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Abstract

Yeast fermentation integrated with water soaking

was applied as a method to reduce the levels of

some anti-nutritional factors in canola meal. The

procedure completely eliminated glucosinolates

and it reduced phytic acid content by 18%. It also

led to increase of 9% of crude protein and 8–32%

of some minerals in the meal. A 60-day feeding

trial was conducted to evaluate replacement of

dietary soybean meal protein with yeast-fermented

canola meal for Nile tilapia at ratios of 0, 25, 50,

75 and 100% respectively. Three groups of fish

with an initial weight of 10 g were fed with each

diet twice a day to an apparent satiation. The

results showed that there were non-significant dif-

ferences (P > 0.05) in growth, survival rate, feed

intake and feed conversion ratio for all fish fed

with the test diets. However, replacement with 75

and 100% levels significantly reduced (P < 0.05)

protein efficiency ratio and nutrient digestibility of

protein, lipid, ash, Ca, Mg and P of fish compared

with the lower levels. The low retention of protein,

lipid, ash, Ca, Mg and P were also observed. These

effects seemed to be related to an increased dietary

phytic acid.
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Introduction

Canola meal is a plant protein source that is of

interest for animal feed production. After soybean,

it is the second ranked plant protein meal for

both production and trade (Suarez et al. 2009).

Several researches have shown that canola meal

can be used as dietary protein sources for both

fish and shrimp (Cruz-Suarez et al. 2001; Sklan et

al. 2004; Zhou et al. 2004; Tibbetts et al.

2006; Lim et al. 2008; Shafaeipour et al. 2008).

Constraints such as the high amounts and

various types of some potential anti-nutritional

factors (ANFs) limit its use, however, particularly

goitrin, which is a derivative of glucosinolates

(GLs) and can disturb thyroid hormone produc-

tion, leading to slower growth of the animal. A

high content of phytic acid also has an adverse

impact on growth, reducing the digestibility and

retention of some nutrients, especially phos-

phorus, cation minerals and protein (Francis et al.

2001). For these reasons, relatively low levels of

dietary canola meal at maximum inclusion rates

of 15, 25 and 30% have been recommended for

prawn and shrimp, tilapia and catfish, respectively

(Newkirk 2009).

Soybean meal is the most significant source of

protein in the diet for Nile tilapia, but the price of

soybean meal and consequently of the feed has

increased recently. Replacement of soybean meal

by cheaper alternatives is, therefore, necessary.

Canola meal has relatively lower price than

soybean meal (Statistics Canada 2012), but total

replacement of soybean meal by canola meal in

feed for Nile tilapia and its hybrids have been not

achieved (Soares et al. 2001; Zhou & Yue 2010),

because of adverse impacts of GLs derivatives and

phytic acid on growth.
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The level of GLs, their derivatives and phytic

acid in canola meal can be minimized by isola-

tion of the protein (Drew et al. 2007). As with

other plant protein isolates, however, the cost is

still expensive for aquatic feed production (Gatlin

et al. 2007). An alternative and cheaper way to

reduce these ANFs may be fermentation with

bakers’ yeast, Saccharomyces cerevisiae; phytase

released from this yeast facilitates degradation of

phytic acid (Nakamura et al. 2000; Greiner &

Konietzny 2006). Treatment with yeast can also

increase the relative levels of crude protein and

minerals in the plant meals (Oboh & Ak-

indahunsi 2003; Oboh & Elusiyan 2007; Eruka-

inure et al. 2010). Bakers, yeast is readily

available, cheap and is generally recognized as

safe for both human and animal diets (Her-

trampf & Piedad-Pascual 2000).

S. cerevisiae cannot degrade GLs as it does not

produce myrosinase enzyme (Chen & Halkier

1999). However, fermentation of canola meal

with over 10% of moisture for at least 8 h can

activate the endogenous canola myrosinase

(Youngs & Wetter 1966; Tyagi 2002), which can

degrade GLs. Yet, the fermented canola meal still

contains the soluble GLs derivatives such as iso-

thiocyanate (McCully et al. 2008). These may

affect animal growth when the fermented canola

meal is used at the high levels of inclusion. This

limitation can be resolved by an integration of

yeast fermentation with decanting of the

extracted water, facilitating removal of GLs and

their derivatives from the meal (Fauduet et al.

1995).

Currently, there is no available information

about removal of GLs and phytic acid by yeast

fermentation integrated with water soaking, or

about the use of yeast-fermented canola meal for

the diet of Nile tilapia. The present study,

therefore, determined the effects of this technique

on the contents of GLs, phytic acid, proximate

composition and minerals of canola meal. The

effects of replacing soybean meal with yeast-

fermented canola meal on growth, feed

utilization, nutrient digestibility and nutrient

retention by Nile tilapia were also evaluated.

The research questions raised in this study are:

(1) can the combined fermentation and water-

soaking reduced anti-nutritional factors in canola

meal? and (2) can pre-processed canola meal in

such a way replace the soybean meal in tilapia

feed?

Materials and methods

Preparation of the yeast-fermented canola meal

and other ingredients

Canola meal was purchased from Sor Chareonpa-

nich Co. Ltd., Samut Prakan, Thailand. It was

ground in a hammer mill to produce a particle size

of <500 lm. The canola meal was fermented with

bakers’ yeast, S. cerevisiae by a modification of a

method of Yabaya et al. (2009). Five replicate

fermentations were conducted in 10-L glass jars

covered with aluminium foil. For each replication,

canola meal (2 Kg) was mixed with 66.7 mg of

commercial dry bakers’ yeast (cell density 3 9 109

cell g�1 Fermipan®, GB Ingredients, The Nether-

lands), and 1.6 L of distilled water in a food mixer

for 15 min. This provided a yeast density of

1 9 105 cell g�1 meal and 50% moisture. After

fermentation for 24 h at an ambient temperature

ranged from 25 to 30°C, the fermented meal was

soaked with 6 L of distilled water for 5 min. The

water was decanted off and a fine mesh cloth was

used to squeeze the meal to remove as much

water as possible. The residual meal was dried to a

constant weight at 70°C.
Soybean meal containing 45.5, 1.59, 6.29 and

6.56% of crude protein, lipid, ash and fibre on dry

matter basis was purchased from Thai Vegetable

Oil Public Company, Thailand. All the coarse

ingredients, i.e. yeast-fermented canola meal, soy-

bean meal, shrimp head meal and rice bran, were

ground in a hammer mill to produce a particle size

of <500 lm before preparing the diets.

Preparation of the test diets

The five isonitrogenous test diets were formulated

to meet the requirements for essential amino acids

described in Fagbenro (2000). One, the control

diet, was a soybean base modified from K€opr€uc€u &
€Ozdemir (2005) in which soybean meal contrib-

uted approximately 20.5% dietary CP at the inclu-

sion level of 45%. In the other four test diets,

soybean meal protein was substituted with yeast-

fermented canola meal containing 42.25% CP at

ratios of 0, 25, 50, 75 and 100% replacing 0, 5.1,

10.2 15.4 and 20.5% of soy protein, respectively.

All the test diets contained 1% of chromic oxide

(Cr2O3) used as a marker to determine nutrient

digestibility. Each diet, in batches of 1 Kg, was

mixed with 30% water in a food mixer for
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15 min, and formed into pellets by forcing

through a mincing machine. All the test pellets

were dried overnight at 70°C, broken into an opti-

mum length of 3–5 mm, stored in plastic bags and

kept in a freezer at �20°C until use. The ingredi-

ents of all the test diets and their proximate, min-

erals and dietary phytic acid contents are shown

in Table 1 and 2, respectively.

Fish husbandry

Groups of ten sex-reversed Nile tilapia males with

an average body weight of 10 g were stocked ran-

domly into 15 100-L fibreglass tanks. The tank

base was connected to a faecal-collection column,

similar to the model used in a previous study (Cho

et al. 1982). Three groups of fish were fed with

each diet twice a day (at 09:00 and 15:00 hours)

to an apparent satiation. Feed was first provided in

small amounts, then, when this feed had been

consumed, the supply was continued until the fish

stopped feeding. The daily amounts of feed

consumed were recorded.

After feeding for 7 days initially to acclimate fish

to test diets, faeces were collected twice a day for

next 7 days. Accumulated waste was removed from the fish tanks before the first meal (at 07:00 hour)

and after an hour of each meal (10:00 and

16:00 hours). Approximately 25% of water was

replaced with fresh water before the first meal

(07:00 hour) and the second faeces collection

(19:00 hours) to compensate the losses. The faeces

in the column were collected by filtration through

filter paper within 3 h. The filtered water was

centrifuged at 5000 g for 15 min to collect the

small particles of suspended faeces. The faeces were

kept in a freezer at �20°C. To provide sufficient

sample for chemical analysis, fish faeces from the

same tank were pooled.

For grow-out trial, cleaning the fish tanks was

done once a day (at 07:00 hours), and then 25%

of the fresh water was filled. The complete water

exchange was done every 3 days. During the

experiment, temperature and dissolved oxygen

(DO) of all the fish tanks were measured and

shown in ranges of 27–30°C and 5.5–6.0 mg L�1,

respectively. The whole batch of fish in each tank

was weighed and the remaining numbers of fish

were also counted every 15 days. At the end of

the trial, three fish from each tank were sacrificed,

and dried to a constant weight at 70°C before

being analysed for proximate composition and

minerals.

Table 1 Ingredients of test diets for Nile tilapia (%)

% Replacing soybean protein

0 25 50 75 100

Soybean meal1 45.00 33.75 22.50 11.25 –

Yeast-fermented

canola meal

– 12.12 24.24 36.36 48.48

Shrimp head meal 10.00 10.00 10.00 10.00 10.00

Wheat flour 8.80 8.53 8.46 8.39 8.52

Corn gluten 5.00 5.00 5.00 5.00 5.00

Rice bran 20.00 20.00 20.00 20.00 20.00

Cassava flour 6.20 6.20 6.20 6.20 6.20

Cellulose 3.20 2.60 1.80 1.00 –

Antioxidant (BHT) 0.05 0.05 0.05 0.05 0.05

Vitamin premix2 0.50 0.50 0.50 0.50 0.50

Mineral premix3 0.25 0.25 0.25 0.25 0.25

Chromic oxide 1.00 1.00 1.00 1.00 1.00

1Soybean meal purchased from Thai Vegetable Oil Public

Company, Thailand, contains 45.51, 1.59, 6.29 and 6.56%

dry basis of crude protein, lipid, ash and fibre
2Contains (IU or g Kg�1 premix): vitamin A, 1,600,000 IU; D,

800,000 IU; E, 20; K, 4; B1, 4; B2, 6; B3, 12; B5, 20; B6, 4;

B12, 0.008; folic acid, 2; biotin, 0.4; choline chloride 200 and

vitamin C, 80 g
3Contains (g Kg�1 premix): Mn, 50; Fe, 88; Zn, 200; Cu, 6; I,

10 and Se 0.6 g

Table 2 Proximate composition, minerals, gross energy

and dietary phytic acid of test diets (% DM)

% Replacing soybean protein

0 25 50 75 100

Moisture1 5.5 4.5 4.6 5.4 5.1

CP1 34.4 34.2 34.1 34.1 34.0

CL1 5.1 5.1 5.0 5.1 5.0

CF1 8.3 8.3 8.3 8.3 8.4

Ash1 12.1 12.2 12.3 12.6 12.7

NFE1 34.8 35.8 35.7 34.5 34.8

Ca 3.25 3.27 3.30 3.33 3.40

Mg 0.52 0.53 0.56 0.60 0.63

P 1.44 1.53 1.63 1.71 1.80

Fe 0.19 0.20 0.22 0.24 0.25

Zn 0.19 0.21 0.22 0.23 0.26

Cu 0.02 0.03 0.03 0.04 0.05

Mn 0.16 0.17 0.18 0.20 0.21

Gross energy (MJ Kg�1) 17.56 17.83 17.69 17.28 17.50

Phytic acid 0.68 0.87 1.05 1.25 1.43

Phytic acid-P 0.19 0.24 0.29 0.35 0.40

Non-phytic acid-P2 1.25 1.29 1.34 1.36 1.40

1Data are shown as% wet basis, CP, crude protein; CL, crude

lipid; CF, crude fibre.
2Calculated by Total P � Phytic acid-P.
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Analytical methods and calculations

Proximate composition were analysed by standard

procedures of AOAC (1990). Minerals contained in

canola meal products, diets and fish faeces, also

chromium contents in diets and faeces were analy-

sed by the AOAC method (2005) with an ICP-OES

2100 DV (Perkin Elmer, Waltham, MA, USA).

Gross energy of canola meal products and diets

were analysed using a bomb calorimetre, LECO

AC-350 (LECO, St. Joseph, MI, USA).

Canola myrosinase enzyme can convert GLs into

derivatives, such as isothiocyanate and glucose.

Therefore, total amount of released glucose was

used as an indirect indicator to measure total GLs

in canola meal. Myrosinase was activated accord-

ing to a method of Smith & Dacombe (1987).

Canola meal sample (2–5 g) was mixed with dis-

tilled water at a ratio of 1:3, and then shaken for

30 min in a mechanical shaker. A control sample

was prepared by mixing the meal with an acidified

40% methanol (40% methanol and 1% glacial

acetic acid). After shaking, the suspension was left

for 5 min to allow the sediment to settle. Free

release glucose contents (mg 100 mL�1) were

measured by means of a glucose metre (Beatcheck

G5, Australia) according to a method of Ser et al.

(2008). One drop of each test sample solution or

the control was placed on glucose-testing paper,

which was then inserted into the glucose metre to

measure the glucose content. The free glucose

released from GLs was calculated by the differences

between glucose in the test sample and the con-

trol. The content of total GLs (TGs, lmole g�1)

was calculated from the equation:

TGs ¼ ½ðReleased free glucose
� sample volume ðmlÞ � 180
� sample weight (g)Þ�=100

where 180 is the molecular weight of glucose.

The phytic acid content was analysed by a pho-

tometric method (Boonpluem 2007) who modified

the method of Young (1936), using 1% NH4SCN

and 0.5 M HNO3 instead of 10% KSCN and 0.5 M

HCl, respectively. Phytic acid-P was calculated by

dividing the phytic acid content by 3.55 (Young

1936). The factor 3.55 is the ratio of the molecular

weight of phytic acid (660 g) to the mass of six

phosphorus atoms (185.8 g) contained in phytic

acid. The non-phytic acid-P was calculated from the

difference between total phosphorus and phytic

acid-P (Bell 1984).

Growth, feed utilization and nutrient retention

were calculated by the following equations:

Mean weight (MW, g) ¼ ½total weight=

numbers of fish�

Daily weight gain (DWG, gd�1Þ
¼ ½ðWf �WiÞ=day�

where Wf is the final weight andWi is the initial weight

Weight gain (WG;%Þ¼ ½100�ðWf �WiÞ=Wi�
Specific growth rate (SGR;% d�1Þ
¼ ½100�ððlnðWf Þ� lnðWiÞÞ=dayÞ�

Survival rate (SR;%Þ ¼ ½100� ðfinal �
initial numbers of fishÞ=initial numbers�

Feed intake (FI;%BW d�1Þ ¼ ½100� ðtotal
dry dietconsumed=mean of initial and final

body weightÞ=day�

Feed conversion ratio (FCR) ¼ ½total dry diet

consumed=weight gain�
Protein efficiency ratio (PER) ¼ ½weight

gain=protein consumed�

Nutrient retention ð%Þ ¼ ½100� ðfinal� initial

body nutrientÞ=nutrient consumed�

Dry matter and nutrient digestibility were calculated

by the following equations (Cho & Slinger 1979):

Dry matter digestibility ð%Þ ¼ 100� ½100
� ð% Cr2O3in diet=%Cr2O3in faecesÞ�

Nutrient digestibilityð%Þ ¼ 100� ½100
� ð% Cr2O3in diet�%nutrient in faecesÞ
=ð% Cr2O3in faeces�%nutrient in dietÞ�

All data were subjected to one-way analysis of

variance (ANOVA) using SPSS for Windows version

16.0 (Chicago, IL, USA). Duncan new multiple

range test was used to test for significant difference

of treatment means at P < 0.05.

Results

Effect of yeast fermentation on nutritional value

and some ANFs of canola meal

The nutritional values, GLs and phytic acid

contents of canola meal processed by yeast
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fermentation integrated with water soaking are

shown in Table 3. Approximately 26 lmol g�1 of

GLs contained in canola meal could be eliminated

completely by this technique, although phytic acid

was reduced by only 18%. The treatment

increased meal crude protein (CP) and fibre (CF)

by approximately 9%, whereas it reduced crude

lipid (CL), ash and NFE by 13, 1 and 10% respec-

tively. These changes resulted in a slight increase,

approximately 1%, in gross energy (GE). Both

macro and trace minerals of canola meal were

also increased by approximately 8–32%. Fe, Cu

and Zn showed the highest percentage increases

and P the lowest.

Effect of replacing soybean meal with yeast-

fermented meal on growth, feed digestibility and

utilization, and nutrient retention of Nile tilapia

Growth, survival, feed utilization and nutrient

digestibility of Nile tilapia fed with the test diets

are shown in Table 4. At the end of the trial, one-

way ANOVA showed that final MW, WG, SGR,

DWG, SR, FI and FCR of all fish fed the test diets

were not significant (P > 0.05). On the contrary,

there were significant differences (P < 0.05) in

PER and digestibility of dry matter (DM), CP, CL

and ash. These factors tended to decrease when

the ratio of protein replacement increased, espe-

cially at the high ratios of 75 and 100%.

Body proximate composition and minerals of

Nile tilapia fed with the test diets are shown in

Table 5. There were significant differences

(P < 0.05) in body composition of CL, ash and

minerals for all fish fed with the test diets, except

CP. Body CL, Ca and P contents of fish tended to

decrease when the ratio of protein replacement

increased, whereas body ash, Fe, Zn and Cu

tended to increase. The nutrient retention of Nile

tilapia fed with the test diets are shown in Table 6.

There were significant differences (P < 0.05) in

retention of most nutrients for all fish fed with the

test diets, except ash. The retention of CP, CL and

most nutrients tended to decrease, especially when

the ratio of protein replacement was increased to

75 and 100%, whereas retention of Fe and Zn

tended to increase.

Discussion

Effect of yeast fermentation on nutritional values

and some ANFs of canola meal

The research showed that yeast fermentation inte-

grated with water soaking completely eliminated

GLs from canola meal, confirming the advantages

of providing optimum moisture content, water

exposure time and water decanting as described

previously (Youngs & Wetter 1966; Tyagi 2002;

Fauduet et al. 1995). This procedure also gave a

better result than the elimination of canola GLs

with methanol/ammonia, ethanol or an acidic

water (McCurdy & March 1992; Mwachireya et al.

1999). The process of decanting off water from

the fermented meal still requires an optimization

for application in commercial production. To save

time and energy when drying the meal, mechani-

cal pressing may be applied.

Reduction in the phytic acid content by yeast fer-

mentation integrated with water soaking may be

related to activities of both yeast and canola phyta-

ses (Nakamura et al. 2000; Greiner & Konietzny

2006). Yeast phytase may play the key role; the effi-

ciency of plant phytase is reported to be less than

half that of microbial phytase (Cao et al. 2007). In

the present study, however, the reduction in phytic

acid by approximately 18% was lower than that

Table 3 Some nutrients and anti-nutritional factors of

yeast-fermented canola meal (% DM, mean � SD,

n = 5), sign + and � denote increase and decrease per-

centages compared with unfermented meal respectively

Unfermented Yeast fermented

CP 38.67 � 0.13 42.25 � 0.21 (+9.2%)1

CL 3.01 � 0.12 2.60 � 0.13 (�13.4%)

CF 11.21 � 0.06 12.24 � 0.10 (+9.2%)

Ash 7.93 � 0.05 7.84 � 0.03 (�1.1%)

NFE 39.18 � 0.26 35.07 � 0.17 (�10.5%)

Ca 0.81 � 0.03 0.94 � 0.02 (+15.5%)

Mg 0.73 � 0.02 0.82 � 0.01 (+12.0%)

P 1.28 � 0.03 1.39 � 0.04 (+8.0%)

Fe (mg Kg�1) 354.23 � 10.85 447.13 � 4.80 (+26.2%)

Zn (mg Kg�1) 44.44 � 1.21 58.72 � 1.24 (+32.1%)

Cu (mg Kg�1) 4.54 � 0.12 5.69 � 0.09 (+25.4%)

Mn (mg Kg�1) 64.73 � 1.94 76.46 � 3.3 (+18.1%)

Gross energy

(MJ Kg�1)

19.17 � 0.03 19.31 � 0.02 (+0.7%)

TGs (lmol g�1) 25.90 � 0.80 00.00 � 0.00 (�100.0%)

Phytic acid 3.51 � 0.05 2.89 � 0.03 (�17.6%)

Phytic acid-P 0.99 � 0.01 0.81 � 0.01

Non-phytic acid-P2 0.29 � 0.01 0.58 � 0.01

1Calculated by 100 9 (content in unfermented�content in

fermented)/content in unfermented
2Calculated by Total P�Phytic acid-P; CP, crude protein;

CL, crude lipid; CF, crude fibre; TGs, total glucosinolates.
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reported by Erukainure et al. (2010), who used an

opened fermentation system, >24 h of fermentation

and provision of starter substrate.

The increased meal CP after yeast fermentation

agree with the results of several studies, though

this increase is also lower, like the reduction in

phytic acid (Oboh & Akindahunsi 2003; Oboh &

Elusiyan 2007; Yabaya et al. 2009; Erukainure

et al. 2010). This may be due to the different fer-

mentation conditions. Furthermore, Yabaya et al.

(2009) have shown that the increased CP of soy-

bean meal fermented with bakers’ yeast is related

to the increased yeast cell density. Water soaking

and decanting may cause losses of yeast cells, so

that the meal CP is only slightly increased.

The decreases of meal CL and ash contrast

with the results of previous studies (Oboh &

Akindahunsi 2003; Oboh & Elusiyan 2007; Erukainure

et al. 2010). Some studies have shown that water

soaking and decanting are the main causes of

Table 4 Growth, survival, feed utilization and digestibility of Nile tilapia fed test diets

% Replacing soybean protein

P0 25 50 75 100

Initial MW 9.1 � 0.4 9.6 � 0.2 9.7 � 0.7 9.2 � 0.3 9.9 � 0.6 0.324

Final MW 38.0 � 0.7 37.9 � 0.4 37.2 � 0.3 37.2 � 1.0 37.8 � 0.5 0.378

WG (%) 320.6 � 18.1 296.2 � 14.1 286.3 � 32.0 304.3 � 22.2 284.6 � 25.0 0.361

SGR (% d�1) 2.39 � 0.07 2.29 � 0.06 2.25 � 0.14 2.33 � 0.09 2.24 � 0.11 0.373

DWG (g d�1) 0.52 � 0.01 0.51 � 0.01 0.49 � 0.02 0.50 � 0.02 0.50 � 0.02 0.433

SR (%) 96.67 � 5.77 90.00 � 10.00 90.00 � 10.00 93.33 � 5.77 96.67 � 5.77 0.700

FI (% BWd�1) 3.33 � 0.21 3.21 � 0.46 3.05 � 0.14 3.19 � 0.13 3.15 � 0.19 0.754

FCR 1.40 � 0.04 1.37 � 0.08 1.35 � 0.08 1.36 � 0.04 1.34 � 0.04 0.723

PER 2.20 � 0.03b 2.28 � 0.09ab 2.46 � 0.14a 2.12 � 0.01b 2.10 � 0.01b 0.001

ADC (%)

DM 83.5 � 0.4a 83.0 � 0.4a 82.2 � 0.3b 81.8 � 0.2b 81.6 � 0.4b 0.000

CP 89.3 � 0.1a 89.0 � 0.3a 89.2 � 0.6a 87.0 � 0.8b 86.5 � 0.6b 0.000

CL 85.2 � 0.2b 86.4 � 0.5a 86.5 � 0.3a 82.9 � 0.5c 79.7 � 0.7d 0.000

Ash 72.4 � 0.2a 72.6 � 0.1a 71.7 � 0.1b 68.2 � 0.2c 67.6 � 0.1d 0.000

MW, mean weight; WG, weight gain; SGR, specific growth rate; DWG, Daily weight gain; SR, survival rate; FI, feed intake;

BW, body weight; FCR, feed conversion ratio; PER, protein efficiency ratio; ADC, apparent digestibility coefficient; DM, dry matter;

CP, crude protein; CL, crude lipid

Means within a row do not have a superscript are not significantly different (P > 0.05)

Table 5 Whole body composition and minerals of Nile tilapia fed test diets (%, n = 3)

% Replacing soybean protein

P0 25 50 75 100

Moisture1 75.25 � 0.06 75.44 � 0.13 75.51 � 0.31 75.55 � 0.23 75.32 � 0.11 0.329

CP1 15.34 � 0.08 15.27 � 0.05 15.51 � 0.21 15.32 � 0.23 15.40 � 0.16 0.469

CL1 2.89 � 0.09a 2.18 � 0.07b 1.99 � 0.03c 2.03 � 0.06c 1.96 � 0.04c 0.000

Ash1 5.14 � 0.09b 5.01 � 0.08b 5.20 � 0.18b 5.46 � 0.05a 5.53 � 0.11a 0.001

Ca2 7.79 � 0.06a 7.32 � 0.03c 7.52 � 0.03b 7.44 � 0.07bc 7.50 � 0.06b 0.000

Mg2 0.22 � 0.01bc 0.21 � 0.01c 0.19 � 0.01d 0.23 � 0.01ab 0.24 � 0.00a 0.000

P2 3.67 � 0.09a 3.45 � 0.02b 3.52 � 0.08b 3.49 � 0.08b 3.41 � 0.07b 0.014

Fe23 0.116 � 0.005d 0.120 � 0.004d 0.144 � 0.005c 0.167 � 0.005b 0.207 � 0.005a 0.000

Zn23 0.078 � 0.005d 0.098 � 0.003c 0.113 � 0.006b 0.124 � 0.003a 0.128 � 0.002a 0.000

Cu23 0.012 � 0.000c 0.012 � 0.000c 0.014 � 0.000b 0.016 � 0.001a 0.014 � 0.000b 0.000

Mn23 0.075 � 0.003b 0.065 � 0.001c 0.056 � 0.003d 0.083 � 0.003a 0.068 � 0.004c 0.000

Ca/P 2.12 � 0.09 2.13 � 0.02 2.14 � 0.08 2.13 � 0.08 2.20 � 0.07 0.158

1Proximate composition are shown as% wet basis
2Minerals are shown as% dry basis
3Some minerals are shown in three decimals due to few values; CP, crude protein; CL, crude lipid

Means within a row do not have a superscript are not significantly different (P > 0.05)
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these decreases (Fauduet et al. 1995; Mubarak

2005). The increased meal CF is in an agreement

with the report of Erukainure et al. (2010). This

seems to be related to the water insolubility of

fibre, and the inability of the yeast to digest this

constituent. The increases of canola Ca, Mg, P, Fe,

Zn, Cu and Mn were similar to those reported by

Oboh & Elusiyan (2007). It is not known why the

increase in P was lower than that of Fe, Zn and

Cu; this may be due to several factors such as phy-

tic acid content and fermentation conditions.

Effect of replacing soybean meal with yeast-

fermented meal on growth, feed digestibility and

utilization, and nutrient retention of Nile tilapia

Although it is highly likely that there was some

leaching losses during the faecal collection, the

results showed that the high replacement levels of

soybean meal with yeast-fermented canola meal

reduced the digestibility of DM, CP, CL and ash by

Nile tilapia. This seemed to be related to an

increased dietary phytic acid, as observed in previ-

ous studies (Baruah et al. 2007; Goda 2007; Huss-

ain et al. 2011). In black sea bream, an increase

in dietary phytic acid caused by yeast-fermented

soybean meal to replace fishmeal also reduces

digestibility of DM, CP and CL (Zhou et al. 2011).

It has been shown that reduction in dietary phytic

acid increases digestibility of CP in Atlantic salmon

(Storebakken et al. 1998).

An explanation of the impact of phytic acid on

nutrient digestibility is that, under neutral or

alkaline conditions of the small intestine, phytic

acid can chelate with minerals such as Ca and Mg

to form phytate (Kornegay 2001). A further com-

plex, phytin, can be formed when phytate binds

with proteins, amino acids or protease enzymes.

Furthermore, phytate can chelate directly with

trace minerals, especially Fe and Zn. These factors

result in relatively lower digestibility of CP and

mineral. The effect of phytic acid on digestibility of

CL may involve inhibition of lipase activity. A pre-

vious study showed that lipase activity in broiler

chickens was decreased as the sodium phytate

level in the diet increased (Liu et al. 2010).

The lower nutrient digestibility by Nile tilapia

has led to the lower retention of nutrients, such as

CP, CL, ash, Ca, Mg and P. This might probably be

related to the presence of relatively higher dietary

levels of phytic acid as yeast-fermented canola

meal increased. The results were similar with

study of Goda (2007) that the increased dietary

phytic acid resulting from replacement of fishmeal

with soybean meal reduces vertebra Ca and

P. Furthermore, impacts of phytic acid on body

CP, Ca and P may be indirectly indicated by

dietary phytase supplementation or pretreatment

of ingredients with phytase aimed to reduce phytic

acid. The previous studies have shown that both

Nile tilapia and rohu fed with diets without

dietary supplementation or pretreatment of micro-

bial phytases have the lower contents of

whole body, scales and vertebra CP, Ca and P (Lie-

bert & Portz 2005; Baruah et al. 2007; Cao et al.

2008).

Whereas diet supplemented with microbial

phytase has led to an increased retention of CP in

both sex-reversed red tilapia and rohu (Baruah et al.

2007; Tudkaew et al. 2008). Dephytinization

Table 6 Nutrient retention of Nile tilapia fed with the test diets (%, n = 3)

% Replacing soybean protein
P

0 25 50 75 100

CP 36.74 � 0.44a 37.35 � 1.40a 37.13 � 1.66a 34.63 � 0.64b 33.22 � 0.82b 0.002

CL 50.92 � 3.59a 38.67 � 1.48b 32.62 � 3.99c 29.17 � 2.77c 28.03 � 1.26c 0.000

Ash 34.62 � 1.70 36.05 � 1.85 35.21 � 2.27 32.10 � 2.31 32.29 � 1.18 0.128

Ca 48.82 � 3.21a 48.03 � 1.29a 46.01 � 4.56a 39.37 � 2.12b 39.35 � 1.21b 0.003

Mg 8.79 � 0.40a 8.63 � 0.31a 6.56 � 0.64c 7.05 � 0.23bc 7.23 � 0.40b 0.000

P 52.19 � 3.46a 48.63 � 1.16ab 43.85 � 3.98b 36.14 � 2.79c 33.54 � 1.78c 0.000

Fe 9.16 � 0.93c 9.93 � 0.91c 12.05 � 1.71b 13.14 � 0.93b 17.29 � 0.96a 0.000

Zn 7.31 � 0.38c 10.31 � 0.21b 11.52 � 0.76a 10.33 � 0.23b 9.63 � 0.16b 0.000

Cu 13.92 � 0.51a 10.21 � 0.45b 8.63 � 0.95c 7.07 � 0.75d 5.87 � 0.29e 0.000

Mn 9.79 � 1.05a 8.26 � 0.28b 5.85 � 0.46c 7.74 � 0.62b 5.83 � 0.58c 0.000

CP, crude protein; CL, crude lipid

Means within a row do not have a superscript are not significantly different (P > 0.05)
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of soy protein concentrate with microbial phytase

(pretreatment) also increases retention of both CP

and P in carnivorous fishes, such as Atlantic

salmon and rainbow trout (Storebakken et al.

1998; Vielma et al. 2002). It is surprising that

even though P content of yeast-fermented canola

meal is as high as 14 g Kg�1 and resulted in

higher non-phytic acid-P, caracass content of

experimental fish fed with diet containing

high levels of yeast-fermented canola meal is rela-

tively lower (Table 2 and 3). This also might

probably be related to higher dietary levels of

phytic acid.

The effect of phytic acid can be depressed, how-

ever, by an increased dietary lipid level. Koumi et

al. (2011) showed that the increased dietary lipid

level caused by replacement of fishmeal with soy-

bean meal increased the body lipid of Nile tilapia.

In contrast with Ca and P, body ash and trace min-

erals seem to increase as the dietary levels of these

nutrients increased according to the increased level

of yeast-fermented canola meal. Koumi et al.

(2011) also reported that body ash deposition of

Nile tilapia is related to increased dietary ash.

The present study showed that the lower nutri-

ent retention associated with the increased dietary

phytic acid resulting from the inclusion of high

levels of yeast-fermented canola meal did not affect

growth of Nile tilapia. This might be due to the

fact that the provision of the minerals in the test

diets, particularly P, above the recommended lev-

els (Lovell 1998). Available P contents of all the

test diets are more than the requirement level for

Nile tilapia, 0.46% of the diet (Haylor et al. 1988).

Cao et al. (2008) added inorganic-P to the diet of

Nile tilapia and showed that using an inorganic P

to increase available P above the requirement

increases the fish growth.

The present study showed that there is a possi-

bility for total replacement of dietary soybean meal

with yeast-fermented canola meal for Nile tilapia

rather than the use of the unfermented canola

meal as in the previous studies (Soares et al. 2001;

Gaiotto et al. 2004; Zhou & Yue 2010). This is

possibly due to the complete elimination of GLs

(Francis et al. 2001) and removal of its derivatives

from the meal. However, PER and nutrient digest-

ibility were affected by the replacement rates of

75% and above. This might be related to the pres-

ence of phytic acid as described above. Further

research is required to find an economical pre-

processing method to reduce phytic acid.

Conclusions

Yeast fermentation integrated with water soaking

completely eliminated GLs of canola meal and

partly reduced phytic acid. This treated meal

could replace dietary soybean meal for Nile

tilapia without any reduction in growth, survival

rate, feed intake and feed conversion ratio.

However, replacement with 75 and 100% levels

resulted in lower protein efficiency ratio, nutrient

digestibility and nutrient retention of CP, CL, ash

Ca, Mg and P compared with the lower levels.

These seemed to be related to an increased

dietary phytic acid.
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