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13 Abstract: Twenty-four extensively-reared Iberian pigs were used to study the influence of fattening
14 period length (30, 60 or 90 days) on the fatty acid profiles of intramuscular and subcutaneous fat
15 and the relationships between both profiles. Regarding fatty acid (FA) percentage, PUFA was
16 greater in backfat and MUFA was greater in intramuscular fat (IMF), regardless fattening period
17 length. The longer fattening period increased MUFA content in backfat (which had a more marked
18 change in oleic acid) and decreased PUFA content in backfat and IMF, but it did not affect SFA
19 content. Within the 3-layers subcutaneous backfat, SFA content was greater in the inner layer,
20 MUFA was greater in the outer layer and PUFA was greater in both of these layers. The few
21 differences in FA composition between both adipose tissues suggest that the changes due to the
22 feeding regime are slow and, therefore, although the length of the fattening phase was increased,
23 the fatty acid profile did not change substantially. The strong relationship between the FA profiles
24 of IMF and backfat might be used to predict one profile from the other one when this latter was

25 more readily available for sampling or analytical reasons.
26 Keywords: Free-range; backfat layers; intramuscular fat; Iberian pig; subcutaneous fat.
27

28 1. Introduction

29 Consumers nowadays demand high quality products with a particular taste or specific health-
30  related properties, in which the fat content and fatty acid (FA) profile are important factors. The
31  products made from the Iberian pig breed, especially those derived from animals fattened under
32  extensive, free-range conditions, feeding on acorns and grass in a silvopastoral system known as
33 "montanera", comply with these requirements [1] and its high content of oleic acid makes it healthier
34 than other animal products [2]. This animal production system contributes to the conservation of the
35  “dehesa” ecosystem (sparsely-forested Mediterranean grassland) and also the preservation of it
36  through the maintenance of traditional Iberian systems for the production of high-quality meat
37  products [3]. Also, prior to any sustainability assessment the acknowledgment of the traditional
38  livestock production with Iberian pigs is a key factor.

39 Several factors can influence the lipid composition of pork, but it has been proven that the breed
40  and the type of diet ingested by the pig at the end of the fattening period are the main factors [4,5].
41 The FA composition of the Iberian pig adipose tissues is diet-dependent [2] and the contents of

42  four FAs (palmitic, stearic, oleic and linoleic acid) in a sample of subcutaneous fat from the animal’s
43 rear lumbar region are often used by the industry to classify the pig carcasses, and recent research
44 showed that the FA profile can be a potential indicator to discriminate Iberian hams according to the
45 type of final fattening [6]. A number of studies have looked into the FA profile in adipose tissues of

© 2020 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202008.0276.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 August 2020 d0i:10.20944/preprints202008.0276.v1

2 of 12

46  the Iberian pig, e.g. in backfat [7-11], in intramuscular fat [12,13] or in both [14,15]), but few of them
47  correlated the profiles obtained in the two types of fat tissues. This information might be relevant
48  sinceit is easier to sample backfat than intramuscular fat (IMF). In addition, few studies have assessed
49  the influence of the duration of the fattening period under “montanera” system on the fatty acid
50  profile.

51 The main objectives of this experiment were to analyze the influence of the duration of the
52 fattening period on the fatty acid profile of intramuscular and subcutaneous fat (total fat, and outer,
53  middle and inner layers) of purebred Iberian pigs reared under free-range conditions (“montanera”)
54 and the relationship between the fatty acid composition of both fat depots.

55 2. Materials and Methods
56  2.1. Animals

57 Twenty-four pure-breed Iberian barrows of the Valdesequera strain were used in the Valdesequera
58  research farm ("Badajoz, Extremadura, Spain) of CICYTEX (Figure 1). The animals were raised under
59  standard commercial conditions up to the beginning of the fattening period (“montanera”). Then, the
60  animals were randomly distributed into three groups of eight pigs each according to the length of the
61 fattening period 30, 60 and 90 days (Mso, Ms and M, respectively) and fed under free-range conditions
62  from November to January. Diet comprised acorns (dry matter; DM: 588.2 g/kg, crude protein: 57.8 g/kg
63  of DM, crude fat: 75.7 g/kg of DM, crude fiber: 68.6 g/kg of DM) and pasture (dry matter: 160.9 g/kg,
64  crude protein: 309.2 g/kg of DM, crude fat: 4.1 g/kg of DM, crude fiber: 163.2 g/kg of DM, according to
65  existing literature [12]). Body weight (BW) and age at the start of the fattening period were 128.8 + 1.0
66  kgand 350 + 10 days. The final BW ranged from 157.6 kg to 225.6 Kg (Table 1).

67
1
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69 Figure 1. A group of Iberian pigs in “montanera”.

70 2.2. Carcass and fatty acid traits
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71 Upon reaching its allocated slaughtering age (after 30, 60 and 90 days of fattening), the pigs were
72 fasted for 12 h, weighed immediately and transported to a commercial slaughterhouse located at 100
73 km from the experimental farm. They were then allowed a 14 h rest period, with full access to water
74 but no feed. The fasting period lasted 26 h, which is within the range used by the industry for Iberian
75  pigs. At slaughter, the animals were stunned electrically, killed by exsanguination, scalded and
76  eviscerated according to European regulations for animal care, following normal commercial abattoir
77  procedures. The hot carcasses (including the head and loin) were weighed within 1 h post-mortem. At
78  the packing plant, the backfat depth (total and outer, middle and inner layers) and loin area at the 14t
79  rib level were outlined on transparent acetate paper on the left side of each carcass. The outlined loin
80 area was measured using an LI-3100C Area meter (Li-Cor Corporation, Lincoln, NE, USA) with a lens
81  adjustable to a resolution of 1 mm? The samples were placed on the lower transparent belt of the device
82  and allowed to pass through the LI-3100C scanning head. The resultant area was shown on the LI-
83  3100C display. The backfat thickness was measured with a 0.5 mm-precision flexible ruler (Mitutoyo,
84 UK.
85 A loin slice at the 14t rib level (including skin, backfat and Longissimus dorsi muscle) from the
86  left half of each carcass was removed and vacuum-packed in nylon/polyethylene vacuum bags,
87  transported to the laboratory and kept frozen at -20 °C until further analyses. Before analysis, the
88  vacuum packed samples were thawed at 2 + 1° C for 24 h. In the laboratory, the backfat sample of each
89  animal was divided into its three layers (outer, middle and inner) to analyze the fatty acid composition
90 by the official method used in Iberian pork quality standards. The process was as follows: a
91  homogeneous sample from each layer and each animal was weighed and homogenized with 50 ml of
92  ester diethyl (2:1 v/v) using a Stomacher (80 or 400 depending on sample size) for 2 minutes. The
93  resultant solution was filtered to separate the extracted fat (total lipid content with the solvent) and the
94 solid residue (connective tissue). To separate and recover the solvent, the extracted fat was put through
95  aRotavapor hot bath, between 40-50 °C, and then refrigerated for 5 minutes. To dissolve the lipids, 0.20
96 g of the total extracted lipids without ester was added to 4 ml n-hexane with alkenes and was shaken
97  softly. 0.2 ml of KOH (2M methanol) was then added, leaving it to stand for 30 minutes. The mixture
98  was then centrifuged at 2,000 rpm for 30 seconds. The fatty acids were determined in 1.0 ml of the
99  mixture by chromatographic gas analysis. The results were expressed as g/100 g of fatty acid methyl
100  estersidentified. A 2.5 cm slice was removed from the Longissimus dorsi muscle at the 14t rib level for
101  IMF content and FA analysis. The IMF was quantified according to the method described by Folch et
102 al.[16], and the FA composition of the IMF was analyzed by the same method as the backfat layer FA
103  determination.

104  23. Statistical analysis

105 All the statistical analyses were performed using SAS 9.1 (SAS Institute Inc., Cary, NC). The GLM
106 procedure was used to compare carcass traits (weight and area of the loin, IMF, and backfat thickness),
107  using time of fattening as the fixed effect and carcass weight as a covariate. The FA contents of
108  intramuscular and subcutaneous fat were compared using the time of fattening as the fixed effect and
109  the location was nested within time of fattening. The FA contents of the backfat layers (outer, middle
110  and inner) were also compared using the time of fattening as the fixed effect and the layers were nested
111  within the time of fattening. The 3 least squared means were compared among them by the Tukey’s
112 test. Time dependent variations of FA contents within locations and layers were investigated through
113 polynomial contrasts (linear and quadratic effects). Correlations among the FA contents in
114  intramuscular and subcutaneous fat and backfat layers were calculated.

115 3. Results and discussion

116  3.1. Growth and carcass traits

117 The body weight (BW) at slaughter and carcass traits showed the highest mean values in the Moo
118  group, but this increase was not significant (P > 0.05) for the weight and area of the loin (Table 1). The
119  dressing-out (carcass weight*100/body weight at slaughter) increased significantly (P < 0.05) with the
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120  duration of the fattening period (75.9% and 85.6% at 30 and 90 days on montanera, respectively),
121  mainly due to increased fat deposition, as it was shown by the significant increase in both IMF content
122 (229%) and subcutaneous fat thickness (170%) between Mso and Mo groups, while the weight and
123 area of the loin remained practically unchanged as carcass weight increased with the fattening period
124 length.

125 The average thickness of the outer, middle and inner subcutaneous adipose layers of the backfat
126  were similar to those reported by Izquierdo et al. [17] in Iberian pigs slaughtered with the 135-175 kg
127  range, but differed significantly from those obtained by Alfonso et al. [18] in Basque (autochthonous
128  breed) and Large White (selected breed) pigs slaughtered at 86 and 126 kg, respectively. Eggert et al.
129  [19] found that the inner layer thickness was proportionally lower in leaner genotypes. The mean
130  thickness of the outer, middle and inner layers of the backfat in animals slaughtered at 90 days of
131 finishing represented 129%, 157% and 302%, respectively, of the values obtained from Mo, showing
132  that the individual layers do not grow at the same rate. In relation to subcutaneous fat thickness, the
133 outer layer showed a significant (P < 0.05) decrease (22.83% vs. 17.13%), the middle layer showed no
134  significant (P > 0.05) change, and the inner layer increased significatively (P < 0.001) between the Mso
135  and Mw groups (32.73% vs. 42.43%). This evolution is similar to that observed when fat thickness
136  values were related to carcass weight in each batch (1.05, 0.98 and 0.84 cm / 100 kg carcass weight for
137  outerlayer, 2.10, 1.99 and 2.01 cm / 100 kg carcass weight for middle layer, and 1.54, 1.72 and 2.11 cm
138 /100 kg carcass weight for inner layer), although the differences were only significant (P < 0.05) for
139  theinner layer. These results contrast with those obtained by Izquierdo et al. [17] in the Iberian breed,
140  where the only significant increase was observed in the middle layer. During finishing, the middle
141  and inner subcutaneous adipose layers change in their relative contribution to total backfat thickness,
142 and the middle layer shows the greatest increase in thickness per BW unit [20]. The change in
143 thickness of the individual layers per BW unit ranked the middle layer first (0.0040 cm/kg), followed
144 by the outer layer (0.0031 cm/kg) and the third layer (0.0020 cm/kg) [20]. The analysis of regression
145  coefficients for the ratios of individual backfat layers (outer, OBF; middle, MBF; and inner, IBF) to
146  total backfat and for MBF:OBF, IBF:OBF, and IBF:MBF in Duroc swine, showed that the rate of growth
147  of the outer layer of backfat decreased as BW increased, that the depth of the middle and inner backfat
148  layers increased at a faster rate than the outer layer in the weight range observed, and that the middle
149  and inner layer of backfat grew at approximately the same rate with respect to each other [21]. These
150  contradictory results may be explained by the different diet and genotype used in those studies
151 [18,19], and/or a difference in mean backfat level [21], weight range and sites of measurements [22].
152 Concerning the genotype effect, in a comparative study of the relative growth of subcutaneous fat
153  layers in Duroc, Pietrain and Large White-sired genotypes, it was found that the outer layer appears
154 to grow linearly for most pigs and the middle layer grows at a greater rate, while the inner backfat
155  layer growth approaches a plateau for Pietrain-sired barrows and Large White-sired gilts, and all
156  other pigs deposited an inner layer of backfat at an accelerating rate [19]. Also, the inner layer showed
157  a monophasic evolution (b = 0.54 and 0.48 for 60-90 days and 30-60 days periods, respectively),
158  whereas it was biphasic in the other two layers (0.36 and 0.03, and 0.46 and 0.10 for outer and middle,
159  respectively).

160

161 Table 1. Effect of duration of fattening period on body weights and carcass traits (least squares means).

Duration of fattening

Traits Groups! P-value
RSD
Mso(N=8) Meo(N=8) Moo (N=8)
Body weight at start, kg 128.90 129.2b 128.4> 0.4 0.950
Body weight at slaughter, kg 157.62 190.4> 225.6¢ 28.4 <0.001
Carcass weight, kg 119.62 163.0° 193.1¢ 30.8 <0.001
Loin, kg 2.1 22 25 0.16 0.071

Loin area, cm?2 27.1 28.8 31.4 1.8 0.190
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Intramuscular fat, g/100g 2.72 4.73b 6.2b 15 <0.01
Backfat thickness
Total, cm 5.602 7.63b 9.56¢ 1.65 <0.001
Outer layer, cm 1.262 1.590 1.63p 0.17 0.020
Middle layer, cm 2.512 3.62° 3.93b 0.62 <0.001
Inner layer, cm 1.842 2422 4.00° 0.94 <0.001
162 ! Mo = Thirty days on fattening; Meo= Sixty days on fattening; Mo = Ninety days on fattening.
163 abc Values within a row with different superscript differ at P < 0.05.
164  3.2. Fatty acid profile of intramuscular and subcutaneous fat.
165 The fatty acid composition of the fat depots was, as expected, largely a reflection of the fatty acid

166  pattern of the dietary fat. In the present study, the most abundant fatty acids were oleic (52.94%) and
167  palmitic acids (21.54%), followed by stearic (9.73%) and linolenic acids (8.76%) (Table 2). Likewise, a
168  high level of MUFA (57.68%) was detected, which is the most relevant quality feature in meat from
169  Iberian pigs [23].

170 Significant (P < 0.05) differences in some FA between intramuscular and subcutaneous adipose
171  tissues were observed. The anatomical variation in the fatty acid composition in pigs [15,24] could be
172 attributed to the fact that each adipose tissue shows specific development and metabolism [25].
173 Comparing with the subcutaneous fat, the intramuscular fat exhibited a higher (P < 0.05) percentage
174 of lauric, miristic, palmitic and palmitoleic acids, SFA, MUFA and SFA/MUFA+PUFA ratio, and a
175 lower percentage of margaric, margaroleic, gadoleic, linoleic and linolenic acids, PUFA and
176  unsaturation index. No significant effects (P > 0.05) of the adipose depot on the levels of stearic,
177  araquic and oleic acids were observed. The percentage of palmitoleic acid in IMF was about twice of
178  that of backfat (4.63 vs. 1.96, respectively). In contrast, the content of the gadoleic fatty acid was twice
179  as high in backfat than in IMF (1.54 vs. 0.85, respectively). This could relate to the fact that the
180  enzymatic activity for the formation of gadoleic acid is more active in backfat than in intramuscular
181  fat[26].

182 The fatty acid profile, which is highly influenced by the characteristics of the feed [9,12,14,15,27-
183  29], changes during fattening, as both the animal’s fat deposition and the rate of fatty acid synthesis
184  increases [30]. In the present study, the length of the fattening period significantly (P < 0.05)
185  influenced the percentage content for some fatty acids, and the deposition percentage for each fatty
186  acid differed between IMF and backfat (Table 2). No effect of the number of days of fattening was
187  observed on palmitic or stearic acids and SFA for both adipose tissues. Moreover, the percentages of
188  margaric, margaroleic, linoleic and linolenic fatty acids, PUFA and the unsaturation index decreased
189  orincreased during the fattening phase in both adipose tissues. Regarding for linoleic and linolenic
190  acids, their concentration significantly decreased (P < 0.05) in the two tissue depots, especially
191  between Mso and Meo. In the Mo group, the percentage of both fatty acids in backfat was twice of that
192 of intramuscular fat (9.89% vs. 4.93%, and 0.78% vs. 0.33%, respectively). These results on linoleic
193  acid diverge from those obtained from Pascual et al. [29], who indicated that the higher linoleic
194 increase is compensated by a significantly higher decrease in palmitic and stearic acid levels.
195  However, in our study, the opposite occurred.

196 Regarding the specific FAs of IMF, significant (P < 0.05) increases in lauric and miristic acids
197  percentages were recorded, while the percentages of margaric, margaroleic, linoleic and linolenic
198  acids, and PUFA showed a significant (P < 0.05) decrease with the increasing time of fattening.

199 For the subcutaneous backfat, the Mo pigs exhibited a higher percentage of oleic and gadoleic
200  acids and MUFA, and a lower percentage of margaric, palmitoleic, margaroleic, linoleic and linolenic
201 acids, PUFA and unsaturation index. The percentage of the main MUFA, oleic acid, showed an
202  increase in backfat during the days of fattening only in the two first groups (51.40% and 53.52% for
203 Mz and Me, respectively). The increase in oleic acid in backfat can be influenced by the age when the
204  animals begin the basic fattening phase on acorns and grass [8,29] and the significant differences
205  obtained could be due to the number of days of the fattening phase, the richness in oleic acid of the
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206  acorns and the pig’s low endogenous synthesis. Also, our results on oleic acid agreed with those
207  obtained by Daza et al. [8], Daza et al. [9] and Tejerina et al. [12,13]. The other backfat MUFAs,
208  palmitoleic and margaroleic, decreased from Mao to Meo, but the case of gadoleic acid was different as
209  itincreased in the first interval.

210 In Duroc and white pig breeds [32-34], the proportion of SFA and MUFA in Longissimus dorsi
211 muscle and backfat tended to rise, while the PUFA concentration and PUFA/SFA ratio fell
212  significantly, and these changes resulted from the increasing role of de novo tissue synthesis of SFA
213  and MUFA and the declining role of the direct incorporation of linoleic acid from the diet.

214 It was found that, for Iberian pigs under intensive system and slaughtered at 50 and 115 kg,
215  there was a decrease in SFA content and an increase in MUFA content as body weight increased,
216  while the PUFA content was practically unchanged [27]. Similarly [29], in the subcutaneous fat of
217  extensively-fed Iberian pigs, as the fattening period increased, there was an increase in oleic acid and
218  a decrease in stearic and palmitic acids. A similar phenomenon was found by Cava [31] for Iberian
219  pig IMF. According to the literature, the decline in PUFA with the number of fattening days may be
220 due to the low levels of these fatty acids in the acorns and the high fat deposition of the pigs, and the
221  reduction in linoleic acid in the diet is compensated by the rise in palmitic and stearic acids [35]. The
222  addition of grass to the diet resulted in high levels of linoleic and linolenic acids and a decrease in
223  the level of palmitic acid in the intramuscular fat [36]. Also, as the pigs’ body weight increased, the
224 proportion of stearic acid in the backfat increased and that of linoleic acid fell [32], but, in the
225  Longissimus dorsi muscle, the proportion of stearic acid did not change, and that of the oleic acid
226  decreased.

227 For finally, the values of the unsaturation index in backfat were lower than those obtained by
228  Nifoles et al. [11] and its changing as the days of the fattening phase increased did not show a clear
229 trend. Our results agree with those obtained by other authors [11-14,28], but are lower than those
230  obtained by Cava et al. [37], although the length of the fattening phase was not the same in those
231  studies.

232 Table 2. Effect of duration of fattening period on intramuscularl (IMF) and subcutaneous fat (BF) fatty acid
233 percentages in Iberian pigs (least squares means).

Duration of fattening?

Traits (g/100 g)! P_value
Mso (N=8) Moo (N=8) Moo (N=8) RSD
IMF  BF IMF BF IMF  BF IMF  BF

C12:0 0.06b<  0.05¢ 0.072>  0.054 0.08= 0.05¢ 0.105 0.002 0.453
C14:0 1.15b¢  1.07¢ 1.29  1.09¢ 1.34= 1.12¢ 0.384 0.011 0.306
C16:0 21.42b¢ 19.79¢ 2357 20.35c 24.10> 20.04c 1.541 0.041 0.606
C1e6:1 4.872 228 4272 1.76° 4752 1.85> 1.207 0.718 0.008
C17:0 0.18¢ 0.35° 0.13¢  0.28° 0.12¢  0.27> 0.301 0.001 0.001
C17:1 0.29>  0.372 0.19¢ 025>  0.19¢ 027> 0.280 0.001 0.001
C18:0 8.922  9.24a 10.50= 10.19=  9.77a  9.78= 1.161 0.275 0.304
C18:1 52.55¢ 51.40=  52.17= 53.522  53.892 54.15= 1.497 0.331 0.001
C18:2 9.07>  12.902 5.87¢  9.90° 493< 9.89%> 1.678 <0.001 <0.001
Cc18:3 0.48 1.06 0.35¢  0.73b 0.33¢ 0.78> 0.525 0.001 <0.001
C20:0 0.15> 0.172 0.19¢ 0200  0.17e> 0.18> 0.164 0.092 0.193
C20:1 0.84¢ 1.33° 0.87¢  1.69 0.85c 1.61= 0.618 0.765 0.001

SFA 31.89 30.67°  35.06® 32.15® 36.28* 31.46°> 1.655 0.114 0.370
MUFA 58.55% 55.38> 57.5lab 57.21® 59.69a 57.88%> 1.750 0.490 0.004
PUFA 9.55> 13.962 6.22¢  10.63>  5.26c 10.66> 0.637 <0.001 <0.001

SFA/MUFA+PUFA 0.472c  (.44c¢ 0.542>  (0.47bc 0.57a  0.46bc 1.865 0.122 <0.001


https://doi.org/10.20944/preprints202008.0276.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 August 2020 d0i:10.20944/preprints202008.0276.v1

7 of 12

Unsaturation index 2.48a& 2.73a 1.95¢  2.45® 2.05bc 2532 0.282 0.059 0.068
234 ! Longissimus dorsi m.; SFA = X Saturated fatty acids; MUFA = X monounsaturated fatty acids; PUFA = X
235 polyunsaturated fatty acids; Unsaturation index = [(MUFA*1) + (PUFA*2)] / SFA.
236 2 Mo = Thirty days on fattening; Meo= Sixty days on fattening; Ms = Ninety days on fattening.
237 abc Values within a row with different superscript differ at P < 0.05.

238  3.3. Fatty acid profile of the three layers of subcutaneous backfat.

239 Table 3 shows the fatty acid composition of the three layers of backfat (outer, middle and inner).
240  The fatty acid profile was significantly (P <0.05) different for each layer, in agreement with the results
241  of Monziols et al. [24]. It is widely recognized that the outer backfat layer is more unsaturated than
242 the inner, partly by a probable preferential deposition of PUFA in the outer layer, but also as a result
243  of the dilution effect caused by an increased FA deposition from a stimulated de novo lipogenesis in
244 the inner layer [38].

245 Regarding to the outer layer, the percentage of miristic, palmitoleic, oleic and gadoleic acids,
246  MUFA and unsaturation index were higher than in the other two layers, whilst palmitic and stearic
247 FAs, SFA and saturated/unsaturated ratio were lower. Whilst, the inner layer showed the lowest
248  values of oleic, gadoleic and margaroleic fatty acids, MUFA and unsaturation index, and the highest
249  in palmitic and stearic fatty acids and SFA. This can be attributed to the fact that the inner layer
250  matures later and is therefore the last to be affected by the fatty acid composition of food. These
251 results agreed with those obtained by Rey et al. [7] and Daza et al. [8,9,38]. In contrast to the results
252  provided for others authors [23,39], in our study, no significant (P > 0.05) differences between the
253  layers in the concentration of linoleic acid were found. The PUFA accumulate more in either layer
254  depending on the length of the fattening phase. The unsaturated index value, higher in the outer
255  layer, was consistent with those obtained by Daza et al. [10] in Iberian pigs.

256 In our current study, the unsaturation degree of the pig’s fat depots followed a negative gradient
257  from the outside inwards. The highest levels of SFA and SFA/MUFA+PUFA ratio were recorded in
258  the inner layer. The MUFA content and unsaturation index differed between the three layers
259  according to this gradient, with highest values in the outer layer and lowest in the inner layer [24].
260  The PUFA concentrations followed the same pattern. Differences in lipid metabolism could be the
261  main causes of the preferential deposition of PUFA in the outer layer [38], as the lipid metabolism is
262  lower in the outer layer than in the inner layer of subcutaneous adipose tissue.

263 According to the literature, the highest levels of SFA, and of MUFA and PUFA were recorded in
264  theinner and outer layers, respectively [8], although the causes of the preferential deposition of PUFA
265  in the outer layer of the pig’s adipose tissues are not yet fully understood. It has been postulated that
266 it may be related to the lower lipid metabolism in the outer layer [24]. On the contrary, the greater de
267  novo lipogenesis activity in the inner layer may dilute the dietary-related PUFAs with endogenous
268  fatty acids [38]. Our results for PUFA did not agree with Daza et al. [9,10,39], who found the highest
269  value in the inner layer.

270 The amount of fatty acid as the fattening phase is increase is different in each backfat layer (Table
271 3). Thus, palmitoleic, margaroleic, linoleic and linolenic fatty acids, PUFA and unsaturation index
272  decreased as the number of days of fattening increased, whilst oleic and gadoleic acids and MUFA
273  increased. These results agree with those obtained by Daza et al. [8-10,39], except for linoleic fatty
274 acid, which was higher in the inner layer of backfat. The results from Rey et al. [7] also differed from
275  ours in that only palmitic, stearic and linolenic fatty acids had the highest percentages in the inner
276  layer.

277 The time of fattening significantly (P < 0.05) affected MUFA and PUFA in the three backfat layers
278  and MUFA in outer and middle layers [9]. However, in the present study, there was no significant (P
279 > 0.05) effect of the duration of fattening on SFA, except for margaric acid in all backfat layers and
280  araquic acid in the outer and middle layers. These results could be due to the fact that the amount of
281  SFA in the three backfat layers follows a similar trend, while the amount of unsaturated fatty acid is
282  higher in one layer than the other two. Within our results, the tendencies of the different FA contents
283  for the three backfat layers did not agree with the study from Daza et al. [9] for palmitic and stearic
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284  acidsin the outer and inner layers, oleic acid and MUFA in the inner layer and SFA in the outer layer.
285  Perhaps, an adaptation of adipose tissue to outdoor temperature, with the aim of maintaining the
286  physical flow of lipids in the different adipose tissues [41], could be one of the causes of the
287  differences in the fatty acid profile in the three layers.
288 The interaction of both effects, backfat layers and duration of fattening phase, was not significant
289 (P> 0.05) for all traits of fatty acids.
290 Table 3. Effect of duration of fattening period on backfat fatty acid percentages in Iberian pigs (least squares
291  means).
Duration of fattening?
Traits (g/100 g)* M3o (N=8) Meo (N=8) Mgo (N=8) RSD P_Value
inner middle outer inner middle outer inner middle outer Inner  Middle Outer
Cc12:0 0.05® 0.05® 0.05* 0.06% 0.05® 0.05® 0.06 0.05® 0.05® 0.087 0.123 0.284  0.52
C14:0 1.06* 1.06* 109 1.11* 1.01* 1.14* 1.12*% 1.08 115 0313 0.244 0.653 0.181
C 16:0 20.48%c 19.878¢ 19.04° 21.22% 20.17%° 19.65* 20.92% 19.96%° 19.25¢ 1.069 0.408 0.859  0.625
C1le61 2.04 2,08 2722 1.68<¢ 1519 208> 163« 169¢ 222 0.677 <0.001 0.001 0.009
C17:0 0.36° 0.36° 0.33*® 0.27° 028 0.27° 0.27° 027° 0.27° 0.232 0.176 0.347 0.499
c171 0.32 0.36® 0.43* 0.22° 0.24% 0.31° 0.23% 0.26°* 0.33* 0.285 0.250 0.244 0.106
C18:0 10.39% 9.74® 7.58° 11.05% 11.12% 840 11.17% 10.29*° 7.88° 1.298 0.007 0.007 0.014
c181 50.38¢ 50.89% 52.94¢ 5215 52,93 55472 5262 53.94% 55.88% 1.475 <0.001 <0.001 0.001
C18:2 12.44% 12.99* 13.28° 978" 9.99* 993" 950" 9.86" 10.30° 1.250 0.007 <0.001 <0.001
Cc18:3 1.09° 1.09° 1.00*® 0.79° 0.76° 0.65° 0.78° 0.79° 0.76" 0.428 0.002 0.001 <0.001
C20:0 0.17° 0.18™ 0.15° 0.20® 0.22*% 0.18* 0.19%° 0.20® 0.17° 0.178 <0.001 <0.001 <0.001
c20:1 1227 1.34°" 1420 148 171%c 1872 151bcde 160 1.73% 0.491 <0.001 <0.001 <0.001
SFA 32.52% 31.25%c 28.249 33.91° 32.86° 29.69°¢ 33.73* 31.86% 28.79* 1.581 0.207 0.534  0.463
MUFA 53.96¢ 54.67¢ 57.51" 55.53% 56.38 59.73* 55.99% 57.50* 60.15° 1.307 0.025 0.003 <0.001
PUFA 13.53% 14.08* 14.28* 10.56" 10.75" 10.58" 10.28" 10.64° 11.06° 0.573 <0.001 <0.001 <0.001
SFA/MUFA+PUFA 0.48% 0.45%c 0.40° 051 0.492 0.42™ 051 0.47® 0.41° 1.610 0.175 0.525 0.507
Unsaturation index 2.50%% 2.67°¢ 3.06° 2.27¢ 2.38% 2.73% 228% 248 286% 0.234 0065 0.124 0.079

292
293
294
295

296

297
298
299
300
301
302
303
304
305
306
307
308
309

ISFA = X saturated fatty acids; MUFA = X monounsaturated fatty acids; PUFA = X polyunsaturated
fatty acids; Unsaturation index = [ MUFA*1) + (PUFA*2)] / SFA.

2Mso = Thirty days on fattening; Meo = Sixty days on fattening; Ms = Ninety days on fattening.

abcd  Values within a row with different superscript differ at P <0.05.

3.4. Relationship between intramuscular and backfat fatty acids

The fatty acid composition of the intramuscular fat largely determines the quality of the pork,
and the subcutaneous fat is usually used to characterize and determine the commercial grade of
Iberian meat according to the production system (management and feeding) [42]. Based on these two
facts, several studies have focused on the relationship between the fatty acid profile of intramuscular
and subcutaneous fat in heavy pigs [43]; however, no research has studied this relationship in Iberian
pigs. As indicated by Nifoles et al. [11], if a significant relationship between the composition of both
types of fat could be found, then a fast, objective, cost-efficient analysis and some non-destructive
techniques could be developed to determine the quality of pork [44]. The simple correlation
coefficients between the same fatty acids from intramuscular and subcutaneous depots and its layers
in Iberian pigs fattened on a “montanera” production system are shown in Table 4. The results show
a strong relationship between the fatty acid profile of both tissues, except for lauric and myristic acids.
There was a strong relationship between the SFA and MUFA, which is in agreement with the study
from Yang et al. [43], and the value and statistical significance of the coefficient of correlation in our
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310  study increased with the duration of the fattening period. However, the PUFAs showed no significant
311  (P>0.05) relationship between tissues, which differs from the findings of Yang et al. [43]. The quality-
312  wise most important fatty acid in Iberian pig, the oleic acid, showed a significant correlation
313 coefficient (P < 0.05) between fatty depots. This could be due to its constant accumulation in both
314  adipose tissues. In lean pigs, as found in Landrace and Duroc, the high degree of association between
315  the fatty acids suggest that as intramuscular fat content increases, there is a rapid dilution of
316  polyunsaturated fatty acids by saturated and monounsaturated fatty acids [45]. Our results, as stated
317 by Yang et al. [43], indicate that the fatty acid depositions of both adipose depots are associated with
318  each other to some extent.

319 Table 4. Pearson correlation coefficients between fatty acid of intramuscular fat and subcutaneous fat and its
320 layers in Iberian pigs
Inner Medium Outer BF

IMF_C12_0 0.27 ns 0.17 ns 0.40* 0.05 ns
IMF_C14_ 0 0.57* 0.32 ns 0.52* 0.49*
IMF_C16_0 0.64* 0.60** 0.66** 0.65**
IMF_C16_1 0.74** 0.74%*  0.76"*  0.76***
IMF_C17_0 0.91** 0.89***  0.86™*  0.90***
IMF_C17_1 0.92%* 0.92%%  0.91**  0.92%**
IMF_C18_0 0.87**  0.91**  0.83***  0.90***
IMF_C18_1 0.72%*  0.71*** 0.59** 0.69*
IMF_C18_2 0.89**  0.86***  0.79***  0.86™*
IMF_C18_3 0.79**  0.78**  0.78**  0.80**
IMF_C20_0 0.81**  0.78**  0.72**  (0.82%*
IMF_C20_1 0.70"* 0.62** 0.53* 0.63**

321 ns: not significance; *p < 0.05; **: p <0.01; *** p <0.001

322 4. Conclusions

323 This study confirmed that the various adipose tissues of the pig differ in their fatty composition.
324  The backfat tissue had a higher concentration of PUFA and a lower content of MUFA than the
325  intramuscular fat of the Longissimus dorsi muscle. The time that the animals spent in the
326  “montanera” system did not affect the concentration of SFA in either adipose tissue (intramuscular
327 and backfat), but if the days of fattening were increased, the concentration of MUFA in backfat from
328  the Mso to Meo groups increased significantly and the percentage of PUFA decreased in both adipose
329  tissues - by as much as half in the M group. The change in oleic acid as the days of the fattening
330  phase increased was higher in backfat than in intramuscular fat, although the values in both adipose
331  tissues were quite similar. However, the few differences which exist in the fatty acid composition
332  between both adipose tissues suggest that the changes due to the feeding regime are slow. For this
333  reason, although the duration of the fattening phase was increased, the fatty acid profile did not
334  improve substantially.

335 Saturated fatty acids are found in higher proportion in the inner layer of backfat and
336  monounsaturated fatty acids accumulate more in the outer layer, while polyunsaturated acids
337  accumulate more in either layer depending on the length of the fattening phase. However, the PUFA
338  percentage falls from the beginning of the fattening phase. The percentage of the main
339  monounsaturated fatty acid, oleic acid, increased significantly in backfat as the days of fattening
340  period increased, but in the case of intramuscular fat this increase was not significant.

341 The strong relationship between the fatty acid profiles of intramuscular fat and backfat might be
342  wused to predict one profile from the other one when this latter was more readily available for
343  sampling or analytical reasons.
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