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Abstract The objective of the study was to develop opti-

mum Headspace-Solid Phase Microextraction (HS-SPME)

conditions for determining volatile compounds of mar-

garine. The effects of fiber type, extraction temperature,

extraction time on extraction rates of 2,3 butandione,

dimethyl disulfide, nonanal, butanoic acid, hexanoic acid,

octanoic acid, c-nonalactone, d-decalactone, total area and

number of volatile compounds were investigated. A

response surface methodology was applied using three

independent variables such as fiber type, extraction tem-

perature and extraction time. The fiber type, extraction

temperature and extraction time were arranged with Box–

Behnken design. The results shows that extraction temper-

ature and extraction time affect both total area and number

of volatile compounds but fiber type effect total area of

volatile compounds. The optimum HS-SPME conditions

were determined as 47.54 �C extraction temperature and

33.63 min extraction time using DVB/CAR/PDMS fiber

type.

Keywords SPME � Optimization � Response surface

methodology � Margarine � Volatile compounds

Introduction

Margarine was invented by Me‘ge Mourie‘s in 1896 as an

alternative to butter, also to fullfill the need for butter

which has limited supply (Laia et al. 2000; Liu et al. 2010).

In early years margarines were formulated from animal fats

but today margarines are produced from vegetable oils.

Table margarines, bakery margarines, specialized puff

pastry margarines and low calorie spreads take place in the

margarine product range (Laia et al. 2000). Margarine has

an increasing production and consumption around the

world so margarine has become a significant food item.

Nowadays, margarines are produced by adding butter

aroma to be a better substitute of butter, since aroma is one

of the important criterions of consumer acceptability of

margarine. To determine volatile compounds of foods

various sample preparation methods have been used such

as high vacuum steam distillation, simultaneous distilla-

tion–extraction, steam distillation under reduced pressure,

purge and trap (Mondello et al. 2005). These methods are

time consuming and laborious. Solid phase microextraction

(SPME) was developed in 1989 by Pawliszyn as a rapid

sample preparation technique (Pawliszyn 1997; Peña et al.

2008). SPME has been the most popular approach for

volatile compounds analysis and it has a lot of advantages

compared to traditional techniques. SPME has high sensi-

tivity, low cost, solvent-free extraction, provide quantifi-

cation of a large number of volatiles with low detection

limits, extraction and concentration take place in one step

and it needs small sample volume (Arthur et al. 1992;

Lanças 2003; Zhu and Chai 2005; Pinho et al. 2006;

Rodrigues et al. 2008; Charry-Parra et al. 2011). In SPME,

volatile compounds are adsorbed from sample matrix onto

a fused-silica fiber coated with polymeric phase by head-

space (HS) extraction (Pellati et al. 2005). Type of fiber,

extraction temperature, pH, stirring speed, sample volume,

extraction time and ionic strength are the factors related to

SPME. Among these factors type of fiber, extraction tem-

perature and extraction time are important for volatile

compound analysis. These parameters are dependent on
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compound properties and matrix characteristics (Roberts

et al. 2000; Rega et al. 2003; Pawliszyn 2009). In most of

the studies some of these parameters are evaluated sepa-

rately. Evaluation of these parameters separately is time

consuming and interactions between factors are not

investigated. Response surface methodology (RSM)

explores many explanatory variables and their interactions

on the response variables and reduces number of experi-

ments. RSM has been widely used in optimization of

conditions and processes (Rodriguez-Bencomo et al. 2012).

Moreover, RSM has been successfully applied for the

optimization of SPME conditions. Well-balanced extrac-

tion rate and sensitivity can be obtained by optimized

extraction conditions (Balasubramanian and Panigrahi

2011; Ma et al. 2013). In previous studies, the volatile

compounds of margarine, butter and cream were investi-

gated using SPME. On the other hand SPME conditions

were not optimized in these studies and fiber type,

extraction temperature, extraction time were varied

(Adahchour et al. 1999; Povolo and Contarini 2003;

Adahchour et al. 2005; Lozano et al. 2007; Chen et al.

2010; Kurtovic et al. 2011; Shiota et al. 2011). Therefore,

the optimization of SPME conditions for volatile com-

pounds of margarin would be useful.

The aim of this study was to optimize HS-SPME method

for analysis of volatile compounds of margarine with butter

aroma. The effect of HS-SPME conditions namely fiber

type, extraction temperature and extraction time were

evaluated by using Box–Behnken design.

Materials and methods

Samples

Margarine samples obtained from Sana, Unilever were

used for optimization of the SPME method. Margarine with

butter aroma was prepared by adding butter aroma mixture

(Aromsa, Inc.) at 0.82% (w/w) level. Margarine samples

were stored at 4 �C up to 1 week prior to analyses.

Solid phase microextraction

Extraction of volatile compounds was carried out using

SPME fibers with manual SPME holder. The SPME fibers

were purchased from Supelco (Bellefonte, PA, USA), a

stableflex fiber core coated with 50/30 lm divinylben-

zene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS),

65 lm polydimethylsiloxane (PDMS/DVB) and 85 lm
carboxene/polydimethylsiloxane (CAR/PDMS). All fibers

were conditioned prior to analysis according to the

instructions of the manufacturer by insertion into GC

injector port.

Samples were prepared by weighing 10 g of margarine

into 40 ml flat bottom vials and 1 ll 2,3-pentandione was

added as internal standard. The vial was sealed with a

Teflon coated silicone septum. Vials were placed on a

block heater and fiber was exposed to the headspace of the

margarine sample at a specified temperature (30–50 �C) for
a specified time (20–40 min).

Gas chromatography–mass spectrometry (GC–MS)

analysis

GC–MS analysis was performed using a Hewlett-Packard

(HP) 6890 GC/HP 5973 MS (Agilent Technologies). The

volatiles were separated on a fused silica capillary column

DB-WAX (60 m 9 0.25 mm, 0.50 lm film thickness,

Agilent Technologies). Thermal desorption of the volatiles

from the fiber was carried out in the GC injector at 250 �C.
The inlet was operated in the splitless mode. The flow of

the carrier gas Helium was 1.0 mL/min. The oven tem-

perature program began with an initial temperature of

50 �C for 5 min, followed by an increase of 8 �C/min to

240 �C and held at 240 �C for 10 min. The electron impact

mass spectra were recorded at 70 eV ionization voltage.

The mass range acquisition was m/z 50–550. The volatile

compounds were identified by comparing their mass

spectra with the WILEY and NIST mass spectral libraries.

The Kovats indexes were calculated for each volatile

compound by using the retention times of a homologous

series of C7–C30. To confirm the identity of volatile

compounds Kovats indexes were compared with com-

pounds analysed in similar conditions in the literature.

Experimental design for Headspace Solid Phase

Microextraction

The independent variables such as fiber type (f), extraction

temperature (T), extraction time (t), selected for the HS-

SPME process were evaluated using response surface

methodology. The optimization of the HS-SPME condi-

tions for volatiles of margarine with butter aroma was

implemented by using Box–Behnken design. A total of 17

treatments were performed for optimization based on 3

level design and 5 centre points to estimate the repeata-

bility of the method. Also the experiments were done in

randomized order. By using this design three factors were

assessed at 3 different experimental levels: fiber type as

DVB/CAR/PDMS, PDMS/DVB and CAR/PDMS; extrac-

tion temperature at 30, 40 and 50 �C; extraction time at 20,

30 and 40 min. The factor levels and experimental domains

are given in Table 1.

The optimization of HS-SPME conditions was imple-

mented using two responses namely: R1, total area of

volatile compounds and R2, number of volatile compounds.
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The optimum HS-SPME conditions providing the maxi-

mum volatile compound area and maximum number of

volatile compounds were estimated using the desirability

function method, used for simultaneous optimization of the

multiple responses. The experimental design and data were

analyzed using the statistical software (Design Expert-

version 10.0 Stat-Ease Inc., Minneapolis, MN, USA).

Models for total volatile compound area and number of

volatile compounds created for regression analysis were

given below (Eq. 1).

R ¼ b0 þ
X

biXi þ
X

biiX
2
i þ

X
bijXiXj ð1Þ

In this model R is response value, b0 is a constant, bi linear,
bii quadratic and bij interaction coefficients, x values are

the independent variables.

Results and discussion

Experimental design for optimization of SPME

parameters

Fiber type, extraction time and extraction temperature are

the main factors which influenced the HS-SPME efficiency

for volatile compound analysis. The effect of these inde-

pendent variables and their interactions were evaluated.

The volatile compounds of butter aroma mixture used in

margarine and their sensory terms are listed in Table 2. A

total of 8 volatile compounds were determined in mar-

garine namely; 2,3 butandione, dimethyl disulfide, nonanal,

butanoic acid, hexanoic acid, octanoic acid, c-nonalactone,
d-decalactone.

R1 (Total area of volatile compounds) and R2 (number

of volatile compounds) response values obtained from

Box–Behnken experimental design conditions of HS-

SPME are shown in Table 3. Each volatile compound area

divided by the area of the internal standard was summed up

to calculate the total area.

The effects of fiber type, extraction temperature and

extraction time on optimization responses were determined

by ANOVA (Analysis of Variance). The ANOVA results

and regression coefficients of the models were determined

by using the Design Expert software (Table 4). The sta-

tistical significances of all factors, their interaction, and

square effect are shown in Table 4. The calculated models

of each response were statistically significant (p\ 0.05)

while the lack of fit of models were insignificant

(p[ 0.05). Quadratic models with R2[ 0.90 were

obtained for volatile compounds, total area and number of

volatile compounds. On the other hand 2,3 butandione and

dimethyl disulfide were better explained with linear model.

Table 1 Factors and their

levels for Box–Behnken design
Factor Coded levels

- 1 0 ? 1

Fiber type, f PDMS/DVB DVB/CAR/PDMS CAR/PDMS

Extraction temperature, T (�C) 30 40 50

Extraction time, t (min) 20 30 40

Table 2 Volatile compounds of margarine determined by HS-SPME-GS-MS

Volatile compound Kovats indexa Sensory descriptionb Library score (%)

2,3 butandione 989 Buttery 85

Dimethyl disulfide 1086 Cauliflower, garlic 87

Nonanal 1412 Mushroom-like, floral, green, waxy, fatty 91

Butanoic acid 1643 Rancid cheesy, putrid, sweaty, fecal 96

Hexanoic acid 1865 Doughy, pungent, blue cheese, sour, sweaty 88

Octanoic acid 2084 Goaty, waxy, soapy, musty, rancid, fruity, sweaty, cheesy 89

c-Nonalactone 2114 Peach, coconut-like 87

d-Decalactone 2201 Waxy, sweet 87

aRetention indices on DB-Wax.column
bSensory descriptions were determined from Acree and Arn (2016), Kurtovic et al. (2011), Mallia et al. (2008), Zellner et al. (2008), Lozano et al.

(2007), Peterson and Reineccius (2003a, b) and Lecanu et al. (2002)
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Table 3 Experimental conditions and response values of Box–Behnken design for butter volatile compounds of margarine extraction by HS-

SPME

Exp.

no

Fiber type Extraction temperature, T

(�C)
Extraction time, t

(min)

R1 (Total area of volatile

compoundsa)

R2 (Number of volatile

compounds)

1 CAR/PDMS 30 30 1.06655 ± 0.2097 6

2 DVB/CAR/

PDMS

50 20 2.94353 ± 0.4163 7

3 PDMS/DVB 50 30 3.54877 ± 0.1159 7

4 PDMS/DVB 30 30 2.33744 ± 0.0908 5

5 CAR/PDMS 50 30 2.88108 ± 0.4386 7

6 PDMS/DVB 40 40 3.02459 ± 0.1981 7

7 DVB/CAR/

PDMS

40 30 2.80404 ± 0.3222 7

8 DVB/CAR/

PDMS

40 30 3.26585 ± 0.2949 8

9 DVB/CAR/

PDMS

50 40 3.65450 ± 0.2989 8

10 PDMS/DVB 40 20 2.24293 ± 0.2863 7

11 CAR/PDMS 40 20 1.19712 ± 0.1467 7

12 DVB/CAR/

PDMS

40 30 3.28538 ± 0.2266 8

13 DVB/CAR/

PDMS

30 40 1.87774 ± 0.0688 6

14 DVB/CAR/

PDMS

40 30 3.07491 ± 0.1098 8

15 CAR/PDMS 40 40 1.79668 ± 0.2342 7

16 DVB/CAR/

PDMS

40 30 3.17000 ± 0.1905 8

17 DVB/CAR/

PDMS

30 20 1.32387 ± 0.4358 3

aSum of the ratio of peak areas to internal standard

Table 4 ANOVA results for each response variables of optimization process (x1:f; x2:T; x3:t)

2,3

Butandione

Dimethyl

disulfide

Nonanal Butanoic

acid

Hexanoic

acid

Octanoic

acid

c-
Nonalactone

d-
Decalactone

R1 (Total area

of volatile

compounds)

R2 (Number

of volatile

compounds)

p value p value p value p value p value p value p value p value p value p value

Model \ 0.0001 0.0057 0.0004 0.0037 0.0011 0.0067 0.0266 0.0119 \ 0.0001 0.0059

x1 \ 0.0001 0.0039 0.0002 0.0005 0.0011 0.7171 0.2795 0.3862 \ 0.0001 0.3757

x2 0.0092 0.0229 0.0021 0.1501 0.0001 0.0001 0.0008 0.0004 \ 0.0001 0.0007

x3 0.7009 0.6876 0.0003 0.1691 0.0781 0.0161 0.0257 0.0156 0.0005 0.0218

x1x2 0.0034 0.9920 0.8123 0.6760 0.5729 0.6396 0.0982 0.1026

x1x3 0.0008 0.9337 0.4780 0.7409 0.4069 0.2044 0.7186 0.0562

x2 x3 0.5625 0.1010 0.1089 0.1974 0.3463 0.0444 0.5380 0.0676

x2
2 0.0018 0.0140 0.0059 0.7032 0.5668 0.0989 0.0405 0.0017

x3
2 0.023 0.0015 0.0008 0.1454 0.3210 0.9787 0.0002 0.0542

Lack

of fit

0.0833 0.5884 0.7049 0.0982 0.1189 0.0537 0.0615 0.0518 0.3757 0.4734

R2 0.8531 0.8776 0.9882 0.9712 0.9824 0.9632 0.9335 0.9531 0.9938 0.9651
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Effect of fiber type

Three different fibers were used, namely; DVB/CAR/PDMS,

CAR/PDMS, PDMS/DVB. The fiber type significantly

affects the total volatile compound area while it does not

impinge on the number of volatile compounds. Also fiber type

had a significant effect on each volatile compound except

octanoic acid, c-nonalactone and d-decalactone. DVB/CAR/
PDMS, CAR/PDMS, PDMS/DVB fibers were suitable for

volatile compounds in the molecular range of 40–275, 3–225

and 50–300, respectively (Anonymus 2017). So, CAR/PDMS

was used for low molecular weight volatile compounds like

2,3 butandione. Moreover, polarity of the fiber was an

important criterion for extraction. The compounds in the non-

polar structure were better extracted with the non-polar type

fiber and the polar compounds with polar fiber coating. The

fibers DVB/CAR/PDMS, CAR/PDMS, PDMS/DVB are

bipolar (Kataoka et al. 2000; Pawliszyn 2009). The low

molecular weight compounds were better extracted with

CAR/PDMS fiber compared to DVB/CAR/PDMS fiber.

Similarly Salum et al. (2017) used CAR/PDMS fiber

efficiently to extract low molecular weight volatile com-

pounds compared to DVB/CAR/PDMS. On the other hand

DVB/CAR/PDMS fiber is bipolar and extracts both polar and

non-polar analytes, hence highest area and number of volatile

compounds was obtained with DVB/CAR/PDMS in the

experimental design (Exp. no 9).

Effect of extraction temperature and time

In SPME technique the extraction temperature and

extraction time are two important factors effecting the

vapour pressure and equilibrium of the volatile compounds

in the headspace of the vial (Ho et al. 2006). Optimum

extraction temperature highly depends on sample proper-

ties. Extraction temperature determined to have a statisti-

cally important positive effect on total area and number of

volatile compounds. The counter plots of the predicted

model for total area of volatile compounds are illustrated in

Fig. 1 and the number of volatile compounds is illustrated

in Fig. 2.

Fig. 1 Calculated effect of extraction time (min) and extraction temperature (�C) on total area of volatile compounds using DVB/CAR/PDMS

(a), PDMS/DVB (b), CAR/PDMS (c)
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Extraction temperature affects all volatile compounds

except butanoic acid (p\ 0.05). Food matrices with a high

level of fat like margarine can trap volatile compounds, so

using high temperature provides a better distribution in the

headspace. Conversely, the use of high temperatures can

cause formation of thermal degradation products and

artefacts in the volatile profile (Ruiz et al. 1998; Wagner

and Franco 2012).

The interaction effects of variables were not signifi-

cantly important for all responses except for nonanal and d-
decalactone (p[ 0.05). The interaction between fiber type

and extraction temperature, fiber type and extraction time

affected nonanal. Moreover interaction between extraction

time and extraction temperature influenced d-decalactone
(p\ 0.05).

The extraction time was found to have a statistically

important positive effect on total area and number of

volatile compounds. The increase in extraction time

improves the efficiency of extraction of compounds having

high boiling point and increases the detected peak area.

However, the increase in extraction time does not show the

same effect on compounds with low boiling point (Ho et al.

2006). Similarly, in this study the increase in extraction

time increased the extraction of high boiling point com-

pounds such as nonanal, octanoic acid, d-decalactone, c-
nonalactone.

Fig. 2 Calculated effect of extraction time (min) and extraction temperature (�C) on number of volatile compounds using DVB/CAR/PDMS (a),
PDMS/DVB (b), CAR/PDMS (c)
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Optimization

The optimum HS-SPME conditions namely fiber type,

extraction temperature and extraction time were deter-

mined to attain maximum total area and number of volatile

compounds. Optimization was implemented using DVB/

CAR/PDMS, PDMS/DVB, CAR/PDMS fibers at ranges of

30–50 �C extraction temperature and 20–40 min extraction

time. Numerical optimization was carried out for these

independent variables to obtain the optimum HS-SPME

conditions for margarine with butter aroma. Design

Expert—version 10.0 software (Stat-Ease Inc., MN, USA)

was used to perform simultaneous optimization of the

multiple responses. The desirability function approach was

applied to obtain highest area and number of volatile

compounds. The optimum SPME conditions were deter-

mined as DVB/CAR/PDMS fiber type, 47.54 �C extraction

temperature and 33.63 min extraction time. Five verifica-

tion experiments were performed at optimum extraction

conditions. The verification experiment results are listed in

Table 5 and experimental total area of volatile compounds,

number of volatile compounds were not significantly dif-

ferent from the predicted values (p[ 0.05). Total ion

chromatogram and mass spectra of volatiles which were

extracted using optimum SPME conditions are shown in

Fig. 3.

DVB/CAR/PDMS fiber was yielding optimum extrac-

tion as a result of optimization conditions. Similarly,

Povolo and Contarini (2003) as well as Shiota et al. (2011)

used the same fiber type for volatile compound analysis in

butter so as in the analysis of the aroma mix in margarine

respectively.

In the literature, volatile compound analysis of butter

and milk cream using HS-SPME has been investigated but

the optimization study was not applied. In this study, the

optimum extraction temperature was determined as

47.54 �C, very close to 45 �C which was the extraction

temperature used for volatile compound extraction of but-

ter and milk cream by SPME technique (Povolo and

Contarini 2003; Kurtovic et al. 2011). On the other hand

this extraction temperature was just a little higher than the

40 �C extraction temperature used by Adahchour et al.

(1999, 2005) and Lozano et al. (2007) for volatile com-

pounds of butter. In SPME technique, the extraction tem-

perature and duration are closely related to each other. In

volatile compounds analyses performed with SPME using

butter, cream and margarine samples, the duration of the

extraction varies between 20 and 60 min depending on

other extraction conditions (Povolo and Contarini 2003;

Adahchour et al. 2005; Chen et al. 2010; Shiota et al.

2011). Similarly, the optimum extraction time was deter-

mined to be 33.63 min in our study.

Table 5 Results of statistical analysis for verification of optimization

Reponses Predicted value Experimental valuea SEb Difference % errorc p value

Total area of volatile compounds 3.764 3.6310 ± 0.3550 0.1587 0.1333 - 3.66 0.4480

Number of volatile compounds 8.363 7.800 ± 0.4472 0.200 - 0.563 - 7.21 0.1100

aExperimental values were expressed as mean ± standard deviation
bMean standard error
cThe % error = (|yexp - ypre|/yexp) 9 100
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Fig. 3 a Total ion

chromatogram of margarine

volatiles (1: 2,3 butandione, 2:

2,3 pentandione (internal

standard), 3: dimethyl disulfide,

4: nonanal, 5: butanoic acid, 6:

hexanoic acid, 7: octanoic acid,

8: c-nonalactone, 9: d-
decalactone). Mass spectra of

2,3 butandione (b), 2,3
pentandione (c), dimethyl

disulfide (d), nonanal (e),
butanoic acid (f), hexanoic acid

(g), octanoic acid (h), c-
nonalactone (i), d-decalactone
(j)

J Food Sci Technol (November 2019) 56(11):4834–4843 4841

123



Conclusion

The effect of SPME parameters in terms of fiber type,

extraction temperature and extraction time were optimized

to obtain the maximum total area and number of volatile

compounds of margarine. Also the effects on of fiber type,

extraction temperature and extraction time on each volatile

compound of margarine was investigated. Extraction of

volatile compounds of margarine by SPME showed that

both total area and number of volatile compounds were

influenced by extraction temperature and extraction time.

Interestingly, fiber type only affects the total area of

volatile compounds in margarine. As a result, it was found

that the optimum extraction condition of margarine was

maintained at 47.54 �C for 33.63 min using DVB/CAR/

PDMS fiber. These results can be used as a reference for

forthcoming studies to investigate butter or margarine

volatile compounds by HS-SPME. This study will also be

useful in the selection of HS-SPME parameters including

fiber type, extraction temperature and extraction time for

volatile compounds of margarine.
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