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The aim of this experiment is to develop a rapid, simplified, direct
gas chromatographic (GC) method for the analysis of volatile flavor
compounds in yogurt combining a headspace with constant heating
temperature and GC with a mass spectrometric detect ion.
Repeatability of the method is assessed. The relative standard
deviation for individual flavor compounds range from 3.5% for
acetaldehyde to 8.4% for acetone, with a total mean value of 52.4
± 2.2 mg/kg for all of the studied aroma components. Recovery for
individual flavor compounds range from 63.7% for acetone to
82.4% for acetic acid.

Introduction

Aroma perception is one of the foremost criteria for the evalu-
ation of fermented milk because of its influence on consumer
acceptance and preference. In order to understand the complex
nature of a fermented milk sample, research has focused on the
flavor and the study of volatile formation (1–4). The characteris-
tics of yogurt are mainly the result of the metabolism of the cul-
ture organisms. The most important compounds from lactic
starter cultures are known to be acetaldehyde, diacetyl, acetone,
butanone, acetoin, and acetic acid. It is the balance between
them that is thought to determine acceptability (5,6); the com-
position of the mixed strain starter may determine a pleasant
flavor or a certain off-flavor (7). Gas chromatography (GC) is the
method most commonly used for the analysis of volatile com-
pounds in fermented milk. The analytical techniques that have
been applied for isolating volatile compounds include simulta-
neous distillation–extraction (8–11), solvent extraction (12,13),
dynamic purge trap (14,15), and headspace (HS) methods
(16,17). HS methods do not require solvents or special appa-

ratus, and they are less time consuming.
This paper describes a rapid GC method coupled with a mass

spectrometry (MS) direct static HSmethod used to assay volatile
flavor compounds in yogurt. The repeatability and recovery of
the analytical procedure applied to yogurt are also assessed.

Experimental

Chemicals
All reagents were analytical reagent grade. Aqueous solutions

of acetaldehyde, acetone, butanone, diacetyl, acetoin, acetic acid,
and propionic acid ethyl ester were prepared from high-purity
chemicals (higher than 98%) purchased from Sigma Chemical
Co. (St. Louis, MO) and Aldrich Chemie (Steinheim, Germany).

Yogurt sample
Commercial plain yogurt samples from the same manufac-

turing batch were purchased from a retail store and were used to
test the repeatability and percent recovery of the method.

Sample preparation
In order to retain the water, 10 g of yogurt sample with a 15-µL

standard solution containing 0.54mg/mL of propionic acid ethyl
ester as the internal standard in aqueous solution and 10 g of
anhydrous sodium sulfate were mixed with a spatula in a 20-mL
HS vial that was sealed hermetically with a polytetrafluoroethy-
lene-coated rubber septum and an aluminum cap. The sample
was kept in the freezer until further analysis.

Instrumentation and operating conditions
HS analysis
A Hewlett-Packard (Palo Alto, CA) HS autosampler (Model

HSS 19395 A) was used to monitor the static HS quantitation of
volatiles. Samples were equilibrated for 60 min at 80°C prior to
analysis. The settings of the HSS 19395 A were 5 s for pressur-
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ization, equilibration, and filling and 2min for injection. The HS
loop (3 mL) temperature was set at 90°C.
High-purity helium, filtered through moisture and oxygen

traps (Hewlett-Packard), was used for vial pressurization, and an
HSS sampler carrier gas at a flow rate of 17.5 mL/min was mea-
sured at the splitter outlet.

GC–MS analysis
Analyses were performed on a Hewlett-Packard 5890 GC cou-

pled to a 5972 MS detector. Manual tuning of the MS with per-
fluorotributylamine was used to adjust relative abundance for
m/z 69, 219, and 502. The MS was run in the scan mode (m/z
range from 33 to 250 with a threshold of 100 and a sampling rate
of 3 scans/s). Ultrapure heliumwas passed throughmoisture and
oxygen traps and was used as the carrier gas. The following GC
operating conditions were used: a silica capillary column HP
Innovax cross-linked polyethylene glycol adipate (60-m × 0.25-
mm × 0.25-µm film thickness); a flow rate of 36.5 cm/s at 33°C;
a split ratio of 7:1; the injection port set at 200°C and the inter-
face line to the MS at 280°C; and the electron energy and elec-
tron multiplier voltage at 70 eV and 1647 V. The temperature
program began at 33°C for 5min; increased 1°C/min up to 38°C;
and then increased 7°C/min up to 70°C until final time.

Results and Discussion

HS-GC coupled with MS is one of the methods for the analysis
of volatiles in which direct injection is not feasible. The constant
heating time (CHT) for the HS sampler allows each sample to be

heated for an equal amount of time prior to analysis, avoiding
differences among samples resulting from unequal equilibration
periods (18). For most analyses, equilibrium is established
rapidly and HS analysis may be run in CHT mode. The response
factors were calculated in a mixture of acetaldehyde, acetone,
diacetyl, acetoin, and acetic acid at a ratio of 1:1 (w/w) with
respect to the internal standard (propionic acid ethyl ester). The
response factors for acetaldehyde, acetone, and butanone were
0.86, 0.80, and 0.89 respectively, and for diacetyl, acetoin, and
acetic acid were 1.06, 1.11, and 1.16, respectively, because these
compounds had differences in vapor pressure. Figure 1 shows a
GC capillary total ion chromatogram of the HS volatile com-
pounds of a yogurt sample. Propionic acid ethyl ester, which is
practically absent from the sample, is well-defined as the internal
standard and is therefore suitable for quantitative analysis in
yogurt.
The repeatability of the analytical method for volatile flavor

compounds was tested on a commercial yogurt using propionic
acid ethyl ester as the internal standard. Table I shows the indi-
vidual and mean values and the relative standard deviations
(RSD) for acetaldehyde, acetone, butanone, diacetyl, acetoin, and
acetic acid obtained for five replicate analyses of commercial
yogurt. Themean value found for the repeatability of themethod
for the total volatile content was 52.4 ± 2.2 mg/kg, and the RSD
for individual flavor compounds ranged from 3.5% to 8.4%. In a
study for assaying volatile compounds by HS-GC in fermented
milk, Monnet et al. (19) obtained a range from 2.5% for acetalde-
hyde to 7.7% for acetone. These results are comparable to our
own study in which the RSDwas generally low. Themass spectra
for the volatile flavor compounds studied are shown in Figure 2.
For recovery analysis, known amounts of volatile flavor com-

pounds (acetaldehyde, acetone, butanone, diacetyl, acetoin, and

Figure 1. Capillary GC ion chromatogram of HS volatile flavor com-
pounds in a yogurt sample: (S) propionic acid ethyl ester, (1) acetalde-
hyde, (2) acetone, (3) butanone, (4) diacetyl, (5) acetoin, and (6)
acetic acid.

Table I. Repeatability of Flavor Compounds in Yogurt

Concentration (mg/kg)
Component 1 2 3 4 5 Mean RSD (%)

Acetaldehyde 4.92 5.27 5.38 5.10 5.25 5.18 3.5
Acetone 23.94 21.71 20.32 22.32 25.18 22.69 8.4
Butanone 4.12 4.31 4.43 4.03 4.19 4.22 3.8
Diacetyl 11.70 10.86 11.36 10.98 11.90 11.36 4.0
Acetoin 7.46 6.91 7.58 7.31 7.13 7.28 3.7
Acetic 1.76 1.93 1.81 1.81 1.86 1.85 3.8

Table II. Recovery of Flavor Compounds in Yogurt

Concentration (mg/kg)
Initial account* Amount Recovery*

Mean RSD (%) added Mean RSD (%)

Acetaldehyde 5.18 3.5 3.12 7.59 2.8 77.2
Acetone 22.69 8.4 10.28 29.24 7.3 63.7
Butanone 5.22 3.1 2.16 6.93 3.8 79.2
Diacetyl 11.36 4.0 6.13 16.41 2.4 82.4
Acetoin 7.28 3.7 3.94 10.37 2.2 78.4
Acetic 1.85 3.8 1.16 2.85 2.8 86.2

* Mean value of 5.
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acetic acid) were added to a commercial yogurt sample in which
individual flavor compounds had been determined using propi-
onic acid ethyl ester as the internal standard. Five different addi-
tion assays were carried out. Table II shows the amounts of flavor
compounds added to the yogurt sample and the recovery per-
centage values. In spite of the acetaldehyde peak being poorly
resolved (Figure 1), the reproducibility of each recovery was high
(RSD = 2.8%). These ranged from 63.7% for acetone to 86.2%
for acetic acid with a mean value of 77.9% for all volatile com-
pounds. De Haast et al. (20) using static HS-GC analysis reported
slightly higher recoveries for volatile organic compounds from
an aqueous solution of milk and fermented milk and demon-
strated that the recoveries were of a similar order of magnitude.
Imhof and Bosset (21) demonstrated that the fat did not signifi-
cantly affect the quantitative results of HS analysis for volatile
organic compounds. This fact suggests that any differences in
the matrix in fermented products may not affect HS analysis.
The method assayed in this study is fast and simple and gives

good repeatability and acceptable recoveries. Therefore, it offers
advantages for the analysis of volatile flavor compounds in
yogurt and will be a suitable method for the routine analysis of
volatile aroma compounds in fermented milk.
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