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Abstract. Energy utilization in mullet, Rhinomuqil corsula, exercised continuously for 5 h
at different swimming speeds ranging between 20 and 77 ern s - 1 was studied in a tunnel
type apparatus. Oxygen consumption, carbon dioxide output and'respiratory quotient
decreased with increase in the duration of exercise. The initial (lst h) respiratory quotient,
which was always above unity, increased with intensity of swimming speed, but the steady
(5th h) respiratory quotient remained below unity, at about the same level irrespective of the
increase in activity.
Nitrogen (NH 3 and total) excretion, ammonia quotient and nitrogen quotient increased
with both duration and intensity of exercise, indicating the increased protein utilization
during the later phase of exercise.
An attempt has been made to estimate the relative energy derivation from different
substrates with some assumptions for the entire 5 h of exercise at 20 and 77 em s - I. At
20 ern s - 1 the energy derived aerobically from proteins, carbohydrates and fats and that
from anaerobic source (carbohydrate) were estimated as 13040,3, 1378·2, 2367·3 and
1048·5 J kg- t fish, being Ts:1,7'7, 13-3 and 5'9% of a total of 17834·3 J kg- t fish, whereas at
a swimming speed of 77 em S-1 it was estimated as 33587-9, 2841'4 and 1305·4 J kg- t fish
from proteins, fats and anaerobic source respectively, being 89'0, 7,5, 3'5% of a total of
37734·7 J kg - t fish.
Keywords. Energy utilization; Rhinomugil corsula; oxygen consumption; respiratory
quotient; ammonia quotient; nitrogen quotient.

1. Introduction
Considerable information has been accumulated on the physiology of fish subjected
to exercise (forced activity) as reviewed by Fry (1971), Brett (1979) and Beamish
(1979). Much of this pertains to the study of respiratory metabolism (Brett 1964,
1973; Smit et al 1971; Kutty 1968; Rao 1968; Kutty and Peer Mohamed 1975;
Sukumaran and Kutty 1977; Sukumaran 1986; Jones and Randall 1979; Paulson
1980) and also tissue metabolism especially with reference to changes in substrates
and end products of metabolism in muscle and blood (Black 1958; Black et al 1962;
Karuppannan 1972; Johnston and Goldspink 1973; Johnston 1975; Woleoma and
Johnston 1981; Jones 1982). In general it is noticed that while there are several
studies on respiratory metabolism and some aspects of substrate utilization and end
product accumulation and disposal, there is no study which has been specifically
done combining the physiological parameters under same set of experimental conditions so as to have a comprehensive information on the total metabolism of fish
especially with reference to energy utilization connected with swimming activity of
fish. The objective of present study is to obtain a comprehensive picture of energy
utilization in swimming mullet from two levels, one depicting the total changes in the
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intact fish, from the measurement of oxygen consumption and excretion of carbon
dioxide and nitrogen and the other depicting the biochemical changes in muscle,
liver and blood of fish subjected to different level and periods of exercise. An attempt
is also made to estimate the total energy utilization of the swimming fish.
2. Material and methods
The freshwater mullet, Rhinomugil corsula, used for this study were collected from
Vaigai Reservoir, near Madurai and held in holding tanks in the laboratory. They
were acclimated to freshwater at 30 ± 1°C for atleast two weeks before experiment
and tested under acclimation conditions. They were fed once daily with a formulated
diet, prepared out of rice bran and groundnut oil cake in the ratio of 2: 1 (Narayanan
1974). The fish were starved for 24 h (Beamish 1964) before experiment.
The experiments were performed in Blazka's respirometer (Blazka et al 1960)
described by Sukumaran and Kutty (1977). In the apparatus the fish was made to
swim at different swimming speeds (20, 38, 62 or 77 ern s - 1) continuously for 5 h.
The metabolic rates were measured by closing off the flow of water through the
respirometer for 1 h, during 1st, 3rd and 5th h (alternate hours of continuous 5 h
exercise). Water samples were taken during the beginning and end of closure period.
All such closure periods were followed by an hour's flushing with air saturated water.
For analysis of the muscle (red and white) and liver glycogen and blood glucose
and lactate, the exercise was terminated at lst, 3rd and 5th h; the fish was removed
immediately from respirometer and was killed. Blood samples were taken in a haparinized syringe from direct heart puncture and transferred to a vial, under liquid
paraffin. The tissues were separated immediately and kept in deep freeze. The
removal and fixing of tissue for analysis took 5 min.
The dissolved oxygen in water was analysed following unmodified Winkler
method (APHA 1965). In some cases the dissolved oxygen was determined by a YSI
(Yellow Spring Institute) oxygen electrode. Total carbon dioxide in water was
analysed within an hour after sampling following the Maros-Schulek technique as
modified by Kutty et al (1971). Fifty ml of samples were used for analysis. The
samples were analysed for ammonia following the method described by Kutty (1972),
which is in agreement with Strognov (1962) and APHA (1965). The total nitrogen of
water samples were analysed following the method described by Jacobs (1951), using
a steam distillation micro-kjeldahl apparatus.
The lactic acid in muscle tissue (white and red), liver and blood was estimated,
following the method of Barker and Summerson (1941) as outlined by Oser (1965).
The glycogen in muscle and liver tissue was precipitated according to the method of
Seifter et al (1949) and the precipitated glycogen was assayed by the anthrone
method of Carroll et al (1956). Blood glucose was analysed following the anthrone
method (Carroll et al 1956).
3.

Results

Oxygen consumption, CO2 output and respiratory quotient (RQ)* measurements
obtained are plotted against swimming speed in figure I. Regression lines have been
"The mol to mol ratio of Co 2 excreted to O 2 consumed also known as respiratory exchange ratio.
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Figure 1. O 2 consumption, CO 2 output and RQ in relation to swimming speed in
R. corsula, forced to swim continuously for 5 h in freshwater at 30°C. The regression lines
fitted are as per equations presented in table J.

fitted separately for each hour of exercises, as per the equations given in table 1. The
rate of arnrnonia-N and total-N excretion and ammonia quotient (AQ) and nitrogen
quotient (NQ) are calculated from the available data and depicted in semilogarithmic
grid against swimming speed in figures 2 and 3 respectively. The plots are fitted with
regression lines as per the equations given in table I. The glycogen utilization and
lactate production during 5 h exercise at 20 and 77 cm/s are presented in table 2.
It is clear from figures 1-3 that the metabolic rates increased with the increase of
swimming speed, whereas the metabolic rate during the initial phase of exercise
(I st h) was found to be higher (figure 1) than the rate of oxygen consumption during
the later phase of exercise (5th h). It is also evident from figure 1 that the lst h RQ
values were slightly above unity, suggesting the involvement of anaerobic metabolism during initial phase of exercise. The rate of nitrogen excretion as well as the
respective quotients increased not only with the increase of swimming speed but also
with increase in the duration of exercise (figures 2 and 3) indicating the higher
protein utilization during later phase of exercise in all the speeds tested.

4.

Discussion

The oxygen consumption

In

R. corsula increases with increase of swimming speed
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Table I. Regression equations of logarithms of oxygen consumption, carbon
dioxide output (both in ml.kg/h) and nitrogen (arnrnonia-N and total-N) excretion
(mg/kg/hl RO, AO and NO (Y in each case) against swimming speed (cm!s) (X)_
Exercise
(h)

Regression equation
log Y=a+bx

O2

1
3
5

2-17415 (± 0-12114) +0-005763 (±0-001392) X
2-09825 (± 0-10310) +0-006137 (±0-001204) X
2-04735 (± 0-10380)+ 0-006302 (±0-001124) X

CO 2

1
3
5

2-22213 (±0-12479)+i}0068I5 (±0-001194) X
2-01617 (± 0-09486) +0-006895 (±0-001936) X
; -92653 (±0-15710)+0-0065IO (±0-002828) X

NH)-N

I
3
5

1-03087 (± 0-02092)+0-008037 (±0-000II4) X
1-19430 (± 0-02937) + 0-008114 (± 0-000 107) X
I-29068 ( ± 0-05618) + 0-008172 (± 0-000562) X

TotaI-N

1
3
5

1-19875 (± 0-081701)+ 0-007763 (±0-001 105) X
I-34655 (± 0-05656)+ 0-008030 ( ± 0-000387) X
1-46723 (± 0-07566)+ 0-007980 (± 0-000659) X

RQ

I
3
5

0-04588 (± 0-01830) + 0-001037 (± 0-000387) X
- 0-06687 ( ± 0-02291) + 0-000569 ( ± 0-000296) X
- 0-12671 (± 0-02828) +0-000278 (±0-000278) X

AQ

1
3
5

- 1-29487 (±0-Il467)+0-002201 (±0-001479) X
- 1-05779 ( ± 0-06245) + 0-001688 (± 0-000696) X
-0-91124 (± 0-11576)+0-001 862 (±0-001432) X

NQ

I
3

- 1-13023 (±0-10712)+0-001964 (±0-001673) X
--0-88739 (±0-05518)+ 0-001345 (±0-000823) X
-0-73618 (±0-04336) +0-001686 (± 0-000721) X

5

Data obtained for lst, 3rd and 5th h of 5 h continuous exercise at 30'C. Values in
parentheses indicate one SE (N = IIi in each case).

and decreases with duration of exercise (figure 1) as obtained previously for Sockeye
salmon (Brett 1964) gold fish (Smit 1965; Kutty 1968; Rao 1968) and Tilapia
mossambica (Karuppannan 1972). The carbon dioxide output in R. corsula also
showed the same trends as observed earlier in gold fish and rainbow trout (Kutty
1968) and in T. mossambica (Karuppannan 1972)_ The initial RQ values are always
higher than unity, whereas the steady (long-term) RQ values are below unity,
suggesting that anaerobic energy utilization is high during the initial phase of
swimming exercise, but not during later phase as observed in other fishes.
Nitrogen (ammonia and total) excretion increases sharply with increase in the
duration of exercise and with the intensity of swimming speed (figures 2 and 3)_ In
previous studies the exercised fish (Kutty 1972; Karuppannan 1972), NHrN excretion has only been considered as a measure of protein degraded. In the present study
a better picture is obtained by measuring also the total-N excretion. The percentage
of NHrN in total nitrogen excreted varies very little in duration of exercise as well
as the intensity of exercise (65-6-67-3~'-;; for speed increased of 20-77 cmjs and
decreased from 67-3-65-5/;' for the Ist to 5th h of exercise at the highest speed tested),
It however. appears that the excretion of non-ammonia fraction is also increasing
with the duration of exercise and intensity of exercise, while the proportion of it to
total nitrogen excretion is always staying constant.
The quotients of NH 3-N excretion and total N excretion show the same trend, to
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Figure 2. AN and total nitrogen excretion in relation to swimming speed in R. corsula
forced to swim continuously for 5 h in freshwater at 30'C. The regression lines fitted are as
per the equations given in table 1.

increase with increase in intensity and duration of exercise. In the present study the
AQ and NQ are the weight relations of N-excreted and oxygen consumed, unlike the
AQ of earlier workers (Kutty 1972; Karuppannan 1972). The values of AQ and NQ
are relatively lower during short-term exercise (I h), whereas the long-term values are
higher, as observed again in the case of Tilapia AQ by Kutty (1972), Karuppannan
(1972) and Sukumaran (1986), suggesting that relative protein utilization is lower
during initial phase of exercise than in later phase in all the swimming speeds tested.
It was suggested that this may be due to the sparing action of carbohydrates on
proteins (Kutty 1981).
The glycogen concentration of both white and red muscles and liver decreases
after 5 h exercise (at 20 and 77 cm/s) in mullet, whereas the lactate concentration
increases (table 2). The blood glucose rises during the initial phase of exercise and the
level is maintained with a slight decrease during the later phase of exercise. The total
glycogen utilization of R. corsula at various hours of exercise has been estimated
considering the changes in muscle (white and red), liver glycogen and blood glucose
(Johnston and Goldspink 1973; Woleoma and Johnston 1981). In our calculations
the glycogen changes are always expressed in equivalent amount of glucose. Data
obtained for glycogen utilization and lactate production during the 1st h of exercise
in mullet, exercised at 20 cm/s can be considered as a typical example for analysis.
Estimation of glycogen utilization for the 1st h of swimming at 20 cm/s in
R. corsula:
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Figure 3_ AQ and NQ in relation to swimming speed in R. corsula, forced to swim continuously for 5 h in freshwater at 30"e. The regression lines filled are as per the equations
given in table 1.

Table 2. Glycogen (glucose) utilization in m mol/kg (fish)-I of R. corsula exercised continuously for 5 h at 20 and 77 ern s - 1_

Swimming
speed crn/s
20
20
77
77

Duration of
exercise (h)

Glycogen
(glucose)
utilized
for lactate
production

Glycogen
(glucose)
utilized
for maximum
oxidation

Unaccounted
glycogen
(glucose)

Total
glycogen
(glucose)
utilized
by the fish

I
5
I
5

2-06(30'3)
4-82(31-0)
3'18(21'6)
6·01 (33'7)

1·50 (22-1)
6-46 (41'5)
3-10 (21-1)
11·78 (66-2)

3'22(47'5)
4-28 (27'5)
8·43 (57-3)
Nil

6-78(99-9)
IS-56(100)
14·71 (100)
17-79 (99-9)

Percentage of total glycogen utilized are indicated in parentheses.

Total glucose utilized=6'78 m mol kg- 1 h- 1_
Total lactate produced = 4-12 m mol kg- 1 h- I.
Total O 2 consumed in 1st h = 285·6 mg kg-I h -I.
4·12
Glucose needed for the production of 4-12 m mol of lactate=--=2'06m
mol kg-1h- 1•
2
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Assuming that all the O 2 consumed by the fish is utilized for glycogen (glucose)
oxidation.
Gl ucose (POSSIibl e maximum
.
)

285·6
OXIidi1St' d =192=

1
1·50 m mol k g " 1 h -.

Total glucose utilized for lactate production and maximum possible oxidation
= 2·06 x 1·50 = 3·56 m mol kg - 1 h - 1 unaccounted glycogen (glucose) = 6·68 - 3·56
= 3·12 m mol kg- 1 h- 1 .
Likewise the breakups for glycogen (glucose) utilization on mullet for the 1st h of
77 cm/s swimming speed and the entire 5 h exercise at both low and high speeds (20
and 77 cm s - 1).
It is clear that about half of total glycogen utilized during the 1st h of exercise has
been unaccounted. While the unaccounted percentage of glycogen is low in the entire
5 h period of swimming at 20 cm/s and it is nil at 77 cm.s, It should be mentioned
here that the entire oxygen consumed by the fish is assumed to be utilized only to
oxidize glucose. But it is certain that other substrates are also involved in the
oxidative metabolism, since a major part of energy specially at later hours of exercise
is derived from protein oxidation, as obvious from the increase in nitrogen excretion
during the later hours of exercise (figures 2 and 3). The unaccounted glucose in all the
levels might be utilized for the production of end products other than lactate.
Hochachka (1980) observed the accumulation of pyruvate and alanine as the end
products of glycolysis in carp white muscle. Hochachka et al (1974) found that
several other end products (such as pyruvate, succinate and alanine) accumulated in
diving vertebrates. It is possible that in fish also such anaerobic and products are
accumulating. Kutty and Peer Mohamed (1975) have suggested that in mullet,
R. corsula anaerobic energy is derived under hypoxia through pathways other than
conventional glycolysis. The unaccounted glycogen (glucose) in exercised mullet
might have also been used for deriving energy efficiently through some anaerobic
pathway other than conventional glycolysis.
Another possibility, though less likely is that the unaccounted glycogen (glucose)
can be converted into other substrates namely fat and some amino acids. Nagai and
Ikeda (1971) and Blazka (1958) suggested that in crucian carp under ammonia glycogen
is converted to fat, resulting in the release of CO 2 and extra energy. Nagai and Ikeda
(1971) studying the carbohydrate metabolism in carp, showed the incorporation of
glycose C 14 mostly in amino acids (protein) and some in lipids. This clearly suggests
the conversion of glucose into other energy substrates namely fat and proteins. But
in exercised mullet how significant such a conversion is cannot be known from
available data.
The present study again facilitates some estimates of relative energy utilization
under certain assumptions. The method followed is similar to that described by
Kutty and Peer Mohamed (1975), Kutty (1972, 1981) and Sukumaran (1976)
estimated that a maximum AQ (molar ratio of NH 3 excreted to O 2 consumed) 0·33
can be expected for breakdown of protein under fully aerobic constitution. The
compiling value of weight of nitrogen excreted to 0;: consumed i.e. maximum
aerobic NQ is 0·148. In our calculation, shown under it is assumed that an observed
NQ above that value indicates the excretion of anaerobic nitrogen. Thus aerobic
nitrogen excretion is estimated by substracting the anaerobic from the total nitrogen
excretion. With these assumptions, the energy utilization of R. corsula exercised at
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20 crn/s, for the 5 h period of swimming is tabulated below:
Total Oz consumed for 5 h
Total COz output for 5 h
Total N excreted for 5 h
Estimated anaerobic N-excretion
Therefore, total aerobic N excreted

= 868·1 ml kg-lor
= 1240·1 mg kg-I.
= 832·9 ml kg - I.
= 161-6 mg kg- I.
= 17·4mgkg- l .
= 161-6-17-4= 144·2mg kg-I.

Oz needed to degrade proteins to produce
= 144'2/0·148 = 974·3 mg kg- I.
144·2 mg kg- I of nitrogen
= 682·0 ml kg-I.
COz equivalent of 682·0 ml kg- I of 0z,
= 682·0 ml kg-I.
in protein breakdown

[Since the protein RQ is calculated to be
unity for fish system (K utty 1981;
Sukumaran 1976)].
= 868·1 - 682·0 = 186·1 ml
Non protein (NP) Oz
-I
kg .
= 832·9 - 682·0 = 150·9 ml
NP COz
k g -I .

NP RQ

= 150'0/186'1 = 0·81.

Since the non-protein RQ is clearly below unity, it is possible to estimate the
proportionate energy derivations from the 3 substrates, proteins, carbohydrates and
fats in the mullet from the values arrived at since protein yield 19·121 K 1/1 Oz
(19'1211/ml Oz) corrected value for ammonotelic animals (Brafield and Solomon
1972), the net caloric yield from protein is 13040·31 kg-I fish [i.e. 682·0
(ml Oz) x 19'121].
From non protein RQ value of 0·81 it appears that energy yield from carbohydrates and fats are 36·8 and 63·2 respectively, of the total yield of 20·125 Jzrnl Oz
(Dow ban 1969). From this it can be estimated that the total yield from carbohydrate
is 1378·21 kg- I and that of fats is 2367·31 kg-I. The anaerobic energy utilization
from carbohydrate can be calculated from the amount of glycogen (glucose) utilized
for the production of lactate.
The total lactate produced for 5 h = 9·64 m mol. Glycogen (glucose) utilized for
9·64 m mol of lactate production = 9'64/2 = 4·82 m mol.
The energy obtained from one mol of glucose through glycolysis is 52 Kcal which
is equivalent to 217·57 K 1 (217'57 l/one m mol) (Dowban 1969). From this it can be
estimated that the total yield from anaerobic source is 1048·5 1 (i.e. 4·82 x 217·57 1). If
the minor amount of energy derived anaerobically from protein is disregarded (the
role of anaerobically product of NH 3 may be more to combat the acid-base
imbalance caused by lactic acidosis rather than for obtaining energy), total energy
utilized for the entire 5 h of mullet, exercised at 20 cm/s can be estimated as
17834·3 1 kg -I fish. The percentage of energy utilized by oxidative breakdown of
proteins, carbohydrates and fats in mullet, exercised at 20 em s - I are more than
73,1, 7,7, 13·3 respectively and the remaining percentage of 5·9 is derived from
anaerobic source.
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The NP RQ derived likewise for mullet exercised at 77 em s - 1 is 0'6, which is quite
below the conventional RQ values for fat. Therefore it is assumed that non-protein
substrate is only fat and glucose is not involved in oxidative energy release. With this
assumption the amounts of energy derived by mullet exercised at higher speed
[77 cm/s) are estimated as 33587'9, 2841-3, 1305·4 J kg -1 fish from proteins, fats and
anaerobic source respectively, being 89,0, 7·5, 3'5~~ of a total of 37734·7 J kg-1/kg
fish. It appears that the difference in energy utilization at 20 and 77 cm/s is mainly in
the lesser use of carbohydrates and greater use of proteins at 77 cm/s, The lower NP
RQ may also be due to the over estimation of the maximum possible aerobic NQ.
Eventhough the percentage of anaerobic energy utilization at 77 cm/s is less, the
absolute energy derived from anaerobic source is higher than that at 20 cm/s, It
appears that anaerobic energy utilization is higher during the initial phase of exercise
and the percentage of anaerobic energy during the 1st h of swimming is likely to be
25-30% of total energy utilized at that time and indeed during steady swimming
anaerobic is not final. To arrive at more precise energy estimations only one means
of energy derivation from the available data and the validity of the assumptions have
to be checked further. But it is felt that this method of approach would be of some
help in elucidating the problem of energy budgeting in fish.
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