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Abstract
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In 58 Large White piglets weaned on the second day after birth and reared individually in two
groups in a thermoneutral zone on a liquid 78.47% dehydrated diet of a macronutrient content simi-
lar to that of sows’milk the consumption of the liquid diet, gross energy (GE), water, N substances
and lipids was measured up to 4 weeks of age.

One group was offered the diet for sucking 10 times a day at 2-hour intervals and the other group,
6 times a day at 3-hour intervals.

The consumption of diet, BE, water and macronutrients was high in all piglets. There were no
significant differences in sucked meal size between the two groups fed at different frequency, except
at the end of the 4th postnatal week. However, when related to live body mass or metabolic mass,
the meal size was significantly (P<0.05) greater in less frequently fed piglets between
5 and 7 d and from 12 d onwards. Nevertheless, the daily ingestion of the diet and its components
by less frequently sucking piglets was lower. Related to live body mass and metabolic mass, the
daily ingestion of the diet by these animals was lower only up to 13 d. Afterwards this difference
disappeared; from 14 d the piglets were able to compensate effectively for the limited frequency
of contact with food.

It is concluded that the control of high consumption of food in piglets kept in isolation changes
at the end of the second postnatal week, i. e., in the weaning period, in that the role of short-
-term local conditions in the gastrointestinal tract begins all at once be overlapped by long-term
control mechanisms reflecting the metabolic situation of the individual more accurately.

Postnatal changes, meal size, daily consumption of energy, water, proteins and lipids.

In mammals, signals from the gastrointestinal tract play a primary role in postprandial satiety. They determine
the meal size if food is available ad libitum (Smith and Gibbs 1979, Houpt 1982). These short-term mecha-
nisms, however, obviously correlate with long-term mechanisms, e. g. with diurnal mechanisms (Booth 1972). In
pigs this is evidenced by the fact that intragastric administration of a diet decreases its oral intake during 24 hours
(Pekas 1983, Gregory et al. 1989).

The situation in piglets during the early postnatal period is different in this respect. After intragastric infusions
or nutritional deprivations they also show different prandial adaptations (Houpt et al. 1979). Therefore the disten-
tion of the various compartments of the gastrointestinal tract is not the only factor underlying their ingestion
(Stephens 1975). Nevertheless, compared with those of grown-up pigs, their control mechanisms of food con-
sumption are immature, gaining in functional efficacy only with uncreasing age (Holub 1962, 1968, 1982, 1988,
1990, 1991, 1994; Houpt et al. 1977, Stephens 1975, Wangsness and Soroka 1978, Gregory and Ray-
ner 1987).

Up to now the maturation of short-term control mechanisms and their relation to the long-term control of diet,
energy, macronutrients and water intake in piglets has been studied only partially, being overlapped by the inter-
action between dam and littermates (Holub 1994). The following experiment was designed to provide further
information along this line.

Materials and Methods

A total of 58 Large White piglets divided into two groups were used to assess their consumption of diet, gross
energy (GE), water, proteins and lipids. They were separated from the sows on the second day after birth and
reared individually in cages as described previously (Holub 1964, 1988, 1990, 1991, Holub and Baranyiov4
1989, Holub and Komérek 1964). They were fed a liquid diet (Holub 1963) which after heating to body tem-
perature was offered to them for sucking ad libitum from feeding bottles ten times a day at 2-hour intervals except
a 6-hour mght break (Group A) and six times a day at 3-hour intervals except a night break of 9 hours (Group B).
Its consumption was measured by weighing the bottles before and after suckmg The composition of the diet in
the two groups was the same: it contained 5.36 MJ.kg~! GE, half of this in lipids, 4.95% crude protein, 6.78%
lipids, 8.59% saccharides and 78.47% water; thus it contained 146 g water per 1 MJ BE and 16 g water per 1 g pro-
tein. Live body mass of the piglets was recorded daily before the first sucking. Their relative growth was expres-
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sed according to Brody (1945). The significance of the results was assessed by Student’s t-test and their varia-
~ bility was expressed in terms of standard errors of the means.

Results

Intake of Diet, GE, Water and Macronutrients at One Sucking

In both groups of piglets the mean meal size of diet, GE, water, crude protein and lipids con-
sumed at one sucking increased with advancing age in parallel between 3 and 28 d; 5.7 times in
Group A and 6.3 times in Group B. The differences between the two groups were not significant
except in the last two days of the experiment when the mean meal size was greater in Group

B (P<0.05) (Fig. 1).
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Fig. 1. Consumption of liquid diet at one sucking by Fig. 2. Consumption of liquid diet per live body mass
piglets weaned on the second day after birth and fed . unit at one sucking by piglets weaned on the second
10 times (o) or six times (®) a day during the first 4 day after birth and fed 10 times (o) or 6 times (®) a day
postnatal weeks. during the first 4 postnatal weeks.

Expressed per live body mass unit, the consumption of diet, GE, water, protein and lipids
was significantly higher (P<0.05) in Group B than in Group A between 5 and 7 d and from
12 d onwards (Fig. 2).

The differences became even more pronounced when the results were related to metabo-
lic mass (kg®73) of the piglets (Fig. 3).

Daily Consumption of Diet, GE, Water and Macronutrients

In both groups the daily consumption of all fed components increased step by step, rising
5.9 times in Group A and as many as 7.3 times in Group B between 3 and 28 d. Neverthe-
less, it was significantly (P<0.01) lower in Group B than in Group A (Fig. 4).

Cumulative consumption of the diet and its components was also lower in Group B, by appro-
ximately 40%, i. e. in proportion to the limited frequency at which the diet was offered (Table 1).

Live body mass of piglets of the two groups differed already at their inclusion in the experi-
ment and rose uneqally during the experiment. Relative growth reached 142 in Group A
(increase in live body mass by 5.88 kg) and 133 in Group B (increase by 5.32 kg). In consequ-
ence, piglets of Group B weighed 2.29 kg less than those of Group A at the end of the experiment
(Fig. 5). Related to live body mass gain, the consumption of the diet was higher in Group A than in
Group B (Table 1).
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Fig. 3. Consumption of liquid diet per metabolic mass Fig. 4. Daily consumption of liquid diet by piglets wea-
(kg®73) at one sucking by piglets weaned on the second ned on the second day after birth and fed 10 times (o)
day after birth and fed 10 times (o) or 6 times (®) a day or 6 times (®) a day during the first 4 postnatal weeks.
during the first 4 postnatal weeks.

To eliminate the differences due to the changes in body size of the piglets we expressed
the consumption of the diet per live body mass unit. In Group A the daily consumption of
diet, GE, water and N substances and lipids declined, after a preceding short period of adap-
tation to the new feeding technology, from 4 to 9 d, then rose abruptly up to 19 d and after
non--significant fluctuations declined from 25 to 28 d. In Group B a similar time course of
changes in the consumption was recorded. After a short adaptation period the consumption
decreased from 6 to 8 d, rose up to 20 d and declined to 27 d. In Group A it was significant-
ly higher than in Group B up to 13 d. Afterwards this difference disappeared. Piglets that
were offered the diet at 3-hour intervals consumed at one sucking significantly (P<0.05)
more diet per live body mass unit already from 5 to 7 d. However, this apparently was not
enough to counterbalance the food intake of piglets sucking at 2-hour intervals. This did not
occur until the the decline in ingestion was overcome at about 9 d; from 12 d onwards Group
A piglets consumed significantly (P<0.05) more diet per live body mass unit till the end of
the experiment (Tables 2 and 3).

Table 1

Consumption of liquid diet, BE, water, proteins and lipids by piglets weaned on the second day after birth and fed 10 times (A) or 6 times (B)
a day during the first 4 postnatal weeks

Consumption

Cumulated per live body mass gain

A B A B
Diet 357 212 6.1 4.1
BE 191.1 117.0 32.5 220
Water 28.0 17.1 48 32
Proteins 1.8 11 300.0 203.0
Lipids 24 15 4100 278.0

Note: Consumption of diet and water in kg, of BE in MJ and of proteins and lipids in g.

These differences in the consumption of diet, GE, water, protein and lipids became even
more pronounced when related to metabolic mass. In Group B the consumption of nutri-
ents was significantly lower by at least 12% (17 d) and even by as many as 51% (8 d)
(Fig. 6).
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Table 2.

Daily consumption of liquid diet, BE and water per live body mass by piglets weaned on the second day after birth and fed 10 times (A) or 6
times (B) a day during the first 4 postnatal weeks

d Diet (% live b. m.) BE (MJkg'! liveb. m.) Water (% live b. m.)
A B A B A B
2 11.821.4 7.7£0.9 0.63£0.07 0.410.05 9.2¢1.1 6.0£0.7
3 30.3x1.4 18.9+0.9 1.62+0.07 1.01£0.05 23.821.1 14.8+0.7
4 31.4+0.8 21.1£1.6 1.68£0.04 1.13£0.09 24.7+0.6 16.6£1.3
5 30.31.1 22321.9 1.62+0.06 1.20£0.10 23.8+0.9 12.5¢1.5
6 30.5+1.0 23.0£1.9 1.63£0.05 1.23£0.10 27.0£0.7 18.0+1.5
7 30.021.1 21.8+1.8 1.610.06 1.170.10 23.5+0.8 17.9¢1.4
8 28.0=1.1 14.9£1.0 1.500.06 0.800.05 22.0+0.8 11.7+0.8
9 26.121.1 19.1£0.8 1.40+0.06 1.02+0.04 20.5+0.8 15.0£0.6
10 30.0£1.2 12.8£1.0 1.61x0.06 0.930.05 23.5£0.9 14.0+0.8
11 32.71.0 19.621.4 1.75£0.05 1.05£0.08 25.6+0.8 15.821.1
12 32.4:1.0 23.2¢1.7 1.74£0.05 1.2420.09 25.410.8 18.2£1.3
13 32.0£1.2 25.7¢1.4 1.71£0.06 1.38+0.08 25.121.1 20.2x1.1
14 32.2:1.0 30.0+1.5 1.72£0.05 1.61+0.08 25.3£0.8 23.5x1.2
15 33.9:13 30.9£1.3 1.82+0.07 1.66+0.07 26.6£1.0 24.2+1.0
16 34.6£1.6 31.3:1.6 1.85+0.09 1.68+0.09 27.2¢13 24.6£1.3
17 33.0:1.4 31.6£1.5 1.77+0.07 1.69+0.08 25.9x1.1 24.8x1.2
18 35423 32.0+1.4 1.90£0.12 1.72+0.08 27.8+1.8 25.11.1
19 35.6£1.6 31.3£1.5 1.9120.09 1.68+0.08 27.9+1.3 24.621.2
20 35.1£1.8 33.2¢1.2 1.88£0.10 1.78+0.06 27.621.4 26.1+0.9
21 35.422.0 31.5+1.8 1.90+0.11 1.69£0.10 27.7£1.6 26.7+1.4
2 35.0£1.2 311212 1.87£0.06 1.67+0.06 27.5:1.0 24.450.9
23 34.7+1.5 29.8+1.1 1.86+0.08 1.60+0.06 26.9+1.2 23.4+0.9
24 34.0:1.5 30.6+1.1 1.82¢0.08 1.6420.06 26.7£1.2 24.0+0.9
25 34.8+1.6 31.6+0.9 1.86+0.09 1.69+0.05 27.421.3 24.8+0.7
26 33.5:1.8 30.1£0.9 1.79£0.10 1.61£0.05 26.3s1.4 23.6+0.7
27 31.91.0 29.0+0.7 1.71£0.05 1.55+0.04 25.0+0.8 22.8+0.5
28 31.1x1,1 29.5+0.8 1.67£0.06 1.58+0.04 24.4:09 23.110.6
Discussion

In mammals oral nutrition associated with activation of specific functions of the gastro-
intestinal tract begins in the perinatal period. Like other neonates, piglets begin to cover
their nutritional needs by sucking milk in complex interactions between the sow and litter-
mates. The ritual of collective sucking associated inseparably with satisfaction of the nut-
ritional and hydration needs as component units of the higher biological unit made up by
the litter and sow is rapid to develop. The feeding mechanisms of neonatal piglets are so
specific in character (Adolph 1968. Holub 1968, 1988, 1990, 1991, 1994; Phifer and
Hall 1988) that the meaning of terms such as hunger, thirst and satiety is different than in
grown-up pigs. Their consumption can be limited by both the sow and competitive litter-
mates. In piglets left with the sow the transition from this early suckling control of nutriti-
on to a more mature and more plastic one does not begin until they not only suck milk but
also begin take in solid feeds and drink liquids individually (Holub 1968, 1988, 1990,
1991, 1994). The regulation of ingestion depending hitherto on the sow plus competitive
littermates is thus shifted to the individual piglet. The new hierarchy of regulation arising
in the piglet makes it capable of separate and appropriately integrated nutritional respon-
ses even after isolation from the sow.

However, if a piglet is weaned on the second day after birth onto a liquid diet of a constant
energy, macronutrient and water content fed ad libitum at the same intervals for four weeks,
it gets abruptly into a quite different situation. Its world, environment and stimuli are chan-
ged completely whithin 48 hours after birth. The developing intricate and fragile biological
system, sow plus litter, is thus disrupted and demolished. The piglet is transferred from com-
mon nutrition with marked competitive elements in the litter to solitary nutrition (Holub
1994). It is not limited by sow’s milk production and does not compete for milk with its lit-
termates any longer. However, it can neither select the kind of nutrition nor change the fre-
quency of its consumption (Holub 1988, 1990, 1991, 1994). After sucking a certain volume
of diet and a certain amount of energy, macronutrients and water it stops its ingestion by itself.
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Fig. 5. Daily changes in live body mass of piglets wea- Fig. 6. Daily consumption of liquid diet per metabolic
ned on the second day after birth and fed mass (kg®75) by piglets weaned on the second day after
10 times (O) or 6 times (®) a day during the first 4 post- birth and fed 10 times (O) or 6 times (@) a day during
natal weeks. the first 4 postnatal weeks.

By this intervention the large relative daily ingestion, characteristic of piglets sucking only
sow’s milk in the first three postnatal weeks (Holub 1962), is made to continue in further
days (Holub 1964, 1988, 1990, 1991, 1994, Holub and Komarek 1964). The high daily con-
sumption of diet, GE, water, crude protein and lipids per live body mass unit by piglets fed 10 times
aday in the present experiment is in keeping with the fore-going observations and confirms them.

The same applies to experiments where piglets were in contact with nutrition only nine times
a day using the same weaning technique (Holub 1968, Holub and Baranyiova 1989).

No significant differences were previously found in the volume of diet ingested at one suc-
king at various daily hours in piglets offered the diet for sucking 10 times a day (Holub and
Komarek 1964). This averaged one tenth of daily consumption throughout the experimental
period. That such differences are not significant was our premise in the experiment with pig-
lets sucking 6 times a day at intervals prolonged from 2 to 3 hours.

In our present experiment the actual mean meal size increased without showing signifi-
cant differences between Groups A and B except in the last two days of the fourth postnatal
week. However, when the results were related to live body mass and metabolic mass, a dif-
ferent picture became apparent: piglets of Group B ingested significantly more diet at one
sucking than of those Group A from 5 to 7 d and then from 12 d till the end of the experi-
ment. Nevertheless, it was not until the end of the second postnatal week that the meal size
of Group B piglets became so great that full compensation for the limited contact with the
diet was achieved. From this age the daily intake of the diet and its components by piglets
fed 6 times a day was the same as in those fed 10 times a day, a preliminary observation along
this line being reported by us previously (Holub and DoleZel 1964).

The ingested volume is determined primarily by stimuli from the gastrointestinal tract, by
local situation in the stomach. The consequence of their short-term action was that the meal
size made up about 70% of the gastric volume found in previous report (JeZkova and Holub
1969) on the basis of post-mortem examination. Another factor involved in the available
capacity of the stomach is the passage of food through the gastrointestinal tract. In piglets it
takes place so rapidly during the postnatal period that at minimally 2-hour ingestion inter-
vals it cannot be regarded as a limiting factor.

However, the short-term mechanisms underlying food intake are obviously not the only
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Table 3

Daily consumption of proteins and lipids per live body mass by piglets weaned on the second day after birth and fed 10 times (A) or 6 times
(B) a day during the first 4 postnatal weeks.

d Proteins (gkg!liveb. m.) Lipids (gkg!liveb.m.)
A B A B
2 5.820.7 3.8£04 8.0£0.9 52206
3 15.0£0.7 9.4+04 20.5£0.9 12.840.6
4 15.520.4 10.420.8 21.320.5 14.321.1
5 15.0£0.5 11.020.9 20.520.7 15.11.3
6 15.1£0.5 11.420.9 20.7+0.7 15.6x1.3
7 14.920.5 10.8+0.9 20.320.7 14.8+1.2
8 13.920.5 7.4+0.5 19.0£0.7 10.120.7
9 12.9+0.5 9.5+0.4 17.720.7 12.920.9
10 14.9+0.6 8.840.5 20.3£0.8 12.120.7
11 16.2+0.5 9.7£0.7 22.2+0.7 13.320.9
12 16.020.5 11.520.8 22.0+0.7 15.7x1.2
13 15.8+0.6 12.7+0.8 21.7+0.8 17.420.9
14 15.910.5 14.92£0.7 21.820.7 20.3x1.0
15 16.8+0.6 15.3+0.6 23.0+0.9 21.0+0.9
16 17.120.8 15.5+0.8 23.5x1.1 21.2x1.1
17 16.320.7 15.620.7 22.410.9 21.4x1.0
18 17.5£1.1 15.820.7 24.0£1.6 21.7£0.9
19 17.610.8 15.5£0.7 24.1x1.1 21.221.0
20 17.4+09 16.420.6 23.8x1.2 22.5+0.8
21 17.51.0 15.60.9 24.0+1.4 214212
22 17.320.6 15.420.6 23.7+0.8 21.120.8
23 17.2£0.7 14.810.5 23.5x1.0 20.2+0.7
24 16.820.7 15.1£0.5 23.1x1.0 20.7£0.7
25 16.620.8 15.620.4 22.7x1.1 21.420.6
26 16.6+0.9 14.920.4 22.7+1.2 20.410.6
27 15.820.5 14.420.3 21.620.7 19.710.5
28 15.420.5 14.620.4 21.120.7 20.0+0.5

ones even in the first postnatal week (Houpt et al. 1979). Also from our present results
it appears that specific long-term mechanisms, too, begin to be increasingly involved during
this period. They gain in importance with advancing age (Stephens 1975, Houpt etal.
1977) and as evident from our results obtained under the present experimental design,
where the consumption of liquid diet fed at different frequencies was measured both at
one sucking and daily, specific long-term mechanisms become all at once dominant, begin-
ning to overlap those of short-term operation. In piglets this occurs at the end of the second
postnatal week, during a period characterized by us as the weaning period (Holub 1968).
Their appetitive responses gain gradually in accuracy, become differentiated and more
deliberate even without participation of the dam (Holub 1994). In the interest of modi-
fications in the metabolism which also goes through intensive individual development the
postnatal supply of nutrients in piglets, similarly to other polytocous species (Adolph
1968, Hall 1979, 1990), undergoes continuous improvement, becoming considerably
plastic (Holub 1994) even in diarrhoeic piglets (Baranyiovéa and Holub 1991,
1993ab). Thus when subjected to social deprivation (separation from both the dam and lit-
termates) and experiencing deep interventions in their very intensive and energetically
tense nutritional regimen, piglets are able to modify homeostasis and remain in anabolism
even higher than that exhibited by piglets reared traditionally with the dam in the litter.

The afore-mentioned facts provide further evidence to substantiate our previous generali-
zation (Holub 1968) that early postnatal development of piglets goes through several sta-
ges in a cascade-like way.

Vliv denni frekvence sdni na konzum tekuté diety u ¢asné odstavenych selat

U 58 selat plemene bilého uslechtilého odstavenych ve druhém dnu Zivota po narozeni
a individualn€ odchovéivanych ve dvou skupinich v termoneutrdlni z6né na tekuté dieté
hydratované ze 78,47 % a obsahem makronutrientli podobné mléku prasnic jsme do stafi
4 tydni mé&fili konzum tekuté diety, bruttoenergie (BE), vody, N litek a tukd.
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Prvni skupin€ jsme nabizeli dietu k sani desetkrat denné ve dvouhodinovych intervalech,
druhé $estkrat denn& v tfihodinovych intervalech.

Konzum diety, BE, vody a makronutrientli byl u viech selat vysoky. Ve velikosti sané por-
ce jsme mezi rizné€ frekventné Zivenymi selaty, aZ na konec ¢tvrtého tydne Zivota, prikaz-
né rozdily nezjistili. Na Zivou ¢i metabolickou hmotnost vak jedinci méné frekventné Zive-
ni sdli 5. aZ 7. a od 12. dne priikazné vét3i porce. Celodenni ingesce diety a jejich kompo-
nent vak byla u skupiny selat méné ¢asto sajicich niZ§i. Na Zivou a metabolickou hmotnost
tomu bylo jen do 13. dne. Potom tento rozdil zanikl a selata byla od 14. dne s to omezeni
Castosti kontaktu s potravou u¢inné& kompenzovat.

Z uvedeného vyplyva, Ze se fizeni vysokého konzumu potravy selat chovanych izolova-
né& na konci druhého tydne po narozeni, tedy v idobi odstavu, meéni, a to tak, Ze vyznam krat-
kodobych lokélnich pomé&rt v gastrointestindlnim traktu po¢ind byt ndhle, kaskadovité, pte-
kryvén dlouhodobymi regula¢nimi mechanizmy, odréZejicimi metabolickou situaci jedince
pfesnéji.

BnusHue cyTouHO# 4acTOTh NOACOCA HA NOTPeGNEHHe XHUAKOW AHETHI
Y PaHHNX OTBLOMbILLOH

Y 58 nopocsT 6enoro nopoAaHOro NNeMeHa, OTHUMAeMbIX Ha BTOPbIE CYTKU NOCNE POXAEHUS 1
WHAVBMAYanbHO COAEPXKUMbIX IBYMS rpynnamMv B TEPMOHEATPaNbHON 30He Ha UAKOA AueTe, ruapa-
TUPOBaHHO# B 78,47 % copepxaHneM MakpOHYTPUEHTOB, NOXOXKEM HA MOJIOKO CBMHOMATOK, A0
BO3pacTa 4 HefleNb HaMW NPOBOAMNCL U3MEPEHUs XUAKOW aueTbl; oblwed aHepruu (BE), Bogbl,
a30T0cofepKaluMX BELECTB U XKUPOB.

MepBas rpynna cocana aueTy AeCATb pa3 B CyTKU B IBYX4aCOBbIX NPOMEXXYTKAX, BTOPas — LUeC-
Tb Pa3 B CYTKM B TPEX4ACOBbIX MHTEpBANAX.

MoTpe6nenue auetol, BE, BOAbI M MAKPOHYTPUEHTOB GbIN0 BLICOKOE Y BCEX NOpOCAT. B o6bemaii
noTpe6nseMbIX NOpLMii pa3HO#A YaCTOTOH NUTAEMbIA NOPOCAT 40 CAMOrO KOHLA YeTBEpTOMH Heae
KU3HW HaMy He BbINo YCTaHOBNEHO CYLECTBEHHOM pa3HmLbl. OfHAKO OTAENbHbIE MEHee YacTo NUT-
aemble NOPOCATA Ha XUBYIO UM METABONMUYECKYHO MACCy COcany Ha 5—7 CyTKM 1 ¢ 12 CyTOK nopuum
CyLUECTBEHHO 60bLUe. CYTOYHBIA NPUEM NULLM U €8 KOMNOHEHTOB GbIN OAHAKO Y rpyNNbl MEHee Yac-
TO NUTaeMbIX NOPOCT HYXKe. K XKNBOWH U MeTaGoNM4ecKon Macce 3T0 MMENo MeCTO UL 0 13
cyTok. Mocne 3Toro ynoMsHyTas pa3HuLa UcYe3aeT W, HaunHas ¢ 14 cyTok, nopocsiTa Obinu B COC-
TOSHUM KOMMEHCUPOBATb OrPaHUYEHNe YacTOTbI KOHTAKTa C NULLEH.

M3 cKka3aHHOro BbITEKAET, YTO ynpaBfeHWe BbICOKOrO NOTPEGNeHWs MWLM U30NMPOBAHHO
COAGPKMMbIX NOPOCAT K KOHLY BTOPOA HEAENN NOCAE POXKAEHUS, CNeA0BATENBHO, B NEPHOA OTbEM],
MEHSETC UMEHHO TaK, YTO 3HAUeHUe KpAaTKOCPOUHON MECTHO CUTYaLMH B XXeNyA04HO-KULIEYHOM
TpaKTe BAPYr KackagHO NepeKpLiBaeTCA ANUTENbHbIMA PEryNATOPHbIMA MEXaHU3MaMH,
OTPKAOLWMMU TOYHOE METABONNUECKYHO CHTYaLUIO 0COGH.
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