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Abstract
Little is known about the effects of the plane of nutrition on growth performance and meat quality of grow-finish pigs under 
commercial production conditions. The present study was thus addressed to this virtually unanswered question. One hun-
dred and two barrows and 102 gilts weighing approximately 24 kg were fed phase I and II grower diets with a high, medium, 
or low plane of nutrition (HP, MP, or LP) to approximately 43 and 70 kg, respectively, in 6 replicates (pens). Subsequently, 
the HP and MP groups were fed the HP and MP1 finisher diets, respectively, the LP group being fed a second MP (MP2) 
finisher diet (LP1 group). Moreover, 68 LP-grower-fed barrows and gilts were added to the feeding trial and fed the MP1 and 
LP finisher diets to approximately 95 kg and thereafter, respectively (LP2 group). All MP diets had the lysine:calorie ratios 
comparable to the RNC recommendations, with < 18% differences between those of the HP and LP diets. The finisher pigs 
were reared in 16 pens and slaughtered at approximately 115 kg. The gain:feed ratio, but not average daily gain (ADG), was 
greater for the HP group than for the MP and LP during the grower phase I whereas during the grower phase II, ADG was 
greater (p < 0.05) for the HP and LP groups vs. MP. During the finisher phase I, ADG was less for the LP (LP1 + LP2) group 
vs. HP and MP, with no difference between the HP and MP groups; the gain:feed ratio was less for the LP vs. MP group. 
Backfat thickness was greater for the LP vs. HP group. The water holding capacity of fresh longissimus dorsi muscle (LM) 
and the sensory juiciness score for cooked LM were greatest for the LP group, the sensory flavor and tenderness scores 
being greater for the LP group vs. MP. In conclusion, results suggest that compensatory growth occurred for the LP and MP 
groups during the grower phase II and finisher phase I, respectively, with fat deposition increased for the LP group and that 
meat quality could be improved by the use of LP.
Keywords: Backfat, Growing-finishing pig, Growth, Meat quality, Plane of nutrition, Winter

Introduction The rates of fat and lean gains of growing-finishing pigs with given 
genetic potentials and environmental conditions are determined 
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primarily by the energy concentration and lysine:calorie ratio of 
the diet provided to the animals [1–4]. The lean gain rate of the 
grower pigs, in general, increases with increasing dietary energy in-
take, whereas in the finisher pigs, the lean increases with a reduced 
lean gain:energy ratio compared with that of the grower pigs, with 
the excess energy partitioned for fat deposition [5–8]. Moreover, 
the energy intake and hence the fat deposition rate of the finisher 
pig increase with the increasing dietary energy density even though 
the reverse is true for the feed intake [1, 9, 10]. The energy density 
and lysine:calorie ratio of the grower diets are therefore maximally 
increased based on these relationships between the plane of nutri-
tion and growth. For the finisher diets, however, the lysine:calorie 
ratios are set at lower levels than those of the grower diets, with the 
energy concentrations set at levels equal to or lower than those of 
the latter.

When the dietary lysine:calorie ratio for the grower pigs is low-
er than that supporting the maximum lean gain, the rate of weight 
gain of the pigs decreases but the gain:feed and gain:lysine intake 
ratios increase [11, 12]. Furthermore, a compensatory growth 
usually occurs when the grower pigs fed a diet with a low lysine:-
calorie ratio switch to a diet with a normal lysine:calorie ratio. The 
compensatory growth is frequently, but not always, concomitant 
with an increased feed intake and an increased fat deposition [13, 
14], even though the fat deposition can be down-regulated during 
the compensatory growth for a compensatory lean gain which has 
priority over the energy retention [11, 15–19]. 

The present experimenters have reported in a previous study 
that pigs which had been placed on grower diets with low planes 
of nutrition during the hot summer season exhibited a greater feed 
intake, a greater weight gain rate, and a greater backfat thickness in 
fall than those which had been reared on a high plane of nutrition 
[20]. However, it was not possible in that study to separate the 
nutritional effects from those of the seasonal effects, because the 
compensatory growth observed in the pigs reared on the low plane 
of nutrition resulted not only from the low-plane nutrition but also 
from the heat stress [8, 21]. The growing-finishing pigs were there-
fore reared on varying planes of nutrition in winter under commer-
cial production conditions in the present study, thereby investing 
the effects of the plane of nutrition during the grower phase on 

growth performance during the grower and subsequent finisher 
phases as well as meat quality.

Materials and Methods
Experimental diets and animals
All experimental protocols involving animals were approved by 
the Institutional Animal Care and Use Committee (IACUC) of 
Gyeongnam National University of Science and Technology. A 
total of 204 66-day-old (Landrace × Yorkshire) × Duroc barrows 
and gilts weighing approximately 24 kg were randomly distributed 
to 6 pens according to the sex, with 34 pigs per pen, on December 
31, 2017 on a commercial farm such that each of the three experi-
mental groups with the high, medium, and low planes of nutrition 
(HP, MP, and LP, respectively), respectively, had two pens of both 
sexes. The grower pigs were provided with the commercial phase I 
grower diets with HP, MP, and LP for 29, 30, and 32 d, respective-
ly, followed the grower phase II diets with the respective planes of 
nutrition for 28, 30, and 31 d, respectively (Table 1).

The pigs from each grower pen were divided into two finisher 
pens at the end of the grower phase II. The pigs which had been 
placed on HP and MP were provided with the HP and MP1 
finisher diets (HP and MP groups, respectively), respectively; the 
pigs which had been placed on LP during the grower phase were 
provided with the MP2 finisher diet (LP-1 group; Table 1). In ad-
dition, a total of 68 contemporary pigs consisting of equal numbers 
of barrows and gilts which had been placed on LP during the en-
tire grower phase were newly added to the on-going feeding trial 
and provided with the MP1 and LP finisher diets for 22 d of the 
finisher phase I and the rest (phase II) of the feeding trial (LP-2 
group), respectively. The energy and lysine concentrations of all the 
MP diets used in the present feeding trial were comparable to the 
NRC [22] recommendations, with the difference in the lysine:cal-
orie ratio between each pair of the HP and LP diets not exceeding 
18%.

All animals were weighed by the unit of pen on day 0 of the 
grower phase I to minimize the stress of the young pigs, but the 
body weight was measured individually on the beginning day of 
the grower phase II and onward. As such, the average daily gain 

Table 1. Energy and lysine concentrations of the experimental diets (as-fed basis)

Item
Grower phase I Grower phase II Finisher

HP1) MP2) LP3) HP MP LP HP MP1 MP2 LP
ME (Mcal/kg) 3.34 3.30 3.26 3.35 3.33 3.25 3.35 3.25 3.25 3.25

Total Lys (%) 1.20 1.10 1.00 1.10 1.02 0.93 0.90 0.80 0.85 0.72

Lys:ME (g/Mcal) 3.59 3.33 3.07 3.29 3.06 2.86 2.69 2.46 2.62 2.22
1–3)Commercial diets with high, medium, and low planes of nutrition, respectively.
HP, high plane; MP, medium plane; LP, low plane; ME, metabolizable energy.
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(ADG) for each pen during the grower phase I was calculated 
by dividing the total weight gain by the total number of days on 
feed of all pigs, with dead or culled animals excluded from the 
calculation, whereas for the grower phase II and the finisher phase, 
individual body weights were used for the ADG calculation. The 
average daily feed intake per pig (ADFI) for each pen was calcu-
lated by dividing the total feed intake by the total number of days 
on feed in both grower and finisher phases. The final body weights 
and feed intakes of the HP, MP, LP1, and LP-2 groups were mea-
sured on 171, 173, 178, and 180 d of age, respectively.

The experimental animals were transported to a local abattoir 
and slaughtered after the feeding trial on 4 days for the 4 exper-
imental groups, respectively, 35 outgrown animals having been 
slaughtered at 157 d of age before the termination of the feeding 
trial. The backfat thickness of the carcasses was corrected for a 115-
kg final weight using 0.26 and 0.19 mm per kg body weight for 
the barrow and gilt, respectively, which were obtained by the analy-
sis of regression of the variable on the live weight.

Physicochemical analysis and sensory evaluation
A total of 30 animals weighing approximately 115 kg, with 5 ani-
mals per sex × dietary group, were selected prior to the transport to 
the abattoir. The upper half of the left-side longissimus dorsi muscle 
(LM) was cut from the carcasses on the following day of slaughter 
and transported to the laboratory. The LM was not collected from 
the LP1 group because of a limited capacity of physicochemical 
and sensory analyses on a given day.

The lightness and redness of LM were measured according to 
the CIE [23] L* and a* standards. Other physicochemical char-
acteristics of LM, including the contents of the moisture, protein, 
and fat, were determined as previously described [24–26].

Sensory quality attributes of fresh LM were evaluated by nine 
panelists who had received training on sensory evaluation at least 
for six months within the Meat Science and Processing Labo-
ratory. The sensory attribute was scored according to a 9-ladder 
whole number scale as previously described [25–27] in such a way 
that a greater score indicated better quality. The quality attributes 
of cooked LM also were evaluated by the 9-ladder scale as in the 
evaluation for fresh LM.

Statistical analysis
All data were analyzed using the SAS program (SAS Inst., Inc., 
Cary, NC, USA). The growth performance variables for the grower 
phase were analyzed using the MIXED procedure by partitioning 
the variation associated with the sex into the random effect, with 
the means for the planes of nutrition compared by the ‘PDIFF’ 
option. The data of growth performance during the finisher phase 
and carcass and LM characteristics were analyzed using the Gen-

eral Linear Model procedure. The pen and the individual animal 
were the experimental units in all growth performance and post-
mortem variables, respectively, in these analyses, and the means for 
the planes of nutrition and sexes were compared by the preplanned 
contrast. In all comparisons and tests, the p-values of < 0.05 and 
< 0.10 were used as the criteria of the significance and tendency, 
respectively.

Results
Growth performance
During the grower phase I, the ADG and ADFI did not differ be-
tween the LP and HP groups or between the LP and MP groups 
(Table 2). The gain:feed ratio, however, was greater for the HP 
group than for the MP and LP groups, with no difference between 
the MP and LP groups. The daily intake of metabolizable energy 
(ME) did not differ among the HP, MP, and LP groups whereas 
the gain:ME ratio was greater for the HP group than for either 
of the MP and LP groups. The daily lysine intake did not differ 
among the three dietary groups, but the gain:lysine ratio was less 
for the MP group than for the HP and LP groups.

The ADG during the grower phase II was greater for the LP 
group than for the MP group, not being different between the LP 
and HP groups. There was no difference between the three di-
etary groups in any of the ADFI, gain:feed ratio, daily ME intake, 
gain:ME ratio, daily lysine intake, and gain:lysine ratio, but there 
was a tendency of a greater gain:lysine ratio for the LP group vs. 
HP (p = 0.08) or MP (p = 0.06) group.

The ADG was less for the LP (LP1 + LP2) group than for the 
HP or MP group as well as for the barrow than for the gilt during 
the finisher phase I (Table 3). The ADFI was greater for the bar-
row vs. gilt, but it did not differ between the LP group and either 
of the HP and MP groups. The gain:feed ratio, however, was great-
er for the MP group vs. LP as well as for the LP2 group vs. LP 1.

There was no difference between the LP group and either of 
the HP and MP groups in any of the ADG, ADFI, and gain:feed 
ratio during the finisher phase II. The estimated number of days 
necessary to reach a 115-kg market weight was greater for the LP 
group (175.0) than for the HP group (168.4), but it did not differ 
between the LP and MP (172.9) groups or between the LP-1 and 
LP-2 groups. Regarding the sex effect, the ADG and ADFI were 
greater for the barrow vs. gilt whereas the estimated number of 
days to the market weight was greater for the latter.

The dressing percentage of the carcass was greater for the LP 
group than for the MP group. The backfat thickness adjusted for a 
115-kg live weight was greater for the LP group (22.9 mm) than 
for the HP group (21.4 mm) as well as for the barrow (24.0 mm) 
vs. gilt (20.5 mm). 



Plane of nutrition for grow-finish pigs in winter 

4  |  https://www.ejast.org https://doi.org/10.5187/jast.2019.61.1.1

Meat quality attributes of LM
The pH value of LM was greater for the LP group (5.66) than for 
the MP group (5.47; Table 4). The lightness (L*) and redness (a*) 
of LM did not differ between the LP group and either of the HP 
and MP groups. The water holding capacity (WHC) was greater 
for the LP group than for the HP and MP groups. Furthermore, 
WHC was greater for the barrow vs. gilt whereas the reverse was 
true for the drip loss. The cooking loss, shear force, cohesiveness, 
springiness, gumminess, and moisture content did not differ be-
tween the LP group and either of the HP and MP groups. The fat 
content was greater for the barrow than for the gilt; protein content 
was less for the LP vs. MP group, with no difference between the 
barrow and gilt. Moreover, the fat content was negatively correlated 
(p < 0.01) with the moisture and protein contents (r = –0.64 and 
–0.51, respectively) and also tended to be positively correlated with 
the pH value (r = 0.34; p = 0.07; data not shown).

The color score for fresh LM, which did not differ between the 
LP group and either of the HP and MP groups, was greater for 
the barrow than for the gilt in the sensory evaluation (Table 5). The 
scores for the aroma and drip did not differ between the LP group 

and the HP or MP group or between the sexes, but the off-odor 
score was less for the LP vs. MP group. The marbling and accept-
ability scores were greater for the barrow vs. gilt.

The sensory color score for cooked LM was greater for the bar-
row than for the gilt. The aroma score was greater for the LP than 
for the MP group. Scores for the flavor, tenderness, and acceptabil-
ity were greater for the LP group than for the MP group. More-
over, the juiciness score was also greater for the LP group than for 
the HP as well as MP group. Regarding the sex effect, the color, 
flavor, juiciness, tenderness, and acceptability scores were greater 
for the barrow vs. gilt.

Discussion
The NRC [27] recommends 1.12%, 0.97%, 0.84%, and 0.71% of 
total lysine concentrations with a fixed energy density of 3.30 Mcal 
ME/kg for the diets for the growing-finishing pigs with a medi-
um-high lean-gain genetic potential weighing 25–50, 50–75, 75–
100, and 100–135 kg, respectively. The energy concentrations of all 
the experimental diets (3.25 to 3.35 Mcal ME/kg), as well as the 

Table 2. Effects of the plane of nutrition on growth performance of the grower pigs

Item HP MP LP SEM p-value
Phase I1)

 Initial Wt (kg) 23.5b 24.7a 23.2b 0.35 0.01

 Days on feed 29 30 32 - -

 Final Wt (kg) 42.6 43.5 42.7 0.45 0.44

 ADG (g) 663 632 612 15 0.25

 ADFI (g) 1,172 1,307 1,293 31 0.15

 Gain:feed 0.566a 0.483b 0.474b 0.009 < 0.01

 ME intake (Mcal/d) 3.91 4.31 4.21 0.10 0.19

 Gain:ME (g/Mcal) 169.5a 146.4b 145.3b 2.7 < 0.01

 Lys intake (g/d) 14.06 14.37 12.93 0.34 0.16

 Gain:Lys (g/g) 47.17a 43.93b 47.37a 0.86 0.04

Phase II2)

 Initial Wt (kg) 43.1 ± 0.9 43.6 ± 0.8 43.0 ± 0.9 - 0.83

 Days on feed 28 30 31 - -

 Final Wt (kg) 70.8 ± 1.1 71.0 ± 1.1 73.1 ± 1.1 - 0.26

 ADG (g) 990 ± 16a 907 ± 15b 969 ± 16a - < 0.01

 ADFI (g) 2,262 2,244 2,348 159 0.63

 Gain:feed 0.438 0.398 0.413 0.010 0.20

 ME intake (Mcal/d) 7.56 7.47 7.63 0.53 0.90

 Gain:ME (g/Mcal) 130.8 119.4 127.0 3.0 0.21

 Lys intake (g/d) 24.88 22.89 21.84 1.61 0.18

 Gain:Lys (g/g) 39.78 38.97 44.36 0.99 0.10
1)Data are least squares means (LSM) of two replicates (pens) of 34 pigs. 
2)Data are LSM or LSM ± SEM of two replicates of 26 to 34 pigs. 
a,bMeans with no common superscript within a row differ (p < 0.05).
HP, high plane; MP, medium plane; LP, low plane; SEM, standard error of mean; Wt, weight; ADG, average daily gain; ADFI, average daily feed intake; ME, metabolizable energy. 



https://doi.org/10.5187/jast.2019.61.1.1 https://www.ejast.org |  5

Bo-Seok Yang, et al.

lysine concentrations of the MP diets, used in the present feeding 
trial were comparable to the NRC recommendation, except that 
the present diets were used for wider ranges of the body weight 
compared to those of the NRC recommendations. With respect to 
the usage of the commercial grow-finish diets, the ratio of the pro-
duction tonnages of the three categories of diets comparable to the 
grower phases I and II and finisher diets of the present study was 
36:56:8 during the year of 2017 in Korea [28]. This implies that the 
finisher diet, including the low-lysine finisher, is minimally used in 
this country. As such, a MP-finisher diet was provided to the LP1 
as well as the MP group during the entire finisher phase to exam-
ine the influence of the provision of the LP diet vs. MP during the 
grower phase on growth performance during the finisher phase. In 
addition, the LP2 group was provided with a finisher diet with its 
lysine content comparable to the NRC recommendation during 
the finisher phase II to compare the effects of the LP vs. MP diet. 
The lysine content of the finisher diet provided to the LP1 group 
(M2) happened to be 0.05% greater than that of the finisher diet 
provided to the MP and LP2 groups (M1), but the M1 and M2 
finisher diets, which were selected from the MP- and LP-line diets 

of a same manufacturer, respectively, were evaluated as a same nu-
tritional class by the manufacturer.

Apart from the statistical significance, an 8% reduced ADG for 
the LP and MP groups vs. HP group during the grower phase I 
and II, respectively, was associated with an 8% lower daily lysine 
intake for the corresponding LP and MP groups vs. HP, suggesting 
that the reduced ADG in the former is likely to have resulted from 
an insufficient lysine intake. Moreover, the greater ADG for the 
LP group vs. MP during the grower phase II was associated with a 
greater gain:lysine ratio for the former. Similarly, the greater ADG 
for the MP group vs. LP during the finisher phase I was associated 
with a greater gain:feed ratio for the former. These results, which 
were similar to the increased lysine and feed efficiencies during the 
compensatory growth of growing-finishing pigs in previous studies 
[12, 29], suggest that the increased ADG in the aforementioned 
LP and MP groups resulted from a compensatory growth to make 
up for the reduced weight gain during the preceding phase. More-
over, the similar ADG for the LP-1 and LP-2 groups during the 
finisher phase II provided with the isocaloric diets containing 0.85% 
and 0.72% lysine, respectively, suggest that a 0.72% dietary lysine 

Table 3. Performance of the finisher pigs reared on varying planes of nutrition during the grow-finish period

Item
High plane (HP)1),2) Medium plane (MP)1),3) Low plane 1 (LP1)1),4) Low plane 2 (LP2)1),5)

SEM
Contrast

B G B G B G B G LP:HP LP:MP LP1:LP2 B:G
Phase I
 Initial Wt (kg) 71.9 ± 1.4 69.8 ± 1.4 71.3 ± 1.3 70.2 ± 1.4 74.1 ± 1.4 72.0 ± 1.3 75.2 ± 1.5 73.2 ± 1.3 -    0.05    0.05 0.45    0.10
 Days on feed 25 25 25 25 23 23 22 22 - - - - -
 Final Wt (kg) 97.9 ± 1.9 94.2 ± 1.8 98.4 ± 1.8 91.6 ± 1.7 95.2 ± 1.7 91.9 ± 1.5 97.1 ± 2.0 92.9 ± 1.7 -    0.24    0.60 0.40 < 0.01
 ADG (g) 1,040 ± 30 974 ± 29 1,084 ± 28 934 ± 28 914 ± 30 863 ± 28 993 ± 31 897 ± 27 - < 0.01 < 0.01 0.08 < 0.01
 ADFI (kg) 3.25 3.04 3.13 2.72 3.21 2.78 3.21 2.65 0.10    0.06    0.68 0.52 < 0.01
 Gain:feed 0.321 0.321 0.346 0.343 0.285 0.311 0.309 0.339 0.008    0.20 < 0.01 0.01    0.05
Phase II
 Days on feed 18.6 ± 1.2 21.9 ± 1.1 17.5 ± 1.1 19.7 ± 1.0 20.4 ± 1.3 22.4 ± 1.2 21.8 ± 1.2 24.3 ± 1.1 -    0.10 < 0.01 0.22    0.02
 Final Wt (kg) 118.0 ± 1.0 114.4 ± 1.0 116.7 ± 0.9 110.0 ± 0.9 115.5 ± 1.0 111.5 ± 0.9 118.2 ± 1.1 115.9 ± 0.9 -    0.29    0.04 < 0.01 < 0.01
 ADG (g) 1,087 ± 31 924 ± 30 1,020 ± 29 944 ± 28 1,030 ± 31 899 ± 29 983 ± 33 932 ± 29 -    0.11    0.42 0.81 < 0.01
 Days to 115 kg6) 165.0 ± 1.7 171.8 ± 1.6 168.1 ± 1.5 177.6 ± 1.5 173.3 ± 1.6 179.4 ± 1.5 170.6 ± 1.7 176.4 ± 1.5 - < 0.01    0.12 0.05 < 0.01
 ADFI (kg) 3.20 2.81 3.41 2.76 2.95 2.62 3.26 2.80 0.14    0.45    0.19 0.12 < 0.01
 Gain:feed 0.342 0.330 0.300 0.342 0.350 0.343 0.302 0.333 0.014    0.76    0.39 0.06    0.20
Carcass characteristics7)

 Live Wt (kg) 117.5 ± 1.3 115.1 ± 1.3 117.3 ± 1.2 113.6 ± 1.3 116.2 ± 1.3 112.3 ± 1.2 117.6 ± 1.3 116.8 ± 1.2 -    0.62    0.78 0.02 < 0.01
 Carcass Wt (kg) 88.7 ± 1.1 86.9 ± 1.1 88.5 ± 1.0 85.0 ± 1.1 87.6 ± 1.1 84.8 ± 1.0 89.2 ± 1.1 88.6 ± 1.0 -    0.77    0.39 0.01 < 0.01
 Dressing (%) 75.5 ± 0.3 75.5 ± 0.3 75.4 ± 0.3 74.9 ± 0.3 75.4 ± 0.3 75.5 ± 0.3 75.9 ± 0.3 75.8 ± 0.3 -    0.63    0.04 0.14    0.51
Backfat thickness (mm)
 Measurement 23.6 ± 0.8 19.8 ± 0.8 24.3 ± 0.7 19.8 ± 0.8 24.7 ± 0.8 20.5 ± 0.7 25.6 ± 0.8 21.6 ± 0.7 -    0.04    0.11 0.17 < 0.01
 At 115 kg8) 22.9 ± 0.7 19.8 ± 0.7 23.7 ± 0.7 20.1 ± 0.7 24.4 ± 0.7 21.0 ± 0.7 24.9 ± 0.7 21.2 ± 0.7 -    0.01    0.09 0.54 < 0.01

1) Nutritional composition of each diet is shown in Table 1. Data are least squares means (LSM) or LSM ± SEM of two replicates of 13 to 17 pigs, except for the variables of the 
carcass characteristics.

2)Fed the HP grower phases I and II and HP finisher diets during the grower phases I and II and the entire finisher phase, respectively.
3)Fed the MP grower phases I and II and MP1 finisher diets during the grower phases I and II and the entire finisher phase, respectively.
4)Fed the LP grower phases I and II and MP2 finisher diets during the grower phases I and II and the entire finisher phase, respectively.
5)Fed the LP grower phases I and II diets and the MP1 and LP finisher diets sequentially. 
6)Estimated from the final weight and ADG.
7)Data are LSM ± SEM of 25 to 29 animals. Pigs weighing 102 kg or less at the end of the feeding trial were not slaughtered.
8)Corrected for the indicated live weight.
B, barrow; G, gilt; SEM, standard error of mean; Wt, weight; ADG, average daily gain; ADFI, average daily feed intake.
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content, which is similar to the NRC [22] recommendation (0.71% 
for 100–135 kg pigs), is probably enough for the finishing pigs 
weighing approximately 95 kg or greater.

When the dietary lysine:calorie ratio or the plane of nutrition 
is lower than the optimum, the rate of protein (lean) deposition 
as well as weight gain decreases, but the fat deposition rate usually 

Table 4. Physicochemical characteristics of the longissimus dorsi muscle from the pigs reared on varying planes of nutrition

Item
HP1) MP2) LP3)

SEM
Contrast

B G B G B G LP:HP LP:MP G:B
Carcass Wt (kg) 89.2 88.8 90.2 85.4 87.4 87.4 1.3 0.22 0.76 0.11

pH 5.78 5.60 5.46 5.48 5.68 5.63 0.06 0.53 < 0.01 0.13

CIE L* 54.8 55.4 54.6 52.9 54.0 53.6 1.3 0.35 0.97 0.64

CIE a* 7.49 8.29 8.73 8.92 8.55 8.29 0.60 0.39 0.51 0.63

WHC (%) 62.9 62.9 64.0 62.6 67.4 63.8 0.7 < 0.01 < 0.01 0.01

Drip loss (%) 6.34 7.35 7.04 9.60 5.63 9.47 1.05 0.51 0.47 < 0.01

Cooking loss (%) 35.2 34.3 34.6 36.4 36.0 36.0 0.8 0.13 0.54 0.66

W-B SF (kg/cm2) 2.91 2.57 2.03 3.21 3.11 3.10 0.40 0.37 0.24 0.41

Cohesiveness (%) 0.47 0.45 0.46 0.54 0.43 0.55 0.05 0.45 0.83 0.11

Springiness (mm) 1.12 1.06 1.07 1.10 1.00 1.23 0.06 0.67 0.62 0.19

Gumminess (kg) 0.59 0.52 0.49 0.77 0.64 0.80 0.10 0.10 0.37 0.15

Moisture (%) 72.2 72.9 72.7 73.6 73.3 73.1 0.4 0.12 0.88 0.17

Fat (%) 3.57 2.72 3.50 2.32 4.28 3.02 0.54 0.37 0.18 0.02

Protein (%) 19.9 22.1 21.7 22.5 20.1 20.5 0.7 0.34 0.02 0.07
1)Fed the HP phases I & II grower diets and the HP finisher diet sequentially.
2)Fed the MP phases I & II grower diets and the MP1 finisher diet sequentially.
3)Fed the LP grower phases I and II diets and the MP1 and LP finisher diets sequentially. 
1–3)Data are means for five animals for both B and G.
HP, high plane; MP, medium plane; LP, low plane; B, barrow; G, gilt; SEM, standard error of mean; Wt, weight; WHC, water holding capacity; W-B SF, Warner-Bratzler shear 
force.

Table 5. Sensory quality attributes of the longissimus dorsi muscle from the pigs reared on varying planes of nutrition1)

Item
HP2) MP3) LP4)

SEM
Contrast

B G B G B G LP:HP LP:MP G:B
Fresh muscle
 Color 8.10 7.71 7.96 7.64 7.83 7.28 0.21 0.10 0.25 0.02
 Aroma 7.76 7.60 7.58 7.73 7.60 7.19 0.14 0.06 0.08 0.25
 Off-odor 7.60 7.36 7.51 7.70 7.41 7.07 0.14 0.11 0.02 0.27
 Drip 7.49 7.09 7.81 7.60 7.88 7.12 0.28 0.45 0.47 0.06
 Marbling 7.78 7.02 7.64 7.07 7.66 7.18 0.35 0.95 0.85 0.04
 Acceptability 7.87 7.41 7.67 7.28 7.91 7.03 0.22 0.45 1.00 < 0.01

Cooked muscle
 Color 7.71 7.53 7.50 7.21 7.56 7.36 0.10 0.11 0.32 0.01
 Aroma 7.66 7.68 7.69 7.56 7.88 7.77 0.09 0.10 0.04 0.32
 Flavor 7.73 7.21 7.36 7.19 7.71 7.50 0.15 0.38 0.04 0.02
 Juiciness 7.59 7.09 7.32 6.97 7.72 7.66 0.15 0.03 < 0.01 0.02
 Tenderness 7.80 7.10 7.52 6.90 7.76 7.74 0.22 0.19 0.02 0.02

 Acceptability 7.74 7.22 7.44 6.81 7.79 7.56 0.15 0.23 < 0.01 < 0.01
1)The sensory attributes were scored arbitrarily by 9 panelists according to a 9-ladder whole number scale such that a greater score indicates better quality.
2)Fed the HP phases I & II grower diets and the HP finisher diet sequentially.
3)Fed the MP phases I & II grower diets and the MP1 finisher diet sequentially.
4)Fed the LP grower phases I and II diets and the MP1 and LP finisher diets sequentially.
2–4)Data are means for five animals for both B and G.
HP, high plane; MP, medium plane; LP, low plane; B, barrow; G, gilt; SEM, standard error of mean.
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increases [30, 31]. The 4.5 and 6.5 more days for the MP and LP 
groups vs. HP to reach a 115-kg market, respectively, in the present 
study were consistent with the results in the literature regarding the 
effects of the plane of nutrition [2–4, 32]. Furthermore, the great-
er backfat thickness for the LP vs. HP group was also consistent 
with the results of previous studies [30, 32] as well as the report of 
Seo [33] in which the backfat thickness was greater in the market 
pigs reared on the low plane of nutrition than in those reared on 
high-plane nutrition. It thus seems evident that both the more 
days required to reach the market weight and the greater backfat 
thickness for the LP vs. HP group resulted from the lower dietary 
lysine:ME ratio for the former.

The effects of provision of a low-lysine diet during the grower 
phase on the growth rate during the subsequent finisher phase 
and the backfat thickness reported in the literature vary depending 
on the dietary lysine concentration as well as the duration of the 
low-lysine diet. In the studies of Castell et al. [30] and Kerr et al. 
[34], the backfat thickness of the pigs reared on the low-lysine 
diets during the entire grow-finish period was greater than that of 
the pigs fed the diets with optimal lysine:calorie ratios. The pigs 
fed the low-lysine diet had a lower ADG and a greater backfat 
thickness than those on the diet with a normal lysine concentra-
tion during the grower phase in the studies of Fabian et al. [18, 
19] and Millet et al. [29, 35] as well. However, when both groups 
of pigs were placed on a diet with an optimal lysine:calorie ratio 
during the finisher phase, the former exhibited a backfat thickness 
equal to that of the latter at the end of the finisher phase as a result 
of a compensatory lean growth in these studies. These results, how-
ever, cannot be directly compared with those of the present study, 
because the low-lysine diets in Fabian et al. [18, 19] and Millet et 
al. [29, 35] were 36%–55% and 20%–30% lower than those of the 
control diets, respectively, whereas in the present study, the differ-
ences in the lysine content between the LP and HP diets were less 
than 20%. It thus remains to be known when the backfat deposi-
tion of the growing-finishing pigs increases due to LP like the one 
used in the present study.

The tendency of positive correlation between the pH value and 
fat content of LM, as well as the negative correlation between the 
fat and moisture contents, was consistent with the results reported 
by Watanabe et al. [36]. The greater pH value for the LP group vs. 
MP in the present study was thus seemingly partially associated 
with the greater fat content in the former, although the differ-
ence between the two groups in fat content was not significant. 
Nonetheless, these results, as well as the greater protein content for 
the MP vs. LP group, are thought to be more of a mathematical 
significance rather than quality, in that the numerical differences 
between the two groups in the pH value and protein content were 
minimal within the normal ranges for the normal pork [14, 37, 38]. 

It needs to be noted, however, that the greater juiciness of cooked 
LM for the LP group vs. HP and MP groups is likely to have 
resulted from the greater WHC of fresh LM for the LP group, be-
cause WHC is one of the main factors enhancing the juiciness of 
cooked meat [38].

The intramuscular fat (IMF) content is known as a most im-
portant variable determining the sensory quality of pork, because, 
in general, the juiciness, flavor, tenderness, marbling, and consum-
ers’ acceptability of pork increase with the increase of IMF [38–40]. 
In this regard, the greater flavor, juiciness, and tenderness scores, 
as well as the acceptability score, for cooked LM for the barrow 
vs. gilt were associated with a greater IMP content of LM in the 
former. Similarly, the greater scores for these quality attributes for 
the LP group vs. MP, as well as the greater juiciness score for the 
former vs. HP, were associated with the numerically greatest IMP 
content in the former followed by MP and HP, albeit non-signif-
icant statistically. However, more studies with a greater number of 
LM samples are needed to confirm these sex and LP effects, not 
only because the LP group was no better than HP except for the 
juiciness score, but because the effects of the sex and PN, as well 
as the IMF content, on sensory quality of cooked muscle are not 
always consistent in different studies [27, 30, 40, 41].

Collectively, results of the present study are suggestive of the 
following conclusions. Both provisions of the MP and LP diets 
vs. HP to the grow-finish pigs lead to a decreased growth rate 
resulting in an increased age to the market weight and also bring 
about a compensatory growth during the grower phases I and II, 
respectively, seemingly resulting from an insufficient lysine intake 
during the preceding phase. Moreover, provision of the LP diets 
during the grower phase also causes an increased backfat thickness, 
irrespectively of whether or not the LP-grower diets-fed pigs are 
switched to MP during the finisher phase. The eating quality of 
pork, however, could be improved when the grow-finish pigs are 
reared on LP vs. MP and possibly HP as well.
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