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ABSTRACT

The purpose of this study was to evaluate various types of fermentor for dry matter digestibility (DMD), organic 
matter digestibility (OMD), and the chemical composition of fermented seaweed. Five types of seaweed were 
used as substrates included green strain of Kappaphycus alvarezii, brown strain of K. alvarezii, Gracilaria gigas, 
Sargassum sp., and Caulerpa sp. The treatments were four fermentors, namely Bacillus sp. 2 mL/100 g of seaweed 
flour; 1.5% of tape yeast as a source of Rhizopus sp.; 1.5% of baker’s yeast as a source of Saccharomyces sp.; a mix 
of Bacillus sp., tape yeast of Rhizopus sp. and baker’s yeast of Saccharomyces sp. with compositions of 1 mL+1 
g+1 g/100 g of seaweed flour; and control treatment. The results showed an increase in the percentage of DMD 
(21.94–27.76%) and OMD (8.35–11.66%) of all seaweed fermented using fermentor compared to control (DMD 
of 17.65–20.36% and OMD of 4.36–5.98%). Moreover, the highest result was obtained by the fermentor mix 
(DMD of 24.86–27.76% and OMD of 10.02–11.66%). Similar result was also found in the chemical composition 
of fermented seaweed, there was increase in protein content of 9.23–15.93% and nitrogen free extract (NFE) 
of 56.05–70.26% in each seaweed treated with fermentation using fermentors, compared to controls (protein of 
8.82–11.54% and NFE of 52.26–65.72%). Furthermore, the highest value was shown by seaweed fermented with 
mixed fermentors (protein of 9.92–15.93% and NFE of 58.47–70.26%). Yet, the opposite result was present in the 
ash, crude fiber, and fat content of seaweed fermented using fermentors of which the lowest value was found in 
treatment of mixed fermentor. 
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ABSTRAK

Tujuan penelitian ini adalah mengevaluasi berbagai jenis fermentor terhadap kecernaan bahan kering (KBK), 
kecernaan bahan organik (KBO), dan komposisi kimia rumput laut terfermentasi. Lima jenis rumput laut digunakan 
sebagai substrat, yaitu Kappaphycus alvarezii strain hijau, K. alvarezii strain coklat, Gracillaria gigas, Sargasum 
sp., dan Caulerva sp. Perlakuan yang diuji empat fermentor, yaitu Bacillus sp. 2 mL/100 g tepung rumput laut; 
1,5% ragi tape sebagai sumber Rhizopus sp.;  1,5% ragi roti sebagai sumber Saccharomyces sp.; campuran Bacillus 
sp., ragi tape Rhizopus sp., dan ragi roti Saccharomyces sp. dengan komposisi 1 mL+1 g+1 g/100 g tepung 
rumput laut; serta kontrol. Hasil penelitian menunjukkan terjadi peningkatan persentase KBK (21,94–27,76%) 
dan KBO (8,35–11,66%) semua jenis rumput laut difermentasi dengan fermentor dibandingkan kontrol (KBK 
17,65–20,36, dan KBO 4,36–5,98%) dan yang tertinggi dengan fermentor campuran (KBK 24,86–27,76 dan KBO 
10,02–11,66%). Begitu juga yang terjadi pada komposisi kimia rumput laut difermentasi, terjadi peningkatan 
kadar protein (9,23–15,93%) dan bahan ekstrak tanpa nitrogen/BETN (56,05–70,26%) pada setiap rumput laut 
yang diberi perlakuan fermentasi menggunakan fermentor, dibandingkan kontrol (protein 8,82–11,54% dan BETN 
52,26–65,72%), yang tertinggi ditunjukkan oleh rumput laut yang difermentasi dengan fermentor campuran 
(protein 9,92–15,93% dan BETN 58,47–70,26%). Namun, terjadi sebaliknya pada kadar abu, serat kasar, dan 
lemak rumput laut yang difermentasi dengan fermentor lebih rendah dibandingkan kontrol, dan terendah dengan 
perlakuan fermentor campuran.
 
Kata kunci: fermentasi, fermentor, rumput laut, kualitas, bahan pakan
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INTRODUCTION

One of fishery products that can be used as 
a source of carbohydrates and also functions 
as a binder in fish feed is seaweed. Seaweed is 
listed as the commodity mostly produced in 
Indonesia. The production reached 54.12% or 
1.7 million tons of total aquaculture production 
in 2013 of which 630.7 thousand tons was from 
South Sulawesi (Ministry of Marine Affairs and 
Fisheries Republic of Indonesia, 2014). In term of 
chemical composition, seaweed generally consists 
of water (27.8%), protein (5.4%), carbohydrates 
(33.3%), fat (8.6%), crude fiber (3%), and ash 
(22.25%) (Alamsyah, 2013). Moreover, seaweed 
also contains enzyme, nucleic acid, amino acid, 
vitamin (A, B, C, D, E, and K), and macro 
minerals such as nitrogen, calcium and selenium 
and trace minerals such as iron, magnesium, and 
sodium. The content of amino acid, vitamin, and 
mineral in seaweed is about 10 to 20 times higher 
if compared with land plants (Suparmi & Sahri, 
2009). Seaweed which has been widely known 
and used by human consists of three classes, 
namely type of red (Rhodophyceae), brown 
(Phaeophyceae) and green (Chlorophyceae). 
Seaweed is also distinguished by the content 
of colloids. Seaweed group producing agar 
or commonly known as agarofit is namely 
Gracilaria and Gelidium, while the group 
producing carrageenan or termed as karaginofit 
consists of Euchema and Kappaphycus. Other 
group called alginofit which is able to produce 
alginate includes Sargassum and Turbinaria.

However, seaweed is a plant-based material 
that has cell walls and crude fiber. As stated by 
Utomo et al. (2011), the main obstacle in the 
utilization of plant-based materials as raw material 
for fish feed is the high content of crude fiber and 
the presence of anti-nutritional substances and 
amino acid composition those are different from 
the raw materials of animal protein. Excessive 
concentration of seaweed in feed results in high 
level of fiber whereas fish have limitations in 
digesting fiber. Therefore, concerning the feed 
formulation, seaweed should be at an optimum 
concentration.

One effort to improve the digestibility of 
feed can be applied by fermenting seaweed, 
which will be used as raw material for feed, 
using biodegradator. Fermentation is a chemical 
process of organic substrate change in the 
presence of biochemical catalysts, those are 
enzymes produced by certain microbes, with 

the aim to simplify nutrient bond that is difficult 
to digest such as crude fiber which is found in 
fish feed ingredients. Seaweed fermentation 
can be conducted using microorganisms which 
function as biodegradator to improve the quality 
of feed ingredients. Utilization of Rhizopus sp. 
as fermentor to improve the quality of feed raw 
materials was reported by Amri (2007) in palm 
kernel meal and by Handajani (2011) in Azolla 
(aquatic plant) flour. Moreover, Amar et al. 
(2006) used Bacillus sp. to improve the quality 
of shrimp shells flour and Sukada et al. (2007) 
utilized Saccharomyces cerevisiae as fermentor 
in pollard, soybean bran, and cocoa shell. The 
purpose of this study was to evaluate the use of 
various fermentor types on dry matter digestibility 
(DMD), organic matter digestibility (OMD), and 
chemical composition of fermented seaweed.

MATERIALS AND METHODS

Materials used as substrates in fermentation 
process were five types of seaweed collected 
from seaweed farmers in Punaga Village, Takalar 
Regency. The five types of seaweed were K. 
alvarezii green strain, K. alvarezii brown strain, 
Gracilaria gigas, Sargassum sp., and Caulerpa 
sp. which had been cleaned and laid in the sun to 
dry. Furthermore, various types of seaweed were 
crushed and sieved up into flour.

Four treatments of fermentor were Bacillus 
sp. 2 mL/100 g of seaweed flour; 1.5% of tape 
yeast as a source of Rhizopus sp.; 1.5% of baker’s 
yeast as a source of Saccharomyces sp.; a mix of 
Bacillus sp., yeast of Rhizopus sp. and baker’s 
yeast of Saccharomyces sp. with compositions of 
1 mL+1 g+1 g/100 g of seaweed flour; and control 
treatment. Three replications were performed 
for each treatment. Bacillus sp. used was the 
collection of the Laboratory of Nutrition and 
Food Technology, Faculty of Marine Sciences and 
Fisheries, Hasanuddin University with population 
density of 1.5×108 cfu/mL, tape yeast contained 
1.6×107 cfu/g of Rhizopus sp., and baker’s yeast 
contained 1.2×108 cfu/mL of Saccharomyces sp.

Fermentation was started by weighing each 
100 g of seaweed flour which was later put in 
sealed plastic. Each 100 g of seaweed was treated 
by fermentor that has been dissolved in 20 mL 
of molasses and sprayed evenly using sprayer. 
Plastic wrapped the seaweed powder was sealed 
and the flour was incubated for 72 hours to give 
a chance to the fermentor to break the substrate 
apart. After 72 hours, the seaweed flour was 
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steamed in boiling water for 1–2 min to inactivate 
the fermentor. Furthermore, analysis of several 
variables was performed.

The parameters measured were dry matter 
digestibility (DMD) and organic matter 
digestibility (OMD), as well as the chemical 
composition of the seaweed included protein, fat, 
ash, crude fiber, and NFE through the proximate 
analysis. Formula for the determination of dry 
matter and organic matter digestibility at in vitro 
are as follows:

Dry matter digestibility (DMD)  =
DMis– (DMr – DMb) × 100
	      DMis

Organic matter digestibility (OMD) =
OMis – (OMr – OMb) × 100
             OMis

Note: 
DM = dry matter (%)
OM = organic matter (%)
is     = initial sample
r      = residu
b     = blanco

All observation data obtained in this study 
were analyzed descriptively by comparing the 
results obtained among treatments and also by 
comparing it with the supporting literature.

RESULTS AND DISCUSSION

The percentage of DMD produced in this study 
ranged from 17.65 to 27.76% while the percentage 
of OMD ranged from 4.36 to 11.66% (Table 1). 
The lowest percentage value of DMD and OMD 
was produced by various seaweeds of control 
treatment (without fermentors) and followed by 
treatment of single fermentor. Moreover, mix 
treatment of Bacillus sp., Rhizopus sp., and 
Saccharomyces sp. resulted in the highest value. 

The high digestibility in the treatment of 
seaweed fermentation using fermentor of mixed 
Bacillus sp., Rhizopus sp., and Saccharomyces 
sp. was presumably due to the contribution 
of different extracellular enzymes released by 
each microorganism. According to Chu (2007), 
Bacillus sp. is a microorganism producing 
alkaline extracellular protease enzyme with a 
maximum proteolytic activity of 2,560 U/mL at 
temperature of 50 °C for 48 hours under optimal 
conditions. Alkaline protease is an enzyme that 

hydrolyzes protein substrate in alkaline condition. 
Rhizopus sp. is a good producer of amylolytic 
enzyme, particularly glucoamylase (GA). This 
enzyme can lower both amylose and amylopectin 
by hydrolyzing α-1,4 and α-1,6 link of both 
glucoside starches and produce glucose (Nahar et 
al., 2008). Jaelani et al. (2014) reported that the 
contribution of microorganisms in a fermentation 
can reduce the concentration of neutral detergent 
soluble, acid detergent soluble, hemicellulose, 
and lignin, as well as increase the protein content. 
According to Okone et al. (2007), degradation 
activity of fiber components by microorganisms 
involved in the fermentation process occurs during 
ensilage. Moreover, bacteria will convert non-
fiber carbohydrates into organic acids (acetate, 
lactate, propionate, and butyrate) during ensilage. 
Thus, the final product is more digestible than the 
material without fermentation.

Digestibility is the first indication of the 
availability of various nutrients contained in 
certain feed ingredients for fish to consume. 
High digestibility reflects the contribution of 
a particular nutrient, while feed having lower 
digestibility indicates that the feed is less capable 
in supplying nutrients for a basic living or for 
the purpose of fish production. Muhtarudin and 
Liman (2006) found that higher DMD means an 
increase in OMD and higher utilization possibility 
of nutrients for the production, vice versa. 

This study resulted in percentage value of 
DMD and OMD which was relatively similar to 
the research result of Hardana et al. (2013) by 
fermenting cocoa shells using Aspergillus niger 
of which the value of DMD ranged from 18.6% to 
25.1% and OMD ranged from 3.4–13%. However, 
the result of this study was lower than that of 
research conducted by Afrijon (2011) on cocoa 
shell without urea treatment (DMD of 46.37%) 
and with 6% urea-ammoniation treatment (DMD 
of 52.80%) and was still much lower when 
compared to the research result of Yulistiani et al. 
(2012) which used different substrates, namely 
corn cobs treated with urea, Aspergillus niger 
and Aspergillus niger + 0.5 urea which produced 
higher DMD of 59.7%; 47.2%; and 50.9%, 
respectively. Tang et al. (2008) reported that 
OMD in feed supplemented with Saccharomyces 
cerevisiae reached a level of 56.8%.

The level of organic matter digestibility is 
relatively higher than the digestibility of dry 
matter. This is because the dry ingredients still 
contain ash, while the organic matter does not 
contain ash; thus, material without ash content is 
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relatively easier to digest. As proven by Fathul and 
Wajizah (2010), the addition of Mn 40 mg/L and 
Cu 10 mg/L can increase the ash content which 
later may slow or inhibit the digestibility of dry 
matter of feed ingredients. In addition, organic 
matter is composed of carbohydrates, proteins, 
fats, and vitamins. Since organic matter is a part 
of dry matter, increase in the dry matter will also 
increase organic matter, vice versa. A similar 
result will also apply to the digestibility value, 
that is an increase in dry matter digestibility leads 
to increase in organic matter digestibility. 

Results of proximate analysis of seaweed 
fermented with various fermentors (Table 
2) showed that there was increased level of 
protein and NFE in each seaweed treated with 
fermentation using fermentors, compared with 
control. Furthermore, the highest value was found 
in seaweed fermented with a mix of Bacillus sp., 
Rhizopus sp., and Saccharomyces sp. However, 
the content of ash, crude fiber, and fat in seaweed 
fermented with fermentors was lower than that of 
control, and the lowest result was obtained in the 
treatment of mixed fermentors.

Treatment
Parameter (%)

Dry matter digestibility (DMD) Organic matter digestibility (OMD)
KAH.K 18.94 ± 1.02 5.98 ± 0.88

KAH.R 25.69 ± 0.82 9.65 ± 1.16

KAH.S 25.21 ± 1.24 9.25 ± 1.35

KAH.B 22.69 ± 1.35 11.12 ± 1.23

KAH.C 27.06 ± 1.40 11.54 ± 1.30

KAC.K 19.85 ± 1.16 5.49 ± 1.06

KAC.R 24.67 ± 1.22 9.71 ± 1.32

KAC.S 25.36 ± 1.37 9.46 ± 1.24

KAC.B 23.22 ± 0.86 11.57 ± 1.24

KAC.C 26.87 ± 0.62 11.66 ± 1.42

GG.K 18.93 ± 1.22 4.36 ± 1.28

GG.R 25.43 ± 1.15 9.04 ± 1.33

GG.S 25.78 ± 1.32 8.35 ± 1.08

GG.B 21.94 ± 1.27 9.43 ± 1.15

GG.C 27.76 ± 1.04 10.02 ± 0.7

SS.K 20.36 ± 1.08 4.87 ± 1.32

SS.R 26.35 ± 1.30 9.24 ± 1.36

SS.S 25.34 ± 1.26 9.15 ± 0.78

SS.B 24.36 ± 1.14 9.97 ± 0.89

SS.C 27.00 ± 1.18 10.59 ± 1.31

CS.K 17.65 ± 1.35 5.65 ± 1.02

CS.R 23.58 ± 1.15 8.97 ± 1.40

CS.S 23.14 ± 1.40 8.58 ± 1.32

CS.B 22.25 ± 1.27 9.36 ± 1.27

CS.C 24.86 ± 1.23 11.25 ± 1.25

Table 1. Percentage of dry matter digestibility (DMD) and organic matter digestibility (OMD) of seaweed with 
various fermentor treatments

Note: KAH = Kappaphycus alvarezii green strain; KAC = K. alvarezii brown strain; GG = Gracilaria gigas; SS = 
Sargassum sp.; CS = Caulerpa sp.; K = control; R = Rhizopus sp.; S = Saccharomyces sp.; B = Bacillus sp.; C = 
mix.
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Increased level of protein and NFE of 
seaweed fermented with various fermentors 
was caused by enzymatic by fermentor and the 
addition of protein in fermentor cell. According 
to Sukaryana et al. (2011), work result of enzyme 
produced by microorganisms leads to changes 
in the fermentation process (either in aerobic 
or anaerobic condition). Akinfemi et al. (2009) 
showed that increase in crude protein content on 
fermentation of solid substrate occurs as a result 
of hydrolysis of starch into sugar when fungus 
degrades and dissolves the substrate which 
later will be used by the fungus as a source of 

carbohydrates to synthesize fungus biomass that 
is rich in protein. Further, fermentation of solid 
substrate on lignocellulosic feed ingredients 
using microorganisms can increase the protein 
content and lower the fiber content (cellulose and 
hemicellulose, neutral detergent soluble, acid 
detergent soluble). Jalil et al. (2015) reported 
that sago fermented with R. oligosporus could 
increase the reducing sugar by 61%, glucose and 
fructose by more than 100%, soluble protein by 
1% and amino acids by 1.5% to 38.2%.

It is known that crude fiber content in feed 
ingredients affect the digestibility or degradation 

Treatment
Parameter (%)

Ash Protein Fat Crude fiber NFE
KAH.K 8.95±0.78 11.54±1.27 1.64±0.03 15.73±1.18 62.14±1.35

KAH.R 8.49±0.54 13.13±1.05 0.81±0.01 11.37±1.04 66.19±1.16

KAH.S 7.48±0.89 13.37±1.12 1.30±0.04 11.70±1.13 66.15±1.22

KAH.B 8.08±0.50 14.06±1.34 0.81±0.01 11.06±1.26 65.99±1.08

KAH.C 6.39±0.78 15.93±1.21 0.20±0.05 11.23±1.24 66.25±1.14

KAC.K 9.00±1.02 11.27±1.4 1.74±0.02 14.90±1.35 63.09±0.89

KAC.R 6.79±0.76 14.32±1.22 0.82±0.05 11.56±0.89 66.50±1.65

KAC.S 6.95±0.45 14.31±1.35 0.84±0.03 11.39±1.33 66.51±1.25

KAC.B 7.02±0.82 14.21±1.3 0.83±0.02 11.26±1.14 66.69±1.27

KAC.C 5.88±0.35 15.27±1.27 0.83±0.05 10.73±1.12 67.30±1.22

GG.K 10.14±0.98 8.82±0.8 0.91±0.01 15.56±1.27 64.58±1.14

GG.R 9.92±0.63 9.61±1.05 0.71±0.03 11.04±1.06 68.73±0.67

GG.S 10.97±0.75 9.23±0.96 0.29±0.01 11.83±1.01 67.67±1.27

GG.B 10.28±0.86 9.42±1.27 0.73±0.04 12.47±0.85 67.10±1.35

GG.C 9.48±0.78 9.92±1.03 0.82±0.04 10.83±1.22 68.95±1.16

SS.K 11.18±0.65 10.88±1.09 1.25±0.03 10.97±1.08 65.72±1.42

SS.R 9.07±0.45 11.46±0.69 1.00±0.02 7.91±1.25 70.55±0.76

SS.S 9.06±0.48 12.95±1.07 0.33±0.02 9.37±1.07 68.29±1.05

SS.B 9.66±0.94 13.07±1.30 0.85±0.03 8.35±0.59 68.07±1.20

SS.C 6.68±0.65 13.55±1.23 0.75±0.05 8.76±1.27 70.26±1.15

CS.K 13.19±1.4 10.56±1.28 1.91±0.03 22.08±1.60 52.26±1.27

CS.R 9.00±0.87 11.04±1.04 1.38±0.05 20.53±1.02 58.05±1.08

CS.S 7.22±0.99 12.69±1.08 1.22±0.05 20.27±1.24 58.60±1.13

CS.B 7.21±0.75 12.82 ± 0.88 1.53±0.01 20.20±1.07 58.24±1.28

CS.C 7.29±0.68 12.96 ± 1.24 1.31±0.03 19.97±1.21 58.47±0.92

Table 2.  Result of proximate analysis of seaweed by various fermentors

Note: KAH = Kappaphycus alvarezii green strain; KAC = K. alvarezii brown strain; GG = Gracilaria gigas; SS = 
Sargassum sp.; CS = Caulerpa sp.; K = control; R = Rhizopus sp.; S = Saccharomyces sp.; B = Bacillus sp.; C = 
mix.
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of dry matter and organic matter. According 
to Suprapto et al. (2013), crude fiber content 
is not only able to affect the digestibility of 
dry and organic matter but also may affect 
the digestibility of other compounds. Rostika 
and Safitri (2012) stated that fermentation can 
improve the nutritional quality of feed ingredients 
through fiber degradation, fat degradation, and 
an increase in crude protein, which further will 
increase the digestibility of feed. Oduguwa et al. 
(2008) reported that fermentation with fungus R. 
oligosporus on rice bran and coffee hull increased 
NFE and lower fiber content. Mulia et al. (2015) 
also reported that tofu waste fermented with R. 
oligosporus successfully decreased crude fiber 
content by 38–40%.

A decrease in crude fiber was possibly caused 
by the breaking down of complex substances 
in the substrate into simpler compounds by 
fungus T. harzianum. An increase in protein was 
sourced from biomass of growing fungus which 
is also a single cell protein (SCP). Biomass of 
fungus contained in the fermented material can 
contribute as a source of protein and is also 
expected to enhance the immune response of fish 
and shrimp (Kang et al., 2010). Compared with 
the crude protein content of corn cobs without 
treatment (4.33%), crude protein content in 
corn cobs biodegraded using fungus Pleurotus 
ostreatus and treated with the addition of urea 
increased twice (Hatta & Sugiarto, 2015). It is 
also explained that crude protein increase in 
fermented young corn cob can also occur due 
to the growth and proliferation of fungi during 
fermentation. In general, all end products of 
fermentation usually contain simpler and easier 
compounds to digest than the original materials; 
thus, the nutritional value of the ingredients 
will increase. Various types of microorganisms 
have the ability to convert starch into proteins 
by the addition of inorganic nitrogen through 
fermentation.

CONCLUSION

Fermentation of seaweed Kappaphycus 
alvarezii green strain, K. alvarezii brown strain, 
Gracilaria gigas, Sargassum sp., and Caulerpa 
sp. using fermentors of Bacillus sp. 2 mL/100 g of 
seaweed flour; 1.5% of ragi tape yeast as a source 
of Rhizopus sp.; 1.5% of baker’s yeast as a source 
of Saccharomyces sp.; mixed fermentors (Bacillus 
sp., tape yeast of Rhizopus sp. and baker’s yeast of 
Saccharomyces sp. with compositions of 1 mL+1 

g+1 g/100 g of seaweed flour) could increase the 
percentage of dry matter digestibility (DMD) 
and organic matter digestibility (OMD), protein 
content, and nitrogen-free extract (NFE), as well 
as decrease the content of crude fiber, fat, and ash 
of seaweed. The best fermentor was the mix of 
Bacillus sp., tape yeast Rhizopus sp., and Baker’s 
yeast Saccharomyces sp.
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