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Summary

Two experiments invalving comparative slaughler procedures were conducted to see il the decrease
in total energy retention (ER) resnlted {rom the decreased food intake in growing chicks fed on 2
diet contaiming tryptophan less than the requirement. Ad libitun-feeding a diet conlaining 509, of
teyptophan of a control diet (1.5 g/kg) decreased body weight gain, apparcnt metabolizable energy
imake (AMEI), ER and FR: AME!} ratio. When both the control diet and the 0.75 gfkg tryptophan
diet were tube-fed at the two levels of fcod intake, body weight gain was significantly Jower in chicks
on the low tryptophan diet than in the control chicks ar each level of imake. AME : gross-energy
ratio decreased only when the Jow tryptophan diet was tube-fed al the higher level of intake. Energy
retained as protein was significantly decreased by the low tryptophan level and reduction of food
intake. Encrgy retained as fat was alfected by fccd intake, ER and ER : AMEI ratio were unaffected
by dictary tryptophan level and were preportional to AME]L Ieat increment of fecding was aflecied
by ncither tryptophan nor food intake. These results indicate that the decrcased ER in chicks fed
on the Jow iryptophan dict was duc mainly to the decreased food intake and not to the decreased

efliciency of ME atilization.
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Introduction

Deficiencics of some single essential amino
acids decrease {ood intake, body weight gain, and
ER. Tasaki et al. (1972) and Yanaka and Tasaki
(1980) showed the efficiency of ME utilization
to be a main factor affecting ER in growing
chicks fed on a diet deficient in lysine or sulfus
amino acids. Recently, the decreased ER in chicks
fed on a diet deficient in arginine or sulfur amino
acids has been reported to be associated with
the decreased food intake (Sugahara et al., 1985,
Sugahara and Kubo, 1992). Tryptophan (TRP)
1§ regarded as the third limiting amino acid in
corn-soybean type diets for growing chicks. In
order to determine if levels of dietary TRP afTect
the cfficicncy of coergy utilization by growing
chicks we fed ad [ibitum diets containing four
levels of TRP to chicks in experiment |. Expe-
riment 2 in which chicks were tube-fed on the
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diets containing two levels of TRP at two levels
of food intake was carricd out to sce il changes
in ER was associated with different inlakes of
the high and low TRP diets.

Materials and Methods

Two experiments were conducted, and the
procedures were idenlical in the two experiments
unless otherwise indicated.

In each experiment 200 one-day-cld male
layer-stratn chicks were led «d libitum on a
commercial chick starter diet (crude protein (CP)
200 g/ke, AME 12.]1 MJikg) for 4 days. At 5
days of age 48 chicks were selecled according
1o body weight after 3 hours of starvation. They
were fed ad flibitum (experiment 1) or tube-fed
3 times a day (experiment 2) on the control diet
for the following three days. At B days of age
25 chicks were selected from the 48 chicks and
were divided into 5 groups of 5 chicks each so
that the initial hody weight was as uniform as
possible. The 4 groups were individually housed
in metabolism cages and randomly allocated to
the cxpcrimental treatments from 8 to 22 days
of posthatching. The other group was killed for
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analysis of initial body composition. The experim-
ental treatments of experiment 1 included the four
dietary TRP levels (0.375, 0.75, 1.125 and |I.5
g/kg) with ad libitn feeding (figure (). In ex-
periment 2 a 2 X 2 faclorial experimental design
(dietary TRP level:0.75 and 1.5 g/kg and food
intake level:213.5 and 118 gfchick/14 days) was
nsed (figure 1). The higher and lower levels of
food intake were designed (o be equal to the food
consumption of chicks fed ad lbitum on the diets
containing 1.5 and 0.75 g/kg TRP, respectively,
in experiment 1. The method of tube-feeding was
used to control the amount of food intake and
the pattern of inlake. The diets had been mixed
with water in the ratio 1:0.66 (w: w) immediately
before they were adminisiered into the crop vsing
a syringe with a tube 3 times daily, at 09:00,
13:00 and 1800 hours.

The composition of the - control diet is shown
in table 1. The diets containing 0.375, (.75, and

Experiment | (Ad lLibitum (eeding)

TRP 1.5 gkg
Commercial | ;FR}: TRP 1.125
i 2 glke
dier dier TRP Q73
TRE 0375
Callectinr wof
Fx¢ntla
| Ad hititum
| | 1 ]
\ ) 8 18 22

Days afier haiching

Experiment 2 (Tube-feeding)

TREP 1.5 plkg 213.5 glohick!14 days

Cammercial TRP | TRP ¢ 78 2115
li 1.5pikg
et diet TRP | .§ 118

TRP 0.75 18

Ca ~ en af
Cxcrem
Ad libitum | Tube-teeding a1t 9, 13, 18 hours each day
[}

1 1 1
) 5 8 18 22

Days after hatching

Figure 1. Designs of experiments.

1.125 gikg TRP were formulated by reducing
75, 50 and 25% of TRP of the control diet,
respectively. The dietary level of niacin was made
to be 100 mgfkg. The CP and gross-energy (GE)
levels ol the experimental diets were kept at
145 pfkg and 18.5 MIJ/kg, respectively.

TABLE 1. COMPQSITION OF CONTROL DIET

Ingredients _ ) olkg
Cornstarch 5522
Amino acid mixture' 192.5
Corn oil 150.0
Cellulose 30.0
Mineral mixture? 33.3
Sodium bicarbonate 10.0
Vitamin mixture® 10.0
Cholinc chloride 2.0
Total 1,000.0
CP 145 gfkg
GE 18.5 MJjke

' Composition of amino acid mixiure (g/kg diet):
L-arginine - HC! 12,1, L-cystine 3.5, L-glutamic acid
100.0, glycine 12.0. L histidine - HCI 3.75, 1-isoleucine
6.0, L-leucine 12.0, L-lysme - HCl 11.9, DL-methionine
3.5, L-phenylalapine 5.0, L-proline 2.0, L-thuconine
6.5, L-uryptophan 1.5, L-tyrosine 4.5, .and L-valinc 8.2

gike.
Y Velu et al. (1971), For details see Sugahara et al.
(1984).

ERP and ERF were derived by calculation
from protein (Nitrogen X 6.25) and fal retentions
with energy cocfficients of 23.68 kJ/g for protein
and 39.12 ki/g for fat. ER was a sum of ERP
and ERF. The prccedures for grinding carcasses
and detcemining their nitrogen and fat content
were similar to those of our previous study
(Sugahara et al, 1985), Heat increment was
calculated as the difference between ER  plus
starving heat production and AMEL  Sfarving
heat production was estimated to be 400 klfkg®™
day (Sugahara et al, 1984; Sugahara et al,
1988) and assumed not to be affected by diciary
TRP level. Dietary AME value was calculated
as the difference of the GE of the dicts eaten
and the excreta voided during the last 4 days
of the cxperiments.

Lighting was continuously provided with flu-
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orescent lamps. The environmental temperature
ranged from 32 to 35T

Results and Discussion

The effects of the dietary TRP level on the
performance of growing chicks are presented in
table 2. Food intake, body weight gain, feed
conversion efficiency, AMEI, and ERP continued
decreasing down to the Jowest level fed. Chicks
led on the diet containing 0.375 g/kg TRP could
not maintain their initial body weight,

AME : GE ratio was not affected by the
dietary TRP level. As the dietary TRP level
decreased to 0.375 g/kg, ERF and ER decreased
by 400 kI and 600 kJ, respectively. There was
no significant difference in ER or ERF bhetween
the diets containing TRP at 0.75 and 0.375 g/kg.
ER : AMEI ratio was signilicantly lower at the
two lower levels of TRP than at the two higher
levels. In general, the eftects of ad lbitum feeding
the diets containing TRP helow the control leve)
on the efficiency of energy utilization are in
agreement with those of the diet deficient in
arginine {Sugahara et al., 1985).

Heat increment of feeding was slightly greater
in the groups {ed 0.75 and 0.375 g/kg TRP diets
than in those fed £.5 and 1.125 gfkp, though the
difference was not statistically significant,

The results of experiment | indicate that
compared with the control level, the dietary level
of TRP at 1.125 g/kg was not sufficient for the
growing chicks in terms of hody weight gain.
AMEIL, ERP, ERF, and ER. ER: AMEI ratv
was significantly lower at 0.75 than at 1,125 gikp
The dietary leve]l of TRP at 0.75 g/kg (50% of
the control) was considered deficient. Carew ct
al. (1983) showed that body weight gain of broiler
chicks aged from 2 to 4 weeks was significantly
decreased by feeding the dicts containing TRP
at 50 or 25% of the control level. In experiment
2 this level was used to examine the cffects of
the dietary TRP level and food intake on the
energy utilization.

The results of tube-feeding the dicts containing
0.75 and 1.5 g/kg TRP are summarized in tabel
3. Chicks tube-fed the low TRP diet at the high
level of intake were forced to be given 1909, feed
which they could eat under ad lthifum f(eeding.
There was a significant ntcraction between feod
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intake and TRP levels for body weight gain. Body
weight gain in chicks recciving the low TRP diet
was larger at the higher level of intake than at
the lower level but signiticantly less than the
control counterparts, which indicates that food
intake accounted for only part of the decreascd
hody weight gain due to the lower level of dietary
TRP.

There was a significant interaction bctween
food intake and TRP levels for AME : GE ratio.
AME: GE ratio of the control diet was not
affected by the level of food intake. Chicks
tube-fed on the Jow TRP diet showed lower AME
: GE ratio at the higher level of intake than at
the lower intake Tube-feeding the low TRP diet
above the level which can be voluntarily caten
may be associated with the lower AME : GE ratio.
Reduction of AMEI observed in chicks fed on
the low TRP diet was more pronounced at the
higher level of intake than at the lower level
which produced a significant interaction between
TRP level and food intake.

Significant main eflects of TRP and food
intake on ERP were observed. ERP was greater
in chicks fed on the high TRP dset than in those
on the low TRP diet at each level of inlake.

ERF was significantly affected by food intake
level, being preater at the higher level of intake
than at the lower. The low TRP lended to incr-
case ERF, though not significantly. The low
concentrations of dietary arginine, lysine or sulfur
amino acid have been reported lo increase ERF
(Sugahara et al, 1985; Sibbald and Walynetz,
1986; Sugahara and Kubo, 1992).

In conirast with body weight gain, TRP-
deficient chicks retained as much body energy
as the control chicks at each level of food intake,
though the contribution of ERP to ER dccercased.
The reduction of ERP was almost identical with
the increased ERF. ER was larger at the higher
intake than at the lower intake. These results
are in agreement with Sibbald and Wolynetz
(1987) and Sugahara and Kubo (1992), who
showed that ER was independent of the dietary
lysine or sulfur amino acid concentration. ER:
AMEI ratio was not affected by TRP deficiency
and was larger at the highesr intake than at the
lower intake.

Heat increment of feeding was affected by
neither digtary TRP level nor food intake. The
absence of an effect of the low level of dictary
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TRP an heat increment indicates that the partial
cfficiency of ME utilization was similar in the
TRP-contral and TRP-deficient chicks. This result
is in agreement with Sugahara et al. (1985) and
Sngahara and Kubo (1992) but disaprees with
some earlier studies (Shoji et al., 1966; Tasaki
et al., 1972; Yanaka and Tasaki, 1980; Reid and
1984) Carew et al. (1983} assumed
that TRP-deficient chicks cenverted the consumed
ME ta mare heat than the patr-ted contrals.
Unflortunately, they measured no body compo-
sition. MacLead (1990, 1991) found that chicks
receiving a diet with low crude-protein : energy

Maioring,

vatio ccnverted excess eunergy ingested to bedy
fat withaot increased heat preduction. No differ-
ence in  ER beiween the TRP deficient and
TRP-control chicks implies that heat production
was nct affected by TRP deficiency under the
conditicns of the tuke feeding experiment, which
supports Macl.cod (1990, 1991) rather than Carew
et al. (1983).

The results of the present experiments indicate
that the effect of the deficiency of TR on the
energy retention was associated mainly with the
foad intake and not with the heat increment of
feeding.
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