3 Biotech (2020) 10:274
https://doi.org/10.1007/5s13205-020-02271-9

ORIGINAL ARTICLE q

Check for
updates

Nutritional improvement of copra meal using mannanase
and Saccharomyces cerevisiae

Jarukit Kraikaew'2 - Sumallika Morakul2® . Suttipun Keawsompong'

Received: 19 March 2020 / Accepted: 20 May 2020 / Published online: 29 May 2020
© King Abdulaziz City for Science and Technology 2020

Abstract

Copra meal is a by-product of coconut milk extraction, contained 4.60+0.01 g/100 g DM and 62.19+0.53% of protein and
fiber, respectively. The optimal condition for quality improvement of copra meal was investigated using Box—Behnken design
combined with response surface methodology (RSM). The simultaneous saccharification and fermentation (SSF) of Copra
meal was performed by mannanase enzyme and yeast, Saccharomyces cerevisiae. The concentration of mannanase was
determined as the most important factor to increase protein content in copra meal. The protein content was increased by 64%
when 0.7% of enzyme per copra meal dry weight, the ratio of copra meal to water at 1:4.56 and fermentation time of 90.25 h
at 30 °C were used. The program predicted an increase of 3.06 g of protein/100 g dry matter; however, the experimental
result showed an increase of 3.35 g/100 g DM of protein in copra meal. The 10 kg of copra meal SSF in Koji reactor, the
protein content increased to 4.18 g/100 g DM, while fiber content decreased 49%. Moreover, amino acids were increased by
64.05% and oligosaccharides, especially mannohexaose, were increased to 0.708 g/g DM. Results showed that fermentation
of copra meal with mannanase and yeast offers a potential method to improve the nutrition of copra meal as animal feed.
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Introduction

Biodegradation of macromolecules and release of microbial
metabolites during fermentation is a commonly used method
to improve nutritional value through utilization of many agri-
cultural by-products. Copra meal is an important feed ingredi-
ent as the by-product of coconut oil and coconut milk extrac-
tion from coconut kernels. In Thailand, the annual production
of copra meal varies from 17,000-25,000 metric tons (Index
Mundi 2018). The by-product is mainly used in the animal
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feed industry due to its affordable price and nutritional com-
position. Copra meal from the coconut milk industry contains
4.07%, 36.22% and 72.61% crude protein, fat and crude fiber,
respectively (Limmanee and Rumpagaporn 2017). Copra
meal has been reported to be free of any harmful anti-nutri-
tional factors as obtained in grain legumes, however, their use
in the feeding of monogastric animals is limited on them by
their branched polysaccharides constituents (Knudsen 1997).
However, the high content of insoluble fiber, mainly in the
form of galactomannan (Balasubramaniam 1976) reduces
copra meal potential as both a protein and energy source by
increasing the viscosity of intestinal contents and suppressing
nutrition intake. Moreover, lysine and methionine have been
reported to be deficient in copra meal which also limits their
use in poultry feed (Dairo and Ogunmodede 2004).
Reducing insoluble fiber in copra meal by means of
enzymes and fermentation has been used as an efficient
method to improve nutritional composition. Mannanase is
important in increasing the quality of animal feed (Marini
et al. 2006) and bioconversion of biomass to fermentable
sugars (Chandrakant and Bisaria 1998). Mannanase releases
oligosaccharides such as mannobiose, mannotriose, man-
notetraose, mannopentaose and mannohexaose as major
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products, and also has a reducing sugar production capa-
bility such as mannose and glucose by randomly cleaving
mannosidic linkages in backbone structures of lignocel-
lulosic substrates (McCleary 1988; Naughton et al. 2001).
After digestion, these micro-molecules of oligosaccharide
depend on the source of the enzyme (Titapoka et al. 2008).
Filamentous fungi are commonly used for enzyme produc-
tion. Enzyme growth and release by specific fungi such as
Trichoderma and Aspergillus species hydrolyze complex
carbohydrates, lessen the anti-nutritional effect and improve
the protein content of copra meal (Pham et al. 2010; Pangsri
2014, Pangsri and Pangsri 2017). However, the use of fungi
fermented with animal feed is also associated with myco-
toxin release. Despite the potential of mannanase in reducing
insoluble fiber and degrading antinutritional factors, exist-
ing bioactive metabolites in copra meal increase through
the incorporation of yeast. By growing on reducing sugar
released from copra meal by the action of mannanase, yeast
can increase nutrients, i.e. vitamins and especially protein
content and amino acids. Therefore, optimizing fermentation
conditions to improve nutrient content is necessary (Oboh
and Akindahunsi 2003; Oboh 2006a, 2006b).

Therefore, mannanase and yeast activities were investi-
gated during simultaneous saccharification and fermenta-
tion (SSF) to improve the nutritional value of copra meal
as feed for animals. This study focused on optimizing con-
ditions for nutritional addition, especially protein to copra
meal by mannanase and yeast using a Box—Behnken experi-
mental design combined with response surface methodol-
ogy (RSM). The effects of three independent variables as
enzyme concentration, water ratio and fermentation time, as
well as the interaction of yeast and mannanase on the change
of protein content in copra meal were also examined.

Materials and methods
Materials

Dried copra meal after coconut milk extraction was obtained
from Ampol Food Processing Limited, Nakhon Pathom Prov-
ince, Thailand and used as a substrate for fermentation. Man-
nanase “BGM” 10 from Aspergillus niger EC no. 3. 2. 1. 78
was kindly supplied by Amano Enzyme Inc., (Japan). Instant
dry baker’s yeast “Saf-instant” (Saccharomyces cerevisiae) was
used.

Box-Behnken experimental design

Optimization conditions aimed to maximize protein increase
of copra meal (AProtein =final copra meal protein content—
initial coprameal protein content) were performed using a
Box-Behnken experimental design combined with response

Pielase clla)l auan .
KACST 3.015lq rogle Ll @ Springer

surface methodology (RSM). Three independent variables
were investigated as enzyme concentration, water ratio and
fermentation time for three different levels coded as — 1,
0, +1 (Table 1). Design-Expert software (Demo version)
(Stat-Ease, Inc., Minneapolis, USA) was used to design the
experiment. Factors were studied in a single block of 12 sets
of test conditions and 5 center points (Table 2). The response
was expressed as a quadratic polynomial model equation as:

k k ko k
y=ﬂ0+2ﬂixi+ Zﬁiixf+ Zz,ﬁﬁxixj+e, (1
i=1 i=1 i
i<j

where Y is the process response or output, k is a number of
the independent variables (factors), and f3 is a constant coef-
ficient of the model. The regression coefficients (4;, 3, and
B3), (B, By and B3) and (B,, B, and B,3) represent linear,
quadratic, and interaction effects of the model, respectively.
Multiple regression analysis by X; (enzyme concentration),
X, (water ratio) and X; (fermentation time) were coded,
ranging from —1 to + 1. Each model was examined for sta-
tistical significance of coefficients (P <0.05). Quality of the
polynomial model was expressed by coefficients of determi-
nation R* and R? (adj).

Copra meal fermentation

Following the experimental conditions in Table 2, the copra
meal (200 grams) was mixed with water and enzyme in a 5-L.
fermenter tank. Then the mixture was inoculated with 0.1%
DM of rehydrated baker’s yeast and incubated at 30 °C for
30 min. The increase rate of protein content was analyzed
by Design-Expert 7.0.0 software program (Demo version).
In addition, the optimal condition of protein production was
tested to confirm the validity of the model.

The optimal condition was used for large-scale production
(10 kg) in a 491-L Koji preparation reactor, equipped with
a mixing system, stirring occasionally.

Table 1 Experimental ranges and levels of independent variables

Variable Symbol  Coded levels

D ©O© &b
Enzyme* (g/100 g DM) X, 0.3 0.65 1
Water ratio (water to copra meal) X, 4 5.5 7
Fermentation time (h) X5 24 72 120

*Mannanase BGM 10 activity: 100,000 U/g
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Table 2 Experimental and

) . Runs no. X, Enzyme X, Water ratio X; Fermen-  Protein (g/100 g DM) AProtein  AProtein
predlcte.d values of protein (g/100 g tation time (observed) (calculated)
change in fermented copra meal DM) (h)

1 0.30 4 72 5.63+0.08 0.73 0.63
2 1.00 4 72 8.21+0.01 3.31 3.24
3 0.30 7 72 5.31+0.16 0.41 0.48
4 1.00 7 72 7.21+0.06 2.31 2.41
5 0.30 55 24 5.14+0.09 0.24 0.26
6 1.00 55 24 7.01+0.03 2.11 2.10
7 0.30 5.5 120 5.70+0.02 0.80 0.81
8 1.00 5.5 120 8.43+0.03 3.53 3.51
9 0.65 4 24 6.35+0.09 1.45 1.53
10 0.65 7 24 6.00+£0.20 1.10 1.01
11 0.65 4 120 7.27+0.03 2.37 2.47
12 0.65 7 120 7.00+£0.07 2.10 2.02
13 0.65 5.5 72 7.85+0.13 2.95 2.81
14 0.65 5.5 72 7.55+0.06 2.65 2.81
15 0.65 55 72 7.81+0.06 291 2.81
16 0.65 5.5 72 7.74+0.15 2.84 2.81
17 0.65 5.5 72 7.60+0.09 2.70 2.81

Initial protein of dried copra meal=4.97 g/100 g

*(AProtein = final copra meal protein content — initial copra meal protein content)

Determination of viable cell yeast

2 grams of sample was placed in 8 mL of 0.85% NaCl and
was serially diluted. An aliquot of 0.1 mL of diluted sam-
ple was plated on yeast extract peptone dextrose (YPD)
agar mixed with 100 pg/mL of chloramphenicol (Pup-
chem; U.S.A.). The plate was incubated at 30 °C for 48 h.

Proximate composition of fermented copra meal

Copra meal and fermented copra meal sampling at differ-
ent time were dried at 80 °C for 48 h and keep in a plastic
bag in a desiccator before proximate analyses.

Proximate analyses of the copra meal and fermented
copra meal (ash, fat, carbohydrate, and crude fiber) were
performed using the AOAC method (AOAC 2000). Mois-
ture content was determined using an oven drying method
at 105 +C, and total protein content was determined by the
Kjeldahl method with a conversion factor of 6.25. Nitro-
gen content was multiplied with a factor 6.25, to express
the results as total protein or crude protein.

For reducing sugar and total sugar measurement, solid
phase and liquid phase were separated by a hydraulic
press. The solid was dried at 80 °C for 48 h and kept in

plastic bags in a desiccator before analysis. Liquid part
was stored at — 20 °C.

The liquid phase was tested for reducing sugar using the
DNS method (Miller 1959) and total carbohydrate by the
phenol—sulfuric method (Dubois et al. 1956).

Determination of amino acid content of fermented
copra meal

Nineteen primary amino acids in fermented copra meal
were analyzed by the Institute of Food Research and Prod-
uct Development, Kasetsart University following the method
of Herbert et al. (2000). Samples were hydrolyzed with 6 M
HCI for 24 h at 110 °C and analyzed by high-pressure lig-
uid chromatography (HPLC) with a narrow bore C18 HP
Amino Acid Analysis and Fluorescence Detector for excita-
tion/emission wavelengths at 340/450 nm.

Determination of mannose
and mannooligosaccharide contents of fermented
copra meal

Following Rungruangsaphakun and Keawsompong (2018),

mannooligosaccharide content of fermented copra meal
with yeast and mannanase was analyzed by a Waters HPLC
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system with a Breeze 2 program equipped with an Aminex-
HPX-42C column (Bio-Rad, USA) and refractive index
detector (2414 RID; Waters, Milford, MA, USA). Condi-
tions were column temperature 75 °C, detector temperature
40 °C, mobile phase of the deionized water flow rate of
0.4 mL/min, and injection volume 20 pL. Calibration was
performed using a series of standard sugar solutions includ-
ing mannose, mannobiose, mannotriose, mannotetraose,
mannopentaose and mannohexaose (Megazyme, Ireland).

Determination of mannanase activity

Mannanase activity was measured following the method of
Pangsri et al. (2015) by reducing sugars released using the
dinitrosalicylic acid (DNS) method (Miller 1959). Man-
nanase assays followed the incubation mixture of 0.1 mL of
1% (w/v) locust bean gum (substrate) in 50 mM citrate buffer
at pH 5.5 and 0.1 mL of appropriately diluted enzyme. The
mixture was incubated at 50 °C for 60 min. After incubation,
0.2 mL of DNS reagent was added and boiled for 5 min. The
developed red-brown color was measured at 540 nm. One
unit of enzyme activity was defined as the amount of enzyme
liberating 1 pmol of mannose per minute under the assay
condition. Controls were routinely included with enzyme
preparation or substrate omitted.

Results and discussion
Optimization of copra meal fermentation

To determine the protein increase with respect to the opti-
mal combination of enzyme concentration, water ratio and
fermentation time, a total of 17 experiments were conducted
in triplicate (Table 2). A second-order polynomial model
proposed by Box—Behnken design was used to calculate
the predicted values by a mathematical model (Eq. 2). The

regression equation for change of protein in copra meal
(AProtein; g/100 g DM) in terms of actual factors was
expressed as follows:

Y = —9.83352 + 10.49626X, + 2.55881X,
+0.033904X; — 0.32381X,X, + 0.012798X;
+0.000277778X,X; — 4.91837X? @
- 0.23X; — 0.00023329X;

where X is the enzyme (g/100 g DM), X, is the water ratio
and X; is the fermentation time.

Here, Y is the predicted AProtein (g/100 g DM) and a
regression model was used to calculate optimal values of
protein change compared with observed values. The analy-
sis of variance (ANOVA) (Table 3) demonstrated the sig-
nificance of the model with a P value of less than 0.0001,
and high F value at 102.20. The lack of fit was also tested
with a P value at 0.4051 indicated that the model fits well.
The multiple correlation coefficient of R? at 0.9924 indi-
cated the good quality of the model. Variables X, X, and
X; indicated significant effects of enzyme concentration,
water ratio and fermentation time on increase in protein
content in fermented copra meal. Considering the interac-
tion between parameters with P value higher than 0.05, no
interaction was shown by X,;, while X, and X,; showed
interaction effects on protein increase (P <0.05).

Three-dimensional response surface graphs (Fig. 1)
were plotted to show the interaction of factors and opti-
mal conditions of change in protein during copra meal
fermentation. Concerning the response for interaction
factors between enzyme content and water ratio (Fig. la)
and between enzyme content and fermentation time
(Fig. 1b), the appearance of the graph was not linear. The
red area depicted protein content that changed to high
value. Maximum amounts of enzyme gave the highest
protein increase. When using a sufficiently high amount

Table 3 ANOVA of quadratic

Source of variation Df Mean square F value P value
response surface models for Prob> F
protein increase
Model 9 1.92 102.20 < 0.0001 Significant
X, enzyme 1 10.31 547.76 < 0.0001
X, water 1 0.47 25.00 0.0016
X; fermentation time 1 1.90 101.05 < 0.0001
X, interaction 1 0.12 6.14 0.0423
X3 interaction 1 0.18 9.83 0.0165
X,5 interaction 1 0.0016 0.085 0.07790
Residual 7 0.019
Lack of fit 3 0.021 1.24 0.4051 Not significant
Pure error 4 0.000 0.017
Total 16
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influences. Increasing the water ratio higher than 6.25
reduced protein increase. However, if protein increase
was set to the maximum, enzyme concentration and water
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fermentation time at 99.23 h, giving protein increase of
3.62 g/100 g DM.

After completing all 17 experiments, various condi-
tions were designed that required a set of criteria and
boundaries for optimal results. Criteria for finding the
best condition were (1) use the optimal amount of water
ratio, (2) the optimal fermentation time, and (3) the least
amount of enzyme so that the fermentation process did
not have spoilage and yeast grew well. From the experi-
mental results, copra meal treated with enzyme concentra-
tion lower than 0.7% DM gave low amounts of reducing
sugar that led to slow growth of yeast and contamination
by other microorganisms. Copra meal was spoiled within
48 h of fermentation. Based on the possible minimum
enzyme concentration, the optimal conditions to increase
the protein content in copra meal were proposed as 0.7%
DM enzyme, 1:4.56 water ratio, and 90.25 h. Protein
increase of 3.06 g/100 g DM was predicted by the model
and also validated by other independent fermentations.

From the validation fermentations (Fig. 2), protein
content increased rapidly during the first 24 h, consist-
ent with rapidly growing yeast cell volume. In the early
stages, amounts of live yeast cells were relatively stable.
In this period, the yeast was in the stationary phase with
the same birth rate and death rate. The subsequent autoly-
sis of cells resulted in increased amounts of proteins and
amino acids. After 90.25 h, the yeast cells reduced con-
siderably. During fermentation, nutrition elements were
utilized, and yeast cells entered the death phase. From the
validation fermentations, protein content of copra meal
after the end of the fermentation process at 90.25 h was
predicted to be 7.96 g/100 g DM. However, the protein
content after the end of the fermentation process was 8.32
+ 0.34 g/100 g DM, indicating that the amount of protein

increased by 3.35 g/100 g DM. The protein value obtained
from the validation fermentation was 8.66% higher than
predicted. However, the difference from the predicted
value might come from the deviation of analysis.

Production of copra meal fermentation 10 kg

An experiment was carried out by expanding the capacity
using the original fermentation conditions to confirm the
results. This experiment was performed using a Koji prepa-
ration reactor equipped with a mixing system. Ten kilograms
of copra meal with 4.60 g/100 g DM initial protein content
were mixed with 45.6 L of water, 70.8 g mannanase enzyme
and 10 g of rehydrated dried yeast.

With the expansion of production capacity in the Koji
tanks with stirred leaves (Fig. 3), protein content and
yeast cells increased rapidly during the first 24 h and then
stabilized. This was consistent with results in the valida-
tion experiments. Carbohydrate content in copra meal
was reported as high as 45-70% and comprised man-
nose (79.8%), glucose (12.8%), galactose (6.1%) and ara-
binose (1.3%) (Khuwijitjaru et al. 2012, 2014; Yalegama
et al. 2013). In this study, amounts of reducing sugar and
total sugar content increase by enzymatic hydrolysis using
p-mannanase were also tracked. Reducing sugar and total
sugar increased to the highest value at the beginning of fer-
mentation and then gradually decreased and became stable
after 18 h, implying that the sugar produced was used in the
growth of yeast as the population is significantly increased.

Despite the predicted optimal time at 90.25 h, the pre-
dicted protein increase in copra meal was calculated every
6 h along the fermentation time length. After 6 h, increased
protein content in copra meal was higher than the predicted
value throughout the fermentation process, ending up at
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8.78 g/100 g DM, indicating 4.18 g/100 g DM of increas-
ing protein. The actual protein content was more than the
predicted value of the program by 26.79%. The difference
of the predicted value and the validated result might be from
the effect of mixing. In the 10-kg experiment, the koji tank
was equipped with the mixing system and needed 15-min
mixing before sampling. It could provide well mixing and
resulted in higher oxygen transfer rate than the small tank
which was stirred by hand only 2-3 min before taking sam-
ples. The significant of mixing might also affect the yield of
the fermented copra meal too. As during the fermentation,
solid phase of copra meal was decreased from the action of
enzyme hydrolysis and the result shows that the solid loss in
10 kg experimentation was 38.80% while in validated exper-
imentation (200 g scale), the solid loss was only 26.86%.

Proximate composition of fermented copra meal

The proximate composition of copra meal is given in
Table 4. Copra meal contained 4.60% crude protein which
was very low compared to other vegetable protein sources
but high mannooligosaccharide (MOS) which acts as a
prebiotic for rumen microbes (Moorthy and Viswanathan
2009).

Fermentation time (h)

After the end of the fermentation process of expansion
level experimentation, various chemical elements were
compared between dried copra meal and copra meal treated
with mannanase enzyme and yeast (validation experiment
and expansion scale) as shown in Tables 4 and 5. The pro-
tein content increased by approximately 90.87%, which is
made up of amino acids as well while mannanase enzymes
digested copra meal to get reducing sugar and various types
of oligosaccharides which is consistent with the objective
of this research.

Copra meal is used as a protein source in the diets of fish
(Kim et al. 2001); however, the protein quality of copra is
poor both in terms of its amino acid balance and digest-
ibility (Swick 1999). Copra meal is deficient in important
essential amino acids such as lysine and methionine but high
in arginine, which is known to have antagonizing effects on
lysine utilization (Swick 1999). Adding yeast to copra meal
to increase some essential amino acids such as lysine and
methionine could solve the problem of arginine antagonism
and also improve its protein quality. In this study, the dried
copra meal consisted of 2825.53 mg/100 g DM total amino
acids. The amino acids in copra meal were comparable to
other vegetable oil meals but methionine was low com-
pared to groundnut oil cake, and lysine was low compared

Table 4 Chemical composition
of copra meal and fermented
copra meal (at 90.25 h)

Composition

Copra meal (dry matter)

Fermented copra meal
(dry matter) (200 g)

Fermented copra meal
(dry matter) (10 kg)

Protein (g/100 g DM) 4.60+0.01 8.32+0.34 8.78+0.07
Lipid (% DM) 24.93+0.47 58.76£0.22 64.7+0.66
Crude fiber (%) 62.19+0.53 36.42+1.64 31.68+2.2

Ash (%) 0.68+0.02 0.32+0.02 0.34+0.02
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Table5 Amino acid content composition of copra meal and fer-
mented copra meal

Items Amino acid composition (mg/100 g DM)

Copra meal Fermented copra Fold
meal
Essential amino acid
Arginine 102.13 240.89 2.36
Histidine 60.64 137.84 227
Lysine 104.26 262.22 2.52
Methionine 21.28 10.02 0.47
Leucine 182.98 324.13 1.77
Isoleucine 85.11 147.71 1.74
Threonine 89.36 161.24 1.80
Phenylalanine 110.64 185.06 1.67
Valine 102.13 160.46 1.57
Non-essential amino acid

Glutamate 469.15 749.86 1.60
Aspatate 243.62 324.84 1.33
Serine 110.64 175.55 1.59
Glycine 112.77 182.21 1.62
Alanine 246.81 289.36 1.17
Tyrocine 47.87 88.23 1.84
Cysteine 41.49 50.12 1.21
Proline 674.47 1104.80 1.64
Total amino acid 2825.53 4635.43 1.64

to soybean meal (Moorthy and Viswanathan 2009; Creswell
and Brooks 1971). Protein properties were improved by
fermentation with mannanase enzyme and yeast, yielding
a total amount of amino acid at 4635.43 mg/100 g DM.
This increased amino acid content to 64.05%, in agree-
ment with a previous study on soybean meal fermentation
by Hassaan et al. (2015). This result was due to the high
production of yeast cell mass and, consequently, protein
production within the yeast population. Almost all amino
acids are essential for the growth of animals. In particular,
lysine increased by 151.5% from its original value, while
methionine analysis was limited, and it was not possible to
determine any increase. Methionine content was low com-
pared to other amino acids. These amino acids are added
directly from yeast cells when yeast grows for a specified
period. When the nutrients required by the yeast for growth
begin to decrease, the yeast cells develop a higher mortality
rate. Yeast cells undergo autolysis and digest themselves,
resulting in various amino acids dissolving as found in this
experiment that 1297.64 mg/100 g DM of amino acid was
detected in the liquid part which account for 38.88% of total
amino acid. Importantly, amino acids are subunits of pro-
teins. With increasing protein content, amino acid content
also increases.
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Action of mannanase in polysaccharide fiber degradation
also showed an improvement, and fiber content decreased
by 50% after enzyme treatment and yeast fermentation. The
enzyme hydrolyzed and converted the mannan to either man-
nooligosaccharides or more simple sugar molecules as solu-
ble carbohydrates (Khanongnuch et al. 2006). Here, copra
meal treated by mannanase enzyme and simultaneous fer-
mentation by S. cerevisiae reduced anti-nutritional factors.

Oligosaccharides resulting from copra meal digestion by
enzymatic hydrolysis may contribute to maintaining the gut
flora, leading to an improvement in host health (Graham and
Balnave 1995). These oligosaccharides cannot be degraded
by digestive enzymes. They pass through the GI tract and
are believed to benefit the host animal by improving intesti-
nal microflora balance. Thus, further analyses on mannoo-
ligosaccharides in fermented copra meal were conducted as
shown in Fig. 4. Oligosaccharide products were determined
as mannobiose (M2), mannotriose (M3), mannotetraose
(M4), mannohexaose (MS5) and mannohexaose (M6), while
mannose (M1) was also examined.

The amount of mannose was highest at an early stage
(6 h) and gradually decreased during fermentation, while
M?2-MS5 occurred in small amounts during the fermentation
process. Mannohexaose recorded the highest volume at the
beginning of the fermentation process and then remained
constant. This might be the result of yeast that can use
M1 and also small oligosaccharides as a carbon source for
growth. Final oligosaccharide products of fermented copra
meal at optimal conditions contained a mixture of mannose
(M1) and mannohexaose (M6) as the highest amount. Asano
et al. (2001) reported that mannooligosaccharide was used
by Bifidobacterium adolescentis, Lactobacillus acidophilus
and Lactobacillus gasseri but could not be used by bad bac-
teria such as Clostridium perfringens and Escherichia coli.
This suggested that mannooligosaccharides had the poten-
tial to promote the improvement of healthy human intestinal
microflora as prebiotics. The present of mannooligosaccha-
ride in fermented copra meal indicated the advantage of this
product over than other commonly used vegetable protein
source as it potential as prebiotics source in animal feed.

Conclusion

Improving copra meal nutritional properties by increasing
the protein content using mannanase enzyme, and fermen-
tation with Saccharomyces cerevisiae with the aid of the
RSM technique, gave an optimal yield of fermented copra
meal production. Protein in fermented copra meal increased
by 64% when 0.7% of enzyme per 100 g dry matter and
water ratio at 1:4.56 were used at 90.25 h of fermentation.
Amino acid content, especially lysine, increased by 2.5 fold.
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Fig. 4 HPLC—mannooligosaccharide analysis profile of liquid phase separation from fermented copra meal (at 90.25 h)

Anti-nutritional values decreased as fiber content reduced by
50%. Results showed that the improved copra meal could be
used as a source of protein supplement in the feed industry.

Our study results showed an increase in oligosaccharides
and total amino acids, especially lysine in copra meal. Con-
sequently, on an industrial scale, fermentation of copra meal
with mannanase and yeast could be a potential method to
improve its quality as animal feed.
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