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Summary

The influence of frequency of feeding and diet composition on average daily gain,
efficiency of feed utilization and carcass characteristics of growing-finishing pigs
was investigated.

A total of 96 pigs was used in this study. Pigs were fed once or twice a day or
once every two days to a scale based on live-weight and weekly gain from 20 kg
to slaughter at 105 kg. Two kinds of feed of different economic as well as physio-
logical importance were tested. One, normally used at the performance testing sta-
tions in the Netherland, the other a least-cost ration with some more by-products
in it. The second feed was included because of its possible effect on rate of passage
of ingesta in the first part of the alimentary tract. Pigs on this ration may reach the
post-absorptive state earlier.

Three successive metabolism trials were conducted with pigs weighing on aver-
age 35, 65 and 85 kg respectively. Blood samples were taken just before feeding at
various points during the experimental period from two replicates at one time. In
this way, once per pig during the experiment fasting values of non-esterified fatty
acids (NEFA) were determined in the blood plasma.

Growth rate and feed efficiency were better in pigs fed once a day than in those
fed twice a day by 4 and 3 % respectively. NEFA values showed that pigs can be
fed only oncc a day. Feeding pigs once every two days resulted in much inferior
performance data.

An interaction between the two feeds was rarely found. The least cost ration
caused a decrease in growth rate and feed efficiency but did produce thinner back-
fat and a higher meat percentage. For back-fat thickness a significant frequency X
feed interaction was found.
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Introduction

The aim of this experiment was to study the effect of feeding intervals on the per-
formance and metabolism of growing-finishing pigs.

Because the rate of passage of ingesta through the digestive system in pigs is
slow, increasing frequency of feeding will probably have little effect; the rate of
passage might be decreased by long intervals in feeding (Cromwell et al., 1965).

Although studies by Anderson et al. (1965) and Riis & Grummer (1969) have
indicated that pattern of feed intake determines the manner in which the digested
feeds is metabolized and consequently may be reflected by differences in feed utili-
zation and body composition, several trials have shown only slight differences
between pigs fed only once a day instead of the usual practice of feeding twice a
day (Braude, 1967).

When consumption of feed was restricted to only once daily short period (one
meal) fat deposition in pigs decreased (Allen et al., 1963; Friend & Cunningham,
1967) and there was no significant influence in over-all metabolism or carcass
quality (Friend & Cunningham, 1964, 1967). Furthermore, no influence of one
meal was found on the lipogenic rate or the activity of enzymes studied in adipose
tissue samples (O’Hea & Leveille, 1969; Steele & Frobish, 1976). Steele and
Frobish concluded that a physiological need for a hyperlipogenesis is not produced
by a 2-hour feed / 22-hour fasting period in swine.

For conditions in the Netherlands Jongebreur (1967) and van Kempen et al.
(1979) found little or no effect on a number of zootechnical characteristics whether
pigs were fed once or twice a day. However as yet, the farmers have not paid heed
to the fact that pigs can grow optimally on one feed a day. In practice two feedings
a day are still common.

Therefore we will again raise the problem of feeding frequency with pigs. In
setting up the experiment we decided to investigate two types of feed because
earlier results from a trial at our institute (van Kempen et al., 1979) were obtained
with a feed of very good quality. In this experiment we therefore used a least-cost
ration as well, for we expected the more fibrous material in this feed to result in a
faster rate of pasage in the first part of the alimentary tract, and an earlier post-
abserptive state of the pigs. ‘

Material and methods

Design of the experiment
Growing pigs were allotted to a feeding experiment of a randomized complete block
design involving a 3 X 2 factorial arrangement with three feeding frequencies and
two types of feed. The pigs were without feed for approximately 8 and 16, 24 and
48 hours when the pigs were fed twice a day, once a day and once in two days
respectively. These systems were followed during the total growing-fattening
period.

In all cases two kinds of feed were tested. The experiment was carried out with
96 pigs (crossbreds) consisting of 16 litters of 6 pigs obtained from different breed-
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Table 1. The six experimental treatments.

Treatment Number of Type of Feeding frequency  Amount of feed supplied
pigs feed at feeding moment (g/kg WO0.75)
1 16 A twice a day 50
2 16 A once a day 100
3 16 A once every 2 days 200
4 16 B twice a day 50
5 16 B once a day 100
6 16 B once every 2 days 200

ing stocks of different farms. Each litter consisted of either females or barrows and
formed in this way a replicate. Each litter was allocated randomly to a unit of 6
individual pens and each pig was allocated at random to one of the six experimen-
tal treatment shown in Table 1.

The 6 treatments were carried out in an environmentally controlled pig-house
with individual pens. All pens (1.0 m X 2.75 m) had partly slatted floors and part-
ly insulated concrete floors. Some wood-shavings were used. The average tempera-
ture during the experiment was 18-20 °C, the average relative humidity was 70 %.
The pigs were kept in light from 08h00 till 20h00.

Feed and feeding method

Before the experimental period started the pigs received a commercial starter
ration. During the experiment two mixtures for fattening pigs were used, one mix-
ture the one normally used at the performance testing stations in the Netherlands
(Feed A), the other a commercial least-cost ration (Feed B). Both feeds were
isocaloric and isonitrogeneous (by calculation) and differed mainly in the conterits
of crude fibre, crude fat and starch. The feeds were pelleted. The composition of
the feeds used and the analysed or calculated content figures are given in Table 2.
All feeds were given in a dry feed trough.

The pigs were fed according to a scheme based on the expected average weight
during the next week. This weight was calculated by increasing the weight at the
moment of weighing by half the weight gain during the previous week. For every
kilogram metabolic weight (W%7) 100 g of feed per day were supplied in all treat-
ments. Water was supplied ad libitum. Feeding times were 08h00 for all treatments
and, in addition for pigs fed twice a day, 16h00.

Measurements and analytical techniques

Once a week all pigs were weighed and the weekly feed intake was determined.
The last weighing date was 7 days before slaughtering. Pigs with a weight above
100 kg were slaughtered in the next week. On the day of delivery to the slaughter-
house no feed was given. On the day before delivery the end-weight was deter-
mined. The pigs were slaughtered according to routine procedures and both the
left and right side of the carcass was dissected according to commercial methods.
For several reasons no carcass data were available from 6 pigs. Tested parts were
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weight of ham, shoulder, loin, back-fat, belly-fat and rest and the corresponding
analysed carcass characteristics were:

- killing-out percentage (cold slaughter weight as % of final weight);

~ meat percentage (ham + loin + shoulder as % of cold slaughter weight);

— fat percentage (belly-fat + back-fat as % of cold slaughter weight);

— back-fat thickness (average value at back and loin);

rest percentage (rest as % of cold slaughter weight).

From ca. 30 kg live-weight onwards blood was taken once per pig during the
experiment from each replicate at one time from the cava cranialis. Blood samples
were collected in tubes with lithium heparin, in the morning before feeding on

Table 2. Formulation and composition of the feeds and the analysed or calculated content
figures.

Diet A B
Ingredients (%)

Maize 39.5 10.54
Milo 1¢.0 —
Barley 10.0 —
Maize gluten feed — 9.0
Wheat middlings 18.0 20.0
Molasses, beet — 4.0
Animal fat — 2.3
Dried beet pulp — 5.0
Tapioca pellets — 25.0
Lucerne meal 5.0 —
Soya bean solv. extracted (44-47 % C.P.) 8.5 16.0
Tankage (59 % C.P.) — 3.0
Fish meal (68 % C.P.) 4.0 —
Whey powder (delactosed) 2.5 2.5
CaHPOy4 (26 % P, 20 % Ca) 0.5 0.6
Minerals/Vitamins 2.0 2.0
Methionine — 0.06

Composition (as fed)
By analysis

Moisture (%) 13.13 12.53

Ash (%) 5.96 = 0.08 8.76 * 0.42
Crude protein (%) 1597 £ 0.40 16.22 = 0.44
Crude fat (%) 317 £ 0.05 4.55 £ 0.20
Crude fibre (%) 5.19 = 0.27 6.38 = 0.30
Gross energy (MJ/kg) 16.00 15.86
Digestible energy (MJ/kg) 12.59 12.09
Metabolizable energy (MJ/kg) 12.19 11.66
Calculated values

Calcium (%) 1.035 1.078
Phosphorus (%) 0.773 0.875
Starch (%) 39.6 29.2

NE; (MJ/kg) 9.063 9.067
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the days the pigs in Treatment 3 or 6 received their feed. The non-esterified fatty
acids (NEFA) in the bloodplasma were determined according to Regouw et al.
(1971). In addition the heamatocrit value (Ht) was determined to detect a possible
dilution of the blood as a result of the experimental treatments.

A digestibility trial was carried out when the pigs weighed on average 35 kg, and
this trial was repeated when they were on average 65 and 85 kg. Therefore 12 pigs,
i.e. two litters which were two replicates from the feeding experiment (barrows),
were placed in digestion cages, allowing separate collection of faeces and urine
from each animal. Collecting faeces and urine for 6 days started about 4 days
after the pigs were placed in the cages. Faeces and urine were preserved in formal-
dehyde (4 ml) and hydrochloric acid (100 ml) respectively and stored at 2 °C. At
the end of the collection period all faeces and all urine were mixed for sampling.
Dry matter, nitrogen, crude fibre (CF), crude fat (DEE) and ash were analysed by
standard methods (Weender analyses) in faeces and feed. Crude fat content was
also determined by means of diethyl ether extraction after acid hydrolysis (DEE-
HCI). Faecal nitrogen (Kjelldahl) and dry matter were also determined in fresh
samples. For calculations the latter dry matter content of the faeces was the
starting-point. Gross energy (GE) was determined in all samples by bomb calori-
metry.

Average daily gain and feed efficiency data were calculated from the weekly
growth and feed intake data. These data as well as the results of the blood analyses,
digestibility trials and carcass dissections were analysed statistically.

Analysis of variance was made with three classifications: feeding frequency,
feeding formula and litters or replicates. The two-factor interaction feeding for-
mula X feeding frequency was calculated. A residual mean square was computed
from the other two-factor interactions and the three-factor interaction. This mean
square was used in computing the coefficient of variation.

The effects of feeding frequency, feeding formula and the interaction feeding for-
mula X feeding frequency were tested by means of the F test.

Results

During the whole experiment the animals had no problems consuming their feed,
administered according to the scheme. Pigs that were fed once or twice a day con-
sumed all their feed at one time. The pigs receiving their feeds only once every
two days consumed almost entirely the administered feeds; if a small quantity was
left, it was consumed within 10-11 hours after administration.

Data of the influence of ireatments on overall performance are presented in
Table 3. Analyses of variance revealed significant differences for average daily
gain, efficiency of over-all feed utilization and feed intake as caused by feeding
intervals, but these differences did not follow the order expected. In the total
growing-finishing period pigs fed only once a day gained the most weight and had
a superior feed efficiency, resulting in the lowest total feed intake in comparison
with the two other groups. During the first four weeks of experimental period the
pigs fed twice a day even showed les average daily gain in comparison with pigs
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Table 3. Effect of treatments on growth and feed efficiency at various points in the experimen-
tal period and total feed intake, final weight and days on experiment.

Treatment Feeding frequency Dietary treatment  Coefficient
of variation

twice once once per A B
aday aday twodays

Number of animals 32 32 32 48 48

0-4 weeks

Average daily gain (g) 419 484 452 458 445 7.7
Feed efficiency 0.323 0.363 0.336 0.344 0.337 6.7
4-8 weeks

Average daily gain (g) 505 547 507 556 483 8.1
Feed efficiency 0.300 0.313 0.296 0.319 0.285 6.5
8-12 weeks

Average daily gain (g) 769 831 756 826 744 9.1
Feed efficiency 0.357 0370 0.343 0.367 0.346 8.3
After 12 weeks

Average daily gain (g) 979 954 893 964 920 28.3
Feed efficiency 0.340 0330 0317 0.333 0.325 27.6
Total period

Average daily gain (g) 650 677 638 670 640 35
Feed efficiency 0.340 0.351 0.331 0.349 0.332 24
Feed consumption (kg) 249 240 255 242 254 5.8
Final weight (kg) 110 108 109 110 109 24
Days on experiment 131 125 131 126 132 55

fed only once every two days. However, these groups gave similar results for aver-
age daily gain and feed efficiency in the following 8 weeks of growth. After 12
weeks we observed a significant differance in growth and feed efficiency for the
pigs that were fed twice a day; feeding twice a day was even better than feeding
once daily.

There was also a definite difference between results noted at various points
during the experiment for the dietary treatments. Pigs receiving Feed A gained
4.7 % more than the least-cost ration groups. Average weight data of pigs on both
dietary treatments are given in Fig. 1. This graph shows that up to 4 weeks of
growth average weight curves are identical. After that time they slowly diverge up
till 10 weeks, after which they parallelled with however a definite slope. The cha-
racteristics of these curves are reflected by growth data in Table 3.

Data relating to slaughter results of the treatment groups are given in Table 4.
Feeding frequency influenced meat, fat and rest percentage only slightly; in fact,
the only order in this respect was for fat percentage which was numerical higher
with increasing feeding intervals. The difference between feeding frequencies for
killing-out percentage and back-fat thickness were only statistical significant for
pigs fed twice a day, with values on average 1.75 % and 0.65 mm higher, respec-
tively. However, response to treatments gave rise to a significant feeding frequency
X dietary treatment interaction: spacing the feed portions throughout a longer
period gave small back-fat values for pigs that received Feed B and larger values
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Fig. 1. Average weight data of pigs fed on Feed A and Feed B (see ‘Materials and methods’).

Table 4. Effect of feeding frequency and dietary treatment on slaughter results.

Treatment

Number of animals
Killing-out percentage
Average back-fat 1 (mm)
Meat percentage

Fat percentage

Rest percentage

Grading 2

(number of animals) EAA
1A
1B
2A

Feeding frequency

Dietary treatment

twice
a day

29

753
19.2
60.0
18.1
21.9

once
a day

30

73.6
18.5
60.4
18.4
21.2

once per
two days

31

735
18.6
59.7
18.7
21.6

A

46

74.6
19.3
59.4
18.5
22.1

B

44
73.6
18.1
60.7
183
21.0

Coefficient
of variation

1 Interaction.

2 According to the Common Market standard.
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Table 5. Influence of treatment on various digestion parameters and parameters of metavolic
state.

Treatment Feeding frequency Dietary treatment Coefficient
of variation

twice  once once per A B
aday aday twodays

Haematocrit (%) 41.11  41.38 41.20 4122 41.24 82
In NEFA (pmol/l) 3.53 3.58 4.75 411 4.15 177
Daily N retention (g) 17.5 17.7 17.7 182 17.0 20.8
Daily N retention/W0.75 (g) 0.80 0.81 0.84 0.83 0.81 16.8
Intake/(W0.75 - day)

Feed (g) 99.4 97.6 98.3 98.5 98.3 1.7
DE (MJ) 1.23 1.20 1.21 1.24 1.19 31
ME (M1J]) 1.19 1.16 1.17 1.20 1.15 33
100 (DE/GE) 77.8 71.3 772 78.7 76.2 21
100 (ME/DE) 96.7 96.8 96.5 96.8 96.5 1.4
Digestion coefficients

Organic matter (%) 80.13 79.64 79.11 81.03 78.23 1.5
Crude protein (N X 6.25) (%) 7729 7643 7472 77.60 74.70 2.5
Crude fibre (%) 3820 37.06 37.04 35.60 39.26 10.3
Crude fat (DEE) (%) 78.66 78.06 74.72 75.13  80.13 2.5
NFE (%) 85.80 85.61 8541 86.91 84.37 1.2
Crude fat (DEE-HCI) (%) 64.60 64.12 62.92 62.15 65.61 4.6
NFE (after DEE-HCI) (%) 8694 86.75 86.49 87.64 85.82 12

for pigs on Feed A. Supplying Feed B produced less back-fat and resulted in a
higher meat percentage and a lower rest percentage. Slaughter resuits showed no
differences in fat percentage due to dietary treatments. Differences in grading per-
centages were not significant for either feeding frequency or dietary treatment.

Daily intake of feed per metabolic weight averaged 98.4 g and did not differ sig-
nificantly between frequency treatments. Differences in the estimates for N reten-
tion as well as metabolizable (ME) and digestible (DE) energy intake per metabo-
lic weight were negligible for frequency treatment, following a similar pattern to
the feed intake per W75 (Table 5).

Estimates for the energy content of feed showed that feeding twice a day caused
a non-significant better evaluation of the energy content of the feed than feeding
at larger intervals. Figures were 12.40, 12.32 and 12.30 MJ (DE) and 11.99, 11.91
and 11.88 MJ (ME) for pigs fed twice a day, once a day and once every two days
respectively. The ratio of ME to DE and DE to GE did not reach statistical signi-
ficance as far as feeding frequency is concerned. Dietary treatment had a signifi-
cant effect on the DE and ME intake. DE and ME evaluation of both feeds were
also different (Table 2). Pigs that received Feed A retained slightly more nitrogen
per day, also if daily N retention was expressed per kg metabolic weight. Apparent
digestibility coefficients for crude protein (CP), fat, CF and nitrogen-free extract
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(NFE) decreased as feeding intervals increased. This depressing effect on nutrient
digestibility was, however, only significant for CP as well as for crude fat and the
corresponding NFE, but only when crude fat was analysed according to the direct
extraction method (Weender analyses). If feed was supplied only once a day, N
digestibility was lower than with twice daily feeding. The reverse was observed
for N retention. Differences in digestibility coefficients due to dietary treatment
were all significant. Feed B showed higher coefficients for crude fiber and for
crude fat, independent of the method by which fat was analysed. If faeces were
analysed by diethyl ether extraction after treatment with hydrochloric acid (DEE-
HCI), then an apparent digestibility for fat was found 13-15 units lower than when
only a diethyl ether (DEE) extraction was carried out. Because NFE was calculated
from the other nutrient content figures the digestibility of NFE was somewhat
higher after acid hydrolysis. The average differences between treatments were in
absolute use meaningful. However, observations were based on a limited number
of animals, i.e. 12 barrows.

Fasting values of plasma NEFA, transformed to the natural logarithm, showed
that this parameter parallelied feeding frequency, whether or not haematocrit (Ht)
values were used as covariable. There was no significant difference in Ht values
for the various treatment groups but pigs fed only once per two days did have pro-
nounced NEFA contents in the blood in the fasting state. No differences in NEFA
content were noticed between the two other groups or for dietary treatments.

Discussion

Feeding frequency

In animal husbandry it is more efficient to feed pigs only once a day to a scale
based on live-weight and weekly gain; average daily gain, feed efficiency and back-
fat thickness were favoured more than with the usual feeding, twice a day. How-
ever, in the literature, feeding once a day is known to affect performance of pigs
only slightly compared with feeding twice a day. Barber et al. (1965), Braude et al.
(1963), Richter & Antoni (1964), Cromwell et al. (1965), Richter et al. (1965),
Havermann et al. (1967) and Passback et al. (1968) (partly reviewed by Braude,
1971) are but a few workers who have published findings on pigs on this topic.
However, it should be emphasized that in most of these experiments pigs were kept
under group-feeding conditions. Individual housing does not allow competition for
feed between animals.

Half our experiment was almost identical to the experiment of van Kempen et al.
(1979). The results of that experiment for growth and feed efficiency obtained with
pigs who received their feed twice a day but in irregular quantities suggested that
especially the periode of fasting between meals may by responsible for the un-
favourable influence on growth and feed efficiency noticed in pigs fed only once
per two days. Veum (1970) found that efficiency of feed utilization was the same
for pigs fed ad libitum as on a 1-day feed / 1-day fast sequence but declined with
increasing fasting intervals up to 2 and 3 days alternated with ad libitum feeding
for 1 day.
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Fasting may elevate a lipogenic response in the pig’s blood if energy require-
ments have to be covered from energy depots in the body. This lipolysis is reflected
by an increased release of non-esterified fatty acids (NEFA) in the blood pasma
and the subsequent use of these free fatty acids by the tissue of the pig may in-
fluence the efficiency of feed utilization. The results of the blood samples taken in
the morning even before feeding the pigs show a significantly higher value of
NEFA (InNEFA) for pigs fed once every two days; the metabolism of these pigs
was apparently going through a post-absorptive state. It was observed that the
fasting period for these pigs was at least 40 hours on average. Feeding pigs once
a day gave similar NEFA values to feeding twice a day. Thus it may be of import-
ance to give only one feed per day with individual feeding. So a fasting time of
about 23 hours for pigs is not too long for reaching a post-absorptive state, which
is in accordance with the results of O’Hea & Leveille (1969) and Steele & Frobish
(1976) with feeding once a day. Our NEFA data confirm those reported by Riis &
Grummer (1969), van de Wal et al. (1970) and Bakke (1975).

Lack of activity in the pig house may be of importance in explaining the differ-
ence in results obtained with either group-feeding or individual feeding. We did not
observe a greater energy expenditure by the more active pigs fed twice a day: fre-
quency of feeding had no effect on coefficients for DE or ME. However, the appli-
cation of the DE/ME system and the more complex net energy (NE) system may
lead to differences in energy utilization as has been discussed by Sharma et al.
(1973). A more reasonable explanation for the better performance of pigs fed once
a day could be obtained by calculating data acording to the NE system and data of
fasting heat production (FHP), because Sharma et al. found significantly different
FHP values due to feeding frequency. In this respect a correlation between FHP
and activity level is assumed and differences in physical activity may be responsible
also for a change in energy conversion efficiency. This is of more importance
when pigs fed less frequently become relatively indifferent to the excitement shown
by the more frequently fed pigs. The effect of partitioning a weekly amount of feed
over only 6 days in this connection thus may be different (de Wilde & Galle, 1976).

Back-fat thickness was significantly lower for pigs fed once daily, so that, in
periods of fasting, energy of endogenous source is used. According to Cunningham
(1971) up to 6 hours after the meal pigs metabolized practically no energy of endo-
genous origin. After a 12-hour fast only one-eighth of the energy metabolized was
from an endogenous source. He concluded also that the endogenous share used
during the first 12 mours of fasting would have been lower when the feed level was
higher. In the present experiment feed level calculated from the initial 20 kg to
slaughter was much higher than the 1.6 kg used by Cunningham. In our previous
experiment the same results for back-fat thickness were obtained in relation to
feeding frequency as far as Feed A is concerned. Average values for back-fat thick-
ness in our experiment were 18.8, 18.9 and 20.2 for pigs fed twice a day, once a
day and once every two days, respectively (Feed A). However we observed a dif-
ferent picture for Feed B with values of 19.6, 18.1 and 16.8 mm respectively. Back-
fat thickness, meat, fat and rest percentages were mirrored by non-significant car-
cass grade. Differences in fill and weight of stomach and intestines which could be
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responsible for change in killing-out percentage were not examined in this experi-
ment. Thus no statement can be made about how pigs fed les frequently will adapt
to the much greater food volume.

Results of nitrogen retention and nitrogen digestibility in relation to feeding
frequency are controversial since pigs fed once daily retained more nitrogen per
day, although digestibility coefficient for nitrogen was slightly lower. Less muscle
activity or muscle wear may explain this contradiction.

Feed

Due to some increase in the content of crude fibre, it is expected that pigs receiving
Feed B would show a faster rate of passage of ingesta through the first part of the
alimentary tract, resulting in a poorer digestion. In this respect the connection be-
tween passage time and digestibility of feed or feed ingredients, however, is com-
plex because both feeds differed not only in crude fibre content but also in fat and
starch. We think that in problems of this nature results cannot be interpreted with
certainty as to what was simple cause or effect.

We did observe that digestibility parameters for N, organic matter and nitrogen-
free extract decreased with Feed B compared with Feed A. Furthermore the results
of energy conversion showed that the pigs on Feed B received less metabolizable
energy. These results may indicate that the metabolism of these pigs on average
earlier reached the post-absorptive state. The higher NEFA content in the blood
found for pigs on Feed B also supports this explanation.

Differences between dietary treatments are definitely mirrored by a significantly
poorer feed efficiency for pigs on Feed B, calculated for the total experimental
period. Due to the feeding schedule used in this study (100 g/W®7% - day) differ-
ences in energy intake of pigs on Feed B may be less important at the end of the
finishing period because feed intake level can then be nearly the same as ad libitum
feeding. After 12 weeks of growth we could both observe a significant difference
in feed efficiency between dietary treatments,
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