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Abstract Two different methods for single step transes-
terification from pig meat without fat extraction have been
tested. Freeze-drying of the meat with and without anhy-
drous salt, followed by a base-catalyzed transmethylation
(KOH/MeOH) was carried out. Both methods were com-
pared with the standard Folch procedure of fat extraction
followed by transmethylation. The methods were tested on
a complete sample set of biceps femoris of pig thigh, used
for the production of dry-cured ham. The set was divided in
three subgroups according to total fat content. Both
derivatization protocols on freeze-dried pork muscle were
proven to be a valid alternative to the Folch procedure for
FAME analysis. Freeze-drying method offered several
advantages in comparison with the Folch procedure,
including a lower solvent requirement, and process tem-
perature, as well as considerable saving of time. In freeze-
drying, the addition of an anhydrous salt (Na,SO,4) gave
more friable samples which resulted in higher yields for
some fatty acids, particularly evident in the case of tissues
with high lipid content.
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Introduction

Fatty acid (FA) composition determines physical proper-
ties, stability, and nutritional value of lipids. Variations in
plant and animal lipid FA composition help determine the
origin of the lipids. The profile of total fatty acids is con-
sidered as a kind of “identity card”, particularly for
phospholipids, which are less prone to changes due to their
function (Grahl-Nielsen 1999; Joensen and Grahl-Nielsen
2001).

FA composition of the pig adipose tissue and lean cuts
has a great importance for meat quality control and it
provides information about animal feeding and the history
of the product (Wood et al. 2008). Moreover, the compo-
sition of depot and intramuscular fat reflects the diet lipid
composition in monogastric animals.

In pigs, linoleic and linolenic acids are derived entirely
from the diet, and they are metabolized in the liver to
produce two families of polyunsaturated fatty acids
(PUFA), which are specific to animals, respectively, the n-
6 and n-3 series (Nieto and Ros 2012). Changes in the FA
composition of pig muscle fat induced by diet may increase
the susceptibility of FAs to oxidation to a higher extent
than it would be expected by the kind of alteration (Ko-
lakowska et al. 1998).

High saturated FA (SFA) intake contributes to increase
the LDL-cholesterol level, which was reported to be pos-
itively related to the occurrence of heart diseases (Nieto
and Ros 2012). However, some monounsaturated FAs
(MUFA) and PUFA, in particular long-chain n-3 PUFA
reported to have favourable effects on human health
(Christie 2003). A higher n-3:n-6 PUFA ratio is recom-
mended (Wood et al. 2004).

In Italy, as well as in other European countries (such
as Spain), one of the main destinations of pig thigh is

@ Springer


http://orcid.org/0000-0002-2483-7134
http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-016-2472-9&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-016-2472-9&amp;domain=pdf

602

J Food Sci Technol (March 2017) 54(3):601-610

cured ham. For this reason, fatty acids composition of
thigh lipids was assessed in detail by different studies
(Lo Fiego 1996; Lo Fiego et al. 2005, 2010; Rossi and
Corino 2002). FAs are generally analyzed after deriva-
tization into fatty acid methyl esters (FAMEs). Fat
extraction, FAs fractioning followed by derivatization
(FAME production), and finally GC analysis are the
main steps of the procedure. Short narrow-bore columns
in combination with fast GC systems are able to give
perfect separations of complex FAME mixtures in a few
minutes (Ficarra et al. 2010). However, the full
exploitation of these systems requires a method that
could bypass fat extraction, that is normally carried out
by either Folch method (Folch et al. 1957) modified by
Boselli et al. (2001) or by Association of Official Ana-
lytical Chemists recommended methods (AOAC 2012)
based on the use of Soxhlet apparatus. Both methods are
solvent and time consuming and the operator has to
assist the whole extraction procedure.

The opportunity to bypass fat extraction was verified in
several studies on different matrices, such as dairy products
and other foodstuffs (Destaillats et al. 2007; Golay et al.
2006; Grob and Suter 2000; Suter et al. 1997a, b, 1999). In
literature, different alternative methods for lipid extraction
are reported. Supercritical fluid extraction was successfully
tested for lipid extraction, yielding good recoveries of non-
polar lipids (List et al. 1989). The main advantages are: high
quality and purity of the obtained product; quick extraction
and separation phases; low consumption of hazardous
organic solvents; extract free of residues; selective extrac-
tion of a specific compound; reduction in separation cost;
less damage to the fatty acids due to low extraction tem-
perature (Raventds et al. 2002; Sahena et al. 2009). The
method was applied on different meat matrices (Berg et al.
1997; Merkle and Larick 1995; Taylor and Larick 1995).
However, an expensive extraction equipment is required.

Accelerated solvent extraction (ASE) led to high
extraction efficiency using common solvents at elevated
temperatures and pressures. ASE technology was applied
to fish (Dodds et al. 2004), plant and animal tissues
(Schifer 1998). Also in this case, an expensive and dedi-
cated equipment is required.

On the contrary, Ficarra et al. (2013) have set up a fast
procedure based on tools commonly available in many
food laboratories. In fact, the method relies on meat freeze-
drying process prior direct transmethylation with
methanolic KOH. This procedure was successfully applied
to meat samples with different amount of intramuscular fat.
The method was reliable and performed comparably with
Folch method. It showed several advantages, such as
bypassing the fat extraction, the need of high amount of
solvent and its disposal.
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Base-catalyzed methylation requires anhydrous condi-
tion (Christie 1993). Anhydrous Na,SQOy, is largely used for
water removal from organic solutions. Therefore, the
presence of a desiccant salt during transmethylation redu-
ces the risk of hydrolysis due to traces of water from the
environment that can reduce the reaction yield.

The aim of this study was to compare the method set up
by Ficarra et al. (2013) on a complete samples set of biceps
femoris (BF) from pig thighs, with or without a protocol
modification based on the addition of anhydrous salt during
freeze-drying process, with the standard Folch procedure
modified by Boselli et al. (2001).

Materials and methods

Sampling and total fat determination (Soxhlet
extraction)

Samples were taken from biceps femoris (BF) of the pig
thigh (destined to the production of dry-cured ham) of
pigs (Sus scrofa domesticus L.) with different genetic
types [(Italian landrace x Large White), and two
hybrids: Hypor and Goland], male and female, and with
a different amount of BF fat concentration. To obtain a
representative sampling, the meat (about 7.00 g of each
sample) was selected from different parts of the pig BF.
The samples were ground and then stocked in a freezer
at —20 °C.

Twelve samples were selected on the basis of their fat
content (Table 1). To determine the total fat amount in BF,
each sample was subjected to acid digestion and then
extracted with the Soxhlet apparatus (AOAC 1990a;
AOAC 1990b), using 3.00 g of ground BF. The extraction
was carried out with petroleum ether for 6 h.

Each sample was analysed in triplicate (12 x 3 = 36
analysis for each method).

Chemicals

All solvents and reagents were of analytical grade. Chlo-
roform, petroleum ether (40-60 °C), methanol, n-hexane,
and potassium hydroxide were obtained from Sigma-
Aldrich® (Milan, Italy). Anhydrous Na,SO4 and KCl were
purchased from Carlo Erba Reagents S.p.A. (Rodano,
Milan, Italy).

Single FAME standards were purchased from Larodan
Fine Chemicals AB (Malmd, Sweden), methyl nonade-
canoate (Cig.0; >99%) used as internal standard (100 uLL
for each sample) was purchased from Fluka (Milan,
Italy) and prepared at a concentration of 1.00% (w/v) in
hexane.
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:;Bll;; lee,gﬁfﬁ;ﬁs of Sample label Subgroup Mean value inside the subgroup (g/100 g) Genetic type Sex
1 Low 1.26 (£0.04) 1 M
2 3 M
3 3 F
4 1 M
5 Medium 2.64 (£0.03) 3 F
6 2 F
7 3 M
8 1 M
9 High 5.79 (£0.60) 1 F
10 2 M
11 2 M
12 1 M

Mean values of lipid content (expressed as g/100 g + standard deviation) of the subgroups of biceps
femoris muscles from pigs with different genetic type [1, Italian landrace x Large White 3 (L x LW); 2,
Hypor; 3, Goland], and sex (F, female; M, male)

Methods of sample preparation
Lipid extraction: modified Folch procedure

Total intramuscular lipids extraction was operated as
previously described (Ficarra et al. 2013), following the
Folch procedure (Folch et al. 1957) modified by Boselli
et al. (2001). Briefly, total intramuscular lipids were
extracted from 1.00 g of fresh muscle (3 replicates) by
adding 60 mL of a solution of chloroform/methanol (2:1)
and by homogenizing for 3 min. The sample was heated
for 20 min at 60 °C, then 60 mL of a solution of chlo-
roform/methanol (2:1) was added and a second homog-
enization was carried out. After filtering with suction on
a Biichner funnel, a KCI aqueous solution (34 mL;
0.88% w/v) was added to the sample, which was left to
stand at —20 °C overnight. The organic phase was
recovered and dehydrated with anhydrous Na,SO, for
2 h at the same temperature. Finally, the organic phase
was filtered and evaporated to dryness on a rotary
evaporator (VV 2000; Heidolph, Kelheim, Germany) at
40 °C.

Meat freeze-drying

An aliquot of ground meat (1.00 g) was transferred in a
100 mm x 16 mm (i.d.) test tube with Teflon-lined cap (3
replicates for each sample). Tubes were frozen at —20 °C
and then placed in a tube rack inside a desiccator. After
connecting the desiccator to the freeze-drier (FreeZone 1L
Labconco, Kansas City, MO, U.S.A.), samples were left up
to a complete drying (24 h).

Meat freeze-drying with anhydrous Na,SO,

The procedure described in “Meat freeze-drying” section
was carried out by adding 1.00 g of anhydrous Na,SO,
together with 1.00 g of ground meat before freeze-drying
(3 replicates for each sample).

Preparation of fatty acid methyl esters (FAMEs)
and analytical conditions

Preparation and sample analyses were carried out as pre-
viously described (Ficarra et al. 2010). A transesterification
method was applied to the samples obtained with the dif-
ferent protocols for subsequent gas chromatography anal-
ysis. Strictly in this order, the sample with the addition of
hexane (4 mL) and 100 pL of internal standard was mixed
with an Ultra-Turrax (T25 basic, IKA-Werke, Staufen,
Germany; 1 min at speed max). Then, KOH/MeOH solu-
tion (2 N; 0.4 mL) was added and the sample was mixed
again with the Ultra-Turrax (1 min at speed max). After
centrifugation, FAMEs were recovered in the upper phase.

FAMEs were separated using a TRACE™ GC Ultra
(Thermo Electron Corporation, Rodano, Milano, Italy)
equipped with the Ultra Fast Module (UFM), a Fast Flame
Tonization Detector (FFID) and a UFM-Carbowax column,
5 m long, 0.1 mm i.d., 0.2 um film thickness.

The temperature program ranged from 150 °C (held
10 s) to 240 °C (90 s, 102 °C/min) and held at 240 °C for
2.30 min. The injection (PVT split mode, 1 pL) was
operated with a split ratio 1:150 and constant flow oper-
ating mode at 0.5 mL/min (helium as carrier gas). The
injector and detector temperature were both set at 240 °C.
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The identification of FAs was carried out by comparing
the retention times with those of the reference pure stan-
dards, injected in the same conditions of the samples. GC
trace of the standard mixture is showed in Fig. 1. The
quantification was performed using the internal standard
method. Chromatograms were acquired and processed by
Chrom-Card software (ver. 2.3.3, Thermo Electron Cor-
poration, Rodano, Italy).

Statistical analysis

Univariate and multivariate analyses were performed on
the data set. Principal component analysis (PCA) of the

Exploratory principal component analysis

The whole data set of autoscaled values was explored by
Principal Component Analysis (PCA) to achieve prelimi-
nary but essential information about the homogeneity of
the results across the different methods. Moreover, another
aim was to evaluate if PCA could discriminate the different
factors used for sampling. The first four principal compo-
nents (PCs), all with eigenvalues >1.0, explained 86.53%
of the total variance. All factors with eigenvalues <1.0

Table 2 Loading values for the first four Principal Components

autoscaled values was carried out to explore the whole data PCl PC2 PC3 PC4
set. Differences between methods were assessed by anal-  Gepeic type 0.30 0.15 0.57 0.70
ysis of variance (one-way ANOVA) based on three repli- oy —0.18 0.18 0.89 —018
cates for each sample. When a significant effect (at least Ciao —0.96 0.06 —0.02 0.14
p < 0.05) was detected, comparative analyses were carried Cieo —0098 0.06 —0.04 011
out using the post hoc Tuke'y S mu'ltll'ole comparlson test. Cion o) —0.76 022 ~0.19 034
All tests were performed using Statistica version 8.0 soft- Ciro 085 —0.19 017 —030
ware (Stat 180 Soft Inc., Tulsa, OK, USA). Cort oy 091 —0.07 013 _024
Cizo —0.98 0.03 —0.11 0.06
. . Cig:1 (n-9) —0.96 0.12 —-0.10 0.18
Results and discussion Ciso e 0.9 0,07 0.02 0,08
. Ci8:3 (13 —0.85 0.20 —0.02 —0.04
To evaluate the effect of fat concentration and pork texture C18'3 - 091 011 0.14 0.06
on the determination of FAs, samples were divided in three sz 0’94 0'12 0'12 0'20
subgroups by means of their total lipid content: low (1.26% CZO” =9 0‘83 0'11 0'11 0'22
mean), medium (2.64% mean), and high (5.79% mean), as CZO:Z 6 _0'22 _0'77 0'23 _0'09
shown in Table 1. The division in subgroups also allows 203 (n-6) e e : ‘
- . Cao4 (n6) —0.07 —-0.75 —0.11 0.31
obtaining more homogeneous groups of samples in order to
perform the data comparison.
Fig. 1 GC trace of a standard uen e i
mixture. I: Ci4.0; 2: Cig.0; 3: 6
Cis:1 (n-9)> 4: Ci7:0; 5: Cy7.4 (n-9)» - 7
6: Cig.0; 7: Cig:y (n-9)s 8: Cys0 (n-
6); 9: Cio, (internal standard); o
10: Cyg:3 (u-3); 11: Cogrp; 12: [
Cao:1 (n-9)> 13: Cyp2 (n-6)> 14: 8
Cao3 (n-6)> 15: Cyoa (n-6)
(mVok)
y |
l 112
_o.7es 12
4 5 , /I$Z2
Ll e e v
L UL A U WL A A e
28
0745 () 1863
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were discarded on the basis of Kaiser’s criterion (Kaiser
1958).

All FAs (except for PUFA) were strictly grouped and
weighed on PC1 with negative sign (Table 2). PUFA
(C20:3 (n-6) and Cop.4 (n-6)) Weighed on PC2 with negative
sign, while sex mainly weighed on PC3. Finally, PC4 was
mainly characterized by genetic type.

The different distribution of the samples on PCl1
(62.78% of the total variance) was clearly identified as a
consequence of the different fat content (the higher the fat,
the lower the scores). However, the different protocols did
not affect the distribution of the samples neither on the PC1
nor on the PC2 (Fig. 2).

On PC2 (8.82% of the total variance) the influence of
PUFA was of crucial importance (Table 2). On the other
hand, it is likely that the high susceptibility to degradation

of PUFA may have significantly affected their yield in the
different tested methods.

The plot of PC1 versus PC3 (Fig. 3) allowed to easily
discriminate the samples on the basis of sex of the
animal, whereas the female group was at the top and the
male one was at the bottom. However, also in this case
samples from different methods were not separated in
clusters.

PC4 was characterized by genetic type, but also by quite
high loading values for Cyg.;, Cy7.9, and Cyg.4. However, a
complete segregation in different clusters of the different
genetic types was not possible.

At first glance, the different methods were hence com-
parable as there was not segregation at all in different
clusters of samples.

4
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Fig. 2 PC1 versus PC2 score plot; samples extracted by Folch
procedure, lyophylized samples, and lyophylized with anhydrous
Na,SO,4. LF low (lipid content) Folch; MF medium Folch; HF high
Folch; LL low lyophylized; ML medium lyophylized; HL high

lyophylized; LLS low lyophylized plus salt (anhydrous Na,SO,); MLS
medium lyophylized plus salt (anhydrous Na,SO,); HLS high
lyophylized plus salt (anhydrous Na,SO,)
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Fig. 3 PC1 versus PC3 score

plot; samples extracted by Folch
procedure, lyophylized samples,
and lyophylized with anhydrous
Na,SO,. LF low (lipid content)
Folch; MF medium Folch; HF
high Folch; LL low lyophylized;
ML medium lyophylized; HL
high lyophylized; LLS low
lyophylized plus salt (anhydrous
Na,S0,); MLS medium
lyophylized plus salt (anhydrous
Na,S0O,); HLS high lyophylized
plus salt (anhydrous Na,SO.)

PC3:8.35%
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Quantification of FAMEs obtained with the three
protocols and comparisons by one-way ANOVA

The quantification of FAMEs (mg of each FA/100 g of
BF) obtained with the three protocols is reported in
Table 3.

ANOVA and related Tukey’s test were carried out on
the whole data set. No significant difference among the
treatments was evidenced except for the omega-6 PUFA,
C20:3 (n-6) and C20:4 (n-6)- For both PUFA Folch method
gave the poorest results, while freeze-dried samples
without Na,SO4 and freeze-dried samples with Na,SO,4
gave higher results for Cyp4 (1) and Cipz  (n-6)
respectively.

One-way ANOVA and Tukey’s test were carried out for
each subgroup (low, medium, and high total lipid content)
to evaluate the effect of the different protocols in rela-
tionship to the fat content. Results are reported in Table 4.

For low lipid content, there were no statistically sig-
nificant differences for the most abundant fatty acids (Cje.0,
and Cyg.1 (n.9)), as well as for Cy4.0, C17.0, C17:1 (n-9)> Cig:05
C20:1 (n-9)» C2032 (n-6)> and C20:3 (n-6)- Signiﬁcant differences
were found for Cig.1 (4-9), Cig2 (n-6) Ci8:3 (n-3)» Co0:0, and
C20:4 (n-6)- Data obtained with Folch method showed the
highest values along with the ones obtained with freeze-
drying method without Na,SO, for Cig (.6) (p < 0.05),
only. For all other FAs, according to Tukey’s test, freeze-
dried samples showed significant higher yields of FAME in
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PC1: 62.78%

comparison with those obtained with Folch method. The
effect of freeze-drying without Na,SO, was significant for
Cr0:4 (n-6) (p < 0.001), while the addition of Na,SO4 was
significant for Cie; 9y (¢ <0.05). For Cig3 (3
(» <0.001) and Cyp (p < 0.001), both freeze-drying
methods figures were significantly higher than in Folch
method.

The ANOVA for medium total lipid content (Table 4)
showed statistically significant differences for the most
abundant FAs, Cis.0, Cis:.0, Cis:1 (n-9). Folch samples
showed the highest concentrations in comparison with
freeze-dried ones, although p was lower than 0.05 in all
cases. All other FAs did not show significant differences,
but Ca0:3 (n-6) (p < 0.01).

Finally, the ANOVA for high total lipid content was
reported in Table 4. As for medium fat content, the
ANOVA showed statistically significant differences for
ClG:O’ C]g;o, ClS:l (n-9) (all Wlthp < 005) For these FAS,
samples obtained with freeze-dried method with Na,SO,4
had the highest yields, while Folch samples showed the
lowest concentrations. The effect of freeze-drying with
the addition of salt was significant also for Cj4.9
(p < 0.05) and C,.4 (1-9) (p < 0.001), while for C5q.3 (n-6)
(p <0.001) freeze-drying without Na,SO, was signifi-
cantly lower.

Even if some differences were observed for the yields of
FAs obtained with the different methods, they were not
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Results of the one-way ANOVA and the Tukey’s test for total lipid content are reported as F,;,..s and superscript letters, respectively. Different letters identify samples significantly different

(» < 0.05)

 Lyophilized samples without Na,SO,, ® Lyophilized samples with Na,SO,, ¢ Folch samples

n.s. not significant

% p < 0.001; ** p < 0.01; * p < 0.05

univocal, in particular for the most abundant FAs. How-
ever, p values were lower than 0.05 in all these cases.

Generally speaking, the ANOVA as well as PCA
showed a large comparability among the methods, con-
firming on a complete set of samples the encouraging
results achieved in a preliminary study (Ficarra et al. 2013).
A freeze-drying method prior derivatization was already
successfully tested on different kinds of meat (beef,
chicken, and lamb) in comparison with a saponification
procedure showing no differences between the methods for
all major fatty acids (Lee et al. 2012).

The advantages of freeze-drying method in comparison
with Folch procedure are evident in terms of lower solvent
disposal, lower temperature to subject the samples, and
considerable saving of time. Folch method, in fact, requires
the continuous and careful presence of an operator during
all the procedure, while freeze drying process can work up
a large number of samples without operators at the same
time.

The differences found for PUFA can be explained due
to the high susceptibility to oxidation of these com-
pounds. The susceptibility was associated with the
sample storage, while freeze-drying of samples is con-
sidered the safest drying process to preserve PUFA,
because they are kept trapped within intact cellular
matrices (Calvo et al. 2011; Lee et al. 2012). Moreover,
the higher performance of the freeze-dried method for
C20.4 (n-6) does not confirm what reported by Ficarra
et al. (2013) about a better reliability of Folch method
for PUFA determination. However, they did not deter-
mine Cyp.3 (n6) and the values for Cyp.4 (n.6) Were con-
siderably lower.

The use of anhydrous Na,SO, during the freeze
drying step showed a clear improvement of FA yields,
in particular for samples with high fat content. The
composition of the samples obtained by freeze-drying
procedure mainly includes protein structures. The
addition of anhydrous Na,SO, to sample is conceivable
and allows obtaining a more friable freeze-dried pro-
duct that thereby makes the derivatization more
effective.

Conclusion

Direct derivatization method on freeze-dried pork muscle
has proven to be a valid alternative method to the Folch
procedure for FAME analysis. Freeze-drying process
offers advantages in terms of FA yields, as for Cz0.3 (n-6)
(Wlth Nast4) and C20:4 (n-6) (WithOU.t Nast4). The
addition of anhydrous Na,SO, is feasible to achieve a
more friable and anhydrous product for base-catalyzed
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methylation, as showed in particular for samples with
high fat content.
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