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Abstract. Cassava peel is the waste of processing cassava which is promising enough to be
used as alternative animal feed. However, cassava peel has a fairly low nutrient content.
Fermentation was one of the way to increase the quality of cassava peel. Fermentation used
in this research utilized Indigenous Microorganisms (IMO) with the main substance was
the cassava peel itself. This research lasted for 3 months started from December 2018 to
February 2019 at the Laboratory of Microbiology and Laboratory of Feed Processing
Science and Technology Department of Animal Science Faculty of Agriculture University
of Sumatera Utara and Laboratory of Agrichemists and Natural Resources at the Industrial
Research and Standardization Office of Medan. This research was designed using
Completely Randomized Design (CRD) factorial pattern of 3 x 3 with 3 replications, as
factor | was the dose of Indigenous Microorganisms (IMO) and factor 11 was the duration
of fermentation. The parameters measured were water content/dry matter, crude fat, crude
protein, crude fibre, ash, and Non Nitrogen Free Extract (NNFE) using proximate analysis.
The results showed that fermentation of cassava peel using Indigenous Microorganisms
(IMO) with the variation of Indigenous Microorganisms (IMO) dose and duration of
fermentation give effects, that were increased water content, crude protein, and Non
Nitrogen Free Extract (NNFE) and decreased dry ingredient, crude fat, crude fibre, and ash
content.
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1 Introduction

Utilization of cassava peel waste as one solution to overcome the problem of providing feed
[1]. It is also as an effort to reduce environmental pollution caused [2]. The amount of cassava peel
waste in Indonesia is quite abundant because of its huge utilization and its existence is quite good.

However, the nutritional content of cassava skin is fairly low, especially crude protein content.
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Various types of processing were carried out on feedstuffs in order to increase the nutrient
content and reduce antinutrient substances, one of that was fermentation. Fermentation is the process

of breaking down organic compounds into simpler compounds involving the role of microorganisms

[3].

2 Methods

The research used Completely Randomized Design (CRD) factorial pattern with 2 factors, each
factor consisting of 3 levels (3 x 3) with 3 replications, so that 27 research units were obtained.
Factor I: dose of IMO solution (D)
D1=1%
D2,=3%
D3=5%
Factor IlI: duration of fermentation (L)
L, = 3 days
L, =5 days
L3 =7 days
The replications were got from this formula.
axb(@-1)>15
3x3(r-1)>15
9(r—1)>15
9r—9>15
9r>15+9
Or>24
r>24/9
r>2,6<3
The linear equation used is as follows.
Yijk = p + ai + Bj + (ep)ij + cijk
i=1,2,..,8j=12,..,b k=12, ..,c

Information:

Yijk = The results of observation for factor A level i, factor B level j, on the k
replication

[Vl = General mean

ai = Effect of factor A on the i level

Bj = Effect of factor B on the j level

(ap)ij = Interaction between A and B at factor A level i, factor B level j

eijk Experimentrepljcation error for factor A level i, factor B level j on the k

54



Table 1. The research design that will be used

Factor I: r Factor Il: duration of fermentation (L)
dose of IMO (D) L, (3 days) Lo (5 days) L3 (7 days)
Uz D:L1U1 D:L2Us D:1L3U:
D1 (1 %) Uz D:L1U: D:L.U: DiLsU:
Us DilaUs DiloUs DilsUs
U1 D2L1U1 D2L2Us D2LsUs
D7 (3 %) U2 D2L1U2 D:2L2Uz D2LsU2
Us DoL1Us3 DaLoUs DoL3Us3
Ui D3LiUs D3loUs DsL3U;
D3 (5 %) U2 DsL1Uy D3LoU> D3lL3Us
Us DsL1Us Dsl2Us Dsl3Us

2.1 Parameters of Research

The parameters of the research were moisture content, dry matter content, crude fat content,
crude protein content, crude fiber content, ash content, NNFE content, and cyanide acid level.

Moisture Content

Moisture content = sample weight before drying x 100%

sample weight after drying

Dry Matter Content (DM)
DM = 100 % - Moisture content

Crude Fat Content (CF)

CF = flask weight after extraction - flask weight before extraction x 100%

sample weight

Crude Protein Content (CP)
CP = (V1 HCI -V, HCI) x N x 0,014 x 6,25 x dilution

factor sample weight

Crude Fiber Content (CF)
CF=  sample weight - ash weight x 100%

sediment weight on filter paper
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Ash Content

Ash content = (sample weight + dish after furnace) - empty dish weight x 100%

sample before furnace weight

Non Nitrogen Free Extract (NNFE)
NNFE =100 % - (% moisture + % CF + % CP + % CF + % ash)
2.2 Conduction of Research

The research was conducted in two steps, they were the making of Indigenous Microorganisms
(IMO) and fermentation of cassava peel.

2.3 Analysis of Data

Data obtained and analyzed by Completely Randomized Design (CRD) factorial pattern, if
obtained real or very real results then continued with Duncan's mean range test (DMRT).

3. Results and Analysis

3.1 Moisture Content

Table 2. Moisture content of fermented cassava peel (%) based on dry matter content

Duration of fermentation (L)

Dose of IMO (D)

L1 (3days) Ly (5days) L3 (7 days)  Mean
D1 (1%) 6,917 7,89°0 9,49"° 810
Dy (3%) 7,617 9,54°" 10,60%° 925
D3 (5%) 7,045 10,87%" 11,33% 10,05
Mean 7,49 9,44 10,48
Information: The different superscripts on the same row and column show significant differences (P <

0,05).
Notation with uppercase letter indicates the dose of IMO, notation with lowercase letter

indicates the duration of fermentation.

Based on the results of Duncan's mean range test (DMRT) was known that the interaction
between the two factors increased the moisture content, wherein the highest increased of

moisture content was D3L3 from 6,00 % to 11,33 % or increased in the amount of 47,04 % and
the lowest increased was D1L1 from 6,00 % to 6,91 % or increased in the amount of 13,17 %.
However, the D,L, treatment was known as an optimal teatment to increase the moisture

content in fermented cassava peel because the value was not significantly different from D3L3,
which was from 6,00 % to 9,54 % or increased in the amount of 37,11 %.
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From the results of the research was found that the higher dose of IMO and the longer the
duration of fermentation caused an increased in moisture content. This was presumably because
microbes carry out the process of metabolism of carbohydrate from cassava peel during
fermentation to be used as an energy source and water was a by-product of this process. This
was supported by the results of the research [4].

3.2. Dry Matter Content

Table 3. Dry matter content of fermented cassava peel (%)

Duration of fermentation (L)
Dose of IMO (D)

L (3 days) L, (5 days) L3 (7 days)  Mean
D; (1%) 93,09™° 92,11 90,51%° 91,90
D, (3%) 92,39" 90,4650 89,40%° 0075
Ds (5%) 92,06" 89,135 88,67%° 89,95
Mean 92,51 90,56 89,52
Information: The different superscripts on the same row and column show significant differences (P <

0,05).
Notation with uppercase letter indicates the dose of IMO, notation with lowercase letter

indicates the duration of fermentation.

Based on the results of Duncan's mean range test (DMRT) was known that the interaction
between the two factors decreased the dry matter content. The highest decreased of dry matter

content was D3lL3 from 94,00 % to 88,67 % or decreased in the amount of 5,67 % and the
lowest decreased in dry matter content in D1L1 from 94,00 % to 93,09 % or decreased in the
amount of 0,97 %. However, the DoLo treatment was found to be not significantly different

from D3l 3, because there was a decreased of dry matter content in fermented cassava peel, from
94,00 % to 90,46 % or decreased in the amount of 3,77 %.

The increased of water content was inversely proportional to the decreased in the dry matter
content of fermented cassava peel. It was known that the higher dose of IMO and the longer
fermentation duration would increased the moisture content of fermented cassava peel, so the
dry matter content will be lower. This was according to research [5] whom found that after

fermentation, dry matter content became lower.
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3.3 Crude Fat
Table 4. Crude fat content of fermented cassava peel (%) based on dry matter content

Duration of fermentation (L)

Dose of IMO (D) Mean
L, (3 days) L, (5 days) L3 (7 days)

D: (1%) 1,16"2 1,16"2 1,15 1,16
Dy (3%) 1,122 1,078 1,048P 1,08
Ds (5%) 1,115 1,050 1,050 1,07
Mean 1,13 1,09 1,08

Information: The different superscripts on the same row and column show very significant
differences (P < 0,01).
Notation with uppercase letter indicates the dose of IMO, notation with
lowercase letter indicates the duration of fermentation.

Based on the results of Duncan's mean range test (DMRT) was found that the interaction
between the two factors resulted the highest decreased of crude fat content was in DyL3 from
1,43 % to 1,04 % or decreased in the amount of 27,27 % and the lowest decreased of crude fat
content was in D1L1 and D1L» from 1,43 % to 1,16 % or decreased in the amount of 18,88 %.
However, the treatment of DL, was known to be optimal treatment in reducing crude fat
content in fermented cassava peel because the value was not significantly different from DsL3,
which was from 1,43 % to 1,07 % or decreased in the amount of 25,17 %.

The decreased in crude fat content of cassava peel substrate was thought to be due to microbes
produced lipase enzymes which function to degrade fat. The higher used of dose of IMO and the
longer duration of the fermentation will increase the mass of microbes that worked to ferment
cassava peel. Increased microbial mass, lipase enzymes produced would be higher. This was in

accordance with statement [4].

3.4. Crude Protein

Table 5. Crude protein content of fermented cassava peel (%) based on dry matter content

Duration of fermentation (L)

Dose of IMO (D) Mean
L, (3 days) Lo (5 days) L3 (7 days)

D (1%) 4,96" 5,13°" 4,93"° 5,01
D, (3%) 5,602 5,35°" 5,055 5,33
D3 (5%) 5,775 5,745 5,245 5,58
Mean 5,44 5,41 5,07

Information: The different  superscripts on the same row and column show very significant
differences (P < 0,01).
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Notation with uppercase letter indicates the dose of IMO, notation with lowercase letter
indicates the duration of fermentation.

Based on the results of Duncan's mean range test (DMRT) was found that the interaction
between the two factors resulted the highest increased of crude protein content was in D3l
from 4,17 % to 5,77 % or increased in the amount of 27,73 % and the lowest increased of crude
protein content occurred in D1L3 from 4,17 % to 4,93 % or increased in the amount of 15,42 %.
However, the treatment of DL was known to be optimal treatment to increased crude protein
content because the value was not significantly different from D3L1, which increased the crude
protein content from 4,17 % to 5,60 % or increased in the amount of 25,54 %.

From the results of the research also was found that the higher dose of IMO given as
fermentation starter of cassava peel, caused an increased of crude protein content. The higher
dose of IMO that used in the fermentation caused the mass of microbes that worked on cassava
peel fermentation would be increased. Microbes were living organisms where the body's
constituent structure was protein, so it can be said that microbes were producers of Single Cell
Proteins (SCP). The higher number of microbes that lived on fermented cassava peel, it would
be increased the Single Cell Protein (SCP). This was in accordance with statement [4].

In addition, the increased in crude protein content was suspected because microbes that worked
in the fermentation process converted inorganic N in the form of urea found in IMO to organic
N (protein). This was according to the statement [6]. Furthermore, the increased in the protein
content of fermented cassava peel by indigenous microorganisms was suspected because
indigenous microorganisms contained protelitic microbes which produced protease enzymes
that overhaul the protein into polypeptides which then become simple peptides. This was in
accordance with research by [7]. The end result of this reshuffle was free amino acids and when
analyzed, amino acids are counted as proteins so that crude protein levels increased.

However, the longer fermentation duration did not have positive impact on increasing crude
protein content. The highest crude protein content occurred in fermentation on the third day,
decreased on the fifth and seventh day. It was suspected that the decreased in crude protein
content was due to the fermentation process, microbes degraded proteins into volatile ammonia
(NH3) compounds. The longer the fermentation time, the more protein was converted to

ammonia which then evaporated so that the crude protein content dropped. This is according to
research by [8].
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3.5 Crude Fiber

Table 6. Crude fiber content of fermented cassava peel (%) based on dry matter content

Duration of fermentation (L)

Dose of IMO (D) Mean
L, (3 days) L, (5 days) L3 (7 days)

D: (1%) 14,8172 13,69"° 12,347 1361
Dy (3%) 13,6252 12,645° 11,57 1261
Ds (5%) 13,362 11,630 10,39%° 11,80
Mean 13,93 12,65 11,43
Information: The different superscripts on the same row and column show very significant
differences (P < 0,01).

Notation with uppercase letter indicates the dose of IMO, notation with lowercase
letter indicates the duration of fermentation.

Based on the results of Duncan's mean range test (DMRT) was found an interaction between the
two factors that caused the highest decreased in crude fiber content in D3L3 from 16,88 % to
10,39 % or decreased in the amount of 38,45 % and the lowest decreased in crude fiber content
on D;L1 from 16,88 % to 14,81 % or decreased in the amount of 12,26 %. However, the DsLo
treatment was known to be optimal treatment for reducing crude fiber content because the value
was not significantly different from D3L3, which was the decreased in crude fiber content from
16,88 % to 12, 64 % or decreased in the amount of 25,12 %.

From the results of the research, it was known that the higher the dose of IMO used as
fermentation starter and the longer the fermentation duration would have a positive effect on the
decreased in crude fiber content. This was presumably because in IMO there are cellulolytic
microbes that produce cellulase enzymes, in which this enzymes were able to degraded
cellulose molecules. Thus, the higher the IMO dose and the longer the duration of fermentation
took place, the higher the microbial mass that lived on the substrate, the more cellulase enzymes

produced. This was in accordance with research [4].

3.6 Ash Content

Table 7. Ash content of fermented cassava peel (%) based on dry matter content

Duration of fermentation (L)

Dose of IMO (D) Mean
L1 (3 days) L, (5 days) L3 (7 days)

D1 (1%) 6,09 531 5,08 5,49"
Dy (3%) 5,60 477 4,44 4,948
Ds (5%) 5,30 4,46 431 4,695
Mean 5,66° 4,85° 4,61°
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Information: The different superscripts on the different row and column show very significant
differences (P < 0,01).
Notation with uppercase letter indicates the dose of IMO, notation with lowercase letter

indicates the duration of fermentation.

From the results of the analysis of variance was shown that the IMO dose and fermentation
duration had a very significant effect (P < 0,01) on changes in ash content in fermented cassava
peel. However, there was no interaction between the two factors. Based on the results of
Duncan's mean range test (DMRT), it was found that there was a decreased in ash content of
fermented cassava peel. In terms of the dose of IMO used, the highest average decreased in ash

content was in D3 from 6,78 % to 4,69 % or decreased in the amount of 30,83 % and the lowest
average decreased in ash content in Dy from 6,78 % to 5,49 % or decreased in the amount of
19,03 %. However, the used of IMO dose on D> was known to be optimal treatment because the
reducing value was not significantly different from D3, which was from 6,78 % to 4,85 % or
decreased in the amount of 28,47 %. Meanwhile, when divined from the duration of
fermentation, the highest average decreased of the ash content in L3 from 6,78 % to 4,61 % or
decreased in the amount of 32,01 % and the lowest average decreased in ash content in L1 from
6,78 % to 5,66 % or decreased in the amount of 16,52 %. The L, treatment has been optimal
treatment in reducing the ash content in fermented cassava peel because the average decreased
was not significantly different from L3, which was from 6,78 % to 4,94 % or decreased in the
amount of 27,14 %.

The decreased in ash content was caused by microbial activity that degraded cassava peel
resulting the increased in organic matter. The higher the dose of IMO and the longer
fermentation duration, the more of microbes mass that worked in the fermentation process
increased. Thus microbial worked during the fermentation process was more optimal in
degrading cassava peel so that more organic matter were degraded and the ash content
decreased. This was in accordance with research by [9] and [10].

The decreased in ash content identified an increased in the content of organic matter substrate.
Organic materials contain nutritional substances that are quite important, namely protein, fat,
and carbohydrates, and vitamins. Through the fermentation process, the ash content of cassava

peel is expected to decrease.
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3.7 Non Nitrogen Free Extract (NNFE) Content

Table 8. Non Nitrogen Free Extract (NNFE) content of fermented cassava peel (%) based on
dry matter content

Duration of fermentation (L)

Dose of IMO (D) Mean
L, (3 days) L, (5 days) L3 (7 days)

D1 (1%) 66,07 66,82 67,00 66,63A
D: (3%) 68,43 66,63 67,27 67,45"
Ds (5%) 66,52 66,25 67,68 66,81A
Mean 67,01° 66,57° 67,32°
Information: The same superscripts on the different row and column show non significant differences
(P >0,05).

Notation with uppercase letter indicates the dose of IMO, notation with lowercase letter
indicates the duration of fermentation.

Analysis of variance showed that the treatment of various IMO dose and duration of
fermentation had no significant effect (P > 0,05) on NNFE content of fermented cassava peel.
Between the two factors also showed no interaction. Based on the results of Duncan's mean
range test (DMRT), it was found that there was an increased in NNFE content in terms of IMO

dose used, the highest average increased in Dy from 64,74 % to 67,45 % or increased in the
amount of 4,02 % and the lowest average increased in NNFE content in D1 from 64,74 % to
66,63 % or increased in the amount of 2,84 %. The Dj treatment was known as optimal
treatment that increased NNFE content because the average value of the increased was not
significantly different from D5, which was from 64,74 % to 66, 63 % or increased in the amount
of 2,84 %. Meanwhile, from the duration of fermentation, the average increased in NNFE
content was highest in L3 from 64,74 % to 67,32 % or 3,83 % and the average increased in
NNFE content was the lowest at L, from 64,74 % to 66,57 % or increased in the amount of 2,75
%. However, L1 treatment was known to have optimally increased NNFE content because the
average value of the increased was not significantly different from L3, which was from 64,74 %
t0 67,01 % or increased in the amount of 3,39 %.

Based on the results of the research, it was known that the use of MOL doses with a level of 3
% and duration of fermentation was 5 days will increase NNFE content in cassava peel. This
dose of IMO and duration of fermentation provided the opportunity for microbes to grow
optimally on the substrate. Thus, the microbial mass act in the process of changing organic
matter on cassava peel was increasing. As was known, the more organic matter was degraded in
the fermentation process, the lower the ash content would be. The impact of this was an

increased in NNFE content. This was supported by the results of the study by [11].
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3.8. Recapitulation of Research Data

Table 9. The effect of dose of IMO and duration of fermentation on the nutrient content of
fermented cassava peel
Treatments Moisture Dry Crude  Crude Crude  Ash NNFE

content matter fat protein fiber (%) (%)
(%) (%) (%) (%) (%)
D1l 6,91 93,09 1,16 4,96 1481 6,09 66,07
DiLy 7,89 92,11 1,16 5,13 1369 531 66,82
Dils 9,49 90,51 1,15 4,93 12,34 508 67,00
Dol 7,61 92,39 1,12 5,60 1362 560 6843
D:L. 9,54 90,46 1,07 5,35 12,64 477 66,63
D:Ls 10,60 89,40 1,04 5,05 1157 4,44 67,27
D3l 7,94 92,06 1,11 5,77 1336 530 66,52
DslL, 10,87 89,13 1,05 5,74 1163 446 66,25
Dsls 11,33 88,67 1,05 5,24 10,39 431 67,68

4. Conclusion

Based on the results of the research, it was found that from the three levels of Indigenous
Microorganisms (IMO) used and from three levels of fermentation duration, the dose of MOL

3% (D) and 5-day fermentation (L) was optimal and efficient treatment for increased water

content, crude protein, and Non Nitrogen Free Extract (NNFE) and can reduced crude fat, crude
fiber, and ash content in cassava peel.
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