Effects of partial replacement of corn and soybean meal with sunflower
cake in pig diets on ham fatty acid composition
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Abstract

Forty-eight pigs (24 barrows and 24 gilts), Landrace X Large White with initial liveweight of 22.69 kg
were subjected to four treatments: diets with 0, 5, 10, and 15% of sunflower cake (SFC). No significant
(P>0.05) effect of dietary treatment was observed on crude protein (19.6%), total fat (15.3%), ash (0.89%),
and moisture (63.9%) contents of ham. Fatty acids in all Bacegs femoris, Semimembranosus and
SemitendinosQsvere significantly influenced by diets. Palmitic, oleic, and linoleic acids were the most
abundant fatty acids in both diets and pork meat. Linoleic acid (18:2n-6) was the most abundant fatty
acid under SFC-based diets. Its levels were also higher in ham of pigs fed SFC diets (T2, T3, and T4 with
15.79, 18.66, and 22.85%, respectively) than in that of pig fed the control diet (13.73%). Incorporation of
5, 10, and 15% SFC in pig diet markedly decreased the proportion of monounsaturated and saturated
fatty acids and increased polyunsaturated fatty acids in ham (P<0.05).
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Resumo

Quarenta e oito suinos (24 fémeas e 24 machos), Landrace x Large White com peso vivo inicial de 22.69
kg foram submetidos a quatro tratamentos: dietas com 0, 5, 10 e 15% de torta de girassol (SFC). Nao
foram observados efeitos significativos (P>0.05) nas dietas para os teores de proteina total (19,6%),
gordura total (15,3%), cinzas (0,89%) e umidade (63,9%) nos pernis. Os acidos graxos foram
significativamente influenciados pelas dietas. Os acidos palmitico, oléico e linoléico foram os acidos
graxos mais abundantes tanto nas dietas como no pernil como uBitegs femoris, Semimembranosus

and SemitendinosisAcido linoléico (18:2n-6) foi 0 acido graxo mais abundante nas dietas SFC. Seus
niveis também foram maiores em pernis de suinos alimentados com dietas com SFC (T2, T3 e T4 com 15,8,
18,7 e 22,9%, respectivamente) em relagdo aos suinos que se alimentaram com a dieta controle (13,7%).
Incorporagdo de 5, 10, 15% de SFC em dietas de suinos, diminuem a propor¢éo de &cidos graxos saturados
e monoinsaturados e aumentam a de poliinsaturados na carne de pernil (P<0,05)
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Introduction The purpose of this study was to test if the

There has been an increased interest in recdglusion of different percentages of SFC in pig diet
years in ways to manipulate meat fatty acifan increase PU¥SFA ratio in ham.
composition. Meat is seen as a major source of dietary
fa_lt, especially §aturat§d fatty acigls implicated iR/Iaterials and Methods
diseases associated with modern life (WOOQOD et al.,
2003). Many studies have shown that fat compositighimals
in human diet has an important effect on health. The experiment was carried out in the swine
Saturated fatty acids are the main cause of elevaggming sector of the Farm School of Universidade
plasma level of LDL-cholesterol in humans, whiclgstadual de Londrina. It was studied 48 mixed-breed
correlates with increased risk of coronary heaghimals (Landrace X Large White), being 24 barrows
disease (CHD) (KRIS-ETHEFON; YU, 1997). and 24 gilts with average initial liveweight of 22.69 +
The increase in polyunsaturated fatty acids (RJUF 2,11 kg and average age of 73 days. Every two same
and monounsaturated fatty acids (MA)Elecreases sex animals were placed in 3 square meter masonry
plasma LDL-cholesterol, and it has been shown {Qgsties with compacted flogFhe animals received
have an inverse relationship with CHDyater and foocd libitumduring all the experiment
(CAGGIULA; MUSTAD, 1997). and were assigned to four treatment groups, T1

Pork fat and meat are thought to possess relativégentrol diet with 0% SFC), T2 (diet with 5% SFC),
high-saturated fatty acid (8§ content and are T3 (dietwith 10% SFC), and T4 (diet with 15% SFC)
therefore considered rather unhealthyigs, dietary With 12 repetitions (6 barrows and 6 gilts). Diets were
fatty acids are absorbed unchanged by the intestf@smulated according to National Research Council
and incorporated into tissue lipids. Linoleic aid (1998) requirements by dividing nutritional needs in
linolenic polyunsaturated fatty acids cannot b#ree phases: growing phase I (between 20 and 50
synthesizedin situ, thus tissue fatty acids kg liveweight), growing phase Il (between 50 and 80
concentrations respond rapidly to dietary chang§ liveweight) and finishing (between 80 and 100 kg
(ROSENVOLD; ANDERSEN, 2003). In contrast,liveweight). The SFC supplied by EMBRAP
SFA and MUFA are synthesized; hence, theiCentro Nacional de Pesquisa de Soja), Londrina, Pr
concentrations are less readily influenced by di¥as obtained by mechanical pressing at 200 kg/cm
(WOOD, 1984). The PUKfraction of pork fat can at an average temperature of 60 °C. Experimental
be easily influenced by dietary PAFKOCH et al,  diets were isoenergetic, isoproteic, isolisinic, and had
1968). Howeverfew results have been reportedimilar calcium and iron levelsykine and methionine
concerning the incorporation of P@Finto levelsin SFC were estimated from values presentin
intramuscular fat, especially into its lipid subfractiosunflower cake (NAIONAL RESEARCH
(WARNANTS; VAN OECKEL; BOUCQUE COUNCIL, 1998) and corrected at oil extraction.
1996). There is a great interest in modifying anim&?"y matter values were 0.63 and 0.51%, respectively
fat SR, MUFA, and PUR composition through Table 1 gives the chemical and eyetic compositions
feeding for it to meet dietary recommendations fg®f the experimental diets. At the end of the

humans, i.e. optimal fatty acid ratio over a lon§XPeriment, animals were slaughtered in an abattoir
period, (JAKOBSEN, 19909). (Frigorifico Frimesa, Medianeira/PR) with average

finishing weight of 80 to 100 kg liveweight.
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Table 1.Chemical and engy composition (%) of the experimental diets

Ingredient Treatments
Growing phase | Growing phase Il Finishing phase
Control SFC5 SFC10SFC15Control SFC5 SFC10SFC15Control SFC5SFC10SFC1t
Corn 69.56 66.56 63.56 60.54 76.61 73.75 70.89 67.93 83.17 80.19 77.22 74.24

Soybean meal  26.35 24.44 22.54 20.63 19.46 17.39 15.31 13.26 13.29 11.24 9.19 7.13
Sunflower cake  0.00 5.00 10.00 15.00 0.00 5.00 10.00 15.00 0.00 5.00 10.00 15.00

Dicalcium
phosphate 1.02 092 083 0.74 0.86 0.7/ 0.68 059 0.69 0.60 051 0.42
Limestone 0.60 064 067 071 050 054 057 061 054 057 0.61 0.64

L-Lysine-HCI 0.03 0.04 006 0.07 0.06 015 023 032 0.01 0.10 0.18 0.27
DL-Methionine 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

soybean oil 164 159 153 150 170 161 151 150 150 1.50 1.50 1.50
Vitamin

supplemerie 050 050 050 050 050 050 050 050 0.50 0.50 0.50 0.50
Mineral

supplemerft 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Salt 025 025 025 025 025 025 025 025 025 0.25 0.25 0.25

Calculated valués

Crude protein (%) 18.00 18.00 18.00 18.00 15.50 15.50 15.50 15.50 13.20 13.20 13.20 13.20
Metabolizable

energy 3265 3265 3265 3265 3265 3265 3265 3265 3310 3310 3310 3310
(kcal/kg)

Dry matter 87.96 88.19 88.41 88.64 87.84 88.07 88.29 88.53 87.70 87.94 88.18 88.42
Crude fiber (%) 3.07 4.05 503 6.01 276 373 471 568 249 3.46 4.43 5.40
Methionine (%) 0.29 0.27 0.25 0.25 0.26 0.24 0.22 020 0.40 0.21 0.19 0.17
Lysine (%) 095 095 095 095 0.80 0.80 0.80 0.80 0.60 0.60 0.60 0.60

Calcium (%) 0.60 0.60 0.60 0.60 0.50 050 050 0.50 0.45 0.45 0.45 0.45

Total phosphorus
(%) 050 050 050 050 045 045 045 045 0.40 0.40 0.40 0.40

1Growing phase | (nutritional requirements between 20 and 50 kg liveweight), Growing phase Il (nutritional requirements between 50
and 80 kg liveweight) and Finishing phase (nutritional requirements between 80 and 100 kg liveweigh@ob&eh diet with 0% SFC;

SFC5: diet with 5% of SFC; SFC10: diet with 10% SFD; SFC15: diet with 15% Be@jposition of vitamin supplement (growth per
product kg) vit. A: 1,000,000 Ul; vit. D3: 250,000 Ul; vit. 2,750 Ul; vit. K3: 625 mg; vit. B1: 300 mg; vit. B: 1,050 mg; vit. B6:

275 mg; vit. B12: 3,750 mcg; folic acid50 mg; pantothenic acid: 3,500 mg; niach750 mg; coline25,000 mg; Se: 75 mg; growth
promoter:7.5 g; antioxidant: 2.5 ¢Vitamin supplement (finish per productit. A: 550,000 Ul; vit. D3: 150,000 Ul; vit. E: 2,500

Ul; vit. K3: 550 mg; vit. B1: 175 mg; vit. B2: 900 mg; vit. B12: 3,000 mcg; folic adil0 mg; pantothenic aci®,000 mg; niacin:

4,750 mg; Se: 75 mg; growth promoté&r25 g; antioxidant: 2.5.¢ Mineral supplement (per product kg): Fe: 90,000 mg; Cu: 16,000

mg; Mg: 30,000 mg; Zn: 140,000 mg; Co: 200 mg830 mg; Se: 120 mdValues calculated according to Empresa Brasileira de Pesquisa
Agropecuaria (1991) table.

Sampling Proximate chemical composition

Samples of the ham portion includiiceps Moisture and ash contents were determined
femoris, Semimembranosus and Semitendinosagecording to AOAC (CUNNIFL998). Crude protein
muscles were stored in a freezer at -18 °C gpntent was obtained through Kjeldahl method
polyethylene bags for later analysis. (CUNNIF, 1998). Dtal lipids of forage and beef were

extracted by the Bligh e Dyer (1959) with a
chloroform/methanol mixture.
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Fatty acid pofile The percentages of fatty acids in the diets are

Fatty acid methyl estersAFIE) were prepared presented in dble 2. The control diet had a higher
by methylation of triacylglycerols according toIeveI of palmitic acid (16:0) when compared to other

International Organization for Standardization (1978?.'ets' The fatty acid composition of diets based on

Aliquots of lipid extracts were transferred to screw-he replacement of corn and soybean with sunflower

cap tubes and added with n-heptane and KOH :ﬁ?ke (SFC) reflected the high fatty acid composition

methanol (2 mol/L). After layer separation, the t0|8?c sunflowgr oil, Wh”? the fatty acid ‘{Omp‘?s'“on of
layer (containing AME) was tansferred to 5-mL high SFC diets has high levels of oleic (18:1n-9) and

flasks. AMEs were analyzed in a Shimadzu 14,6!"10'6iC (18:2n-6) acids.

(Japan) gas chromatograph equipped with flame Several researchers have noted that the level of
ionization detector (FID) and fused silica capillansaturated fat in pork could be altered by inclusion of
column (50 m, 0.25 mm ID and 0.20 im) fromunsaturated fat in pig diet (MORAN JUNIOR., 1996;
Carbowax 20M (Quadrex, USA). ColumnWARNANTS; VAN OECKEL; BOUCQUE, 1996).
temperature &s programmed at 2 °C /min from 150The effect of experimental diets on ham fatty acid
to 240 °C. The injection port and detector wereomposition is shown inable 3. Fatty acids are
maintained at 220 and 245 °C, respectivdlye ordered according to chromatographic retention
carrier gas was hydrogen (1.2 mL/min) and theémes. The values are given as weight percentages
make—up gas was nitrogen (30 mL/min). Samplef the total acid methyl esters. The main fatty acids
injection split mode 1/100 was used. Identification diound in ham of control fed pigs were saturated C16:0
fatty acids was made by comparing the relativi23.8%) and C18:0 (15.0%); monounsaturated
retention times of AME peaks of samples with C18:1n-9 (39.5%) and polyunsaturated C18:2n-6
standards from Sigma (USA). The areas of the pealds3.7%). These values are close to those found by
were determined by CG-300 computing integratafara et al. (2005).

(CG Instruments, Brazil).dal fatty acid data were The percentage of total saturated fatty acids

calculated as normalized area percentages. (C14:0, C16:0, C17:0, C18:0, and C22:0) in ham fat
of pigs fed diets SFC5, SFC10, and SFC15 were 4.1,
6.5, and 12.8% lower than that of ham of control
diet-fed animals, respectivellfat from groups fed
The results are expressed as mean valuggcs SFC10, and SFC15 had 1.3, 5.8, and 9.7%
standard deviation (SD) of six repetitions in triplicatg a5 total percent monounsaturated fatty acids
The results were compared using variance analy%'@l&ln_g, C16:1n-7, C17:1n-9 and C18:1n-9),
(ANOVA) at 5% significance level with StatiSticarespectivelywhen compared to the control group.
5.0 software (SATSOFT, 1996). Mean values were congsequentlythe ratio of monounsaturated fatty acids
compared by dkey's test. to saturated fatty acids (MBIESFA) increased from
1.11 in the control group to 1.15 in SFC15 group (3.6%
increase). The percentage of total polyunsaturated
fatty acids (C18:2n-6, C18:3n-6, C18;3n-3, C20:2n-
No significant effect of dietary treatment on crudg, C20:4n-6, and C22:4n-6) were 14.4, 33.5, and
protein (19.0% + 0.07), total fat (24.5% + 0.05), asB1.3% higher when compared to results of animals
(0.85% + 0.01), and moisture (55.6% + 0.47) contenfgd control and SFC5, SFC10, and SFC15 diets,
was observed for any ham or in muscle compositiggspectively Consequently the ratio of
and fatty acid profile of either barrows or femalespolyunsaturated fatty acids to saturated fatty acids
(PUFA/SFA) increased from 0.39 in the control group

Statistical analysis

Results and Discussion
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to0 0.73 in the SFC15 group (87% increase). In teriitie gastrointestinal system transfers fat from diet to
of percentage of fatty acids which potentially affe¢dhe animal body and its potential products (MORAN
blood cholesterol levels (fatty acids other than stearit) NIOR, 1996).

monounsaturated, and polyunsaturated fatty acids), In conclusion, incorporation of 5, 10, and 15% SFC

25.0% of fatty acids in ham from the control d'elto swine diet markedly decreased the proportion of

were cholgsterol-ralsmg fatty acids, while th?nonounsaturated and saturated fatty acids and
corresponding values of SFC5, SFC10, and SI:Cijﬁ‘r)creased polyunsaturated fatty acids in ham

groups were 23.8,022.9, and.21.1%, a red.uctl_on (?:f<0.05)_ Whether the softer fat and oilier carcass
4.8, 8.4, and 15.6@, respectlyeﬁhg reduction in produced by the use of 5 (SFC5), 10 (SFC10), and
saturated fatty acid content in animal products 8504 (SFC15) SFC dietary treatments affect the

considered most advan.tageous. Dietary R@Fe _acceptability of cooked ham and processed ham
known to act as a substitute of de novo syntheazg%ducts needs further investigation

saturated and monounsaturated long-chain fatty acids.

Table 2.Fatty acid (R) composition in experimental diéts

Treatments
FA (%) Control SFC5 SFC10 SFC15
C16:0 12.85 + 0.08 11.61 £ 0.34 10.78 £ 0.1F 9.92 +0.08'
C18:0 2.97+0.03 3.00+0.18 2.75 +0.0F 2.82 +£0.10
C18:1 n9 32.68 +0.28 34.10+0.12 33.52+0.18 34.13+0.09
C18:1 n7 1.51 £ 0.44 1.05 + 0.0F 1.02 £ 0.02 1.06 + 0.00
C18:2 n6 47.94 +0.36 47.99 + 0.24 49.71 + 0.06 50.18 + 0.2F
C18:3n6 - 0.40 +0.00 0.31+0.0F 0.34+0.02
C18:3n3 2.05 +0.1¢ 1.84 +0.02° 1.90 + 0.09 1.55 + 0.04
PUFA 49.99 + 0.96 50.23 +0.8F 51.92 +0.97 52.07 +0.98
MUFA 34.19+1.08 35.15 +0.72° 34.54 + 0.80° 35.19 + 0.63
SFA 15.82 + 0.62 14.61 +1.00 13.53 £ 0.75 12.74 +0.83
n-6 47.94 +0.36 48.39 +0.72 50.02 + 0.69 50.52 + 0.82
n-3 2.05 +0.1¢ 1.84 +0.02 1.90 + 0.58' 1.55+ 0.55"
PUFA/SFA 3.16 £ 0.14 3.44+0.2% 3.84+0.2F 4.09 +0.26
n-6/n-3 23.44 +1.16 26.30 + 0.48 26.32 + 7.98 32.59 + 11.57

'Results expressed as percent fatty acid methyl estatse® are mean * standard deviation in triplicate; sunflower cake (SFC).
Control: diet with 0% SFC; SFC5: diet with 5% of SFC; SFC10: diet with 10% SFD; SFC15: diet with 15% SKCsPOdRunsaturated
fatty acids; MURA = monounsaturated fatty acids;/SE saturated fatty acids; n6 = total n6 fatty acid; n3 = total n3 fatty aciterbift
letters in the row indicate ddrences (P<0.05) byukey's test.
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Table 3.Fatty acid (R) profile in ham of pigs fed diets with d&rent amounts of SFC

Treatments

FA (%) Control SFC5 SFC10 SFC15
C14:0 0.86+ 0.05° 0.94+ 0.08 0.86+ 0.1C0*° 0.72+ 0.04
C16:0 23.78+ 0.50" 22.57+ 0.39* 21.72+ 0.62° 20.15+ 0.26°
C16:1n9 0.16+ 0.01% 0.21+ 0.02% 0.15+ 0.01% 0.17+ 0.01%
C16:1n7 1.19+ 0.032 1.10+ 0.162 0.90+ 0.05° 0.73+ 0.03°
C17:0 0.39+ 0.01% 0.32+ 0.01° 0.27+ 0.01° 0.27+ 0.01°
C17:1n9 0.27+ 0.02% 0.23+ 0.022° 0.18+ 0.00° 0.16+ 0.01°
C18:0 15.00+ 0.33? 14.52+ 0.112 14.55+ 0.50? 13.71+ 0.367
C18:1n9 39.51+ 0.512 38.97+ 0.39% 37.56+ 0.37° 36.41+ 0.29°
C18:1n7 2.62+ 0.22° 2.67+0.11% 2.40+ 0.20% 2.05+ 0.09°
C18:2n6 13.73+ 0.19° 15.79+ 0.19° 18.66+ 0.46° 22.85+ 0.35°
C18:3n6 0.28+ 0.06% 0.29+ 0.02% 0.29+ 0.02% 0.28+ 0.02%
C18:3n3 0.51+ 0.01% 0.48+ 0.01% 0.44+ 0.02% 0.47+ 0.01%
C20:1n9 0.69+ 0.04% 0.68+ 0.03% 0.67+ 0.15% 0.59+ 0.02°
C20:2n6 0.56+ 0.02% 0.63+ 0.03% 0.79+ 0.03° 0.85+ 0.03°
C22:0 0.10+ 0.00% 0.11+ 0.012° 0.13+ 0.03° 0.13+ 0.012°
C20:4n6 0.25+ 0.04% 0.34+ 0.02° 0.30+ 0.012° 0.32+ 0.012°
C22:4n6 0.11+ 0.01% 0.13+ 0.01% 0.12+ 0.02% 0.13+ 0.01%
PUFA 15.44+ 0.19° 17.66+ 0.18° 20.62+ 0.17° 24.90+ 0.18¢
MUFA 44.44+ 0.28° 43.87+ 0.19° 41.85+ 0.21° 40.12+0.12°
SFA 40.12+ 0.24% 38.47+ 0.12%P 37.53+ 0.27° 34.98+ 0.25°
n-6 14.93+ 0.19° 17.18+0.18° 20.17+ 0.16° 24.44+ 0.18¢
n-3 0.51+ 0.01% 0.48+ 0.01% 0.44+ 0.02% 0.47+ 0.01%
PUFA/SFA 0.39+ 0.012 0.46+ 0.01% 0.56+ 0.01° 0.73+ 0.01°
n-6/n-3 29.48+ 0.56% 36.25+ 0.61° 46.22+ 1.38° 54.06+ 1.88

‘Results expressed as percent fatty acid methyl estalsed/are mean + standard deviation of six repetitions in triplicate; sunflower
cake (SFC). )?Control: diet with 0% SFC; SFC5: diet with 5% of SFC; SFC10: diet with 10% SFD; SFC15: diet with 15% SHEC:PUF
polyunsaturated fatty acids; MBF= monounsaturated fatty acids; ASE saturated fatty acids; né = total n6 fatty acid; n3 = total n3
fatty acid. Diferent letters in the row indicate tBfences (P<0.05) byukey’s test.
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