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Abstract— The objective of our study is to apply response suate
methodology to the design and analysis of composigxperiments
established in order to optimize 15 days of biotrasformation of

ternary mixture of industrials wastes: fish waste,molasses and
scum (derived from the sugar refining process throgh juice

carbonatation) in order to produce an interesting lofertilizer

with a best quality. To study a better formula insuing favorable

biotransformation by changing proportions of the tenary

mixture, an experimental design is utilized consigtg of 7-point

simplex centroid designs with constrained regionsThe fitted

model provides information needed to predict optimm

formulation, i.e. richness in phosphorus, nitrogenand good
hygiene parameters.

The results show that the formulation including eary 68% of fish

waste, 13% of molasses and 19% of scum is the bdstwas stable
from the fifth day, with a stable pH, rich in both, phosphorus,
nitrogen and is hygienic. The performance tests as biofertilizer

have shown that our product is more interesting tha some
commercially available products.

Keywords— Mixture model, Biofertilizer, Biotransformation,
Fish waste, Scum, Experimental design.

l. INTRODUCTION

The agrifood industry generates many organic \ga#is it
is mismanaged, the impact can be very significadtwill raise
economic and ecologic problems. Last years, fistsemption
has been on the rise. Such a trend has resultbe igeneration
of large amounts of fish waste, mostly from indiabtr
processes, which have not been utilized efficieryuntreated
fish waste is customarily disposed of via landfiticineration,
or by dumping into the sea.

These amounts could be recycled as a potentiatsonir
phosphorus and nitrogen in biofertilizers in agdtime.
Conventional methods for reutilization of fish wadhclude
ensilation [1], and production of high-protein aainfeeds

The technological biotransformation theory suggésas in
order to get an interesting product, the elemecaahposition
of starting mixtures (source of carbon, nitrogehpgphorus)
must be balanced and must be optimized and theitomml
necessary for growth and microbial activity musebsured. It
is therefore essential to distinguish what optio@ifiguration
that will ensure that this biotransformation isedied toward
the generation of a product with high added valyes].

The objective of this study is to use statisticaprmach to
design and analysis of mixture experiments cormgini
covariate(s) that will yield a better understandangd study
biotransformation of ternary mixture of industriaastes: fish
waste, molasses and scum (waste from sugar ingluistoyder
to produce an interesting biofertilizer with a bgsglity. This
methodology was chosen for its simplicity and ipportunity
to offer good information, reducing number of testsme and
cost incurred.

1. MATERIALS AND METHODS
A. Preparation of Mixture

The scum recovered from the sugar industry COSUMAR
dried, ground to a fine powder. It is then mixedhwhdustrial
waste of sardine (Sardinapilchardus), which esai§nttontain
the bones, guts and heads, and have been alsadgroan ice
crusher. Molasses is also added. The Saccharorogoegsiae
yeast is used as biotransformation agent and wdedadt a
fixed mass ratio of 1%. The work presented heresaim
recover fish waste by associating them with scudchraalasses.
Several fractions of such 3 components were studitid the
aim of identifying better formula, allowing a faahle
biotransformation to produce a mixture with intéires
qualities, which can be used as fertilizer.

B. Chemical and physicochemical analysis

The pH was determined using a pH-meter (Fishem8fiee

[1,2]. Composting and biotransformation has alscenbe gagic AB15). The dry matter (DM) was determinedlydaiy
suggested as a viable solution, and a way of pioguc gyen drying of 3g at 60°C for 24 h, three times pey.
agricultural soil amendment [3]. Brewer's yeast de@ven conduyctivity and temperature were measured dailtANNA
(veasts and lactic acid bacteria) are using int® thnstryments, EC215.Total nitrogen was determinetbraing
biotransformation of fish waste and remove fishrodo to the Kjeldahl method using sulfuric acid for tigestion of

organic samples [7]. The rate of available phosphonas

Which inhibits pathogenic bacteria, without any @d&@tion  yetermined by spectrophotometric assay based oretwion
of nutritional qualities of the products [3,4].
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with ammonium molybdate according to the Frencimdded
NF EN 1189 T90-023 and Européenne (EN 1189: 1986) [

C. Microbiological analysis

Microbiological analysis performed in the first atigd 15th
day. A Columbia blood agar is prepared to deterniime

presence oftreptococcus reflecting proteolytic effects [9]. The
presence otaphylococcus (lipolytic marker) is determined at a

mannitol salt agar [10]. A Mac Conkey agaris usedisualize
the presence discherichia coli (hygiene indicator) [11].

D. Data Analysis

In this study, we were focus on the evolution @& thuality
of biotransformation mixture depending on the cositan of
the starting mixture and further optimization witkspect to
time. The ternary surface response diagram, poljsdammodel
and principal component analysis (PCA) were gepedrdiy
Statistica software® 10 (StatSoft, USA).These tamtsused to
identify factors that have a statistically sigréfit influence on
the nutrient quality of the mixtures.

To optimize these treatment parameters, the th
independent variables used in this study were:h fi@ste,
molasses and scum. The experimental design corwists
points in the ternary diagram with constrained aagi (fish
wastes > 50%, molasses> 12.5%) (Table 1, Fig.1).

TABLE 1 COMPOSITION OF INITIAL TESTS

Composition Fish waste Molasses Scum
N° (%) (%) (%)
1 50.00 50.00 0.00
2 62.50 25.00 12.50
3 87.50 12.50 0.00
4 50.00 12.50 37.50
5 68.75 12.50 18.75
6 68.75 31.25 0.00
7 50.00 31.25 18.75

Based on a previous study conducted by our labgratioe
pH values in the mixtures with molasses at 15-2b#icate
good fermentation, whereas mixtures with low maastb%
and 10%) become alkaline at the end of the 6th 8aythe
variability range of the molasses used must beebdttan
12.5% and the use of a fraction of fish less th@#b5s not
achievable [3].

Experimental data from different treatments werelyzed
using PCA. Therefore, these various formulas aepamed and
monitored for 15 days by quality control parametgtd, dry
matter, total nitrogen, phosphorus analyzes andoiniclogy.

Scum

1,00
0,00
Fish

0,00
1,00
Molasse

0,25 0,50 0,75
Fig 1. Simplex-centroid design with 7 points arrangenierihe weight fraction

ternary diagram with constrained regions.

E. Seed germination test

To evaluate the phytotoxicity of the mixture cuéiywhich
is based on fish waste) a seed germination testtasaied out
according to Kyun Kim (2010) [12]. Ten millilitersf culture
was agitated for 10 min, filtered through a 0.45 membrane

réileter kept at 4°C until tested.

For tests of seed germination and root length, 5 afiL
filtrate was pipetted into a sterile Petri dish elin with
Whatman filter paper. Ten barleydrdeum vulgare) seeds
were evenly placed in each dish (three replicatesefch
sample) and the seeds were incubated at 25°C ilahe at
75% of humidity. DW was used as a control. Seed
germination and root length in each plate were mreakafter
72 h. The percentages of relative seed germingRBG),
relative root growth (RRG) and germination indeX)(@ere
calculated as the following formula [13]:

RSG % = Number of seeds germinated in extract *100
Number of seeds gernadah distilled water (DW)

RRG % = Mean radical length in extrad0d
Mean radical length in distilled water (DW)

Gl % = RSG*RRG
100

F. Chemical and physicochemical characterization of the soil

Before the barley crop, a soil sample of each columas
collected. The samples were air dried, sieved (<) and
stored analysis. The pH of the soil was determimgdg a pH-
meter (Fisher Scientific, Basic AB15) and the eleat
conductivity was determined by HANNA Instrument$ 5.
Total organic carbon was determined by Walkley-Blaethod
[14].

The exchanged cations were determined by flames@mis
spectrophotometry (Na and K) (Digital Flame
Photometer PFP7/C, JENWAY®). The compositions délto
nitrogen and rate of phosphorus were determinedthgy
methods described previously respectively [7, 8].
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G. Toxicity test and fertilization

8,5

The study of the toxicity of this product on plant
germination was carried out on thimrdeum vulgare species

8,0

of barley of the Amira variety that is marketedMiorocco and 75
provided by the National Institute for AgriculturResearch. z
The barley was grown in cases with a depth of 6tben;seeds 7,0

were deposited at a depth of 3 cm and coveredsaith

The application rate was 0.054 g per 36 oinsoil, 150 kg
/hectare equivalent (the minimum- recommended ByRAO 6.0
fertilizer use for cereal crops in Morocco dosey][IPlastic o 2 : S pays® 1 12
square plug trays measured 3 columns x 4 casesauidcase
measures 36 cinwere used for barley crop testing. Column 1
contained the control soil without amendment, calu 12 |
contained commercial fertilizer (Algoflash), andlwon 3
contained natural product developed during thisdystu
representing optimal physicochemical results.

-
o

Conductivity (mS/cm)
o]

. RESULT AND DISCUSSION

A. Physical and textural properties of mixtures , w7

At the end of the biotransformation process, aktomies oo e e
were characterized by a homogeneous appearanéecalar, Fig 3. Evolution of pH (a) and Conductivity (b)
lumpy structure and development of a pleasant ¢Hiy.2).
Physical and textural properties of biotransforomatproduct Based on the results of monitoring pH during 15sddig.
are dependent on the process conditions such @§) M1 and M6 compositions have shown pH valuighty
biotransformation type, feed moisture and tempeegtLir]. acidic. The biotransformation of other mixtures hasderately

&eutral pH, about 7.5. The stabilization of pH lie testing of
all compositions was due to the fermentative attiaf the
yeast, Saccharomyces cerevisiae [16]. The reported values
since yeasts and bacteria involved in the biot@nsdtion
have their pH optimum between 5 and 8.5 [17].

Different studies have reported that the produ
characteristics such as color, texture, appearandedor have
an important bearing on the acceptability of thealfiproduct
[3,4,16]. Even in the course of composting therelitite
emission of unpleasant odors. If such odors exisgy

represent an incorrect evolution of composting Klaaf The monitoring of pH indicated that after 5 dasesting
oxygen) [18]. all the compositions were mature. pH stabilizatieas due to
the reduction of activity of microorganisms [18].pM marked
by a slight acidity is a witness of a favorable
biotransformation.

As for conductivity, we note that it increased ktlg for all
the mixtures for 15 days from a value of 3.69mS/aimje M7
composition alone achieved an increase up to 123&m in
the 15th day (Fig. 3b). All the mixtures were praed a rise in

Fig 2 .Mixtures 5, 6 and 7 after 15 days of biotransfation conductivity during the process of biotransformatio This
B. Temperature, pH and conductivity evolution evolution is inversely correlated with pH valueg t!hnpre .pH is
away from neutrality the more the conductivity isgh
probably due to increased ionic forms [1].

The study has shown that variations in the tempezare
not more than 1°C. It can be considered as insigmif. This Generally, the presence of ions could be benefitial
can be explained by the low thickness of the bifarmation plants, but it has been shown that too high valoés
mixture in the container as well as the regularingxapplied. conductivity threatens the survival of microorgamss and
All mixtures have a temperature which changes wifie reduces the quality of the compost [1].Based onvibek of
ambient temperature. Taiek et al. [2, 4], this may be due to the totagjchdation of

The biotransformation process applied in this stud&ar;) ohydrates by yeast and the release of volstibstances
6].

therefore allows good practice mastery of tempeeatu

IJERTV6I S060242 www.ijert.org 590
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



Published by :
http://lwww.ijert.org

International Journal of Engineering Research & Technology (IJERT)

I SSN: 2278-0181
Vol. 6 Issue 06, June - 2017

C. Phosphorus, total nitrogen and dry matter evolution

TABLE 3 MICROBIOLOGICAL ANALYSIS

Table 2 shows the evolution of the rate of phospsatotal M1 M2 M3 M4 M5 M6 M7
nitrogen and dry matter in different compositions.
Days T T T T T T T T T T T T T
TABLE 2.PHOSPHORUS, TOTAL NITROGEN AND DRY MATTER o f o f o f o f 0 f 0 f O
CONTROL OF BIOTRANSFORMED PRODUCT Escherichiacoli  + + + + + +
Compositions DM (%) P(mg/100g) N (g/100g) Staphylococcus
1 43.33 +0.00 41.06 £0.00 2.60 = 0.00
Streptococcus + -+ -+ -+ -4+ -+ -4
2 40.00 +0.01 45.77 +0.00 2.70 +0.02
3 33.33+0.00  40.800.00 2.80+0.10 (++:> 100UFC; +:>10 CFU - - absence)
4 56.70£0.10 34.76 £0.09 2.60 £0.17 The microbiological test was also favorable. Allstte
5 60.00+3.30 51.20+0.10 3.30 +0.10 revealed no presence oE. coli, Saphylococcus, and
6 46.66+3.34  56.840.02  1.80 +0.70 Streptococcus at the end of the fermentation —process.
Hygienisation, and inhibition of proteolysis angdlysis in the
7 71.17+2.00 18.52+0.17 3.66 +0.88

To test the nutritional parameters of biotransfedm
products made in the study, we realized a monigoduring 15
days. The results are shown in table 2. The drytemaif
mixtures increases during the process. Based onvénk of
Taiek et al. [2, 4], the increase of the dry mafterother
mixtures may be due to the loss of water by evdjmorar by
the loss of carbon dioxide and ethanol (by evapmraduring
fermentation [4]. So the scum improves the ratdrgfmatter.

mixtures containing yeast, due to its probiotid\aigt [3].

All these tests showed the importance of yeasthin
making of a favorable biotransformation of fish tegasvhich
inhibits pathogenic bacteria without any degraduatiof
nutritional qualities of the product nor producesxc effect.

E. Satigtical analysis
* Principal Component Analysis (PCA)

The following graphs illustrate the principal coomgnts
analysis of the data (Fig. 4). We note that M5 (Tichest in

Concerning the rate of phosphorus, M5 and Mfsh), is separated from the other mixtures becaises high

compositions have a rate as high as the other csitipts,
surely, because they have more sardine wasteshanduch
fish is rich in terms of phosphorus [4]. Scum iscairce of this
element, known for their richness in minerals ahdgphorus
[19]. Therefore, the addition of yeast and molastkeshe
mixture thus helps in the conservation of phospsiofuricher
formula in fish waste and molasses allows phospghoates to
be improved.

During processing, the total Kjeldahl nitrogen teom
marks stabilization for M1 composition. Unlike othtests,
such rates increased during the 15 days of bidwamation.
M5 and M7 had a remarkable evolution in the nitrogentent
compared to the other mixtures. This is explaingd tie
activity of microorganisms and the loss of volatiled liquid
function [4]. We retain that the formulas richestfish waste,
scum and molasses are more enriched with nitroggshown
in the table 2, compositions 5 and 6 have the Higlad
lowest values, respectively, in terms of nitrogphpsphorus
and dry matter.

D. Microbiological tests

Table 3 presents the results of the bacteriologieats
conducted on the first and last day, to identify fiesence of
strain indicator of hygiene and alteration. Thedud must
have a number of staphylococcus and streptocot@aisdbes
not exceed ten Colony Forming Unit per gram of piid<10
CFU/g), and have less than one hundred CFU per ¢r480
CFU/q) for Escherichia coli [20].

content nitrogen and phosphorus. Similarly, M6 has
different quality from the others, because of igghhcontent of
phosphorus but low in nitrogen. Unlike M7 which megents
the opposite. The other mixtures (1, 2, 3 and 4) grouped
together, which means that their properties ar@sirsimilar.

G

Factor 2: 16,54%

S
»
on
om
o

Factor 1: 83,46%

1,0 b

0.5 *Poisson

*Ecume

0,0

Factor 2 : 16,54%

-0,5

-1,0 -0,5 0,0

Factor 1 : 83,46%
Fig 4. The Principal Component Analysis (PCA) in two dirsiemal patterns
which explained almost 100% of the total variarfe¢ The Biplot consisting
projection on PC1 (83.46%) and PC2 (16.54%), (by&ation circle between
principal components and original variables.

0,5 1,0
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» Response Surface Model estimates

The experimental design for the study of responstace
is an important step; Very demanding in tests shathy we
found important to considerate only the factors whthe
response was previously verified [22].

This study tries to translate the potential of augen,
phosphorus and dry mater to biotransformation thinothe
linear and quadratic model. The results obtainéunald the
establishment of surface response diagrams. A suynofa
pertinent model and regression coefficient overegem in
the model for quality parameters is given in Tahle b

TABLE 4 SUMMARY OF PERTINENT RESPONSE SURFACE MODELS
FOR ELEMENTARY WEIGHT FRACTION IN THE MIXTURE.
F: weight fraction of fish waste, M: weight fraatiof molasses, S: weight
fraction of scum

B (R ] |

Response surface model Signifi Adjust
-cance -ed R?

(o)

Linear model 0.05 0.1407
N=+2.59*F+2.57*M+3.175*S

Fish Molasse

Fig 5. Ternary response surface diagrams with changeitrggen concentration

N Quadratic model 005 09726 calculated from the fitted model equations listedable4 (a) Linear model (b)
N=+2.82*F+2.62*M+2.62*S-4.02* F* M + Quadratic model,
1.98 * F *S+3.82*M*S
Linear model 0.05 0.2827 a
P=+52.29*F+39.42*M+32.13*S 00

P Quadratic model 0.05 0.9959
P=+40.63*F+40.89*M+34.59*S+67.02*F*M+
5.06 *F*S-74.18*M*S
Linear model 0.05 0.4972
DM=+36.514*F+48.982*M+65.014*S
DM Quadratic model 0.05 0.6494
DM=+34.98*F+44.98*M+58.35*S+29.6*F*M+
26.92*F*S+51.60*M*S

R2=1-{[(N-1)/(N-p)][SSE/(SSE+SSR)]}; SSR, regressisum of square; SSE, residual Y ’ oasso
sum of squares.

The postulated models were chosen based on theiageq
lack of fit with significant confidence level 95%n@ the
analysis of variance with satisfactory values of Rhese
values close to 1 testify to the good quality of models.

Figs. 5, 6 and 7, show the response surface diagvéth
changes in nitrogen, phosphorus and dry mattereotisgly.
According to figures bellow, we notice that, thereasing of
sardine wastes and scum encourages an increabesphworus
and nitrogen levels, respectively.

Fish Molasse

The biotransformation is better when the mixturedh on

ﬂSh'_ The resu'FS_ show that quadrgnc model IS_ thest Fig 6. Ternary response surface diagrams withgésim phosphorus concentration
pertinent. C_ombmlng between these figures, tha afente.re_St calculated from the fitted model equations listedable 4 (a) Linear model (b)
between mixture number 2 and number 5 can be deliiin Quadratic model.

the ternary diagram. This one, represent optimaltesd of
both the nitrogen, phosphorus and dry matter.
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TABLE 5a CHEMICAL AND PHYSICOCHEMICAL PROPERTIES OF THE
EXPERIMENTAL SOIL

Parameter Value
pH 6.07 £0.70
N (%) 0.64+ 0.00
P (%) 0.14 £0.80
TOC (%) 6.46 £0.31
K (%) 0.7 £1.20
Na (%) 0.35+0.01
EC (mS/cm) 1.08+ 0.05

TABLE 5b CHEMICAL AND PHYSICOCHEMICAL PROPERTIES OF
THE COMMERCIAL FERTILIZER

Parameter Value
pH 6.7
P (%) 6
_ K (%) 8
) ) ) %0 N (%) 12

Fish Molasse

Fig 7. Ternary response surface diagrams with changasyimatter
concentration calculated from the fitted model épua listed in Table 4 (a)

Linear model (b) Quadratic model, The values obtained allow us to deduce that thle soi

can be considered as a good quality which can bé tostest
N the biofertilizer (M5) in the barley crop [21]. |5 very
F. Seed germination test important to improve the utilization of fertilizautrients, since

Since the product (M5) contains compounds potéyltialthe growth of plants_ f';md their quality are mainlfuaction of
useful for plants, an attractive application is iise as a the quantity of fertilizer. Table 6 shows the résubf the
fertilizer; however, its application depends on #iesence of fertilization tests on barley over the course ofdays (carried

any toxicity. Phytotoxicity was assayed on the 7 the same ©Ut four times).

dilution and compared with that of a commercialtiker. TABLE 6 FERTILIZATION TEST ON BARLEY CROP (21 DAYS AFTER
The results of germination test on barley showsM&had no PLANTING)

inhibitory effect on the germination.

Average stem length Average root length
The GI value reached approximately about 70 % f& M (cm) (cm)
and 55 % for commercial fertilizer (Fig. 8). M5 habetter Gl

value, implying feasible development of a bioférér from Sultelen] Ut OES LR 0
fish wastes, scum and molasses. Soil+Commercial 22.16+0.59 16.16+0.10
fertilizer
. Soil+ M5 24.50+£0.12 23.334£0.47

- M 5
—= Commercial

Fertilization tests were performed with M5 sincéétd the

SR best physico-chemical results. The results of ¢élsegshows that
o) M5 had optimal growth for the barley crop testedhjoll was
better than the commercial fertilizer (Fig. 9).Thisixture
allowed an improvement in the lengths of the baslesgems
° and roots.

0 1 2

Dilution (x1000)

Fig 8.Percentages of germination index (Gl) fotfainsformed of ternary
mixture (M5) at 1000 fold dilutions.

G. Characterization of the soil, commercial fertilizer and
fertilization tests

Table 5 shows the results of chemical and physemdital
properties of the experimental soil and commeffeidilizer.

Fig 9.Fertilization test on barley crop (a) 8 days (b)days.
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[V.CONCLUSION

This study proposes a way of valuing abundant waste

pollutants from part of the food industry in Morocclt shows
the possibility of producing a good quality agricwdl fertilizer
from a ternary mixture of industrial waste, usingsponse
surface approach to optimize formula.

(1

(2

(3]

(4]

(5]
(6]
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