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Abstract

The aim of this study is to examine the influences of spices on the amounts and compositions of volatile compounds relea-
sed from cooked beef patty. Beef patty with 0.5% of spice (nutmeg, onion, garlic, or ginger powder, w/w) was cooked by
electronic pan until they reached an internal temperature of 75°C. A total of 46 volatile compounds (6 alcohols, 6 aldehydes,
5 hydrocarbons, 6 ketones, 9 sulfur compounds, and 14 terpenes) from cooked beef patties were detected by using purge-
and-trap GC/MS. The addition of nutmeg, onion, or ginger powder significantly reduced the production of the volatile com-
pounds via lipid oxidation in cooked beef patty when compared to those from the control. Also, the addition of nutmeg and
garlic powder to beef patty generated a lot of trepans or sulfur volatile compounds, respectively. From these results, the
major proportion by chemical classes such as alcohols, aldehydes, hydrocarbons, ketones, sulfur compounds, and terpenes
was different depending on the spice variations. The results indicate that addition of spices to the beef patty meaningfully
changes the volatile compounds released from within. Therefore, it can be concluded that spices can interact with meat
aroma significantly, and thus, the character of each spice should be considered before adding to the beef patty.

Key words: beef patty, aroma, volatile compounds, spice

Introduction

Aromas of cooked meat are important flavor attribute
and the initial sensory trait with the appearance of cooked
meat. It affects not only appetite but also the pleasure of
eating. Aromas of cooked meat are predestined from vol-
atile compounds (Resconi et al., 2013). When meat is
cooked, various volatile compounds are released by heat-
induced reactions, mainly Strecker and Maillard reaction,
lipid oxidation and degradation, thiamin degradation, and
interaction between lipid-oxidized products with Strecker
and Maillard products (Resconi et al., 2013). Therefore,
various factors such as fat content, fatty acid composition,
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amino acid content and composition, and reducing sugar
content and composition of meat, which are affected by
breed, sex, and maturity of animals, and aging time with
proteolytic and lipolytic enzyme activities of meat, signif-
icantly influence the aromas of cooked meat (Gianelli et
al., 2012; Golovnya et al., 1983; Lieske and Konrad, 1994;
Mottram, 1998).

In the meat processing, spices are used to improve shelf
life, appearance, or flavor of meat products (Brown, 2009).
Spices have unique taste and odor. Therefore, the aromas
of meat product could be mainly influenced by added
spices. Previous studies reported that various volatile
compounds in meat product were originated from spices
(Demirok ef al., 2013; Gianelli ef al., 2012). In this sense,
it is noteworthy to understand the change of volatile com-
pounds by each spice in meat product for producing meat
product with desirable aroma. However, the change in the
amount and the composition of volatile compounds from
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meat product by adding each spice have not been reported.

Therefore, this study was carried out to investigate the
change in the amount and composition of the volatile
compounds from cooked beef patty with added spice such
as nutmeg, onion, garlic, or ginger, which are globally
familiar spices used in meat products.

Materials and Methods

Sample preparation

Raw ground beef and spices (nutmeg, onion, garlic, and
ginger powder) were purchased from local market. The
ground beef was mixed with each spice (0.5%, w/w), and
individually vacuum-packaged (-650 mmHg) in low-den-
sity polyethylene/nylon vacuum bags (oxygen permeabil-
ity of 22.5 mL/m?*/24h atm at 60% RH/25°C, water vapor
permeability of 4.7 g/m* 24 h at 100% RH/25°C). The
vacuum-packaged ground beef was stored at 4°C for 24
h. After storage, beef patty was made (200 g, 1 cm thick-
ness). The beef patty was cooked for 2 min on a preheated
electric pan until they reached an internal temperature of
75°C.

Volatile compounds

A purge-and-trap apparatus (Solatek 72 and Concentra-
tor 3100; Tekmar-Dohrmann, USA) connected to a gas
chromatograph/mass spectrometer (HP 6890/HP 5973;
Hewlett-Packard Co., USA) was used to analyze the vol-
atiles produced. The beef patty sample (3 g) was placed
in a 40 mL sample vial, and the vial was flushed with
helium gas (40 psi) for 5 s. The maximum waiting time of
a sample in a refrigerated (4°C) holding tray was less
than 4 h to minimize oxidative changes before analysis.
The meat sample was pur- ged with helium gas (40 mL/
min) for 14 min at 40°C. Volatiles were trapped using a
Tenax-charcoal-silica column (Tekmar-Dohrmann) and
desorbed for 2 min at 225°C, focused in a cryofocusing
module (-80°C), and then thermally desorbed into a cap-
illary column for 60 s at 225°C.

An HP-624 column (8.5 m X 0.25 mm i.d., 1.4 um nom-
inal), an HP-1 column (60 m X 0.25 mm id., 0.25 um
nominal; Hewlett-Packard Co.), and an HP-Wax column
(6.5m x 0.25 mm i.d., 0.25 um nominal) were connected
using zero dead-volume column connectors (J&W Scien-
tific, USA). Ramped oven temperature was used to imp-
rove volatile separation. The initial oven temperature of
30°C was held for 6 min. After that, the oven temperature
was increased to 60°C at 5°C/min, increased to 180°C at
20°C/min, increased to 210°C at 15°C/min, and then held

for 5 min at the temperature. Constant column pressure at
22.5 psi was maintained. The ionization potential of the
mass selective detector (Model 5973; Hewlett-Packard
Co.) was 70 eV, and the scan range was 19.1 to 400 m/z.
Identification of volatiles was achieved by comparing the
mass spectral data of the samples with those of the Wiley
Library (Hewlett-Packard Co., USA). Standards were used
to confirm the identification by the mass selective detec-
tor. The area of each peak was integrated using the Chem-
Station (Hewlett-Packard Co.), and the total peck area
(pA*seconds x 10%) was reported as an indicator of vola-
tiles generated from the sample.

Statistical methods

This study was performed in triplicate. The raw data of
the total peck area (pA*seconds x 10%) was changed to
Log,, value. Analysis of variance was performed using the
raw data, and the mean values and standard error of the
means (SEM) were calculated by the Statistical Analysis
System (SAS version 9.3, SAS Institute Inc., USA). Dif-
ferences among the means were determined by Tukey’s
multiple range test with p<0.05.

Results and Discussion

Totally 46 volatile compounds (6 alcohols, 6 aldehydes,
5 hydrocarbons, 6 ketones, 9 sulfur compounds, and 14
terpenes) were identified in cooked beef patties (Table 1).
In the volatile compounds detected in the present study,
alcohols could be generated by lipid oxidation and bacte-
rial action in meat (Resconi ef al., 2013). Aldehydes, hyd-
rocarbons, and ketones are mainly originated from lipid
oxidation in meat (Mottram, 1998). Aldehydes (2-methyl-
butanal, 3-methyl-butanal), ketone (2,3-butanedione), and
sulfur compounds are originated from Strecker and Mail-
lard reaction (Farmer, 1996; Resconi et al., 2013). Mot-
tram (1998) reported that the volatile compounds origi-
nated from Strecker and Maillard reaction have more
influence on aroma of meat than those from lipid oxida-
tion. Also, since sulfur compounds have very low detec-
tion thresholds, their contribution to aroma of meat is
very important (Mottram, 1994).

Most of the volatile compounds detected in the present
study showed significant difference except for 2-propanol
among treatments (p<0.05). The control, cooked beef patty
without spice, released 18 volatile compounds including
4 alcohols (1-propanol, 2-propanol, 2-ethyl-1-hexanol, and
ethanol), 5 aldehydes (2-methyl-butanal, 3-methyl-butanal,
heptanal, hexanal, and pentanal), 4 hydrocarbons (decane,
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heptanes, nonane, and octane), 2 ketones (2-butanone and
2,3-butanedione), and 3 sulfur compounds (dimethyl dis-
ulfide, dimethyl trisulfide, and methyl 2-propenyl-disul-
fide). And, the area percentages of different chemical cla-
sses were 44.6% alcohols, 29.3% aldehydes, 14.6% hydro-
carbons, 6.2% sulfur compounds, and 5.3% ketones, in
order of high proportion.

Nutmeg is an aromatic spice and generally added to

meat product (Krishnamoorthy and Rema, 2000). In the
volatile compounds detected from cooked beef patty with
nutmeg, alcohols (1-propanol, 2-ethyl-1-hexanol, and eth-
anol), aldehydes (heptanal, hexanal, and pentanal), hydro-
carbons (decane, heptanes, and nonane), ketones (2-buta-
none) were not detected. These are mainly originated from
bacterial action or lipid oxidation (Ercolini ef al., 2009;
Resconi et al., 2013). Therefore, this result may be attrib-

Table 1. Volatile compounds from cooked beef patty with different spice

Beef with

Beef with Beef with Beef with

Compounds Beef . . . SEM
nutmeg onion garlic ginger
Alcohols
1-Pentanol L L L 2.8° L 0.25
1-Propanol 2.7° - - 1.5° - 0.15
2-Propanol 42 4.1 4.0 42 4.1 0.07
1-Propene-2-ol 0 o o 2.6" o 0.22
2-Ethyl-1-hexanol 2.3 o o o o 0.01
Ethanol 317 - 3.5° 2.7 2.8° 0.30
Total 4.2 (44.6%) 4.1 (16.2%) 4.1 (52.5%) 4.3 (12.4%) 4.2 (75.4%) 0.06
Aldehydes
2-Methyl-butanal 3.5% 1.4° -¢ 3.4% 2.8° 0.25
3-Methyl-butanal 3.5 2.4° 2.3° 3.2% 2.9%® 0.22
Butanal - > > 2.2° > 0.06
Heptanal 3.2° - - 2.9%® 2.3° 0.19
Hexanal 2.6° - 2.3° 3.4° - 0.12
Pentanal 3.1° - - 2.8° 2.2° 0.06
Total 4.0* (29.3%) 2.4° (0.6%) 2.6° (1.7%) 4.0°(6.6%) 3.2 (10.1%) 0.19
Hydrocarbons
1-Octene - - - 2.2° - 0.06
Decane 2.1° L L 2.8 L 0.04
Heptane 2.7 L L L L 0.03
Nonane 3.6° 0 0 0 0 0.03
Octane 3.0° 2.6 2.3 3.0° 2.7 0.14
Total 370 (14.6%)  2.6™ (0.6%) 2.3°(1.0%) 3.1%(0.9%) 2.7 (2.5%) 0.14
Ketones
2-Butanone 3.1° L L L L 0.03
2-Oxazolidinethione o L L 2.4° L 0.10
2-Pentanone - - - 3.5° 3.1° 0.06
2-Propanone 0 0 2.3% 0 0 0.11
2,3-Butanedione 2.7° 3.0° - - - 0.08
Methyl propyl 2-pentanone o o 2.7% o o 0.15
Total 3.3(5.3%) 3.0 (1.4%) 2.9 (3.9%) 3.5(2.2%) 3.1 (6.2%) 0.14
Sulphur compounds
2-Propen-1-thiol 0 0 0 4.0? 0 0.08
3-(methylthio)-1-Propene 0 0 0.8° 4.2° 0 0.35
3,3-Thiobis-1-propene 0 o o 4.1% o 0.26
Di-2-propenyl disulfide o o o 3.5° o 0.37
Dimethyl disulfide 3.3° - 4.0° 4.3 2.4° 0.15
Dimethyl trisulfide 2.2°% L L 2.5% L 0.16
Methyl 2-propenyl-disulfide 2.1° - - 4.0° - 0.08
Methyl-thiirane 0 0 0 3.5° 0 0.05
Ethaethioic acid S-methy] ester 0 0 1.6 2.9% 0 0.40
Total 3.3% (6.2%) K 4.0°(40.9%)  5.0°(78.0%)  2.4°(1.9%) 0.16
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Table 1. Volatile compounds from cooked beef patty with different spice (continued)

Beef with Beef with Beef with Beef with

Compounds Beef nutmeg onion garlic ginger SEM
Terpenes

o-Pinene - 3.1° - - 2.2° 0.11
o-Terpinene 0 4.0 0 0 0 0.09
o-Thujene 0 3.0° o o o 0.16
o-Terpinolene o 2.9% o o o 0.22
a-phellandrene o 3.4° o o o 0.04
B-Pinene b 2.9° b b b 0.11
Camphene 0 2.6° 0 0 2.8 0.16
y-Terpinene 0 4.0 0 0 0 0.12
Limonene o 3.7 o o o 0.07
Myrcene o 2.9% o o o 0.09
o-cymene 0 4.1% 0 0 0 0.06
Sabinene b 3.5 b b b 0.10
Terpinolene 0 3.0° 0 0 0 0.06
Tricyclene 0 2.2% 0 0 0 0.07
Total - 4.7% (81.2%) =€ - 2.9° (3.9%) 0.10
Total volatile compounds 4.6°(100%) 4.8 (100%)  4.4° (100%) 5.1* (100%) 4.3% (100%) 0.12

'Standard errors of mean (n=15).
“dDjfferent letters within same row differ significantly (»p<0.05).

uted by antimicrobial and antioxidant reaction of nutmeg.
Gupta et al. (2013) reported that nutmeg had antimicro-
bial and antioxidant potential. Adding nutmeg also, inhib-
ited the production of the volatile compounds such as 2-
methyl-butanal, 3-methyl-butanal, and sulfur compounds
originated from Strecker and Maillard reaction when com-
pared to the control (»<0.05). However, the reason for the
reduction of compounds in beef patty by adding nutmeg
is uncertain. Terpenes (81.2%) were found in the highest
proportion in total area of the volatile compounds. Terpe-
nes has aroma such as fruity, floral, fresh, and spicy
(Demirok et al., 2013). The generation of terpenses in the
volatile compounds from meat has two possible ways:
animals fed green forages and use of spice (Demirok et
al., 2013; Vasta et al., 2006). However, a large production
of terpenes in meat product was mainly originated from
the use of spice. Nutmeg especially has various terpenes
(Krishnamoorthy and Rema, 2000).

Park et al. (2008) confirmed the antioxidant and antimi-
crobial activity of onion in pork. In the present study, the
volatile compounds originated from lipid oxidation or
bacterial action such as 1-propanol, 2-ethyl-1-hexanol,
heptanal, pentanal, decane, heptane, nonane, and 2-buta-
none were not detected in cooked beef patty with onion.
However, adding onion to beef patty released new ketones
such as 2-propanone and methyl propyl 2-pentanone pro-
duced via lipid oxidation in cooked beef fatty. Gorraiz et
al. (2002) reported that high proportion of 2-propanone in

volatile compounds from beef generated strong livery and
bloody flavor. In the volatile compounds originated from
Strecker and Maillard reaction, 2-methyl-butanal and 3-
methyl-butanal were undetected and significantly decrea-
sed, respectively. Also, 2,3-butanedione was not detected
in cooked beef patty with onion. Yang et al. (2011) con-
firmed that adding 0.5% onion to ground beef resulted in
the increase in sulphur compounds in the volatile com-
pounds from ground beef after cooking. In the present
study, three sulfur volatile compounds were identified in
cooked beef patty with onion. However, the sulfur com-
pounds constituted 40.9% of the total area of volatile
compounds from cooked beef patty with onion while the
control had 6.2% sulfur compounds.

Garlic is generally used for enhancing the flavor of meat
product. Addition of garlic had no influence on the amo-
unt of alcohols, aldehydes, hydrocarbons, and ketones in
the volatile compounds from cooked beef patty even
though it influenced the compositions of the volatile com-
pounds. This result partially agreed with a previous study.
Yang et al. (2011) confirmed that adding garlic to ground
beef did not influence the amount of alcohols, hydrocar-
bons, and ketones in the volatile compounds from ground
beef after cooking. Garlic has various sulfur compounds,
and the abundant amount of sulfur compound in garlic is
alliin (S-allylcysteine sulfoxide) (Lawson, 1998). In the
volatile compounds from cooked beef patty with garlic,
various sulfur compounds were identified and their amo-
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unt was extremely high. From these result, the sulfur com-
pounds constituted 78.0% of the total area of the volatile
compounds from cooked beef patty with garlic. Previous
study reported that the amount and compositions of sulfur
volatile compounds were greatly increased in the volatile
compounds from cooked ground beef when garlic was
added to ground beef (Yang et al., 2011). The detection
thresholds of the sulfur volatile compounds are low, and
the sulfur volatile compounds generated meat flavor at
low levels. However, high levels of the sulfur volatile
compounds in meat are related to the undesirable odor of
meat (Hogan, 2002).

Addition of ginger to beef patty significantly decreased
the amount of hydrocarbons produced via lipid oxidation
in the volatile compounds from cooked beef patty. In
addition, 1-propanol, heptanal, hexanal, pentanal, and 2-
butanone produced via lipid oxidation were undetected or
decreased when compared to those from the control
although the amount of alcohols, aldehydes, and ketones
was not significantly different with those from the control
(p<0.05). Asimi et al. (2013) confirmed the antioxidant
activity of garlic and ginger spices, and reported that gar-
lic spice had stronger antioxidant activity than ginger
spice. In the present study, garlic did not show antioxi-
dant activity. However, ginger decreased some volatile
compounds originated from lipid oxidation in beef patty.
Adding ginger also inhibited the production of the vola-
tile compounds originated from Strecker and Maillard
reaction such as 2,3-butanedione, and sulphur compounds
when compared to those of the control (p<0.05). Terpenes
such as o-pinene, and camphene were identified in the
volatile compounds from cooked beef patty with ginger.
Generally, various terpenes were contained in ginger (Yang
et al., 2009).

The spices used in this study significantly influenced the
amount and the composition of the volatile compounds
released from cooked beef patty. Nutmeg and garlic gen-
erated characteristic volatile compounds such as terpenes
and sulphur compounds, respectively. In addition, nut-
meg, onion, and ginger inhibited the production of the
volatile compounds via lipid oxidation. From these results,
it was found that the major proportion among chemical
classes such as acids, alcohols, aldehydes, hydrocarbons,
ketones, sulphur compounds, and terpenes was different
depending on the spice. Therefore, it can be concluded
that spices can interact with meat aromas significantly,
thus the character of each spice should be considered
before use on beef patty.
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