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Fish farming is a rapidly growing industry. There are relatively few
warmwater species of fish cultured for food. Since channel catfish are
adapted to culturing and a principal species raised for sport fishins and
commercial production, their management require detailed knowledge. Farmen
(1967) suggested the need for more knowledge of the ecological factors in-
volved in maintaining stocks for impressive gains, e further wrote, the
fish digest their food entirely through a set of powerful enzymes, and the
gut may reflect the enviromment of fish. Though he was writing about the
fishes of the sea it would also seem to be true for warmwater fishes, Under-
hill (1952) su;gested a great deal of research was necessary to prove the
following speculation. "It would appear there is a certain temperature at
which freshwater fishes of the temperate zone digest their food at a maximum
rate and attain a maximum growth and utilization'.

It has long been suggested that environmental temperature affected fish
activity, food consumption, utilization of food and hence the rate of growth
of the individual. Little is known, however, regarding the mechanism of
this effect.

The presont studies were designed to determine the presence of various
digestive onzymes and the affects of different temperatures on the secretion

and/or activiiy of these enzymes,
LITERATURS REVIE

Little experimental work has been reported on the digestive physiology

of fishes, and in particular the channel catfish (Ictalurus punctatus,




Rafinesque).
Warm~water Fishec

Spallanzani (1783) studied digestion in fishes by filling tubes with
flesh of fishes, and puttinz the “ubes into the stomach of pikes, eels,
barbles and carp. These were then recovered at intervals and observations
on digestion were made. Sullivan (1207) reporied a marked increase in vol-
tme and acidity of the gastric juice following fecding of elasmobranchs
(Chondrichihyes). lle found pancreatic extracts contained trypsin in an
inactive form, which could be activated by extracts of the intestines.
Lipace activity was also reported. Herwerden (1908), Vonk (1927 and 1929)
and Eaylizs (1935) reported acidity in teleost stomachs indicating digestive
orocesses,

2iddle (1909) used Spallanzani's method to determine the influence of
season and temperature on the rate of digestion in six species of cold~
blooded veriebrates. The species studied included freshwater "dogfish"
(imia calva). “he rate of digestion was measured in 150 individuals, using
ettt tubes made from glass tubing, 2.5 millimeter in diameter, filled with
poagulated fresh egg albumin. The tubes were inserted directly into the
stomach. The animals were killed after periods ranging from 17 to 168 hours.
The “ubss were then recovered and the amount of digestion was estimated from
the number of millimeters of albumin thet had been difcsted from the tube,
Riddle concluded that all animals studied were capable of digestion at all
seasons proviaed they were held at a suitable temperature. A smaller amount
of proteolytic ferment was secreted during the fasting (winter) period than

during feeding (midsummer) period. He also concluded that temperature



markedly modified the rate of digestion and the minimum and maximum temp-
eratures at which digestion was possible varied in different forms of cold-
blooded vertebrates. Pepsin secretion decreased with low temperatures. High
temperatures might also diminish secretion. It was also revorted that
temperature changes might affect not only the action of the ferment on the
hydrolysis of food materials, but also affected factors conditioning the di-
gestion rate such as the acidity of the secretion and the rate of absorption.
Riddle suggested that effects of temperature on digestive processes must be
considered under two headings: (1) accelerating action of increased temp-
erature on chemical processes involved, and (2) retarding action of high or
low temperatures due to production of smaller arounts of digestive enzymes
or actual destruction of enzymes at extreme temperatures., Van Slyke and
White (1911) used dogfish for protein digestion studies in the stomach and
intestine. Chopped beef meal, boiled to coagulate the protein, was fed
throush a stomach tube. The authors found that during the first six hours

a considerable amount of coagulated protein was dissolved and absorbed from
the stomach. Little or no food passed into the intestines, since it con-
tained only slightly more nitrogen matter than the intestines of starving
dogfish. During the period from 6 to 12 hours after feeding protein rassed,
both digested and solid, into the intestine and the progressive hydrolysis
of dissolved peptones continued. Pentapeptides, resulting from gastric di-
gestion, were broken on an average to the tri-peptide stage in the intestine.
After 2& hours 40 to 45% of the total nitrogen had disappeared and of that
left, in both stomach and intestine, 65 to 857 was in solution and consisted
of materlals averaring midway between di~ and tri-peptides. During the

second 2+ hours the disappearance of both soluble and insoluble vrotein



continued, By the end of the third day, solution and absorption of protein
was practically complete.

Almy's (1926) studies indicated that there was a peptic enzyme acted
in the presence of IC1 in herring (Clupeidae). Dobreff (1927) found froe (!

in the stomach of fasting elasmobranchs (Chondricathyes). The amount was

increased following feeding. Hathaway (1927) studied rumpkinseed (Lipomis
gibbosus), bluegill (Lopomis marochirus), and largemouth black bass (IHicro-
pterus salmoidos). His results indicated these fishes consumed about three

times as much food per day at 20°C as at 10°C, ZREablkin and Bowie (1928) re-
ported evidence for the presence of trypsin in liver and bile of Fundulus.
Markus (1932) reported the rate of metebolism in largemouth bass (iicropterus
salmoides) and smallmouth bass (}. dolomieui) was low at 4°C and increased
up to 22°C, After this temperature was reached the rate of increase of
metabolism decreased. Large bass did not take food voluntarily when temper-
ature was below 10°C during the 90 days of the experiment. These workers
also revorted bass (Iﬁcroﬁerus) did not take food readily unless the stomach
was empty. ‘aloney (1949) reported a relationship between food consumption
and temperature in bluegill (Lepormis merochirus). Zluegills subjected to

eight~day veriods at five differen: temperatures, ranging from 10°C to 30°C
had an optimum temperature for feeding between 15° and 25°C. Similarly,
Oscar and Day (1950), reporied feeding was determined to a large extent by
both oxygen supply and temperature, because both dircctly affected metabo-
lism., Thoy also indicated the usual temperature for different troprical
species ranged from about 70 to 80°F. Probst's (1950) 32 years of research
showed the yield of carp (Lyprinus carpio) ponds was positively correlated

with averare temporature during the prowing period from iMay to Septerber.



Gastric secretion in mammals, as reported by Babkin (1950), is control-
led throuvgh a combination of nerves and hormonal paths, but little is known
ebout the mechanism in fish., The effect of temperature on food consumption

in fishes with special reference to the brown bullhead (Ictalurus nebulosus)

was reported by Underhill (1952). Three fish were maintained at constant
temperature of 20 4 C.5°C, Others were held at constant temperatures of 15,
18, 22, and 26°C respectively for four weeks, The study included effects of
temperature on food consumption, weight gains and utilization. 'Jeight gain
increased as the temporature was held at from 15° to 22°C and then decreased
at high temperatures with the exceotion of one fish made greater gains at
280C than 25°C, Underhill concluded the optimm temperature for the browm
bullhead (Ictalurus nebulosus) for utilization of food and growth was close

to 229C and suggested the same temperature for bluegill (Lepomis merochirus).

Maximumm gain was obtained at 22°C although more food was consumed at 25°C,
At 15°C little physical ectivity was recorded. Activity was greater the
higher the temperature. Chen (1954) recommended that Tilapia mossambica

should not be stocked unless the water temperature was 15°C., 'When water
temperature rises to 32° or higher, feeding should be stopped, and feed
should be supplied only in late afternoon when the water cools down. Sulli-
van (1954) reported both bony fish and selachians to have surface thermal
receptors. According to him, impulses from ampullae and the lateral-line
organs are powed into the central nervous system at a rate which was charac-
teristic of the temperature of the enviromment. Further, he suggested the
froquency of spontaneous movements was related to the equilibrium tempera-
ture that was greatest at the temperature ordinarily selected by the fish if

placed in a tomperature pradient., Gibson and liirst (1955) found growth of



preedult guppies (Lebistes reticulatus) to be in the neighbourhood of 23

to 25°C with less growth at temperatures of 20, 30, and 32°C, Sarig (1956)

reported that carv (Cyorinus carpio) storped feeding and growth was retarded

below 12°C, As the temperature approached zero some carp lost weight.
Yashouv'!s (1956) work supported others in which feeding balanced supplemen~
tary foods developed carp without natural food. The extent of growth depen-
ded on external conditions such as temperatures, and water flow.

In feeding studies with one year old carp (Cyprinus carvio) on colored

food, Maltzan (1957), found that time of passage through the alimentary canal
varied from 18 hours at 10°C to 4% hours at 26°C, He suggested that absorp-
tive processes were influenced by rate of food passage through the alimentary
canal, Rate of passage was slower in fish than in some mammals. lNaltzan
suggested much of the difference was doubtless associated with temperature,
which has marked effect upon the rate of activity of the canal. Kinne (1960)

reared Fq generation of wild desert pup-fish Cyprinodon macularis beird and

girard (Lepomis bumilis) at enviromments of 15, 20, 25, 30, and 35°C each.

Growth, food intake, and food conversion were studied. He found growth rate
depended larcely on temperature. Fastest growth rate was observed a£ 30°C
and decreased with decreases in temperasture. Food intake of fish of the
same age was macimum at 30°C, Food conversion was maximum at 20°C and de-
creased with increases in temperature., Optimum growth in older fish, as re-

ported, was between 22°C and 26°C, Yashouv (1960) reported Tilapia nilotica

died at 5°C while at 8°C they entered a cold stupor. Growth began at 13°C
and at 19°C and hizher temperatures spawning began. He reported T. falliaea
was more sensitive to cold than T. nilotica. The effect of tempersture on

metabolic activities such as spawning was also reported by other workers.v



Patience (1961) found temperature to be an important factor in spawning of

the shiner (Luxilus cormitis). Spawning did not occur until the water tem-

perature was 66 to 70°F, The minimum temperature at which fry of largemouth

black bass (Micropterus salmoides) feed was near 15.9°C (Strawn, 1951).

Growth rate at 15°C was slow, and increased with increase in temperature.
Heximum growth occurred at 27.5 and 30°C while at 15°C eggs hatched and fry
rose from the nest. Few fry fed at 15°C and most died of starvation.

Moss and Scott (1961) studied dissolved oxygen requirements of three
specles of fish found higher standard metabolic rates in channel catfish

(Ictalurus punctatus) than in bluegill (Lepomis marochirus) at 25°C., Their

studies at three different temperatures, 25, 30, and 35°C did not indicate
significant differences between standard metabolic rates at the temperatures
studied. Gyula (1962) measured rates of gastric digestion of largemouth

black bass (Microvterus salmoides) at 5, 1C, 20, and 25°C using X-ray techni-

ques. He found the rate of digestion was more rapid at 5 to 10°C than at 20
and 25°C. Hickling (1962) wrote that fish have a wide range of enzymes
associated with the wide range of food they consume, XHe further stated that
envirommental conditions also effect supplementary feeding since appetite

increased as the temperature rose. He reported carp (Cyprinus carpio) may

stop feeding at temperatures below 10°C and Tilapia melanopleura ceased to

feed at about 13 to 15°C, In Tilapia feeding activity was high at 24 to 25°C.
Hickling suggested variations in the rate of feeding at different temperatures
rnight be associated with activity of the digestive enzymes. The products
from ingested food broken down by the digestive enzymes of fish are absorbed
throush the gut into the tissue of fish, Feeding was most active and fish

were hunrry when the water was warm duwring July and Aucust in temperate



climates., Hickling suggested that water temperature was important to all
activities of living creatures. Growth of all fish slowed down to a stand-
still well above the freezing point of water. He stated that wide varia-
tions in seasonal temperature may result in a like seasonal variation in the
rate of growth., Tiemeier, Deyoe and Wearden (196/4), and Deyoe and Tiemeier
(1966) have fed supplemental pelleted feed to channel catfish (Ictalurus
vunctatus)., In these studies the rate of growth in chamnel catfish was indi-
cated as bein~ affeccted by various factors including temperature., Crowth
rate in channel caifish decreased with a marked drop in the water tempera-~
ture, Fish during periods of low temreratures had feed in their digestive
tracts but were apparently unable to vtilize it efficiently. Better growth
and conversion was obtained at higher temperatures and during extended
periods of water temperature above 65°F. The authors recommended feeding of
fish from April to Septembor or when the water temperature was above €0°F,
Other studied (Deyoe and Tiemeier, 1956) showed that chamnel catfish did not
efficiently utilize feed when water temperature dropped in August. Marked
changes in water temperature, particularly sharp drops, reduced b?th growth
and feed conversion ratés. Morris (1965) calculated accurately measured
metabolic rate-temperature curves over the range of 7 to 27°C after accli-
mation to 12, 17, 22, and 27°C. He reported body size to be a significant
factor in determining the metabolic rates at different intermediate temper-
atures. No size-related differences were found in acclimation abilities,

Goronagase (1965) studied digestive enzymes in Tilapia mossambica and the

effects of dlet on their activity. Three groups of six fish each revealed
that amylase activity on high carbohydrate diets was greatest in the intestine,

less in the oesophagus and least in the stomach., The tryptic activity was
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rreatest in the intestine of fish on hish vrotein diets. Ranade and
Hewalremeni (19566) studied the rate of food passace in the iniestine of

three species of fish, L, roluta, C. mirala, and C. catla., The differences

irn concentration of proteolytic enzymes were slicht. The relationship be-
Lween the rate of food passarme and the concentration of digestive enzyme was
concluded to be of creat sisnificance in fish bilology. Food items which

pass ranidly throu~h the intesiine may te more officiently utilized, because

rapid passare of food was normally associated with hizh digestibility. High

concentrations of the requisite enzyrec were also revorted under these condi-

ct

ions. llorcover, the orinion wzs extressed by these workers that 2 rapid
passare mirht a2lso lead to increase in the rate of feeding. The usefulness
of different food items depends upon itheir digestibility.

Tiemeier, Devoe and Wearden (1966) studied nutritional gqualities of four

diets fed to channel catfish (Jctalurus punctatus). Feed was supplied as a

dry feed from June to October., ixtreme hi~h temperatures and sudden decreases
in temperaturc were not encouvnitered. ‘he conversion rates for the diets, as
reported, were more uniform than those obiained in 1984, Foward (1966) re-

poried the period of incubation of charnel catfish (Ictalurus punctatus) ecgs

4o ranco from 5 to 10 cdavs at tauperatures between 70 and SC°F, Dupree and
Sneoed (1966) fed purified diets containing casein, wheat cluten and soybean
protein to channel catfish fincerlings. weicht fain end feed conversion of
fish fed diets that contained wheat sluten and soybean protein were greater

when Ted at a water temperature of 75°F than when fed at 69°F, However

in was utilized almost ecually well at both temperatures. IEnergy re-

(¢

]

as

cuirements as reflected in weight gain were assmed to be greater at 690,

Dendy, Varikul, Sumawidjaja and Fotaros (1966) reported Tilapia mossambica
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obtained during July and August contained an abundance of food. There were
decreases in, or absence of, foodstuff in the digestive system of fish col-
lected on September 16th and Octover 10, when the temperature was epproxi-
mately 15,5°C,

In a study on the relationship between rate of feeding, rate of growth

and rate of conversion in Tilapia mossambica and T, nilotica, Shell (19466)

reported the rate of feeding and conversion rate depended on many factors
including water temverature. General metzbolic activities and absorption
were increased by a rise in temperature. The same might also be concluded
from the work of Wolmy (1966) who reported that rise in temperature stimu-
lated the toxic action of armonia. Ammonia at 50 mg per liter for a young

carp (Cyprinus carpio) weighing 50 g was lethal in 30 minutes at 17°C. At

23°C it was lethal in only 13 minutes. Hepher (1966) also reported that

ish growth and food chains are affected by a number of factors including
temperature. In Taiwan the fish rearing season is reported to be from early
April to mid November, when the temperature ranged from 25 to 33°C (Tang,
1966).

wost (1966) studying chammel catfish (Ictalurus punctatus) growth, food

conversion and survival, maintained 22 groups of fry of 20 each at 21, 23,
25, 27, 29, 31, 33, 34, 35, and 36°C, He reported that 36°C was too high

for survival, as all but three fish died at this temperature. Ilaximum feed
efficiency was obtained at 28,9°C., This was slightly lower than the temper-
ature of maximum growth rate, which was 29 to 30°C. Food consumption by cat-
fish continued to increase at temperatures abdve the optimum though growth
decreased. Food consumption per gram of body weight increased with age.

Paloheim, and Dickie (1966) reviewed studies concerning the relation between
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total metabolism, body weight and its devendence on food intake and temper-
ature, in fishes. The temperature effects in the experiments were estima-~
ted from muliiple resression analysis., The effect of temperature on general
metabolic level was different from diffe?ent temperature series., Nordlie

(1966) conducted studies with the black bullhead (Iectalurus melas) to deter-

nine whether secretion of compensatings peptic cdirestive capacities was in-
fluenced by thermal acclimation, Crude pepsinozen extracts fron entire
stomechs of two groups of fish were used., One zroup was acclimated to 12°C
and the othor proup to 24°C for more than 60 days. The extract from the
group of fish ecclimated to 24°C showed hicher peptic activity than that from
129C acclimated fish. It was concluded that black bullhead probably have
freatest direstive capacity during summer months, During the winter they
most likely exist at reduced ectivity levels, on stored fat and glycogen.
Other studios on the effect of temperature on other metabolic activities have
been reported in various species of fish, (Swincle, 1966, Clemens, 196:) end

indicate g significant tomperature effect on metabolic activity.
Cold-water Fishes

Temperature effects on coldwater fishes have also been investigated.
Titcomb (1920) roported that temperature rlays an important role in the

ecrowth of trout (Salmo trutta). ‘rout rrew better at 51°F than et 4E°F, 2el-

ding (1928) pointed out the influence of temperature on fish life from the
standpoint of enviromment, habits, and activities, ater temperature not
only governed the distribution of fish by regulating their physiclogical
activities, but also was intimately associated with their resistance to

discase and to acverse conditions of environment such as reduced oxygen
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supply and prescnce of toxic substances in the water. Relding concluded
temperature was an essential factor in determining a suitable habitat for
fisnh., Considerable variations in temperature tolorance heitween different

species of fish was reported, and it was cuszested that 70 to 30°F was suit-

able for apparent cormfort of brook troui (Salvelinus fontinalis). It was

also concluded that rrowth was ~overnad by the abtundance of food and the

rate of meitzbolism of the Tish, Trout fincerlincs (Zalvelinus fontinalis)

grew more slowly in cold water +than in wrarm wator,
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temderature! for existence of each srecies to be that of its greatest resis-

tance Lo cdisease, A temperature above optimum lessens resistance to disease

and increases death rate,

Ersocdy (1931) found irout (Salvelinus fontinalis) were in great distiress

and refuscd to eat when a temperature of 33.3% was reached. e did not
record cdeath losses at this temrerature. Zvidence of termporary physiological
unsct was noticed followingm a considerable drop in temperature. N'Gonigle

(1932) found rate of respiration to increase in %rout (Salmo trutta) with a

rise in temperaturec to 71°F, It then became irrecular but decreased in rate.
Dawes (1930) concluded if a second meal was taken at a short interval after
the first, the food left the stomach and rassed down the alimentary tract
morc ouickly. FPentelow (1939) reporied opiimum temperature for brown trout

(Salmo trutta) of 50 to 6C°F, Growth was found to increase as temverature

o
ct
o]

increased from 38 5C°F, reached a maximum between 50 to 60°F and declined

) . 7 O - Y Y . . . -
wien the temperature exceceded 60°F, Pentelow sucrested that fish, like other

orranicns, need food to provide cnersyv for vital processes such as respiration,

direstlon and excretlon, and other activities. He stated that excess food
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over metaholic needs is available for increases in body substances, i.e.,
growth., Trout in his studied ate more and grew more under warmer conditions
(50 to 60°F) than when water was colder (33°F), Avove 60°F, rowever, there
wes a marked decline in the efficiency of food conversion and since this was
accompanied by no increase, and often a decrease, in appetite, the growth
rate fell markedly., Between 40 to 50°F rrowth was found to be rouchly pro-
portional to the amount of food, but such a simple relationship was no:
observed at 50°F,

Investigations made on chinook salmon (Cnchynchus tshayscha) between

June 1935 and October 1937 were reported by Allen (1940). Growth in selmon
was found to take place from early April until late October, but not during
wintor. Large seasonal variations were reported in the quantity of food
found in the stomach of fish. It increased rapidly to a maximum early in the
rapid growth period and then fell steadily during the remainder of the sumer
to a low value which continued during winter. When the temperature was below
7°C, young salmon remained quiet in a deep pool. When the temperature in-
creased they were more active and were present in shallow water with a moder-
ate current. Allen concluded that temperature probably determines whether
growth takes place. The change during the summer from rapid to slow growth
was suggested as being caused by higher water temperatures (15°C or above),
other external causes or possibly by changes within the fish., A relation-
ship between the condition of fish and their growth was also revorted by
Alen,

Wingfield (1940) studying the effects of environmental factors on growth

of brown trout (Salmo trutta) suggested factors influencing growth may be

divided into two groups - physico-chemical and biotic. In the first group
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he included light, water temperature and chemical constituents of the medium
to be most important. HKe also found the rapid increase during summer to be
correlated with a large increase in food intake which reached a maximum
about August and diminished during the winter. Brown (1946) grew two-year-

old trout (Salmo trutta) under controlled environmental conditions in water

of different temperatures. The efficiency of food utilization was low when
the temperature was low and also when the activity was high. Food consumed
by trout was maximum at 10 to 19°C and the activity of the fish was highest
between 10 and 12°C, HMaintenance requirements of trout of equal weight in-

creased with temperature, Baldwin (1956) held brook trout (Salvelinus fon-

tinalis) at six temperatures within the range of 3.5 to 21.0°C. Trout con~-
sumed the most food and made best growth at 13°C. Utilization of food con-
sumed for growth declined with increased temperature.

Experiments of Allyn (1959) were designed to observe the effects of tem-

perature upon chinook salmon (Onchynchus tshawyscha) during the period from

the cgg to the fingerling stage. Temperatures ranged from 34 to 74°F, There
was no survival to the stage where vertebrae or fin rays could be counted for
lots reared at temperatures below 39°F or above 62°F. The lower temperature

threshold for normal development of sockeye salmon (Oncorhynchus nerka) eggs

was established to be between 55 and 57.5°F, Johnson (1967) concluded the
best growth of trout (Salmo trutta), may be expected to occur at temperatures
between 55 and 65°F and some portion of the trout pond should offer water
temperatures in this range for best production.

Various workers have studied the effect of temperature on, and optimum
temperature for, production, spawning, effect on hormone secretion and hor-

mone effects on various species of fish (Surber 1935, Yashouv 1960, Patience
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1961, Clemen and Johnson 1964, Howard 1966, and Bolock and Labib 1966, ete.).
Informetion on the effects of water temperature on digestive activities
of fish is neoded because feeding activity and other metabolic activity
appear to be temperature related. Channel catifish are becoming an important
food fish, thus information of this nature is needed to develop sound manage-
ment and cultural practices. 7The present studies conducted here were under-
teken to investigate the effects of envirommental water temperature on the

digestive activity of chamnel catfish.,
FEIHODS AND MATERIALS

Chamnel catfish used for these studies were obtained from Tuttle Creek
Fisherics Xesearch Laboretory. They were Aze Cless 11 fish which were moved
to & holdinc tank in the leboratory. They were later tiransferred to a tank
held at a constant temperature in the Department of Grain Science and
Industries. For some studies fish were moved directly from the Tuttle Creek
pond to the constant temperature tank. The glass tank, measuring 2% X 2% X
2% ft, had a capaciiy of about 100 gallons., The tank was filled with de-
chlorinated water, obtained from tap water passed through a dechlorinator and
was not changed while the experiment was in progress. The temperature of the
tank was controlled by pessing a mixture of hot and cold water throush a
netallic coil and with a thermostatically controlled heating coil., An agita-
tor was also used to ald in keeping the temperature uniform tirouchout the
tank and to supply oxyren. The temperature was maintained within + 0.5°C of
tho desirnated exporinmental temvoraturce. All fish were kept for at least 14
hours al constant temporaturo before thoy wore killled for study. Material

collected from ocach {ish was usod to determine botlh stomach and intestingl
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proteinase activity. Other fish were used to determine the intestinal
amylolytic sctivity. A fish taken from an outside pond a2t a temperature of
2.2°C at 1.37 meter depth was used for the study of the pepsin and trypsin
activity at this temperature.

The temperature of the glass laboratory tank was adjusted to 14,5°C and
fish were transferred to the tank. ter 14 hours fish were killed for the
study of the protcolytic enzymes of the stomach and intestine. The tempera-
ture was then raised to higher constant temperatures., Care was taken to main-
taein the fish at each temperature level for a minimum of 14 hours before they
were killed. Thus all fish were acclimated for 14 hours to the particular
temperature being studied. Studies were conducted to determine effects of
various temperatures on pepsin, trypsin, and amylase activities. Each exper-
iment was also repeated, after raising the temperature graduvally to about
37.7°C (100°F) holdines it there for 12 hours and then bringing it down to
some specific constant temperature. Thus temperature effects were studied
with both increasing (Experiment I) and decreasing (ixperiment II) tempera-

tures.,
Peptic Activity

Peptic activity was studied in fish taken from water msintained at 2.2,
14,5, 22.2, 23.9, 26.7, 29.4, and 33.3°C. Preliminary experinents were con-
ducted to determine the optimum incubation, plH and temperature for vepsin

ectivity.
Extraction

Intire stomach extracts used for studies on pepsin activities, were
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cxclsed Irmediately after killing fish. The stomachs were cleaned of con~
tents and sliced at once with a blade and scalpel, as described by Elliott
(1955). The stomachs were imnediately frozen whenever delays in study were
unavoidable, The sliced stomach tissue was extracted with 25 ml of zlycine-
HC1 buffer (Gomori, 1955) for each gram of stomach. They were then homoge-
nized for 5 minutes in a blender and stored in a refrigerator at 5°C for 24
hours., The stomach tissue and buffer was then centrifuged and the extract

was diluted 1:10 before use.
Substrate

Denatured hcmoglobin (Lutritional Biochemical Corporation) was used as
the substrate for pepsin activity studies. A 2% solution was prepared in

0.2 11 glycine=!iCl buffer, and the pH was adjusted to 2.2,
Method

The method of Anson (1938) was used with phenol reagent (Folin and Cio-
caltev, 1927), except that a spectrophotometer was used for opticel density
readin~s. The substrate solution (5 ml) and extract were placed in a water
bath for 5 to 10 minutes to bring the temperature to 33°C. One ml of the
enzyme cxtract was then added and incubated with the substrate. Trichlor-
acetic acid (0.3 N, 10 ml) was added and the tubes were shaken vigorously
to stor the rcaction after both 5 and 10 minutes of incubation. Iwo samnple
tubes were used for each period of incubation. The reaction mixture was fil-
torod throurh Whetman ilo. 3 filter paper. ive ml of the digestion filtrate
was added rapidly to 10 ml of 0.5 N sodium hydroxide and 3 ml of the diluted

phonol rcarent, ‘he mixtures woro placed in a spectrophotometer and readings
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taken at 570 mp; water was used as a blank, Tests were conducted in dupli~
cate, and a separate plank was run with each tube. The gbsorbancy of the
developed color after correcting for the blank reading was used to estimate

the activity of the enzyme.
Tryptic Activity

Tryptic activity was studied at the same temperature as peptic activ-
ity. Preliminary experiments were also conducted to £ind the optimum pH

for incubation and the optimum temperature for studies of tryptic activity.
Extraction

The proteinase was extracted from the whole intestine as described for
pepsin extracts, except for the use of a phosphate buffer of pH 6.9. The

buffer was prepared as described by Gomori (1955).

Substrate

The hemoglobin substrate was prepared in a mamner similar to that des-
cribed previously (Anson, 1938). =Right ml of 1 X sodium hydroxide, 72 ml
distilled water, 36 g urea, and 10 ml of 22% hemoglobin were mixed and the
nixture was held for 30 to 60 minutes to denature the hemoglobin., The solu~
tion was then mixed with a solution containing 10 ml of 1 M potassiwm dihy-
droren phosphate and 4 g of urca. The {inal pH was adjusted with potassium
dihydrogen phosphate to 6.9, tho optimum incubation pil found for tryptic

activity of tho channel catfish,



Method

The rrecedure used wes similar to that for peptic activity. Because

urca was in the substrate solution, it was necessary to wait 30 minutes after
the addition of trichloracetic acid before filtering the digestion filtrate

and the blank., The water-hath was acjusted to 55°C, which was found to be

optimu for trypiic activity of channel catfish.

Mmylolytic Activity

2

£ish hel

»

Amylase activity studies werec conducted with extracis from

+ 15.5, 2.1, 23.9, 26.7, and 27.7°C respectively. In vitro studies were

concducted to determine optimum incuhation temperature and pii for these studies.,

Extraction

The amylase was exiracted from intestine in distilled water using 100

ml for cach fran of intestine as described by .loerloose (1955), Samples were

PIEN

ootained and treated as described for pepsin extraction. The supernant solu-
tion oblained by centrifuging was used without further dilution fc determine

the activity of amylase.
Substrate

Starch substrate was prepared as described by Cser (1085), For this

(93]

0.2 £ of zsodium ciloride, 1.515 g of potassium dihydrogen rhosrvhate and 1.9

1itm phocrhate wero dissolved in distilled water and the final solution

diluted to 500 ml., ‘‘wo rrams of soluble starch was added to 100 =1 of

hoiled for 15 minutos with stirrine, It was then cooled

and Lhe pi: was adjucted to 4.8,
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Jodine Method

Two ml of substirate solution was placed in each test tube. The test
tube and the enzyme extract were then placed in a water bath adjusted to
55°C. VWhen the enzyme extract and substrate reached the incgbation ‘tempera~
ture, one ml of enzyrme extract was transferred to the substrate tuve. The
reaction was stopped after 5 or 10 minutes by addition of 1 ml of 1 N ECI,
Thon 01. ml of iodine solution (Ryzhova, 1905) was added and thec contents
were diluted with 10 ml of water. The absorbancy was read in a spectrophoto-
meter at 540 mﬂ.(Amador and wacker, 1965) with water as reference. The per-
cent absorbance after correcting for the blank was used in expressing the

activity of the enzyme. A blank and duplicates were prepared for each test,
Dinitrosalicylate (DNS) iiethod

The starch substrate used in the above iodine method was also used in
this test. The method is similar to the iodine method except the reaction
was stopped with DIS resgent (Schwimmer, 1950), and the mixture was heated
for 10 minutes in a boiling water-bath. A standard curve for reducing sugars

was preparcd by using different maltose concentrations.
RESULTS

Experiments were conducted to determine the optimum pH and incubation
tomperature for cach enzyme studied. Two experiments using Age Class II
fish weore conducted for each of the enzymes studied for the effect of envir-
ormental tomporatures on the enzyme sccrotion. Experiment I was designed
to investirate tho effocts of increasing temperature, while exveriment II

conducted for decreasin;; temperature effects, 'The results of tho experiments
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involving stomach and intestinal extracts did not show any apparent differ-
ence (Tables 1-7 and Appendix Tables 1-7).

EXPERIMENT I

Peptic Activity

In vitro studies indicated optimum conditions for peptic activity were
PH 2.2 and 33°C. The results of these studies are indicated in Figs. 1 & 2.
Temperature and pH conditions which differed from these resulted in decreased
activity.

The proteolytic activity of pepsin was studied using extracts obtained
from fish held at 2.2, 14.5, 22.2, 23.9, 26.7, 29.4 and 33.3°C respectively,
The fish used for studies at 2.2°C were obtained directly from an outside
pond during January 1967, The results of studies on pepsin activities are
shown in Table 1, and Appendix Table 1,

Table 1. Peptic Activity of Channel Catfish at Constant Environmental
Temperatures - Expt., I.

Temperature Activity
Der. C. 5 min, 10 min,
No. of Net No, of et
Samples Activity* Samples Activity*
2.2 2 0.14 2 0.24
14.5 2 0.34 2 0.54
22,2 2 1.03 2 1.55
23.9 2 1,21 2 1.645
26.7 2 0.9 2 1.33
29.4 2 0.62 2 1.025
33.3 2 0.2 2 0.53

*(Averaze of two samples = Blank) P.C. absorbance,
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After checking the tank for satisfactory performance of the control at
14,5°C seven fish were transferred to the aguarium. After about 14 hours at
this temperature one fish wac killed. The pro*einase activity of the stomach
extract was measuvred, as described above. The average activity of duplicate
tests was 0.54 0,D. units, following 10 minutes reaction time. The fish
were then fed with turkey liver, and after 14 hours one more fish was exar-
ined for activity. The activity appeared to have increased slightly and gave
a reading of 0.55 0.D. units, Little food was found in the stomach. The
remaining liver pleces were removed from the tank and in other tests fish
were not fed. In subsequent tests fish were killed after being held at con-
stant temporature settinzs of 22.2, 23.9, 26.7, 29.4, and 33.3°C respectively
for minimum of 14 hours. The proteinase activity (Table 1, and Fig. 3) was
increased to 23.9°C, above which the activity decreased. At temperatures

above 26.6 to 29.4°C the fish appeared to be in a state of distress.
Tryptic Activity

The results of preliminary in vitro studies conducted to determine the
optimum pH and temperature for trypsin activity measurements are indicated
in FMigs. 4 and 5, The optirum pH was found to be 6.8 to 6.9 and the optirmum
temperature noar 55°C for tests on trypsin activity.

Extracts of whole intestine from fish used for pepsin studies were also
used for estimation of trypsin activity. FEnzyme activiiy was not observed
at 2,2°C following 10 minutes of reaction time, but after 20 minutes slight
activity (0.001 0.D. units) was noted (Table 2 and Appendix Table 2). At
14,5°C the reactivity was 0,001 0,D, units after 10 minutes and 0.002 0,D.

units after 20 minutes. After feeding turkey liver to the fish at this
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temperature a little increase in the activity was found, 0.005 0.D. units
following 20 minutes of reaction time. The trypsin activity increased with
increase in environmental temperature to 23,9°C and then decreased at tem- -

peratures above 23.9°C (Fig. 6). Significant activity was still present a%

33.3°cC.

Table 2. Proteolytic activity of the Intestinal Extract of the Channel
Catfish at Constant Temperatures - Bxpt. I.

Temperature Activity
Degz, C 10 min. 20 min.
No. of det io. of et
Samples Activity* Samples Activity*
2.2 2 - 2 0.0010
14,5 2 0.001 2 . 0.,0015
22.2 2 0.0 2 0.6400
23.9 2 1,550 2 1.6600
26,7 2 0.325 2 0.5100
29,0 2 0.120 2 0.2000
3+ 2 0.070 2 0.1200

#(Averaro of two samples - Blank) P.C. absorbance.
Amylolytic Activity

The optimum in vitro pi! for amylase activity was 4.8 (Fig. 7) and the
optimum temperature was 55°C (Fig. 8).

In studies on amylolytic activity, an initial water teomperature of
15.5°C was used. Six fish were itransforred to the tank and after about 14
hours a fich was killed, The temperature was then raised to the next level

to be studied and after 14 hours at this temperature a fish was killed. The
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same procedure was followed for each temperature studied, i.e., 21.1, 23.9,
26,7, and 29.4°C,

Whole intestinal extracts were used for amylase studies and the iodine
method of Ryzhova (1965) was used for amylase activity measurements. The
activity at 15.5°C was 0,02 and 0.07 0.D. units following 5 and 10 minutes
reaction times respectively (Table 3 and Appendix Table 3). The activity
increased to 0.05 and 0,1 0.D, units following 5 minutes reaction and 0,09
and 0,16 0.D, units following 10 minutes reaction time at 21.1, and 23.9°C
respectively. It then dropped to 0.02 and 0.05 0.D. units at 26.6°C water
temperature. The highest activity, 1.57 and 1.66 0.D. units after 5 and 10
minutes resnectively, was found at 23.9°C (Table 3 and Fig, 9).

Table 3. Amylolytic activity of the intestinal extract of channel catfish

at constant environmental temperatures. (Iodine iethod) -
Experiment I.

Temperature Activity
Deg. C. 5 min, 10 min.
No, of et No. of Net
Samples Activity* Samples Activity*
15.5 2 0.020 2 0.070
21.1 2 0.050 2 0.090
23.9 2 0.100 2 0.180
26,7 2 0,025 2 0.050
27.7 2 0.024 2 0.050
29.4 2 0.030 2 0.035

*(Blank-Averaze of two samples) P.C, absorbance.
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EXPERTENT IT

Peptic Activity

The procedures for these studies were the same as were used for experi-
ment I, except the fish were transferred to water at 14,5°C and the water
temperature was then raised graduszlly, over about two days, to aporoximatelr
38°C, This temperature was maintained for about 12 hours, and was then dec~
creased to 33.3°C. rish enzymes werc taken at thic temperature after abont
14 hours., Zxtraction procedures for proteinase activity were those followed
in the first experiment. The temperature was then decreased to the other
temperature levels, 29.4, 23.9, 22.2, 15.5, and 14,5°C, in the manner des-
cribed previously. Fish were maintained for at least 14 hours at each con-
stant temperature before being killed. Results similar to those obtained in
experiment I were indicated (Table 4 and Appendix Table 4). The highest
activity was arain found at 23.9°C,

Teble 4, Peptic activity of the channel catfish at constant envirommental
temperatures., - Experiment II.

Tenporature Activity
Deg, C 5 min, 10 min,
No. of Net o, of Net
Samples Activity* Samples Activity®
14,5 2 0.345 2 0.53
15.5 2 0.350 2 0.57
22.2 2 1.028 2 1.5%
23.9 2 1,200 2 1.66
26.7 2 0.902 2 1.33
29.4 2 0.625 2 1.03
33.3 2 C.190 2 0.54

*(Average of two samples - Blank) P.C, absorbance.
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Tryptic Activity

Proceduvres similar to those employed in Experiment I were used and the
intestine of the fish used for pepsin activity was used for tryptic studies.
The results (Table 5 and Appendix Table 5) were arain similar to those of
Experiment I (Table 2), The highest activity was observed at 23.9°C.

Table 5. Proteolytic activity of the intestinal extracts of channel catfish
at constant environmental temperatures - Zxperiment IT,

e

Temperature Activity
Deg. C 10 min, 20 min,
No, of Net No. of Net
Samples Activity* Semples Activity*
14,5 2 - 2 0.0014
222 2 0.45 2 0.63
23.9 2 1.53 2 1.65
26,7 2 0.32 2 0.52
29.4 2 0.12 2 0.205
30.0 2 0.10 2 0.150
33.3 2 0.07 2 0.12

*(Averacze of two samples - Blank) P,C, absorbance.
Amylolytic Activity

Five fish were transferred to tho thermostatically controlled tank a%
a water terperature of about 15,5°C and the temperature was raised sraduwally
to 29.4°C, Caro was taken to maintain experimental temperatures for 14
hours on the final setting before killing the fish., After testing at 29,4°C

tho temperaturc was then dropped to 26,7°C and after 14 hours a fish was



36

killed for studies on amylolytic activity. The resulis of this study did

not agree with the results of the first study. The exiract from the fish at
26.7°C was found to be more active than had been observed at 23.9°C, Another
fish was killed et 26.7°C to determine if the previous result could be dunli-
cated, The results of this test were similar to those of the first experi-
ment which indicated less activity at 26,7°C than at 23.9°C.

Teble 6. Amylolytic activity of the intestinal extract at constant
environmental temperatures. (Iodine Method) - fxperiment II.

Temperature Actirity
Deg. C 5 min, 10 min,
No. of Net No, of Net
Samples Activity* Samples Activity*
15.5 2 0.025 2 0.08
21.1 2 0.045 2 0.08
23.9 2 0.1 2 0.162
e O 2 0.025 2 © 0,051
27.7 2 0.025 2 0.051
29.4 2 0.025 2 0.035

*(Blank - Average of two samples) P.C. absorbance.

The studies were also repeated using the DNS method of Schwimmer (1950)
for determining amylase activity. The same intestinal extracts were used
for both methods. The results as indicated in Table 7 and Aprendix Table 7
and TFir, 10, apree with the fesults in the first study. The enzymic activity'

wacs calculated from standard curve for reducing sugar (Fir, 11).
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Table 7. Amylolytic activity of the intestinal extract of channel catfish
at constant environmental temveratures - DN3S liethod.

s

Temperature Activity
Dep,s C 5 min, 10 min.
w0, of et flo, of tlet
Samples Activity* Samples Activity*
15.5 2 225 2 315
21.1 2 300 2 480
23.9 2 LB0 2 690
26.7 2 150 2 200
27.7 2 150 2 195

* Average amount of reducing sugar of two samples, calculated from the
standard naltose curve,

DISCUSSION

Constant efforts to rroduce human foods from animal sources at low cost
lead to a continuing research for more suitable combinations of known nutri-
ents in the most suitable environmentzl conditions. Channel catfish is an
important svecies for sport fishing and cormercial production in rmuch of the
United States. Its management requires detailed knowledge. One of the
fectors affecting the success of food fish is economical vroduction to mar-
ketablo size, A fish like other organisms needs food to provide enercy for
vital processes such as respiration, digestion, excretion, and other activi-
ties. Food above that necessary for metabolic needs is available for increas-
ing the body substanco, i.c., growth. Crowth rate depends on utilization of
food consumed. DBecause digestion rate is a function of the activity of

onzymes prosent, a decroased enzymic activity must result in a decrease in
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digestive power leading to lowered metabolic activity including growth.
Perran (1967). stated that fish digest food entirely through activity of their
own enzymes, Iish cennot cdepend on bacterial dizestion because their diges-
tive tract is small, Shell (1966) reported that fish fed at too hizh 2 rate
waste much of the food and even thoush growth may be excellent the cost of
production is excessive, He further reported that decaying uneaten food may
bo detrimental to fish growth. If feeding rates are too low, approaching
only the need for maintenance, growth is slow and conversion of feed to flesh
1s low. Bccause fish are not acclimated to feeding, feed supply may be
wasted. Fickling (1962) pointed out that fish cannot grow (or even live at
all) if they do not have a supply of the right quantity and quality of food.
The incested food, according to him, is broken dowvn by digestive enzymes of
fish, and the products are absorbed through the sut into the tissues of the
fish., Hickling also mentioned many factors including water temperature which
affected appetite, food intake, metebolism and growth. Belding (1928) main-
teined that a fish is a poikilothermal animal and its body tempefature fluc~
tuates with enviromment, being slightly above that of the surrounding medium.
Zrperiments on a variety of fish by Clausen (1934) indicated that the body
temperature of a fish is approximately the same as that of the surrounding
water, Sullivan (1954) reported that fish have thermal receptors. Impulses
from ampullae and lateral~line organs are transmitted to the central nervous
system at a rate characteristic of the envirorment,

There is no controversy on the point that the temperature affects the
growth and other activities of fish., These studies were planned to determine
temperature offects on the digestion ability affording a maximun rate of

rrowth,
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In our studies 21l fish received the same treatment so it is felt that
the fish were in similsr condition at the time of study.

The results of two experiments do not indicate spparent differences
when fish were taken from water which was increasing in temperature or from
water in which temperature was decreasins,

Under the conditions we studied channel catfish acclimatized to tempera-
tures in a range of fron 2,2 to 33.3°C. This range might be wider but it is
in general agreement with the report of Clausen (1934), Horris (1965),
Nordlie (1966), Hepher (1966), Tang (1966), and others who have conducted

studies on growth,
Feptic Activity

The data indicate pepsin secretion or activity et pond temperatures in
the winter (2.2°C) to be very low and the secretion to increase with temvera-
ture increasses up to 23,9°C, Secretion is much less at higher temperatures,.
The peptic activity at 2.2°C (pond temperature) was lowest and a continuous
gradual rise in activity with temperature increases up to 15.5°C was found,
followed by a sharp increase from 15.5 up to 23.9°C (Fig, 3). Above 23.9°C
a sharp drop in actlvity occurred as the temperature was increased to 33.3°C,
indicating Jecreased enzyme secretion. These results are in agreement with
those of others. RidcLe (1209) concluded pepsin secretion decreases with
low temperature while at high temperatures it may also be diminished or de-
stroyed, Riddle (1909), and Oscar end Day (1950) stated that the rance of
favorable environmentsl temperatures varies with svecies, Nordlie (1966)
found higher peptic activity at 24°C than at 12°C in the browm bullhead

(Tetealurus melas), Others have found that all metsbolic activities incrsase
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with increased environmental temperature. iiarkus (1932) reported that bass
stopped fecding voluntarily below 10°C. ‘ihis may be a response to a lack of
digestive enzyme activity to break down food. ialoney (1949), Oscar and Day
(1950), Underhill (1952), Kinne (195C), and others have found increased food
consunmption with increased environmental temperature, and decreased consump-
tion above certain temperatures depending on species. Baldwin (1966) repor-
ted utiliéation of food for growth declined with increase in temperature above
13°C in trout., Effects of temperature on enzyme activity may also be related
to growth rate., This is in agreement with reporis showing increased growth
with incroased temperature. Studies by Tiemeier, Deyoe and Wearden (1964)
indicated highest growth rates when water temperature was gbout 65 to 70°F

and poor growth followed sudden temperature drops. Deyoe and Tiemeier (1985)
obtained besi fced conversion in July when water temperature ranged from 75

to 80°F, Channel catfish did not utilize the feed when water temperature
dropped in August (62-73°F). iiarkus (1932) reported increases in weight in
bass up to 229C, after which the rate of increase diminished. Underhill
(1952) reported that weight gain in the brown bullhead increased from 15°C

up to 22°C and decreased thereafter., West!s (1956) report also agrees in
genoral with the increased growth in channel catfish due to increased temper:z-

ture,
Tryptie Activity

Tryptic activity at 2.29C was slight, Activity of trypsin was observed
at 15.5°C but below this temperature trypsin secretion appeared to be negli-
gible and hence there would be little digestive activity in intestine.

Therefore, rate of feed passafe into the intestine would probably decrease
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and would not stimulate voluntary intake of more food. Blaxter, MeGraham
and Weiman (1956) reported that appetite for food fails at & particular dis-
tension of alimentary tract and arkus (1932) revorted bass do not take food
readily unless the stomach is empty. In ilarkus! studies largemouth black
bass did not take food voluntarily at water temperature below 10°C, Strawn
(1961) reported the minimum temperaturc at which bass fry feed was near 9 to
159C, varig (1956) reporied carp stop feeding below 12°C and Tilapia started
crowth and feeding at 13°C (Yashouv, 1950), As the temperature of water
increased up to 23.9°C in our studies the trypsin activity also increased
(Table 2, and Appendix Table 2). At 22.2°C to 23,9°C there was a sharp rise
and then a sharp decrease in trypsin activity as the temperature was raised
from 23.9 to 29,4°C (Fig. 6)., A more gradual decrease then occurred up to
33,.3°C., Teimeier, Deyoe and Wearden (196%4) concluded better resulis of con-
version and more growth were obtained in chammel catfish at high water tem-
perature when an extended period of water temperature above 65°F occurred.
“osults of the present study also agree with those of Dupree, and Sneed
(1966), who obtained greater welght gain and better feed conversion in chan-
nol catfish at 76°F with wheat gluten and soyoean proteins than at 69°F,
Other reports also state that fish obtained more food and thus had inereas-
ed esrowth in summer. Water temperatures are higher in summer than in win-
ter, thus incrcaed feeding activity and growth may be influenced by effects
on enzyme activities. Brown (1946), Maltzone (1957), and Ranade (1966) also
reported increased growth rate with increased temperature. A decrease in
growth rate at higher temperatures has also been reported by many workers.
Those effects appcar to correspond with decreased activity observed for

trypsin, .ariaus (1932) reported decreased weicht gain above 22°C,
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Amylolytic Activity

The result of experiment on amylolytic activily were in general agree-
ment with the temperature effects on the other enzyme systems studied. Data
in Tables 3 & 6, Appendix Tables 3 & 5 and izs. 2 &« 1C indicate that amyio-

Tytic activity increased from 15.5 to 23.9°C with a sharp drov in activity

at 29,4°C,
Optimum Temperature

“he optimum temperature for secretion of the three enzymes studied
appears to be close to 23.99C. ‘est (1965) found an optimum temperature of
209C for chanmnel catfish srowth. The difference may be due in part to 2ze
factors, as lest used fry for his studies. Kinne (1960) obteined optimum

rrowth rate at 20°C in wild desert pup-fish, Cryprinodon macularis, but

reported the optimum growth in older fish to lie beiween 20 and 26°C. Brit-
tan (1924) reported fishoes could withstand with 1little difficulty exposure
to a water temperature of 25°C, but at 30°C much distress was shown. Oscar
and Lay (1950) stated the usual temperature rance for tropical species to be
from about 70 to 8C°F and Underkfill (1952), studying the brown bullhead, a
member of catfish family, obtained maximum weight gain at 22°C. He revor-
ted fich at 239C lost weight,

Fish in these s*udies wore sluggicsh and remained in one corner at tem-
peratures below 18°C., Above 18°C they were more active and moved from one
corner to the other. Activity increased with temperature., Above 26.7°C
apparent uneasiness or distress was observed, with the fish moving up and
down in the tank. "hese symptoms increased with further increase in temper-

ature and disappeared on reducing the water temverature, These were only
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observations, but when considered in conjunction with the analytical result,

it seems that water temperatures above 23.9°C were less desirable for the

channel catfish used in these studies.

CONCLUSIOKRS

Conclusions dravm from these studies may be sumarized as follows:

The channel catfish appears to acclimatize to different temperatures
within i4 hours within the range of 14,5 to 33.3°C.

The secretion of enzymes studied is affected by water temperature.
Pepsin secretion is very low at 2.2°C and the secretion increases with
increase in temperature to 23.9°C, thereafter the secretion diminishes.
Trypsin secretion from 2.2 to 15.5°C is negligible and increases from
15.5 to 23.9°C after which it diminishes.,

The amylolytic activity increases as temperature increases from 15.5 to
23.9°C and thereafter decreases suggesting decreased secretion of
amylase.

The temperaturc range for pepsin secretion is wider than for trypsin and
amylase,

Optimum temperature for secretion of the enzyme studied seems to be very
close to 23,9°C,

Temperature above 23.9°C seems to be less desirable for channel catfish,
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Appendix Table 1. Peptic activity of the channel catfish at different constant temperatures -
Experiment I,

Tenrersture Percent absorbance 5 min., Activity* Percent absortance 10 min, Activity®
Deg. C 5 min, 10 min,
1 2 AvY Blank 1 2 Avt  Blank
2.2 0.31 0.31 0.31 0.17 0.14 0.409 0.411 0.41 0.17 0.240
14.5 0.51 0.51 0.51 0.17 0.34 o.77 0,71 0,71 0.17 0.540
22,2 1,19 1.21 1.20 0.17 1.03 1,721 1.719 1.72 0,17 1.550
23.9 1.37 1.39 1.38 0.17 1.21 1.814 1,816 1.815 0,17 1.645
26,7 1,07 1.07 1.07 0.17 0.90 1.50 1.50 1.50 0.17 1.330
29.4 0.789 0,791 0.79 0.17 0.62 1.2 1.19 1.195 0.17 1.025
33.3 0.37 0.37 0.37 0.17 0.20 0,701 0.699 0,7 0.17 0.530

% fpctivity = (Average-Blank) P,C, absorbance

+ Avi = Average of 1 & 2,

79



Arrendix Table 2, Proteolytic activity of the intestinal extract of channel catfish at constant
environmental temperatures - Experiment I,

Terperature Fercent absorbance 10 min, Activity#* Percent absorbance 20 min. Activity*

Deg. C 10 min, 20 min,
1 2 Av# BHlank 1 2 Av# Hlank
2.2 0.17 0.17 0,17 0,17 — 0.171 0.171 0.171 0.17 0,001
14.5 0.172 0,17 0,171 0,17 0,001 0.171 0,172 0.1715 0.17 0.0015
22,2 0.6C9 0,611 0.61 0,17 0.440 0.81 0,81 0,81 0,17 0.640
23.9 172 1.72 1.2 0.17 1.550 1.83 1.83 1.83 0.17 1.660
26,7 0.49 0.5 0,495 0,17 0.325 0.68 0,68 0,68 0,17 0,510
29.4 0.289 0,291 0,29 0,17 0.120 0.371 0,369 0,37 0,17 0.20
33.3 0.24 0,24 0.2, 0,17 0.070 0.289 0,291 0.29 0,17 0.12

* Activity = (Average-Blank) P,C, Absorbance.
+ Av'= Average of 1 & 2,

- Indicates no activity,

s



Appendix Table 3. Amylolytic activity of the intestinal extract of channel catfish -~ Experiment I.

Temrerature Percent absorbance 5 min, Activity*® Percent absorbance 10 min, Activity®
Deg. C 5 min, 10 min,
1l 2 Avy  Blank 1 2 Avy  Blank
15.5 0.47 0.45 0.46 0.48 0.02 0.41 0,41 0.41 0.48 0,07
21,1 0.43 0.43 0.43 0.48 0.05 0.391 0.389 0.39 0.48 0.09
23.9 0.381 0.379 0.38 0.48 0.1 0.32 0.32 0,32 0.48 0.16
26.4 0.454 0,456 0.455 0,48 0.025 0.43 0.43 0.43 0.48 0.05
27,7 0.455 0.457 0.456 0,48 0.024 0.43 0.43 0.43 0.48 0.05
2.4 0.45 0.45 0.45 0.48 0.03 0.44 0.45  0.445 0.48 0.035

%

# pActivity = (Blank - Average) P,C, Absorbance,

+ Av, = fverage of 1 & 2,

9%



Appendix Table 4. Peptic activity of channel catfish at different constant environmental temperatures -

Exreriment II,

Temperature Percent absorbance 5 min,

Activity* Percent absorbance 10 min, Activity*
Deg. C 5 min, 10 min,
1l 2 Avy Blank 1 2 Av;t Blank
14.5 0.52 0,51 0,515 0,17 0.345 0.71 0.699 0,70 0.17 0.53
15.5 0,52 0.52 0.52 0.17 0.35 0.74 0,74 0.74 0,17 0.57
22,2 1.2 1,19 1,198 0.17 1,028 1,717 1.2 1.71 0,17 1.54
23.9 1.37 1.37 1.37 0.17 1.20 1.83 1.83 1.83 0,17 1,66
26.7 1,073 1,071 1,072 0,17 0.902 1.49 1.51 1,50 0,17 1.33
29.4 0.8 0,79 0,795 0,17 0,625 1.20 1,20 1,20 0,17 1.03
33.3 0.365 0,367 0,36 0,17 0.19 0.71 0,72 0,71 0,17 0.54

% pActivity = (Average-Blank) P,C, Absorbance.

+ Av, =

Average of 1 & 2,

LS



Appendix Table 5. Proteolytic activity of the intestinal extract of channel catfish at constant
environmental temperatures - Experiment II,

Temperature Percent absorbance 10 nin, Activity* Percent absorbance 20 min, Activity*
Deg. C 10 min, 20 min,
1 2 Avi+ Blank 1 2 Av;r  Blank

14.5 0.17 0.17 0,17 0,17 -— 0,171 0.171 0,171 0,17 0.001
22,2 0.62 0.62 0,62 0,17 0.45 0.80 0,80 0,80 0,17 0.63
23.9 1.7 1.7 1.7 0.17 1.53 1.82 1.82 1.82 0,17 1.65
26.7 0.48 0.5 0.49 0.17 0.32 0.689 0,691 0,69 0,17 0.52
29.4 0.29 0.29 0.29 0,17 0.12 0,377 0.376 0,375 0.17 0.205
30,0 0.27 0,27 0,27 0,17 0.1 0,32 0.32 0,32 0,17 0.15
33.3 0.241 0,239 0,24 0.17 0.07 0.29 0.29 0.29 0.17 0.12

% Activity = (Average - Blank) P,C, Absorbance,
+ Av, = Average of 1 & 2,

~ Indicates no activity,

8%



Aprerdix Table 6. Arylolytic activity of the intestinal extract of channel catfish - Iodine rethod -

Experirent II,

Temperature Fercent absortance 5 nin, Activity® Percent absorbance 10 min, Letivity®
Deg. C 5 min, 10 rin,
1 2 Av,t Blank 1 2 Av,t  Blank
15.5 0.456 0.454 0,455 0,48 0.025 0.4 0.4 0.40 0,48 0.08
21.1 0.44 0.43 0,435 0.48 0.045 0.41 0.39 0,40 0.48 0.08
23.9 0.38 0.38 0,38 0.48 0.1 0.319 0.317 0,318 0.48 0.162
26,7 0.453 0,451 0,452 0.48 0,028 0.43 0.428 0.429 0.48 0,051
27.7 0.455 0.455 0.455 0.48 0.025 0.425 0.433 0,429 0.48 0.051
29.4 0.45 0.46 0,455 0.48 0.025 0.445 0,445 0.445 0,48 0.035

% Activity = (Blank - Average) P.C, Absorbance,

+ Av, = Average of 1 & 2,

65



Appendix Table 7. Amylolytic activity of the intestinal extract of channel catfish at constant
environmental temperatures -~ DNS method,

Temperature 5 min, Activity#® 10 min, Activity#
Deg. C Percent absorbance 5 min, Percent absorption 10 min,
1 2 Avy ug glucose 1 2 AvSy ug glucose
15.5 0,07 0,07 0,07 225 0,116 0,114 0,115 315
21.1 0.1 0.1 0.1 300 0.19 0,19 0,19 480
23.9 0.19 0,19 0.19 480 0.28 0.28 0.28 690
26,7 0.034 0,036 0,035 150 0.051 0,049 0.05 200
27.7 0.035 0.035 0.035 140 0,048 0,05 0,049 195

% Activity taken as ug glucose formed, calculated from standard curve.

+ Average of 1 & 2,

09
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Studies were conducted to determine the presence of various digestive
enzymes and to investigate the effect of envirommental water temperature on
the digestive activity of channel catfish.

Age Class II channel catfish were used for these studies. Fish were
transferred to a glass tank filled with dechlorinated water with a capacity
of about 100 gallons. Temperature was controlled by passing mixtures of hot
and cold water through a metallic coil and using a thermostatially controlled
heating coil. An agitator was used to aid regulation of oxygen and tempera-
ture.

Two experiments were conducted for each of the enzymes studied with both
increasing and decrecasing temperatures. Peptic and tryptic activities were
studied in fish taken from water maintained at 2.2, 14,5, 22.2, 23.9, 26.7,
29.4, and 33.3°C, and amylase activity studies were conducted with extracts
from fish held at 15.5, 21.1, 23.9, 26.7, 27.7, 29.4°C. Preliminary experi-
ments were also conducted to determine optimum pHd and optimum temperature in
vitro, for the enzymes studied, The methods of extraction and analysis are
described.

The results indicate the presence of pepsin in stomach extracts and
irypsin and amylase in intestinal and pancreatic extracts, The optimum in
vitro pH found for pepsin, trypsin and amylase were 2.2, 6.8 to 6.9, and 4.8
respectively. The optimum temperature in vitro found for pepsin was 33°C,
Trypsin and amylase activity was highest at 55°C.

Enzymes of channel catfish responded rapidly to changes in temperature
between 14,5°C to 33.3°C. Secretion of the enzymes studied was affected by
water temperature. The optimum environmental temperature for secretion of

the enzymes studied was close to 23.9°C. Pepsin activity was found from 2,2°C



(fish pond temperature in winter) to 33.3°C, whereas Lrypsin secretion in

o % - 0 - . o .
considera~le amounts appeared at 14.5°C. All enzymes studied were found to

; .. . s o . . o3
be secreted in increasing cuantities up to 23.9°C. Secretion diminished at

higher temperatures,



