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Influence of fish feeds with plant proteins
on sediment quality conditions:
A microcosm experiment
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ABSTRACT

Plant proteins have been widely utilized for aquaculture however its environmental effects remained
understudied. A microcosm experiment was conducted to determine the effects of feed types (feeds with plant
protein vs feeds with fishmeal only) and feed levels on sediment quality conditions. Sediments were treated with
three feed types composed of different protein sources: a) fishmeal only (FM) b) soybean, copra, and fishmeal
(SC); and c) soybean, wheat, and fish meal (SW) at low feed (LF, 0.07 g) and high feed (HF, 0.40 g) levels;
and incubated for 20 days. Results revealed that all feed treatments created anoxic (redox potential, -103 to
-135 mV) and toxic sulfidic sediment conditions (FM, > 2.5 mg. g, and SC and SW > 1.7 mg. g"'). Effects of
differences in feed types were apparent on higher pore water Ammonium — N concentrations in plant-added fish
feeds SC (414.08 + 29.32 ppm) and SW (310.45 £ 113.18 ppm) than in FM (249.43 + 86.95 ppm) at HF level.
Protein concentration in sediments was highest in SW feed type. Effects of LF and HF did not show significant
differences but both clearly showed poor sediment quality conditions when compared to sediments without
feeds. The results suggest that the current use of plant-proteins as an alternative to fishmeal in aquaculture

feeds may pose similar deleterious effects to sediment quality.
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INTRODUCTION

The growth of aquaculture industry comes with
increased demand for feeds leading to the constraint
of raw materials for its production. Fishmeal, a primary
protein source for fish feeds, had a steady price
increase of 55 % since 2005 due to supply-shortage
(Watanabe 2002; Rana et al. 2009). As a response,
plant protein sources, such as copra and soybean
meals, have been used as alternative protein for
fish feed (Mukhopadhyay & Ray 1999; Kumar et al.
2012). They are considered to be a solution to the
unsustainable use of fishmeal and oil as ingredients
for fish feeds (Kaushik & Hemre 2008).

In comparison to fishmeal - based fish feeds,
plant components have certain limitations particularly
in terms of their nutritional effects necessary for the
growth of the fish. It was found that plant - based diets
have low protein digestibility potential ranging from
31.45 % to 24.15 %; and limited nutrient availability
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in redbreast tilapia (Tilapia rendalli) (Mzengereza et
al. 2016). It has shown intestinal nutrient absorption
delay in gilt head bream (Sparus aurata) and rainbow
trout (Onchorynchus mykiss) (Santigosa et al. 2011);
and decreased liver size, plasma triacylglycerol
concentration and lipid productive value in Atlantic cod
(Gadus morhua L) (Hansen et al. 2011). Excessive
amounts of fiber and starch and lack in certain amino
acids like lysine and methionine that are essential to
the optimum growth of fish were found in these diets
(Daniel 2018).

A study on rainbow trout (Oncorhynchus
mykiss) fed with plant - based fish feed excreted
higher concentrations of total ammonia nitrogen
and inorganic nitrogen in the water as compared
to those fed with fishmeal based feed (Davidson et
al. 2013). When feeds were not supplemented with
lysine, higher Phosphorous was also observed in
the culture water (Cheng et al. 2003). Presence of
phytates in plant proteins, an anti-nutritional factor,
results to poor digestibility and consequent fish farm
discharges to the surrounding environment (Allan et
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al. 2000; Mazurkiewicz 2009; Akpoilih et al. 2016).

For the past decades, studies on plant proteins
have been focused on fish nutrition. Its effects on
aquaculture environments remain limited. Sediments
underneath farms are often characterized by anoxic,
sulfidic, and benthic depauperate conditions (Holmer
et al. 2005; Santander-de Leon et al. 2010). The
quality of the sediment in fish farm vicinities indicates
habitat health for benthos and over-all culture
management. This study investigated the sediments,
a sink of organic matter which mirrors the water
column processes in fish farms. Generally, the effects
of fish feed types and feed levels on sediment physico-
chemical conditions were studied. Particularly,
feed types such as feeds with plant proteins were
compared with feeds with fishmeal alone to elucidate
the effects of plant proteins on sediment quality. For
feed levels the deposition of uneaten feeds, feeds
applied in fish farms that were not consumed, was
simulated to check its effects on sediment conditions.

MATERIALS AND METHODS

A microcosm experiment was conducted to simu-
late the sediment environment underneath fish farms
receiving uneaten feeds.

Sediments were randomly collected from an off
farm area of Sta. Ana Bay, Lawi, Jordan, Guimaras
(10°32.506’ N, 122°31.981’ E) within 7 m to 10 m
depths using an ekman grab. The area was chosen
based on its oxic positive redox potential (+205 mV
to +265 mV) devoid of farm influence; and silty grain
characteristics similar to that of fish cage areas. The
collected sediments were transferred to ziplocks and
transported in ice to the laboratory. Sediments were
sieved using 0.5 mm mesh to exclude fauna and kept
frozen until used. The sediments were thawed, ho-
mogenized, and transferred into a 100 mL autoclaved
glass bottle (4.5 cm internal diameter; 19.63 cm? vol-
ume) covered with tight rubber lids. Equilibration fol-
lowed at 26 °C to simulate the tropical average sea
temperature using an incubator for 14 days to allow
settling of sediment and formation of surface oxic
brown layer based on Santander-de Leon et al. 2017.

Triplicate bottles were sampled for DO at post-
equilibration or prior to treatment. Feed type treat-
ments were the following: NF - No Feed or control;
FM - Fishmeal-Based Feed, SC - Soybean meal +
Copra meal + Fishmeal Feed, SW - Soybean meal +
Wheat Meal + Fishmeal Feed. Each feed type had
Low Feed (LF, 0.07 g per bottle or 50 g m? d') and

High Feed (HF, 0.40 g per bottle or 250 g m2 d) level
treatments. These were based on the 10 % and 50
% of the sedimentation rates, respectively, measured
underneath milkfish farms (Santander - de Leon et
al. 2010).

SC and SW feeds are milkfish commercial feeds
widely used in Philippine marine farms. These were
also chosen based on their different plant compo-
nents. SC feeds contained 27 % crude protein, 4 %
crude fat, 9 % crude fiber, 12 % moisture, 10 % ash
with aflatoxin level of 10 ppb wherein soybean meal,
copra meal and fishmeal served as protein sources
based on manufacturer’s information. SW feeds were
composed of 23 % crude protein, 3 % crude fat, 6 %
crude fiber, and 12 % moisture wherein soybean meal,
wheat meal and fishmeal served as protein sources
based on manufacturer’s information. FM feeds were
laboratory formulated with 56.5 % fishmeal as a sole
source of protein. Amount of protein incorporation for
both plant and fishmeal; and amount of fishmeal in
feeds were not disclosed by the manufacturer.

After equilibration, five mL of filtered (0.2 um) and
autoclaved natural seawater was slowly added on top
of the sediments to avoid desiccation (Santander-de
Leon et al. 2017). Each replicate bottle was added
with finely mashed fish feeds by gently adding straight
onto the surface of the sediments. LF treatment bot-
tles received 0.07 g while HF received 0.40 g of feeds
once; then tightly covered with rubber lids sealed with
parafilm and foil to avoid desiccation. Treated sedi-
ments together with NF were then incubated for 20
days to allow degradation of feeds at simulated 26°C
based on Santander-de Leon et al. 2017. All treat-
ments were prepared and analyzed in triplicates.

Sediments at day 20 (D20), post- feed treatment,
were observed for sediment quality indicators such
as sediment color and smell; and analyzed for redox
potential, moisture content, total organic matter, total
sulfides, total protein concentration, and pore water
Ammonium — Nitrogen concentration and surface wa-
ter Ammonium — Nitrogen (Ammonium-N) concentra-
tion. The same variables were noted and analyzed
for DO.

Sediment Quality Indicators

Sediment color was visually observed. The black
color indicates anoxic condition while brown color in-
dicates oxic condition (Santander et al. 2008). The
presence of rotten egg smell indicates sulfide pres-
ence along with black sediments.
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Sediment Quality Analyses

Redox potential was immediately measured by
inserting the probe into the upper 1 cm layer using
a redox meter (pH/mV Meter D-14, Horiba, Japan).
Values were corrected with +150 mV. Sediment sur-
face water or the water on top of the sediment was
gently pipetted out and kept frozen for Ammonium-
Nitrogen analysis. Sediment in each treatment bottle
was homogenized by gradually stirring using a sterile
microspoon after which sub-samples were collected
for further analyses. Remaining samples were imme-
diately frozen for analysis of Ammonium-Nitrogen in
porewater.

To determine moisture content, 3 g of sediments
were oven dried at 100°C for 24 h and calculated for
percent moisture content by subtracting wet weight
from dry weight multiplied by 100. The sediments
were further analyzed for total organic matter (TOM)
using Loss of Ignition method. The samples in pre -
weighed crucibles were placed in a furnace and com-
busted at 550°C for 3 h (Hoogsteen et al. 2015). Per-
cent TOM was calculated as dry weight subtracted
with ashed weight multiplied by 100. Total sulfides
were measured using a Gastec colorimetric detec-
tion kit. A 0.25 g of sediment was tested and calcu-
lated based on dry weight using the procedures on
the manufacturer’s manual by Gastec Co. Kanagawa
Japan (Santander-de Leon et al. 2017).

Total protein concentration was analyzed using
a 0.5 g sediment (wet weight) following the modified
Folin/Cu method of Lowry et al. (1951) (Reichardt et.
al. 1988a; Santander-de Leon et al. 2010). 0.5 mL of
NaOH was added into the homogenized sediments
and kept in a boiling water bath for 5 mins. Tap water
was used for immediate cooling. Then, 2.5 mL of
freshly prepared CU reagent (mixture of 50 mL 5%
Na,CO; and 2 mL of 0.5% CuSO,5H,0 and 2 mL 1%
NaK Tartrate) was added and allowed to react in the
dark for 10 min. 0.5 mL 1N Folin Ciocalteu’s phenol
reagent was added. Once blue-colored complex
formed within 30 mins, the samples were centrifuged.
The absorbance of supernatant at 600 nm was
determined using spectrophotometer. Lysozyme was
used as an internal protein standard.

The Ammonium-N surface water and sediment
samples were thawed and centrifuged at 10,000 rpm
for 2 min. Supernatant was pipetted out onto a pre-
labelled tube and kept frozen until analysis. 1 mL of
pore water was diluted to 14 mL distilled water due to

its high concentration before proceeding to analyses
following the standard methods of USEPA (2001)
using Flow Injection Analysis (FIAstar 5000 Analyzer).

Statistical analysis

Moisture content, total organic matter, and total
sulfides were analyzed for the effects of both factors,
feed type (NF, FM, SC, SW) and feed level (LF and
HF) using Two-way Multivariate Analysis of Variance
(MANOVA) followed by Tukey’s HSD test using SPSS
v.20. When significant differences were not detected
at p < 0.05; and when there was an interaction of both
factors post hoc analyses were not done; and analysis
proceeded to One-way ANOVA to check for rank of
feed type x feed level. To compare Ammonium- N
concentration in pore water and surface water Paired
Two Sample for Means T-test was used. Redox
potential was not statistically analyzed but interpreted
based on its oxic-anoxic levels based on Holmer et
al. 2005.

RESULTS
Pre-treated sediment quality conditions

Light brown color was observed at sediment
surface layer and gray at sub-surface with no sulfide
smell at DO. The redox potential and total sulfide
concentrations were +223 + 11.79 mV and 0.025 *
4.25 mg-g™", respectively. The moisture content was
29.96 = 0.77 % while the total organic matter was
12.98 + 0.98 %. Total protein concentration, pore
water Ammonium-N and surface water Ammonium-N
concentration were 20.22 + 7.89 mg-g', 19.00 %
13.59 ppm and 35.83 £ 13.99 ppm, respectively.

Post- feed treated sediment quality conditions

Sediments turned black with rotten egg sulfide
smell in all feed treatments (FM, SC, and SW) while
NF retained its brown layer without sulfide smell at
day 20 post-feed treatment. Gas bubbles were also
observed present in FM and SW at HF level. The
redox potential in all feed treated sediments turned
negative (-103 £ 7.51t0-138 + 10.82 mV) while control
(NF) remained positive (+228 + 32.26 mV). Moisture
content was significantly affected only by feed type
and showed highest at SW (SW>SC=FM=NF)
(Table 1, Fig. 1). Both feed level and feed type had
significant effects on total organic matter (p < 0.05,
Table 1) in which all feed treated sediments showed
similar values but higher than NF (FM=SC=SW>NF,;
p <0.05; HF=LF>NF; p < 0.05) (Table 1, Fig 1).
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Figure 1. Redox potential, moisture content, and total organic matter at
post-feed treatment of microcosm experiment. NF, No Feed; FM, fishmeal
feed; SC, soybean, copra, fishmeal feed; SW, soybean, wheat, fishmeal
feed; LF, low feed; HF, high feed. Values in means + standard deviation.

Total sulfide concentration was significantly af-
fected only by feed type in which FM (> 2.5 mg-g™)
showed highest followed by SW (1.96 + 0.19 mg-g
") and SC (1.90 £ 0.14 mg-g") (FM>SW=SC>NF);
p<0.05) (Table 1, Fig. 2). Total protein concentration
was significantly affected by feed level and feed type

(p < 0.05). SW had highest protein concentration (LF,
36.89 £ 2.73 mg-g'; HF, 49.65 + 2.13 mg-g"') among
other treatments (SW>FM>SC=NF) (Table 1, Fig. 2).
Total protein concentration in NF was significantly
lower than in LF and HF.
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Both feed level and feed type showed + 72.20 ppm; HF, 496.05 + 168.57 ppm), FM (LF,
significant effects on surface water Ammonium-N 128.59 + 33.34 ppm; HF, 405.35 + 173.07 ppm),
concentration (p < 0.05). NF (19.13 £ 10.45 ppm) SW (LF, 157.20 = 3.07 ppm; HF, 635.90 + 118.28
showed significantly lower concentration than HF ppm) were not significantly different but showed
and LF. All feed treated sediments, SC (LF, 165.55 significantly higher concentration than NF (p<0.05)
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Figure 1. Total sulfides, total protein concentration, porewater Ammonium-
Nitrogen and surface water Ammonium-Nitrogen concentration at post-feed
treatment of microcosm treatments. NF, No Feed; FM, fishmeal feed; SC,
soybean, copra, fishmeal feed; SW, soybean, wheat, fishmeal feed; LF, low
feed; HF, high feed. Values in means * standard deviation.




24 Mamigo & de Leon/ Phil. J. of Nat. Sci. 25: 19-29 (2020)

Table 1. Statistical analysis of microcosm experiment at post-feed treatment (Two-way
MANOVA, Tukeys HSD Test). P value is significant at p < 0.05. NF, No Feed; FM, fishmeal feed;
SC, soybean, copra, fishmeal feed; SW, soybean, wheat, fishmeal feed; LF, low feed; HF, high
feed. Values in means + standard deviation. * no interaction between feed level and feed type.

Feed Level

A. Moisture Content (%)
0.745

Post Hoc -

p-value

B. Total Organic Matter (%)
0.014
HF=LF>NF

p-value

Post Hoc

C. Total Sulfides (mg-g™)
0.663

Post Hoc -

p-value

D. Total Protein Concentration (mg-g-')
0.004
LF=HF>NF

p-value

Post Hoc

E. Pore water Ammonium-Nitrogen Concentration (ppm)

0.000

Post Hoc -

p-value

F. Surface water Ammonium-Nitrogen Concentration (ppm)

0.001
HF=LF>NF

p-value

Post Hoc

Feed Level x
Feed Type

Feed Type
0.005 0.652*
SW>SC=FM=NF
0.005 0.333*
FM=SC=SW>NF
0.000 0.374*
FM>SW=SC>NF
0.000 0.639*
SW>FM>SC=NF
0.000 0.002
0.000 0.667*
SC=FM=SW>NF

(Table 1, Fig. 2). Feed type and feed level showed
interaction in pore water Ammonium-N concentration
(Table 1). Using One-Way ANOVA, SCHF (414.08
+ 29.32 ppm) and SWHF (310.45 + 113.18 ppm)
showed highest concentration of porewater
Ammonium-N concentration although FMHF (249.42
+ 86.95 ppm) and SWHF did not significantly differ
(SCHF=SWHF>SWHF=FMHF>other treatments; p

<0.05; Table 2).

The surface water vs pore-water Ammonium- N
concentrations t-test showed that SW had significantly
higher concentration of Ammonium-N in surface water
than pore water (p < 0.01; Table 3) while the other
feed types did not differ. Both LF and HF obtained
higher concentration in surface water than pore water
(p < 0.01) while NF showed similar values (Table 4).
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Table 2. Tukeys Post Hoc Analysis of feed treatments and levels of porewater Ammonium-
Nitrogen concentrations (One-Way ANOVA). NF, No Feed; FM, fishmeal feed; SC, soybean,
copra, fishmeal feed; SW, soybean, wheat, fishmeal feed; LF, Low Feed; HF — High Feed. Values
in means for groups in subsets; n=3. Significance level, p < 0.05.

Treatments N Subset for alpha = 0.05
1 2 3 4
NF 3 34.9533
SWLF 3 87.5500
FMLF 3 97.6033 97.6033
SCLF 3 100.1500 100.1500
FMHF 3 249.4267 249.4267
SWHF 3 310.4500 310.4500
SCHF 3 414.0767
Sig. .788 .063 .832 .333

Table 3. T-test of pore water vs surface water Ammonium-Nitrogen concentrations on feed
type at post-feed treatment. NF, No Feed; FM, fishmeal feed; SC, soybean, copra, fishmeal feed;
SW, soybean, wheat, fishmeal feed; LF, Low Feed; HF — High Feed. Values in mean + standard
deviation. Significance level, p < 0.05.

Feed type Pore water Surface water P-value
NF 34.95 +8.59 19.13 £ 10.45 0.064
FM 194.75 + 97.25 294.65 + 195.76 0.069
SC 257.05+173.24 330.80 +214.99 0.093
Sw 199.00 + 141.61 396.55 + 272.66 0.011

Table 4. T-test of pore water vs surface water Ammonium-Nitrogen concentrations on feed
level at post-feed treatment. NF, No Feed; LF, Low Feed; HF — High Feed. Values in mean %
standard deviation. Significance level, p < 0.05.

Feed level Pore water Surface water P- value
NF 34.95+8.59 19.13£10.45 0.064
LF 98.53 + 15.08 153.18 +44.13 0.011

HF 324.65 + 102.49 512.44 + 167.95 0.003
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DISCUSSION

Sediment perturbations underneath fish farms
are influenced by multiple factors. This microcosm
study excluded the effects of other factors including
fish excreta to solely investigate uneaten fish feeds
on sediment quality conditions. This study particularly
compared effects of feed types once deposited into
the sediments. The effects of sedimentation rates of
uneaten feeds in fish farms were also checked using
different feed levels as treatments.

Effects of feed treatments and sedimentation
rates

Over all, results revealed that feed inputs created
anoxic and toxic sediment conditions based on
negative redox and high sulfide levels in all feed
treated sediments. Redox potential between 0 mV to
-100 mV is under hypoxic condition while <- 100 mV
is under anoxic condition (Holmer et al. 2005). When
these conditions are reached, sulfate - reducing
bacteria (SRB) dominate which reduce sulfates into
sulfides through the decomposition of organic matter
such as fish feeds leading to anaerobic processes
(Holmer et al. 2005; Santander et al. 2008). Based
on measurements sulfide concentration in all feed
treated sediments reached critical levels at >1.7
mg. g"' (Yokoyama 2003). A sulfide critical level in
sediments indicates toxicity and mortality to benthic
fauna (Yokoyama 2003). These conditions were also
indicated by black sediment color along with rotten
egg sulfide smell. The black sediment forms when
sulfide binds with iron present in the sediment and
precipitates into Iron sulfides. Similar results were
also found in previous study which further showed
increased SRB counts with feed inputs (Santander —
de Leon et. al. 2017). The results also suggest that
these anoxic conditions did not indicate differences
with uneaten fish feed sedimentation rates, simulated
as feed levels (LF and HF) based on TOM, Total
Protein and surface water Ammonium — N and sulfide
levels. Redox potential also showed anoxic conditions
in both LF and HF. These suggest that reduced rates
of uneaten feeds settling into the sediments will still
likely create detrimental effects on sediment quality.

Effects of feeds with plant - proteins

The significantly higher porewater Ammonium-N
in SC and SW; and total protein concentration and
moisture content in SW compared to other feed
treatments suggest effects of plant proteins on
sediment quality.

Numerous studies have shown direct correlation
of high Ammonia-N with high organic loading (Holmer
et al. 2005). In feed trial studies, plant proteins lack
amino acids such as lysine and methionine which
hinder protein synthesis and nitrogen retention in
fish leading to production of ammonia as by-product
(Lopez Alvarado 1997; Cao et al. 2012; Andersen et
al. 2015). In fish farms vicinities, ammonia is excreted
as an end product of feed digestion and is considered
toxic to fishes. The present study exhibited that aside
from fish excreta direct sedimentation of uneaten
feeds, both with fishmeal and plant proteins, suggests
higher Ammonium-N release than with feeds with
fishmeal alone in fish farm vicinities.

SW feed contained 23% crude protein and 6%
crude fiber which are lesser compared to SC feed (27%
crude protein, 9% crude fiber). The recommended
crude protein and crude fiber composition for milkfish
diets depending on the growth stage of the stocks and
farming system are 13.3% - 46.3% and 6.7% - 8.5%,
respectively (Sumagaysay et al. 1991; Bagarinao
1999 & Borlongan et al. 2000). The crude protein levels
of the commercial feeds are within the recommended
percentage; however, SW feed was slightly lower and
SC feed was slightly higher. Nonetheless, SW feed
still obtained the highest amount of total protein in
both LF (36.89 mg- g')and HF (49.65 mg- g'). Again
the slow degradation nature of plant materials; and
the presence of phytate, trypsin and other protease
inhibitors in plant proteins reduce protein degradation
(Stein et al. 2008; Akpoilih et al. 2016; Glencross
2016).

Generally, higher moisture content were found in
sites near fish farms compared to their controlled sites
which were linked to higher organic matter inputs and
degradation rates (Santander-de Leon et al. 2015).
Behind the above mentioned physico-chemical
changes observed is the process of hydrolysis
in which water is produced in sediments during
degradation of organic matter reflecting variations in
moisture content (Vavilin et al. 1996). Wheat, such
as SW in this study, is categorized as small grains.
According to Kornarzynski et al. (2002), small grains
absorb water faster due to its physical properties
that may explain the higher moisture content in SW
treated sediments.

A very high amount of sulfide observed in
fishmeal-based treatment (>2.5 mg. g') compared
to feeds with plant-proteins may be explained by its
high content of sulfur-containing amino acids such as
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methionine and cysteine (Miles & Jacob 1997; Apper-
Bossard 2013). The sulfur level of fishmeal is 1.16
% of diet dry matter, 0.42 % for soybean meal and
0.15 % for wheat (NRC 2001). In this study, feeds
with fishmeal supplemented with plant-protein (SW
and SC) created lower sulfide levels in sediment
environment.

CONCLUSION

The study clearly showed that all feed types:
feeds with plant-proteins and feeds with fishmeal
alone created anoxic (> 100 mV redox potential) and
toxic conditions (>1.7 mg.g" sulfide concentration)
in the sediments. The effects of feeds with plant-
proteins vs feeds with fishmeal alone were apparentin
porewater Ammonium-N, total protein concentration
and moisture content. Although all feed types created
a toxic sulfidic sediment environment, fishmeal as
sole source of protein in feeds reached sulfide levels
of >2.5 mg.g’'. Both low and high sedimentation
levels of feeds did not show significant differences
on effects on sediment conditions but clearly showed
negative effects compared to sediments without
feeds. This suggests that reduced amount of uneaten
feed deposition on sediments still pose detrimental
sediment quality conditions.
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