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The study analysed the dose–response relationship between dietary viscosity and

College of Aquaculture and Fisheries,
Cantho university, Cantho, Vietnam

nutrient digestibility, faecal waste characteristics in striped catfish and the long-term

Correspondence
Johan W. Schrama, Aquaculture and
Fisheries Group, Wageningen University,
Wageningen, The Netherlands.
Email: Johan.schrama@wur.nl

periments: Exp.1 lasted 29 days, in which six dietary viscosity levels were created by

Funding information
Wageningen University, Grant/Award
Number: SuPa project (WU/AFI/VRF10/
WSSD/1)

fat) decreased linearly with dietary viscosity. With increasing viscosity, removal effi-

impacts of viscosity on performance of striped catfish. This was done in two exincluding different amount of guar gum (GG; 0, 0.25, 0.5, 1.0, 2.0 or 3.0 g/kg) and
Exp.2 lasted 60 days and assessed the long-term effects of three dietary GG levels
(0, 0.5 and 3.0 g/kg) were checked. In Exp.1, digestibility of nutrients (except crude
ciency of faeces from the water reduced linearly, whereas the total amount of faeces
produced and the fraction of big-sized faecal particles (>2 mm). increased linearly. In
Exp.1, viscosity did not affect performance. However, in Exp.2, the GG inclusion level
of 3.0 g/kg (1.72 cP for the viscosity) affected fish performance. In conclusion, the
best strategy for faecal waste management in striped catfish by dietary viscosity is
to keep it as low as possible in the diet.
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1 | I NTRO D U C TI O N

can influence both water quality and sediment deposition (Cho &
Kaushik, 1990; Hua & Bureau, 2010). The extent of the impact of the

Minimizing the effluent waste of fish farms contributes to a bet-

solid waste primarily depends on the amount of faeces produced,

ter environmental performance of the sector (Waite et al., 2014).

the stability/disintegration rate of egested faeces (Brinker, 2007)

It helps to improve water quality and reduces the waste discharge

and depending on rearing systems design the removal rate and ef-

to the surrounding. This has also been observed in the culture of

ficiency of the faeces. Various dietary factors can influence faecal

striped catfish (Pangasianodon hypophthalmus, Sauvage, 1878) in

waste production. So far, feed-related interventions to reduce the

Vietnam (De Silva & Phuong, 2011; Phan et al., 2009).

impact faecal waste (solids) are most often aimed at enhancement

Feeds have a major impact on the waste production by aqua-

of nutrient digestibility (Sales, 2009; Gatlin III et al., 2007). Both in

culture operations. Aquaculture waste consists of solid waste (e.g.

Nile tilapia (Amirkolaie, 2005; Amirkolaie, Leenhouwers, Verreth, &

egested faeces) and soluble waste (e.g. orthophosphate and ammo-

Schrama, 2005b; Schneider et al., 2004) and rainbow trout (Brinker,

nia). The latter directly determines water quality, whereas solid waste

2007), it was shown that diet composition can also change the faecal
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consistency and other physical characteristics of fish faeces. In a

guar gum (GG). The dietary GG concentrations were, respectively,

recent review, Kokou and Fountoulaki (2018) showed that altering

0, 0.25, 0.5, 1.0, 2.0 and 3.0 g/kg. In experiment 2 (Exp. 2) the long-

the consistency and properties of fish faeces can affect the nature

term effect of three dietary viscosity levels (0, 0.5 and 3.0 g of GG

of the overall environmental impact of aquaculture operations and,

kg-1 feed) on performance was examined during 60 days. In both ex-

depending on the type of rearing system, can also affect the effi-

periments, treatments were run in triplicate.

cacy of effluent management measures. Therefore, another option

The basal composition of the experimental diets were identical in

to manage faecal waste is to improve the faecal stability thereby

both experiments (Table 1). The main ingredients used were fishmeal,

improving the removal efficiency. This approach was taken in trout

soya bean meal, rice bran, defatted rice bran, cassava and sunflower

(Brinker, 2007) by adding low amounts of dietary binders, which

meal (Table 1). These main ingredients were mixed and thereafter

have viscous properties that proved to increase the faecal stability

grinded using a mesh size of 0.8 mm by a hammer mill (Stolz), which

of trout. This concept was also tested in striped catfish (Tran-Tu et

was operated at Vinh Hoan Company. After grinding, this ingredi-

al., 2018). However, dietary binders (Brinker, 2007; Brinker, Koppe,

ent-mixture was further mixed with the vitamin–mineral premix, squid

& Rösch, 2005; Storebakken, 1985; Storebakken & Austreng, 1987)

oil, inert marker/filler (Cr2O3 in Exp. 1; SiO2 in Exp. 2) and the respec-

and bulk agents (Dias, Huelvan, Dinis, & Métailler, 1998), which

tive experimental dose of GG replacing part of the carboxyl methyl cel-

have viscous properties, can alter the digesta transit time and the

lulose. The experimental mixtures were produced into approximately

macronutrient digestibility. This implies that dietary viscosity is an

4.5 mm diameter pellets by a single screw extruder with 3 mm die. The

important factor in faecal waste management by (a) increasing the

extruder was designed and manufactured by the Centre of Technology

amount of faeces produced (i.e. reduced digestibility), as was demon-

Research and Application, College of Engineering Technology, Cantho

strated in tilapia (Amirkolaie, Leenhouwers, et al., 2005b), African

University. After extrusion, pellets were dried at 60°C for 24 hr fol-

catfish (Leenhouwers, Adjei-Boateng, Verreth, & Schrama, 2006;

lowed by sieving and storage in a freezer until feeding. Viscosity was

Leenhouwers, ter Veld, Verreth, & Schrama, 2007b) and striped catfish (Tran-Tu et al., 2018); and (b) by altering the stability/removal
efficiency of the faeces, as was demonstrated in trout (Brinker et
al., 2005). Studies in fish on the impact of dietary viscosity usually

TA B L E 1 Ingredient composition (in g/kg) of the experimental
diets used in experiment 1 and 2 on as is basis

tested a limited amount of treatments and often at relatively high

Ingredients

levels of dietary viscosity. However, when dietary viscosity should

Fish meal†

steer faecal waste by improving the faecal stability, low levels of di-

g/kg
142.9
†

168.1

Soya bean meal

etary viscosity should be tested to determine the optimal level of

Rice bran†

dietary viscosity for faecal stability without affecting fish perfor-

151.8
†

mance (including nutrient digestibility).
In fish, information about the dose–response relationship between dietary viscosity and nutrient digestibility as well as faecal

Defatted rice bran

162.3

Cassava†

160.2

Sunflower meal†

170.2

Premix vitamin and mineral‡

waste characteristics is scarce. Therefore, a 29-day digestibility ex-

Squid oil

periment (Exp. 1) was done to analyse these relations with dietary

†

10.0
24.5

viscosity in striped catfish during restrictive feeding. For assessing

Inert marker§

10.0

the impact of dietary viscosity on growth and feed intake, a 60-day

Guar gum (GG) & carboxyl methyl cellulose (CMC)¶

10.0

growth trial (Exp. 2) was conducted.

2 | M ATE R I A L S A N D M E TH O DS
2.1 | Experimental design, fish and diets
This study consisted of two experiments, which were conducted in
2014 at Cantho University in Vietnam. The experiments were carried out in compliance with Vietnamese law. Additionally, the applied
experimental procedures were meeting the EU regulations for the
care and use of laboratory animals conform to Directive 2010/63/
EU.
Experiment 1 (Exp. 1) lasted 29 days and assessed the dose–response relationship of dietary viscosity with nutrient digestibility
and faecal waste characteristics. The contrasts in dietary viscosity
were created by exchanging carboxyl methyl cellulose (CMC) with

†

Kien Giang fish meal was produced by Minh Tam Co., Ltd.; Soya bean
meal, rice bran, defatted rice bran and cassava were imported and
supplied by Vinh Hoan Co.; Sunflower meal was imported and supplied
by de Heus LLC Co.; Squid oil was produced by Vemedim Co.
‡

Premix vitamin and mineral (UI or mg/kg): vitamin A 800,000 UI;
vitamin D 150,000 UI; vitamin E equivalent 10,000 mg; vitamin E
7,500 mg; vitamin C (monophosphate) 7,600 mg; D-Calpan 2,500 mg;
Niacin 2,000 mg; viatamin B6 1,500 mg; vitamin B2 1,000 mg; vitamin
K3 700 mg; Biotin 10 mg; vitamin B12 2 mg; ZnO: 5,000–5,500 mg;
MnO 3,000–3,300 mg; FeSO 4.H2O 2,000–2,200 mg and other
elements such as vitamin B1; acid folic; CuSO 4.5H2O; Ca(IO3)2.H2O;
Na2SeO3; CoCO3; extractant from Saccharomyces cerevisiae; mold
inhibitor Propionic acid; antioxidants Ethoxyquin and BHT; and fillers
CaCO3 and wheat flour (supplied by Provimi Co. Ltd.).
§

Inert marker being Cr2O3 in experiment 1 and SiO2 in experiment 2.

¶

CMC was produced by Xilong Chemical Co., Ltd., and GG was
produced by Sigma-Aldrich, Co. These chemicals were imported by
Thanh My Co., Ltd. Depending on the GG inclusion levels (g/kg) in the
diet, the ratios between GG and CMC were 0–10, 0.25 to 9.75, 0.5 to
9.5, 1–9, 2–8 and 3–7.
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measured both in the mixture prior to extrusion and in the extruded

and NO2--N (0–0.03 ppm) for both experiments were measured

pellets (after being grinded) according to the method described by

weekly.

Leenhouwers et al. (2006). One gram of the sample was mixed with
4 ml of demi water, incubated for 30 min at 28°C and centrifuged at

2.2 | Experimental procedure and sample analysis

12,000g for 10 min, and thereafter supernatant viscosity was immediately measured by Brookfield LVDV-II + cone/plate viscometer. The
measured viscosity and analysed chemical composition of the experi-

In both experiments, fish were fed a mixture of the experimental

mental diets are given in Table 2 (Exp. 1) and Table 3 (Exp. 2). Inclusion

diets for 2 weeks prior to the start of the experiment (before stock-

of guar gum was applied to alter dietary viscosity, because of its high

ing) to allow adaptation to the dietary ingredients. In Exp. 1, fish

viscose properties without altering the dietary protein and fat content.

were fed restrictively in order to prevent contamination of the col-

Consequently, small changes in the diet (<3.0 g/kg) resulted in a dietary

lected faeces with feed spillage/waste. Fish were fed daily 20 g per

viscosity in pellets ranging from 1.58 to 2.16 cP (Table 2).

tank of one of the six experimental diets for 29 days at 09:00 am.

Striped catfish (Pangasionodon hypophthalmus) were bought

Faeces collection started from week 3 onwards and was collected

from a local hatchery. Fish were a mixed-sex population and

daily. Faeces collection for 22 hr in total, started at 10:00 a.m. (1 hr

weighed 95 g in Exp.1 and 100 g Exp. 2 at start of the experiment.

after feeding) and lasted till 1 hr prior to the next feeding (8:00 a.m.).

In Exp. 1, fish were randomly distributed into 170 L digestibility

During this collection period, the 250-mL collection container was

tanks (for details on tanks see Tran-Tu et al., 2018) and in Exp. 2,

submerged in ice water to prevent bacterial degradation. After col-

into 500 L tanks with a composite cone bottom. In both experi-

lection, the faeces were pooled per tank into an aluminium tray and

ments, each tank contained 20 fish. Tanks were filled for 80% with

stored at −20°C (Tran-Tu et al., 2018). In Exp. 2, the fish were fed

water and were constantly aerated by one air stone per tank. The

until apparent satiation twice daily at 09:00 am and 04:00 pm for

water flow through each tank was set at 3 L/min. Within each ex-

assessing the impact of dietary viscosity on feed intake. In Exp. 2, no

periment, all tanks were connected to a semi-recirculation system

faeces were collected. In both experiments, the uneaten feed was

which was fully running only at night-time. During daytime, half of

collected, dried at 60°C for 24 hr and weighed.

the amount of outflowing water per tank was replaced by de-chlo-

At the start and end of the experiments, fish were batch

rinated tap water. This renewal water had been stored in a 2 m3

weighed. In Exp. 2, 20 fish were sampled at the start of the exper-

tank with continuous aeration prior to being added into filtration

iment and 10 fish per tank at the end of the experiment for body

tank of the system.

composition analysis. These fish were killed by putting them in ice

The photoperiod regime was approximately 12 hr light and

water (2:1) after being sedated in a benzocaine solution (0.1 g/L).

12 hr dark. Water quality was checked daily for the temperature

Per diet, about 10 g of feed was weekly sampled. Faeces and fish

and ranged between 28 and 31°C for both experiments. pH ranged

body samples were dried at 60°C for 24 hr. Feed, faeces and fish

between 7.3–7.8 and 7.4–7.7, oxygen concentration between 5.6–

samples were ground by a coffee blender and stored at −20°C.

6.5 and 5.1–6.4 ppm and water flow was 3.0 and 0.7 L/min for Exp.

Chemical analyses were done in triplicate. According to standard

1 and 2 respectively. Total ammonia nitrogen TAN (0.1–0.3 mg/L)

laboratory methods (AOAC, 2000), the moisture content was

TA B L E 2 Analysed chemical
composition and viscosity of six
experimental diets with different
inclusion levels of guar gum (GG) used in
experiment 1 (on dry matter basis)

Diet code†

Dietary
component

GG0

GG0.25

GG0.5

GG1.0

GG2.0

GG3.0

Dry matter (g/kg)

889

902

877

889

898

889

Crude protein
(g/kg)

291

287

302

291

289

289

Crude fat (g/kg)

59

58

58

57

57

58

Carbohydrate (g/
kg)

528

534

519

530

532

531

Crude ash (g/kg)

113

112

112

112

113

113

Chromium oxide
(g/kg)

8.9

8.8

8.9

8.6

9.4

9.4

Mixture prior to
extrusion

1.80

1.86

1.90

2.07

2.25

2.49

Pellets

1.58

1.63

1.72

1.81

1.96

2.16

Dietary viscosity (cP):

†
Diet code GG0, GG0.25, GG0.5, GG1.0, GG2.0 and GG3.0, refer to diets with a inclusion level of
0, 0.25, 0.5, 1.0, 2.0 and 3.0 g guar gum/kg feed.
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determined by drying in the oven at 105°C until constant weight;

minus crude fat. The chromic oxide content was measured by a

crude protein (N × 6.25) content following the Kjeldahl method;

spectrophotometer at the wavelength 350 nm after digestion of

crude ash content by placing in the furnace at 560°C for 4 hr; and

the samples by nitric acid and then oxidation with perchloric acid

crude fat content by solvent extraction. The carbohydrate con-

(Furukawa & Tsukahara, 1966).

tent was calculated as dry matter minus crude protein crude ash

2.3 | Calculations and statistical analysis

TA B L E 3 Analysed chemical composition the three experimental
diets with different inclusion levels of guar gum (GG) used in
experiment 2 (on dry matter basis)
Diet code

In Exp. 1, the apparent digestibility coefficients of nutrients (Nutrient
ADC) were calculated from the concentrations of the inert marker

†

Dietary component

GG0

GG0.5

GG3.0

Dry matter (g/kg)

920

926

918

Crude protein (g/kg)

296

295

296

Crude fat (g/kg)

34

41

43

Carbohydrate (g/kg)

555

552

548

Crude ash (g/kg)

115

112

113

Feed price (thousand
VND kg−1)‡

13.9

14.0

14.4

and the respective nutrient (dry matter, crude protein, crude fat, carbohydrate or crude ash) in feed and faeces (g/kg) by the following
equation (Cho & Kaushik, 1985):
(
Nutrient ADC = 1 −

Markerdiet × Nutrientfaeces

)

Markerfaeces × Nutrientdiet
The percentage of faeces recovery was computed from the total
amount of marker collected with faeces (collected amount of faecal

†
Diet code GG0, GG0.5 and GG3.0 refer to diets with an inclusion level
of 0, 0.5 and 3.0 g guar gum/kg feed.

DM times marker concentration) and the total amount of marker

‡

2005b). The faecal waste consists of the recovered faeces and the

consumed with feed (according to Amirkolaie, Leenhouwers, et al.,

VND is Vietnamese Dong

TA B L E 4 The estimated relationships† between dietary viscosity measured on the pellets of the pelleted experimental diets (X in cP) and
digestibility of nutrients, performance traits and faecal characteristics in striped catfish
Equation (Y = intercept (±SE) + β (±SE) × X or
Y = intercept (±SE) + β (±SE) × X + α (±SE) × X 2)

R2

p value (linear component)

p value (quadratic
component)

Dry matter (%)

Y = 89.0 (±2.5) − 6.6 (±1.4) × X

.59

<.001

—

Crude protein (%)

Y = 95.1 (±1.3) − 4.0 (±0.73) × X

.65

<.001

—

Crude fat (%)

Y = 93.2 (±1.5) + 1.5 (±0.81) × X

.19

.073

—

Crude ash (%)

Y = 66.8 (±6.8 − 17.9 (±3.7) × X

.59

<.001

—

Carbohydrate (%)

Y = 89.4 (±3.0) − 6.3 (±1.6) × X

.48

.001

—

111 (±0.73)

—

.188

—

Parametera
Digestibility

Performance
FMW (g)
−1

DWG (g d )

0.57 (±0.03)

—

.181

—

FCR

1.1 (±0.05)

—

.197

—

Survival rate (%)

98.6 (±0.54)

—

.883

—

<.001

—

Faecal waste characteristics
Faeces recovery (%)

Y = 85.6 (±5.8) − 26.4 (±3.2) × X

.81
2

.85

—

.084

Faeces recovery (%)

Y = 197 (±61) − 147 (±65) × X + 32 (±18) × X

TFP (g/kg feed DM)

Y = 110 (±25) + 65.8 (±14) × X

.59

<.001

—

RF (g/kg feed DM)

Y = 153 (±14) − 36.9 (±7.9) × X

.58

<.001

—

NRF (g/kg feed DM)

Y = –42.8 (±23) + 103 (±12) × X

.81

<.001

—

Faecal particles
>2 mm (%)

Y = –0.80 (±13) + 21.0 (±6.9) × X

.37

.008

—

Faecal particles
>2 mm (%)

Y = –263 (±129) + 306 (±140) × X − 76.2
(±37) × X 2

.51

—

.059

a

FMW, Final mean weight; DWG, Daily weight gain; FCR, Feed conversion ratio; TFP, total amount of faeces produced; RF, the amount of recovered
faeces; and NRF, the amount of non-recovered faeces.

†

Only relationships (both linear and quadratic), which were significant (p < .05) or tended to be significant (p < .10) are given.
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(a)

Recovery (%)

ADC dry matter (%)

85

80
75
70
1.4

1.6

1.8

2.0

2.2

(a)

50
35
20
1.4

2.4

1.6

Large particles (%)

ADC crude protein (%)

85

1.6

1.8

2.0

2.2

2.4

ADC carbohydrate (%)

75

1.6

1.8

2.0

2.2

2.4

45
30
15
1.4

1.6

1.8

2.0

2.2

2.4

Viscosity (cP)
F I G U R E 2 The relationships (both linear and quadratic) between
dietary viscosity (cP) measured on the pellets of the experimental
diets and: the recovery of the faeces from the water by settling
(in %) (a); and the percentage of faecal particles being larger than
2 mm measured in faeces of striped catfish collected by settling (b).
Solid lines indicate a significant relationship (p < .05) and broken
lines indicate a tendency (p < .10). The estimated equations are
presented in Table 4

(c)

80

70
1.4

2.2

(b)

Viscosity (cP)
85

2.0

60

(b)

90

80
1.4

1.8

Viscosity (cP)

Viscosity (cP)
95

599

2.4

Viscosity (cP)
F I G U R E 1 The linear relationships between dietary viscosity
(cP) measured on the pellets of the experimental diets and
nutrient digestibility (%) of: dry matter (a), crude protein (b) and
carbohydrates (c). Solid lines indicate a significant relationship
(p < .05), and the estimated equations are presented in Table 4

of experimental days. Feed conversion ratio (FCR) was calculated
as mean weight (as is) gain per fish divided by the mean amount
of feed consumed per individual expressed in g DM. Survival rate
(SR) was the number of fish harvested divided by number of fish
stocked. In Exp. 2, the daily satiation feed intake per fish was computed from the average amount of feed fed minus the uneaten
feed (on DM basis). The net protein utilization (NPU) and fat retention (FR) were calculated from initial and final fish body composition dividing by the respective nutrient intake. The cost of

non-recovered faeces. The total amount of faeces produced was

feed kg-1 of fish gain was determined by multiplying FCR and the

computed from the dry matter digestibility. The amount of non-re-

feed price.

covered faeces is the difference between the faeces recovered

All results were introduced in a data-base (MS-Excel®), and

from the settling tanks and the calculated amount of total faeces

mean and standard deviation of each treatment were calculated.

produced (expressed in g/kg feed). The faeces collected during the

Data of Exp. 1 were tested for the effect of dietary viscosity by

last 3 days of Exp. 1 were used to determine the particle size of

regression analyses for linear and quadratic relationships. The

faeces. The faeces sample was sieved through a 2 mm mesh while

measured viscosity of the pelleted experimental diets was used as

being submerged in water. After sieving both fractions were oven

X-variable in these regression analysis. Data of Exp. 2 were tested

dried at 60°C and weighed. The percentage of particles in the fae-

for the effect of diet by one-way ANOVA. In the case of a signif-

ces that was bigger or smaller than 2 mm was calculated on DM

icance, post hoc comparison of means was done by Tukey's test.

basis.

The residuals of all data were checked for normal distribution using

Daily weight gain (DWG) was calculated by dividing the difference between the final and initial mean weight by the number

the one-sample Kolmogorov–Smirnov test. All the tests were done
by using SPSS 25.0 ®.
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TA B L E 5 Effect of dietary guar gum level on performance,
nutrient retention and feed costs per unit of weight gain in striped
catfish during a 60-d growth experiment (Exp. 2)
Dietary code†

Exp. 1 focused on the effect (i.e. dose response) of dietary viscos-

Parameter

ity on nutrient digestibility and faecal waste parameters. Increasing

GG0

GG0.5

GG3.0

Initial mean weight
(g)

100 ± 1.5

100 ± 1.3

100 ± 1.7

Final mean weight
(g)

239 ± 15.3b

247 ± 17.2b

177 ± 8.9a

Daily weigh gain
(g d−1)

2.3 ± 0.26b

2.4 ± 0.27b

1.3 ± 0.16a

Feed intake (g DM
d−1)

2.6 ± 0.46

3.0 ± 0.48

2.3 ± 0.13

the quadratic component was not significant; Table 4). With increas-

Feed conversion
ratio

1.11 ± 0.09a

1.24 ± 0.17a

1.84 ± 0.17b

ing dietary viscosity, the digestibility of dry matter declined with

Survival rate (%)

87 ± 7.6

93 ± 11.5

98 ± 2.9

6.6% cP-1 (Figure 1a), the digestibility of crude protein with 4.0%

Dry matter content in final fish
body (%)

31.2 ± 2.5

30.8 ± 2.1

28.1 ± 1.1

Net protein
utilization

0.48 ± 0.05b

0.42 ± 0.10 b

0.23 ± 0.05a

4.1 ± 0.70 c

3.0 ± 0.16b

2.1 ± 0.30a

dietary GG levels increased dietary viscosity of the pellets (r = .996;
p < .001). Mean values per experimental diets for digestibility, performance and faecal waste characteristics are given in supplementary Table S1. Regression analysis showed that dietary viscosity did
not affect fish performance during the 29-d experiment period in
Exp. 1 (p > .1; Table 4). Except for fat, all nutrient digestibility's were
negatively affected by dietary viscosity (Figure 1). For all these nutrients, the digestibility was linearly related to dietary viscosity (i.e.

cP-1 (Figure 1b) and the digestibility of carbohydrate with 6.3% cP-1
(Figure 1c). However, in contrast with this general pattern, the digestibility of fat tended to increase slightly with increasing dietary
viscosity (p = .073), although the relation was not significant.

Fat retention

Between the experimental diets, the faeces recovery ranged

Feed cost per
unit weight gain
(thousand VND
kg−1)‡

from 29.2% to 48.9% (Figure 2a). Faeces recovery declined linearly
with increasing dietary viscosity (p < .001). However, with increasing levels of dietary viscosity (i.e. higher GG inclusion levels), the
decline in faeces recovery diminished (Figure 2a). This observation
was corroborated by a trend for a quadratic relation between faeces
recovery and dietary viscosity (p = .084; Table 4). The reduction in
dry matter digestibility with increasing dietary viscosity resulted in a
linear increase in the total amount of faeces produced per kg of feed

15.5 ± 1.2a

17.4 ± 2.4a

26.6 ± 2.4b

abc

Values (mean ± SD) within rows lacking a common superscript differ
significantly (p < .05).

†

Diet code GG0, GG0.5 and GG3.0 refer to diets with an inclusion level
of 0, 0.5, and 3.0 g guar gum/kg feed.
‡

VND is Vietnamese Dong.

(TFP; Table 4). The amount of faeces that was recovered by settling
(RF) also declined with dietary viscosity. The increase in TFP and decline in RF resulted in an enhanced amount of non-recovered faeces

level compared with the other two diets (Table 5). The same pat-

when the dietary viscosity increased (NRF, Table 4). TFP, RF and NRF

tern between diets was also observed for the net protein utilization

were all linearly related to dietary viscosity. Even small increases in

efficiency. Fat retention efficiency differed between all diets and de-

dietary viscosity (low inclusion level of GG) resulted in a negative

clined with increasing GG inclusion level. Due to the increase in FCR

impact on all faecal waste parameters. The particle size distribution

(Table 5) together with the increased cost of the experimental diets

of collected faeces by settling, was also linearly related to viscosity

(Table 3) with increasing GG inclusion levels, the feed cost per unit

(p < .01). Increasing the dietary viscosity increased the percentage

of growth was higher at the GG level of 3.0 g/kg compared with the

of particles larger than 2 mm, but this relationship with particle size

other two experimental diets.

tended to be quadratic (p = .059; Figure 2b). With increasing dietary
viscosity levels, the improvement of particle size became smaller (i.e.
curved off).

3.2 | Experiment 2

4 | D I S CU S S I O N
4.1 | Digestibility and performance
The present study proves that striped catfish is sensitive to minor

In Exp. 2, fish were fed to satiation. Dietary viscosity (i.e. GG inclu-

changes in dietary viscosity. This is reflected by the linear negative

sion) did not affect feed intake. In contrast to Exp. 1, growth of the

relationships between dietary viscosity and macronutrient digest-

fish over the 60-d experimental period in Exp. 2 was affected by GG

ibilities (p < .001, except for fat). Similar negative effects on the

inclusion (Table 5). Growth was similar at the diets with a GG inclu-

nutrient digestibility of striped catfish were found between diets

sion of 0 and 0.5 g/kg, but reduced at the diet with 3.0 g/kg (p < .05).

with a contrast in dietary viscosity (low vs. high), which was cre-

Consequently, also FCR was higher at the highest GG inclusion

ated by inclusion of different amounts of binders (i.e. GG) (Tran-Tu
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et al., 2018). Similar effects of dietary viscosity were observed in

study (Table 4) are not observed like in: African catfish (Harter,

Nile tilapia (Amirkolaie, Leenhouwers, et al., 2005b; Fagbenro &

Heinsbroek, & Schrama, 2015; Leenhouwers et al., 2006), Nile

Jauncey, 1995), rainbow trout (Storebakken, 1985), African cat-

tilapia (Leenhouwers, Ortega, et al., 2007a) and striped catfish

fish (Leenhouwers et al., 2006; Leenhouwers, Veld, et al., 2007b),

(Tran-Tu et al., 2018). The absence of significant effects on per-

Atlantic salmon (Kraugerud et al., 2007), and also in broiler chickens

formance in these studies might be due to (among others) differ-

(Van der Klis, Verstegen, & Van Voorst, 1993). The reduced digest-

ences in duration of the studies and in different levels of dietary

ibility of nutrients when binders (e.g. GG or CMC) and/or plant ingre-

viscosity between treatments. In Exp. 2 of our study, which lasted

dients are included in a diet is assumed to relate to the presences of

60 days (Table 5), a reduced growth, protein utilization, fat reten-

highly viscous compounds that increase the viscosity of chyme caus-

tion and an increased FCR (p < .05) was found but only at the diet

ing malabsorption of nutrients (e.g. minerals, amino acids, etc.) in the

with highest viscosity. Next to differences in experimental dura-

intestine (Mudgil, Barak, & Khatkar, 2014). These effects of dietary

tion (60 d in Exp. 2 vs. 29 d in Exp. 1), also the feeding level may

viscosity are often explained by: (a) the viscous non-starch polysac-

have caused the absence of effects in Exp. 1 (restricted feeding vs.

charides (NSP), which often increase viscosity, are indigestible and

ad. libitum feeding in Exp. 2).

the required enzymes for digestion are absent in fish, and therefore

Regarding the cost of feed per kg of fish gain, Exp. 2 (Table 5)

affect all parts of the gastrointestinal tract; (b) viscous NSP absorb

indicated that the dietary viscosity (by GG inclusion) increased the

water and alter the chyme into a gel, which hamper the mixing of

feed cost because of the extra cost of GG in combination with the in-

endogenous enzymes and thereby reduce hydrolysis of nutrients; (c)

crease in FCR. Thus, increasing dietary viscosity increased feed cost

the gelling of chyme reduces diffusion of nutrients thereby reduc-

per kg of weight gain in striped catfish.

ing their absorption and increasing faecal nutrient losses, such as

We believe that the effect of dietary viscosity (induced by

bile acids, amino acids; (d) the increased viscosity of the chyme may

binders or by dietary viscous NSP sources) on various response

alter/damage the gut mucosa, thereby decreasing the absorption of

parameters is dependent on species, animal sizes and types of

hydrolysed nutrients by the enterocytes (Sinha, Kumar, Makkar, De

binder or NSP. For instance, increasing the dietary viscosity by

Broeck, & Becker, 2011).

adding 80 g/kg GG did not affect the growth of African catfish

Based on the above potential mechanisms, one would expect

(Leenhouwers et al., 2006). Similar observations were found in

that all nutrients are affected similarly. However, in the current

rainbow trout with 3 g/kg GG inclusion (Brinker, 2007, 2009) and

study, only fat digestion was not hampered by dietary viscosity.

in striped catfish with 0.5 g/kg GG inclusion (this study Exp. 2).

Similar observations of a smaller/no impact of dietary viscosity on

In contrast, in snakehead dietary, GG inclusions of 0.1 g/kg de-

fat digestion while other nutrients were affected have been re-

creased fish growth (Janphirom et al., 2010) and in Nile tilapia, a

ported for Nile tilapia (Amirkolaie, Leenhouwers, et al., 2005b),

dietary level of 3 g/kg GG declined the digestibility of nutrients

Atlantic salmon (Kraugerud et al., 2007), and also earlier for striped

(Fagbenro & Jauncey, 1995). Also in broiler chickens, GG inclusion

catfish (Tran-Tu et al., 2018). In contrast, in broilers, the digestibil-

of 1.0 g/kg declined the digestibility of nutrients (Maisonnier et al.,

ity of fat was significantly reduced by dietary viscosity (Maisonnier,

2001). Moreover, Storebakken (1985) found that larger fish were

Gomez, & Carré, 2001; Van der Klis et al., 1993). It might be that

able to alleviate the negative effects of dietary viscosity induced

the location of fat absorption in fish (more distal than for amino

by GG inclusion. In rainbow trout, Brinker (2005) reported that no

acids) plays a role. However in Nile tilapia (Amirkolaie, Verreth,

negative effects on nutrient digestion were found in the diets with

& Schrama, 2006), African catfish (Harter, Verreth, Heinsbroek,

3 g/kg GG but a decreased digestibility was shown in the diet with

& Schrama, 2013) and also in striped catfish (Tran-Tu, Bosma,

10 g/kg alginate. The linear effects of dietary viscosity on nutrient

Verstegen, & Schrama, 2019), it has been shown that the viscosity

digestion, which were found in the current study (Exp. 1), imply

of the chyme increase as it passages towards the distal intestine.

that the impact of ingredients/binders depends on their relative

This would support the hypothesis that fat digestion would be

viscous property and their inclusion levels into the diet. Even small

even more affected than the digestion of other nutrients because

increases in inclusion level may already reduce the digestibility of

it is absorbed more distally. Why the digestion of the different

nutrients and thus the biological value of a diet.

nutrients (fat, protein, carbohydrates etc.) responds differently to
changes in dietary viscosity in striped catfish and other fish species requires further research.

4.2 | Faecal waste

Apart from digestibility, various studies showed that dietary
viscosity (by inclusion of specific binders or plant ingredients with

In the present study, and in line with the effect of reduced digestibil-

viscous NSPs), also reduced the fish performance (i.e. decreased

ity, the total amount of faeces increased with increasing dietary vis-

growth and feed intake, increased FCR) of, for example, Nile tila-

cosity. Similar observations were reported in Nile tilapia (Amirkolaie,

pia (Leenhouwers, Ortega, Verreth, & Schrama, 2007a; Shiau, Yu,

Leenhouwers, et al., 2005b) and earlier in striped catfish (Tran-Tu et

Hwa, Chen, & Hsu, 1988) or snakehead (Janphirom, Chaiprasert,

al., 2018). In other words, a higher dietary viscosity results in more

Thongthieng, Suwannathep, & Songkasiri, 2010). However, there

faeces being produced by fish. Also, in line with the observed effect

are also various studies where the effects of Exp. 1 in the current

on dry matter digestibility, the amount of faeces was linearly related
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to dietary viscosity. Thus in striped catfish, increasing dietary viscos-

higher fermentation activity inside the intestine. Obviously, the

ity gives more faecal waste.

role of the gut microflora on faecal waste management in fish re-

However, the impact of dietary viscosity on faecal waste char-

quires more attention in future research.

acteristics may differ between fish species. In a series of studies in rainbow trout, it was proven that dietary inclusion of GG
(increasing dietary viscosity) can be effective to improve faecal

5 | CO N C LU S I O N

waste characteristics, especially through the formation of larger
faecal particles (Brinker, 2007, 2009; Brinker & Friedrich, 2012;

In striped catfish, digestion of macronutrients, with exception for fat,

Brinker et al., 2005). These larger particles could reduce the solid

was negatively affected by dietary viscosity. Within the studied range

load and potential leachable material within aquaculture opera-

of viscosity levels, digestibility of these macronutrients, the faecal re-

tions. Opposite to these observations in rainbow trout, in Nile

moval efficiency and the total amount of faecal waste produced were

tilapia, dietary GG inclusion increased the amount of organic load

all linearly related to dietary viscosity. Increasing dietary viscosity (e.g.

by reducing the faeces recovery (Amirkolaie, El-Shafai, Eding,

by using dietary binder) is not suitable for faecal waste management

Schrama, & Verreth, 2005a). The current study demonstrated

in striped catfish, since it increases the amount of faeces produced,

that also in striped catfish dietary GG inclusion could increase

worsens the removal efficiency by settling and negatively affects the

the faecal particle size, similar as in rainbow trout. However, de-

nutritional value of the diets. Only the particle size of collected fae-

spite this increased particle size, and in contrast to the studies

ces improved with dietary viscosity. The best strategy for faecal waste

on rainbow trout, dietary viscosity reduced the faeces recovery

management in striped catfish by dietary viscosity is to keep it as low

efficiency similar as was found in tilapia. Currently, there is not a

as possible in the diet.

clear explanation for this observation that faecal recovery efficiency declines and that the percentage of large faecal particles
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