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pNoRlol,

Stellingen

1. Opname van prégefermenteerde grondstoffen in het biggenvoer heeft, net als de
toevoeging antibiotica aan biggenvoeders, een positief effect op de groei en voederconversie
van gespeende biggen. Prégefermenteerde grondstoffen zijn een alternatief voor het gebruik
van antibiotica in het biggenvaer.

Dit proefschrift,

2. Een gespeende big van circé 5 weken oud consumeert per kg metabool gewicht avenveel
alcohol als een mans van 85 kg die dagelijks twee glazen bier drinkt.
Dit proefschrifi.

3. Het berekende energieverlies tengevolge van de fermentatie van een koolhydraatrijke
grondstof wordt gecompenseerd door een geringere onderhoudsbehoefte van de gespeende
big.

Dit proefschrift.

4. Hoewel het gezegde luidt dat “wat in het vat zit, verzuurt niet” biijkt dat koolhydraten die in
het vat zitten snel verzuren,
Dit proefschrift.

5. Het Nederlandse varken hergebruikt op jaarbasis circa 3 miljard kg vochtrijke bijproducten
uit de humane levensmiddelenindustrie. De varkenshouderij is daarmee een onmisbare
schakel in de natuurlijke kringloop van voedingsstoffen.

6. De samenvoeging van alle op de veehouderij georiénteerdé ‘onderzoeksinstituten tot één
oenderneming lijkt tegenstrijdig met de wetten van de mededingingsautoriteiten.

7. Na dramatische gebeurtenissen als de vuurwerkramp in Enschede (13 mei 2000) of de
terroristische aanslag op het WTC (11 september 2001} moeten alle sportwedstrijden voor.
minimaal één week worden afgelast.

Stellingen behorende bij het proefschrift:
Fermentation of liquid diets for pigs.
Ronald Scholten, 27 November 2001




Voor Pa en Hermien
For Letti

in Memoriam:
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Voorwoord

Dit proefschrift is het resultaat van ruirn 4,5 jaar nceste arbeid. Een fulitime baan werd
gecombineerd met een promotieonderzoek., Zonder de hulp van vele mensen was deze
combinatie absoluut onmogelijk geweest. Voor hen een persoonlijk woord van dank.

Allereerst de begeleiders van het onderzoek: prof. dr. ir. MW.A. Verstegen, dr. ir. L.A. den
Hartog, dr. ir. J.W. Schrama, ir. C.M.C. van der Peet-Schwering en dr. P.C. Vesseur, Martin, jouw
enthousiasme, goede humeur en geniale ideeén zijn bewonderenswaardig. Ondanks je drukke
werkzaamheden, had je altijd een luisterend oor voor zaken aangaande mijn promotie en
ontwikkelingen in mijn privé leven. lk ben je z&ér erkentelijk voor dit alles, en hoop je nog
regelmatig te ontmoeten. Leo, als voormalig directeur van het Praktijkonderzoek Varkenshouderij
(PV} heb je me de mogelijkheid geboden om een promotieonderzoek uit te voeren. Het
onderwerp “fermentatie van brijvoer voor varkens” was uniek en de resultaten van de
experimenten zijn zodanig interessant dat vervolgonderzoek inmiddels gestart is. Leo, jouw
helikopterview was uniek en zorgde voor voortgang in de besprekingen en het wegschrijven van
de artikelen. Bedankt. Johan en Carola, jullie positief kritische inbreng bij de opzet van de
experimenten en de cormectie van de artikelen waren zeer waardevol. Mijn eerste concepten
waren veelal praktisch geschreven; jullie zorgden voor het 'opkrikken’ van het wetenschappelijk
niveau. Jullie statistisch inzicht is erg goed. Bij voorkeur laat ik me het juiste statistisch model
aanleveren, terwijl ik me liever op de interpretatie van de resuitaten richt. De combinatie was dus
vitermate efficiént en plezierig. Petér. door je nieuwe functie kon je de afronding van het geheel
niet meemaken. Tijdens mijn periode bij het PV had jij als afdelingshoofd en programmalsider
een belangrijke rol in dit promotieonderzoek. Bedankt voor je positieve inbreng.

Eind 1998 werd ik door Beuker Vochtritke Diervoeders B.V. benaderd om bij hen de functie
*hoofd diervoeding en kwaliteitszorg” te vervullen. Kees van Gorp, Johan van Engen en Piet
Brokking boden me een dynamische job bij een internationaal opererend en groeiend bedrijf.
Tevens kreeg ik de mogelijkheden om mijn promotieonderzoek af te ronden. Ik besefte dat dit
een buitenkans was. Hoewel het qua werkdruk niet altijd eenvoudig was, kan ik nu met
tevredenheid vaststellen dat het een prima keuze was. In de plezierige en hardwerkende ‘no-
nonsense' Beuker-familie was het gemakkelijk om vol gas te blijven geven. Alle mensen bij
Beuker: hartelijk bedankt!



Voorwoord

In de jaren dat ik bij het PV werkts, is een goede kameraadschap met Martin Rijnen en Erik
Bruininx ontstaan. Martin, de samenwerking begon toen je participeerde in de fermentatieproef.
We hebben in die proef enorm veel werk verzet (ook ‘s nachts). Mede daardoor was het een
perfect project. Helaas kampten we beiden in die periode ook met onbegrijpelijke sterfgevallen
in de directe omgeving. Beiden hebben we ons er door heen geslagen. Mede door die periode
weten we wat we aan elkaar hebben. |k wil je ook danken voor de grote inzet die je bij de
correctie van mijn artikelen hebt geleverd. Het doet me deugt dat ik je binnenkort als collega bij
Beuker Vochtrijke Diervoeders mag verwetkomen. 1k wens je veel succes, zowe! privé, als met
de afronding van je promotieonderzoek als wel met je nieuwe baan,

Erik, als kamergenoot, moppentapper en collega-visser was het prettig vertoeven met jou.
Ons motie luidt “een dag niet gelachen is een dag niet geleefd”. Natuurijk hielden we ons ook
met serieuze zaken bezig. Zo beoordeelden we het vrouwelijk schoon, aten regelmatig een
pizzaatie JAFFA en hebben we onze hypothese “de schoenmaat van vrouwen” na herhaaldelijke
waamemingen moeten verwerpen, Bedankt voor de leuke tijd, je hulp bij de diverse proeven en
de correcties van de artikelen. Ik wens je veel succes met je promotieonderzoek en verdere
loopbaan. Thanks, my humble server.

Het personeel van het Varkensproefbedrijf te Sterksel verdient een pluim. Koos Broekman, je
was voor mij méér dan de initiator van het onderzoek met vochtrijke diervoeders. Ik hab veel van
je geleerd en je toonde ook interesse voor persoonlijke zaken. Ook Anita Hoofs, Mart Smolders,
Daniéile van de Loo en Anton van Zeeland wil ik danken voor de goede samenwerking. De
‘jongens’ van de proefbedrijven te Sterksel, Rosmalen en Raalte ben ik dank verschuldigd voor
de vitvoering van de diverse voedingsproeven.

Binnen het PV waren Jan Huiskes en Nico Verdoes de ‘sleutelfiguren’. Jan, jij was mijn eerste
chef op het PV en het project “mogelijkheden tot het mesten van vieesbeertjes™ verliep prima.
Vele slachterijen en vleesverwerkende bedrijven heb ik bezocht, wat erg interessant en lesrzaam
was. Door jouw I&R project in Hongarije hebben we ook nu nog af en foe contact. Bedankt voor
alles en ik wens je het allerbeste. Nico, als programmaleider “bijproducten en granen” had je een
belangrijke bijdrage aan mijn loopbaan. In korte tijd hadden we een groot aantal projecten gericht
op brijveer, bijproducten en granen. Jouw nuchtere en efficignte wijze van werken, was voor mij
erg plezierig en een punt van herkenning. Bedankt en succes.

Met enige trots kijk ik terug op de biggenproef waarin gedurende vijf maanden, zeven dagen per
week, tweemaal per dag vier soorten brijvoer handmatig werden aangemaakt en verstrekl. De
hulp van Gisabeth Binnendijk en Hans Diepstraten was daarbij van onschatbare waarde.



Voorwoord

Gisabeth, je werklust, collegialiteit en nauwkeurigheid van werken zijn bewonderenswaardig.
Hans, je praktische ervaring en werklust bleken goad van pas te komen. Het was een groot
genoegen met jullie samen te werken. Succes.

Op het goed geoutilleerde laboratorium van Huug Boer zijn enorme aantallen analyses
uitgevoerd. Huug, je had een treffende uitspraak over de hoeveelheid analyses: “dat is een puist
werk”. Bedankt voor de mogelijkheden die je geboden hebt. Het was klasse! Ook Truus Post,
Marjan van ‘t End, Jane Martine Muijlaart, Meike Booij en Dick Bongers wil ik danken voor de
arbeid die zij hebben verricht. Piet van Leeuwen en Tamme Zandstra wil ik danken voor het
dissecteren van de biggen. De dagen waren lang, maar mede door jullie erg gezellig. Regelmatig
heb ik ‘blauw’ gelegen van het lachen.

De Leerstoelgroep Microbiologie ben ik dankbaar voor de perfecte mogelijkheden die ze hebben
geboden om de vele microbiologische tellingen uit te voeren. Caroline Plugge en Fons Stams
zorgden voor de begeleiding. Melike Balk, thanks for camying out the huge numbers of microbial
counts.

The collaboration with Prof. Peter Brooks (University of Plymouth, United Kingdom) and Colm
Moran was very interesting and exciting for me. Peter, you are one of the main researchers in
the area of fermented diets. | leamed a lot from you and hopefully we stay in contact. Colm, you
did an excellent job during your stay in Rosmalen. Thanks a lot and | hape your carrier at Alltech
will be successful. We stay in touch,

In 1998 en 1999 heb ik tegenslagen in de privé-sfeer moeten verwerken. Mijn speciale dank gaat
uit naar Saskia en Benno Schildkamp, twee uitzonderlijke mensen. Jullie waren er voor me en
jullie steun was geweldig. |k heb veel van jullie geleerd. Benno, je bent als een broer voor me,
Als ‘oudste’ broer is het dan ook legisch dat jij reeds vader bent. Zodra Rick wat ouder is, heeft
hij een vakantieadres in Hongarije. Jullie zijn altijd van harte welkom! ik wens jullie veel succes
met de bouw van jullie huis op jullie eigen droomplekje. Geniet er van.

Tijdens mijn studietijd in Wageningen, en ook de jaren erna, heb ik een prima tijd in Renkum
gehad. Mevrouw van der Veen, ik ben u dankbaar voor de vitstekende zorg. Nog steeds kom ik
met plezier bij u een lekker bakje koffie drinken of een preischotel eten. Bedankt voor alles.
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Mijn ouders hebben me altijd gestimuleerd het beste uit mezelf te halen. Pa, ik herinner me dat
ik in de brugkfas van de HAVO van ‘deskundigen’ het advies kreeg om een opleiding aan de
Middelbare Agrarische School te volgen. Volgens hen was dat het hoogst haalbare. Dat leek me
een geniaal idee, want dan hoefde ik minder huiswerk te maken en kon ik nog meer voetballen...
Achteraf ben ik blij dat je dit tegenhield. Hermien, voor jou heb ik grote bewondering en diep
respect. Je bent een liefdevolle moeder voor me. Pa en Hermien, jullie hebben enorm veel
bereikt door hard te werken en met beide voeten op de grond te blijven staan. Die instelling en
mentaliteit blijf ik als voorbeeld gebruiken. lk hou van jullie en ben enorm trots op zulke ouders.
Bedankt voor alle steun die ik ten allen tijde van jullie heb mogen ontvangen. Aan jullie, en aan
Letti, draag ik dit proefschrift op.

Letti, you gave me back my life and my energy. Your power, love and support are the main
reasons that my Ph.D. dissertation is finished yet. Kiszdndm szépen édesem. in 1999 | made
an important decision in my personal life. It was not an easy decision, but the best and only right
one. We are now more than two years together, we engaged and we live together in Hungary,
Danszentmiklds. | want to thank Julika, Ferenc, Feci and Lajos for accepting me and heiping me
to feel at home in Hungary. | realized that Hungarians are friendly people wha still respect the
meaning of life and are proud to be Hungarian. Letti, you successfully finished your study at the
Agricultural University in Kaposvar. It is now time fo realize our dreams and build up a nice future,
in private as well as in business. Our new pig farm NOREL KFT is one part of that future. Nagyon
szeretlettikém. For you, and my parents, | offer this dissertation,

Doeolel

Buurse, The Netherlands November 2001
Danszentmiklos, Hungary
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General infroduction

General Introduction

in the last 30 years large changes have occurred in pig husbandry and pig nutrition. Until the
early 80’s it was usual in the Netherlands that pigs were fed manually twice per day using
long troughs. Directly after feeding, the feed for the next feeding time was put in the trough
already. Water was sprinkled on top of the feed and as a consequence feed could soak {(and
ferment) several hours till the next feeding time. With the increasing size of the pig farms,
manual feeding was replaced by automatic feeding systems. Most pigs were fed on dry diets,
but during last 15 years a clear tendency towards liquid feeding systems was observed. In
the early 80's the use of liquid co-products from the human food industry was introduced into
pig nutrition. The amount of liquid co-products available for use in pig nutrition increased
rapidly. In line with that, the number of pigs fed with liquid feed systems increased. In the
Netherlands, nowadays about 22.5% of all slaughter pigs and 11% of all sows is fed a liquid
diet with one or maore liquid co-products (Van Gorp, personal communication). About 75% of
the liquid co-products used in Dutch pig nutrition can be classified as carbohydrate-rich and
have a high potential for fermentation during storage (Sc.  net al,, 1998).

Fermentation is a process whereby starch and sugar . ticular are transformed by
microbes into the fermentation products like lactic acid, volatile . ..y acids (VFA), ethanol and
CO: (Prescott et al., 1996). Depending on the type of microbes (bacteria, yeasts, moulds) the
amount and proportion of the different fermentation products differ (Prescolt et al., 1996).
Fermentation is regarded as one of the oldest methods of food processing aiming a
prolongation of shelf-ife and improved palatability. Bread, beer, wine and cheese are well-
known examples of fermented human foods, which originate from long before Christ
{Anonymous). Although modern focd technology has contributed to the present-day high
standard of quality and hygiene of fermented foods, the principles of these processes have
hardly changed. A varisty of fermented foods are very popular with the consumer because of
their attractive flavour and their nutritional value.

FERMENTED FEEDSTUFFS IN ANIMAL NUTRITION

Besides the use of fermentation in human nutrition, also in animal nutrition fermented
feedstuffs are well-known, e.g. silages of grass, maize and sugar beet pulp. Processing of
food for human use yields large quantities of liquid co-products. These producls are
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General introduction

increasingly used In pig nutrition (Scholten et al., 1998). !t is only some years ago that co-
products from the food industry were either discharged inlo sewers, used as fertilizers on the
land, dumped at waste sites, burnt into the atmosphere or dried to 88% dry matter and
processed into compound feed (Scholten and Verdoes, 1997). In most countries this still
happens. Because of strict environmental policy, however, these methods become either
impossible or not attractive, dus to restrictions by law and high disposal levies. Alternative
outlets for co-products have to be found. Co-products from the food industry generally
contain nutrients {easily degradable carbohydrates, fat, protein) that have a high feeding
value for pigs. The increasing number of pig farms with automated liquid feed installations
and the possibility to reduce feed costs allowed a new market for liquid co-products: the pig
industry (Table 1).

Table 1: Amount of liquid co-products (x 1,000,000 kg) used in Dutch pig nutrition
{OPNV, 2000)

Industry 1993 1996 1999
Wheat processing 650 885 963
Potato processing 350 525 684
Milk 300 300 500
Brewery 80 100 170
Sugar 25 50 21

Other 250 480 462
Total 1,655 2,340 2,800

Detailed information about the amount of liquid co-products per country is scarce. Despite,
it can be estimated that the total amount of liquid co-products used in European pig nutrition
is huge. Per year in Denmark 1,800,000 tons (C.F. Hansen, personal communication}, in The
Netherlands 2,800,000 tons (Table 1), in Northern France about 500,000 tons (Moreau et al.,
1992) and Switzerland 1,300,000 tons (Chaubert, 1995) is used in livestock, mainly pigs.
Several factors contribute to the expectation that in Europe the use of liquid co-products in
animal nutrition will increase further the coming decades. First, the amount of co-products
originating from the human food industry which is available for pig nutrition is increasing. This
is due to the increase in number of people and the increase in the welfare levels in most
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countries. Second, there is increasing pressure to reduce the use of natural energy sources
(e.g. gas) and to protect the environment by recycling of minerals.

Although there is a wide range of products available, liquid wheat starch, potato steam
peels and whey are the most used liquid co-products (Scholten et al., 1999). The majority of
liquid co-products contain high levels of carbohydrates, mainly starch and sugar. In feeding
tables (e.g.. CVB, 2001) nutrient compositions and nutrient digestibility coefficients from
several liquid co-products are published. However, during storage of carbohydrate-rich liquid
co-praducts, fermentation occurs and the characteristics of the co-products changed (Smits,
1998, Scholten et al., 1998). There is a gap in knowledge about the magnitude of the
fermeniation process and the consequences for the chemical and physical characteristics of
the fermented products. The fermentation process might influence the digestibility of the
nutrients. Consequently, growth performance (daily gain, feed intake, feed to gain ratio) and
health of pigs fed fermented diets, might change. Knowledge on the chemical composition is
needed to determine feeding value and to optimise the inclusion of fermented liquid
feedstuffs for performance and pig health. Thersfore, this research has been focused on the
fermentation kinetics of liquid feedstuffs, commonly used in current pig nutrition, and the
effect of feeding fermented diets on growth performance, pig health and gastrointestinat
characteristics of pigs.

DEFINITION OF THE PROBLEM

Fermentation is a complex process that involves many factors, e.g. time, temperature,
amount of type of microbial population, amount and type of substrate available. In human
nutrition this process is widely used and well studied. In pig nutrition, however, the process of
fermentation of diets is not well studied. As described before, the chemical compasition, and
the changes in chemical composition, are not well known, The interest of researchers in the
use of fermented pig diets increased during the last decade. In general, two possible
methods of fermented pig feeds are examined. First, the fermentation of carbohydrate rich
liquid co-products is studied. Second, the fermentation of complete compound diets is
studied. The fermentation process has consequences for various areas of scientific research,
like chemistry, microbiology and physiclogy. So far, however, studies were mainly focused
on growth performance {(daily gain, feed intake, feed to gain ratio) of pigs (Russell et al.,
1996; Mikkelsen and Jensen, 1997, 1998). Up till now, not much attention has been paid to
the fermentation kinetics of liquid pig feeds, cormmonly used in pig nutrition. Fermentation is
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a dynamic process resuiting in change of chemical composition as well as physical
properties. During fermentation carbohydrates are transformed into lactic acid, volatile fatty
acids, ethanol and CO. (Prescott et al., 1996). Therefore, storage time may be an important
determinant for the magnitude of changes in chemical and physical compositian of'liquid pig
diets. These changes can affect the nutritional value of these pig diets. Information about
changes in nutrients, pH, organic acids and ethanol during the fermentation of commonly
used pig diets is needed to evaluate changes of feeding value,

Most research has been direcled towards the effect of feeding completely fermented fiquid
compound diets on animals, which had ad Jibitum access to feed. In general, piglets that had
ad libitum access to fermented diets, showed higher daily feed intake and higher daily gain
compared to piglets that had ad libitum access to non-fermented liquid diets (reviewed by
Jensen and Mikkelsen, 1998). However, no effect on feed to gain ratio was observed
{reviewed by Jensen and Mikkelsen, 1998). This means, that despite the fermented diet had
lower pH and higher levels of lactic acid and other organic acids, no improvernent of the feed
to gain ratio was observed. This might be due to protein fermentation, which occurs when
completa compound diets, high in protein and amino acids are fermented. Microbes can be
easily transform free amino acids into the undesirable components ammonia and toxic
amines (Pedersen, 1999, 2001), which are harmful for the gastrointestinal mucosa (Visek,
1972, 1978). During 24 hour fermentation of a liquid compound diet about 25% of the added
synthetic lysine disappeared (Pedersen, 1999). This confirms that fermentation of amino
acids can occur in liquid compound diets. In contrast to the results reported for fermented
compound diets, the addition of individually fermented carbohydrate rich liquid co-products to
a liquid pig diet improved daily gain as well as feed to gain ratio (Scholten et al.,, 1998).
Therefore, it is interesting to study in more detail the changes in protein and amino acids
during fermentation of individually fermented carbohydrate rich products. It can be suggested
that fermentation of individual carbohydrate rich feedstuffs might be a more attractive
concept than the fermentation of complete compound diets.

Based on a limited number of studies, pigs fed fermented diets or fermented co-products
showed favourable daily gain (Jensen and Mikkelsen, 1998; Scholten et al., 1998), feed to
gain ratio (Scholten et al., 1998) and pig health {Scholten et al., 1998) compared to pigs fed
non-fermented liquid diets. Fermented diets are characterised by a low pH, high levels of
lactic acid and volatile fatty acids, and high amounts of lactic acid bacteria (probiotics).
Addition of organic acids to pig diets improve the total tract digestibility of energy and crude

6
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protein (reviewed by Partanen and Mroz, 1999). Furthermore, it is known that short chain
fatty acids are beneficial for intestinal epithelial proliferation in rats and pigs (Sakata, 1987,
Sakata et al.,, 1995). This is supported by the fact that villous height in pigs is positively
correfated with luminal level of short chain fatty acids (Nousiainen, 1891). Nutrients and leve!
of feed intake after weaning seems to prevent the villous shortening (Makkink, 1993; Van
Beers-Schraurs, 1996). In human foods fermentation is used as food conservation hut also
for improving flavour: lactic acid is used as flavour enhancer (Shelef, 1994). Several trials
with the addition of lactic acid to pig diets show that lactic acid increase feed intake (e.g.
Roth et al., 1993). Fermented diets, high in lactic and acetic acid, might act beneficial on
preventing villous shortening by improved feed intake as well as by the high leve! of short
chain fatty acids. However, there is a gap in the knowledge about the effect of fermented
diets on the gastrointestinal characteristics, eg., level of pH and organic acids, and
morphology of the villi in the small intestine.

AlM OF THIS THESIS

The general objective of the research reported in this thesis is to investigate the fermentation
of liquid pig diets and the impacts on diet composition, gastrointestinal characteristics and
growth performance traits. The specific objectives were:

1. To review literaturs, on the use, characteristics and effects of fermented diets and
feedstuffs on growth performance and pig health and the possible modes of action of
fermented feedstuffs;

2. investigate the fermentation kinetics of complete compound diets during storage under
practical conditions;

3. Investigate the fermentation kinetics of individual carbohydrate-rich feedstuffs during
storage under practical conditions;

4. Investigate the effect of the addition of a fermented carbohydrate rich feedstuff to liquid
weanling diets on a) the growth performance and animal health, and b) the microbial,
physiological and morphological aspects of the gastrointestinal tract.
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OUTLINE OF THIS THESIS

A review was conducted on fermented liquid co-products and fermented liquid compound
diets, and their effects on growth performance and pig health and their possible modes of
action. In chapter 1 the review is given,

Based on the conclusions of the review, experiments were conducted to get more detailed
information about the fermentation kinetics of different feedstuffs, commonly used in pig
nutrition. In the first experiment, five commonly used liquid compound diets and liquid co-
products were selected to investigate effects of storage on chemical and physical
characteristics of these products. Three carbohydrate rich liquid co-products (liquid wheat
starch, potato steam peels and cheese whey) and two liquid compound diets (liquid grower
diet and liquid finisher diet) were studied during a six-day storage period. The results of this
experiment are described in Chapter 2 and 3. Furthermore, the effect of fermentation on the
energy value is examined.

In the results described in Chapter 2 and 3, fermentation characteristics of both liquid
compound diets were, for several reasons, less suitable for practical application. Because of
experimental application, it was necessary to use a feedstuff which is constant during the
duration of the animal trials {about 6 months) and originating from one batch with well-known
chemical composition. The use of carbohydrate-rich liguid co-products was less optimal for
this experimental application. Therefore, additional research was performed to study the
fermentation process of a ‘dry' carbohydrate rich feedstuff: wheat. Wheat is the basic for the
most used liquid co-product in pig nutrition, liquid wheat starch (Scholten et al., 1998). The
fermentation process of hammer milled wheat, mixed with water, was studied. A second
objective of this study was ta investigate the effect of the addition of a starter culture and the
addition of different proportions of pre-fermented wheat (back-slopping). Chapter 4 describes
the results obtained from this experiment.

The fermentation of wheat, as described in Chapter 4, showed that within 24 hours a
fermented product with a pH below 4 was obtained. To investigate the effect of the addition
of fermented wheat to a liquid diet, two experiments were carried out. In a first experiment
the effect of fermented liquid wheat on the gastrointestinal microbiology, physiology and
morphology in weanling piglets was studied. The results from this experiment are described
in Chapter 5. In a second experiment the effect of four levels of fermented wheat on the
growth performance and pig health was studied. The results from this experiment are
described in Chapter 6. Finally, in the General Discussion, the results of the different
experiments, are combined and discussed.
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Farmented diels for pigs: a review

ABSTRACT

This review deals with the properties of fermented diets and their effects on growth
performance and gastrointestinal environment of pigs. In addition, some possible modes of
action are hypothesized. Starch and sugar rich liquid co-products have a high potential for
fermenting during storaga. Scaking compound feed with waler is another possibility to achieve
a fermented diet. These diets are characterized by a pH between 3.5 and 4.5, high tevels of
lactic acid, and, to a lesser extent, acetic acid and alcohol. Fermented diets seem to improve
growth performance of pigs compared with pigs fed non-fermented diets. The exact reasons
for this are not yel clear, however some hypotheses are given. Based on a limited number of
studies, fermented diets reduce the gastric pH and the number of Coliform bacteria in the
gastrointestinal tract comparaed with non-fermented diets. Furthermore, there are some
indications that fermented diets may positively affect pancreatic secration, villus architecture,
digestibility and absorption of dietary nutrients. Fermented diets may reduce the physical
activity of pigs. More specific studies on the effect and modes of action of fermanted diets are
neaded to allow firmer conclusions to be drawn.

INTRODUCTION

In European pig nutrition, the recycling of liquid co-products from human food industries has
increased over the last decade. Several million tons of liquid co-products, in particular starch
and sugar rich co-products, are used annually {Chaubert, 1995; Mitler, 1996; Scholten et al.,
1998). Feeding liquid co-products to pigs implies that altemative methods of disposal like drying,
dumping or buming are no longer necessary. Consequently, the use of fossil energy and the
negative effects on the environment are reduced (Scholten and Verdoes, 1997).
Fermentation is a dynami¢c process whereby starch and sugar in particular can be
transformed by microbes into the fermentation products lactic acid, organic acids and alcohol
(Prescott et al., 1996), At the moment of delivery to pig farms, starch and sugar rich liquid co-
products already have a pH between 3.5 and 4.5 and contain fermentation products (Smits et
al., 1896; Scholten et al., 1998; Smils, 1998a). Data from Dutch pig farms using management
information systems (Siva-producten B.A., The Netherands), showed that farms feeding liquid
co-products to growing-finishing pigs had a favourable growth performance and mortality rate
compared with farms feeding dry compound feed {Scholten and Verdoes, 1997). In addition,
pigs fed liquid diets, including fermented co-products, showed an improved daily gain and feed
conversion ratio compared with pigs fed liguid diets without these co-products (Scholten et al.,
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1998). Moreover, feeding costs decreased by 10 to 17% when liquid co-products were fed
compared with dry diets (Siva, 1997; Scholten et al., 1998).

In addition to fermented liquid co-products, fermented diets can also be achieved when dry
compound feed is mixed with water and stored for at least 8 hours (Russell et al., 1936; Jensen
and Mikkelsen, 1998). Feeding fermented liquid compound diets to weaned piglets improved
daily gain and changed the gastrointestinal environment in a more desirable direction compared
with non-fermented liquid diets (Russell et al, 1996; Mikkelsen and Jensen, 1897).
Fermentation also reduces the growth of undesirable microbes like, Coliforms and Salmonella
spp (Russell et al., 1996; Jensen and Mikkelsen, 1998). The growth of these potential
enteropathogens is reduced at a pH below 4.5. Analyses of pig herds (Dahl, 1997; Van der Wolf
etal., 1999) have demonstrated that infections with Safmonella are less prevalent in herds fed
liquid diets, which, in most cases, contained fermented liquid co-products, compared with herds
fed dry diets.

This review starts with a brief summary of the chemical composition and nutrient
digestibilities of some starch and sugar rich liquid co-products. It continues with a review of the
specific properties of fermented liquid co-products and fermented liquid compound diets and
their effects on growth performance and gastrointestinal environment. Wherever possible,
modes of action are given or suggested.

CHEMICAL COMPOSITION AND DIGESTIBILITY OF LIQUID CO-PRODUCTS

Definition of liquid co-products

In this review, liquid co-products are defined as “organic co-products originating from the human
food industries with a moisture content of at least 600 g/kg”. They can be divided into
carbohydrate rich, protein rich and fat rich co-products. From the point of view of fermentation,
fat and protein are less desirable nutrients. In contrast, starch and sugars can be fermented by
microbes, in particular lactic acid bacteria and yeasts, resulting in products such as lactic acid,
organic acids, ethanol and CO; (Prescott et al., 1996). In this review, starch and sugar rich liquid
co-products are defined as “co-products with a total starch and sugar content of at least 400
a/kg dry matter”. '
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Use of liquid co-products In pig nutrition

In European pig nutrition, several million tons of liquid co-products ars recycled annually, in
particitlar, the starch and sugar rich co-products liquid wheat starch (LWS), potato steam peel
(PSP) and cheese whey (CW). In general, detailed information about the amount and sort of
liquid co-products per country is limited. The use of LWS, PSP and CW in Northern France is
estimated at about 0.5 x 10° kg per year (Moreau et al., 1992). Annually, about 1.3 x 10” kg and
1.8 x 10° kg of CW are used in pig nutrition in Switzerland (Chaubert, 1995) and Denmark (C.F.
Hansen, personal communication) respectively. In 1996 about 2.3 x 10° kg of liquid co-products
from the human food industries was used in Dutch pig nutrition (Table 1), an increase of more
than 40% compared to 1993 (Scholten et al., 1998). About three quarters of the liquid co-
products used in the Netherlands can be classified as starch and sugar rich co-products; LWS,
PSP and CW are the most frequently used products {Scholten et al., 1998).

Table 1. Amount of liquid co-products (x 1000 kg) from the human food industries defivered to pig farms
in the Netherlands (Scholten et al., 1998)

1903 1996
Wheat starch industry 650 000 885 000
Potato industry 350 000 525 000
Dairy industry 300 000 300 0G0
Fermentation industry 80 000 120 000
Beer industry : 80 000 100 000
Suger industry 25000 50 000
Other industry 170 000 360 000
Total amount 1 655 000 2 340 000

LWS, PSP and CW have a high potential for fermenting during storage (Scholten et al., 1998;
Smits, 1968b). Therefare, in this review, attention is focused on these starch and sugar rich
liquid co-products. LWS is a co-product resulting from the production of wheat starch and gluten
out of wheat flour. LWS is a mixture of starch, protein and fiber (Smits and Jongbloed, 1996).
PSP is a co-product resulting from the steam peeling process of potatoes. Potatoes are
subjected to pressure and heat of 1.6-1.8 MN/m? and 200-210 °C respectively. The cooked peel
and a thin layer of cooked starch are removed and these form PSP (Smits and Jongbloed,
1996). CW is a co-product resulting from the production of cheese. The feeding of LWS, PSP
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and CW requires specific facilities at farms. These products are delivered to the pig farm as a
liquid, with a temperature between 20 °C and 50 °C, stored in tanks over a period of several
days or even weeks. During storage LWS and CW are stirred several times per day, whereas,
in practice, PSP is not stirred; because of its high viscosity it is not separated (Scholten and
Rijnen, 1898). It is suggested that the storage tanks act as fermentation vessels (Scholten et
al., 1998; Smits, 1998b).

Chemical composition of LWS, PSP and CW

From the dry matter (DM) content, starch and/or sugar concentrations, LWS, PSP and CW can
be regarded as starch and sugar rich liquid co-products (Table 2). The data in Table 2 are
derived from samples taken at the moment of delivery to pig farms. The stage of fermentation
is unknown, but in general the co-products have already been stored for several hours to days
at the factory before they are delivered. On average, DM of LWS, PSP and CW is low. In
addition to their low DM content, these products are characterized by a high variability in
chemical composition. Starch and sugar content in LWS ranged from 333.3 to 691.6 g/kg DM
and 25.6 to 197.3 g/kg DM, respectively, and in PSP from 282.5 to 573.0 g/kg DM and 18.5 to
45.7 g/kg DM, respectively. In CW, the main component is lactose {Table 2).

Nuiriant digestibilities in LWS, PSP and CW

Results of digestibility trials conducted with LWS, PSP and CW are summarized in Table 3. Both
LWS and PSP exhibited high apparent fecal digestibility coefficients of organic matter and
nitrogen-free extract, ranging from 0.89 to 0.98. The crude protein fraction in LWS was highly
digestible at 0.90, whergas the digestibility of crude protein in PSP was 0.71. The apparent ileal
digestibility of organic matter was 0.86 and 0.71 for LWS and PSP respectively; crude protein
ileal digestibility was 0.85 and 0.47, respectively (Smits, 1998b). The ileal digestibility of the
essential amine acids ranged from 0.88 to 0.96 and from 0.32 to 0.54 for LWS and PSP,
respectively (Smits, 1998b). CW has an apparent faecal digestibility of 0.83, 0.95 and 0.86 for
organic matter, nitrogen-free extract and crude protein, respectively (CVB, 1998).

In general, the apparent faecal digestibility of organic matter, nitrogen-free extract and crude
protein in LWS, PSP and CW is comparable with, or better than, the apparent fecal digestibility
of comparable dry feedstuffs: wheat, potato and whey powder, respectively {Table 3). Therefore,
LWS, PSP and CW can be regarded as useful ingredients for pig feeding.
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Chapter 1

Table 3. Average apparent fecal and ileal digestibility cosfficients of organic matter, crude protein,
NFE and 5 essential amino acids of liquid wheat starch (LWS), wheat, mashed potato
steam peel (PSP), drled potatoes, cheess whey (CW) and whey powder

LWS'  Wheat PSP’ Potato (dry)* CW’  Whey powder

Dry matter (g/kg) 251 861 144 897 52 960
Fecal digestibility
Organic matter 097 0.89 0.89 0.88 092 094
Crude protein 0.90 083 0.74 045 0.86 0.80
NFE? 0.98 0.92 0.95 0.94 094 097
lleal digestibility
Crude protein 0.85 0.80 047 np. np. 081
Lysine 0.91 0.74 0.54 n.p. np. 088
Methionine 0.90 0.85 0.54 n.p. n.p. 0.86
Cystine 0.91 0.83 0.32 n.p. np. 084
Threonine 0.38 0.71 0.41 n.p. np. 0.82
Tryptophan 086 0.79 0.37 n.p. np. 080
" Smits (1998b).
: CVE (1998).
Nitrogen-free extract,

SPECIFIC PROPERTIES OF FERMENTED DIETS

Fermented diets can be oblained by storage of starch and sugar rich liquid co-products
{Scholten et al., 1998; Smits, 1998b), and by soaking compound feed with water for at least 8
hours (Jensen and Mikkelsen, 1998). Farmented diets have some specific properties compared
to non-fermented diets: a) microbial population and b) acidity and level of organic acids, which
are described in more detail.

Microbial population

Fermented liquid compound diets have a higher number of lactic acid bacteria (9.6 versus 2.8
log cfufg diet) and yeasts (6.0 versus 4.3 log cfu/g diet} than non-fermented liquid compound
diets (Mikkelsen and Jensen, 1998). In PSP, the amount of lactic acid bacteria and yeasts range
from 7.0 to 8.4 log cfu/g and from 3.7 to 6.7 log cfufg product, respectively (Edwards et al.,
1986). Furthermaore, high numbers of lactic acid bacteria and yeasts are present in LWS and
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CW (Van Gorp, personal communication). It can be assumed that the number of lactic acid
bacteria and yeasts will not change very much when dry diets are stored.

Fermentation of carbohydrates by lactic acid bacteria and yeasts results in the production of
lactic acid, organic acids, alcohol and CO; (Prescott et al., 1996). The microbial population
determine both the type and the proportion of fermentation products produced from
carbohydrates. Homo-fermentative lactic acid bacteria produce about 0.9 lactic acid, whereas
hetero-fermentative species form substantial amounts (0.5) of products other than lactic acid,
like acetic acid, ethanol and CO,. Yeasts will transform carbohydrates into alcohol and CO,
{Prescott et al,, 1996). So far, information about the microbiology of fermented diets and the
effect of fermentation on nutritional components of the diets is scarce.

Acidity, organic acids and alcohol

At the moment fermented co-products or fermented compound diets are fed to pigs, they have
an average pH between 3.5 and 4.4 (Table 4), whereas the pH of dry diets or non-fermented
liquid diets is between 5.5 and 6.1 {Russell et al., 1996; Scholten et al., 1998). On average,
lactic acid level of LWS and PSP is high, ranging from 38.0 to 64.4 g/kg DM and from 64.0 to
105.3 g/kg DM, respectively. In LWS, the acetic acid level ranged from 5.6 to 24.3 g/kg DM,
whereas in PSP this level ranged from 21.0 to 35.3 g/kg DM. Small amounts of ethanol are also
present in the co-products (Table 4). Since fermentation is a dynamic process, the chemical
composition of the liquid co-products may alter during storage. The different stages of
fermentation at the moment samples are taken, may contribute to the observed varsiability in
chemical composition (Tables 2 and 4). Knowledge on the changes in chemical composition
during storage of liquid co-products is scarce. Smits (1998b) observed a decrease in pH and
glucose levels concomitant with an increase in lactic acid, acetic acid and alcohol during a three
week storage period of LWS and PSP. More specific information about changes in chemical
composition of liquid co-products is needed to evaluate changes in feeding value and level of
fermentation.

It seems that the proportion of lactic acid to acetic acid is higher in fermented liquid diets than
in the fermented liquid co-products {Table 4). This may be the result of a different microbial
population between the different products and diets. The absolute leve! of lactic acid and the
proportion of lactic acid to acetic acid may influence diet palatability and, consequently, feed
intake. In human food industry lactic acid is used as a flavour enhancer (Shelef, 1994). From
a very limited number of experiments it seems that the addition of lactic acid to dry diets
increases feed intake in pigs, whereas the effect of acetic acid on feed intake is less clear
(Table 5). Moreover, lactic acid or acetic acid supplemented dry compound diets seem to
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improve both daily gain and feed conversion ratio, especially when higher levels are added. So
far, the effect of the addition of lactic acid or acetic acid to liquid diets on feed intake and growth
performance of pigs has not been studied. Also, the combined addition of lactic acid and acetic
acid in the proportions commonly present in fermented diets requires investigation. For a good
evaluation, the modes of action of these organic acids in liquid diets must be determined also.

Prediction of the energy value of fermented diets

Fermented diets contain organic acids and alcohol (Table 4), that are energy-yielding and which
should be taken into account when producing pig diets. However, in most energy formulas this
is not the case. Another problem is that some of the fermentation components evaporates when
dry matter content is determined at 103°C heating. In the Dutch energy formula, a correction
for evaporation, and energy value of lactic acid, volatile fatty acids and alcohol are taken into
account (CVB, 1997). The evaporation of faclic acid, volatile fatty acids and alcohol is estimated
at 8%, 50% and 100%, respectively. It should be painted out, however, that more information
is need to accurately estimate the rate of evaporation (CVB, 1997).
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Tahle 5. Improvements (in % of control) in daily gain, feed intake and feed conversion ratio after the
addition of acetic acid (A} and lactic acid (L) to pig diets

Ref'  Weight Experimental Type Dose Daily Feed FCR?
range (kg)  pericd (days) acidifier  acidifier (g/kg) gain intake

1 55-25 46 A g 21 -1.7 +1.1
18 +1.2 0.8 1.7
27 +4.0 +0.8 -29

2 68275 42 L 8 +4.7 +85.1 +1.2
16 +8.1 +6.1 -18
24 +7.3 +5.4 -18

3 18-45 35 L 16 and 32° +9.7 +4.7 -49
16 and 32 +8.3 +2.8 5.7

4: Roth and Kirchgessner {(1988); 2: Roth et al. (1993); 3; Jongbloed and Jongbloed (1996).

“" means that fead conversion ratio is better, whereas “+* means that feed conversion ratio is worse.
No significant difference in doses of supplementad factic acid was observed. Diets without extra
supplementation of phytase,

No significant difference in doses of supplemented lactic acid was observed. Diets with extra
supplementation of phytase {550 units/kg).

FERMENTED DIETS AND GROWTH PERFORMANCE OF PIGS

Fermented lguid co-products

Experiments focused on the addition of liquid co-products to pig diets are often digestibiity trials
(Edwards et al., 1986; Nicholson et al., 1988; Smits and Sebek, 1989; Smits and Jongbloed,
1996; Smits et al., 1998b), with a restricted weight range and number of pigs, and the addition
of only one liquid co-product. Scholten et al. {1998) studied the effect of three fermented liquid
co-praducts on the growth performance of growing-finishing pigs in the period of 25 to 113 kg
liveweight (Table 6). The control diet consisted of compound feed mixed with water. The co-
product diet consisted of the fermented liquid co-products, LWS, PSP and CW, and a
complementary compound feed. The dry matter contributed by the co-products replaced 35%
and 55% of the dry matter intake of the grower diet (25 to 45 kg liveweight) and the finisher diet
{45 to 113 kg liveweight), respectively. Diets were prepared about one hour before feeding.
Calculated energy content and nutrient levels in both diets were kept equal. Growing-finishing
Jigs fed co-product diet showed a higher average daily gain (768 versus 740 g/day; P<0.05) and
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a better feed conversion ratio (2.58 versus 2.69; P<0.05) comparead with the control diet (Table
6). The pH of the control and co-product diet ranged between 5.0 and 5.5 and between 4.0 and
4.5, respectively (Scholten, unpublished data).

Table 6. Performance of growing-finishing pigs fed non-fermented liquid compound diet (control) or
liquid diet with fermented co-products liquid wheat starch, mashed potato steam peet and
cheese whey (source: Scholten et al., 1998)

Cantrot Co-products SEM’
Number of pigs 296 206
Initial weight (kg) 251 25.1
Final weight (kg) 113 113.4
Daily gain {g) 740° 768° 47
Feed intake (kg/day) 1.089° 1.98° 0.01
Feed conversion ratio 269" 258" 0.02

T SEM = standard error of the mean (SAS).
35 Data in a row with a different superscript differs P<0.05,

Fermented liquid compound diets

Data on the effect of dry compound diets, non-fermented liquid compound diets and fermented
liquid compound diets on daily gain and feed conversion ratio (FCR) of weaned piglets were
reviewed by Jensen and Mikkelsen (1998). They reviewed data from 17 trials and their summary
is presented in Table 7. Fermented liquid compound diets were defined as "compound feed
mixed with water and soaked for a period between 8 hours and several days”®, whereas non-
fermented liquid compound diets were defined as “compound feed mixed with water and
prepared immediately before feeding".

Table 7. Improvement (%) in daily gain and feed conversion ratio in experiments conducted to compare
dry diets (DD), non-fermented (NWD) and fermented liquid compound diets (FWD) for weaned
piglets (data adapted from Jensen and Mikkelsen, 1998)

Daily gain Feed conversion ratio’
Number
of trials Average + SD? Range Average £ 5D° Range
NWD versus DD 10 123194 -7.510 34.2 -41+11.8 -32.610 101
FWD versus NWD 3 134741 5.7t0229 14124 -48t00.6
FWO versus DD 4 223+132 9210438 -109+19.7 -44.310 5.8

' Negative {(-) number means that feed conversion ratio is worse.
Standard deviation.
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On average, fermented liquid diets increased daily gain by 13.4% compared with non-
fermented liquid diets, whereas no difference in FCR was observed (Table 7). The higher daily
gain in combination with the increased FCR implies that fermented liquid compound diets
increased feed consumption compared with non-fermented diets. It should be pointed out that
for the experiments presented in Table 7, information about the stage of fermentation in the diet
at feeding was lacking. This makes the interpretation of the responses obtained with both
fermented and non-fermented diets between different studies difficult.

Feeding liquid diets to piglets has a negative effect on FCR compared with dry diets (Table
7). Russell et al. (1996) suggested that this negative effect is primarily a result of feed wastage.
They observed that improvements in the trough design reduced the difference in FCR between
dry and liquid diets. FCR for the dry-fed and liquid-fed piglets was 1.31 and 1.89 £ 0.05,
respectively, in trial 1. In trial 2, improvements in the trough design resulted in FCR for the dry-
fed and liquid-fed piglets of 1.37 and 1.44 ¢ 0.02, respectively {(Russell et al., 1996). These
results indicate the importance of developing a good trough design for feeding liquid diets. So
far, however, little is known about the optimum trough design for liquid diets

From the information mentioned above, it seems that fermented liquid compound diets and
fermented liquid co-products may improve daily gain, feed intake and feed conversion of pigs.
More specific data on the effect of fermented diets on pig health is needed to allow more firm
conclusion to be drawn.

POSSIBLE MODES OF ACTION OF FERMENTED DIETS

A successful application of fermented diets in pig nutrition requires an understanding of their
modes of action. So far, the number of experiments conducted to examine this with fermented
diets is scarce, but the environment of the gastrointestinal tract seems to be one of the places
of action of fermented diets. Furthermore, the possible influence of fermented diets on physical
activity of pigs may be a mode of aclion.

Stomach

It is generally considered that a low gastric pH inhibits the growth of undesirable microbes. At
a low pH, the growth of harmful bacteria such as Coliforms and Salmonelfa spp is inhibited
(Nout et al., 1989). In fermented diets, with a pH below 4.5, the number of Coliforms is reduced
compared with non-fermented diets (Russell et al., 1996; Jensen and Mikkelsen, 1998). Feeding
fermented liquid compound diets to weaned piglets reduced both gastric pH and the number of
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Coliforms in the stomach compared with feeding non-fermented liquid compound diets
{Mikkelsen and Jensen, 1997, 1998). Similarly, lactic acid supplemented pig diets (Thomlinson
and Lawrence, 1981; Ratcliffe et al., 1986) or drinking water (Cole et al., 1968) reduce gastric
pH and the number of Coliforms in the stomach. Feeding fermented diets resulted in an
increase in lactic acid concentration in the stomach, whereas no differences in acetic acid,
propionic acid and butyric acid were observed (Table 8). It is hypothesised that the reduced
gastric pH and number of Coliforms in pigs fed fermented diets is caused by the high lactic acid
concentration in the stomach.

Table 8. Concentrations of short chain fatty aclds' and lactic acid in the gastrointestinal tract of piglets
fed fermented liquid diet (FWD?} and piglets fed non-fermented liquid diets (NWD"). Data
adapted from Mikkelsen and Jensen {1997)

Lactic Acid Acetic acid Propionic acid Butyric Acid

NWD  FWD NWD  FWD NWD FWD NWD FWD
Stomach 3r.3 81.7* 16.6 16.5 1.0 0.3 0.8 0.3
Small intestine | 77 26.3" 10.6 8.8 0.1 0.1 0.9 23
Small intestine It 13.7 24.5 10.2 9.1 06 0.5 0.0 4.7
Small intestine il 38.0 327 11.7 9.8 0.1 0.0 0.2 2.7
Small intestine 1V 476 40.2 128 133 0.2 0.0 0.3 0.0
Caecum 2.3 29 738 93.0™ 354 304 16.7 124
Colon | 05 0.0 61.0 87.3" 288 307 165 14.2
Colon it 0.7 0.0 556 72.8™ 26.2 25.7 173 13.2*
Colon Hi 1.0 0.0 60.1 69.9 246 256 156 13.5
' mmol'kg digesta.
z Seven animals,

s Eight animals.
* et Significantly different from NWD: * P<0.05; ** P<0.01; *** P<0.001.

Coliforms are the main producers of toxic amines and ammonia (Dierick et al., 1986a,b),
which are harmful for the gastrointestinal mucosa (Visek, 1972, 1978). Although the mechanism
for the beneficial effect of anti-microbial growth promoters on growth performance and pig health
is not very clear, the reduction of ammonia and/for toxic amines seems to be important (Dierick
et al., 1986a; Health Council of the Natherands, 1998). During fermentation, micro-organisms
obtain energy from fermentation in the form of adenosine § triphosphate (ATP). Both the
concentrations of ATP and lactic acid are indicators of microbial activity (Jensen and Mikkelsen,
1998). Feeding fermented diets reduced both the use of ATP (0.50 versus 0.99 mg ATP) and
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1998). Feeding fermented diets reduced both the use of ATP (0.50 versus 0.99 mg ATP) and
the level of lactic acid producaed by microbial fermentation in the stomach (Jensen and
Mikkelsen, 1998) compared with non-fermented liquid diets. Similar results were obtained when
anti-microbial growth promoters or lactic acid was added to the diet of pigs (Jensen and
Mikkelsen, 1998). Therefore, the reduction of the humber of Coliforms seem to be one of the
mechanisms whereby fermented diets may act.

Fermented diets may indirectly stimulate protein digestion by reducing gastric pH. First, a
low gastric pH is needed to increase activity of pepsin {Taylor, 1859, 1962). Second, a low
gastric pH reduces the rate of gastric emptying, thereby allowing more time for digestion to
occur in the stomach (Mayer, 1984). So far, no experiments to study the affect of fermented
diets on digestibility of protein and other nutrients have been conducted. The effect of acidified
diets (organic acids) on apparent faecal digestibility has been the subject of & number of
studies, reviewed by Partanen and Mroz (1999). They concluded that the addition of organic
acids exerted a small positive influence on the apparent totzal tract digestibility of crude protein
and energy. However, so far, no trials have been conducted in which the effect of a concomitant
addition of lactic acid and acetic acid in the proportions commonly present in fermented diets
has been assessed,

Pigs consume high numbers of lactic acid bacteria (about 5.0 x 10° cfu/g liquid diet) when
fermented diets are fed {(Mikkelsen and Jensen, 1998}. Lactic acid bacteria are often used as
probiotics (Vanbelle et al., 1990), which are defined as “live microbial feed supplement which
beneficially affects the host animal by improving its intestinal microbial balance” (Fuller, 1939).
In general, the effects of adding probiotics to (dry) diets on growth performance and pig health
are inconsistent (as reviewed by Vanbelle et al,, 1990; Nousianen and Set#t3, 1993; Stavric and
Komegay, 1995}, and exact modes of action remain unclear (Nousiainen and Setdl8, 1993). The
studies with probiotics added to dry diets cannot be compared directly with studies in which
fermented diets are fed. In farmented diets, both the bacteria and their fermentation products
are present, whereas in dry diets, pigs consume only the bacteria and the results of their
metabolism appear in the gastrointestinal tract of the animal. There is also a huge difference in
the number of lactic acid bacteria and their activity; in fermented diets the bacteria grow rapidly,
whereas in dry diets they have to be reaccelerated. Therefore, the specific contribution of lactic
acid bacteria to the favourable results after feeding fermented diets is difficult to answer.
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Small intestine

Lactic acid and formic acid are produced In a high amounts by microbes in the small intestine
(Jensen, 1998). Feeding fermented diets to piglets significantly reduced the leve] of ATP and
microbial prodi.:ction of lactic acid and formic acid in the small intestine {(Jensen and Mikkelsen,
1598) compared with non-fermented diets. As in the stomach, fermented diets reduce microhial
activity in the small intestine, in particular the activity of Coliforms (Jensen and Mikkelsen, 1998).
Despite the lower production of lactic acid in the smalt intestine, the absolute lactic acid
concentration in the small intestine was higher when piglets were fed fermented diets, instead
of non-fermented diets (Table 8). This implies that a part of the ingested lactic acid of the
fermented diet is reaching the small intestine.

Althcugh only significant in the first part of the small intestine, a higher pH was observed in
the entire small intestine of pigs fed a fermented diet (Mikkelsen and Jensen, 1997} compared
to pigs fed a non-fermented diet. This may resuft from a stimulation of the secretion of
pancreatic juice, in particular bicarbonate, by the high concentration of lzctic acid in the digesta
reaching the small intestine. Both lactic acid and short-chain fatty acids (SCFA) elevate
pancreatic secretion in pigs (Harada et al., 1886; Sano et al., 1995). An increase (P<0.05) in the
volume as well as the protein content of pancreatic juice was observed in weaned piglets fed
a dry diet supplemented with 25 g lactic acid/kg diet (Thaela et al., 1998), whereas trypsin,
chymotrypsin and bicarbonate were numerically, but not statistically, higher. It should be pointed
out that the lactic acid supplemented diet was fed for only one week. Moreover, the dose fed
was much lower than that normally found in fermented diets (Table 4).

Weaning of piglets is often assdciated with villous shortening and crypt deepening in the
small intestine (Kenworthy, 1976; Hampson, 1886; Nabuurs, 1991; Makkink, 1993; Van Beers-
Schreurs, 1896), and is generally associated with a reduced digestive capacity and a reduced
ability to absorb nutrients (reviewed by Pluske et al., 1997). Feed intake directly after weaning
seem to prevent villous shortening (Makkink, 1993; Van Beers-Schreurs, 1996, Pluske et al.,
1996a, 1996b, 1997). Feed intake can be increased by feeding fermented liquid diets (Russell
ot al., 1998, Mikkelsen and Jensen, 1997) or lactic acid supplemented diets (Cole et al., 1968,
Roth et al., 1993; Jongbloed and Jongbloed, 1996}. It is questionable, however, if feed intake
per se pravents villous atrophy or that this response is mediated by SCFA and/or lactic acid. It
is well known that SCFA are trophic for intestinal epithelial proliferation in rats (Sakata, 1987,
Lupton and Kurtz, 1993; Frankel et al., 1994) and pigs (Sakata et al., 1995). This is supported
by the fact that villous height in pigs is comrelated positively with tluminal level of SCFA, in
particular butyric acid (Galfi and Bokori, 1990; Nousiainen, 1931). Feeding fermented diets to
weaned piglets results in higher (P<0.05; Table 8) butyric concentrations in the middle part of
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the smalt intestine compared with non-fermented diets (Mikkelsen and Jensen, 1997). It may
be suggested that fermented diets may be beneficial for mucosal structure. However, so far, no
information is available about the effect of fermented diets on mucosal structure.

Large Intestine

Mikkelsen and Jensen {1997) abserved a change in the proportions of acetic acid : propionic
acid : butyric acid levels in the large intestine between fermented and non-fermented diets.
Feeding fermented diets resulls in a higher acetic acid and lower butyric acid concentration
compared with non-fermented diets (Table 8). Similarly, the addition of formic acid to dry diets
shift the proportion of SCFA to higher propeortions of acetic acid at the expense of butyric acid
and/or propionic acid (Eidelsburger et al., 1992; Roth et al., 1992), This may be due to a shift
in microbial population and, consequently, a shift in fermentation acids produced by microbes.
Mikkelsen and Jensen (1997) found that feeding fermented diets to piglets resulted in a lower
number of Coliforms in the large intestine. However, it should be pointed out that the
concentrations of SCFA in the lumen do not indicate anything about the production and
absorption of SCFA. Another possibility is that there is a shift in nutrients available for the
microbes in the large intestine. More specific studies on the impact and the possible modes of
action of the shift in microbial population and SCFA production andfor absorption in the large
intestine is needed.

Physical activity

SCFA are absorbed through the gut wall and contribute essentially to the maintenance
requirements of the gut {(Just et al., 1983; Rérat et al., 1987). Experimental data suggest that
SCFA produced in the large intestine may be related to physical activity of pigs. Several studies
indicate that NSP-rich diets reduce physical activity of growing-finishing pigs {Schrama et al.,
1996, 1998) and sows (Brouns et al., 1994; Matte et al., 1994). Schrama et al. (1997) reported
that the effect of NSP-rich diets on physical activity seemed to be related to a slimulation of
microbial fermentation in the gastrointestinal tract rather than gut fill. They suggest that an
altered microbial population and specific effects of fermentation products (SCFA) may contribute
{o this response on physical activity. Brooks and Murray (unpublished data) observed significant
differences in the behaviour of pigs fed fermented or non-fermented diets. Pigs fed a liquid
fermented diet spent more time sleeping/resting than pigs fed a dry diet. Since less energy is
used for physical activity, this may be an explanation for the higher daily gain when fermented
diets are fed.
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CONCLUDING REMARKS AND PERSPECTIVES

Liquid co-products and liquid compound diets ferment during storage and as a consequence
changes in chemical and microbial properties occur. The stage of fermentation may be one of
the factors contributing to the observed variability in chemical composition and different
respenses of pigs on feeding fermented diets. More detailed information about these changes
and the effects on feeding value and other properties is needed.

Based on a limited number of experiments, fermented co-products and fermented compound
diets may improve feed intake, daily gain and feed conversion ratio. Since fermented diets
contain high levels of organic acids, they may be a potential altemative for the prophylactic use
of anti-microbial growth promoters in pig diets. More studies are needed to elucidate the effects
of fermented diets, including effects on pig health.

Fermented diets seem to reduce gastric pH, reduce the micrcbial activity and shifts the
microbial population in the gastro-intestinal tract. Furthermore, it is hypothesized that fermented
diets may stimulate pancreatic secretion and positively influence villous architecture. These
factors may contribute to an improved digestion and absorption of nutrients when fermented
diets are fed. In addition, it is hypothesized that fermented diets may reduce physical activity,
which may be an explanation for the better growth performance. More specific studies are
needed to efucidate the modes of action, which will stimulate more successful application of
fermented diets in pig nutrition.
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