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Dersjant-Li, Y. 2000. Impact of dietary cation anion difference in fish and pigs: a comparative
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Dietary cation anion difference (CAD, Na + K — Cl, mEq kg") determines the pH and acid base
status of a diet, consequently affecting the acid base balance in the body compartments of animals.
After feeding, a low dietary CAD will contribute more acids to the animals than a high dietary CAD.
An optimal dietary CAD will increase the acid buffer capacity of a diet and this will help animals to
compensate for metabolic acidosis. Tt is hypothesized that with an optimal dietary CAD, less energy
will be needed for acid base regulation, indirectly improving feed intake and growth of animals. In
the present study the effect of dictary CAD on growth performance, energy metabolism, acid base
balance in the blood and in the digestive system were investigated in African catfish and pigs. The
study consisted of 3 parts. Part 1 dealt with the growth response to dietary CAD and dietary Na/K
ratio. Part 2 dealt with the energetic response to dictary CAD, Parts 3 dealt with the acid base balance
in the blood and in the digestive system in response to dietary CAD. A negative dietary CAD (-100
mEq kg") resulted in a low feed intake and growth in both African catfish and young pigs. In African
catfish, increasing dietary CAD fram ~100 to 700 mEq kg™’ led to a linear increase in growth. In pigs,
the optimal dietary CAD was observed to be between 200 and 500 mEq kg, The optimal dietary
Na/K ratio in formulating dietary CAD was 1.5 to 2.5 (mol/mol) for African catfish. The lowest
maintenance cost was observed at a dietary CAD level of 700 mEq kg™ for African catfish. In pigs,
dietary CAD of 200 mEq kg™ tended to increase energy requirement for maintenance compared with
dietary CAD of —100 mEq kg, at restricted feeding. In pigs, a —100 mEq kg™ CAD diet resulted in
low blood pH, oxygen and HCO; content {mmol L} compared to a 200 mEq kg’ CAD diet. During
the postprandial period, however, pigs maintained a relative constant pH level in both portal and
arterial blood within each CAD group. African catfish fed 700 mEq kg” CAD diet showed higher
stomach digesta pH than fish fed ~100 mEq kg' CAD diet both 0.5 and 3 h after feeding. However,
no difference in pH of small intestine digesta was observed. In pigs, dietary CAD levels of —100 and
200 mEq kg™ did not affect either stomach or small intestine digesta pH 2.5 h after feeding. The
possible mechanisms of dietary CAD effect on feed intake and growth were discussed.
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GENERAL INTRODUCTION

Characteristics of dietary cation anion difference



General Introduction

Definition of dietary cation anion difference

In miﬁal nutrition, for decades the main concern was to meet dietary protein (amino
acids) and fat (lipids) requirements. However, the metabolic consequences of diets should
also be taken into consideration when formulating diets. n this regard, also the dietary cation
anion difference (CAD) became an issue of interest as it directly influences the acid base
homeostasis of animals. The CAD in a diet determines the dietary pH and the acid base
buffering capacity (the amount of acid or base needed to change one unit pH) of the diet. A
low dietary CAD gives a low dietary pH while an increase in dietary CAD results in a more
alkaline diet. Therefore ingesting diets with different CAD levels will contribute acid or base
to animals and consequently affect acid base homeostasis in the body compartments of
animals.

Dietary CAD refers to the sum of dietary mineral cations minus the sum of dietary
mineral anions, expressed as mEq kg diet. The dietary mineral cations include sodium,
potassium, magnesium and calcium. The dietary mineral anions comprise of chloride,
phosphorus, and inorganic sulfur. In general three methods are used to calculate dietary

CAD:

CAD = (Na + K -Cl), mEq kg' )
CAD =(Na + K -C1 -28), mEq kg 2)
or CAD =(Na + K + 2Mg + 2Ca -C1-25-2P), mEq kg’ &)

Equation (1) is also defined as dietary elecirolyte balance and equation (3) is also
expressed as the dietary undetermined anion.

The prevailing method of formulating CAD in a diet is by adjustment of the Na and
Cl content through addition of salts such as CaCl, and NaHCQO; while maintaining all other
ions constant (Table 1).

Sodium, potassium and chloride are the most important ions in delermining the acid
base status of a diet. These ions, especially Na and Cl, are also the major electrolytes in the
blood of animals and human (Table 2). Literature has shown that formulation of the dietary
CAD by adjustment of the Na and Cl content had a more pronounced effect on the animal’s
performance than by using other cations or anions. Waterman et al. (1991) compared the
efficacy of using Mg or of using the sum of Na and K, to increase dietary CAD in ruminants.
They found that Na + K supplementation increased feed intake significantly but Mg
supplementation had no effect on the performance of animals. Johnson and Karunajeewa

(1985) studied the effect of the total cation anion balance (Ca + Na + K + Mg) - (C1 + H,PO,

2
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+ HPQ,) and of the clectrolyte balance (Na + K —Cl) on the performance of ¢hicks and found
that the latter described the growth of chicks better than total cation anion balance. Patience
and Wolynetz (1990) used equation 3 to calculate dietary undetermined anion. The different
levels of dietary undetermined anion were formulated by adjusting the Na and/or K and Cl
content while the other ions {Ca, Mg, S and P} were kept constant. In this circumstance,
dietary CAD should be expressed as Na+ K - Cl.

Table 1, Additives used in formmlation of dietary CAD in different studies

Authors Year Animals Additives used

Patience et al. 1987a Pig CaCl, and NaHCO,

Wilson et al. 1985 Fish CaCl; and NaHCO,

Chiu et al. 1938 Fish CaCly, K,CO; and NaHCO,
Ross et al. 1994 Steers NH,Cl and NaHCOQ,
Patience and Wolynetz 1990 Pig CaCl, NaHCO; and KHCO;,
Fauchon et al. 1995 Lambs NHLCl, CaCl, and NaHCO,
Haydon and West 1990 Pig CaCl; and NaHCO,

West ef al. 199] Dairy cows CaCl, and KHCO,

Johnson and Karunajeewa 1985 Chick NH,C], NaHCO; and K,CO4

Table 2. Plasma electrolyte concentrations (mEq L) of young pigs (25kg)', fish 2and Imman’

Electrolyte Pigs Fish Hurman
Myxine Cyprinus carpio

Na 148 558 130 142
K 45 9.6 6.3 43
Cl 112 576 127 104
CAD 40.5 -84 93 423
Ca 1.5 6.3 1.5 2.5+
P 2.2 2.0%
Mg 0.4 19.4 0.7 1.1*

' from Scott & Mclntosh (1975). 2 from Albers (1970). * from Rose (1989) * the values for Ca®* and
Mg®* include only the ionized (unbound) form of these ions. ** in the form of HoPO,", HPQO,>. © in mmol
L'

Furthermore, the Na:K ratio should also be taken into account when formulating
different CAD diets. Johnson and Karunajeewa (1985) reported that using excess K (1.2 —
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2%) to increase dietary CAD decreased the performance of chicks compared to the excessive
use of Na. They stated that the Na:K ratio should be between 0.5 to 1.8,

In this thesis, dietary CAD refers 1o the calculation of Na + K - Cl, expressed as mEq
kg diet.

CAD in some feed ingredients

In animal feeds, cereal products are commonly used ingredients. In these feed
ingredients, large variations exist in electrolyte concentrations and the acid buffer capacity
(the amount of HCI needed for stomach digestion (pH = 3.0} of 1 kg diet) (Table 3).

Table 3. Sodium, potassium, chloride contents and dietary CAD (Na + K — ClI) of several feed

ingredients’

Ingredients Na K Cl CAD Acid buffer capacity’

(gke’) (mEq kg™") (mEq kg'")
Maize meal 0.1 3.7 5.0 -42 211
Maize starch 44
Maize gluten feed {cp > 20%} 1.2 11.8 21 295
Barley 0.1 4.6 1o 94
Wheat 0.2 44 0.4 110
Wheat gluten meal 353
Sorghum {cf < 3%) 0.1 7 07 79
Tapioca 0.1 76 0.5 213
Rice bran 0.1 104 03 258
Wheat bran 0.4 134 1.3 324
Soybean meal-44 solv.extr. 0.2 21.5 03 551 1000
Soya flour 986
Soya concentrate 1149
Sova isolate 926
Sunflower meal solv.extr. 0.1 16.4 1.1 393
Skim milk powder 6 15.0 10.9 338
Fish meal {(cp > 68%) 8.9 12.9 17.9 213
Whey powder 7.2 229 20.3 327
Meat and bone meal 7.6 4.0 37 329

"From Kemme-Kroonsberg (1993). 2 The amount of HCI needed for stomach digestion (pH = 3.0) of 1 kg diet
(ingredients), measured in the laboratory of the Animal Nutrition Group.
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For example, maize meal has a CAD level of 42 mEq kg' and a low acid buffer
capacity of 211 mEq kg'. While soybean meal shows a high CAD of 551 mEq kg™ and a
high buffer capacity of 1000 mEq kg'. Therefore, when an animal feed is formulated with
different feed ingredients, the dietary CAD and acid buffer capacity will change accordingly.

The role of CAD on acid base regulation

Animals try to maintain a stable pH and electrolyte balance in the body fluids.
Homeostasis of the internal environment in the body is of vital importance for proper
physiological function and survival (Kemme-Kroonsberg, 1993). However, the dietary
clectrolyte balance may be different from the one in body fluids and in cells. This means that,
to maintain a stable acid base balance and electrolyte balance in their body fluids, animals
have to correct for inappropriate CAD’s of the diet.

Different dietary CAD levels give rise to different dietary pH and acid base buffer
capacity of the diets. After ingestion of diets with different CAD levels, the acid base balance
in the stomach and in the small intestine of animals will be directly influenced. This happens
shortly after feeding and is considered a short-term effect. Normally animals need to maintain
a low pH (approximately 3) in the stomach and a high pH (about 6-7) in the small intestine.
Therefore, animals that received a high CAD diet need to secrete more HCl to maintain a
proper pH in the stomach. On the other hand, with a low dietary CAD, animals need to
secrete more NaHCO; from the pancreas to compensate for the acidity of the diet and to
maintain optimal pH required for digestion. It is generally accepted that animals have a high
ability to maintain the acid base balance in the gastro-intestinal tract after ingesting different
levels of dietary CAD.

The absorption of dietary CAD will further influence the acid base balance in the cells
and in the blood. This effect is a gradual process and is considered a long-term effect. The
absorption of monovalent ions in the gut lumen is through the Na'/H™ and C1/HCO; ion
exchange system. In the small intestine, CI” is absorbed in exchange for HCO;™ to maintain
electrical neutrality. If insufficient Na” is present to allow the absorption of (neutral) NaCl, an
excessive drain of blood HCO;  can lead to acidosis (Block, 1994). On the other hand, Na™ is
absorbed by exchange of H™. If Na™ absorption is in excess of CI’, this would lead to a

metabolic alkalosis.
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The pH levels in the blood and cells are maintained by acid base buffer systems,
namely the Pco; (HCO+) buffer system, the hemoglobin buffer system and the ion exchange
system. Ton exchange plays an important role in regulating intracellular and extracellular pH.
This system consists of a Na'/H" exchanger, a CI/HCO; exchanger and the Na/HCOy
cotransporter. Figure 1 shows the ionic pathways for intracellular pH regulation in the

mammalian liver.

+
Na , H,O

fai B

+
Na ,H,O

Figure 1. Ionic pathways for intracellular pH regulation in the mamralian
liver, adapted from Walsh and Mommsen (1992).

When acidosis occurs, H' will be excreted and replaced by Na', thereby increasing
the pH. In alkaline disturbed conditions, HCQ;™ or OH" will be exchanged by CI and the pH
will decrease. K* is mainly present in the intracellular fluid. The balance between dietary Na,
K and CI plays thus a major role in determining the acid base balance in biological fluids
(Block, 1994),

In the kidney, normally H' and ammonia are secreted and NaHCOj is reabsorbed. If
CI is in excess in the kidney, it may exchange with HCQy', resulting in NaCl re-absorption
and in a reduced HCO;™ re-absorption. This will further reduce the acid buffer in the blood.
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Therefore, dietary CAD can challenge acid base homeostasis in the body compartments of

animals.

Mechanism of acid base and ion regulation in fish

The mechanism for maintaining the acid base balance differs between fish and higher
vertebrates, In fish, buffer values (defined as the amount of H™ ions required to change the pH
by one unit) of the blood and of the intracellular compartments are generally much smaller
than in higher vertebrates. The buffer value of the bicarbonate-CO, buffer system, for
instance, is smaller in fish by a factor of three to eight (Heisler, 1984, 1986), due 1o a low
exchange rate of Pco; in the water. The pH in fish is mainly maintained by the ion exchange
systern, This contrasts with terrestrial animals, where regulation of the pH is mainly through
the ventilatory control of Pco,. The overall implication is that fish are more sensitive to
dietary CAD changes and that dietary CAD changes exert a greater influence on the acid base
system in fish compared to air breathing animals. Furthermore, the high ion exchange ability
with the direct environment that fish possess might indicate that fish could cope with high
dictary ion’s concentration.

In addition, acid base balance is closely related to osmo-regulation in fish. In
freshwater fish, the osmotic concentration of blood lies in the range 260-330 mOsm kg,
which is much higher than the osmotic concentration in freshwater (Jobling, 1995). Hence,
fish will tend to gain water by diffusion through the body surface {gills) and loose salt by
diffusion from the body to the water. Freshwater fish have to maintain salt balance by dietary
salt intake and by active uptake of ions across the gills (Eddy, 1982). The uptake of ions by
the gills is against the ion’s gradients between fish body and water, and therefore, this process
requires energy. Absorption of the ions from the intestine may spare the energy required for
ion’s uptake from gills. Thus an optimal dietary CAD may aid freshwater fish to maintain

both acid base balance and osmo-regulation.

The effect of dietary CAD on feed intake and growth
In many animal species, it has been reported that dietary CAD can influence feed
intake and growth. In lambs, a linear increase in feed intake and growth was found with

increasing dietary CAD from 100 to 700 mEq kg™ (Fauchon et al., 1995). In growing steers,
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feed intake increased linearly and weight gain increased quadratically with increasing dietary
CAD from 0 to 450 mEq kg'l (Ross et al., 1994). In cows, dry matter intake and milk yield
increased when dietary CAD was increased from —100 to 200 mEq kg™ (Tucker ef al., 1988).
The optimal dietary CAD for dry maiter intake and milk production was found at a dietary
CAD between 300 and 500 mEq kg' (Sanchez and Beede, 1994). In weanling pigs, feed
consumption and feed efficiency improved with dietary CAD increasing from 50 to 350 mEq
kg'I (Park et al, 1994). In poultry, a CAD level between 250-300 mEq kg‘l caused better
weight gain compared to lower or higher CAD levels (Mongin and Sauveur, 1977; Johnson
and Karunajeewa, 1985), However, Chui et al. (1984) and Wilson et al. (1985) found that
dietary CAD did not significantly influence feed intake and growth of rainbow trout.

Problem formulation

By choosing both the African catfish (Clarias gariepinus) and the pig as model
animals, the proposed study focuses on both a water breathing animal and an air breathing
animal. Such a comparative study would allow conclusions to be drawn on dietary CAD

effect for more animals in general.

Fish

According to available literature, most work in fish focused on the influence of
dietary CAD on amino acids metabolism (Chiu et al., 1984, 1987, 1988). In these studies, the
response of growth and feed efficiency to dietary CAD was tested. However, different results
were found among various experiments. Wilson er al. (1985) reported that a dietary CAD
level of 155 mEq kg resulted in a numerically higher growth rate and feed efficiency in
rainbow trout than other (higher or lower) dietary CAD levels. Based on this information, it is
uncertain whether dietary CAD will have a significant effect on performance of fish, as the
source of protein (Chiu ef al., 1988) and the use of purified diets may influence the response
of fish to dietary CAD. Evidence of the effect of dietary CAD as a result of different
formulations of commercial feeds (e.g. different ingredient composition) is lacking and will

therefore have to be studied.
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Pigs

Some observations on the effect of dietary CAD levels on food intake and growth in
pigs have been reported in literature. However, results are not consistent and different studies
reported different optimal dietary CAD levels. It was found that both growth and food intake
was maximal at a dietary CAD level ranging from 0 to 340 mEq kg, but decreased at a
dietary CAD level of -85 mEq kg™’ (Patience ef al., 1987a). Park ef al. (1994) observed that
weight gain improved at dietary CAD from 50 to 150 mEq kg' while maximum food
consumption occurred at dietary CAD of 350 mEq kg™'. Austic et al. (1983) suggested that
the dietary CAD levels between 100 and 300 mEq kg resulted in optimal weight gain.
Haydon er al. (1990), however, reported a linear increase in weight gain and food intake with
dietary CAD increasing from 25 to 400 mEq kg”'. Therefore, determining an optimal dietary
CAD for pigs from available information is a difficult procedure. On the other hand,
interactions between dietary CAD and feed composition may be expected. Moreover, the
addition of feed enzymes may influence the digestibility of minerals, and this may interact
with dietary CAD.

Hypothesis and the objective of this thesis

Acid is generated in considerable quantity as a result of normal metabolic activity
(Patience er al., 1987b). These acids consist of volatile (or COs) and fixed (such as sulfuric,
lactic) acids. CO; can be readily removed by the lungs of an animal (for fish, by gas
exchange through gills). The fixed acids will rapidly decrease the blood pH and the
intracellular pH (pHi). Ketelaars and Tolkamp (1991) suggested that intracellular pH may be
an important parameter used by animals to adjust feed intake.

The diet can play a crucial role in increasing or decreasing the total acid or alkaline
load, resulting from acids generated by metabolic activities. Diet containing excess of sulfur
amino acids can contribute to the acid load through oxidation of these amino acids, The
absorption of cations and anions by the gastrointestinal tract plays also an important role in
the acid load. For example, when more anions than cations are absorbed, the acid load will
increase compared te equal absorption of both anion and cation (Kemme-Kroonsberg, 1993).

Since most enzyme systems require an optimum pH for catalysing metabolic
reactions, changes in pH are expected to result in changed enzyme activity, and this results in

further fluctuations in metabolic performance (Heisler, 1984). To maintain an optimal pH, an
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acid load produced by metabolic activities has to be compensated by the acid base regulation

system.

In addition, in an animal’s active transport system, the Na-K pump mechanism
maintains a high level of Na* concentration in the extracellular fluid and a high level of K*
concentration in the intracellular fluid. By maintaining this gradient, nutrients (e.g., glucose)
are taken up by the cells. The gradient of K and Na® is established by action of Na-K
ATPase and therefore requires energy (Lehninger, 1971; Goss et al., 1992). Obviously,
excess of one cation to the other can change the efficiency of the Na-K pump. Therefore,
dietary Na/K ratio may indirectly affect the efficiency of the Na-K pump and the associated
energy expenditures.

The working hypotheses of this study are, therefore, as follows. Firstly, feed intake is
closely related to the acid base balance of animals. With a low CAD diet, animals may have
to eat less to reduce accumulations of acid, while maintaining the acid base balance in the
body. An optimal dietary CAD will improve the dietary acid buffering capacity and reduce
acidity of a diet. This in tum will improve the acid buffering capacity in the animal’s body
compartments and help to prevent acidosis resulting from metabolic activity. Maintenance
costs for homeostasis will thereby be reduced and feed intake and growth will be improved.
Secondly, feed intake is (among others) regulated through a mechanism that optimizes net
energy intake, €.g. an animal balances costs/benefits from exira feed and will regulate it’s
intake level accordingly. With a non-optimal dietary CAD, extra energy will be required for
acid base balance regulations and maintenance of homeostasis. To optimize energy utilization
efficiency, feed intake may be reduced. Thirdly, dietary CAD can have both a short-term
effect on the acid base balance in the digestive system and a long-term effect on the acid base
balance in the other body compartments (blood and cells) of animals.

Therefore, the general objective of this thesis is to investigate the physiological and
the energetic responses of fish and pigs to changing dietary CAD levels.

The specific objectives are:

1. Dietary CAD and performance: to ascertain an optimal dietary CAD for fish and pigs;
to investigate the interaction between dietary CAD and other feed components, such
as feed enzyme addition; to determine optimal dietary Na/K ratio for formulating an
optimal CAD diet.
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Dietary CAD and maintenance costs: to investigate the effect of dietary CAD on
nitrogen balance and energy metabolism; to estimate the energy requirements for
maintenance costs in fish and pigs.

Dietary CAD and acid base balance: to investigate to what extent animals can
maintain the acid base balance in the blood during the postprandial period,; to test to
what extent animals can regulate the acid base balance in the digestive system after

ingesting different CAD diets.

QOutline of this thesis

This study investigated physiological and energetic responses of fish and pigs fed

different CAD diets. The thesis consists of 3 parts, Part 1 deals with the growth performance

in response to dietary CAD and dietary Na/K ratio. Part 2 deals with the energetic response o

dietary CAD. Parts 3 deals with acid base balances in the blood and in the digestive system in

response to dietary CAD.

Part 1.

The first step of this study is to determine an optimal dietary CAD for African catfish
(chapter 1) and young pigs (chapter 2) at a given dietary composition. In chapter 2 the
interaction of dietary CAD with feed enzyme was studied also. Chapter 3 determined
an optimal dietary Na/K ratio for formulation of CAD’s in fish diets.

Part 2. To test the hypothesis that dietary CAD is related to maintenance costs for homeostasis,

Part 3.

two experiments were conducted in fish (chapter 4) and pigs (chapter 5) respectively.
In these experiments nitrogen and energy balances were determined and the energy
requirements for maintenance at different dietary CAD levels were estimated.
Changing dietary CAD may influence arterial and portal blood oxygen content and
affect acid base balances in the blood during the postprandial period. In chapter 6,
changes in arterial and portal blood oxygen content, postprandial blood pH, Pco;,
HCO5", base excess, Na', K™ and CI" were investigated in pigs receiving different
levels of dietary CAD.

A high dietary CAD results in high dietary pH and a low dietary CAD gives a low
dietary pH. Therefore, ingesting different CAD diets may interfere with the acid base

balance in the digestive system. To answer whether animals can maintain acid base

11
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balances in the GI tract, the pH in the chyme was measured in fish (chapter 7) and
pigs (chapter 8) respectively.
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Chapter 1

Abstract: A study was conducted to examine the effect of dietary cation anion difference
(CAD, Na + K - Cl, mEq kg) on acid base balance, food consumption and growth of
juvenile African catfish Clarias gariepinus. Four dietary CAD levels (-100, 100, 500, 700
mEq kg ') were established by altering levels of NalHCO,, CaCl; and NH4Cl in the diets. The
group fed the diet of excess anions (CAD: -100 mEq kg') had low food consumption and
growth rate. Food consumption and growih increased linearly with an increase in dietary
CAD within the range -100 to 700 mEq kg"'. Blood pH was not significantly influenced by
dictary CAD. A quadratic relationship between Na*, CI" and CAD level in plasma and dietary
CAD was found. Body composition of fish and nitrogen/energy utilization efficiency differed
between dietary CAD treatments. The results suggest that dietary CAD influence acid base
regulation and thus the energy costs for maintaining homeostasis. The increased food intake
and growth performance of Clarias gariepinus at higher CAD levels may be related to a

reduced maintenance costs for homeostasis.

Keywords: blood pH, chloride, electrolyte balance, minerals, potassium, sodium
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Intreduction

In higher vertebrates, dietary cation anion difference (CAD), i.¢. the sum of Naand K
minus C), in mEq kg™ diet, has an influence on blood pH, feed intake and growth (Johnson
and Karunajeewa, 1985; Patience ef al., 1987; Tucker et al., 1988; West er al., 1991; Ross ef
al., 1994; Sanchez and Beede, 1994; Fauchon ef al., 1995). In fish Chiu et af. (1984, 1987,
1988} investigated the relation between dietary CAD and amino acid metabolism. Apart from
CAD also other factors differed between experiments (Chiu ef al., 1988). Moreover Wilson et
al. (1985) found that in rainbow trout a dietary CAD level of 155 mEq kg™ gave numerically
better growth and feed efficiency than higher or lower CAD levels. Thus there exists only
limited data on the impact of dietary CAD on feed consumption and growth in fish.

The objective of the present study was to determine the effect of dietary CAD on blood
acid base balance, food intake, growth and nutrient utilization in African catfish Clarias

gariepinus {Burchell).

Materials and methods
Fish and facilities

The study was conducted at Wageningen University, Netherlands. Juvenile African
catfish (Clarias gariepinus) were size-sorted, weighed and 55 fish of 36.4 + 1.6g (mean * sd)
were distributed at random to each of 12 aquaria (70L). Four dictary CAD treatmenis with 3
replications each were tested over a five week period. The fast growth rate reported earlier for
this species (Hogendoorn, 1983: 20g kg'o‘s; Torreele et al., 1993: 30-35g kg'o‘s) ensured that
during the given period size would sufficiently increase to enable the assessment of dietary
effects in the body constituents. Fish were reared at a temperature of 27 + 0.5 °C in a
recirculation system with aeration in each aguarium, under a 121.:12D light regime. The O,
concentration was maintained above 65% saturation. To avoid bacterial infections, the water
salinity was maintained between 2.1-2.5 g L' by adding sea salt or fresh water into the

system storage tanks.

Diets
The experimental diets with the dietary CAD levels of -100, 100, 500 and 700 mEq kg™
were obtained by mixing alternate levels of 3 different salts to the ingredients of a

commercial diet (provided by PROVIMI BV, Rotterdam, the Netherlands). NH4Ct and CaCl,
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were added to the commercial diet ingredients to elevate Cl levels thereby producing a diet
with excess anions. For the formulation of the cation excess diets, NaHCQO; was added
increasing the Na concentration, while maintaining the K concentration. K concentration was
kept relatively constant due to the reported negative effect of K on growth rate (Johnson and
Karunajeewa, 1985). Calcium was maintained at about 2.5% in all diets by addition of
CaCO;. Diets were pelleted and following pellet manufacture dietary CAD levels were

measured (Tabie 1).

Feeding

Feed was supplied twice daily at 08.00 and 16.00h, over periods of about 1 h. Meals
were supplied in small portions at a time thus ensuring that fish were fed to satiation and that
feed was not wasted. The amount of feed given per meal and per day was recorded. Fish were
fed 2 mm pellets during the first three weeks and 2.5 mm pellets during last two weeks of the

experimental period.

Sampling and measurements

At the start of the experiment and before fish were assigned to the rearing aquaria, a
sample of 20 fish was taken for dry weight and body composition. At the end of the
experimental period a sample of 10 fish was taken from each aquarium allowing data to be
gathered per dietary treatment. Samples were kept at -20 °C before analysis. Blood (1-2 ml)
was sampled from groups of anaesthetized (200 mg TMS 1"} fish (15 at the beginning and 6
per aquaria at the end of the experiment), by inserting a syringe into the caudal vessels.
EDTA-LiOH solution (pH =7.36) was used as anticoagulant for the samples from the
beginning of the experiment. The volume of the samples was corrected for the amount of
anticoagulant solution in the syringe. Anticoagulant solution was not used for the samples at
the end of the experiment because of blood pH was measured immediately (ORION pH
meter, model 920A). The blood sample was centrifuged (1599g for 15 min.) to obtain plasma.
Samples were stored at -20 °C until analysis of mineral content. Fish carcass samples were
pooled per aquarium and were ground subsequently. Fresh samples were taken for dry matter
and nitrogen content analysis. Subsamples were frecze dried for analysis of dry matter, ash
and energy content. Dry matter and ash were measured according to the procedure described
by Henken et al. (1986). Nitrogen was analyzed by the Kjeldahl method and energy was
determined by bomb-calorimetry (IKA Calorimeter C 7000).
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Table 1. Chernical analysis of the test diets’

CAD (mEq kg™)
-100 100 500 700
2 mm pellets
Dry matter (%) 88.8 887 879 87.8
Crude protein (%) 46.1 46.4 46.6 469
Crude fat (%) 114 115 14 L6
Crude fiber (%) 1.5 1.6 1.5 1.5
Ash (%) 1.2 113 121 122
Ca(gkg") 257 269 25.1 215
P{gkeh 13.6 13.7 138 137
Na(gkg') 6.0 6.1 12.3 16.1
K(gkg") 18 7.7 79 81
Cl(gkg™ 185 9.0 90 9.0
Gross energy (kJ g) 19.59 19.68 19.40 19.41
pH? 575 5.84 7.10 7.50
Measured CAD (mEq kg'' diet) -64 205 430 654
2.5 mm pellets
Dry matter (%) 929 934 93.0 93.2
Crude protein (%) 46.6 46.7 45.9 472
Crude fat (%) 11.4 11.3 1.4 1.6
Crude fiber (%) 1.6 1.5 1.3 1.6
Ash (%) 1.4 1.2 12.1 124
Ca(gkg'} 269 272 25.2 221
Pigkg™" 13.6 13.6 13.7 12.8
Na(gkgh 6.0 5.8 13.2 173
K (kg™ 6.2 6.0 7.3 87
Cligkg"} 200 10.3 9.3 9.3
Gross energy (kJ g ) 19.52 19.60 19.42 19.33
pH 5.76 5.95 7.06 7.42
Measured CAD (mEq kg' diet) -146 116 497 713

' Chemical analyses of the test diets were performed by Provimi BV, Rotterdam, the
Netherlands. Same dietary mix was used for making the 2 and 2.5 mm pellets. ° Dietary pH

was measured in the lab. of Animal Nutrition group.
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All chemical analyses were done in three replicates. Cl” content of the plasma was
measured using a chloride meter (Jenway PCLM 3) and Na* and K* were measured using a
flame photometer (Jenway PFP 7). Mineral content in body samples was determined after
solubilization of the ash samples in demineralized water (CI') or in 1N HCI solution (Na”, K*)
as described by Fauchon et al. {(1995). Dietary pH was measured as described by Tacon and
De Silva (1983).

Data analysis
Growth and feed consumption were calculated per kg metabolic weight using 0.8 as the

weight exponent (Heinsbroek, 1990). Feed conversion (FC) was defined as:
FC=FI/WG

with FI is feed consumed (wet weight, g) and WG is weight gain (wet weight, g). Apparent
net nitrogen utilization efficiency (NUE) was calculated as:

NUE% = RN/FNx100%

RN = WixNt - WoxNo

With RN is retained N and FN is N fed. Wt and Wo are the mean weights of fish at the end
and the beginning of the experiment respectively (in g). Nt and No represent the nitrogen
content of the fish body (per g of body weight) at the end and the beginning of the experiment
respectively. Energy conversion efficiency (ECE) was estimated as:

ECE% = RE/FEx100%
RE = WixEt - WoxEo

With RE is retained energy in the body of fish and FE is energy fed to the fish, Et, Eo are the
energy concentration of fish body (kI per g) at the end and the beginning of the experiment
respectively.

The proportion of retained energy as protein was calculated by converting the retained
protein (retained nitrogen x 6.25) to energy by using an average energy content of 23.6 kJ g
protein (Brafield, 1985).

Statistical analysis
Data were tested by a one way ANOVA by use of the GLM procedure of SAS (SAS,
1990}, according to the model:
Y, =u+ CAD; +e¢;
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Where Y; is dependent variable (growth, intake, feed conversion etc.) and CAD; is dietary CAD
level (i = 1..4) with p and e; representing the mean and error term respectively.

The Bonferroni ¢ -test was used for multiple comparison of treatment means. The
significance level was set at a = 0.05. Curves were fitted using the nonlinear regression
algorithm procedures from the NONLIN package (Method [evenberg-Marquadt, (Dennis ef al.,

1981), convergence criterion 10™%). For curve fitting treatment means were used.

Results
Blood pH, mineral contents in plasma and body

Dietary CAD treatment had no significant effect on blood pH (Table 2). During the
course of the experiment CAD decreased in plasma, but tended to increase in the whole body
(Table 2). After 5 weeks plasma Cl” concentration was significantly higher than the initial
value, whereas K™ concentration decreased (P < 0.0002). Plasma Na" concentration was not
significantly influenced by dietary CAD (Table 2).

Na' concentration increased significantly (P < 0.01) in the whole body samples at the
end of the experimental period in comparison to initial values (Table 2). But no significant
differences were found for whole body C1" and K* concentration between beginning and end
of the experiment.

Plasma CI” concentration increased quadratically with increasing dietary CAD (Figure
1), while plasma Na* concentration and CAD levels showed a tendency to quadratically
decrease. The relationship can be described as: CI=103.65-0.018X+0.111X* (R?=0.9999, P<0.01);
Na'=143 88-3.5X+0.466X> (R*=0.99, P<0.105); CAD=42.21-3.86X+0.466X* (R*=0.995, P<0.07); with X
representing 100 mEq kg™ dietary CAD.

Food consumption and growth

Both food intake and growth increased linearly with increasing dietary CAD (Figure 2).
The linear relationship between dietary CAD and feed intake / growth can be described as:
feed intake (g kg®® d') = 30.93+0.9X (R*=0.91, P<0.05, n=4); growth (g ke®* d') = 39.63+0.67X
(R*=0.97, P<0.02, n=4) Tespectively, where X represents 100 mEq kg dietary CAD. Feed
conversion ranged from 0.77 to 0.86 among dietary groups and was not significantly
influenced by dietary CAD (Table 3).
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Table 2. Blood pH and mineral concentration in the plasma and whole boady of Clarias gariepinus at the
beginning (n=15) and the end {n=3, each n represents mean of 6 individuals) of the experiment

Dietary CAD {mEq kg'")

-100 100 500 700 Effect'
Initial End of the exp.
Blood pH, plasma mineral contents (mmol LY
pH 7.21 £0.02 7.29+£0.02 7261 0.01 7.23 £0.03 7.23+0.04 NS
Ccr 97.5 £0.69 103.7+£1.36 104.1 £0.66 106.1+£1.03 1083 £2.09 Qr
Na” 1420+ 1.72 1450+ 1.56 138.3+1.84 1384+3.70 14081165 Q
K 104+ 1.46 201044 23zx0.01 1.8+£0.07 372070 NS
CAD (mEqL™" 54.8 448 36.5 335 36.2 Q*

Mineral contents in the whole body (g kg DM)

cr 261016 261010 26x006 241007 281014 NS
Na* 2.540.09 34017 334008 311004 321009 NS
K* 7.120.09 611042 67:029 721035 7.040.59 NS
CAD (mEq kg’ dm) 218 231 240 249 238 NS

! Statistical analysis of the data from the end of the experiment: Q" -- Quadratic effect significant at p<0.05, Q'
-- Quadratic effect significant at p< 0.10, NS - no significant (p>0.10) difference. Data shown as mean & SEM.

mmol L
160
Na
140 w
e
120 |
o N o—

160 =

200 0 200 400 600 300

Dietary CAD (mEq kg ™)

Figure 1. Plasma Na™ and Cl” concentration in juvenile African catfish
Clarias gariepinus to dietary CAD levels {error bars indicate SEM of
three replicates).
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Nitrogen and energy utilization

The energy concentration in body dry matter was significantly higher in fish fed a
dietary CAD of 500 mEq kg™ compared to the other treatment groups (Table 3).

Table 3. Body composition, nitrogen and encrgy utilization

Dietary CAD (mEq kg™

-100 100 500 700 Effect'
Initial End of the exp.
Body composition
Dry matter % 23.4+0.08 2581007 260.7+0.11 26.2+0.21 26.0£0.12 NS
Ash % indm 11.5£026 1031017 10.3£0.08 9.6+ 0.09 102£0.17 NS

Nitrogen (g kg’ dm) 101.0+0.09  89.3+0.18 900+1.18 89.9+092  90.6+067 NS
Enmergy (kfg'dm) 244+006  255°+006 258°:006 263003 256°:035 ¥

Feed conversion, nitrogen and energy utilization

Feed conversion 0.79£0.004 077002 0.8610.01 082001 NS
ECE (% RE/GE)* 445%1095 477055 432°+065  428°:x030 ¢
NUE (%RN/GNY’ 408"+£072  435°£0.70  380°+ 074  393%+065 ¢
Retained energy as protein {%5) 50.4 50.2 492 510

! Statistical analysis: NS-- no significant difference, * different letters in rows means there is significant
difference between treatment means (p<0.03). * NUE--apparent net nitrogen utilization (% RN/GN). > ECE--
energy conversion efficiency (% RE/GE). Data shown as mean + SEM.

k -O.Bd-l
48 EXxe
4 Growth
40 =
36
Intake
32
28 * : !
=200 0 200 400 600 800

Dietary CAD (mEq kg )

Figure 2. Food intake and growth at different dietary CAD levels in
juvenile African catfish Clarias gariepinus (error bars indicate SEM of
three replicates).
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Apparent nitrogen utilization efficiency (NUE) and energy conversion efficiency (ECE)
reached their maxima when dietary CAD was 100 mEq kg (Table 3). The lowest retained
protein energy as percentage of total retained energy was found at a dietary CAD level of 500
mEq kg, This dietary group had also the highest energy concentration in body dry matter
{Table 3).

Discussion
Blood pH and mineral contents

At the end of the experiment blood pH was similar in all treatment groups, indicating
that African catfish is able to maintain blood pH at different CAD. Chiu et a/. (1984) reported
that blood pH of rainbow trout was not affected by changing dietary CAD from -200 to 0
mEq kg'. Wilson er al. (1985) also reported that blood pH of rainbow trout was not
influenced by dietary CAD ranging from -90 to 322 mEq kg', however, blood pH
significantly decreased at a dietary CAD level of 638 mEq kg compared to dictary CAD
levels of —90 and 155 mEq kg™. In contrast to studies conducted in fish, most studies with
terrestrial animals showed an increase in blood pH with increasing dietary CAD levels
(Haydon and West, 1990; Ross ef al., 1994; Fauchon er al., 1995).

A linear increase in plasma CAD with increasing dietary CAD levels was observed in
cows (Tucker et al., 1988; West et al., 1991), whereas a quadratic relationship was reported
for steers (Ross et al., 1994). In the present study with catfish, CAD levels in both plasma and
whole body changed quadratically with increasing dietary CAD. In plasma, CAD reached a
minimum at a dietary CAD level of 500 mEq kg'], while whole body CAD level was at a
maximum at this dietary CAD level. The resulis show that African catfish maintains its acid-
base balance in body and plasma, this is probably also done by adjusting the Na', K" and CI’
levels in the various body compartments.

With increasing dietary CAD (i.e. a lower concentration of dietary CI), plasma CI’
concentration increased quadratically. This contrasts with the observations of Tucker e al.
(1988) and Ross ef al. (1994) in mamrmals. Similar to the results found in steers (Ross et al.,
1994), an increase in dietary CAD, i.¢. an increase in Na content in the diet, was associated
with decreased plasma Na® concentration. No clear effect of dietary CAD on [K'] in plasma
was observed, but whole body [K'] increased with increasing dietary CAD. This might be

expected because K' is mainly present in intracellular fluid (Walsh and Mommsen, 1992).
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Compared to mammals fish respond differently to dietary CAD because of the high ion-
exchange rate with the environment (Heisler, 1984). The results of the present study indicate
that the studied species can maintain its acid-base buffering capacity by both retaining more
chloride in plasma after ingestion an alkaline diet and also by retaining the Na' concentration
in plasma after ingestion of acidic diets. It is very well possible that these plasma mineral
levels are maintained by absorption from the water when dietary supply is decreased. The

present study did not include measurements to test this hypothesis.

Food intake and growth

Based on the equations provided by Eding and van Weerd (1999), maximum growth of
150g African catfish (Clarias gariepinus) can be predicted at about 20g kg®®. Torrecle et al.
(1993) obtained maximum growth rates of 30-35g kg%, In the present study, the observed
growth rate (39-44g kg{"s) was substantially higher than the predicted and observed values
from the previous studies, indicating that the nutritional value of the experimental diets was
high.

Increasing dietary CAD often leads to increased feed consumption: e.g. in dairy cows
(West e al., 1991), growing steers (Ross et al., 1994), young dairy calves (Jackson et al.,
1992), lambs (Fauchon ef al., 1995) and in pigs (Patience et al., 1987). In catfish feed
consumption was highest at the highest dietary CAD tested (700 mEq kg™). This CAD level
is higher than the results obtained in terrestrial animals (277 mEq kg™ in pigs, Patience ef al.,
1987; 370 mEq kg'l in calves, Jackson ef al., 1992; 500 mEq kg'l in lambs, Fauchon et al.,
1995). The results indicate that fish can toleraie higher dietary CAD levels than terrestrial
animals.

The observed growth response of the studied fish species to dietary CAD is similar to
the results obtained by Fauchon er al. (1995) with lambs and Ross ef al. (1994) with steers.
They found that daily gain increased linearly with increasing dietary CAD. Studies with
swine and chicks showed a lower optimal dietary CAD level (175 mEq kg in swine,
Patience ef al, 1987, 200-350 mEq kg’ in chicks, Johnson and Karunajeewa, 1985). In
contrast to all the previous studies, Wilson et af. (1985) found no significant growth effects in
rainbow trout for dietary CAD ranging from -90 to 638 mEq kg"'. The latter result may be
attributed to the feeding levels (2 - 2.5 % of body weight) used in their study.

The results of the present study with African catfish indicate that the improved growth
rate with increasing dietary CAD is achieved by higher food consumption. In the present
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study we observed no apparent taste effect of diets with high levels of C1” (as measured by the
time to ingest 20g diet). In accordance to West et al. (1991), we suggest that a negative
dietary CAD (-100 mEq kg™) is associated with a negative electrolyte balance, resulting in a
low dictary pH and inducing metabolic acidosis. According to Ketelaars and Tolkamp (1991)
feed intake of an animal may be related to maintenance costs for homeostasis. At the dietary
CAD of -100 mEq kg, fish require more energy to maintain an acid-base balance and
therefore less energy will be available for feeding activity, This may explain the low intake
and growth in this treatment group. Increasing the dietary CAD helped fish to compensate for
metabolic acidosis requiring less energy for maintenance of acid base balance, resulting in
high feed intake and growth. Hence the increase in food intake with increasing dietary CAD

may be related to reduced maintenance costs for homeostasis.
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Chapter 2

Abstract: An experiment was conducted to test the effect of dietary cation anion difference
(CAD, Na + K - Cl, mEq kg’ diet) and xylanase addition on plasma electrolyte balance, feed
consumption, growth and digestibility of nutrients in young pigs. A 2 x 3 factorial
arrangement with 3 dietary CAD levels (-100, 200, and 500 mEq kg') and two levels
xylanase supplementation (¢ and 0.1% xylanase derived from Trichoderma longibrachiatum)
was used. Thirty-six individually housed, castrated pigs {5 wks of age) with an initial body
weight of 9.34 + 0.28 kg {(mean + SE) were randomly assigned to the six treatments. Diets
were provided to pigs as cold pellets. Pigs had ad libitum access to feed and water. Venous
plasma CI” concentration was higher (p < 0.0001) in dietary CAD of 100 mEq kg™ group
compared with the other two CAD groups. Dietary CAD did not affect Na™ and K*
concentrations in the venous plasma. Growth rates were higher (p < 0.05) in pigs receiving
dietary CAD of 200 mEq kg™ (657 g pig” d'') and dietary CAD of 500 mEq kg™ (603 g pig’"
d™"y than in pigs receiving dietary CAD of -100 mEq kg™’ (484 g pig” d'). Fecal dry matter
and nitrogen decreased with increasing dietary CAD. Fecal apparent digestibility of dry
matter and nitrogen was higher (p < 0.05) in the dietary CAD of 500 mEq kg compared to
the two lower level CAD groups. Supplementation of xylanase did not effect on the
performance of pigs. Xylanase addition in the diet significantly increased apparent fecal
digestibility of dry matter and tended to increase apparent digestibility of nitrogen. No
interaction between dictary CAD and xylanase was found.

In conclusion, dietary CAIY influenced the performance and digestibiiity of nutrients

of pigs. Xylanase supplementation improved digestibility of dry matter.

Keywords: cation anion difference, feed intake, growth, nutrient utilization, piglets, xylanase
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Introduction

[n pigs, feed intake and growth are related to dietary cation anion difference (CAD,
Na + K - Cl, mEq kg ' diet) (Patience et al., 1987; Haydon et al., 1990). However, different
optimal dietary CAD was observed in different studies (Austic ef @l., 1983; Patience et al,
1987, Patience and Chaplin, 1997; Park er al, 1994). Haydon ez al. (1990) observed a linear
increase in feed intake and growth with dietary CAD ranging from 25 to 400 mEq kg'. While
Patience et al. (1987) observed that feed intake and growth were maximal for dietary CAD
between 0 to 340 mEq kg™ Austic ef al. (1983) suggested that dietary CAD could influence
lysine utilization in pigs. The inconsistent optimal dietary CAD levels may be caused by
different diet composition which were used in the mentioned studies.

Wheat and barley based pig diet containing high proportion of dietary fiber. Pigs are
not capable of digesting dietary fiber by means of their own digestive enzymes (Trowell ef af.
as cited by Inborr, 1994). Adding fiber-degrading enzymes to diets, which contained high
concentration of dietary fiber, has improved pig performance (Newman et al, 1983) and
nutrients digestibility (Graham et al., 1989; Bedford et al., 1992; Inborr et al., 1993), Minerals
digestibility may also influenced by supplementation of fiber-degrading enzymes (van der
Klis, 1993). Therefore inclusion of feed enzyme may interact with dietary CAD.

The objectives of this study are 1) to determine an optimal dietary CAD on a
wheat/barley based diet in young pigs; 2) to test the effect of exogenous feed enzyme
(xylanase) on digestibility of nutrients; 3) to test if there is an interaction between feed

enzymes addition and dietary CAD.

Materials and methods
Pigs and experimental design

A 2x3 factorial arrangement with three levels of dietary CAD and two levels of
enzyme supplementation was used in this experiment. The experiment consisted of a 1-wk
adaptation period followed by a 5-wk test period. A total of 36 castrated pigs (F1 of female
[Dutch Landrace x Finnish Landrace] x male [Cofok breed x Great York]) of 5-wk old and
with initial body weight of 9.34 + 0.28 kg (mean + SE) were randomly assigned to the 6
treatment groups. The pigs were individually housed in pens (1.08 x 2.75 m, 1/3 slatted
concrete floor, feeding trough made of baked clay). Pigs were allowed to adapt to the new
environment for 1-wk with a commercial diet before the experiment. Temperature of the

room was maintained between 22 (night) and 29 °C (day) throughout the experimental period.
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Animal welfare committee of Wageningen University approved the protocol of this

experiment.

Diets and feeding

Six treatment diets were formulated in a 3x2 factorial arrangement: included 3 dietary
CAD levels (-100, 200, and 500 mEq kg), and 2 enzyme levels (with and without enzyme
supplementation, 0.1% xylanase derived from Trichoderma longibrachiatum, supplied by
Finnfeeds Ltd). The basal diet consisted of wheat, barley, rye, soybean isolate and premix
(Table 1), with a calculated CAD level of 172 mEq kg, By addition of CaCl; or NaHCO;,
respectively, the designed dietary CAD levels were achieved. Calcium levels were
maintained constant in each diet by addition of CaCQ; or CaCl;. Diamol (diatomaceous shell
powder, Biakon N.V., Grobbendonk, Beigium) was added to the diet to keep ash content
constant, Enzyme was added by replacement of diamol. All test diets were formulated to

meet or exceed the nutrient requirements (NRC, 1988) for young pigs (Table 2).

Table 1. Basal diet composition

Ingredients (%)
Barley 41.6
Wheat 20
Rye 20
Soybean isolate 13
Tallow 2
Limestone 0.8
Monocalcium phosphate 0.8
Salt (KCl) 0.3
L-lysine HC1 0.3
DL-methionine 0.1
Premix’ 1.0
L-threonine 0.1

! The vitamin and mineral premix supplied per kg of the basal diet 9000 IU of vitamin A, 1800 IU of
vitamin Dj;, 40 mg of vitamin E, 5 mg of riboflavin, 30 mg of niacin, 12 mg of d-pantothenic acid, 350
mg of choline chloride, 40 ug of vitamin B,;, 3 mg of vitamin K, 50 mg of vitamin C, 1 mg of folic
acid, 0.1 mg of biotin, 0.52 mg of Co from CoS0,.7TH.0, 0.06 mg of Se from Na;3¢0,.5H,0, 0.12 mg
of I from KI, 80 mg of Fe from FeS0,.7H,0, 170 mg of Cu from CuS0,.5H,0, 44 mg of Mn from
MnQ;, 73 mg of Zn from ZnSC4.H,0.
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The feed was provided ad libitum, as cold pellet, 23 hours daily. In the middle and the
end of the experiment before blood sampling, pigs were starved for one night and fed to

satiation in the next moming, Water was freely available throughout the experimental period.

Table 2. The composition of test diets as fed

Dietary CAD (mEq kg -100 200 500
Xylanase 0 0.1% o 01% 0 0.1%
Ingredicnts %
Basal diet 95 95 93
CaCl,.2H,0 1.93
NaHCO; 0.31 2.83
CaCO, 1.36 1.36
Diamol' 3.07 3.33 0.81
Analyzed composition (%)
Dry matter 88.7 894 895 898 893 89.3
Crude protein 19.6 19.8 199 200 19.9 19.9
Crude fiber 283 286 286 277 291 292
Ash 731 737 784 195 715 7.15
P 053 053 053 053 054 8.53
Ca 1.0 1.0 097 098 099 1.0
Na 019 017 030 031 107 1.07
K 060 057 052 053 054 0.55
Cl 1.1 1.2 028 031 033 0.31
Dietary CAD (mEq kg ') -84 .115 182 185 510 517
Acid binding capacity (mEq kg ™)* 499 509  B00 817 1193 1168

' Diamol is diatomaceous shell powder (Biakon N.V., Grobbendonk, Belgium), 2 Calculated as Na + K
- €1, * Quantity of 1.0N HC] required for the gastric digestion pH (3.0) of 1 kg feed.

Sampling and measurements

Feed intake was recorded daily. Weight gain was measured weekly. Fecal apparent
digestibility of nitrogen and dry matter was measured using acid insoluble ash (AIA) as an
indicator (McCarthy et al., 1974, Wunsche et al., 1991). Diet samples were taken every day
during the experiment for feed composition analysis. Fecal samples (grab samples) were
collected during experimental wk 1, 3, and 5. In each of these weeks the fecal samples were
taken on three successive days. These samples were stored in a freezer (-20°C) until the end

of the experiment. Before analysis the samples from all three days per week 1, 3 and 5 were
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pooled, then sub-samples were taken for dry matter and nitrogen analysis. The remained
samples were freeze-dried. Dry matter and acid insoluble ash were measured from freeze-
dried samples. Nitrogen content of feed and feces was analyzed by the Kjeldahl method (ISO
5983, 1979). Dry matter content of feed and feces, ash content of feed and acid insoluble ash
content of feed and feces were measured according to ISQ procedures [1SO 6496 (1983); ISO
5984 (1978) and ISO 5985 (1978) respectively]. Dietary Ca content was measured using
atomic absorption spectrometry (ISO 6869, 1997) and dietary P content was measured using
spectrophotometry (ISO 6491, 1995).

Blood samples were taken by puncture of the vena cava. At the start of the experiment
(day 0), blood samples were taken from randomly selected 12 pigs (2 from each treatment)
for initial values. At the middle (day 16 to 18) and the end (day 34 to 36) of the experiment
the blood samples were taken from all 36 pigs on three successive days with 12 piglets (2
from each treatment} on each day. Before blood sampling the pigs were given ad libitum
access to feed for 30 min. at 0800, after an overnight fast. The blood samples were taken 2.5
hours after feeding, when an important part of the nutrients in the ingested feed would have
been absorbed in the small intestine. The blood samples were centrifuged at 1600 x g for 15
min to obtain the blood plasma fraction. The plasma samples were then stored at -20 °C until
analyses of CI, Na“and K~ contents.

Plasma Cl” content was measured by using a chloride meter (PCLM digital chloride
meter, Jenway Ltd. Dunmow, England), Plasma Na” and K™ were measured by using a flame
photometer (PFP 7 flame photometer, Jenway Ltd. Dunmow, England). Chloride, Na and K
in the diets were determined as described by Fauchon ef al. (1995) with some modifications.
One gram feed sample was dissolved in 10 ml demineralized water, incubated in 37°C oven
for an hour and Cl’ concentration in the solution was measured using the same instrument as
for plasma CI”. The diet sample was used instead of ash sample for measuring CI" in the feed
because using ash samples resulted in unexplained low values. For measuring Na" and K™, 0.5
g ash samples were dissolved in 1M HCI solution and the Na" and K* concentration in the
solution were measured using the same instrument as for plasma. Acid binding capacity of
the feed was measured by the method as described by Prohaszka and Baren (1980). Two
grams of feed was incubated in 20ml 0.1M HCI solution at 37°C for one hour. Afterwards the
suspension was titrated with 0.1M NaOH till pH = 3.0. Acid binding capacity was calculated
as the quantity of 1.0M HCI required for the gastric digestion at pH = 3.0 of 1kg feed (imEq

kg™').
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