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Abstract

Species-related meat flavors were investigated for red meats (bovine, porcine, caprine, and ovine). Volatile
branched-chain fatty acids (VBCFAs) including 2-methylbutanoic, 3-methylbutanoic, 4-methylpentanoic, 2-
ethylhexanoic, 4-methylhexanoic, 4-methyloctanoic, 6-methyloctanoic, 4-ethyloctanoic, 4-methylnonanoic,
and 2-ethyldecanoic acids were identified in the meats from cow (bovine), pig (porcine), goats (caprine ;
American white goat and Korean black goat), and lamb (ovine). Beef flavor of bovine meat was characterized
by the basic meaty flavor, lacking in goaty and muttony flavor impacts due to low or absent in 4-methy-
loctanoic and 4-ethyloctanoic acids. Porcine meat contained the least number of VBCFAs among sample
species tested, and 3-methylbutanoic acid contributed to the unclean sweaty odor of pork. Caprine meat
from Korean black and American white goats lacked in short VBCFAs(C5, C6, and C7) and contained 4-
methyloctanoic and 4-ethyloctanoic acids contributing to the characteristic goaty flavor of caprine meat.
Caprine meat flavor was distinctively characterized by 4-ethyloctanoic acid, while 4-methyloctanoic acid
provides sweaty-muttony flavor to ovine meat. Although kinds of VBCFAs are same in two different varieties
of caprine meats, meat sample from Korean black goat had stronger goaty odor and contained higher

concentration of 4-ethyloctanoic acid than the meat sample from American white goat did.
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INTRODUCTION

A complex array of volatile compounds has been
identified in red meats, and over 650 have been rep-
orted in beef alone”. However, in spite of the avai-
Jability of this information, chemical characterization
of species-related meat flavors remains incomplete. It
is generally agreed that meat flavors are complex
sensations, but the overall flavors include a common
basic meaty-brothy component along with species-
related notes that specifically characterize the flavor
of that species. Species-related meat flavors greatly
influence the economic value and consumer accep-
tance of meats from the various species of food ani-
mals. Depending on cultural food patterns, species-
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related meat flavors may be considered either desira-
ble or undesirable, such as the case for lamb, mutt-
on, and goat meat around the world.

The origin of species-related flavors has been con-
troversial, but Wasserman and Spenelli? have concl-
uded on the basis of sensory data that the lipids of
pork and lamb provided the characterizing flavors to
their meats. Brennand and Lindsay® obtained similar
results, but noted that beef and pork fats elicited rela-
tively weak species characterizations when evaluat-
ed as warm broths. Early work by Hornstein and Cro-
we*® demonstrated that significant differences occu-
rred in the long—chain fatty acid composition of lip-
ids from beef, lamb, and pork, but these workers we-
re unable to associate any of these fatty acids with
species—related flavors. Later Wong et al.? identified
a number of volatile medium-chain fatty acids (C5~
C12) in lamb and mutton which included several br-
anched-chain homologues. Based on semi-quantitat-
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ive data and sensory assessments, Wong's group®”
concluded that 4-methyloctanoic and 4-methylnona-
noic acids were responsible for the undesirable swea-
ty or soo-like flavor of mutton. They further indicated
that 4-methyloctanoic acid contributed to the flavor
of goat meat.

Little further attention has been given to the role of
volatile free fatty acids in species-related meat flavors
because sufficiently sensitive analytical methods for
the quantitative determination of the volatile branch-
ed-chain fatty acids have not been available. Sensi-
tive methods are necessary because some of these
compounds are present in very low concentration,
and exhibit very potent aromas. For example, flavor
thresholds for 4-methyloctanoic and 4-ethyloctanoic
acids have been reported at 0.5ppm” and 0.0018
ppm?®, respectively. Recently, we have develo-ped a
method for the quantitative analysis of volatile fatty
acids which provides detection to about 0.5 ppb?,
and reported distribution of VBCFAs in peri-nephric
fats of various red meat species'. Given the consum-
ption of the lean meat portion, it is necessary to qua-
ntify VBCFAs in Jean meats from various animals to
investigate their role in characterizing species-relat-
ed meat flavors.

The present study quantified the contents of VB-
CFAs in the meats of cow (bovine), pig(porcine), g-
oat (caprine), and lamb (ovine) and described flavor
notes of the red meats. The contents of 4-methyloc-
tanoic and 4-ethyloctanoic acids in two different
varieties of meat samples from Korean black goat
and American white goat were compared.

MATERIALS AND METHODS

Materials

Samples of red meats which possessed characteri-
stic species—specific flavors were obtained from car-
casses of animals in commercial trade at Pusan and
Taegu Korea. The samples of meats were powdered
- by blending with dry ice in a high-speed blender-ho-
mogenizer, and then were held at -24° C until ana-
lysis was carried out. Samples of goat meats were obt-
ained from a mature male dairy goat (American white
goat and Korean black goat). Samples of ovine meat

were obtained from a mature male dairy lamb.
Bovine meat sample was obtained from a typical
choice market beef steer. Porcine meat sample was
obtained from a typical choice market slaughter hog.

Methods of analysis of volatile free fatty acids
(VFFAs)

VFFAs in the meat samples were analyzed accord-
ing to the basic method described by Ha and Lind-
say”. Five grams of each meat sample containing 6.
5ug of 2-ethylnonanoic acid as internal standard (.
S.), diethyl ether (15ml), and 5.5N H2504(0.5ml) we-
re blended with a high speed prob homogenizer (Bri-
nkmann Instruments Co., Westbury, NY, USA). Hex-
ane (20mly and anhydrous Na2504(12.5g) were then
added, and the fatty acids in this extract were adsor-
bed on 5g of deactivated neutral alumina. After twice
washing neutral lipids from the alumina with 10ml
portions of hexane : diethyl ether(1 : 1, v/v), fatty
acids were desorbed with 5mi of formic acid in di-
isopropyl ether (6%, v/v). After removal of excess
organic solvent, VFFAs were simultaneously distilled
and extracted (SDE) for 20min with diethyl ether after
acidifying (0.25ml of 5.5N H2504) aqueous solution
(25ml) with diethyl ether using a micro-SDE appara-
tus (Chrompack Inc., Bridgewater, NY, USA). The die-
thyl ether extract containing VFFAs was brought to
near dryness using a nitrogen stream, and butyl esters
were prepared using BF3/butanol(14%).

Butyl esters were extracted into pentane, and were
separated using a bonded phase polyethylene glycol
capillary column (Supelcowax 10, 60mx0.32mm .
d., 0.25um coating thickness, Supelco Inc., Bell-
efonte, PA) with HP 5890 (Hewlett Packard, TX,
USA) Gas chromatography equipped with a flame
ionization detector (temperature, 250°C ; hydro-
gen, 30ml/min ; air, 300ml/min). Helium was us-
ed for the carrier gas(2ml/min) and make-up gas
(30ml/min). The column oven temperature was pro-
grammed from 50 to 230°C at 2°C/min after 15
min hold at 50° C, and the injector temperature was
250°C.

Quantification of fatty acids was performed by
comparing the peak area of each butyl ester peak
with that of 1.S. (2-ethylnonanoic acid), and emplo-



302 Jeong-Ok Kim, Yeong L. Ha and Robert C. Lindsay

ying method correction factor for each fatty acid. At
least two injections were made for each sample du-
ring gas chromatographic analysis, and the coeffici-
ent of variability was less than 20 for each of the
fatty acids®. The identities of VFFAs were verified by
mass spectral analysis and retention indices of the
butyl esters of VFFAs™. Flavor and aroma assessm-
ents of fatty acids were carried out by the authors,
and descriptions of the aroma properties of indivi-
dual fatty acids reported elsewhere'?.

RESULTS AND DISCUSSION

Several VBCFAs including 2-methylbutanoic, 3-
methylbutanoic, 4-methylpentanoic, 2-ethylhexa-
noic, 4-methylhexanoic, 4-methyloctanoic, 6-met-
hyloctanoic, 4-ethyloctanoic, 4-methyinonanoic,
and 2-ethyldecanoic acids were identified from the
cooked meat portion of bovine, porcine, caprines (Ko-
rean black goat and American white goat), and ovine.
VBCFAs contained in red meat samples above their
threshold values were listed in Table 1 and their
aroma characteristics of the authentic compounds
were described in Table 2.

2-Methylbutanoic, 3-methylbutanoic, 2-ethylh-
exanoic, 6-methyloctanoic, and 4-methylnonanoic
acids were present in caprine meat sample. The
concentrations of 2-methylbutanoic and 3-methyl-
butanoic acids were higher than their reported thr-

eshold values. However, none of these VBCFAs are
considered as having characteristic beef flavor. Being
compared with other species like ovine and caprine,
beef flavor is characterized by the basic meaty flavor
compounds from reaction flavor compounds''? of
amino acids, carbohydrates, and lipids, because of
lacking in goaty and muttony flavor impact due to
low in 4-methyloctanoic and 4-ethyloctanoic acids.
Porcine meat contained the least number of VB-
CFAs among four sample species tested in this study,
and they were 2-methylbutanoic, 3-methylbutanoic,
and 6-methyloctanoic acids. None of these VBCFAs
possessed characteristic pork flavor, although lipoly-

Table 2. Aroma properties of volatile branched-chain fatty
acids (VBCFAs) that present in red meat samples ab-
ove their thresholds

VBCFAs Aroma properties’®

2-Methylbutanoic acid
3-Methylbutanoic acid
4-Methylpentanoic acid

rotten fruit, estery, sweat (5ppm)®
sweat socks, fatty acid-like (5ppm)
cheese-like, waxy (5ppm)
2-Ethylhexanoic acid phenolic, waxy (5ppm)
4-Methylthexanoic acid
4-Methyloctanoic acid

6-Methyloctanoic acid

woody, sweet-sweaty (10ppm)

waxy, goaty (1ppm)

phenolic, wet woody, slightly
sweet (2.5ppm)

4-Ethyloctanoic acid goaty (5ppb)
4-Methylnonanoic acid  waxy-sweet, soapy, fatty acid-
like (1ppm)

2-Ethyldecanoic acid musty, musky, sweet, woody (1ppm)

‘Reported in reference 12
*The concentration close to their thresholds

Table 1. The concentrations of volatile branched-chain fatty acids (VBCFAs) isolated and identified from meat samples of vari-

ous species
VBCFAS : : Mfats‘ : : Aroma/ Flavor
Bovine Porcine Caprine 1° Caprine 2° Ovine thresholds (ppm)
ug/g

2-Methylbutanoic acid 5.24 6.72 - - 7.25 1.6°
3-Methylbutanoic acid 0.24 9.86 - - 0.31 0.07¢
4-Methylpentanoic acid - - - - 0.82 0.61°
2-Ethylhexanoic acid 1.26 - - - - 82.4°
4-Methylhexanoic acid - - - - 1.27 7.3
4-Methyloctanoic acid - - 1.21 0.29 3.21 0.02¢
6-Methyloctanoic acid 0.05 1.25 2.15 1.29 1.27 4.1°
4-Ethyloctanoic acid - - 0.57 0.97 0.18 0.0018'
4-Methylnonanoic acid 0.07 - - - 0.74 0.65°
2-Ethyldecanoic acid - - 10.38 0.17 - 0.02¢

°Not detected
"Boelens et al

*Korean black goat
*Brennand et al."”?

s American white goat
9Keith and Powers'”
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zed porcine fat produced sweaty—odorlike 3-met-
hylbutanoic acid. The origin of VB-CFAs in meat
lipids has been explained that rumen microrg-
anisms synthesize short branched-chain fatty acid
utilizing propionyl Co-A as substrate and then elo-
ngate to the long chain methyl branched chain fatty
acids'. Considering this, it is not surprising that porc-
ine meat sample obtained from monogastric animal
does not have much branched-chain fatty acids
(BCFAs). However, fermented feeds could easily
serve as a source of 2-methylbutanoic and 3-meth-
ylbutanoic acids, which derived from leucine and
isoleucine, respectively.

Goat meats were obtained from two different var-
ieties of caprine (Korean black goat and American
white goat). Both of the samples were lacking in short
VBCFAs (C5, C6, and C7) and contained 4-methylo-
ctanoic acids and 4-ethyloctanoic contributing to the
characteristic goaty flavor of caprine meat. Especially,
4-ethyloctanoic acid was the important goaty
compound present in both of the goat meats. In our
previous report'”, the mature male goat perinephric
fat from American white goat contained 4-ethylo-
ctanoic acid at level(13ppm) well above threshold
level (1.8~6 ppb) and we stated that this acid is
probably most important for the goaty flavor notes of
mature goats. Since we consume the meat portion, it
was neceassary to examine the concentration of this
fatty acid in meat if the content of this fatty acid in
meat portion is high enough to determine the speci-
es-specific meat flavor.

The result of this study (Table 1) clearly showed that
4~ethyloctanoic acid in goat meat has an important
role for the species—specific meat flavor. Yet this fatty
acid still comes from the marble fat of meat portion
and the origin of species—specific meat flavor is still
fat fraction of the animal meat. Recently, 4-ethyloc-
tanoic acid has also been reported to provide the cha-
racterizing goatiness to the flavors of fresh goat
cheese'. Sugiyama et al."'® have identified 4-ethylo-

. ctanoic acid as a major characterizing odorant in the
sebaceous secretion obtained from the neck hair of
mature male goats,-but they did not find the compo-
und in similar collections from the female goats. Ho-
wever, the data obtained from the analysis of female

goat meat’ and fresh goat cheese'® showed that 4-
ethyloctanoic acid can also be synthesized in mam-
mary glands of female goats.

Caprine meat also contained 4-methyloctanoic
acid which possesses a sweaty or mutton-like flavor
note. Wong et al.” stated that 4-methyloctanoic acid
contributed to the flavor of caprine meat, and the
current data confirmed that adequate concentration
of this compound occured in caprine meat to con-
tribute a species characterizing flavor to the meat
from mature males. Although, they believed that 4~
methyloctanoic acid is responsible for the sweaty
note of caprine fat, this fatty acid may more likely
provide supporting flavor notes to the 4-ethylocta-
noic acid in caprine meat flavors. Notably, the ma-
ture caprine meat contained 2-methylbutanoic and
3-methylbutanoic acids below the threshold levels.
Thus, the aroma of the medium-chain fatty acids
would not be modified by the effects of these shor-
ter chain fatty acids in caprine meat.

Ovine meat samples had the largest number of
VBCFAs, including short and medium branched~
chain fatty acids. Unlike the caprine meat samples,
the ovine sample contained the short chain fatty acids
at the levels that could affect the mutton-like flavor.
These short-chain fatty acids should contribute sweet,
butyric-like, and sweat-like flavor notes modifying
goaty-muttony flavor notes from 4-ethyloctanoic and
4-methyloctanoic acids. In addition to the VBCFAs,
some volatile phenolic compounds also had impor-
tant sheepy odor contributable to the mutton flavor
and we reported this elsewhere'.

3-Methylbutanoic and 2-methylbutanoic acids in
animal meat lipids can originate from branched-ami-
no acids such as leucine and isoleucine, from mi-
crobial metabolism in the gastrointestinal tract, and
in vivo biosynthesis in various tissues. Kako et al."”
reported the identification of 4-methylpentanoic acid
in pork, but this acid was not found in the porcine
perinephric fat'” and the porcine meat sample in-
cluded in the current study.

2-Methylbutanoic, 3-methylbutanoic, and 4-me-
thylpentanoic acids have been identified in the pig
wastes®?, and the concentrations of fatty acids ha-
ve been related to the balance of intestinal micro-
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Fig. 1. A proposed biosynthetic mechanism for the produc-
tion of 4-ethyloctanoic acid.

flora of pigs®. Elongation of 2-methylbutanoic and
3-methylbutanoic acids in a variety of animals yie-
Ids corresponding series of branched medium- and
long—chain fatty acids. Secretions from human seb-
aceous glands contain a large number of long chain
methyl and dimethyl fatty acids®, and multimethyi
branched-long-chain fatty acids have been identi-
fied in the uropygial gland of the goose®™. Long ch-
ain branched fatty acids are probably best known in
ruminant milkfat and meat lipids where they are
quite abundant*". ’
BCFAs with substituents at even-numbered car-
bon atoms in ruminants may result from the incorp-
oration of methylmalonyl-CoA arising from propio-
nate into fatty acids rather than malonyl-CoA, wh-
ich leads to n-chain fatty acids™. Thus, 2-methyl-
butanoic acid can also be synthesized by condensa-
tion of methylmalonyl-S-ACP and acetyl-S-ACP.
Although various methyl branched-chain fatty acids
could be biosynthesized using 2-methylbutanoic
and 3-methylbutanoic acids as primers, ethyl bra-
nched-chain fatty acids can not be synthesized fr-
om these fatty acids. Therefore, ethyl branched-ch-
ain fatty acids such as 4-ethyloctanoic acid should
be synthesized via ethylmalony! Co-A mechanism.
The proposed biosynthetic mechanism for the 4-
ethyloctanoic acid is shown in Fig. 1. The specific-
ity of the synthetase for butyryi-CoA and ethylmalo-
nyl-CoA is believed to determine the amount of 4-

ethyloctanoic acid in depot fat and meat portion.
Thus, the presence of elevated levels of 4-ethyloct-
anoic acid in caprine meat indicated a unique subs-
trate specificity of the acyl-CoA carboxylase for
butyryl-CoA in the synthesis of ethylmalonyl-CoA
in these species.

In conclusion, 4-ethyloctanoic and 4-methyloct-
anoic acids were important flavor compounds deter-
mining the species—specific meat flavor for the bov-
ine, porcine, caprine, and ovine as being or not bein-
g in their meats. The meats from two different variet-
ies of caprine (Korean black goat and American
white goat) contained the same kinds of VBCFAs, alt-
hough there were differences in the concentrations of
VBCFAs and the strength of goaty odor between two
varieties.
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