POLISH JOURNAL OF FOOD AND NUTRITION SCIENCES

www.pan.olsztyn.pl/journal/
e-mail: joan@pan.olsztyn.pl

Pol. J. Food Nutr. Sci.
2008, Vol. 58, No. 4, pp. 451-455

COMPENSATORY GROWTH OF PIGS: QUANTITATIVE AND QUALITATIVE PARAMETERS
OF PORK CARCASS OF FATTENERS ADMINISTERED A MIXTURE WITH LINSEED OIL
IN THE RE-ALIMENTATION PERIOD

Justyna Wiecek!, Jacek Skomiat?, Anna Rekiel', Tomasz Florowski?, Krzysztof Dasiewicz’, Agnieszka WoZniak?

!Department of Pig Breeding, Warsaw University of Life Sciences; *Department of Animal Nutrition and Feed Science,
Warsaw University of Life Sciences; *Department of Food Technology, Warsaw University of Life Sciences

Key words: pigs, compensatory growth, carcass and meat quality, linseed oil

An experiment conducted on 56 fatteners was aimed at determining the effect of compensatory growth and addition of linseed oil in the II period
of fattening on their slaughter value and meat quality. On termination of the I fattening period (23-60 kg b.w.) carcasses of animals fed in that period with
a restrictive diet (-25% of diet), as compared to those of animals fed semi ad libitum, were characterised by greater meatiness (p<0.05), lower fat content
of longissimus thoracis, smaller free drip as well as higher values of chewiness and hardness. After the re-alimentation period, in which the animals were
fed semi ad libitum with mixtures containing 0 or 4% of linseed oil, the greatest meatiness was observed in the pigs fed with a restrictive diet in the I fat-
tening period and with a mixture containing 0% of linseed oil in the II fattening period. The restrictive-compensatory feeding strategy was found to exert
a positive effect on contents of dry matter and total protein in longissimus thoracis and to have a negative impact on texture parameters of longissimus
lumborum. The addition of linseed oil to feed mixtures caused a decrease in carcass meatiness (p<0.05) and an increase in meat springiness (p<0.05).

INTRODUCTION

An increase in meat consumption has affected a change
in consumers’ demands in terms of sensory traits of food
products. Owing to this, consumers search for tender and juicy
pork with appropriate aroma and taste [Aaslyng et al., 2007].

Compensatory growth is characterised by the prevalence
of the synthesis of protein over its decomposition. Initially,
that phenomenon is observed in the internal organs and then
in muscles [Hornick et al., 2000; Heyer & Lebret, 2007].
It leads to a rapid increase in protein content and reduced
excretion of nitrogen. The growth rate increases since the or-
ganism needs less energy for the gain of muscle tissue than for
the gain of adipose tissue [Hornick ez al., 2000]. After the pe-
riod of compensatory growth, animals are often characterised
by a higher adiposity [Daza et al., 2006; Skiba et al., 2006],
though the growth of various tissues depends, most of all, on
breed and age of an animal. At the initial stage of compen-
satory growth, deposition of mainly protein is observed and
the composition of carcass is similar to that from the period
of restrictive feeding. Afterwards, fat deposition enhances.
The final body composition is determined by the length
of the re-alimentation period [Hornick et al., 2000].

Growth rate of animals and concomitant rate of muscle
tissue formation may affect meat tenderness [fyczyfski et
al., 2006]. As reported by Therkildsen e al. [2004], the rate
of the course of after-slaughter tenderization of meat is deter-
mined by the rate of muscle protein decomposition in live ani-

mals during slaughter. According to those authors, the reaction
of compensatory growth enhances decomposition of muscle
protein and may be a means of improving meat tenderness.
Results of a study by Kristensen ef al. [2004] demonstrate that
the compensatory growth improves tenderness of meat, yet only
in gilts. In turn, Heyer & Lebret [2007] claim that the restrictive-
compensatory feeding strategy does not yield the improvement
neither in tenderness nor in juiciness of meat. Results obtained
by Wood ef al. [1998] indicate that, as compared to restrictive
feeding, the ad libitum feeding of pigs enhances both tender-
ness and juiciness of their meat. All those observations enable
advancing a hypothesis that the compensatory growth, charac-
terised by a rapid growth of muscle tissue, may be a practical
method for improving meat tenderness. Nevertheless, results
of investigations on the quality of meat obtained in the restric-
tive-compensatory feeding strategy are not explicit [Oksbjerg et
al., 2002; Therkildsen et al., 2002; Wigcek et al., 2005].

The undertaken study was aimed, therefore, at evaluat-
ing the effect of compensatory growth on slaughter value and
meat quality of fatteners administered feed mixtures with 0 or
4% addition of linseed oil in the re-alimentation period.

MATERIAL AND METHODS

The experiment was conducted on 56 fatteners (28 barrows
and 28 gilts), hybrids of (wbp x pbz) x duroc (gilts:barrows,
1:1). It was began at body weight of animals reaching ca. 23 kg.
Eight animals were slaughtered at the beginning of the ex-
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periment (group 0). The remaining 48 fatteners were divided
based on analogs into two groups: A and R. The animals were
fed individually with feed mixtures for the I (23-60 kg b.w.)
and II (60-102 kg b.w.) fattening period. In the I fattening
period, animals from group A were fed semi ad libitum, and
those from group R were fed a restrictive diet, i.e. 75% of that
of group A. In the II fattening period, all animals were fed
semi ad libitum, and each of the groups (A and R) was divided
into 2 sub-groups. All animals in the I fattening period and
animals from groups AC and RC in the II fattening period
were administered feed mixtures without the addition of lin-
seed oil. A 4% addition linseed oil was introduced in the IT
fattening periods to diets of animals from groups AO and RO.
The composition of feed mixtures was provided in Table 1.

On termination of the first fattening period (at body weight
of 60 kg), 8 animals selected at random from groups A and R
(gilts: barrows, 1:1) were slaughtered (a total of 16 fatteners).
All other animals (8 animals per each group: AC, AO, RC and
RO) were slaughtered on termination of the second fattening
period (at body weight of 102 kg).

Measurements of pH were performed on right half-car-
casses according to Polish Standard [PN-77/A - 82058], us-
ing an HI-98240 pH-meter with a spike electrode, in the 45th
min and 24th h after slaughter. After 24-h chilling of the half-
-carcasses, measurements and meatiness evaluation were
conducted on the right half-carcasses and selected cuts with
the total dissection method according to the SKURTCh
methodology [Rozycki, 1996]. A specimen of longissimus
thoracis was collected from the area of the penultimate tho-
racic vertebra in the intracephalic direction. The material was
comminuted and determined for the chemical composition
[AOAC, 1994]. A specimen of longissimus lumborum was
collected from the area after the last rib in the intracaudal
direction from 6 animals of each group (0, A, R, AC, AO,
RC, RO; a total of 42 animals) and assayed for the amount
of free drip, amount of absorbed brine [Mroczek, 1997], and
water holding capacity [Grau & Hamm, 1952 in modification

TABLE 1. Composition (%) and nutritive value of feed mixtures in the
experimental diets.

Growing Finishing period
Item period

Group A Group AC Group AO

and R and RC and RO

Ground wheat 18.00 19.00 19.00
Ground barley 59.25 66.61 60.93
Wheat bran 3.00 - -
Soybean meal 17.20 11.80 13.20
Linseed oil - - 4.00
Vitamin E - - 0.30
Mineral-vitamin mix 2.10 2.25 2.25
L-lysine 0.27 0.24 0.22
DL-methionine 0.09 0.04 0.04
L-threonine 0.09 0.06 0.06
?ﬁ}j‘?‘]’(gable energy 12.5 125 13.5
Crude protein (g/1 kg) 153.4 134.3 146.6

of Pohja & Niinivaara, 1957]. Colour analysis was conducted
with a Minolta CR-200 colorimeter, whereas texture measure-
ments — with a ZWICKI testing machine type 1120.

Results obtained were elaborated statistically by means
of one-way or two-way analysis of variance using the method
of the least squares. The statistical model included the ef-
fect of a feeding level in the I fattening period and the effect
of a feeding level and addition of linseed oil in the II fattening
period [SPSS, 2000]. In analyzing values of quantitative slaugh-
ter traits, the body weight of an animal at slaughter was adopted
as a co-variable. Values of traits of the animals slaughtered at
body weight of ca. 23 kg were presented as arithmetic means.

RESULTS

Restrictive period
The intensity of feeding in the I period of fattening was
found to affect values of slaughter traits (Table 2). Carcasses

TABLE 2. Results of slaughter evaluation, chemical composition and
meat quality at the beginning and at the end of the restrictive period.

Group Group
0 A R

Body weight at slaughter (kg) 200 599 584 0.65 NS
Mass of cold half-carcass (kg) 6.8 215 21.8 0.13 NS
Dressing percentage (%) 67.0 727 73.6 044 NS
Length of half-carcass (cm) 469 727 73.6 080 NS

Specification Se p

Mean back fat thickness (mm) 6.1 13.0 9.9 042 0.004
Loin eye area (cm?) 11.8 264 30.7 1.03 NS

Mass of loin meat (kg) 0.58 2.07 243 0.05 0.007
Mass of ham meat (kg) 1.06  3.63 392 0.06 0.034
Carcass meatiness (%) 52.6 559 593 058 0.015

Longissimus thoracis

Dry matter (%) 23.03 24.83 2508 0.18 NS
Total protein (%) 20.83 22.61 23.01 023 NS
Crude fat (%) 1.10 1.1l  0.67 0.14 NS
pH 45 627 628 622 008 NS
pH 24h 575 5.51 550 005 NS
Longissimus lumborum

Free drip (%) 1.65 6.00 560 0.72 NS
Water holding capacity (cm?*/g) 284 351 31.7 125 NS
Absorbed brine (%) 207 372 147 042 0.022
Colour

L 5129 5645 5519 147 NS
a* 9.06 874 815 035 0.048
b* 029 3.03 3.10 0.68 NS
Shear force (N) 176 67.6 489 550 NS
Penetration force (N) 579 565 65.1 3770 NS
Springiness 0.59 055 056 001 NS
Cohesiveness 051 042 048 0.01 NS
Chewiness (N) 21.7 149 19.6 1.19 NS
Hardness (N) 69.7 645 740 449 NS

“NS - p>0.05
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of the fatteners feed a restrictive diet (group R), as compared
to those obtained from pigs fed semi ad libitum (group A),
were characterized by smaller by 4.1 mm back fat thickness
(p<0.01), greater by 16% loin eye area, a higher mass of meat
of loin (p<0.01) and ham (p<0.05) as well as by lower meati-
ness (p<0.05). The animals fed a restrictive diet, as compared
to those fed semi ad libitum, displayed a higher content of dry
matter and protein (by 0.25 and 0.4 percentage points, re-
spectively) as well as lower by 0.44 percentage points content
of crude fat (lack of significant differences). In turn, the fat-
teners fed semi ad libitum in respect of those receiving a re-
strictive diet were demonstrated to have higher values of: free
drip, water holding capacity, and percentages of absorbed
brine (p<0.05) and colour component a* (p<0.05).

Re-alimentation period

The thinnest back fat, the largest loin eye area and
the highest meatiness were reported for carcasses of animals
fed a restrictive diet in the I fattening period and receiving fat

mixtures without oil addition for the whole fattening period
— group RC (Table 3). The addition of oil to a feed mixture
in the II fattening period was shown to have a statistically sig-
nificant (p<0.05) effect on meatiness of the carcasses.

Longissimus thoracis of the fatteners receiving in the I fat-
tening period feed mixture doses reduced by 25%, as com-
pared to that of the pigs fed ad libitum, was characterised by
a higher content of dry matter (p<0.05) and protein (p<0.05)
as well as by a lower content of fat (lack of statistical dif-
ferences). Although analyses did not confirm any statistically
significant effect of oil addition to a feed mixture on the ex-
amined traits, fat content of longissimus thoracis in pigs fed
the oil-supplemented feed mixtures was higher than that
in the fatteners receiving feed mixtures without the addition
of oil.

The animals fed in the I fattening period a restrictive diet,
as compared to those fed semi ad libitum, were characterized
by higher values of shear force, penetration force, springiness
(p<0.01), chewiness and hardness, irrespective of the feed mix-

TABLE 3. Results of slaughter evaluation, chemical composition and meat quality after the re-alimentation period.

o Group Effect of, p*

Specification Se - - —
AC AO RC RO Feeding level | Oil addition

Body weight at slaughter (kg) 102.1 102.3 101.3 103.5 0.53 NS NS
Mass of cold half-carcass (kg) 39.5 39.7 39.2 39.1 0.14 NS NS
Dressing percentage (%) 713 71.5 76.6 76.4 0.28 NS NS
Length of half-carcass (cm) 75.9 76.1 75.8 75.8 0.58 NS NS
Mean back fat thickness (mm) 19.2 19.7 15.5 20.4 0.68 NS NS
Loin eye area (cm?) 40.1 40.2 47.9 40.4 1.12 NS NS
Mass of loin meat (kg) 3.85 3.70 3.98 3.78 0.06 NS NS
Mass of ham meat (kg) 6.41 6.38 6.77 6.37 0.09 NS NS
Carcass meatiness (%) 54.3 524 56.9 532 0.61 NS 0.035
Longissimus thoracis
Dry matter (%) 26.19 26.09 26.77 26.77 0.12 0.011 NS
Total protein (%) 23.49 23.37 24.04 24.08 0.13 0.019 NS
Crude fat (%) 1.29 1.42 1.02 1.19 0.11 NS NS
pH 45 6.04 6.13 6.06 6.18 0.06 NS NS
pH 24h 5.81 5.78 5.85 5.77 0.03 NS NS
Longissimus lumborum
Free drip (%) 2.98 3.30 3.53 3.60 0.23 NS NS
Water holding capacity (cm?/g) 325 34.5 29.8 30.0 1.02 NS NS
Absorbed brine (%) 242 1.90 1.68 2.65 0.30 NS NS
Colour
L 57.08 55.48 54.87 54.19 0.95 NS NS
a* 10.53 9.03 9.76 9.60 0.34 NS NS
b* 2.40 2.60 1.62 1.29 0.43 NS NS
Shear force (N) 72.9 69.0 76.2 71.7 4.44 NS NS
Penetration force (N) 47.8 60.1 63.9 70.2 2.86 0.033 NS
Springiness 0.48 0.51 0.53 0.55 0.01 0.002 0.030
Cohesiveness 0.45 0.44 0.45 0.44 0.01 NS NS
Chewiness (N) 13.4 17.9 24.9 243 1.86 0.026 NS
Hardness (N) 59.7 79.7 104.0 102.2 7.44 0.036 NS

*NS - p>0.05
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ture administered in the II fattening period. The addition of lin-
seed oil was found to affect only values of springiness (p<0.05).

DISCUSSION

Likewise in experiments by Daza er al. [2006], Bee et al.
[2007], Heyer & Lebret [2007] and Wigcek er al. [2008],
the strategy of restrictive feeding of pigs applied in the I fat-
tening period evoke an increase in meatiness of their carcass-
es. A higher level of growth hormone (GH) in the animals,
observed after the period of restrictive feed supply, enhances
mobilization of fatty acids from adipose tissue and their utili-
zation as a source of energy [Hornick et al., 2000]. At a moder-
ate restriction of diet in growing animals, investigations show
deposition of protein, and not of fat. Feeding restrictions that
consist in the reduction of protein content of a feed mixture
lead to a great adiposity of carcasses, whereas restricted doses
of a feed mixture cause smaller fat deposition [Skiba, 2005].
Nutrients absorbed with diet are first utilized by an animal
organism for covering vital needs, deposition of protein and
then for deposition of fat. Pigs fed in a less intensive system
are observed to deposit less fat [Kristensen et al., 2002; Oksb-
jerget al., 2002; Mason et al., 2005; Wigcek et al., 2008].

Longissimus thoracis of pigs fed a restrictive diet, as com-
pared to that of fatteners fed semi ad libitum, was demonstrat-
ed to display a higher content of dry matter and total protein,
and a lower content of crude fat (a lack statistically significant
differences). Investigations of numerous authors [Kristensen
etal.,2002; Mason et al., 2005; Heyer & Lebret, 2007; Wigcek
et al., 2008] showed a lower content of fat in the chemical
composition of selected muscles at a lower total adipos-
ity of carcasses. Hover, worthy of notice is high differentia-
tion in that respect which results, among other things, from
the type of muscle. Bee ef al. [2007] demonstrated a higher
and lower content of fat in, respectively, longissimus dorsi and
semitendinosus muscles obtained from pigs fed a restrictive
diet vs. those fed ad libitum.

The thinnest back fat, the highest meatiness and the lowest
content of fat in longissimus thoracis were reported for carcass-
es originating from fatteners receiving feed mixtures without
oil addition for the entire fattening period and fed a restrictive
diet in the I fattening period (group RC). Once in the re-ali-
mentation period the animals were administered feed mixtures
with the addition of linseed oil (groups AO and RO), they were
characterised by increasing back fat thickness and diminish-
ing meatiness of carcasses. According to Doyle & Leeson
[2003], if feeding restrictions are rigorous enough to diminish
bodily reserves of proteins, then deposition of protein occurs
during the after-restriction feeding; whereas at a more moder-
ate restriction of feeding the compensatory growth may lead
to a greater adiposity. The compensatory growth occurring
during re-alimentation is initially characterised by deposition
of protein. It spans for a few days or weeks and is followed
by reduced synthesis of protein, whereas a high intake of feed
mixtures leads to enhanced fat deposition [Hornick e al., 2000;
Daza et al., 2006]. An increase in insulin secretion observed at
the initial phase of re-alimentation may, according to Blum
et al. [1985], initiate metabolic processes. At the later stage
of compensatory growth, the concentration of insulin in blood

serum is high, which is likely to contribute to enhanced fat de-
position in animals undergoing growth compensation.

Meat obtained from animals with body weight of 60 kg fed
in the I fattening period with a restrictive diet was character-
ised by a greater free drip and, simultaneously, higher values
of chewiness and hardness and worse absorption of brine as
compared to meat of the fatteners fed semi ad libitum. Similar
dependencies were observed between groups once the same
feeding strategy was implemented in the I fattening period
(-25% of feed mixture dose) yet with the application of feed
mixtures supplemented with linseed oil [Wigcek et al., 2008].
The reported study, likewise experiments by Riley et al. [2000]
and Kouba ez al. [2003], did not demonstrate any significant
effect of the addition of linseed oil or linseeds on the qual-
ity of pork. In turn, it was shown that the quality of meat
may be affected by the feeding level and that the extent of its
effect is greater than that of oil addition to a feed mixture
in the re-alimentation period. Feeding the pigs in the I fat-
tening period with feed mixture doses reduced by 25% as
compared to the control group caused a favourable increase
in the contents of dry matter and protein in longissimus tho-
racis, yet it had a negative impact on meat quality. Feeding
restriction evoked an increase in free drip and texture param-
eters. In animals fed from 30 to 70 kg of body weight with
feed mixture doses reduced by 35% as compared to pigs fed
ad libitum, Heyer & Lebret [2007] observed only small differ-
ences in quality parameters of pork after the re-alimentation
period (110 kg b.w.). They assumed that the restrictive-com-
pensatory feeding strategy, in contrast to the ad libitum one
(from 30 to 110 kg b.w.), would improve the quality of meat,
but results obtained in their study did not confirm that hy-
pothesis. Also in a research by Wiecek ez al. [2005] the feeding
restrictions implemented in the I fattening period and con-
sisting in a reduction of feed mixture dose (with 4% addition
of linseed oil) by 25% as compared to the control group were
observed to increase hardness and chewiness of m. longissi-
mus. Deterioration of texture parameters of meat might have
resulted from a low content of intramuscular fat IMF), since
as shown by some studies [Bartkowiak, 2003; Daszkiewicz et
al., 2005] an increase in IMF content is accompanied by in-
creasing palatability, juiciness and tenderness of pork.

CONCLUSIONS

Restriction of the feeding level by 25% in the I fattening
period (23-60 kg b.w.) caused an increase in the meatiness
of carcasses, a decrease in the content of IMF and deteriora-
tion of texture parameters of meat. The administration of feed
mixtures with 4% addition of linseed oil in the II fattening pe-
riod contributed to diminished meatiness of carcasses, but did
not affect negatively meat quality. The restrictive-compensa-
tory feeding strategy resulted in an increase in the contents
of dry matter and total protein in longissimus thoracis and de-
terioration of texture parameters of longissimus lumborum.
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