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ABSTRACT A 16-wk experiment was conducted to
compare the utilization of four carbohydrates by rainbow
trout (Oncorhynchus mykiss) fed either continuously or
four meals daily. The carbohydrates were glucose,
maltose, dextrin and raw cornstarch, and were included
at 32 g/100 g diet. Average initial body weight of the
fish was 5.5 g, and fish were fed at a restricted rate of
2.0% body wt/d. Significant (P < 0.05) interactions
between feeding strategy and carbohydrate were ob
served only for specific growth rate, final body weight,
feed efficiency, and protein and energy retained. These
measurements as well as whole-body moisture and lipid
concentrations were also significantly higher in the con
tinuously fed trout than in the meal-fed trout. Liver
weight:body weight ratio, liver glycogen concentration,
and liver lipogenic enzyme activities generally were
higher in the continuously fed trout than in the meal-fed
trout. Trout fed the glucose diet and those fed the
maltose diet had higher specific growth rates, final body
weights, feed efficiencies, energy retained, and whole-
body and visceral moisture and lipid concentrations than
those fed the starch diet. Trout continuously fed the
glucose and maltose diets also had higher glucose-
6-phosphate dehydrogenase and 6-phosphogluconate
dehydrogenase activities than those continuously fed the
starch diet. The higher protein and energy retained and
the higher lipogenic enzyme activities in the continuously
fed fish compared with the meal-fed fish showed that in
trout growing slowly due to a restricted ration, con
tinuous feeding improved the carbohydrate utilization
and increased lipid storage by enhancing lipogenesis. J.
Nutr. 124: 223-230, 1994.

INDEXING KEY WORDS:

â€¢feeding â€¢carbohydrate
â€¢utilization â€¢trout

Starch is included in rainbow trout feeds because of
its binding properties and low costs as a dietary
energy source. Starch utilization by trout, however,
was thought to be limited because of poor starch
digestibility (Spannhof and Plantikow 1983) and poor
regulation of plasma glucose concentration (Bergot
1979a, Palmer and Ryman 1972, Phillips et al. 1948).

Spannhof and Plantikow (1983) attributed the poor
digestibility to the adsorption of a-amylase to the raw

starch, thus reducing the amylase activity. These
authors also suggested that raw starch accelerated the
passage of chyme through the intestine and reduced
the time available for digestion. The poor regulation
of plasma glucose concentration was suggested to be a
result of insulin deficiency (Palmer and Ryman 1972).
Hilton et al. (1987), however, reported that rainbow
trout responded to high concentrations of digestible
carbohydrates with elevated plasma insulin. An alter
native hypothesis of impaired insulin-receptor

binding in trout muscle was refuted by GutiÃ©rrez et
al. (1991). The exact mechanism of the poor regu
lation of plasma glucose by trout is still not clear.

Consumption of different sources of carbohydrates
processed by various methods may modify carbohy
drate digestion and absorption and uptake of
monosaccharides in plasma by trout. This may help
trout modulate their plasma glucose concentrations
and, thus, improve carbohydrate utilization.

A limited number of meals per day (up to four)
were fed in previous studies, which showed poor car
bohydrate utilization by rainbow trout (Hilton and
Atkinson 1982, Hilton and Dixon 1982, Hilton et al.
1987). Feeding trout diets with high amounts of
digestible carbohydrates up to 6 meals daily resulted
in high plasma glucose concentrations postprandially
(Bergot 1979b). Based on the recommendations for
diabetic humans (Cataldo et al. 1989), it was antici
pated that continuous feeding would result in a more
constant influx and less elevated plasma glucose con
centration than meal feeding. This in turn would
improve carbohydrate utilization. The objective of
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224 HUNG AND STOREBAKKEN

this study was to determine the effects of continuous
feeding vs. feeding 4 meals/d on the utilization of four
carbohydrates by rainbow trout fingerlings when they
were fed at a restricted rate of 2.0% body wt/d.

MATERIALS AND METHODS

Diet preparation. Rainbow trout (Oncorhynchus
mykiss] fingerlings were fed four diets containing the
following ingredients (g/100 g): 50.7 herring meal
(NorSea Mink, Norwegian Herring Oil and Meal In
dustries, Bergen, Norway); 3.3 capelin oil (NorSalm
Oil, Norwegian Herring Oil and Meal Industries); 2.2
lignosulfonate (Borrebond, Borregaard Fabrikker,
Fredrikstad, Norway); 10.8 wheat bran (Norske
Felleskj0p, Vestnes, Norway); 1.0 micronutrient
premix (Hoffmann-La Roche, Basle, Switzerland); and
32.0 D-glucose (Merck, Darmstadt, Germany),
maltose (Merck), dextrin (U.S. Biochemicals,
Cleveland, OH) or raw cornstarch (maizenna, CPC
Foods A/S, Skovlunde, Denmark). The micronutrient
premix was similar to that used by Walzern et al.
(1991) except that it contained one-half the vitamins
and minerals and no carotenoids. The diets were cold-
pelleted through 4-mm dies, ground with a coffee
grinder, sieved, and fed to the fish (Storebakken and
Austreng 1987a).

Commercial salmonid feeds in North America
usually contain 10-20% lipids, and those in the Scan
dinavian countries contain 20-25% or more lipids.
We selected lower lipid and energy concentrations in
our diets than those used in the commercial salmonid
feeds to cause greater carbohydrate utilization. Fur
thermore, we included 10.8% wheat bran in our diets
because unpublished results (personal communi
cation, Krogdahl, A, AKVAFORSK, As, Norway)
showed a 30% better growth in Atlantic salmon when
wheat bran was added to the diet at 7-25% without
altering the relative proportion of the other ingre
dients.

Proximate composition and heat of combustion of
the diets were determined as described by Store
bakken and Austreng (1987a) and by adiabatic bomb
calorimetry, respectively (Table 1). Dietary carbohy
drates were determined as glucose after hydrolysis by
a-amylase (Thermostable Termamyl 120 L, Novo
Nordisk A/S, Bagsvaerd, Denmark, l h in boiling
water bath as suggested by the supplier) and
amyloglucosidase (from Aspergillus nigei] suspension
(Boehringer Mannheim, Germany) in 3.2 mol/L am
monium sulfate solution suspension (pH 6) for 2 h at
55-60Â°C,followed by glucose determination by the
Gluc-DH method (Merck).

Supply and maintenance of fish. A 16-wk 2
(feeding strategies) x 4 (carbohydrate sources) x 3
(replicates) factorial experiment was conducted using
rainbow trout fingerlings with an initial body weight

TABLE 1

Proximate composition of the experimental diets

DietMoistureCrude

proteinFatCarbohydrateAshHeat

ofcombustion,kj/g
dry matterGlucose11.837.67.831.57.116.3Maltoseg/1007.138.38.135.57.617.7Dextring

diet10.635.97.233.37.116.3Starch8.637.37.736.67.017.2

of 5.5 Â±0.1 g (mean Â±SEM,n = 24 tanks). Twenty-four
replicate groups of 30 trout were used, and they were
maintained in a tank system (Walzern et al. 1991)
with a water depth of 31 cm. The tanks were supplied
with 15-17Â°C freshwater and maintained on a
20-h light:4-h dark photoperiod.

Before initiation of the experiment, the fish were
allowed free access to a nonpurified diet (Silver Cup,
Murray Elevators, Murray, UT) four times daily.
Composition of the diet was as follows (g/100 g): 10.5
moisture, 45.1 crude protein, 12.4 fat, 9.1 ash and 1.0
crude fiber (Jones 1988). During the growth trial, 2.0%
body wt/d of each diet was fed continuously or as 4
meal/d to three groups of fish. Automatic feeders
were used for continuous feeding, and hand feeding at
0800, 1100, 1400 and 1700 h was used for meal
feeding. The automatic feeder consisted of a small
rotating motor and a plastic die with 16 compart
ments. The die rotated slowly and continuously and
made a circle once every 24 h. Thus a small amount
of diet was dispensed to a tank at all times each day.

The 2.0% body wt/d feeding rate was used in this
study to ensure minimum feed waste. General care,
maintenance and handling of fish followed the proce
dures approved by the Campus Animal Care and Use
Administrative Advisory Committee of the
University of California at Davis.

Growth measurements. Fish were weighed once
every 2 wk, and mortality was recorded daily. Daily
rations were adjusted weekly based on mortality, and
once every 2 wk based on body weight of fish. Daily
rations were pre-weighed for 7 d and stored at -4Â°C

until used. Total feed intake was estimated using the
total amount of feed offered to each tank (Store
bakken and Austreng 1987b). Feed efficiency (g gain/g
feed), protein retained (g protein gain/g protein feed)
and energy retained (kj gain/kj feed) were determined
at the end of the 16-wk experiment.

Body composition. Three groups of 40 fish each
were captured from the stock at the beginning for
initial whole-body samples. At the end of the growth
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CARBOHYDRATE UTILIZATION BY TROUT 225

trial, fish were weighed after 24 h of feed deprivation.
Six to nine fish were captured randomly from each
tank, killed with an overdose of tricaine methanesul-
fonate (MS 222, Argent Chemical Laboratories,
Redmond, WA), pooled and kept at -20Â°C for whole-

body samples. Another six to 12 fish were captured
randomly from each tank for carcass and viscera
samples. Carcass and viscera were separated, weighed,
pooled and kept at -20Â°C. Carcass consisted of the

eviscerated fish with gill and heart. Viscera consisted
of the digestive tract from lower esophagus to anus
with associated fat deposit, and liver with gall bladder
drained of bile. Separating carcass from viscera pro
vides information on treatment effects on the edible
compared with the nonedible portion of the fish.
Results from Bergot (1979b) show that viscera were
the preferred storage site of lipids derived from carbo
hydrates in rainbow trout.

Frozen whole-body and carcass samples were pre
pared (Hung et al. 1987) and proximate composition
determined as described above. Heat of combustion in
the whole body was determined by adiabatic bomb
calorimetry. Viscera were freeze-dried for 7 d, and
lipid was determined by ether extraction (Jones 1988).
The lipid-free viscera were ground with a mortar and
a pestle, and their protein and ash were determined as
described before.

Plasma chemistry. One day before the final
weighing, six fish were randomly captured from each
tank, killed with an overdose of MS222 and weighed;
blood was collected, and plasma was prepared and
stored (Hung et al. 1982). Plasma was collected 15 h
after the last meal of meal feeding and l h after the
completion of continuous feeding. The plasma
protein was analyzed by the biuret calorimetrie
method (550 nm) (proteins kit 61602, BioMerieux,
Marcy l'Etoile, France), glucose by the NADH

produced (340 nm) [Glc kit, Beckman DriSTAT
Reagent (Glucose HK endpoint reagent, Beckman In
struments, Carlsbad, CA)], triacylglycerol by the for
mation of quinoneimine dye (540 nm) (TAG kit,
TriglycÃ©rides Enzymatique 61236 PAP 150, Bio
Merieux) and nonesterified fatty acids (NEFA)3 by the
formation of purple adduci (550 nm) from 3-methyl-
JV-ethyl AT-(/3-hydroxyethyl)-amine and 4-aminoan-
tipyrine (NEFA kit, NEFA C 994-75409 ACS-ACOD
Method, Wako Chemicals GmbH, Neuss, Germany)
on an Encore System II blood analyzer (Baker Instru
ments, Allentown, PA).

Liver composition and lipogenic enzyme activity.
After plasma collection, livers were removed from the
trout, clamped with a flat-end tong prechilled in
liquid nitrogen, and stored at -95Â°C. The total elapsed

time between the death of fish and freezing of the
liver was <3 min. Approximately 0.5 g of frozen liver
was homogenized, infranate prepared and glucose-
6-phosphate dehydrogenase (G6PDH, EC 1.1.1.49),
6-phosphogluconate dehydrogenase (6PGDH, EC

1.1.1.44), malic enzyme (EC 1.1.1.40), and isocitrate
dehydrogenase (EC 1.1.1.42) activities were assayed as
described by Walzern et al. (1991). Protein in the
infranate was measured by the Lowry method (kit no.
P 5656, Sigma Chemical, St. Louis, MO).

Statistical analysis. Results were analyzed using a
GLM procedure in the SAS software package (SAS
1987). Data were subjected to a two-way ANOVA,
and significant differences among cells between car
bohydrates and feeding strategies were ranked by
least-square means. Plasma metabolite concentrations
decreased rapidly after feeding, and no comparison
between feeding strategies was made because sam
pling time relative to last feeding was confounded
with feeding strategy. One-way ANOVA was used to
compare plasma metabolite concentrations in trout
fed the different carbohydrates, and significant differ
ences between treatment means were identified by
the Duncan's multiple range test. Differences were

deemed statistically significant at P < 0.05.

RESULTS

Significant interactions between feeding strategy
and carbohydrate were observed in all the growth
measurements except total feed intake (Table 2).
There were no significant interactions in the other
measurements (Tables 3-6). Higher specific growth
rate, final body weight, feed efficiency, and protein
retained were observed in the continuously fed (CF)
fish than in the meal-fed (MF) fish when the diets
contained glucose, maltose or raw cornstarch (Table
2). Total feed intake (689 Â±44 g) and mortality (11.8 Â±
2.4%, mean Â±SEM, n = 24) were not affected by
feeding strategy or carbohydrate.

Higher lipid concentration in the whole body was
observed in the CF trout than in the MF trout when
fish were fed the glucose, maltose and starch diets
(Table 3). Trout fed the glucose and maltose diets had
a higher whole-body lipid concentration than those
fed the starch diet, regardless of feeding strategy.
Carcass lipid concentration was higher in the CF
trout than in the MF trout fed the maltose and starch
diets. Carcass lipid concentration in the CF trout fed
the four diets showed a pattern similar to that of the
whole-body lipid concentration; carcass lipid concen
tration in the MF trout fed the starch diet was lower
than in those fed the glucose and maltose diets.

The major treatment effects on viscera were in the
relative viscera weight (g viscera/100 g body wt),
moisture and lipid concentrations (Table 4).

Abbreviations used: CF, continuously fed (group); G6PDH,
glucose-6-phosphate dehydrogenase; MF, meal fed (group); NEFA,
nonesterified fatty acids; 6PGDH, 6-phosphogluconate de
hydrogenase.
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226 HUNG AND STOREBAKKEN

TABLE 2

Growth performances of trout fed the experimental diets continuously (CF) or 4 meals/d (Mf) for 16 wk1'2

DietarycarbohydrateSpecific

growth rate (SGR)3

CF
MFFinal

body weight (FEW)4

CF
MFTotal

feed intake (TFI)5

CFMFFeed

efficiency (FE)6

CF
MFProtein

retained {PR)7

CF
MFEnergy

retained (ER)8

CF
MFANOVA

(P value)
Source9FSCHOFS

x CHOGlucose1.37aE

1.23bF24.9a

22.7ab733.8714.60.76bE

0.66bF0.32bE

0.28aF0.29aE

0.23aFdf

SGR1

0.00013
0.00013

0.0046Maltose1.47bE

1.32aF28.4bE

24.5aF720.3731.00.83aE

0.72aF0.35aE

0.30aF0.30aE

0.24aFFEW0.00010.00010.0182Dextrin1.24C

1.18b22.0C

20.5b713.5639.30.68C

0.64b0.3

lb
0.29a0.25bE

0.22a11THNSNSNSStarch1.21cE

0.88cF219cE

15.0cF685.1571.40.68cE

0.47cF0.30bE

0.20bF0.23bE

0.14bFFE

PR0.0001

0.00010.0001
0.00010.0036

0.0083SEM0.030.836.80.020.010.01ER0.00010.00010.0371

'Values are means from three groups of fish.
^Different superscriptsabc indicate significant (P < 0.05} differences between carbohydrates within feeding strategy; EFindicate differences

between feeding strategies within carbohydrate as ranked by least square means.
^Specific growth rate = 100 x (In BWf - In BWÂ¡/112d, where BWÂ¡and BWf were average initial and final body weight, respectively.
4FBW - average final body weight. The average initial body weight of fish was 5.5 Â±0.1 g (mean Â±SEM,n = 24).
5Total feed intake - total amount of feed offered to each tank for 16 wk.
6Feed efficiency = (BWf - BWjI/AF, where AF was the average amount of feed offered to a tank of fish for 16 wk.
7Protein retained = (BWf x BCPf - BWÂ¡x BCPÂ¡)/(AFx CPj), where BCPi; BCPf and CPj were initial body protein, final body protein and

dietary protein, respectively. Initial body protein was 14.5 Â±0.1 g/100 g.
"Energy retained = (BWfx BEf - BWÂ¡x BEÂ¡)/|AFx GE), where BEÂ¡,BEf and GE were initial body energy, final body energy and dietary energy,

respectively. Initial body energy was 28.4 Â±0.3 KJ/g (mean Â±SEM,n - 3).
9FS - feeding strategies, CHO - carbohydrate source; NS = not significant.

Significantly higher visceral lipid concentration was
observed in the CF trout than in the MF trout fed the
maltose, dextrin and starch diets but not the glucose
diet. Trout fed continuously the glucose and maltose
diets had higher visceral lipid concentrations than
those fed the dextrin and starch diets. Trout fed the
glucose diet by meal had higher visceral lipid concen
tration than those fed the dextrin and starch diets.

Higher liver weight:body weight ratio (Table 5) and
G6PDH and 6PGDH activities (Table 6) were ob
served in the CF trout than in the MF trout fed the
glucose and maltose diets. Liver glycogen concentra
tions were significantly higher in the CF fish than in
the MF fish fed the glucose, maltose and dextrin diets
(Table 5). Higher liver weight:body weight ratio, liver

glycogen concentration, and G6PDH and 6PGDH ac
tivities were observed in trout fed continuously the
glucose and maltose diets than in those fed the
dextrin and starch diets.

Plasma glucose concentrations in trout fed the
glucose diet [11.8 Â±0.9 mmol/L (means Â±SEM,n = 3)]
and maltose diet (11.8 Â±1.3) continuously were higher
than in those fed the dextrin diet (6.4 Â±0.3) or starch
diet (5.3 Â±0.6). Plasma glucose concentration in the
MF trout was not affected by the carbohydrates,- the
value was 5.1 Â±0.4 mmol/L (n = 12). Plasma triacyl-
glycerol, NEFA and protein concentrations were also
not affected by the feeding strategy and carbohydrate;
values were 5.2 Â±0.6 mmol/L, 1.13 Â±0.03 mmol/L
and 30.6 Â±0.8 g/L (n = 24), respectively.
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CARBOHYDRATE UTILIZATION BY TROUT 227

TABLE 3

Whole-body and carcass compositions of trout fed the experimental diets continuously (CF) or 4 meals/d (MF) for 16

Dietary carbohydrate

Glucose Maltose Dextrin Starch SEM

g/100 g bodywtWhole-body
moisture (WBM|

CF
MFWhole-body

lipid (WBL)
CF

MFCarcass

moisture (CM)
CF

MFCarcass

lipid (CL)
CF

MFANOVA

(P value)
Source4FSCHOCHO

x FS73.7aE

74.8aF6.9aE

6.0aF75.5

76.04.5a

4.0adf13373.6aE

74.8aF6.7aE5.8abF75.2

75.94.6aE

4.1aFWBM0.00010.0001NS74.4ab

75.1a5.9b

5.3b76.0

75.83.9b3.9abWBL0.00010.0001NS75.0bE

77.0bF5.4bE

3.7cF75.7E

76.8F41abE

3.4bFCM0.039NSNS0.30.20.30.2CL0.00290.0137NS

'Values are means from three groups of fish; values from each group were obtained from a pooled sample of 6-9 fish per group for whole-
body and 6-12 fish per group for carcass samples. Initial whole-body composition (g/100 g) was as follows: moisture, 77.4 Â±0.4; protein, 14.5 Â±
0.1; lipid, 4.0 Â±0.4; ash, 2.4 Â±0.1 (means Â±SEM,n = 3) while each n represented a pooled sample of 40 fish.

â€¢^Differentsuperscripts3 indicate significant (P < 0.05) differences between carbohydrates within feeding strategy; EFindicate differences

between feeding strategies within carbohydrate as ranked by least square means.
3Carcass:body weight ratio was not affected by the experimental treatments, and the value was 0.87 Â±0.003. Whole body and carcass

protein and ash contents (g/100 g) were also not affected by the experimental treatments,- values were 15.6 Â±0.1, 16.7 Â±0.1, 2.6 Â±0.02 and 2.9 Â±
0.02, respectively (mean Â±SEM,n = 24). Each n represents a pooled sample of six to nine fish.

4FS = feeding strategies, CHO = carbohydrate source; NS = not significant.

DISCUSSION

The specific growth rate, final body weight, feed
efficiency and energy retained of trout in the present
study were lower than those reported by Austreng et
al. (1987) and Kim and Kaushik (1992) because of the
lower energy content of our diets and the restricted
feeding in our study. Our diets contained 13-16 MJ
digestible energy/kg, whereas commonly used high
energy extruded salmonid feeds contain >20 MJ
digestible energy/kg. Our restricted feeding level
(2.0% body wt/d) was approximately one-half of the
expected free access feeding level (Austreng et al.
1987). Kim and Kaushik (1992), on the other hand,
used diets with 15-17 MJ digestible energy/kg, and
their fish were kept at 17.5Â°Cand fed to satiety twice

daily. Future studies comparing our best high carbo
hydrate diet with a high lipid, low carbohydrate diet
with 17-20 kj/kg under conditions of free access
feeding are needed to determine the carbohydrate
utilization by rainbow trout under practical condi
tions.

The CF fish grew better overall than the MF fish.
Similar improvements in final body weight and feed

efficiency were reported on common carp (Murai et
al. 1983) and hybrid tilapia (Oreochromis niloticus x
O. aureus] (Tung and Shiau 1991) when feedings were
increased from two to six meals daily.

The finding of improved energy retained in the CF
trout supports the hypothesis that meal feeding may
overload the metabolic capacity of trout to utilize the
highly digestible carbohydrates, glucose and maltose.
At our restricted feeding level, MF fish were still
exposed to a high concentration of carbohydrates
(feeding rate x dietary carbohydrate/4 meals = 160
mg/100 g body wt), similar to the high dose used in
the oral glucose challenge test (167 mg/100 g body wt,
Phillips et al. 1948).

Another effect of meal feeding is that it may
overload the intestinal a-amylase capacity to

hydrolyze the raw cornstarch. This possibility is sup
ported by the finding of a better improvement of
energy retained in the CF trout vs. the MF trout fed
the starch diet (64%) than in those fed the glucose or
maltose diet (15-25%). This suggests that overloading
the ct-amylase capacity in the intestine in the starch-
fed trout is a more important problem than the
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228 HUNG AND STOREBAKKEN

TABLE 4

Visceral composition of trout fed the experimental diets continuously (CF) or 4 meals/d (MF) for 16

Dietary carbohydrate

Glucose Maltose Dextrin Starch SEM

RVW3

CFMFMoisture

CF
MFProtein

CF
MFLipid

CF
MFAshCF

MFANOVA

(P value)
Source4FSCHOFS

x CHO12.2a

11.4a59.8a

61.0a10.7

12.526.0ab

23.0a0.9

1.0df133g/100

g11.8a

10.3ab58.6aE

62.8aF10.2E

12.9F27.6aE

20.5abF0.8E

1.2FRVW

MoistureNS

0.00260.0048
0.0001NS

NS9.3b

10.6ab65.7b

67.4b8.5E

11.7F23.5bcE

179bcF0.7E

IjfProtein0.0020NSNS10.1b

91bc66.3bE

71.3cF10.5

11.520.7cE

14.1cF0.9

1.0Lipid0.00010.0001NS0.61.20.81.30.1Ash0.0006NSNS

'Values are means from three groups of fish; values from each group were obtained from a pooled sample of 6-12 fish.
Different superscriptsabc indicate significant (P < 0.05) differences between carbohydrates within feeding strategy,-EFindicate differences

between feeding strategies within carbohydrate as ranked by least square means.
^Relative viscera weight = g viscera weight/100 g body wt.
4FS = feeding strategies, CHO = carbohydrate source; NS = not significant.

overloading of glucose in the plasma of glucose- or
maltose-fed trout.

The lower improvement of energy retained in the
CF trout compared with the MF trout fed the dextrin
diet (14%) rather than the raw cornstarch diet (64%)
suggests that overloading of the a-amylase capacity
may be less of a problem because dextrin, unlike raw
cornstarch, did not bind a-amylase (Spannhof and
Plantilow 1983). This is supported by a lack of
depressed digestibility of dextrin by trout (Singh and
Nose 1967), because dextrin is more completely
hydrolyzed than raw cornstarch.

The lower improvement of energy retained in the
CF trout than in the MF trout that were fed the
glucose and maltose diets rather than the starch diet
can be explained by an ineffectiveness of continuous
feeding to modulate the plasma glucose concen
tration. This explanation is supported by the high
plasma glucose concentration in the CF trout fed the
glucose and maltose diets (11.8 mmol/L). This con
centration was similar to that of trout fed 2-6 meals/
d of a 30 g glucose/100 g diet at 3% body wt/d (Bergot
1979a). The high plasma glucose concentration in the
CF trout did not support our hypothesis that con

tinuous feeding of highly digestible carbohydrates
would result in a lower plasma glucose concentration.

The growth measurements, however, support our
hypothesis that continuous feeding improves the
utilization of carbohydrates. A lower dietary glucose
level may also enhance the benefits of continuous
feeding compared with meal feeding. The higher
specific growth rate, final body weight, feed effi
ciency, and protein retained in the CF trout fed
maltose rather than glucose may result from a
delayed glucose uptake from maltose, even though
these fish have a high intestinal maltase activity (Bud-
dington and Hilton 1988).

The higher protein and energy retained and greater
G6PDH and 6PGDH activities in the CF trout than in
the MF trout fed glucose and maltose suggest that
under conditions of restricted feeding, continuous
feeding improved the utilization of carbohydrates as
an energy source. The present experiment, however,
did not permit us to separate and quantify the im
provement in carbohydrate utilization from improved
protein and fat utilization. The increase in G6PDH
and 6PGDH activities in the CF trout compared with
the MF trout fed the glucose and maltose diets was
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CARBOHYDRATE UTILIZATION BY TROUT 229

TABLE 5

Liver weight:body weight ratio and liver glycogen concentration in trout fed the experimental
diets continuously (CF) or 4 meals/d (MF)for 16 wk1'

Liver weight:body weight ratio, g/100 g body wt
CF

MFGlycogen,

g/100 g body wt
CF

MFANOVA

(P value)
Source3dfFS

lCHO
3FS

x CHO 3Glucose2.6aE

2.2aF0.25aE

0.14FDietaryMaltose2.6aE

21abF0.26aE

0.1 5FcarbohydrateDextrin2.0b

1.8b0.1

7bE
0.09FLiverbody

weightratio0.00610.0002NSStarch

SEM1.7b

1.8ab0.10.1

lb

0.11 0.02Glycogen0.00030.0017NS

'Values are means from three groups of fish; values from each group were obtained from a pooled sample of six fish per group.
Different superscripts3 c indicate significant (P < 0.05] differences between carbohydrates within feeding strategy; EFindicate differences

between feeding strategies within carbohydrate as ranked by least square means.
3FS = feeding strategies, CHO = carbohydrate source; NS = not significant.

TABLE6

Lipogenic enzyme activities in trout fed the experimental diets continuously (CF) or 4 meals/d (MF)for 16 wk1'

DietarycarbohydrateGlucose-6-phosphate

dehydrogenase (G6PDH)
CF

MF6-Phosphogluconate
dehydrogenase (6PGD)

CF
MFMalic

enzyme (ME|
CFMFIsocitrate

dehydrogenase (ICDH)
CF

MFANOVA

(P value)
Source3dfFS

lCHO
3CHO

x FS 3Glucose42aE

22F39aE

22F211340a

32aMaltosemU/10034aE

18F33aE

16F211533ab

21abG6PDH0.02470.0016NSDextring

body wt13b

1913b

17121421bc

30a6PGDH0.01780.0028NSStarch13b

1014b

1114918C15bME0.0396NSNSSEM5435ICDHNS0.0108NS

'Values are means from three groups of fish; values from each group were obtained from a pooled sample of six fish per group; 1 mU is

defined as 1 nmol of NADPH produced per min.
2Different superscriptsabc indicate significant [P < 0.05) differences between carbohydrates within feeding strategy; EFindicate differences

between feeding strategies within carbohydrate as ranked by least square means.
3FS = feeding strategies, CHO = carbohydrate source; NS = not significant.
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approximately twofold. This suggests that the im
proved utilization of highly digestible carbohydrates
may be due to greater lipogenesis. Similar increases in
body lipid concentration and 6PGDH activity were
observed in tilapia fed starch and glucose diets when
their feeding frequency was increased from two to six
meals daily (Tung and Shiau 1991).

Our results generally agree with those of Bergot
(1979b) indicating that increased carbohydrate utili
zation of glucose from starch resulted in increased
deposition of lipid in viscera and glycogen in liver.
Our results indicate that under conditions of re
stricted feeding, trout are able to utilize the highly
digestible carbohydrate (32 g/100 g) for energy in a
low fat diet. Bergot (1979b) also obtained better
growth and improved protein accretion by feeding
trout diets with 30 g glucose/100 g compared with
diets containing 15 g glucose/100 g.

In conclusion, this experiment showed that under
conditions of restricted feeding, the energy values of
carbohydrates increased with decreasing molecular
weight, in spite of the high amounts incorporated in
the diets and the limited ability of trout to regulate
their plasma glucose concentration. Furthermore,
when trout were fed limited amounts of food and
were growing slowly, continuous feeding improved
carbohydrate utilization and increased lipid storage by
increased lipogenesis.
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