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Keywords:
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Production of virgin coconut oil via natural fermentation has led to large amount of wastes being gener-
ated, i.e., coconut pulp and wastewater containing coconut créme. Objective of this study is to gain more
insight invo the feasibilicy of utilization of such wastes as raw materials together with several types of
wastes such as fish waste andjor pineapple peel for bioextract production. Chemical, physico-chemical
and biological changes including phyrotoxicity of the fermented mixture were closely monitored. Phys-
ical observation suggested that fermentation of bioextract obtained with fish waste appeared to be com-
plete withia the first month of fermentation while bioextract ebtained using pineapple waste seemed to
be complete after 8 months post-fermentation. Fermentation broth is of blackish color with alcoholic as
well as acidic odour with no gas bubble and/or yeast film present on top of the surface. During the whole
fermentation interval, several attributes of both bioextracts, e.g.. pH, chemical oxygen demand (COD} and
organic acids, were statistically different. Further, the total bacteria and lactic acid bacteria present in
pineapple bioextract were statistically higher than those of the fish bioextract (p < 0.01). The highest ger-
mination indices of 123 and 106 were obtained at 21 and 14 days post-fermentation for fish and pineap-
ple bioextracts, respectively. In addition. qualities of both bioextracts conformed well with those
specified by the Thai standard for liquid biofertilizer after 1 month fermeniation. Results further showed
that wastewater derived from virgin coconut oif manufacturing process could effectively be employed
together with other types of wastes such as fish waste and pineapple peel for bivextract production.
However, for the best bioextract quality, fermentation should be carefully planned since over fermenta-
tion led to bicextract of low qualities.

@ 2010 Efsevier Ltd. All rights reserved.

1. Introduction

wastewater was discharged into soil and patural water resousce
without treatment causing pollution of both soil and public water

Prachuabkerikhan province is the number one coconut pro-
ducer of Thailand. In 2008, 434,719 tons or 29.3% of the total coco-
nut produced in Thailand were that produced by Prachuabkerikhan
{Office of Agricultural Economics, 2008). Approximately 2% of
coconut produced in Prachuabkerikhan province was employed
annually to produce virgin coconut oil by natural fermentation.
Typically, fermentation starts by mixing coconut mitk with boiled
water at 1:1 (wjw) ratio and left to stand at room temperature
for 24 h leading to more or less yield of 20% virgin coconut oil
while the rest consisting of coconut whey and wastewater, ie.,
80%, was considered wastes. Annually, total amount of wastewater
originated from virgin coconut oil production of 560 cubic meters
was approximated (Fuangworawong et al, 2008). Presently, such

* Corresponding author, Tel.: +662 4707558, fax: +662 4523455,
E-mail address: sudarurtri@kmuttac.th (8. Tripetchkul}

(960-8524/% - see front matter © 2010 Eisevier Ltd. Alt rights reserved.
dei: 10,1016}j.biortech.2010.03.056

reservoir including air pollution.

Cocanut milk, raw material used for virgin coconut oil produc-
tion by natural fermentation, consists of (wfw) 21.3% fat, 2.0% pro-
tein, 2.8.0% carbohydrate and 2.1% of sugar (US Department of
Agriculture, 2001) together with some vitamins and trace elements
such as vitamin A, Ca®* and Fe*. The compositions of wastewater
as well as protein whey derived from the virgin coconut oil manu-
facturing process composed of several nutrients and trace ele-
ments  including  by-products produced by microorganisms
during natural fermentation (Nevin and Rajamohan, 2006). At-
tempts have been made to employ such wastes prolifically. For in-
stance, it has been suggested that whey protein of several origins
such as soy whey and cottonseed whey including coconut whey
may be emplayed for the preparation of egg white substitute
(Chang, 1977) and multipurpose cleaner (Lam, 1996). Since
wastewater originated from virgin coconut oil production by
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fermentation contains a number of nutrients of which could poten-
tially be used for cultivation of microorganisms, therefore, these
wastewater could also be employed to produce bioextract which
could reduce amount of wastewater disposed into natural water
resource, hence, reduce impact on environment as a whole.

Bioextract is generally defined as a fermented product obtained
by aerobic andjor anaerobic fermentation of either plant or animal
wastes supplemented with appropriate carbon source (Tancho,
2006). Normally, bioextract obtained contains organic acids and
amino acids as well as several growth stimulating factors to a dif-
fering extent depending particularly on the types of starting raw
materials (Agricultural Chemistry Division, 2002). Several studies
reported that chemical constituents present in bioextract could
effectively promote plant growth, increase productivity and simui-
taneously enhance efficacy of chemical andfor biofertilizers (Pum-
prasead and Poungjik, 2005; Phosri et al., 2006).

Traditionally, Thai farmers employed bioextract as supplement
for enhancing productivity of both fruit and vegetable during plan-
tation such as Chinese Kale (Pumprasead and Poungjik, 2005), soy-
bean (Phosri et al, 2006), Chinese green mustard, French
marigolds. It has also been demonstrated that bivexiract contains
a diverse consortium of microbes such as Bacillus sp.. lactic acid
bacteria and yeast (Sassanarakij, 2004; Tancho, 2006). Further, Thai
farmers have typicaily considered bioextract a vital component for
effective composting of agricultural materials. Due to an effort to
reduce chemical fertilizer and insecticide utilization, the Thai gov-
emment has attempted to promote organic agriculture and, subse-
quently, encourage the farmers to produce bioextract themselves.
Unfortunately, qualities of bioextract produced around Thailand
varied significantly due to differences of raw materials as well as
other additives employed. Therefore, production of bioextract with
consistent quality is rather difficult since information regarding
the nature and qualities of bioextract available in literature is
scarce, Application of bioextract of low quality may pose an ad-
verse on both growth and productivity of plants. Previous studies
have focused on quantification of fermentative products, i.e., nutri-
ents, plant hormenes, organic acids and total bacterial count, pres-
ent in bivextract produced using raw materials of different origins
(Agricultural Chemistry Division, 2002). Additionally, factors influ-
encing the qualities of bioextract have also been investigated to a
certain degree {Agricultural Chemistry Division, 2002; Tancho,
2006; Youprayong and Suksringam, 2006). For instance, effects of
inoculum on physico-chemical and microbiologicat evolution dur-
ing bioextract production have been conducted. Further, a number
of studies have focused on effects of bicextract on plant perfor-
mances in terms of growth and productivity (Pumprasead and

Poungjik, 2005; Phosri et al., 2006). Extent of decomposition and
quality of the bivextract could, in general, be affected by fermenta-
tion time. Nonetheless, information regarding physical develop-
ment, microbial consortium evolution and chemical aspect of
bioextract fermentation including phytotoxicity upon application
to plants is seldom available in literature.

Objectives of this study is to assess the feasibility of utilizing
wastewater originated from virgin coconut oil manufacturing pro-
cess together with agricultural wastes abundantly available in
Thailand such as fish and pineapple wastes for the production of
bioextract. Physico-chemical, microbiological changes and phyto-~
toxicity were closely monitored during whole fermentation pro-
cess. Results obtained may help reduce environmental impact
sternming from discharging such wastes to public water reservoirs
and may simultaneously add-value to wastewater containing high
lipid content by means of producing bioextract, which may be em-
ployed as an alternative to chemical fertilizer for other agricultural
activities. Preliminary results obtained could possibly be employed
for standardizing qualities of bioextract including specifying
appropriate fermentation time for bioextract production.

2. Methods
2.1. Raw materials

Raw materials used in this study were fish scrap, pineapple
peel, molasses and wastewater, a by-product from virgin coconut
oil (VCO) manufacturing process prepared by naturally fermenting
coconut mitk and water at the ratio of 1:1 (w/w) for 24 h at room
temperature (Jeyashoke et al., 2007). Chesmical and biological char-
acteristics of all materials are provided in Table 1.

3. Experimental

Two types of bivextracts were prepared (in duplicate) which are
fish and pineapple bioextracts. The former consists of fish waste,
molasses and VCO wastewater at ratio of 3:1:1 (by weight) accord-
ing to preliminary results while, likewise, far the latter, pineapple
peel was employed rather than fish scrap. Each bioextract was
prepared by combing all designated ingredients together and thor-
oughly mixed. Subsequently, the mixture was individually trans-
ferred to a separate vessel, closed tightly and left to stand at
room temperature for a year. Small sample was taken periodically
in the following manner, every week (7 days) for the first month of
fermentation, and, from then onwards, every month. Samples col-

Table 1
Chemical compositions of individual raw material used for the preparation of bioextract.
Characteristics ‘Raw materials
i VCO wastewater® Fish waste Pineapple peel ‘Molasses
pH 4.03 £ 0.01 5:64 % .02 3764 002 484+ 001
Total solid (%) 545 0,35 3434%2.60 18.44£0.14 36221584
- Oil-and. grease (%) 4:04.1 0,01 nd’ ndf nd*
€OD (mgL*)* 35404010 ndf nd* adf
TN (% glgbWY 0.29 £ 0.00 1118 x0.78 0.75£0.02 0:23 £ 0.01
O gfgOws® 587 £1.88 41.92£0.79 5249+ 0.41 3025129
. €N ratio 20:24.£3.98 3.74£0.29 69.98 £1.98 131:52.£3.88
' Tatal bacterab{cfujmi) 108 %10° ad’ odf n
© Total LABS{Cfajmty -~ 553 x 16° ad” nd’ adf
2 VCO wastewater.
b cob.
€N,
4 1c,
* LAB. f

! nd denote, respectively, wastewater derived from virgin coconut oil masufacturing, chemical uxygen demand, atal nitrogen, total carbon, lactic acid bacteria and not
determine.
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lected were centrifuged at 10,000 rpm for 5 min. Pellet was dis-
carded while supernatant was immediately subjected to further
analyses.

Physical characteristics of bioextract, ie. color and texture,
were visually observed. The evolution of pH and electrical conduc-
tivity (EC) was monitored according to standard methods (AOAC,

1995). The chemical oxygen demand (COD) was determined using
the close reflux and titrimetric method (Manahan, 1994). The total
carbon (TC) was accomplished by incineration at 550 °C for 24 h
{AOAC, 1995) and approximated according to method proposed
by Navarro and coworkers (1993). Total nitrogen (tN) and reduc-
ing sugar concentration were also quantified according to the
methods recommended by the AOAC (1995). Concentrations of
ethanol and organic acids such as acetic acid, propionic acid, buty-
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ric acid and lactic acid produced during the fermentation were clo-
sely followed using FID gas chromatography (APHA, 1989). The
total bacteria and lactic acid bacteria (LAB) were enumerated by
plate count using, respectively, nutrient agar and MRS agar (John-
son and Case, 1989). Phytotoxicity was tested against the lettuce,
Lactuca sativa, seed following the seed germination test. Then,
the germination index was calculated using the method proposed
by Tiquia et al. (1996). Analysis of variance and multiple compari-
son using Fisher's least significant difference (LSD) test, otherwise
stated, at the confidence interval of 99% were conducted by SPSS
version 15 {SPSS Inc., Chicago, USA).

4. Results and discussion
4.1. Physical appearance

The physical appearance in terins of odour, color and general
characteristics of both fish and pineapple bioextracts suggested
that degradation of fish and pineapple peel was rather rapid during
the first month of fermentation since the size of starting materials
was greatly and continually reduced providing that a significant
decrease in oil initially present on top of the surface of the mixture
was also observed, Further, the odour of the fermented mixture
was quite pleasant, of alcoholic smell, while color was more in-
tense, blacker in tone, At the end of the secand month, almost ail
of the starting materials in both sets of experiments as well as
oil present initially were disappeared. Smell of fish bioextract
was more pleasant and quite similar to that of typical Thai bioex-
tract whilst the odour of the pineapple bioextract was of more
alcoholic since it was aunticipated that microbial consortium in-
volved in their fermentation was dominated by yeast as yeast film
could be naticed on top of the fermented broth's surface from the
start to the end of the seventh month, Physical changes of fish bio-
extract were insignificantly different from the third month on-
wards. However, for pineapple bioextract, no salient changes
could be noted from the eighth month onwards providing that
yeast film floating on the surface of the mixture also disappeared.
The attribute of both bioextracts mentioned abeve are in good
agreement with the desirable characteristics of stable bioextract
reported by Soil and Water Conservation Division (2002), i.e., less
alcohotic and acidic in smell and no gas bubble present.

4.2, pH

Fig. 1 shows time profiles of pH evolved during the fermenta-
tion of wastewater originated from VCO manufacturing process to-
gether with molasses and either fish waste or pineapple peel. [t is
obvious from Fig. 1 that insignificant changes in pH could be ab-
served for each bioextract (p>0.01) after 1 month fermentation.
Further, the pH of fish bioextract remained approximately at 5.0
which was statisticatly significant higher than that of the pineapple

Time (days)

Fig, 1. Time course of pH during fermentation of fish {A) and pineapple {G)
bioextract.

bioextract whose pH was about 4.0 (p < 0.01). It is anticipated that
higher pH observed in fish bioextract may stem from proteolysis of
fish protein resulting in ammonia production leading simulta-
neously to acid neutralization. Additionatly, it is also worthy to
note that the final pHs of both fish and pineapple bivextracts were
in good keeping with the Thai standard of liquid biofertilizer (Min-
istry of Agriculture and Cooperatives, 2001; Tancho, 2006). There-
fore, both fish and pineapple bioextracts produced should be
considered feasible for application in agricultural activities such
as organic farming, horticulture and husbandry.

4.3. Electrical conductivity (EC)

Mineral salts, total dissolved solid, present in suspension were
generally determined in terms of electrical conductivity (EC).
Changes of EC of both fish and pineapple bivextracts are iliustrated
in Fig. 2. For fish bioextract, the ECs increased rather rapidly from
0.2 ds/m initially to 5.4 dsjm at the end of the first month of fer-
mentation (Fig. 2), Additionally, evolution of EC of pineapple bioex-
tract was less than that observed with the fish bioextract, from 0.1
to 0.4 ds/m during the same fermentation interval. A rapid increase
in EC observed coincided with a swift reduction of both organic
and inorganic substances present in fermentation mixture pre-
pared originally (Fig. 3). it is also evident from Fig. 2 that after
the first month to the end of fermentation, 360 days, ECs of both
fish and pineapple bioextracts remained unchanged given that at
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Fig. 2. Evolution of electrical conductivity (EC} during fish (A) and pineapple (3}
bioextract production.
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Iytic activities towards degradation of organic matter of both fish
and pineapple wastes.

It could be observed from Fig. 3 that CODs of buth fish and pine-
apple bioextracts decreased sharply, approximately 50% and 40%
within the first 2 weeks of fermentation, and then declined contin-
uously to the final CODs of 100 and 300 mg L1, respectively. CODs
of both bioextracts remained rather constant from the end of the
secand week to the end of the first month of fermentation. Addi-
tionally, no noticeable decrease in CODs of both bioextracts was
observed from the second month onwards. It could be clearly seen
that for fish bioextract approximately 95% COD reduction was
noted which was statistically significant higher than that observed
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Fig, 3. Profiles of chemical oxygen demand (COD. ({3)) and reducing sugar

concentration { } during fish (K. (M——l} and pincapple ().
{& A} bioextract fermentation.

5 months of fermentation, a slight drop in EC was obsevved for fish
bioextract, The final EC of bivextract produced using fish waste as
main raw material was 5.0 dsfm in comparison with 0.2 ds/m of
the pineapple bioextract. This maybe due possibly to the differ-
ences of starting raw materials, fish against pineapple wastes,
whose compositions, protein, carbohydrate and vitamins as well
as trace mineral, varied to a greater extent (Sales and Janssens,
2003). During bioextract fermentation, these macromolecules con-
tained in fish underwent enzymatic degradation into smaller mol-
ecules and/or freely dissolved jonic forms leading, consequently, to
an increase in the salt concentrations of fish bioextract which was
higher than those of pineapple bioextract whose major composi-
tions are soluble fiber and carbohydrates (Larrauri et al., 1997),

The electrical conductivities of both bioextracts during an entire
fermentation period were found to comply well with that specified
by the Thai standard of liquid biofertilizer, approximately 10 dsfm
(Tancho, 2006). Nevertheless, it has been reported that for the
highest efficacy electrical conductivity of bivextract should not ex-
ceed 4 ds/m (Luengarepaphong, 2002); therefore, prior to applica-
tion to plant, dilution of fish bivextract produced in this study was
necessary. )

4.4, Chemical changes

4.4.1. Reducing sugar and chemical oxygen demand

Since molasses was employed as readily available carbon source
for the production of both fish and pineapple bioextracts, the time
profile particularly of reducing sugar during fermentation may be
used primarily as indicator of the extent of degradation of erganic
matter. Further, the chemical oxygen demand (COD) of the mix-
ture, signifying the extent of oxygen demand for oxidizing organic
as well as inorganic matter present in the mixture under anaerobic
degradation (Manahan, 1994), was also monitored throughout the
fermentation regime, The time profile of both COD and reducing
sugar concentrations (Fig. 3) during the fermentation of fish and
pineapple bioextracts suggested that for the first week of fermen-
tation reducing sugar in both mixtures declined very rapidly from
71 and 98 gL} initially to 8 and 21 gL', respectively. It should
also be noted that during this time interval CODs of both bioex-
tracts increased swiftly and reached the highest value of approxi-
mately 2800-3100 mg L™" providing that an increase in COD was
particularly highlighted for bivextract produced using pineapple
waste (159% increase) as raw material in comparison with that of
fish bioextract (30% increase). it is not surprising that an increase
in COD also corresponded to the peak in both total bacteria and to-
tal lactic acid bacteria (Fig. 5) enumerated suggesting high hydro-

with pineapple bioextrace, 85% COD reduction. In addition,
concentration of reducing sugar present in pineapple bioextract
was higher than that of fish bioextract for entire fermentation per-
iod given that a sharp decrease in reducing sugar was evident
within the first week of fermentation (Fig. 3), [t is also worthy to
note that towards the end of fermentation concentration of reduc-
ing sugar remained in the mixture was relatively low, approxi-
mately 100% metabolized,

4.4.2. Total carbon, total nitrogen and /N ratio

Table 2 shows changes of total carbon (TC), total nitrogen (TN)
and C/N ratio during the whole period of fermentation of fish and
pineapple bicextracts. As can be seen from Table 2 that fermenta-
tion time as well as types of raw materials, either fish waste or
pineapple peel, play significant roles on the concentrations of total
carbon, total nitrogen and C/N ratio during fermentation. Total car-
bon of both fish and pineapple bioextracts decreased slowly during
the first 2 months and declined gradually from then onwards. At
the end of fermentation (12th month) of both bioextracts, the total
carbon present was found to be statistically indifferent (p > 0.01). A
decline of the total carbon may stem from the fact that microor-
ganisms involved in fermentation wtilized the organic matter in
raw materials, fish waste and pineapple waste, for growth as well
as several metabolic by-product production (Youprayong and
Suksringam, 2006). In addition, some bacteria are capable of trans-
forming carbon in raw materials into carbon dioxide. For example,
the heterofermentative lactic acid bacteria could produce lactic
acid and ethanol as well as carbon dioxide using glucose as carbon
sources {Beasley, 2004).

According to Table 2, the total nitrogen detected in both fish
and pineapple bioextracts increased continually during the 12
month fermentation interval. The evolution of total nitrogen in fish
bioextract was statistically significant higher than that of pineap-
ple bioextract for the whole fermentation period (p <0.01) which
is not surprising since nitrogen content of fish waste was much
higher than that of pineapple waste, 11.18 + 0.78% g/gDW in com-
parison with 0.75+£0.02% g/{gDW for fish waste and pineapple
waste (Table 1), respectively. After 2 months of fermentation, total
nifrogen content of both bioextracts, fish bicextract in particular,
continued to increase gradually to the end of fermentation
(p > 0.01) (Table 2). For both fish and pineapple bicextracts, the
content of total nitrogen evolved during 12 months of fermenta-
tion remained within an acceptable range (<3% by weight) speci-
fied by the Thai standard of liquid biofertilizer (Tancho, 2006).

C/N ratio is typically used as a measure of maturity as well as
stability of compost (Golueke, 1991) anid at the same time maybe
used as an indicator of extent of decomposition of organic matter
present in the compost pile, Therefore, C/N ratio was adopted to as-
sess a degree of degradation taking place during bioextract prepa-
ration. As can be seen from Table 2 that within the first 2 weeks of
fermentation more than 50% reduction of C/N ratio of bicextract
produced using fish waste as major raw material was noted and,
from then on, decreased continuously to the final value of
27.79 £0.45, approximately 16.7% of the initial value, It should also
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Fig. 4. Concentrations of organic acids detected during fish (A) and pineapple (B} bioextract production: ethanol ({#). acetic acid (E). butyric acid (IR, propionic acid {5

and wlactate (£,

be noted further that the C/N ratio of fish bicextract remained vir-
tually stable from 8 months post-fermentation indicating slow
degradation of organic matter. Additionally, changes of C/N ratio
of the pineapple bioextract were unanticipated in that an increase
of 63% of that of an initial value was found within the first month
of fermentation, This may due possibly to degradation of organic
compounds present in the pineapple waste. Subsequently, the Cf
N ratio started to decline continually and reached a stable value
within 8 months post-fermentation. The C/N ratios of bath fish
and pineapple bioextracts varied, respectively, within the range
of 27-28 and 177~-198.

4.4.3, Organic acid and ethanol production

Typically, Thai farmers employed bioextract in a similar manner
as that of liquid biofertilizer to promote plant growth, Several or-
ganic acids, e.g., acetic acid and butyric acid, and short-chain alco~
hol such as ethanol, have been demonstrated to confer several
beneficial effects to plant (Lynch, 1977; Adkins et al,, 1984), There-
fore, it is of significant interest to closely monitored evolution of

such metabolites during the production of bivextract. it was found
that several organic acids such as acetic acid, propionic acid, buty~
ric acid and lactic acid including ethanol were present for entire
fermentation process, Fig. 4 shows time profiles of organic acid
as well ethanol production during the fermentation of fish
(Fig. 4A) and pineapple (Fig. 4B) bioextracts. It is evident from
Fig. 4 that concentration profiles of each organic acid differed
depending on the starting raw materials prior to bioextract prepa-
ration. It was further found that during an entire period of 12
months acetic acid, butyric acid, propionic acid and lactic acid as
well as ethanol could be detected in the bioextract produced using
fish waste while for bioextract produced using pineapple peel as
starting raw material ail organic acids found in fish bioextract
excluding butyric acid were also detected. Additionally, concentra-
tions of acetic acid, propionic acid, butyric acid and lactic acid pres-
ent in fish bioextract are significantly higher than those found in
the pineapple bioextract at the confidence interval of 99%. How-
ever, the level of ethanol present in the pineappie bioextract was
statistically significant higher than that found in the fish bicextract




68

Microorganisms (Log( CFU/ml)

63 91 154 240 360

335
Time (Days)

19

w

Microorganisms (Log{CFU/ml))

35 63 91 154 240 360
Time (Days)
Fig. 5. Evolution of both total bacteria (M} and lactic acid bacteria (D during fish (A} and pineapple (B} bioextract production. The capital letters signify multiple

comparisons of means of different experiments at various fermentation times whereas the lower case letters denote multiple comparisons of the same experiment at
different time. The different lerrers imply statistically significant difference at the confidence intervat of 99%. Each value is expressed as mean £ 5.0, {n = 3

Table 2

Total carbon, total nitrogen and C/N ratio of fish and pineapple bioextract at different fermentation intervafs,
Time . - Total carbon (Swiv} Total:nitrogen (Xwjv} (/N Rado

L B it 1 it { 1
Day 0 54,06.£0,72% 54.90.2 05082 0,320,000 0.20 £6.00% T66:41 £ 4:3372 260392.4:64%2
- Week2 5427 £037A¢ 54.53 £(.2282 0.71£0.015% Q14.£ 0.0080 76,524 1.79°8 381.16 £ 2.10P0

‘Month 1 53020780 53.76 £ 0.62™ 0.92 £ 0.02¢ 012200120 5741 £085% 44597 £ 0.29%¢
Morith 2 51.47 2 329830 49,53 £1,144Y 115200174 0.18£0.01% 4458+ 2,158 273.51 £ 0.70%
Month 3 49.2001 25870 50.93 £0.58%0 122 £0.014¢ 021 £ 000 4015 £ 2210 239.77 £ 1.14%4
Month 5 49782 0,527 50.36 £ 0.24*% 1.26£ 0035 0.2210.02% 39.52 £ 0.72%¢ 22889105454
Month.8 4757 £ 0. 7400 45.82 £ 06200 16520000 0.234 0,015 28,80+ 043 198.06.+ 0.73%¢
Month 12 4724:20,3740 45,69 £ 0107 120 £0.000 026 20,045 27.79 %0450 177.97 £ 0508

Note: | = fish bicextrace: I » pineapple bioextract, -
Multiple comparisons for each parameter was conducted using LSO providing that different capital letrer-superscripts {A-B ) represent significant {p < 0.01 }differences within
a row, while lower case-superscripts (a-¢} represent diffesences within a column. Each value is expressed as mean £ 5.0, (1= 3),

{p < 001) which may be due possibly to the fact that different Considering individual fermentation period reveals that at the

microbial consortium are responsible for decomposition of bicex- end of the first month of both fish and pineapple bioextract fer-
tracts prepared from different starting materials. For instance, dur- mentation, concentration of ethanol present, approximately 160

ing the pineapple bioextract production, yeasts are dominant since and 200 mM, respectively, was much higher than those of other or-
yeast film could be observed visually during the first 8 months of ganic acids, From then onwards, concentration of ethanol detected
fermentation. in the fish bioextract declined continually while the level of etha-
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nol in pineapple bioextract increased and remained rather constant
at the final concentration of 320 mM. Further, since it was found
that lactic acid bacteria is dominant for the whole period of fer-
mentation of both bioextracts (Fig. 5), the presence of lactic acid
produced in both bioextracts is therefore of significant interest.
Evolution of lactic acid in both bioextracts was of similar trend;
however, the content of lactic acid found in pineapple bioextract
was much higher than those detected in fish bicextract for an en-
tire fermentation interval,

Additionally, as is evident from Fig. 4 that acetic acid detected
in pineapple bioextract reached the highest concentration
(440 mM) at approximately { month post-fermentation whereas
the time profile of acetic acid in fish bioextract attained a rather
high concentration (320 mM) and accumulated to the highest con-
centration of 470 mM at the end of fermentation. In general, the
fermentative products were quite similar for both fish and pineap-
ple bioextracts. However, it was found that the concentrations of
acetic acid, butyric acid, propionic acid and lactic acid present in
pineapple bioextract were much lower than those found in fish
bioextract (p < 0.01). It has been demonstrated that organic acids
play a vital role on plant cultivation. For example, propionic acid,
butyric acid and acetic acid have been shown to be capable of
accelerating root elongation (Gudjonsdottir, 1966) while butyric
acid is toxic to plant’s leaves. Moreover, propionic acid when ap-
plied to plants typically could help preventing infection of plant
pathogens such as viruses and bacteria (Copeland and McDhonald,
1995), '

4.5, Biological changes

4.5.1. Time profile of bacteria during fermentation

Fig. 5 provides time profiles of total bacteria and lactic acid bac-
teria found in both fish (Fig. 5A) and pineapple (Fig. 5B) bioextracts
during the fermentation period of one year. it is evident that the
dominant microorganisms responsible for most decomposition of
both fish and pineapple bioextracts were lactic acid bacteria since
the LAB/TB ratios of both bioextracts, fish and pineapple, were,
respectively, 0.88-1.0 and 0.77-0.97. However, from the third
weeks onwards, the LAB/{TB ratio detected in fish bioextract was
statistically significant higher than that found in the pineapple bio-
extract at the confidence interval of 99%.

As can be clearly observed from Fig. 5 that as fermentation pro-
ceeded a number of both total bacteria and lactic acid bacteria de-
clined accordingly. A number of total bacteria as well as lactic acid
bacteria were highest on day 7 post-fermentation at approximately
1.1 x 10% and 8.2 x 107 cfu/ml, respectively, for fish bicextract and
4.8 % 10% and 2.4 x 10® cfu/ml, respectively, for pineapple bioex-
tract. This significant growth was in good agreement with the fact
that concentrations of reducing sugar declined rather rapidly from
71and 98 gL~ to 8 and 21 gL', respectively, for fish and pineap-
ple bioextracts on day 7 after fermentation {Fig. 3). After the sec-
ond week of fermentation, the total bacteria and lactic acid
bacteria count present in both bioextracts were lower than
10® cfu/mL and, subsequently, declined continuously. Such decline
may be due primarily to a swift depletion of reducing sugar (Fig. 3)
and the presence of secondary metabolites which maybe inappro-
priate for bacterial growth. It is well accepted that with the pres-
ence of hexose such as glucese, several secondary metabolites,
i.e, acetic acids, COy, diacetyl and acetoin, could be produced by
lactic acid bacteria (Hugenholtz et al, 1993; Kleercbezem et al,
2000). It is also evident from Fig. 5 that after the first month of fer-
mentation the total bacteria detected in fish bioextract was statis-
tically significant lower than that present in pineapple bioextract
whereas, during the second to the eighth month of fermentation,
the lactic acid bacteria found in fish bioextract was lower than that
found in pineapple bioextract {p < 0.01).

4.5.2. Phytotoxicity

In this study, germination index (GI), percentages of seed ger-
mination relative to an elongation of root (Tiquia et al., 1996),
was employed to assess the qualities of both fish and pineapple
bigextracts produced intended for horticulture application. Germi-
nation indices of both bioextracts produced using fish and pineap-
ple wastes as raw materials at different fermentation time interval
were given in Fig. 6. The germination indices of both fish and pine-
apple bioextracts reached the highest values of 123% and 106% at
21 and 14 days post-fermentation, respectively. it is generally ac-
cepted that biofertitizer (plant supplement) with genmination in-
dex of higher that 80% could be applied as plant suppiement
(Tiquia et al., 1996). Therefore, as is obvious from Fig. 6 that during
the second week until the eighth week (2 months) post-fermenta-
tion, Gls of both fish and pineapple bioextracts were approximately
92% and 80%, respectively. Further, the Gls of both bioextracts
started to decline rather rapidly when fermentation was allowed
to take place more than 1 month and remained rather constant
after 3 month of fermentation, respectively, at 98% and 59% for fish
and pineapple bioextracts. This decline in the Gls may be due pos-
sibly to high concentrations of both acetic acid and ethano! de-
tected in both bioextracts (Fig. 4A and B). It has been reported in
fiterature that effect of ethanol on seed germination are dose and
species dependent. Results found are in good agreement with that
reported by Kato-Noguchi and Kugimiya (2001) who found that
the presence of high cancentration of exogenous ethanol could re-
strict growth of seedlings such as rice seedling. [n addition, Lynch
{1977) reported that acetic acid, propionic acid and butyric acid
were the products of anaerobic fermentation which could probably
be toxic to plants. The author further showed that acetic acid at
concentration of higher than 15 mM could inhibit seed germina-
tion while treatment with acetic acid at concentration of less than
5 mM could on the contrary enhance germination.

According to Fig. 6, it maybe deduced that bioextract produced
using pineapple peel as principal raw material was more toxic than
that obtained using fish waste as starting raw material, in other
words, lower germination indices, which maybe due to the pres-
ence to high concentration of ethanol, 220-300 mM (Salehi et al.,
2008). Morales-Payan and Santos (1997) further showed that eth-
anol at high concentration could in effect damage plant cells, Gen-
erally, for compost product, germination index of more than 80% is
considered nontoxic and maybe use to enhance seed germination
as well as root elongation (Tiquia et al., 1996). Consequently, fish
bioextract fermented for more than 1 week could be applied to

Germination Index (G
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Fig. 6. Germination indices of both fish (4} and pineapple () bicextracts obtained
at various fermentation times during the whole course of production against
cantrol (4}
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Table3 ) ) . extract production together with either fish waste or pineapple
Charactesistics of fish and pineapple bioextract. waste, In order for the bioextract produced to be of highest effec~
Parameters Bloextract® Standard of tiveness, the mixture should not be fermented for more than 2
liquid months during which the highest concentration of total bacteria
- - biofestilizer” and the lowest fermentative by-products, the cause of phytotoxic-
Fish Pineapple N ¥-p . pay
. ity, were resulted. Qualities of fish and pineapple bioextracts at the
Flectrical 498 £0.00° 357 £0.00° .{?0 age of 1 month old abide by the Thai standard of liquid biofertiliz-
’m't'ld““mviw dsjm) 8 £0. a7 E < er; therefore, suitable for applying as biofertitizer for horticulture
. 537£002 0362003 <3, bioextract with appropriate dilution.
of animal origin
Nitrogen (N, &, wiv) 0922002  01220.01" 2, bioextract
) of plant origin Acknowledgements

Phosphorus (P%, wiv) 090£000°  0.3120.00°
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as plant supplement without any adverse effect. On the contrary,
pineapple bicextract fermented for more than 2 months were con-
sidered inappropriate to be used as plant supplement since the cor-
responding germination indices remained lower than 80%.
Therefore, for effective application as plant supplement, both fish
and pineapple bioextracts should be used at the age of more than
1 week and less than 2 months.

4.5.3. Qualities of fish and pineapple bicextract

Since the principal starting materials for the production of each
bioextract were different, it is therefore, of considerable interest to
characterize the qualities of both fish and pineapple bioextracts
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