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THE EFFECTS OF DIETARY FAT ON NURSERY AIR QUALITY

E
Z AND PERFORMANCE OF WEANLING PIGS

(ABSTRACT)

Crossbred pigs 3 to 4 weeks of age were randomly

assigned from outcome groups based on weight and sex to

one of four dietary treatments either with or without

added soybean oil or hulls. Nursery air quality was

evaluated by measuring the concentrations of ammonia,

carbon dioxide, settled dust, suspended particle size,

and by microbiologically culturing air samples. Weekly

performance data was also collected.

ADG was unaffected by dietary treatment. ADFI was

increased when soybean hulls were added to the ration

with the difference being significant in trials 1 and 2

and over—all. Adding soybean oil to the ration

produced slightly lower feed intakes over all trials

but was not significant. Rations with added soybean

oil reduced F/G, whereas, the addition of soybean hulls

increased F/G for over—all trials. The response to



soybean oil was less when soybean hulls were added. A

comparison of rations 1 and 4 showed only slight

differences in ADG, ADFI and F/G. The addition of

soybean oil resulted in a 47% reduction in settled dust

for trials 1 and 2 combined, and a 45% reduction for

trial 3. Mean bacterial colony counts for each week

and over-all for trial 3 were lower when soybean oil

was added to the ration. Ammonia and carbon dioxide

concentrations were not affected by dietary treatment.

From the results of this experiment, the addition

of soybean oil to starter diets improved nursery air

quality and performance in some cases, however, gas

concentrations were not different.
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Chapter I

INTRODUCTION

Providing a high quality environment for our swine and

people who work with them is of continuing concern. Air

quality is a major component of the pig's environment. Dust

is an inherent problem in improving air quality in today's

modern swine facilities. Adverse effects on swine

performance, longevity of equipment, and health of both

humans and swine can result from dust in the environment.

A Animals in uenclosed facilities may experience increased

respiratory and disease problems as a result of poor air

· quality (Anderson et al., 1964, 1966; Doig and Willoughby,

1971; Drummond et al., 1981; Curtis 1983). The longevity

and efficiency of operation of ventilation systems is

decreased in a dusty environment (Person et al., 1977;

Martin and Crisp, 1984). Short or long term effects on the

respiratory tract of man have been observed as a result of

exposure to dusty environments (Drinker and Hatch, 1954;

Lave and Seskin, 1970).

Dustiness of most swine units could be reduced by: (1)

the addition of water to the diet, (2) pelleting the diet,

and (3) hand feeding less frequently (Bundy and Hazen,

1975). However, higher production costs which may result

must be considered.

l
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The addition of fat to the diet is an alternative

method of reducing dust which may serve a dual purpose in

enhancing pig performance and improving air quality. Feed

efficiency and feed intake may be improved by adding fat

which increases the caloric density of the diet. Air

quality may be improved by reducing settled and suspended

dust. Fat is a relatively expensive energy source compared

with corn. Thus, improved performance as well as improved

air quality are important factors in assessing cost

effectiveness. Additionally, swine rations containing fat

often cause mixing and handling problems. It is difficult

to place a monetary value on improved air quality when the

degree to which it improves animal health is not clearly

understood. In order to do this, more refined techniques to

assess air quality must be developed, and a better under-

standing of how the environment relates to animal

performance and health must be determined.

The objective of this study was to determine the

effects of adding 5% soybean oil to starter diets on

weanling pig performance, settled dust production, bacterial

organisms and ammonia and carbon dioxide concentrations.



Chapter II

REVIEW OF LITERATURE

AIR QUALITY

To better understand the effects of the environment on

the performance and health of the pig, it is necessary that

air quality be more clearly characterized. Veit and Troutt

(1982) have suggested that air quality is composed of

temperature, relative humidity, gas concentrations, and dust

particulate matter which may be settled or suspended. These

parameters may interact with each other which adds to the

complexity of characterizing air quality.

TEMPERATURE

Temperatures above and below the zone of

thermoneutrality can have adverse effects on the

productivity of animals (Veit and Troutt, 1982). At low

temperatures, animals must eat more to produce extra body

heat to sustain adequate metabolic maintenance levels,

conversely, at high temperatures feed intake is reduced,

water intake is increased and respiration rates are ele-

3
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vated, all of which could result in decreased performance

(Veit and Troutt, 1982).

Air temperature, according to Jericho et al. (1977),

has a direct effect on viability of many aerosolized agents.

The most extreme variations in the temperature of an

enclosed unit will occur at morning and late afternoon

during the winter, and noonday to mid-afternoon in the

summer (Veit and Troutt, 1982). These ranges will depend on

the insulation and heating—cooling system used in the

building.

When monitoring air temperatures in an enclosed unit,

readings should be taken at points adjacent to the animals

and at several different locations away from outside walls.

One can take readings once, several times, or continuously

during a twenty-four hour period. If measuring once or

several times, with regular thermometers, readings should be

taken when the greatest fluctuations in temperature are

expected. Maximum-minimum thermometers can be used to

provide continuous monitoring of temperature, recording the

current temperature and the highest and lowest temperature

since it's previous setting. Temperature can also be

monitored by using a continuous temperature recorder to

determine temperature at a specific point and time.
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RELATIVE HUMIDITY

Relative humidity affects the level of infectious

agents within the environment. More specifically,

aerosolized viral, mycoplasmal and bacterial agents are

particularly sensitive to relative humidity (Jericho et al.,

1977). Air exchange rate has a major effect on relative

humidity. This being the case, relative humidity of the

inside air is greatly influenced by relative humidity of the

outside air. Infectious agents tend to collect on suspended

dust particles and water droplets, and they tend to have

shorter half lives at a relative humidity range of 40-85%

(Veit and Troutt, 1982). This occurs because droplets and

particles within this range lose moisture, which produces a

hypertonic environment that is undesirable for survival of

the infectious agents. Relative humidity levels above or

below this range provide the most favorable conditions for

optimum survival. Hygrometers and psychrometers can be used

to measure relative humidity. These instruments should be

placed in multiple sites to ensure proper measurement proce-

dures. Generally speaking, relative humidity will show

fluctuations over a 24 hour period depending on temperature.
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GAS CONCENTRATIONS ·

It is well known that temperature, relative humidity,

management, and ventilation play an integral part in the

concentration of gases present in the air (Taiganides and

White, 1969). On the other hand, it is unknown at the

present time how reduced dust levels affect gas

concentrations. The gases of primary concern in modern
6

swine facilities are ammonia, carbon dioxide and hydrogen

sulfide (Curtis, 1983). Ammonia is lighter than air and

will concentrate at the ceiling of an enclosed unit,

whereas, carbon dioxide and hydrogen sulfide are heavier

than air and will accumulate at the floor or pit level (Veit

and Troutt, 1982). Taiganides and White (1969) found that

around 40% of the composition of bubbles in swine pits was

carbon dioxide. Additionally, the study showed that during

waste removal using flush pits, there was a 5 to 10 fold

increase in carbon dioxide levels. It should be realized

that hydrogen sulfide and carbon dioxide can be better

controlled by frequent and thorough cleaning and waste

removal. °

Ammonia is the most prevalent gas in modern swine units A

(Lebeda, 1965). It is mainly derived from bacterial

degradation of urine and feces (Curtis, 1983). Ammonia may

have a wide ranging effect on air quality. It has been

found to be associated with suspended particulate matter and
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incidences of diseases such as atrophic rhinitis and

pneumonia (Doig and Willoughby, 1971; Drummond et al.,

1981). Ammonia produces detrimental effects at levels

around 100 ppm which result in sneezing, salivation,

decreased daily gain, and decreased feed intake (Stombaugh

et al., 1969). Conversely, Drummond et al. (1980) reported

that in most swine units ammonia levels ranged from 6 to 35

ppm, levels high enough to adverselyé effect performance.

These levels were obtained by the use of a colorimeter which

only measures unbound airborne ammonia. Because airborne

particles lack the ability to pass through the filter tube

of the colorimeter, the sole use of a colorimeter may not

give a true indication of total ammonia levels (bound or

unbound). The transmission of infectious agents and ammonia

which is attached to particulate matter may be of major

importance in an enclosed swine facility (Drummond et

al.,1980). Ammonia whether absorbed and transmitted on

aerial dust or simply inhaled with air, has been found to

increase both respiratory mucus output and lung infection

(Anderson et al., 1964, 1966; Jericho, 1968; Doig and

Willoughby, 1971). Ammonia at the levels encountered in

practice may irritate the respiratory tract causing: (1)

increased secretion of mucus to dilute ammonia; (2) shallow

breathing, to minimize contact between ammonia and the

lungs, and to maximize it's contact with the absorbant
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mucous in the upper respiratory tract; (3) bronchiolar

constriction, to increase airway resistance; (4) hyperplasia

of the lower tract epithelia, mainly proliferation of the

mucous secreting goblet cells (Curtis, 1983).

SUSPENDED PARTICULATE MATTER

Although poorly understood, suspended particulate

matter may be the most important component of air quality

because of it's capability to transport infectious agents.

Suspended dust differs from settled dust in that it is

usually smaller than 10 microns (Curtis, 1972). These

particles could be dangerous to swine because they can

n
remain suspended in the air and deposited into the res-

piratory tract (Curtis, 1983). At 10 microns, the particles

may be deposited in the upper respiratory tract, but if they

are about 5 microns, penetration of the major lung bronchi

is possible (Curtis, 1972). In the same study, it was found

that smaller particles (3 to 5 microns) have the capacity to

penetrate the respiratory tract.

Many factors affect the total number of bacterial

colony forming particles (BCFP). The size, concentration

and activity of animals is probably the largest factor

relating to generation of BCFP. Aerial BCFP concentrations

generally increase in an enclosed swine unit as the outside

temperature decreases which is due to seasonal variation
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(Curtis et al., 1975a). These investigators speculated that

temperature was a factor in BCFP levels. Gordon (1963)

showed that rapid air flow at the floor level increased

bacterial content of the air, and that the viability of

bacteria was significantly lower in houses around 95%

humidity. In the same study, it was speculated that _

temperature was a factor in BCFP levels. BCFP levels will

vary with the method of feeding animals, but no definite

trends have been observed when evaluating this factor. Thus,

it would appear that BCFP is affected by all of the

parameters of air quality, and there seems to be a complex

interaction between them.

SETTLED DUST

Settled dust ranges from 10 to 50 microns in size

(Fennelly,. 1976), and is more common in growing-finishing

swine units. These particles are composed of mostly grain

fragments and molds. Cutting down on settled dust should

increase equipment longevity and efficiency (Person et al.,

1977; Martin and Crisp, 1984). The frequency of sanita-

tional practices can be reduced by reducing settled dust.

As a result, production costs can be reduced.

A decrease in ventilation rate will most likely result

in an increase in all four parameters of air quality, and an

increase will produce the opposite effect. As discussed
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earlier, many problems of air quality may be eliminated by

simply increasing ventilation rate, but this is not prac-

tically feasible. When measuring total ventilation rates,

incoming and outgoing air of the inlets and outlets, and

mixing of the air are of the utmost importance (Feddes et

al.,1983). Measurement can be done by using thermistor

anemometers.

TECHNIQUES IN EVALUATING AIR QUALITY

Various techniques can be used to evaluate air quality.

These techniques, as well as how, when, and where to sample

must be carefully assessed before conducting an

environmental study. As discussed earlier, a colorimeter is

a practical and economical method of determining gas

concentrations. Factors such as ventilation and cleaning

procedures must be considered when deciding at what times

gas readings should be taken. Variations in any of these

factors could affect gas concentrations. Of course this

will depend on the experimental situation. A uniform and

representative average must be taken to ensure accuracy as

the concentration of gas will vary depending on the

location. -

Many of the environmental factors concerning gas

sampling are also true for measuring settled dust. Chiba

and Peo (1984) measured settled dust on petri dishes
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distributed in predetermined locations throughout an en-

closed swine unit. These dishes must be heated both before

and after collection in order to eliminate error due to

moisture. In collection and transit, these dishes must be

handled in a uniform and tedious manner because of the

unstable nature of dust. A more accurate measurement may be

obtained by using some type of cylindrical device with the

petri dishes. The petri dishes would be placed at the

bottom of the cylinder. Such a device should reduce the

turbulence caused by air currents. When this method is

used, the edges and sides of the dishes must be protected in

some way so dust will not settle on them. After this is

accomplished, a uniform surface area will allow for proper

collection of dust. The quantification of the dust can be

based on the area of the petri dish. Time of year, feeding

regime, environment, and animal activity which is the

hardest to measure, will affect settled dust.

Suspended particulate matter can be measured using

various types of samplers. Two of these are the Anderson

and Lundgren samplers which have been used in recent studies

to measure suspended dust and BCFP (Curtis et al., 1975b;

Chiba and Peo, 1984). These are cascade samplers which se-

parate particles according to size. These two samplers can

also be set up to evaluate BCFP by placing agar media at

each level of the sampler. These samplers are usually
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placed in the middle of the experimental area. The

placement of the sampler may be from .75 m to 1.5 m above

the floor and near the middle of the experimental area

(Curtis et al., 1975b; Chiba and Peo, 1984). Samples can be

taken at various intervals depending on dust and BCFP

concentrations. Overloading the sampler may occur when dust

and BCFP are high, making quantification of dust and BCFP

difficult.

An easier and simpler method of measuring infectious

agents is by the use of air impingers. These devices draw

air by way of a vacuum pump at the rate of 12.5 l per minute

(Veit and Troutt, 1982). Particles are trapped in a sterile

medium at the base of the impinger and from there can be

cultured and quantified. Culture media is important because

one specific type of organism may be suited better to one

particular type of media. Based on this, a decision must be

made as to what type of organisms are of importance. Thus,

a media can be selected which promotes the growth of the

organisms of interest and inhibits the growth of less

desirable ones.

CURRENT RESEARCH INVOLVING AIR QUALITY

Dust concentrations are subject to rapid fluctuations.

Drinker and Hatch (1954) found that a single dust reading

has a 50% chance of falling outside as well as inside the
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limits of the error of the mean for a sample of dust. Such

fluctuations may occur frequently and are not exceptional

events. No definite rules have been established for the

volume of sample to be collected, the location of sampling,

the frequency of sampling and the duration of sampling since

experimental conditions and practical limitations vary from

one study to the next. When evaluating sampling in-

struments, Drinker and Hatch (1954) found that there was no

appropriate conversion factor that- could be used for

comparison of dust concentrations determined by two

different instruments. They concluded that there were two

main reasons why no conversion factor could be obtained:

(1) the collection efficiency of Various instruments in

relation to particle size differs significantly, and (2)

Variations in the degree of disaggregation occurs during the

collection of dust using different samplers.

Anderson (1958) considered particulate matter less than

5.2 microns in diameter to be hazardous since particles of

this size are capable of penetrating the lung. Dust

particles have been proclaimed as potential carriers of

viruses and bacteria (Roller, 1961, 1965; Carlson and

Whenham, 1967). The dust particle size plays an essential

role in the transport of microorganisms to a location which

is suitable for either survival resulting in the expression

of the disease to occur, or the growth and reproduction
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causing the ravages associated with diseases. Doig and

Willoughby (1971) found that the eyes of piglets were

irritated when exposed to ammonia at 100 ppm, and ammonia

combined with corn starch dust at 6.04 mg per cubic foot of

air. Corn starch dust by itself produced no such

irritation. Swelling of the epithelial linings was limited

to the nasal cavity and trachea. There was no evidence of

damage in the bronchi or alveoli.

Many researchers have evaluated the dust and

microorganism concentrations in various animal environments,

but there is little or no consistency among the studies.

Difficulties in comparing results is caused by the

impossibility of standardizing the various sampling units,

and the lack of standard measurement techniques. Gordon

(1963) investigated the bacterial status of the air in swine

units at different times of the year and under different

management conditions. Bacterial colony counts ranged from

54 to 30,780 per cubic foot of air when using a slit-

sampler, and from 34 to 8,808 per minute as counted from

open petri dishes. Gordon (1963) concluded that the number

_ of bacterial colonies was least in the barns with the

highest absolute humidity. Bundy and Hazen (1975) made

several conclusions concerning dust levels when feed was

ground, ground wetted or pelleted and floor fed, fed in

troughs or self-fed: (1) animal activity and dust levels
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were higher when pigs were self-fed than when they were fed

twice a day; (2) dust levels were 50 to 75% less on concrete

floors with floor-bedding than on stainless-steel slatted

floors with self-feeders; (3) ground fed meal feed or

pellets made no difference in dust levels when fed in self-

feeders; (4) fifty percent of the dust measured was between

.5 and 1.0 microns in size; (5) ninety-five percent of the

dust particles collected were considered to be capable of

penetrating the lungs. Curtis et al. (1974) found that only

very high atmospheric dust levels (300 milligrams per cubic

meter) applied in exposure chambers reduced pig performance.

No effects were observed when pigs were exposed to 10 mg per

cubic meter of air which is more commonly encountered under

field conditions. Field studies have indicated that there

is an increased incidence and severity of pneumonia (Doig

and Willoughby, 1971) and atrophic rhinitis (Drummond et

al., 1981) when ammonia levels are from 50 to 100 ppm.

These two studies would support the findings of Drummond et

al. (1978) in which pigs challenged with bacteria and

exposed to ammonia at 50 ppm and 75 ppm retained 51% more

bacteria in the lungs after a two hour clearance period.

Curtis et al. (1975c) determined that 1/3 of inhaled

particulate matter was less than 5 microns. In the same

study, they found that 31% of the BCFP were less than 4.7

microns and 15% were less than 3.3 microns. Thus, a high
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percentage of the total BCFP is small enough to be deposited

in the respiratory tract. Chiba and Peo (1984), examining

both performance and air quality, observed a 2.2% increase

in average daily gain, a 10% improvement in feed/gain, a 50%

reduction in suspended dust, and a 41% reduction in settled

dust by adding 5% tallow to the diet of growing-finishing

pigs. Settled dust was measured at 30 and 53 days. Petri

dishes were placed at 1.3 and 1.5 meters above the floor.

Dust particulate matter was measured by placing an Anderson

Air Sampler in the middle of the experimental area

approximately 1.5 m above the floor.

FAT IN SWINE DIETS

GENERAL

Fats and oils contain 2.25 times more gross energy than

carbohydrates and are often used as an energy source in

swine diets when the price is favorable. Fat may replace

the energy in cereal grains or may be used to increase the

energy density of a lower energy grain source such as milo

or oats (Tribble et al., 1979). However, fat contains only

energy, therefore when it is added or substituted for cereal

grains, protein levels must be adjusted to meet the protein

needs of the animal and to maintain the proper calorie-

protein ratio. Mineral and vitamin levels must also be

adjusted when feeding dietary fat.
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Fat is normally confined to baby or weaned pig diets

since the cost factor is of major importance. There are two

reasons for this strategy; one being that the dry matter of

sow's milk contains from 30 to 40% fat (Asplund et al.,

1960). By adding fat to the diet during weaning and

postweaning, the stress pigs undergo while in these phases

may be reduced to some degree. The second factor is cost.

Since fat could be expensive to use, it should be restricted

to the area of production where producers will benefit most.

Comparisons in pigs 3 to 5 weeks of age by Cline et al.

(1977) showed that fat could be utilized as well as glucose

and lactose. In a similar study, Allee et al. (1971) found

that fat calories were utilized on an equal basis with

carbohydrate calories if nutrient ratios remained constant.

Another consideration is the type of fat used in diets.

Tallow, lard, soybean oil, corn oil and coconut oil are some

of the more commonly used fats on a practical basis and in

research. These different types of fat will vary in

metabolic utilization. Long chain fatty acids such as tal-

low, lard and soybean oil are not as easily utilized

whencomparedto a short chain fatty acid such as coconut oil

(Eusebio et al., 1965). Long chain fatty acids are less

easily digested than short chain fatty acids because of

their additional length, and this difference causes the long

chain fatty acids to be digested at a slower rate because of

an extended period of enzymatic breakdown.
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CALORIE TO PROTEIN RATIO

Moser (1977) found that the calorie to protein ratio

may be an important factor to evaluate when adding fat to

swine diets. He found that as protein levels were

borderline or deficient in the diet, there was a decrease in

feed intake. This reduction was produced from the

additional calories supplied by the fat which caused a

deficient protein state to occur in the animals. Cline et

al. (1977) found that baby pigs were more efficient when

nutrients were equal and protein to calorie ratio was con-

stant. Realizing these findings, it becomes apparent that

the diet may need to be supplemented with protein when fat

is added.

PROCESSING

Fat, whether it is of animal or vegetable origin, must

be processed into liquid form and then incorporated into the

diet by slow and uniform mixing procedures. Addition of fat

above 5% of the total diet can lead to rancidity (if an

antioxidant is not used), adhesion of feed to parts of the

feed mixing system and poor handling quality of the diet

(Asplund et al., 1960).
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CURRENT RESEARCH INVOLVING FAT

Most of the current research conducted with fat has

been administered on growing—finishing swine. The results

have been conflicting and inconclusive, especially when

involving postweaning and grower animals. Wagner et al.

(1963) fed choice white grease at 10% with three levels of

protein (13, 19 and 25%) and found increased average daily

gain and improved feed efficiency in pigs 15 to 40 kg with

each level of protein. Similar results were reported for

average daily gain and feed efficiency by Greeley et al.

(1964) who fed dietary tallow at O, 4, 8 and 12% at four

protein levels (13, 15, 17 and 19%). Using 3 to 5 week old

pigs, Cline et al. (1977) concluded that feed efficiency in

most cases was improved with an increase in fat content of

the feed. In this experiment, diets containing 12, 25, 43,

58 and 74% of the non-protein calories as fat (corn oil and

peanut oil) were fed at a constant protein level. In

growing-finishing pigs Nordstrom et al. (1972) reported no

effect on daily gain but an improvement in feed efficiency
”

as a result of added fat. Leibbrandt et al. (1975) observed

improved feed efficency and no effect on average daily gain

of baby and growing pigs (4.6 and 23.1 kg, respectively) fed

lard and hydrolyzed fat at 5 and 10% of the diet. In fact,

the weight gain of baby pigs decreased as the fat level

increased from 5 to 10%. Also, baby pigs given a choice
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preferred a fat supplemented diet as opposed to a non—fat

diet.
I

Moser (1977) found that maximum gain and feed

efficiency were reached with rations containing 8 to 10%

added fat. This amounted to a 6% improvement in average

daily gain and a 17% improvement in feed conversion.

Keaschall et al. (1983) showed that adding 5% "dried fat" to

the diet of pigs weighing 9 kg resulted in faster rate of

gain, less feed consumption, and better feed efficiency. In

evaluating O, 2.5, and 5% levels of poultry and animal fat,

Seerley et al. (1978) reported that average daily gain was

not affected by the source or level of fat in the diet, but

feed efficiency was linearly improved with each increase in

fat level with no difference between fat sources. Carcasses

in the 5% fat fed group had more backfat at the first rib.

To the contrary, other investigators have not been able to

show an effect of added fat or oil on average daily gain or

feed efficiency. Pigs weaned at 2.9 kg and fed four levels

of protein (15, 20, 25 and 30%) and four levels of lard (0,

2.5, 5 and 10%) showed no differences in average daily gain

and feed efficiency (Peo et al., 1957). Eusebio et al.

(1965) and Ewan (1970) observed no effects on performance in

similar experiments using various protein and fat levels.

No differences in performance were reported by Asplund et

al. (1960) between control pigs and those fed grease or corn
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oil at 10% of the diet. McDonald and Hamilton (1976) found

that substitution of 10% tallow, soybean oil and rapeseed

oil resulted in no significant effect on average daily gain,

average daily feed intake, feed efficiency, or energy

efficiency.

Some of the variations between experiments could be a

result of inconsistencies in evaluating fat on an isocaloric

basis. In order to do this, some type of fiber must be
‘

added to compensate for the high caloric content of the fat.

This method of equalization allows for changes in the

density of the diet (Scherer et al., 1973) and may affect

nutrient intake of dry diets (Baker et al., 1968). Contrary

to this rationale, no effect on utilization of fat due to

increasing levels of fiber was seen by Eusebio et al.

(1965).
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SUMMARY AND CONCLUSIONS

q Although not well understood and characterized, poor

air quality can affect the pig's performance and general

health. The addition of fat generally improves feed

efficiency and to a lesser extent improves daily gain and

feed intake. Fat additions are also known to reduce the

dustiness of a feed and thus improve air quality. The cost _

effectiveness of fat will depend upon the response obtained,

the costs of fat in comparison to other energy sources and

the value that might be assigned to improved air quality.

The weanling pig is more susceptible to nutritional disease

and environmental stress than other classes of swine.

Therefore, added fat in the diet may enhance the pig's

ability to adjust after weaning by providing a high energy

diet and improving air quality by reducing dustiness.



Chapter III

JOURNAL ARTICLE

THE EFFECTS OF SOYBEAN OIL ON NURSERY AIR QUALITY

AND PERFORMANCE OF WEANLING PIGS

SUMMARY

Three nursery trials using 260 crossbred weanling pigs

(6.7 kg initial weight) were conducted during summer, fall

or winter months to determine the effects of adding 5%

soybean oil to starter diets on nursery air quality and

performance of weanling pigs. Four dietary treatments were

alternately fed in two similar nurseries: (1) basal corn-

soybean meal, (2) basal + 15.6% soybean hulls, (3) basal +

5% soybean oil, and (4) basal + soybean hulls and soybean

oil. Diets 1 and 2 without oil were fed in one nursery and

diets 3 and 4 with oil were fed in the other nursery. Diet

4 was made isocaloric with diet 1 so that the effects of

reduced dustiness could be assessed independently of

increased caloric density. Ammonia (.7 to 4 ppm) and carbon

dioxide ( 500 to 2500 ppm) concentrations, which were well

within normally accepted levels, varied somewhat between

23
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trials but were not influenced by the addition of soybean

oil to the diet. Settled dust was reduced by 45 to 47% when

5% soybean oil was added to the diet (P<.Ol). Total

bacterial colony counts increased over time and were 27%

lower for pigs fed diets with added soybean oil (P<.Ol).

The addition of soybean oil and soybean hulls to the basal

diet had no effect on average daily gain (ADG), but added

soybean oil reduced average daily feed intake (ADFI) by 4.3%

(P<.lO) and improved feed per gain (F/G) by 4.1% (P<.05).

Added soybean hulls increased ADFI by 5.8% (P<.O5) and F/G

by 3.6% (P<.O5). However, the effects of soybean hulls (in-

creased ADFI and F/G) were less when soybean oil was added

to the diet. A comparison of pigs fed isocaloric diets

(diet 1 versus diet 4) showed no differences in performance.

The addition of 5% soyben oil to a starter diet was

effective in reducing settled dust, bacterial colony counts

and improving feed efficiency, but when isocaloric diets

were fed pig performance was not different.

INTRODUCTION

Providing a high quality environment for swine and

people who work with them is of continuing concern to the
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livestock producer. Dust and gases could have adverse

effects on swine performance, health of both humans and

swine, and longevity and efficiency of equipment. Swine

exposed to high levels of dust and gases may experience

reduced growth rate and feed efficiency (Curtis et al.,

1974) and increased respiratory problems (Doig and

Willoughby, 1971; Bundy and Hazen, 1975; Drummond et al.,

1981). Anderson (1958) considered dust particles of less

than 5.2 microns in diameter to be hazardous to humans and

pigs since particles of this size are capable of penetrating

the lung. Roller (1961, 1965) and Carlson and Whenham

(1967) have suggested that dust particles are carriers of

viruses and bacteria. Dusty environments are known to

reduce the longevity and operating efficiency of ventilation

systems (Person et al., 1977; Martin and Crisp, 1984).

In many studies, the addition of fat or oil to diets of

young pigs has had very little effect on ADG, but has

improved F/G (Leibbrandt et al., 1975; Cline et al., 1977;

Seerley et al., 1978). To the contrary, several researchers

have reported no effect on F/G (Asplund et al., 1960;

Eusebio et al., 1965; Ewan, 1970; McDonald and Hamilton,

1976). Chiba and Peo (1984) observed a 2.2% improvement in

ADG, a 10% improvement in feed efficiency, a 50% reduction

in aerial dust and a 41% reduction in settled dust when 5%

tallow was added to the diet of growing-finishing pigs.
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The objective of this experiment was to evaluate the

effects of adding 5% soybean oil to starter diets on nursery

air quality and performance of weanlinq pigs independent of

caloric density of the diet.

EXPERIMENTAL PROCEDURE

In three trials, 260 crossbred pigs 3 to 4 weeks of age

(average initial weight, 6.7 kg) were randomly assigned from

outcome groups based on weight, litter and sex to one of

four dietary treatments: (1) basal diet, (2) basal + 15.6%

soybean hulls, (3) basal + 5% soybean oil and (4) basal +

soybean hulls and soybean oil. The soybean oil‘ was stored

in a steel drum which was double lined with plastic bags to

prevent contact with the metal. An antioxidant (Sanoquinz)

was added at 500 ppm to prevent oxidation. Composition and

nutrient analyses of the diets are presented in table 1.

Diets 1 and 2 without oil were fed in one nursery and diets

3 and 4 with oil were fed in the other nursery. Dietary

treatments were alternated in the different trials. Diet 4

was made isocaloric with diet 1 by adding 15.6% soybean

hulls so that the effects of reduced dustiness could be

*Cargill Grain Corporation, Norfolk, VA. 23324.
ZMonsanto Company, St. Louis, MO 63178.
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assessed independently of increased caloric density of the

diet. Seventy-two pigs (3 pigs per cage) were used in

trials 1 and trial 2, and 120 pigs were used in trial 3 (5

pigs per cage). Trials 1, 2 and 3 were conducted during

summer, fall and winter months, respectively. Pigs were fed

ad libitum. Individual body weights and pen feed

consumption were obtained on a weekly basis.

Two very similar double deck nurseries each containing

twelve 0.9 m by 1.2 m cages were used. Nursery temperature

was maintained at 29.4 C at the beginning of the trials for

two weeks. The temperature was gradually reduced by 1.2

degrees each week thereafter, resulting in an ending

temperature of 23.9 C. Ventilation rates were gradually

increased from .5 to 1 cubic meter per minute (CMM) per pig

in trials 1 and 2. In trial 3, Ventilation rates were .16

CMM per pig during weeks 1 through 4 and .25 CMM per pig

during week 5. Ventilation rates were estimated by using an

anemometer to measure incoming and outgoing air Velocity,

and multiplying times the cross section area of the inlet

and exhaust ports, respectively. Ventilation rates were

lowered in trial 3 in order to simulate conditions found in

most swine facilties. More complete details on housing,

temperature monitoring, ventilation and feeding and

management are presented in the appendix.
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Ammonia and carbon dioxide were determined by using a

Bendix Gastec Colorimetera. Samples were taken weekly on

the day preceding collection of performance data. Gas

samples were taken in the middle of each nursery by drawing

air into colorimeter tubes. Average gas concentrations were

determined by taking two samples, one at pig level (between

the lower and upper decks) and one at the floor.

Settled dust was measured by positioning settled dust

collection devices (figure 1) in predetermined locations (8

per nursery) which were identical for both nurseries.

Cylindrical devices which contained 81 mm petri dishes were

constructed of 1.9 l and .95 l ice cream containers. The
outside diameter of the .95 l container was 81 mm which made

a snug fit into the petri dish. The cylindrical devices

were used for protection against air disturbances. Sterile

plastic petri dishes (81 mm) were heated at 50 C for 24

hours. They were then allowed to cool to room temperature

and weighed. Immediately thereafter, the dishes were

transported in an enclosed box to the nurseries and placed

in the bottom of the collection devices. After collection,

the dishes were dried, desiccated and weighed as previously

described. Dishes were collected each week before

performance data was taken, and new dishes were put

3Jones Safety and Supply, Model 400, Roanoke, VA. 22728.
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in place after performance data had been obtained. For more

information see settled dust section in the appendix.

A A Ross Air Samp1er‘ was used to quantify bacterial

colony forming units (BCFP) in the nurseries for trial 3

only. Six (per nursery) sheep blood agar plates (2%) which

had been stored in a refrigerator were allowed to warm to

room temperature before being placed in the sampler and

exposed for 4 seconds in the middle of each nursery

approximately 1.5 meters above the floor. Sampling was

accomplished by drawing air at a rate of 0.0283 CMM onto

the blood agar plates. After collection, plates were

incubated at 37 C for 24 hours and counted. The total

number of bacterial colony forming units was then calculated

by the following formula: N = C / 0.7 T, where N = the

number of colonies collected per 0.0283 cubic meter of air

sampled, C = total number of colonies counted per plate and

T = duration of sampling time (minutes). See appendix sec-

tion on microbiological culturing for more details.

All data were subjected to the General Linear Models

Procedure of the Statistical Analysis System (SAS, 1982).

Pen means were used as the experimental unit for performance

data. Performance data, gas concentrations and bacterial

counts were analyzed for each trial and then combined when

‘Ross Industries, Inc., Model AS-101, Midland, VA. 22728
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appropriate. Settled dust values were combined for trials 1

and 2, and were analyzed separately for trial 3 since the

ventilation and stocking rates were different. Feeds were

analyzed for acid detergent fiber, neutral detergent fiber,

cellulose, hemicellulose and lignin according to Goering and

VanSoest (1970). Energy determinations were made using an

oxygen bomb calorimeter, and protein content of the diets

was determined by using the Kjeldahl procedure (AOAC, 1970).

RESULTS AND DISCUSSION

Ammonia concentrations of .7 to 4 ppm observed in these

trials are well below levels of 50 to 100 ppm which were

found to cause adverse effects on productivity (Stombaugh et

al., 1969; Drummond, et al. 1978), and are well below levels

of 6 to 35 ppm reported by Drummond et al. (1980) for most

swine houses. Carbon dioxide concentrations were also well

below the concentration of 3000 ppm which Taiganides and

White (1969) observed to cause adverse effects, and were

similar to values reported by Veit and Troutt (1982) of 500

to 2500 ppm for most swine facilities. Carbon dioxide

levels in the nurseries were not (P>.10) influenced by added

soybean oil (figure 3). It would appear that the difference

in ammonia concentrations if real (figure 2), is not of
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major concern since the respective mean concentrations for

the nurseries with and without soybean oil were low. Both

ammonia and carbon dioxide tended to increase with each week

of the trial as was expected, but were similar for all

trials. Because ammonia and carbon dioxide concentrations

were not higher in trial 3, suggests that the lower

ventilation rate used in trial 3 was adequate to remove

gases. See appendix for more information on ammonia and

carbon dioxide.

The average reduction in settled dust for nurseries

with added soybean oil was 47% in trials l and 2 (P<.O5,

figure 4), and 45% in trial 3 (P<.O5, figure 5). Chiba and

Peo (1984) observed similar results when growing-finishing

swine were fed diets with 5% added tallow. Although the

ventilation rates in trial 3 were less than half of that

used in trials 1 and 2, the percentage reductions in settled

dust were similar. The settled dust levels, however, were 2

to 3 fold higher in trial 3 where the ventilation rates were

lower. Jacobson et al. (1985) reported no differences in

the number of dust particles per cubic meter of air which

were larger than .3 microns when two ventilation rates (.5

versus 2 CFM per pig) were compared. As in our trials, the

level of settled dust or number of dust particles over .3

microns increased over time.
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Milligrams of settled dust per square centimeter of

surface per week were calculated using overall mean values

for trials and diameter of the petri dishes. Nurseries with

and without soybean oil for trials 1 and 2 combined produced

values of .29 and .54 milligrams of dust per square

centimeter per week, respectively. Values in trial 3 were

.74 and 1.3 milligrams of dust per square centimeter per

week for nurseries with and without oil, respectively.

Settled dust concentrations were highest for the positions

under the air inlets of each nursery suggesting that air

flow in this area was lower than for other positions, and

that there was reverse airflow from the feeders and animal

cages. Positions located opposite the nursery heaters

produced the lowest values for settled dust. This may have

been a result of increased air flow due to heater output.

For more details see settled dust section in the appendix.

The mean bacterial colony counts, which were determined

for trial 3 only, increased over time for each nursery and

were lower in the nursery with added soybean oil for all

weeks except week 1 (P<.O5, table 2). The average bacterial

colony counts for all weeks combined were 27% lower for the

nursery with added soybean oil (P<.lO). Mean values of 177

and 128 bacterial colonies per cubic meter of air found in

nurseries 1 and 2 (without and with soybean oil) were within

the range reported by Gordon (1963) for most piggeries in

the United Kingdom .



33

Over all trials, pigs fed diets with added soybean oil

consumed 4.3% less feed (P<.10) and had 4.1% lower (P<.O5)

F/G ratios, but ADG was similar. These results are in

agreement with reports by Nordstrom et al. (1972),

Leibbrandt et al. (1975), Seerley et al. (1978) and

Keaschall et al. (1983). The addition of soybean hulls

resulted in a 5.8% increase (P<.O5) in ADFI and a 3.6%

increase in F/G (P<.O5), but ADG was not different. These

findings are in agreement with studies by Baird et al.

(1970) and Kornegay (1978) who found that ADFI and F/G

increased as the percent of fiber increased in the diet.

However, the effects of soybean hulls were less when soybean

oil was added to the diet which suggests that the pig can

tolerate a wide range of fiber in the diet provided energy

density is adeguate. Reports by Baird et al. (1970, 1975)

are in agreement.

When diets 1 and 4 were compared, no differences

(P>.10) were observed for ADG, ADFI and F/G, indicating

that the pigs utilized the added soybean oil to no greater

degree than the corn for which it was substituted. This

suggests that the reduction in dustiness per se, obtained

when soybean oil was added did not improve pig growth, feed

intake and feed efficiency. Sex-by·diet interactions were

not significantly different for any performance criteria.

See appendix for performance results for individual trials,
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The results of this experiment indicate that the

addition of soybean oil to starter diets was effective in

reducing dustiness, bacterial concentrations and improving

performance, however gas concentrations were unaffected.
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TABLE l. COMPOSITIOE AND NUTRIENT ANALYSES
OF DIETS.

22Z Crude Protein

Diet 1 Diet 2 Diet 3 Diet
Corn, yellow (IFN 4-03-005) 49.20 35.17 43.10 29.00
Soybean meal (IFN 5-04-612) 32.60 33.70 33.70 32.36
Dried whole whey (IFN 4-01-182) 15.00 15.00 15.00 15.00
Soybean oil (IFN 4-07-083) ···

—-- 5.00 5.00
Soybean hulls -- 15.58 --- 15.58

. Dicalcium phosphate IFN 6-01-080) 1.33 1.46 1.38 1.53
Limestone (IFN 6-02-632) .97 .65 .93 .62
Vitaminsa b « .25 .25 .25 .25
Tace mineral premix .10 .10 L10 .10
Salt (IFN 6-14-013) .30 .30 .30 .30
Antibiotic .25 .25 .25 .25

Nutrient Analysis (as fed basis)

Dry matter (Z) 92.9 93.4 91.9 93.4
Crude Protein (Z) 22.9 21.9 20.0 22.1
Gross energy (kcal g) 3958 3940 4231 4248
Neutral-detergent fiber (Z) 7.96 17.20 7.93 16.38
Acid-detergent fiber (Z) 2.87 10.64 3.14 9.71
Cellulose (Z) 2.35 9.30 2.38 8.71
Hemicellulose (Z) 5.09 6.56 4.79 6.67
Lignin (Z) .57 .88 .52 .68

20Z Crude Protein

Corn, yellow (IFM 4-03-005) 54.62 40.70 48.50 34.55
Soybean meal (IFN 5-04-612) 27.62 26.12 28.73 27.24
Dried whole whey (IFN 4-01-182) 15.00 15.00 15.00 15.00
Soybean oil (IFN 4-07-983) --

—- 5.00 5.00
Soybean hulls IFN 1-O4-560) '·· 15.61 --- 15.61
Dicalcium phosphate (IFN 6-01-080) .87 1.01 .91 1.07
Linestons (IFN 6-02-632) 1.01 .68 .97 .64
Vitamins b .25 .25 .25 .25
Trace mineral premix .10 .10 .10 .10
Salt (IFN 6-14-013) .30 .30 .30 .30
Antibiotic .25 .25 .25 .25

Nutrient Analysis (as fed basis)

Dry matter (Z) 93.2 93.5 93.3 93.4
Crude Protein (Z) 21.1 18.3 19.9 19.1
Gross energy (kcal g) 3950 3926 4228 4250
Neutral-detergent fiber 9.44 19.62 9.56 18.57
Acid-detergent fiber 3.23 11.18 3.44 10.25
Cellulose (Z) 2.62 9.58 2.72 8.70
Hemicellulose (Z) 6.21 8.44 6.12 8.32

Lignin (Z) .64 1.52 .74 1.49
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TABLE 1. COMPOSITION AND NKWRIENT ANALYSFS
OF DIETS (Cimtinuwd).

187. Crude Protein -

Corn, yel1ow (IFN 4-03-005) 75.75 61.56 69.65 55.46 '
Soybean meal (IFN 5-04-612) 23.37 21.90 _ 24.48 23.01
Dried whole whey (IFN 4-01-182) —-—

-·-
—-- -—

Soybean oil (IFN 4-07-983) --- --- 5.00 5.00
Soybean hulls (IFN 1-04-560) --- - 15.65 ---Dicalcium phosphate (IFN 6-01-080) 1.04 1.20 1.10 1.26 '
Limestong (IPT16-O2-632) .90 .57 .87 .53Vitamins b .25 .25 .25 .25
Trace mineral prenix .08 .08 .08 .08
Salt (IFN 6-14-013) .30 .30 .30 .30
Antibiotic .25 .25 .25 .25

Nutrient Analysis (as (cd basis) _
—

Dry Matter (Z) 92.4 92.7 93.5 92.5
Crude Protein 17.3 18.1 17.2 16.8

,Gross energy (kcal g) 4061 4283 4271 3971
Neutral-detergent fiber (Z) 8.79 12.75 7.53 15.58

N Acid detergent fiber (Z) 3.39 7.20 3.02 10.06« Cellulose (Z) 2.94 6.37 2.67 9.12
Hemicellulose (Z) 5.40 5.55 4.51 5.52
Lignin (Z) .60 .89 .39 1.02

aSupplied per kilogram of diet: 4.34 mg riboflavin, 22.04 mg pantothenic
acid, 22.04 mg niacin, 22.04 mg vitamin BIZ, 440 mg choline chloridc, 4408.8
IU vitamin A 440.8 IU viamin P, 11.02 IU vitamin E. 1102.2 ug vitamin K
(as menadione sodium bisulfate complex), and .1 mg Se.

V
bContained 20Z An, 10Z Fe, 5.5Z Mn, 1.1Z Cu and 0.15Z I.
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TABLE 2. NUMBER OF COLONY FROMING UNITS PER
CUBIC PETER OF AIR IN TRIAL 3a.

Nursery Nursery
(without oil) (with oil)

Week 1 36 38
2 164 75
3 221 181
4 269 179
5 194 170

Mean _ 177 128
aweek effect (P<.01) and oil effect (P<.0l).
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TABLE 3. COMBINED AVERAGE DAILY GAIN, AVERAGE DAILY
FEED INTAKE AND FEED PER GAIN RATIO OF WEANLING

PIGS FED DIETS WITH ADDED SOYBEAN OIL
. AND HULLS FOR TRIALS 1 THROUGH 3.

Dietsä

Diets 1 2 3 4 S.E.Added soybean oil O O + +
Added sozbean hulls 0 + 0 +

Average daily gain, kg ·
Week 1-2 .57 .57 .53 .55 .01

1-3 .72 .72 .70 .74 .01
1-4 .82 .84 .83 .85 .01
1-5 .90 .94 .91 .92 .01

Average dailytfeed
intake, kg

Week 1-2 .84 .87 .81 .82 .021-3d 1.20 1.29 1.14 1.19 .02
1-4b 1.43 1.56 1.43 1.48 .02
1-5b 1.72 · 1.88 1.69 1.74 .02

Feed per gain ratio
Week 1-2 1.49 1.63 1.60 1.53 .02

1·3° 1.66 1.80 1.64 1.63 .021-4äc 1.75 1.87 1.73 1.76 .02
1-5 ° 1.90 2.01 1.86 1.89 .02

‘ _ aEach combined mean represents 66 pigs; 6 pens of 3 pigs
per pen in Trial 1, 6 pens of 3 pigs per pen in Trial 2
and 6 pens of 5 pigs per pen in Trial 3. Average
initial and final weights were 6.0 and 21.5; 6.6 and
21.7; 7.6 and 22.1 kg, respectively for trials 1
through 3.

bcsoybean hulls effect (P<.10;.05)

d°Soybean oil effect (P<.10;.05)
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HOUSING

Pigs were housed in two environmentally controlled

double deck nurseries. Each nursery consisted of an

alley located in the middle, and two rows of three 0.9

by 1.2 m cages on each side of the alley for a total of

12 pens per nursery. Outcome groups were allotted so

that there were two per nursery and one per treatment.

Plastic coated woven wire was used for flooring. Each

nursery was designed so that the incoming air inlet was

located above the entrance. Adjustable baffles at each

inlet provided a means for regulation of the inlet

opening. Outlet exhaust fans were located at the oppo-

site end of the nurseries. In trials 1 and 2, a 12

inch Mini-Brute Model MB—12 and two 8 inch Mini Brute

Model MB-8 (AAA Associates Inc., Niles, Mi.) fans were

used for outlet fans in nurseries 1 and 2,
Q

respectively. In trial 3, the 12 inch fan was removed

from nursery 1 and two 8 inch fans were installed that

were similar to the ones in nursery 2. Gas heaters,

one per nursery, were used to maintain nursery

temperature. Each heater was regulated with a space

heating thermostat. The nurseries were designed with

no system of air conditioning. The nursery cages were

equipped with self feeders and nipple waterers.
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TEMPERATURE MONITORING

Temperature was monitored using a continuous

recorder. Each nursery was monitored with six

thermocouples which were placed in identical positions.

The thermocouples were encased in polyvinylchloride

pipe for protection and electrically wired to the

continuous recorder. The recorder plotted nursery

temperature on an hourly basis. This provided

information concerning daily fluctuations in

temperature and could be used to determine high and low

readings over a twenty—four hour period. Mean

temperature of the nurseries was determined by picking

two times during the day which were the extreme highs
7

and lows. After the high and low times were

established, two times which were halfway between these

were also used for determining mean temperature. Thus,

there was a total of four hourly periods used per day

with an average interval of six hours between them.

From these daily readings mean nursery temperature was

computed at two day intervals. The recorder was

allowed to run throughout the experimental period.

Nursery temperature was maintained at 29.2 C at

the beginning of the trials fer two weeks. The

temperature was gradually reduced by 1.2 degrees each

week meaning a temperature of 23.7 C by the end of week

5.
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VENTILATION

Ventilation rates were regulated by changing

exhaust fan speed. The outlet fans were controlled by

a AAA Glass Pac 4 Speed Variable Fan Control (AAA

Associates Inc., Niles, Mi.). Ventilation rates were

increased based on the mean weight of the entire group

of pigs so that increases occurred at the same time for

both nurseries. Daily Ventilation rates were

determined by measuring incoming and outgoing air

Velocity. Total area of the inlet opening and outlet

fans were determined. From these two sets of

measurements, total rate of air flow was calculated.

Ventilation rates in trials 1 and 2 were calcu—

lated using a plastic monometer and a hand tachometer.

Static pressure was measured by the monometer and

outlet fan Velocity by the tachometer. These two

Values were used to obtain total cubic meters of air

per minute (CM) based on manufacturers specifications.

° Ventilation rates were increased throughout both

trials. Variable fan speed was set on low for the

first two weeks, increased to medium 1 for weeks 3 and

4, medium 2 for week 5, and high for week 6.

Ventilation for these four settings are as follows:

26, 26, 33 and 40 CMM for nursery 1 and 15, 24, 28 and
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33 for nursery 2. In trial 3, ventilation rates were

10.3 and 9.6 CMM for nurseries 1 and 2, respectively,

at the low setting. Rates of 15.0 and 15.7 CMM were

obtained for nurseries 1 and 2, respectively, at the

medium 1 setting.

FEEDING AND MANAGEMENT

Pigs were fed one of four diets: (1) basal, (2)

basal + 15.6% soybean hulls, (3) basal + 5% soybean oil

and (4) basal + 5% soybean hulls and soybean hulls.

Soybean hulls were added at a level of 15.6% so that

diets 1 and 4 were formulated to be isocaloric. Diets

containing no soybean oil and diets with soybean oil

were fed in separate nurseries for each trial. Levels

of 22, 20 and 18% crude protein were used. The 22%

diets were fed until pen mean was approximately 6.8 kg

per pig. The pigs were then switched to a 20% diet

until a pen mean of 11.4 kg per pig and then to an 18%

diet for the rest of the trial. Diets were mixed using

a horizontal batch mixer. Vitamin and mineral premixes

were weighed a 5 kg balance. The soybean oil used was

purchased from Cargill Grain Corporation of Norfolk,

Va. A steel drum was lined with plastic bags, so that

rancidity due to contact with the metal would not

occur. For long term storage, Sanoquin antioxidant was
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added at 5OO ppm to guard against rancidity due to

oxidation.

Pigs were fed ad libitum. Eeeding was done in the

morning and afternoon. Average daily gain (A.D.G.),

average daily feed intake (A.D.F.I.), and feed per gain

(F/G) were recorded weekly. Dunging and urination

occurred in some feeders. In these particular cases,

contaminated feed was removed and replaced with fresh

feed by volume.

DESCRIPTION OF TRIALS

Trial 1 was conducted from July 5 to August 16,

l 1984. A total of 72 crossbred pigs were used,

consisting of 3 pigs per cage. Diets 1 and 2 (without

soybean oil) were fed in nursery 1, and diets 3 and 4

(with soybean oil) were fed in nursery 2. Average

daily temperatures for nurseries 1 and 2 are shown in

appendix figure l. Overall average temperatures in

nurseries 1 and 2 were 27.1 and 27.1.

Trial 2 was conducted from September 12 through

October 17. Seventy-two crossbred pigs were used in

the same manner as in trial 1. This trial was 5 weeks

in length as compared to 6 weeks in trial 1. Dietary

treatments were reversed from trial 1 in order to

alleviate a nursery effect (diets 3 and 4 in nursery 1
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and diets 1 and 2 in nursery 2). Average daily

temperatures for nurseries 1 and 2 are shown in

appendix figure 2. Mean temperatures for nurseries l

and 2 were 25.9 and 25.1 C, respectively. Ventilation

rates were increased as in trial 1 except for the high

setting which was not used. This was due to the fact

that trial 2 did not have a sixth week as in trial l.

During trial 2 a desirable sampling time was found for

microbiological plate counts. This was accomplished by

trial and error. Samples were taken at various lengths

of time, incubated, and then counted. Desirable plate

counts range from 30 to 300 colonies per plate. This

range was found to be at a sampling time of 4 seconds.

Trial 3 was conducted from December 5 through

January 11. The length of the experimental period was

5 weeks. Mean daily temperatures for both nurseries

are presented in appendix figure 3. Mean overall

temperatures for nurseries l and 2 were 24.8 and 27.2

C, respectively. Trial 3 varied from the other two
’

trials in that: (1) there were 5 pigs per cage rather

than 3, and (2) Ventilation rates were monitored and

maintained differently. An anemometer was used to

measure incoming and outgoing air Velocity. The

average total air flow (CMM) of air was then

calculated by multiplying air Velocity by total area of
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the inlet and outlets. Fan speed was set on low for

the first 4 weeks of the study and medium 1 for week 5.

Ventilation rates were maintained at a minimum and

stockinq rate near a maximum according to

specifications of the National Pork Industry Handbook.

This was done so that the Ventilation rates and

stockinq density more closely followed those used in

most swine facilities. Dietary treatments were the

same as in trial 1. Diet composition was changed

slightly in that only two protein levels, 20 and 18%

were used. Pigs received 20% diets up to 11.4 kg and

18% thereafter.
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TECHNIQUES USED TO ASSESS AIR QUALITY

GENERAL

Five parameters pertaining to air quality were

observed during the three trials in order to better

. understand the effects of added soybean oil. These

parameters included: (1) concentrations of ammonia and

carbon dioxide, (2) settled dust, (3) suspended dust,

(4) microbiological culturing, and (5) settled dust

ammonia. In trials 1 and 2, ammonia, carbon dioxide

and settled dust data were obtained. In trial 3, all

five parameters of air quality were examined.

AMMONIA AND CARBON DIOXIDE

Ammonia and carbon dioxide were determined by

using a colorimeter (appendix figure 4). Samples were

taken on a weekly basis at 6:00 pm on the day before

collection of performance data. Colorimetric tubes

which ranged from 2 to 30 ppm were used to measure

ammonia. Tubes used for carbon dioxide ranged from 300

to 5000 ppm. Samples were taken in the alley by

drawing two stroke volumes of air (100 cc per stroke)

through the ammonia and carbon dioxide tubes. One
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stroke volume was taken along the length of the nursery

at floor level. The second stroke volume was taken

along the middle of the double decks (between the top

V and bottom cages). Readings were taken by walking with

the sampler and gas tube in hand along the length of

the nursery in each of the two sampling positions.

While walking in each sampling position, one gradual

stroke volume of air was drawn into the sampler.

Readings were recorded and divided by two since the

colorimetric tubes are calibrated for one stroke

volume. l

SETTLED DUST

Shelves were constructed of 1.27 centimeter

plywood for collection of settled dust. Shelves were

2.4 meters long by 20.3 centimeters in width. The

shelves were mounted along the back walls of the

nurseries, and L braces were used for mounting into the

walls. The shelves were centered along the walls at

5.1 centimeters above the top of the upper deck of

cages. Two 20.3 centimeter by 20.3 centimeter square

shelves were mounted, one halfway below the air inlet

and the other halfway up the back wall.

Cylindrical devices were constructed of 1.9 1 and

.95 1 ice cream containers for collection of dust.
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Bottoms were cut from the quart cartons, and half

gallon cartons were cut to about half their original

height with the bottoms intact and inverted. Bottoms

of the half gallon cartons were partially cut

(approximately 81 mm) so that the quart cartons could

be inserted through into petri dishes. Thus, the

bottom halves of the quart cartons were covered by the

half gallon cartons. Commercially available white

chalk was used to secure the two cartons to each other

by placing a layer of chalk around the orifice of the

cutouts. Covers for the bottoms of the half gallon

cartons were anchored on the two 20.3 centimeter by

20.3 centimeter shelves and at 1.1 meter intervals

along the length of the 2.4 meter shelves. Chalk was

again used to secure the covers to the shelves. This

arrangement allowed the petri dishes to be protected on

their bottom, inside and outside sides, by the half

gallon cover, half gallon container and quart

container, respectively. There was a total of 8

positions, one for the inlet and outlet and 3 per long

shelf (2 long shelves per nursery). Containers were

placed in these particular positions in order to

prevent contamination from animal debris and for ease

of handling during collection.
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Dishes were heated at 50 C for 24 hours in a

Fisher Isotemp Oven Model 116G (Fisher Scientific,

Richmond, Va.). After the heating process, dishes were

placed in a desiccator and allowed to cool for l hour.

The dishes were then weighed using a Mettler HZOT

Analytical Balance (Mettler Instrument Corporation,

Highstown, N.J.). After preconditioning, petri dishes

were immediately secured to the bottoms of the dust

collectors. This was possible because of the lip on

the quart carton portion of the collectors. The

bottoms of the collectors and the mounted covers were

taped together so that movement and displacement of

both the collectors and petri dishes was eliminated.

In order to ensure uniform collection of dust, the

collectors were leveled. Collectors had to be level so

that no dust would settle on the inside walls.

Leveling was done twice during the weekly collection

period. Dishes were collected before and replaced with

new dishes after performance data had been obtained.

This procedure was carried out so that error involving

increased pig activity and upheaval of settled dust in

the nurseries was eliminated. Dishes were dried and

weighed in the same manner as described before

collection. A diagram of the dust collectors is shown

in appendix figure 5.
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MICROBIOLOGICAL CULTURING

A Ross Air Sampler (Ross Industries, Inc.,

Midland, Va.) was the primary device used in evalua-

ting this parameter of air quality (appendix figure 6).

The instrument is designed to draw 0.0283 CM of air

through an inlet plate containing circular orifices

onto a collection plate which is placed directly under

the inlet. Microbiological samples of nursery air were

taken during trial 2 to determine the optimal sampling

time for quantifying organisms. Sampling times of 15,

30, 45 seconds and 1, 2, 4 and 8 minutes proved too

long. Sampling times of 2, 4 and 8 seconds were later

used, and of these three time periods, plates sampled

at 4 seconds provided counts between 30 and 300

colonies. This is the standard range desired per plate

for accurate quantification of organisms.

Sheep blood agar plates (2%) were used for

collection. Plates were refrigerated until the day of

sampling. Thirty minutes before sampling, the dishes

were taken out of the refrigerator and allowed to warm

to room temperature. Plates were numbered for sampling

at this time. The air sampler was placed in the middle

of the nursery at a level between the upper and lower

decks. Collection dishes were placed in the sampler

one at a time. With each dish, the sampler was turned



61

on and allowed to run for 4 seconds. Six dishes were

used in each nursery. Sampling was done during trial 3

only, and at approximately 3:00 pm on the day before

performance data was collected. After sampling, the

collection dishes were immediately incubated for 24

hours at 37 C. Plate counts were made using a Fisher

Colony Counter Catalog No. 7-910 (Fisher Scientific,

Richmond, Va.), From the total number of colonies per

plate and sampling time, the total number of bacterial

colony forming units could be calculated by the fol-

lowing formula: N = C/0.7T ,where N = the number of

colonies collected per cubic meters of air sampled, C =

total number of colonies counted per plate, and T =

duration of sampling period (minutes). This formula

was used for each of the 6 agar plates collected per

nursery per week.

SUSPENDED DUST

A non-viable ambient particle sizing sampler was

used to separate suspended particulate matter according

to size (appendix figures 7 and 8). The sampler is a

multi-stage, multi-orifice cascade impactor which

measures size distribution and total concentration

levels of all liquid and solid particulate matter. A
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constant air flow of 0.0283 ambient cubic meters per

minute (ACMM) is provided by a continuous carbon—vane

vacuum pump. Ambient gases enter the inlet and cascade

through a series of orifice stages with successively

smaller orifice openings from stage 0 to stage 7.

Smaller particles are impacted onto the collection

plates of each stage as the air flows through the lower

stages (smaller orifices). The sampler contains 8

stages. Stage 0 is an orifice stage only. Stage 8 is

a collection stage only. The rest of the stages (l-7)

are used for impingement of particles from 10 to .4

micrometers in diameter.

Glass fiber collection discs (81 mm) which were

specifically designed for the sampler were

preconditioned in much the same manner as for settled

dust. Several preliminary sampling periods which

varied in length, were examined to determine optimal

sampling time. Determining the optimal sampling time

was a necessity since 10 milligrams of particulate

matter on any one stage represents an upper limit

because of re-entrainment problems due to overloading.

A sampling period of 3 hours was found to be adequate

in preventing overloading. Samples were taken in the

middle of the nurseries approximately 1.5 meters above

the floor. Glass fiber discs for stage O and stage 1
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were replaced after 90 minutes. This technique was

employed as a precaution against overloading since more

of the suspended dust in the preliminary studies was

deposited on these two stages. Glass fiber discs in

stages 2-8 remained intact over the duration of the 3

hour experimental period. All discs were collected

using tweezers and placed in a covered cardboard box.

These procedures helped to guard against handling

error. The discs were transported to the laboratory,

heated, desiccated, and weighed in the same manner as

described earlier. Sampling was done on a weekly basis

for trial 3 only, and on the day after performance data

was obtained.

DETERMINATION OF AMMONIA OF SETTLED DUST

The colorimetric procedure used for ammonia and

carbon dioxide reflects only the concentration of these

two gases that is in the free unbound state. Yet, some

ammonia has the ability to bind to suspended dust par-

ticles. When, ammonia is bcund to these particles, it

is unlikely to pass through the filtering section of

the colorimetric tubes. These two factors made an

assessment of settled dust ammonia inherent in order to

estimate total environmental ammonia. Settled dust
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samples for trial 3 were examined for ammonia. After

the samples were heated, desiccated and weighed,

they wer; covered with aluminum foil and frozen until

c¤mp1e;;6n of the trial. Two methods were used to mea-

sure settled dust ammonia. The Nessler procedure for

ammonia determination was used but was found to lack

the sensitivity to detect the low concentrations of

ammonia in the samples. The second procedure involved

the use of a Specific Ammonia Ion Electrode Model 95-10

(Orion Research Inc., Cambridge, Ma.). Standard

solutions of 1, 10, and 100 ppm ammonia were made by

serial dilution from a 1000 ppm stock solution.

Electrode sensitivity was determined by measuring the

change in millivolts between the 1 and 10 ppm

standards. Changes in the electrode potential of the

standards were recorded for up to 15 minutes (one

reading per minute). Optimal sampling time was deter-

mined by plotting these values over time. The point at

which the change in electrode potential was no longer

linear was designated as the desired sampling time.

This point was found to be at 6 minutes.

Settled dust samples were thawed to room

temperature. Fifty milliliters of 10 ppm standard

ammonium chloride was added to each sample. Dust that

adhered to the bottom of the petri dishes was scraped
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so that more uniform mixing of the dust and standard

solution, and a greater amount of dust dissolved in

solution. The sample was transferred from the plastic

petri dish into a 50 milliliter beaker and placed on a

magnetic plate. The ammonia electode was inserted into

the sample and connected to a Fisher Accumet pH Meter

Model 620 (Fisher Scientific, Richmond, Va.). A 0.1

milliliter aliquot of 10 molar sodium hydroxide was

added so that the ammonium ion was converted to ammonia

according to the following reaction:

H20

The pH meter was turned on and millivolt readings were

taken after 6 minutes for each sample. The electrode

was stored in a dilute 10 ppm ammonium chloride

standard with added sodium hydroxide between

measurements. When a new reading was ready to be

taken, the electrode was removed from the ammonium

chloride standard, rinsed with distilled water and

placed in the new sample.

ANALYSIS OF FEEDS

Feeds were analyzed for acid detergent fiber and

neutral detergent fiber according to the Goering and

VanSoest (1970) procedure for fiber determination.
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Feed samples were analyzed in triplicate and an average

value for each sample was calculated. Energy

determinations were analyzed by the use of a bomb

calorimeter. The Kjeldahl procedure was used for the

evaluation of nitrogen content of the rations. The

rations were analyzed in duplicate for both energy and

nitrogen determination and average values calculated.

Average dry matter percentages were also calculated.

Before analysis each feed sample was ground in a sample

mill with a l millimeter screen.

STATISTICAL ANALYSIS

All data were subjected to the standard procedure

used in the analysis of variance. Analysis of the

performance, gas, and settled dust were done separately

for each trial and then combined for all three trials.

Main effects analyzed for the performance data were:

ration, sex, replicate and the addition of soybean oil

and soybean hulls. _ Interactions consisted of ration-

by—replicate, sex-by-replicate, and ration-by-sex. Pen

means were used as the experimental unit. Ammonia and

carbon dioxide were analyzed for the effects of week

and addition of soybean oil. The effects of trial,

addition of soybean oil, week and position of
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collection were evaluated for settled dust data. Two-

way interactions of soybean oil-by-week and week-by-

position of collection were also statistically

analyzed. Mean weekly values for the microbiological

data of nursery 1 and 2 were compared to each other for

the effect of added soybean oil. Over-all mean values

for the entire trial were computed for each nursery and

were analyzed for the effect of soybean oil and week.

Data compiled for dust particle sizing was not

statistically analyzed. Weights for each particular

size range were calculated as a percentage of the total

amount of dust collected. These percentages were then

plotted on logarithmic graph paper for each nursery and

week.
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RESULTS FOR INDIVIDUAL TRIALS

Trial 1

In trial 1 there was no effect of dietary

treatment on ADG. However, it was noted that pigs fed

diets containing added soybean oil grew slower during

weeks 1 through 2 (p<.O5). Overall differences for

other periods were not significant. Added soybean oil

resulted in a 4.7% reduction in ADFI (P<.OS). Diets

containing added soybean hulls significantly increased

ADFI by 7.6% (P<.01). An overall dietary effect on F/G

was observed for weeks 1-6 (P<.10). Diet 1 improved

F/G by 8.8% over diet 2 (P<.O5). The addition of

soybean oil caused a 6.4% improvement in F/G (P<.05).

Added soybean hulls increased F/G by 5.9% (P<.10).

There was no difference in F/G when diets 1 and 4 were

compared. There were no significant dietary effects on

final body weight of the pigs. Treatment effects for

weekly performance are shown in appendix table 1.

There were no significant differences between

nurseries 1 and 2 for ammonia or carbon dioxide. On

the other hand, there were variations in the levels of



69

ammonia and carbon dioxide for each week in the trial

(P<.01, P<.10). Concentrations for ammonia and carbon

dioxide in trial 1 are shown in appendix figures 9 and

12.

Settled dust concentrations in trial 1 ranged from

7 milligrams to 18.8 milligrams in nursery 2 (with

added oil), and 18.3 to 34.0 milligrams in nursery 1

(without added oil). An increase in settled dust over

time for weeks 1 through 6 was seen (P<.01). The

addition of soybean oil to the diet resulted in a 58%

reduction in settled dust (P<.01, appendix figure 15).

Position of the collectors as well as interactions

between nursery and week; nursery and position; and

week and position had a significant effect on settled

dust (P<.01). These results were probably due to

Variations in air flow patterns between the nurseries.

Also, when statistically analyzed these interactions

are in part due to a scaling effect over time (Values

increased over time). Position of collection produced

. the highest settled dust concentrations where air flow

was the poorest and lowest where the air flow was

highest.
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Trial 2

In trial 2, final body weight was unaffected by

dietary treatment (appendix table 2). No effect of

individual diets, added soybean oil, or added soybean

hulls on ADG was noted. Adding soybean oil to the diet

caused an 11.2% reduction in ADFI (P<.05). The

addition of soybean hulls produced no statistical

differences in ADFI. Pigs fed diets l and 4 showed no

Variations in ADFI. There was no dietary effect on

F/G. Added soybean oil reduced F/G by 7.1% (P<.05).

No change in F/G occurred when soybean hulls were added

to the diets. Pigs fed diets 1 and 4 showed no dif-

ferences in F/G.

Week of trial had no effect on ammonia levels,

however, there was an effect of nursery on ammonia

(P<.lO, appendix figure 10). Average ammonia

concentrations for nursery 1 (with oil) was 2.5 ppm and

1.49 ppm for nursery 2 (without oil). There was no

effect of either week of trial or nursery on carbon

dioxide concentrations (appendix figure 13). Average

carbon dioxide concentrations for the entire trial were

1580 and 1260 ppm for nurseries 1 and 2, respectively.

Settled dust levels in trial 2 ranged from 12.5 to

32.4 milligrams in nursery 1, and from 19.5 to 43

milligrams in nursery 2. Nursery 1 showed a
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significant decrease in settled dust due to added

soybean oil (P<.O1, appendix figure 16). The mean

settled dust for weeks 1 through 5 for nursery 1 was

19.3 milligrams and 30.8 milligrams for nursery 2. The

addition of soybean oil resulted in a 37% reduction in

settled dust. An increase of settled dust in weeks 1

through 5 for both nurseries was significant (P<.Ol).

Position of dust collection and nursery-by-position

interactions influenced settled dust (P<.0l). There

was no effect of either nursery—by-week or week-by-

position on dust levels.

Trial 3

In trial 3 final body weight was reduced by 3.4%

when soybean hulls were added to the diet (P<.10,

appendix table 3). Adding soybean oil had no effect on

final body weight. Diet 4 elucidated a 7.4% increase

in ADG over diet 1 (P<.O5). Pigs fed diets containing

added soybean hulls grew at a 5.3% faster rate (P<.lO).

Adding soybean oil to the diet had no effect on daily

gain. Pigs fed diets containing added soybean hulls

required 7.1% more feed per day (P<.O5). Diets

containing added soybean oil produced no improvement in

ADFI. An increase of 12.3% in ADFI occurred when pigs

were fed diet 2 (added hulls) when compared to diet 1
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(P<.05). There was no effect of soybean oil, soybean

hulls or diet 1 versus 4 on F/G.

Ammonia concentrations were unaffected by week of

trial or nursery (appendix figure 11). Average ammonia

concentrations were 1.95 and 2.4 ppm for nurseries 1

and 2, respectively. Neither week of trial or nursery

had any effect on carbon dioxide concentrations

(appendix figure 14). Average carbon dioxide readings
A

for nursery 1 were 1710 ppm and 1650 ppm for nursery 2.

The addition of soybean oil resulted in a 45%

reduction of settled dust (appendix figure 17). The

range of settled dust was 29.5 to 109.0 milligrams for

nursery 1 and 13.6 to 68.3 milligrams for nursery 2.

Mean weights for settled dust were 72.3 and 40.8

milligrams for nurseries 1 and 2, respectively.

. Settled dust increased (P<.01) throughtout the trial.

Significant effects were also seen for position, nurse-

ry—by-week, nursery-by-position, and week-by—position

(P<.01).

Bacterial colony counts for both nurseries

increased with the week of the trial except for week 6

(P<.O1, appendix table 4). The average number of

colonies was higher for nursery 1 (without soybean

oil), 177 versus 128 for nursery 2 (with soybean oil,

P<.01). Because of the increase in the total number of
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microorganisms over time, a weekly analysis between

nurseries was also done. Addition of soybean oil

reduced the number of microorganisms in weeks 2,3,4 and

5 (P<.Ol). There was no difference in week 1.

Suspended dust was measured during weeks 4 and 5.

At week 4, samples were taken for 3 hours using the

Anderson 0.0283 ACM Non-Viable Ambient Sampler as

previously described. During week 4, total dust

collected which was smaller than 5 microns was higher

in nursery 1 (without soybean oil) than in nursery 2

(with soybean oil). However, during week 5, dust

collected which was smaller than 5 microns was higher

in nursery 2 as opposed to nursery 1. In week 4, 16.2%

of the total dust collected in nursery 1 was smaller

than 5 microns in diameter. Only .6% of the dust

’
collected in nursery 2 was smaller than 5 microns.

Percentages of dust smaller than 5 microns for week 5

in nurseries 1 and 2 were 2.5 and 61.5, respectively.

Attempts to measure settled dust ammonia was done

using the Nessler method and specific ammonia ion

electrode method. Dummy samples taken using the

Nessler method were below the detection level for

ammonia. Inconsistent results were obtained when the

specific ammonia ion electrode was used on the experi-

mental samples. Readings fluctuated above and below
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the 10 ppm standard which was added to each sample. In

theory, all readings should have been greater than the

standard solution if ammonia was present. The failure

to detect ammonia was probably due to the heating

process prior to weighinq.
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TABLE l . AVERAGE DAILY GAIN, AVERAGE, DAILY FEED INTAKEAND FEED PER GAIN RATI0 OF WEANLING PIGS FED
DIETS WITH ADDED SOYBEAN OIL AND HULLS IN TRAIL 1.

Dietsa
Diets 1 2 3 4 S.E.Added soybean oil 0 O + +Added sovbean hulls 0 + 0 +
Average dailyegain, kg

Week 1-2 .17 .16 .14 .14 .01V 1-3 .26 .24 .22 .25 .011-4 .32 .32 .29 .32 .011-5 .36 .36 .36 .38 .01 ~1-6 .39 .39 .39 .40 .01
Average daily feed intake, kg

Week 1-2db .27 .30 .24 .27 .02
1-3dc .40 .46 .36 .41 .02
1-4dc .54 .60 .50 .55 .021-Sec .63 .72 .62 .67 .01 ”
1-6 .73 .81 .71 .75 .01

Feed per gain ratio
Week 1-2dc 1.66 1.95 1.77 1.95 .081-3 1.58 1.83 1.62 1.65 .041-4dc 1.68 1.88 1.70 1.76 .041-Sec 1.77 1.97 1.73 1.77 .031-6 1.87 2.05 1.82 1.87 .02

aEach mean represents 6 pen: of 3 pigs per pen. Average initial andfinal weight: were 6.0 and 21.5; 6.0 and 21.6; 6.0 and 22; 6.0 and21.8 kg, respectively for diets 1 through 4. _

bcSoybean hulls effect (P<.10; .05)

d°Soybean oil effect (P<.10: .05)
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TABLE 2. AVERAGE DAILY GAIN, AVERAGE DAILY FEED
INTAKE AND FEED PER GAIN RATIO OF WEANLING PIGS

FEED DIETS WITH ADDED SOYBEAN OIL AND HULLS IN TRIAL 2.
Dietsa

Diets 1 2 3 4 S.E.
Added soybean oil 0 0 + +Added sogbean hulls 0 + 0 +
Average dailydgain, kg ‘

Week 1-2 .25 .21 .19 .20 .011-3 .35 .33 .31 .33 .011-4 .40 .39 .39 .38 .011-5 .44 .45 .43 .42 .01

Average dailydfeed intake, kg
Week 1-Z .42 .39 .37 .35 .021-3: .65 .65 .55 .56 .021-4e .79 .82 .72 .72 .03

1-5 .97 1.02 .87 .89 .04

Feed per gain ratio
Week 1-Zd 1.71 1.96 2.00 1.80 .051-3a 1.85 2.02 1.76 1.73 .041-4d 2.00 2.12 1.85 1.89 .03

1-5 2.20 2.28 2.06 2.10 .03

aEach mean represents 6 pens of 3 pigs per pen. Average initial and
final weights were 6.8 and 22.2: 6.8 and 21.7, 6.8 and 21.7; 6.7
and 22.3, respectively for diets 1 through 4.

bcSoybean hulls effect (P<.10: .05)

deSoyI'>ean oil effect (P<.10; .05)
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. TABLE 3. AVERAGE DAILY GAIN, AVERAGE DAILY FEED INTAKE
AND FEED PER GAIN RATI0 OF WEANLING PIGS FED

DIETS WITH ADDED SOYBEAN OIL AND HULLS IN '1'RIAL 3.

Dietsa
Diets 1 2 3 4 5.E.
Added soybean oil 0 0 + +
Added soybean hulls 0 + 0 +
Average daily gain, kg

Week 1-2d .26 .31 .31 .30 .02
1-3 .31 .35 .35 .36 .02
1-4b .35 .39 .39 .39 .01
1-5 .39 .43 .42 .44 .01

Average daily fed intake,kg
Week 1-2 .31 .34 .37 .35 .03

1-3d .45 .50 .51 .51 .031-4b .52 .59 .62 .64 .03
1-5 .65 .74 .72 .74 .02

Feed per gain ratio
Week 1-2 1.17 1.10 1.19 1.13 .02

1-3e 1.45 1.46 1.45 1.42 .02
1·4 1.49 1.51 1.60 1.61 .01
1-5 1.66 1.73 1.71 1.69 .01

aEach mean represents 6 pens of 5 pigs per pen. Average initial and
final weights were 7.6 and 21.4; 7.6 and 22.5; 7.6 and 22.9; 7.6
and 22.6 respectively for diets 1 through 4.

bcSoybean hulls effect (P<.l0: .05) ·

d°Soybean oi.1 effect (P<.10; .05)




