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ments were extracted in stages using n-hexane, ethyl acetate and metha-
nol. The observed parameters ke physical quality (pH, aroma, color,
and texture), nutritional quality (neutral detergent fiber (NDF), acid deter-
gent fiber (ADF), hemicellulose, cellulose and lignin), yield of extract,
class of bicactive cfhpounds and the antimicrobial activity test of ex-
tracted compounds. The data were analyzed using a one-way analysis of
variance and differences between treatments were tested using Duncan's
mul tfEfif range test. The addition of different{§ERlitives has a very signifi-
cant effect (P < 0.01) on the lignin conterfsignificant effect (P < 0.05)
on pH, aroma, color and texture; and no effect on the content of NDF,
ADF, hemicellulose and cellulose. The highest yield of extract was ob-
tained from methanol extract with the addition of poultry manure. The
methanol extract on the addition of poultry manure and urea were identi-
fied as compounds in the steroid, tannin and phenolic classes. The highest
antimicrobial activity test against Escherichia coli (12.83 mm) was ob-
tained from FOPF extract (1%) with addition of poultry manure, while
highest antimicrobial activity test against Staphylococcus aureus (11.67
mm) was obtained from FOPF extract (4%) with addition of molasses.
The conclusion of this research was FOPF with addition of p@try ma-
nure provides good physical quality, nutritional quality and can inhibit the
growth of E. coli and S. aureus at a concentration of 1%.
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Introduction additiofgof additives on the fermentation process
The utilization of oil palm plantation waste aim to break down lignocellulose and lignohemi-

such as oil palm fronds as feed is still limited due  cellulose bonds and increase nutrient digestibility

to the high lignin content [1, 2]. Physical-chemi- [3, 4, 5].

cal-biological and combination treatments and the
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Palm oil fronds have antimicrobial activity [6].
Methanol extract from palm oil leaves contains
tannin, alkaloids, saponins, terpenoids and flavo-
noids [7]; and toxicity tests on shrimp and rats
showed that palm oil leaf extract is safer for con-
sumption and recommended as a natural product
[8]. This study aims to determine physical quality,
the nutritional quality, and clf¥acteristics of anti-
microbial compounds from fermented oil palm
fronds.

Materials and Methods

The research was conducted in June-Novem-
ber 2017, @& the Laboratory of Nutrition and
Chemistry at the Faculty of Agriculture and Ani-
mal Sciences of State Islamic University of Sultan
Syarif Kasim Riau Indonesia, Biotechnology Re-
search Center of the Indonesian Sciences Institute
Indonesia and Laboratory of Biota Sumatra Anda-
las University.

The study was conducted through two (2)
stages: namely fermentation of oil palm frond
based on Febrina [9] modified with different addi-
tive (10% poultry manure, 10% cow feces, 5%
urea and 5% molasses) using a Completely Ran-
domized Design 4 treatment with gjreplications.
Fermentation process for 21 days. The data were
analyzed using a one-way analysis of variance and
differences between treatments were tested using
Duncan's Multiple Range Test. The observed pa-
rameters were physical quality tests include pH,
aroma, color and texture and nutritional quality in-
cluding the content of NDF, ADF, hemi cellulose,
cellulose, and lignin based on Van Soest analysis
using the FOSS Fibertec system. The second stage
is multilevel maceration and extraction using
methanol, ethyl acetate and n-hexane solvents.
Phytochemical screening based on Franswort [10]
and the antibacterial activity test of oil palm fronds
extract based on Handayani et al. [11].

t and Discussion

The Effect of different additives on the physical
quality of FOPF

The addition of different additives has a sig-
nificant effect (P < 0.05) on the physical quality of
FOPF including pH, aroma, color and texture (Ta-
ble 1). The lowest of pH (5.18) in treatment A is
related to the availability of carbohydrates and the
production of lactic acid bacteria. The same results
were seen in treatment D with a pH of 5.28. Ad-

dition of poultry manure and molasses on fermen-
tation oil palm frond aims aggfgsource of additive
which can trigger the growth of lactic acid bacteria
to produce lactic acid. In§PBased production of lac-
tic acid will reduce pH and inhibit the growth of
pathogenic bacteria. Ozduven et al. [12] stated that
pH is associated with lactic acid p§ff§luced during
the fermentation process which can inhibit the
growth of pathogenic microbes. Oil palm fronds
which are fermented with molasses produce pH
3.93 [3].

The process of ammonization of oil palm
fronds using urea will produce the highest pH of
7.60 which is alkaline. The same results were re-
ported by Zahari et al. [3], the process of ammoni-
zation of oil palm fronds using urea resulting in a
pH of 7.38. In the process of ammonization with
urea will break down into ammonium ions so that
the ammonization product is alkaline. Laura and
Paolo [13] state that urea will break down into am-
monium ions, which are alkaline and ammoniza-
tion processes can break down glycoside bonds
[14] so that the oil palm fronds can be degraded by
rumen microbes.

In treatment A produces an aroma score of 3
with acid criteria. Tt has been shown that the fer-
mentation process is going well as indicated by
acid production. Aroma is related to the produc-
tion of lactic acid and pH. It can be seen in Table
1 the addition of poultry manure to oil palm fronds
fermentation resulting in the lowest pH (5.18) so
that the products are acidic.

Treatment A, B and D produces a color that is
not different (P > 0.05), which is natural green or
yellowish green with score of 3-3.03. Good quality
silage will produce colors that are not different
from the original material [15]. The occurrence of
color changes from green to yellowish green indi-
cated the anaerobic phase oxygen has run out of
carhohydrates. Then it will produce COz, H20 and
heat. The heat produced causes a change in color
from green to yellowish green.

Treatment A wilfjroduce softer textures with
score 2. This shows that the addition of the poultry
manure to fermentation process can support
the growth of lactic acid bacteria to produce lactic
acid. Optimal production of lactic acid will reduce
pH so that it inhibits the growth of pathogenic bac-
teria. This low pH also supports the production of
lignase enzymes which function to break down
lignocellulose and lignohemicellulose thereby re-
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Table 1. The effect of different additives on the physical quality of FOPF
Physical quality
Treatment _ @) pH Aroma Color Texture
Value Notes Value Notes Value Notes Value Notes
Yellowish
A 5.1840.10 Acid 3.00°:0.00 Acid  3.03%+0.05 E‘;:’: 2.00°+0.00 Rather Soft
r
B 55200020 Acid  4.00:0.00 MO 300000 YOOWSH 5000000 soft
Acidic Green
Non- B ish Soft
C 7.60°:0.14 Base 2.03°:0.05 o 403°:005 o' 3030005 0
acidic Green
D 5289:021 Acid 5004000 'Y 3004000 ‘eOSM 500i000  Soft
Acidic Green
Table 2. The effect of different additive on fiber fraction of FOPF
Treatment Fiber Fraction (%)
" NDF ADF Hemicellulose Cellulose Lignin
A 73.34+3.68 51.81+4.82 21.52+6.07 28.54+3.36 19.94* £1.47
B 75.39+2.03 55.03+4.23 20.35+4.46 29.57+3.09 23.15" +0.96
C 73.83+£1.01 53.30+3.43 20.51+4.30 31.55+1.99 21.57°+1.58
D 74.9843.52 54.04+4.48 20.9346.63 31.7044.27 22.41%+1.22

Note: A = FOPF with the addition of poultry manure
B = FOPF with the addition of cow feces
C = FOPF with the addition of urea
D = FOPF with the addition of molasses

a, b, and c mean with different superscript differ (p < 0.05)

ducing lignin content. It is seen that treatmeif A
produced the lowest lignin content of 19.94%. The
release of lignin from cellulose and hemicellulose
causes fermented products to have a softer texture.

The Effect of different additive on fiber fraction
of FOPF

A The addition of different additive had no effect
(P > 0.05) on the content of NDF, ADF, hemicel-
lulose and cellulose but had a very significant ef-
fect (P < 0.01) on the lignin content (Table 2).
Rahman et al. [4] reported there was a decrease in
the lignin content of oil palm fronds in the fermen-
tation process using white rot fungi.

Lignin is a part of plant cell walls which con-
sists of very complex and difficult to digest bonds.
The high content of lignin in the feed will reduce
its digestibility. The lignin content of oil palm
fronds is 30.18% [2]. One of the purposes of pro-
cessing feed through ammonization and fermenta-
tion in oil palm fronds is to reduce the lignin con-

t. The addition of different additive gave a very
significant effect (P < 0.01) on the lignin content
of FOPF. TIgZlowest lignin content in treatment
A (19.94%) was not significantly different (P >

0.05) compared to treatment C (21.57%) but was
very significant (P < 0.01) lower treatment B
(23.15%)

and treatment D (22.41%).

The lowest lignin content in treatment A
(19.94%) allegedly in the oil palm frond fermen-
tation using poultry manure will produce higher
lignase and urease enzymes than other treatments.
The lignase enzyme is an extracellular enzyme
that functions to degrade lignin and urease to
break down urea into ammonia. Poultry manure
also functions as a source of urease which will
break down urea into ammonia and CO». The high
N content in poultry manure, which is 3.63-5.30%
with C/N ratio 5.8-7.6 [16], causes high urease ac-
tivity so that the addition of poultry manure as a
source of additive in palm frond fermentation can
reduce lignin content. Thambirajah et al. [17]
there is a positive correlation between the nitrogen
content of poultry manure and the nutritional con-
tent of oil palm empty fruit bunches fermented
with poultry manure. The addition of 15% poultry
manure in ammoniated rice straw can reduce fer-
mentation time from 20 days to 5 days.
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Bioactive compounds from extracts of FOPF

Bioactive compounds contained in extracts
from FOPF can be known through maceration
method with multilevel extraction. This is based
on multilevel extraction can separate the bioactive
compounds contained in the extract from the
FOPF in the same sample based on their level of
polarity without the bioactive compounds dissolv-
ing in other solvents, therefore in this study the
multilevel extraction process starts from a non-po-
lar solvent (n-hexane) followed by a semi-polar
solvent (ethyl acetate) and finally with a polar sol-
vent (methanol).

Table 3 shows n acetate extracts FOPF pro-
duce the lowest yields ranging from 0.78-1.08%
while the methanol extract produces the Eigest
yields ranging from 5.79-7.87%. The same results
were reported by Salamah et al. [18] the lowest
yield of Taiwanese gravestone extract was from n-
hexane extract (0.04%) and the highest yield was
from methanol extract (0.12%).

FOPF which was extracted with methanol,
produced the highest yield of 7.87% of crude com-
pounds. This shows that the most bioactive com-
pounds found in FOPF are polar because they can
dissolve in polar solvents namely methanol. Bio-
active compounds of FOPF which are non-polar
and semi-polar in smaller amounts. Phytochemical
analysis of bioactive compounds of extract of fer-
mented oil palm fronds is shown in Table 4.

The extraction process uses methanol solvents
in treatments A and C, produce small amounts of
tannin and phenolic compounds (+). Sufficient
amounts of phenolic compounds (++) were found
in treatment B and D. N hexane extract in treat-
ment A produced the lowest yield (0.78%) and
methanol extract produced the highest yield
(7.879%). This shows that treatment A contains po-
lar compounds (methanol) which are greater than
non-polar compounds (n hexane). Analysis of
phytochemical compounds shows, treatment A
contains bioactive compounds, are steroids and
tannins, in small amounts (+) and phenolic com-
pounds in sufficient quantities (++).

a. Steroid

Steroids are initially considered only as com-
ponents of animal substances (as sex hormones,
adrenal hormones, bile acids, etc.), but recently
steroids have also been found in plant substances
[19]. Steroids contained in methanol extract, ethyl

Table 3. The yield of extracts FOPF
Yield of extracts (%)

Treatment

N hexane Ethyl Acetate Methanol
A 0.78 1.53 7.87
B 1.08 1.3 7.07
C 1.02 1.17 5.79
D 0.89 1.08 7.4

Note: A = FOPF with the addition of poultry manure
B = FOPF with the addition of cow feces
C = FOPF with the addition of urea
D = FOPF with the addition of molasses
a, b, and ¢ mean with different superscript differ
(p <0.05)

acetate and n hexane in treatment A are thought to
be adrenal hormones and sex hormones, because
in poultry, metabolic waste that cannot be used
again is released as excreta through cloaca. Ex-
creta consists of feces, urine and sperm/egg cells.
Bose et al. [20] stated that steroid compounds
were detected in Achatina fulica (freshwater gas-
tropods such as golden snails). Steroids are
thought to increase body stamina (aphrodisiac)
and anti-inflammation. Silva et al. [21] reported
extracts from the leaves of Agave attenuate, con-
taining steroid compounds that have anti-inflam-
matory activity.

Phytochemical analysis showed that bioactive
steroid compounds were detected in all extract of
FOPF (n hexane, ethyl acetate and methanol)
which had different polarity. Harbone [19] states,
steroids are cholesterol, which are non-polar so
they can dissolve in non-polar solvents, (n-hex-
ane), semi-polar (ethyl acetate) and polar (metha-
nol) in small amounts (+). The steroid content in
beef, which is extracted using non-polar and polar
compounds, shows no difference [22].

Bioactive compounds of steroid, which are
found in extract of FOPF can be used as antimi-
crobials because steroids are bioactive compounds
that function as anti-fungal. N hexane extract from
lotus seeds contains bioactive steroid compounds
and can inhibit the growth of Gram-negative bac-
teria (Aeromonas hydrophila) and Gram-positive
bacteria (Streptococcus agalactiae) and fungi
(Saprolegnia sp.) [23].

b. Tannin
Methanol extract from FOPF in treatments A

JTLS | Journal of Tropical Life Science

30 Volume 10 | Number 1 | January | 2020




D Febriana, R Febriyanti, SI Zam, et al., 2020 / Nutritional Content and Characteristics of Antimicrobial from Elaeis guineensis Jacq

Table 4. Bioactive compounds of extract of FOPF

Class of n hexane Ethyl Acetate Methanol
Compounds A B C D A B C D A B C D
Alkaloid - - - - - - - - - - -
Steroid + + 4+ 4+ 4+ 4+ 4+ 4+ + 4 4 4
Terpenoid - - - - - - - - - - - -
Flavonoid - - - - - - - - - - B, B,
Saponin - - - - - - - - - - - -
Quinone - - - - - - - - - - - -
Tannin - - - - - - - + . + .
Courmarin - - - - - - - - - - - -
Phenolic - - - - - - - - + 4+ + ++

Table 2. The effect of different additive on fiber fraction of FOPF

Inhibited Zone (mm)

Concentration E. coli S. aureus
A B C D A B C D
1% 12.83 9 9 7.67 8 7.67 11.33 6.3
2% 11.67 8.67 8.83 7.33 9.16 8.67 10.16 7.67
3% 10.5 8.66 9 7.5 9.67 8 10.16 9.16
4% 8.5 10.33 8 8 7.83 9.33 8 11.67
5% 7.33 9 8.83 7.5 7.83 6.67 9 10

Note: A = FOPF with the addition of poultry manure
B = FOPF with the addition of cow feces
C = FOPF with the addition of urea
D = FOPF with the addition of molasses
- = there are no bioactive compounds
+ = in small quantities
++= there are in sufficient quantities

and C contains small amounts of tannin com-
pounds (+). The tannin compounds found in oil
palm plants are reported by Sasidharan [7] in
methanol extract of palm oil leaves; Febrina et al.
[6] on the ethanol extract of oil palm fronds.

The presence of tannin compounds in metha-
nol extract in treatments A and C shows that meth-
anol extract from FOPF has the potential to be an-
timicrobial. Tannin has antibacterial properties by
precipitation proteins because it is suspected that
tannins have the same effect as phenolic cdfli-
pounds [24]. The tannin compounds found in the
ethanol extracts of oil palm fronds [7] and mango-
steen peel [25] have the potential to be antimicro-
bial because they can inhibit the growth of S. au-
reus and E. coli.

c. Phenolic

Phytochemical analysis in treatment B and D
showed that sufficient quantities of phenolic bio-
active compounds (++). This indicates that the ex-

tract of oil palm frond which is fermented with
cow feces and molasses can be used as an antimi-
crobial. Phenol compounds can be used as antibac-
terial because they contain aromatic rings with one
or two hydroxyl groups that can change the per-
meability of the cytoplasmic membrane thus in-
hibiting bacterial growth [19,26]. Ethyl acetate
extract of binahong leaves, containing polyphe-
nols and saponins with the minimum inhibitory
concentration (MIC) against Shigella flexneri was
8% biv [27].

Antimicrobial activity test of extracts from FOPF
(In Vitro)

The methanol extract from oil palm fronds
which are fermented $#h different additive has
antimicrobial activity which is characterized by
the formation of inhibitory zones. The formation
of inhibiti@fones shows that it has inhibited the
growth of Gram-positive bacteria (S. aureus) and
Gram-negative bacteria (E. coli), by compounds
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contained in methanol extract from FOPF. The in-
hibitory zone formed shows that bacteria have an-
timicrobial activity [28], thus it can be concluded
that methanol extract from FOPF which are fer-
mented with different sources of additives has an-
timicrobial activity that is bactericide (killing bac-
terig])

The inhibitory zone formed in testing tHgFinti-
microbial activity of extracts from FOPF in Gram-
positive (S. aureus) and Gram-negative (E. coli)
bacteria at concentrations of 1-5% as shown in Ta-
ble 5.

In Table 5 shown the difference in diameter of
inhibition zones in each treatment. The diameter
of the inhibition zone ranges from 6.67 - 12.83
mm. The smallest diameter inhibition zone of 6.67
mm was produced at a concentration of 5% in
treatment B. The largest diameter inhibition zone
is 12.83 mm at a concentration of 1% in treatment
A

The ability of extracts from FOPF inhibits bac-
terial growth in the moderate to strong, because
the diameter of the inhibition zone ranges from
6.67-12.83 mm. In accordance with the statement
E@Davis and Stout [29] and Mudi and Ibrahim [30]
if the diameter of the inhibition zone is more than
6 mm, the extract has antimicrobial activity with a
moderate to strong Eltegory.

Tab shows the diameter of the inhibitory
zone in Gram-negative bacteria (E. coli) generally
greater than the @Em-positive bacteria (S. au-
reus). The largest diameter of the inhibition zone
in Gram-negative bacteria (E. coli) namely in
treat t A with a concentration of 1% was 12.83
mm. largest diameter of the inhibition zone in
Gram-positive bacteria (S. aureus) namely in
treatment D with a concentration of 4% is 11.67
mm. There was a difrence in the diameter of the
inhibitory zone in gram positive and Gram-nega-
tive bacteria due to differences in the structure of
bacterial cell walls. The data in Table 5 shows that
the antibacteri#ffompounds of the methanol ex-
tract of FOPF were able to inhibit the growth of
Gram-negative bacteria better than Gram-positive
bacteria which was characterized by a largefhm-
eter of the inhibition zone. Cell walls of Gram-
positive bacteria have a simple structure compared
to Gram-negative bacteria that have complex
structures. The largest diameter inhibition zone
(12.83 mm) for gram negative bacteria (E. coli)

showed that the compounds contained in the meth-
anol @Airact of FOPF had a greater ability to pEk-
trate the cell walls of Gram-negative bacteria. This
is because Gram-negative bacteria have a more
complex structure and have more layers so that
onl{Ertain compounds can penetrate it.

The minimum inhibition concentration (MIC)
shows the lowest concentration of extract which
can inhibit bacterial growth. The smaller the MIC
value the greater the antimicrobial activity. This
can be sedfflin treatment A at a concentration of
1% which was able to inhibit the growth of patho-
genic microbes with the largest diameter of inhibi-
tion zone (12.83 mm).

Conclusion

The conclusion of this research was FOPF
with addition of poultry nffghure provides good nu-
tritional quality and can inhibit the growth of E.
coli and S. aureus at a concentration of 1%.
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