The pure standard compounds: 
ethanol (96 %), 2-butanol (≥99.5 %), 3-methyl-2-butanol (98 %), 2-pen-
tanol (≥98 %), 3-methyl-1-butanol (98 %), 3-methyl-2-hexanol (98 %), 
2-heptanol (98 %), 2,3-butanediol (98 %), 1,3-butanediol (≥99 %), 2- 
heptanone (99 %), acetoin (99 %), 1-hydroxy-2-propanone (≥95 %), 
2-nonanone (≥99 %), ethyl butanoate (99 %), ethyl lactate (≥98 %), 
ethyl hexanoate (≥99 %), ethyl octanoate (≥98 %), ethyl decanoate 
(≥99 %), acetic acid (≥99.7 %), propanoic acid (≥99.5 %), isobutyric 
acid (≥99.5 %), butanoic acid (≥99 %), 3-methylbutanoic acid (99 %), 
hexanoic acid (≥99 %), heptanoic acid (≥99 %), octanoic acid (≥99 %), 
decanoic acid (≥99.5 %), DL-limonene (≥95.0 %), benzaldehyde (≥99.5 
%) and 3-methylphenol (≥99 %) were acquired from Sigma-Aldrich 
(Steinheim, Germany). 

2.2. Smen sample 

A traditional Moroccan Smen, was specially ordered from five 
different local farms in Fez, Morocco for this investigation in September 
2017. A representative sample was carefully selected from these tradi-
tional products according to a preliminary sensory analysis. Aroma 
profile analysis was performed to evaluate the orthonasal and retronasal 
odor attributes of the different Smen samples (Siefarth and Buettner, 
2014). Trained panelists with normal olfactory function participated in 
aroma analysis sessions (Section 2.4). To obtain accurate odor percep-
tion data during oral processing, systematic screening and training tests 
were conducted. 

Smen samples were produced according to traditional procedure, 
with some adjustments for increasing safety and quality. Smen was 
produced through the spontaneous fermentation of cow’s milk for two to 
three days. The curdled milk obtained undergoes a churning operation, 
and afterwards fat globules float to the surface and are isolated from the 
fermented milk (known as Lben). The butter isolated is then washed 
using a limited amount (10 %) of warm water to increase the coalescing 
of the butterfat and improve the yield of butter, which is subsequently 
salted (8 g/100 g) and mixed (Fig. 1). The mixture is stored in the dark 
under anaerobic conditions for more than three months. After this 
ripening period, Smen is attained as the final product. Smen samples 
were then stored under anaerobic conditions in a dark container and at a 
low temperature (− 20 ◦C) until analysis. 

2.3. Extraction of the aroma components of the fermented butter Smen 

The Smen sample was submitted to two extraction techniques: purge- 
and-trap extraction (PTE) and solvent-assisted flavor evaporation 
(SAFE). The two different aromatic extracts obtained from the Smen 
sample were submitted to the representativeness sensory test. 

2.3.1. Solvent-assisted flavor evaporation (SAFE) 
Firstly, the SAFE method was selected for isolating aromatic com-

pounds from Smen product. For the extraction of Smen aroma com-
pounds, 30 g of the Smen sample were dissolved in 80 mL of diethyl 
ether, then the mixture was stirred under nitrogen gas for 45 min at 4 ◦C. 
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The organic phase was slowly fed into the upper portion of the transfer 
head. The separation of the mixture occurred when content of the 
sample was dropped into the round bottom flask that was partially 
submerged in a warm (40 ◦C) water bath. The isolated volatile com-
pounds, transported from the separation head into a receiving vessel 
immersed in liquid nitrogen, were frozen and condensed due to the 
sudden drop in the temperature. After complete separation the receiving 
flask was removed and thawed for 30 min at room temperature. The 
extracts were reduced to 5 mL using a Kuderna-Danish concentrator, and 
then concentrated to less than 0.2 mL under a gentle stream of nitrogen. 
The SAFE experimental procedures and extract concentration have been 
detailed in our previous papers (Amanpour et al., 2015; Sarhir et al., 
2019b) and the processes were executed in triplicate. 

2.3.2. Purge-and-trap extraction (PTE) 
The PTE system consists of removing the volatile compounds from a 

sample by using purified nitrogen gas attached to a splitter system to 
distribute the nitrogen to six conduits with a controlled flow (500 mL/ 
min). The Smen sample (10 g) was weighed and deposited into a vial 

that was covered using a crimp cap with a septum. Oxygen was removed 
from the vial headspace with nitrogen. Samples were pre-incubated for 
15 min at the optimized purging temperature (36 ◦C). The removal 
process was completed over 90 min. The volatile compounds were 
trapped on Lichrolut EN (200 mg) (Merck, Darmstadt, Germany) and 
were eluted using a gentle flow rate of diethyl ether (12 mL). After 
dehydration by anhydrous sodium sulfate, the aroma extract was 
concentrated to 200 μL as in Section 2.3.1. 

2.4. Sensory evaluation of the Smen and its extracts 

Odor attributes of the Smen sample and its extracts obtained by the 
PTE and SAFE methods were evaluated by sensory analysis. Eight 
trained panelists from (5 males and 3 females aged between 26 and 50 
years old) with fundamental knowledge and experience in sensory 
analysis and GC–O techniques were recruited. The assessors were with 
no dental diseases, did not suffer rhinitis and were non-smokers (Pu 
et al., 2020). They were familiarized with the sample to allow recogni-
tion and identification of the Smen odor attributes. 

Fig. 1. Traditional Smen processing.  
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A cardboard smelling strip (reference 7140 BPSI, Granger-Veyron, 
Lyas, France) was used to evaluate the representativeness of the SAFE 
and PTE aromatic extracts. Smelling strips have been employed in pre-
vious studies and led to the reporting of favorable results for the 
representativeness test of saffron (Amanpour et al., 2015) and banana 
fruit (Pino and Febles, 2013). A Smen sample (10 mL) was used as a 
reference and placed in a brown, coded cup for the representativeness 
test. After a necessary time for solvent evaporation (approximate 1 min), 
the aromatic extracts were dropped on cardboard smelling strips and 
introduced into two different brown coded flasks (25 mL). Preparation 
of smelling strips was completed in 15 min, and the samples were pre-
sented to assessors at room temperature. Diethyl ether is very volatile. 
After evaporation, no panelists perceived the odor of the solvent. All 
extracts were assessed at room temperature (25 ◦C). 

2.4.1. Representativeness test of the aromatic extract 

2.4.1.1. Similarity and intensity tests. Olfactory tests were performed to 
evaluate the closeness between the odors of the Smen sample and its 
aroma extracts. In the similarity test the panelists compared the SAFE 
and PTE odor extracts with the Smen reference sample. They determine 
how similar the extracts were to the Smen sample, placing their answers 
on an unstructured scale of 100 mm. The positions of the SAFE and PTE 
samples on the unstructured scale were read as the distance in milli-
meters along the scale from lowest similarity to the reference (0 mm) to 
highest similarity to the reference (100 mm). Moreover, an unstructured 
scale of 100 mm was used, anchored on the right with “very strong 
odor’’ and on the left with “no odor’’ to assess the intensity of each odor 
attribute relative to the reference (Smen). Further details are found in 
our previous paper on Lben odor (Sarhir et al., 2019a). 

2.4.2. Descriptive sensory analysis 
Nine common descriptors were assigned by the panelists to the odor 

of the Smen samples, including cheesy, whey, goat/soapy, milk, rancid, 
creamy, buttery, floral, and fruity. The eight experts received the Smen 
sample (reference) and its two aroma extracts obtained from the SAFE 
and PTE methods, and they were required to evaluate their odor prop-
erties and judge the consistency of the above-mentioned nine descriptors 
on an unstructured scale of 100 mm. During descriptive analysis, the 
panelists rated their scores using a 100-mm scale ranging from 0 “weak 
odor” at the left side to 100 “strong odor” at the right side. 

The odor intensity corresponded with the scores on the scale given by 
each panelist. The average values were calculated in millimeters and 
visualized using a spider diagram. 

2.5. GC–FID and GC–MS–olfactometric analyses 

An Agilent 6890 chromatograph coupled with an Agilent 5973 
Network Mass Selective Detector (MSD) (Wilmington, DE), a flame 
ionization detector (FID) (Wilmington, DE), and a Gerstel ODP-2 (Lin-
thicum, MD) sniffing port supplied with humidified air at 40 ◦C were 
connected to the GC. The FID and injector temperatures were regulated 
at 270 ◦C and 280 ◦C, respectively. For the SAFE and PTE extracts, 3 μL 
were injected in pulsed splitless (40 psi; 0.5 min) mode. The oven 
temperature was programmed to increase from 50 ◦C to 250 ◦C at a rate 
of 4 ◦C/min and maintained at 250 ◦C as a final hold for 10 min. Carrier 
gas (helium) flow rate was 1.5 mL/min. Mass spectra in electron ioni-
zation mode were acquired at an ionization energy of 70 eV, and the MS 
was set in scan mode (mass range m/z 30–300). The GC–MS interface 
and ionization source were regulated at 250 and 180 ◦C, respectively. 
The volatile compounds were identified on the basis of their mass 
spectra on the same capillary column (DB-Wax), odor notes, and 
retention indices (RIs) in comparison with those supplied by Wiley 6, the 
NIST 98 database, and an in-house library created from our previous 
laboratory works. The retention times of a linear series of n-alkanes 

running under the same chromatographic conditions were used to 
calculate the retention indices (RIs) of the volatiles detected. The con-
centrations of the volatile compounds were calculated by the internal 
standard method with 4-nonanol (41.5 mg/kg). The ratio of peak area 
was corrected with response factors of each compound, and response 
factors were calculated from the intensity ratio of each compound to 4- 
nonanol. This internal standard is stable, not present in samples, well 
separated, and shows a retention time close to most of the analytes 
identified in this study. Subsequently, the mean values of the triplicate 
GC analyses were calculated. 

2.6. Aroma extract dilution analysis (AEDA) 

Aromatic extract was evaluated by GC–MS–olfactometry using two 
trained sniffers. To undertake the analysis, each 200-μL concentrated 
Smen extract was stepwise diluted by the addition of diethyl ether at 1:1 
(v/v). The dilutions used in GC–MS–O experiments were 2, 4, 8, 16, 32, 
64, 128, 256, 512, 1024, 2048, and 4096-fold. Furthermore, each 
sample of the dilution series was analyzed by GC–O. The sniffing 
continued until no aroma could be detected at the sniffing port. The 
flavor dilution (FD) factor of an odorant corresponded to the last dilu-
tion at which the odor was still perceivable (Grosch, 1994). 

2.7. Odor activity values (OAVs) determination 

Potent odorants of Smen represent the aroma components with a 
very high OAV, meaning their concentrations in the Smen sample were 
greater than their odor threshold (OT) values. OAVs were determined 
from a ratio between aroma compound concentration and odor 
threshold, as reported in the literature (Amanpour et al., 2019). 

2.8. Statistical analysis 

The statistical treatments were performed using the SPSS 22 software 
package (Chicago, IL). Results were presented as means with standard 
deviations of three measurements (mean ± SD), and significant differ-
ences between values were analyzed using ANOVA, with 95 % confi-
dence (p-value ≤ 0.05). The sensorial data analysis including descriptive 
analysis, similarity and intensity tests, were subjected to Student’s t-test. 
Data from aroma components were analyzed utilizing multivariate sta-
tistical techniques to simplify discussion of the data from GC–MS. 

3. Results and discussion 

3.1. Sensory analysis 

3.1.1. Odor profiles of Smen sample, SAFE extract, and PTE extract 
For odor profile evaluation, nine odor descriptors selected in a pre-

liminary session for describing the Smen sample and its SAFE and PTE 
extracts were evaluated by the eight sensory assessors. The spider graph 
(Fig. 2) illustrates that the cheesy, buttery, goat/soapy, rancid, creamy, 
and fruity descriptors were most commonly used to describe the odor of 
the Smen sample and its extracts, followed by the milk, whey, and floral 
descriptors. Moreover, the SAFE and PTE odor profiles were near to each 
other and their aroma extracts are similar to that of the reference 
product (Smen). The score for every odor attribute was similar for the 
extracts and smen sample. According to ANOVA, no significant odor 
descriptor differences were observed between the SAFE extract, PTE 
extract, and reference sample (p < 0.05). 

3.1.2. Similarity and intensity results 
The similarity and intensity scores are presented in Table 1. Both 

methods were used to isolate the aroma compounds of Smen for the first 
time and gave representative aromatic extracts and satisfactory simi-
larity (SAFE =80.25 mm; PTE =75.63 mm) and intensity (SAFE =83.38 
mm; PTE =76.78 mm) scores on smelling strips using the 100-mm 
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unstructured scale. The results obtained from both extraction methods 
were nearly identical, and no significant statistical differences were 
found (p < 0.05). Based on the SAFE and PTE similarity and intensity 
scores, the results were quite reasonable in comparison with similar 
studies on dairy products (Li et al., 2012; Lozano et al., 2007; Majcher 
et al., 2018; Povolo and Contarini, 2003). According to the results ob-
tained from the representativeness tests, both aroma extraction methods 
are suitable for characterizing the aroma of Smen. 

3.2. Volatile composition of Smen sample 

Table 2 demonstrates the volatile compounds expressed as mean 
values (mg/kg) ± SD of the Smen sample obtained using the SAFE and 
PTE methods, their odor thresholds (OTs) and odor activity values 
(OAVs). In total, 27 and 30 aroma compounds were identified by the 
PTE and SAFE extraction techniques, respectively. Of these, 23 were 
common between both methods and included aldehydes (1), alcohols 
(5), acids (9), esters (5), and ketones (3). Among these compounds, DL- 
limonene, 3-methylphenol, 2-butanol, 3-methyl-1-butanol, 2-phenox-
yethanol, 1-hydroxy-2-propanone and isobutyric acid were identified 
only in SAFE extract, whereas 2-isopropyl-1,3-dioxolane, 3-methyl-2- 
hexanol, 4-methyl-2-pentanol, and 3-methyl-2-butanol were detected 
only in PTE extract. The main compounds that provided the pleasant 
aroma characteristic of Smen are the results of a biological and/or 
biochemical conversions of proteins, lipids, lactose, and citrate meta-
bolism (Bertuzzi et al., 2018; Chen et al., 2017). The total amount of 
aroma compounds in Smen was 770 and 332 mg/kg by using SAFE and 
PTE methods, respectively. 

3.2.1. Carboxylic acids 
Carboxylic acids with a concentration of 607 mg/kg and 199 mg/kg 

represented 78.79 % and 60.13 % of the overall aroma components in 
SAFE and PTE extracts, respectively (Fig. 3), and showed the highest 

Fig. 2. Aroma profiles of Moroccan Smen reference and their PTE and 
SAFE extracts. 

Table 1 
Odor intensity and Similarity scores of PTE and SAFE extracts and Smen sample 
(100-mm unstructured scale).  

Extraction method Similarity scaling (mm)* Intensity scaling (mm)* 

SAFE 80.3a 83.4b 

PTE 75.6a 76.8b 

Smen (reference) 100 100 
p-value 0.347 0.262  

* The same superscript letter means there is no significant difference (with 95 
% confidence (SPSS 22)). 

Table 2 
Concentration of volatile compounds (mean ± SD mg.kg− 1) of Smen butter 
obtained by SAFE and PTE extraction methods combined with GC–MS, their 
odor thresholds and odor activity values.    

Concentration 
(mean values ±
SD)c  

OAVse 

No RIa Aroma 
compoundsb 

SAFE PTE OT 
(mg/ 
kg)d 

SAFE PTE  

Alcohols      
1 931 Ethanol 16.0 

±

0.29 

8.40 
±

0.16 

4.51 3.54 1.86 

2 1019 2-Butanol 8.64 
±

0.15 

nd nd nd nd 

3 1124 3-Methyl-2- 
butanol 

nd 2.69 
±

0.05 

nd nd nd 

4 1142 2-Pentanol 2.41 
±

0.07 

2.43 
±

0.06 

nd nd nd 

5 1163 4-Methyl-2- 
pentanol 

nd 13.0 
±

0.18 

nd nd nd 

6 1216 3-methyl-1- 
butanol 

1.34 
±

0.02 

nd 0.300 4.45 nd 

7 1331 3-Methyl-2- 
hexanol 

nd 1.02 
±

0.03 

nd nd nd 

8 1332 2-Heptanol 1.52 
±

0.03 

1.16 
±

0.04 

0.070 21.8 16.6 

9 1545 2,3-Butanediol 11.1 
±

0.21 

10.7 
±

0.29 

11 1.00 0.97 

10 1578 1,3-Butanediol 36.2 
±

0.13 

21.1 
±

0.78 

nd nd nd 

11 2144 2-Phenoxyethanol 1.27 
±

0.48 

nd nd nd nd   

Total 78.4 
±

1.38 

60.4 
±

1.59     
Ketones      

12 1187 2-Heptanone 5.04 
±

0.14 

14.4 
±

0.05 

0.140 36.0 103 

13 1320 Acetoin 8.48 
±

0.15 

6.08 
±

0.16 

0.800 10.6 7.60 

14 1326 1-Hydroxy-2- 
propanone 

1.29 
±

0.01 

nd nd nd nd 

15 1394 2-Nonanone 2.05 
±

0.02 

2.56 
±

0.05 

0.041 50.0 62.5   

Total 16.9 
±

0.32 

23.1 
±

0.26     
Esters      

16 1010 Ethyl butanoate 14.2 
±

0.40 

9.39 
±

0.08 

0.180 791 522 

17 1312 Ethyl lactate 28.7 
±

0.24 

17.5 
±

0.51 

0.067 425 259 

18 1238 Ethyl hexanoate 11.8 
±

0.03 

16.8 
±

0.34 

0.005 2362 3359 

19 1642 Ethyl decanoate 3.09 
±

0.06 

1.73 
±

0.04 

0.023 134 75.3 

20 1463 Ethyl octanoate 0.194 23.4 10.4 

(continued on next page) 
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amounts among the aroma groups. The carboxylic acids are obtained 
from the degradation of triglycerides during the ripening period of 
butter; this degradation is a result of the enzymatic activities of micro-
bial lipolytic flora (Triqui and Guth, 2001). As shown in Table 2, greater 
amounts of these compounds were extracted by the SAFE method. 
Similarly, the SAFE and PTE methods were compared in regard to the 
aroma determination of a Gruyere-type cheese, and it was noted that 
SAFE was more efficient in the extraction of carboxylic acids than PTE 
(Schlichtherle-Cerny et al., 2006). Among the ten carboxylic acids 
identified, nine were common to both SAFE and PTE extraction tech-
niques. Butanoic, hexanoic and acetic acids were the predominant acids, 
followed by pentanoic, octanoic, propanoic, decanoic, heptanoic, and 
3-methylbutanoic acids. The majority of these compounds have already 
been reported previously as the principal carboxylic acids in Smen 
samples (Iradukunda et al., 2018), butter (Li et al., 2012; Lozano et al., 
2007), yogurt (Cheng, 2010), and cheese (Medjoudj et al., 2018) 
samples. 

3.2.2. Alcohols 
Alcohols were the second predominant group detected in the Smen 

samples (Fig. 3). These compounds are biosynthesized from many 
metabolic pathways, including glycolysis, and catabolism of amino 
acids, (Cheng, 2010), and degradation of linoleic and linolenic acids 
(Delgado et al., 2010). Like carboxylic acids, a greater amount of alcohol 
compounds was extracted by the SAFE method (78.4 mg/kg) than the 
PTE method (60.4 mg/kg). Eight alcohol compounds were identified, 
and five of them (2-heptanol, 1,3-butanediol, 2-pentanol, 2,3-butane-
diol, and ethanol) were in both extracts. Most of these compounds 
were reported in other dairy products (Bergamini et al., 2010; Cheng, 
2010; Li et al., 2011). Among the alcohols, 2-butanol, 3-methyl-1--
butanol, and 2-phenoxyethanol were identified only in the SAFE ex-
tracts. These compounds have been previously detected in cheese 
(Bergamaschi and Bittante, 2018). 

3.2.3. Esters 
Ethyl butanoate, ethyl lactate, ethyl hexanoate, ethyl decanoate, and 

ethyl octanoate were identified by the two different isolation methods. 
The total amount of esters was 62.4 mg/kg and 47.4 mg/kg using the 
SAFE and PTE methods, respectively. Ethyl hexanoate was identified in 
Smen in a previous study (Iradukunda et al., 2018) as well as in butter 
(Lozano et al., 2007; Povolo and Contarini, 2003). The other ester 
compounds identified in the Smen sample were also detected in different 
types of cheese (Delgado et al., 2010; Medjoudj et al., 2018; Van Leuven 
et al., 2008). Some of these ester compounds have very low detection 

Table 2 (continued )   

Concentration 
(mean values ±
SD)c  

OAVse 

No RIa Aroma 
compoundsb 

SAFE PTE OT 
(mg/ 
kg)d 

SAFE PTE 

4.53 
±

0.02 

2.01 
±

0.04   
Total 62.4 

±

0.75 

47.4 
±

1.01     
Carboxylic acids      

21 1450 Acetic acid 26.3 
±

0.24 

6.87 
±

0.23 

nd nd nd 

22 1538 Propanoic acid 1.21 
±

0.02 

0.78 
±

0.01 

0.100 12.1 7.76 

23 1568 Isobutyric acid 1.95 
±

0.04 

nd 0.300 6.48 nd 

24 1628 Butanoic acid 493 ±
0.59 

161 ±
1.40 

0.204 2418 791 

25 1664 3-Methylbutanoic 
acid 

1.52 
±

0.01 

0.73 
±

0.02 

0.033 46.2 22.0 

26 1731 Pentanoic acid 3.00 
±

0.01 

2.15 
±

0.03 

0.280 10.7 7.69 

27 1854 Hexanoic acid 70.3 
±

0.77 

25.6 
±

0.67 

0.035 1974 718 

28 1960 Heptanoic acid 2.15 
±

0.04 

0.62 
±

0.10 

nd nd nd 

39 2047 Octanoic acid 3.08 
±

0.03 

0.85 
±

0.01 

0.910 3.38 nd 

30 2281 Decanoic acid 3.88 
±

0.12 

0.54 
±

0.01 

nd nd nd   

Total 607 ±
1.87 

199 ±
2.48     

Terpene      
31 1205 DL-Limonene 1.82 

±

0.03 

nd 0.200 9.11 nd  

Aldehyde      
32 1530 Benzaldehyde 1.09 

±

0.04 

0.70 
±

0.02 

0.350 3.11 2.01  

Pyran      
33 1854 2-Isopropyl-1,3- 

dioxolane 
nd 0.59 

±

0.01 

nd nd nd  

Phenol      
34 2129 3-Methylphenol 2.76 

±

0.08 

nd nd nd nd  

General total 770 ± 
4.47 

332 ± 
5.37     

a RI: retention indices calculated using retention times of n-alkanes run under 
the same chromatographic condition. 

b Compounds identified according to RI (retention index), MS (mass spectral), 
STD (chemical standard). 

c Concentration: means values ± standard deviation of three repetitions (mg/ 
kg). 

d OT: odor threshold in water (Boonbumrung et al., 2001; Du et al., 2011, 
2010; Karagül-Yüceer et al., 2003; Pino and Mesa, 2006); nd: not determined. 

e OAV: odor activity value, ratio of compound concentration to its odor 
threshold value. 

Fig. 3. Classes and percentages of the major volatile compounds in the Smen 
butter identified using SAFE and PTE methods. 
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threshold values and, therefore, these compounds are readily detectable 
even at small concentrations, providing fruity and floral odor notes 
(Curioni and Bosset, 2002). 

3.2.4. Ketones and aldehyde 
Acetoin, 2-heptanone, and 2-nonanone were the ketones identified in 

both methods, while 1-hydroxy-2-propanone (1.29 mg/kg) was identi-
fied only in the SAFE extract (Table 2). Ketones are generally described 
as essential components of the aroma compounds in dairy products. In 
this butter, 2-heptanone was quantitatively the main ketone and 
exhibited a higher amount in the PTE extract (14.1 mg/kg) than in the 
SAFE extract (5.04 mg/kg), and its amounts are related to the lipolytic 
activity of lactic microflora (Bergamini et al., 2010). 

Acetoin (3-hydroxy-2-butanone) was the second predominant ketone 
and was found in both the SAFE and PTE extracts; it gives a buttery odor 
note to dairy products and can be generated either from the reduction of 
diacetyl by the enzyme diacetyl reductase or from the conversion of 
lactose, pyruvate, or citrate by means of lactic acid bacteria (Bergamini 
et al., 2010; Cheng, 2010; Medjoudj et al., 2018). Benzaldehyde was the 
only aldehyde identified; its concentrations in the SAFE and PTE sam-
ples were 1.09 and 0.70 mg/kg, respectively. Benzaldehyde is an aro-
matic aldehyde produced from the reaction of methylglyoxal with amino 
acids (Curioni and Bosset, 2002) and has been identified in different 
dairy products, such as yogurt (Cheng, 2010) and cheeses (Delgado 
et al., 2010; Van Leuven et al., 2008). 

3.2.5. Other compounds 
3-Methylphenol was identified exclusively in the SAFE extract. This 

volatile was similarly identified in goat milk using the SAFE technique 
(Siefarth and Buettner, 2014). With a concentration of 1.82 mg/kg, 
DL-limonene as a terpene was only extracted using SAFE. It had already 
been previously identified in Smen (Iradukunda et al., 2018) and cheese 
samples (Zabaleta et al., 2016). Terpenes originate from the plants found 
in forage mixture foods for grazing animals (Sulejmani et al., 2014) and 
are eventually converted into milk then dairy derivatives. 2-Isopropyl-1, 
3-dioxolane as a pyran was identified only by the PTE method and 
extracted with a low concentration (0.59 mg/kg). 

3.3. Identification of the aroma-active components in Smen by GC–O 
using AEDA 

The potent odorants of Smen, their odor descriptions, and the FD 
factors are presented in Table 3. The AEDA approach revealed 22 and 19 
aroma active compounds in the SAFE and PTE extracts, respectively, 
with FD factors ranging from 4 to 4096 and odor activity values (OAVs) 
from 1 to 3359. The differences observed concerning the type of potent 
odorants and their FD factors were because of the diversity in the 
compounds’ concentrations and their odor thresholds (Table 2). Of the 
previous studies on Smen, only one was performed on aroma-active 
compounds using olfactometry analysis, which only identified buta-
noic and hexanoic acids as aroma-active components (Triqui and Guth, 
2001). However, in this study, the aroma-active compounds of Smen 
were investigated extensively. Table 3 shows the differences between 
the SAFE and PTE extracts. The SAFE extract contained more potent 
odorants than the PTE extract, and the aroma-active compounds 
detected using SAFE had higher FD factors. The highest FD factors were 
assigned to butanoic acid and ethyl hexanoate (FD = 4096), hexanoic 
acid (FD = 2048), and ethyl butanoate (FD = 1024) in the SAFE extract 
and ethyl hexanoate (FD = 4096), butanoic acid (FD = 2048), hexanoic 
acid (FD = 1024), and ethyl butanoate (FD = 1024) in the PTE extract. 
The most important aroma-active category in the Smen product was 
carboxylic acids (7), followed by esters (5), alcohols (5), and ketones (3). 
Most of the identified aroma active compounds of Smen have also been 
found in cheese (Zabaleta et al., 2016) and fermented milk (Li et al., 
2011). GC–O revealed seven and five different carboxylic acids in the 
SAFE and PTE extracts, respectively (Table 3). Carboxylic acids were 

characterized by strong odor notes and described by fatty, rancid but-
tery, ripened cheese, whey-flowery, cheesy-musty, rancid buttery, and 
soapy odor notes. Most of these components are prevalent as potent 
odorants in goat milk (Siefarth and Buettner, 2014) and cheese (Zaba-
leta et al., 2016). Among all the acids, butanoic acid (FDSAFE: 4096, 
FDPTE: 2048) and hexanoic acid (FDSAFE: 2048, FDPTE: 1024) were the 
main aromatic compounds in Smen, providing ripened cheese, soapy, 
and rancid buttery notes, respectively. OAVs of these acids were found 
as OAVSAFE: 2418 and OAVPTE: 791 for butanoic acid and OAVSAFE: 1974 
and OAVPTE: 718 for hexanoic acid (Table 2). These aroma-active 
compounds were also detected in unsalted butter (Li et al., 2020). 

Esters comprised the second major aroma active compounds group 
identified in both Smen extracts (SAFE and PTE). Ethyl butanoate 
(fruity-rose), ethyl lactate (creamy-whey), ethyl hexanoate (overripe 
fruit), ethyl octanoate (floral), and ethyl decanoate (fruity-pear) were 
the important esters identified that contribute to the overall odor of 
Smen. Most of the compounds identified as aroma-actives in this study 
were similarly detected in the cheese and milk of ewes’ milk cheese 
(Zabaleta et al., 2016) and fermented camel milk (Li et al., 2011). 
Generally, ethyl esters are formed after a ripening period and originate 
principally from dairy microorganisms and/or from esterification, 
which contributes to the pleasant, sweet floral and fruity odor notes 
typically found in cheese (Liu et al., 2004). Ethyl butanoate (FD: 1024) 
and ethyl hexanoate (FD: 4096) possessed similar FD values in both the 
SAFE and PTE extracts, while ethyl lactate, ethyl decanoate, and ethyl 
octanoate had higher FD values in the SAFE extract compared to the PTE 
extract (Table 3). The most powerful aroma-active compound was ethyl 
hexanoate, providing strong overripe fruit aroma notes. The OAVs of 
ethyl hexanoate were 2362 for SAFE and 3359 for PTE (Table 2). 

Alcohols was also an important group identified in the Smen sample. 

Table 3 
Aroma-active compounds identified in Smen by SAFE and PTE extraction 
methods, their odor descriptions and FD factors.  

No RIa Aroma-active Groups Odor 
descriptionsb 

Flavor 
Dilution 
Factorc      

SAFE PTE 

1 867 Unknown Unknown Sweet-caramel nd 128 
2 931 Ethanol Alcohol Floral- 

medicine 
16 8 

3 1010 Ethyl butanoate Ester Fruity-rose 1024 1024 
4 1187 2-Heptanone Ketone Cheesy-nutty 256 512 
5 1205 DL-Limonene Terpene Citrusy 64 nd 
6 1216 3-Methyl-1- 

butanol 
Alcohol Floral-fresh 

cheesy 
32 nd 

7 1312 Ethyl lactate Ester Creamy-whey 1024 512 
8 1238 Ethyl hexanoate Ester Overripe fruit 4096 4096 
9 1320 Acetoin Ketone Buttery- 

creamy 
64 64 

10 1332 2-Heptanol Alcohol Fatty-oily 256 128 
11 1394 2-Nonanone Ketone Milky 128 256 
12 1463 Ethyl octanoate Ester Floral 256 128 
13 1530 Benzaldehyde Aldehyde Almond-nutty 64 64 
14 1538 Propanoic acid Acid Fatty 128 64 
15 1545 2,3-Butanediol Alcohol creamy 32 32 
16 1568 Isobutyric acid Acid Rancid buttery 64 nd 
17 1578 1,3-Butanediol Alcohol Musty-wet 8 4 
18 1628 Butanoic acid Acid Ripened 

cheese 
4096 2048 

19 1642 Ethyl decanoate Ester Fruity-pear 512 256 
20 1664 3-Methylbutanoic 

acid 
Acid Whey-flowery 256 128 

21 1731 Pentanoic acid Acid Cheesy-musty 64 32 
22 1854 Hexanoic acid Acid Rancid 

buttery-soapy 
2048 1024 

23 2047 Octanoic acid Acid cheesy goat 16 nd  

a RI retention indices on DB-WAX column. 
b Odor description: odor smelled at the sniffing port. 
c FD factor: Flavor dilution factor on DB-Wax column. 
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Biosynthesis of aroma alcohols involves many metabolic pathways: 
degradation of lactose, methyl ketone reduction, lipolysis, proteolysis, 
and linoleic and linolenic acids lysis (Delgado et al., 2010). 2-Heptanol 
(fatty-oily), ethanol (floral-medicine), 2,3-butanediol (creamy), and 1, 
3-butanediol (musty-wet) were the four aroma-active alcohols detec-
ted by both the SAFE and PTE methods, while 3-methyl-1-butanol 
(floral-fresh cheesy) was detected only using SAFE. Among the alco-
hols, 2-heptanol (FDSAFE: 256, FDPTE: 128 and OAVSAFE: 21.8, OAVPTE: 
16.6) was the most potent odorant in the Smen odor. This alcohol was 
also identified as a key odorant in ewes’ raw milk commercial cheeses 
(Zabaleta et al., 2016). 

Three ketones (2-heptanone, acetoin, and 2-nonanone) and one 
aldehyde (benzaldehyde) were identified as odor-active compounds in 
the Smen butter. The odor-active ketones have been observed in 
different ripened cheese products (Curioni and Bosset, 2002). 2-Hepta-
none (FDSAFE: 256, FDPTE: 512) and 2-nonanone (FDSAFE: 128, FDPTE: 
256) were the main ketones based on the FD factors. Majcher et al. 
(2018) stated that 2-nonanone and 2-heptanone are responsible for 
mold-ripened cheese odor (Majcher et al., 2018). Another important 
ketone detected by GC–MS–olfactometry in the Smen samples was 
acetoin, providing a buttery-creamy odor. The FD factor of acetoin was 
64 in both extracts, with OAVs of 10.60 in the SAFE extract and 7.60 in 
the PTE extract. Acetoin is among the common potent odorant com-
pounds in butter and cheese products (Delgado et al., 2011; Zabaleta 
et al., 2016) that provides a buttery, sweet, and creamy odor similar to 
diacetyl. Acetoin has an important effect on dairy products that could be 
due to its low perception threshold (Bergamini et al., 2010). 

Benzaldehyde (FDSAFE and PTE: 64) was the only common aldehyde 
found in both methods; it provides a typical bitter almond odor note. In 
addition, DL-limonene (FD = 64, OAV = 9.11) was detected as a terpene 
compound in the SAFE extract. These compounds were previously 
revealed in ewes’ raw milk commercial cheeses using SAFE (Zabaleta 
et al., 2016). Furthermore, one unknown (RI = 867) compound was 
detected with a high FD (128) only during the GC–MS–O analysis of the 
PTE extract, providing a sweet, caramel note to the Smen aroma 
(Table 3). 

3.4. Esters and their biosynthesis in ripened Smen 

Quantitatively and qualitatively, esters and carboxylic acids were the 
most abundant chemicals in the Smen samples. Ethyl butanoate, ethyl 
lactate, ethyl hexanoate, butanoic acid, and hexanoic acid were identi-
fied as the main potent odorants in this product (FD ≥ 1024). Carboxylic 
acids and esters present an integral part of the Smen aroma range and 
play a main role in flavor balance. 

Lipids in dairy products play vital roles in aroma synthesis. More-
over, milk fat is considered a source of fatty acids, which contribute 
directly or indirectly to the ripened matrix through their catabolism to a 
range of aroma compounds. The hydrolysis of triacylglycerides to car-
boxylic acids and other compounds (lipolysis) may be important for 
flavor formation in Smen. Hydrolysis of the glycerides present in milk fat 
occurs by the action of indigenous, endogenous, and exogenous lipases, 
liberating glycerol, diglycerides, and monoglycerides in addition to 
short and intermediate chain free fatty acids (FFAs) (McSweeney, 2004). 

Generally, FFAs between C4:0 and C12:0 have a specific and 
considerable odor impact (e.g., rancid, sharp, goaty, soapy, etc.). Buta-
noic and hexanoic acids provide the ripened cheese and rancid buttery- 
soapy odor attributes in Smen. The intensity of the odor depends pri-
marily on the concentration, pH, presence of certain cations (Na+, 
Ca2+), and distribution between two phases, aqueous and fat. Intensive 
lipolysis is undesirable and may contribute to rancidity (Singh et al., 
2003). The primary biochemical processes underlying the formation of 
FFAs are followed and overlapped by a host of secondary trans-
formations. Furthermore, the FFAs act as precursor molecules for a se-
ries of secondary catabolic reactions, and they can be converted 
enzymatically and/or microbiologically into a sequence of metabolites 

responsible for the aspects of texture and aroma through compounds 
such as esters, methyl ketones, lactones, aldehydes, alkanes, and sec-
ondary alcohols (Bertuzzi et al., 2018). FFAs are involved in several 
types of reactions and act as precursors for a variety of aroma com-
pounds, thus creating varieties of ripened dairy matrices (Fig. 4). 

Methyl ketone components derived from FFA metabolism are first 
synthesized through the β-oxidation of FFAs to β-ketoacids, which are 
then decarboxylated to corresponding methyl ketones. It is also pre-
sumed that ketones can be generated by heating milk or from the 
esterification of β-ketoacids (Singh et al., 2003). Moreover, secondary 
alcohols are formed through the enzymatic conversion of methyl ke-
tones by reductase enzymes (Bertuzzi et al., 2018). 

Similarly, lactones are cyclic compounds resulting from the meta-
bolism of FFAs. They are synthesized by the intramolecular esterifica-
tion of hydroxyl fatty acids, which are incorporated in milk fat, originate 
from the δ oxidation system in the mammary gland of ruminants, and 
are released by a heating process or enzymatic lipolytic activities and 
microbial activities, although the formation of ketones is limited by the 
presence of water and heating. In Smen, no lactone was detected due to 
the absence of water (Bertuzzi et al., 2018; Liu et al., 2004). The most 
common lactones in dairy products are γ- and δ-lactones, which are 
formed from the corresponding γ- and δ-hydroxy fatty acids (Collins 
et al., 2003), although polyunsaturated fatty acids are particularly prone 
to oxidation reactions and lead to the development of different 
straight-chain aldehydes (Bertuzzi et al., 2018). 

Regarding esters, they constitute a major group of aroma-active 
compounds in Smen and common aroma components in dairy prod-
ucts. Their biosynthesis is generally associated with esterification and 
alcoholysis reactions. Alcoholysis is essentially a transferase mechanism 
in which fatty acyl groups from acylglycerols and acyl-CoA derivatives 
are directly transferred to alcohols. Liu et al. (2004) demonstrated that 
in aqueous media, the yield of ester biosynthesis by means of alcoholysis 
is significantly higher than that obtained by esterification (Liu et al., 
2004), although in a lower water activity media, both esterification and 
alcoholysis may contribute to ester formation. 

The esterification mechanism resulting in the formation of esters 
occurs between short- to medium-chain fatty acids and alcohols in the 
presence of an esterase enzyme (catalyzer). Ethanol is well-known to 
exist in ripening dairy products like Smen. Nevertheless, alcohol avail-
ability and water activity are the two limiting factors for ester formation 
(Collins et al., 2003). 

The fruity odors provided by esters may reduce the sharpness aroma 
associated with high concentrations of carboxylic acids and amines; 
however, high levels of esters cause an undesirable odor, which may be 
due to the synthesis of extra ethanol by starter bacteria (Liu et al., 2004). 
Generally, lipases and esterases can originate from milk and starter 
bacteria. Their activities have been located intracellularly and detected 
in cell-free extracts of different Lactococcus and Lactobacillus species 
(Collins et al., 2003). Milk lipase is reported to be more active than 
starter lipases. It appears to hydrolyze the fat selectively: milk lipases act 
on triglycerides while starter lipases, such as Lactococcus lipases, seem to 
be active mostly on monoglycerides and diglycerides (Singh et al., 
2003). 

4. Conclusion 

Using the SAFE and PTE extraction methods, the aim of this study 
was the detailed characterization and investigation of the volatile profile 
and most aroma-active compounds of the Moroccan fermented-salted 
“Smen” butter. Although there are slight insignificant differences be-
tween the SAFE and PTE representativeness results, both techniques can 
be applied for the analysis of potent odorants. When the volatile profile 
was examined, it was determined that carboxylic acids were very 
dominant in the Smen sample. By the application of olfactory analysis 
coupled with AEDA, a total of 23 odor-active compounds were identified 
containing one unknown compound. Ethyl hexanoate, butanoic acid, 
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hexanoic acid and ethyl butanoate were determined as the most 
powerful compounds of Smen, making the most significant contribu-
tions to the generation of the typical Smen aroma. Therefore, compre-
hensive data on the aroma quality of Smen is offered through this 
research, including information on aroma profile and potent odorants 
that has not been reported previously. Additional investigations 
including the influence of storage duration and temperature on the 
aroma-active compounds of Smen will be later evaluated in the second 
part of our study. 
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lazur, a polish mold-ripened cheese. J. Agric. Food Chem. 66, 2443–2448. https:// 
doi.org/10.1021/acs.jafc.6b04911. 

Mallia, S., Fernández-García, E., Bosset, J.O., 2005. Comparison of purge and trap and 
solid phase microextraction techniques for studying the volatile aroma compounds 
of three European PDO hard cheeses. Int. Dairy J. 15, 741–758. https://doi.org/ 
10.1016/j.idairyj.2004.11.007. 

McSweeney, P.L.H.H., 2004. Biochemistry of cheese ripening. Int. J. Dairy Technol. 57, 
127–144. https://doi.org/10.1111/j.1471-0307.2004.00147.x. 

Medjoudj, H., Aouar, L., Zidoune, M.N., Hayaloglu, A.A., 2018. Proteolysis, 
microbiology, volatiles and sensory evaluation of Algerian traditional cheese 
Bouhezza made using goat’s raw milk. Int. J. Food Prop. 20, S3246–S3265. https:// 
doi.org/10.1080/10942912.2017.1375515. 

Pillonel, L., Bosset, J.O., Tabacchi, R., 2002. Rapid preconcentration and enrichment 
techniques for the analysis of food volatile. A review. LWT - Food Sci. Technol. 35, 
1–14. https://doi.org/10.1006/fstl.2001.0804. 

Pino, J.A., Febles, Y., 2013. Odour-active compounds in banana fruit cv. Giant 
Cavendish. Food Chem. 141, 795–801. https://doi.org/10.1016/j. 
foodchem.2013.03.064. 

Pino, J.A., Mesa, J., 2006. Contribution of volatile compounds to mango (Mangifera 
indica L.) aroma. Flavour Fragr. J. https://doi.org/10.1002/ffj.1703. 

Povolo, M., Contarini, G., 2003. Comparison of solid-phase microextraction and purge- 
and-trap methods for the analysis of the volatile fraction of butter. J. Chromatogr. A 
985, 117–125. https://doi.org/10.1016/S0021-9673(02)01395-X. 

Pu, D., Duan, W., Huang, Y., Zhang, Y., Sun, B., Ren, F., Zhang, H., Chen, H., He, J., 
Tang, Y., 2020. Characterization of the key odorants contributing to retronasal 
olfaction during bread consumption. Food Chem. https://doi.org/10.1016/j. 
foodchem.2020.126520. 

Sarhir, S.T., Amanpour, A., Bouseta, A., Selli, S., 2019a. Key odorants of a Moroccan 
fermented milk product “Lben” using aroma extract dilution analysis. J. Food Sci. 
Technol. 56, 3836–3845. https://doi.org/10.1007/s13197-019-03854-y. 

Sarhir, S.T., Amanpour, A., Selli, S., 2019b. Characterization of ayran aroma active 
compounds by solvent- assisted flavor evaporation (SAFE) with gas chromatography 
– mass spectrometry – olfactometry (GC–MS–O) and aroma extract dilution analysis 
(AEDA) characterization of Aryan aroma activ. Anal. Lett. 0, 1–15. https://doi.org/ 
10.1080/00032719.2019.1594244. 

Schlichtherle-Cerny, H., Gauch, R., Imhof, M., 2006. Analysis of Gruyere-type cheeses by 
purge and trap GC-MS and solvent assisted flavour evaporation GCO/MS. 
Developments in Food Science. Elsevier, pp. 289–292. https://doi.org/10.1016/ 
S0167-4501(06)80069-5. 

Siefarth, C., Buettner, A., 2014. The aroma of goat milk: seasonal effects and changes 
through heat treatment. J. Agric. Food Chem. 62, 11805–11817. https://doi.org/ 
10.1021/jf5040724. 

Singh, T.K.K., Drake, M.A.A., Cadwallader, K.R.R., 2003. Flavor of Cheddar cheese: a 
chemical and sensory perspective. Compr. Rev. Food Sci. Food Saf. 2, 166–189. 
https://doi.org/10.1111/j.1541-4337.2003.tb00021.x. 

Sulejmani, E., Hayaloglu, A.A.A., Rafajlovska, V., 2014. Study of the chemical 
composition, proteolysis, volatile compounds, and textural properties of industrial 
and traditional Beaten (Bieno sirenje) ewe milk cheese. J. Dairy Sci. 97, 1210–1224. 
https://doi.org/10.3168/jds.2013-7092. 

Tantaoui-Elaraki, A., El Marrakchi, A., 1987. Study of Moroccan dairy products : Iben 
and smen. MIRCEN J. Appl. Microbiol. Biotechnol. 3, 211–220. https://doi.org/ 
10.1007/BF00933574. 

Triqui, R., Guth, H., 2001. Potent odorants in" Smen", a traditional fermented butter 
product. Eur. Food Res. Technol. 212, 292–295. https://doi.org/10.1007/ 
s002170000257. 

Van Leuven, I., Van Caelenberg, T., Dirinck, P., 2008. Aroma characterisation of Gouda- 
type cheeses. Int. Dairy J. 18, 790–800. https://doi.org/10.1016/j. 
idairyj.2008.01.001. 

Zabaleta, L., Gourrat, K., Barron, L.J.R., Albisu, M., Guichard, E., 2016. Identification of 
odour-active compounds in ewes’ raw milk commercial cheeses with sensory defects. 
Int. Dairy J. 58, 23–30. https://doi.org/10.1016/j.idairyj.2016.01.018. 

S.T. Sarhir et al.                                                                                                                                                                                                                                

https://doi.org/10.1016/j.foodchem.2011.03.115
https://doi.org/10.1016/j.foodchem.2011.03.115
https://doi.org/10.1007/s10068-019-00647-z
https://doi.org/10.1007/s10068-019-00647-z
https://doi.org/10.1016/j.idairyj.2004.02.010
https://doi.org/10.1016/j.idairyj.2004.02.010
https://doi.org/10.1021/jf071075q
https://doi.org/10.1021/acs.jafc.6b04911
https://doi.org/10.1021/acs.jafc.6b04911
https://doi.org/10.1016/j.idairyj.2004.11.007
https://doi.org/10.1016/j.idairyj.2004.11.007
https://doi.org/10.1111/j.1471-0307.2004.00147.x
https://doi.org/10.1080/10942912.2017.1375515
https://doi.org/10.1080/10942912.2017.1375515
https://doi.org/10.1006/fstl.2001.0804
https://doi.org/10.1016/j.foodchem.2013.03.064
https://doi.org/10.1016/j.foodchem.2013.03.064
https://doi.org/10.1002/ffj.1703
https://doi.org/10.1016/S0021-9673(02)01395-X
https://doi.org/10.1016/j.foodchem.2020.126520
https://doi.org/10.1016/j.foodchem.2020.126520
https://doi.org/10.1007/s13197-019-03854-y
https://doi.org/10.1080/00032719.2019.1594244
https://doi.org/10.1080/00032719.2019.1594244
https://doi.org/10.1016/S0167-4501(06)80069-5
https://doi.org/10.1016/S0167-4501(06)80069-5
https://doi.org/10.1021/jf5040724
https://doi.org/10.1021/jf5040724
https://doi.org/10.1111/j.1541-4337.2003.tb00021.x
https://doi.org/10.3168/jds.2013-7092
https://doi.org/10.1007/BF00933574
https://doi.org/10.1007/BF00933574
https://doi.org/10.1007/s002170000257
https://doi.org/10.1007/s002170000257
https://doi.org/10.1016/j.idairyj.2008.01.001
https://doi.org/10.1016/j.idairyj.2008.01.001
https://doi.org/10.1016/j.idairyj.2016.01.018

	Fingerprint of aroma-active compounds and odor activity values in a traditional Moroccan fermented butter “Smen” using GC–M ...
	1 Introduction
	2 Material and methods
	2.1 Chemicals
	2.2 Smen sample
	2.3 Extraction of the aroma components of the fermented butter Smen
	2.3.1 Solvent-assisted flavor evaporation (SAFE)
	2.3.2 Purge-and-trap extraction (PTE)

	2.4 Sensory evaluation of the Smen and its extracts
	2.4.1 Representativeness test of the aromatic extract
	2.4.1.1 Similarity and intensity tests

	2.4.2 Descriptive sensory analysis

	2.5 GC–FID and GC–MS–olfactometric analyses
	2.6 Aroma extract dilution analysis (AEDA)
	2.7 Odor activity values (OAVs) determination
	2.8 Statistical analysis

	3 Results and discussion
	3.1 Sensory analysis
	3.1.1 Odor profiles of Smen sample, SAFE extract, and PTE extract
	3.1.2 Similarity and intensity results

	3.2 Volatile composition of Smen sample
	3.2.1 Carboxylic acids
	3.2.2 Alcohols
	3.2.3 Esters
	3.2.4 Ketones and aldehyde
	3.2.5 Other compounds

	3.3 Identification of the aroma-active components in Smen by GC–O using AEDA
	3.4 Esters and their biosynthesis in ripened Smen

	4 Conclusion
	Funding
	Declaration of Competing Interest
	References


