Research Article

DOI: 10.19184/ICL.v2i1.372

INDONESIAN CHIMICA LETTERS

Effect of pH and Incubation Time on Dissolved Nitrogen During
Autolityc Degradation of Chicken Intestine

Eldiani Aulial®, Achmad Sjaifullah™™, Wuryanti Handayanif®, Busronil®, Ika Oktavianawati®, Muhammad Rezal®

Abstract: Chicken intestine is a part of internal organs, which
are rich in protein and protease enzymes. The protease enzyme
could self-degrade (autolytic degradation process) proteins in
the chicken intestine at an appropriate pH and incubation time.
This process produces a shorter chain polypeptide having a
higher solubility protein called protein hydrolysates. Protein
hydrolysates have shown a good impact in foods and health
applications. In this study, the autolytic degradation of chicken
intestine was carried out to obtain protein hydrolysates. The
effect of pH and incubation time on the dissolved nitrogen
(%N) and protein content ([protein]) in hydrolysate from the
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INTRODUCTION

Chicken is one of meat and egg-producing poultry that is
widely used by the people in Indonesia. Chicken production,
especially broiler, always increases every year (Badan Pusat
Statistik, 2016). Chicken meat can generally be used as a whole,
but internal organs, including intestines, are generally known as
side products which are often not consumed in large quantities
because of health reasons (Korver, 2022). Chicken intestine has
a relatively high protein content, which is 57-60 % of its dry
weight (Borda-Molina et al, 2019). This organ is also contain
many protease enzymes (Lourenco et al, 2020).

Up to now, the use or processing of chicken intestines in
Indonesia has only limited in food products such as satay and
chips. These simple processed products have side effects that are
not good for health if consumed in large quantities because
chicken intestine contains 260 mg of cholesterol in every 100 g
of wet sample (Saidin 1999), chicken intestine also has a fat
content of 5.60 %. Consumption of cholesterol and fat in large
guantities can have negative impacts on health, including
hypercholesterolemia which can cause atherosclerosis, coronary
heart disease, and high blood pressure (Listiyana 2013), therefore
it is necessary to diversify processed chicken intestine products
into protein hydrolysate products that have high added value of
local commodities. Protein hydrolysates have an important role
in the food industry applications as emulsifying, foaming and
gelling ingredients. More recently, the interest in protein
hydrolysates has shifted towards their biological activities with
benefits to human health (Tang et al, 2023).

Hydrolysate is a product of protein hydrolysis. This product
can be obtained through chemical or enzymatic processing (Tang
et al, 2023; Hidayat et al, 2019). Enzymatic processing requires
presence of proteolytic enzymes (Nasri, 2017). This enzyme can
be obtained from several parts of the organs of living things,
including chicken intestines. Chicken intestine contains
proteolytic enzymes such as Cathepsin B, Cathepsin D,
Cathepsin H, Cathepsin L and alkaline proteases (Harikumar &
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autolytic degradation of chicken intestine explained in this
paper. The incubation pH used in this study was 2.5, 3.5, 5.5.,
and 6.3 while the the incubation time was 0, 6, 12, and 18 h.
Chicken intestine was incubated for 18 h at several different
pHs, and the % N and protein content were determined by using
Formol titration and Bradford methods, respectively, within
6 h intervals. It was obtained the % N and [protein] content
increase at pH 2.5 and 3.5 during 18 h of incubation time and
they were decreased at a higher pH. The optimum % N and
[protein] content were 5.98+0.51 % and 25.3+0.04 mg mL?,
respectively, obtained at pH of 2.5 during 18 h incubation time.

incubation, protein content.

Jamdar 2005).

The high content of protein and protease enzymes in chicken
intestinal tissue allows autolytic degradation of protein, the
process of degradation of a tissue because of enzymes contained
in the tissue itself. This process is affected by pH and incubation
time. Harikumar & Jamdar (2005) found that the crude extract of
protease enzymes from chicken intestines had an optimum pH of
2.5. Therefore, this article reports the process of autolytic
degradation of chicken intestine which was carried out by
incubating chicken intestine porridge with varying times and pH
and observing the effect of pH and incubation time on dissolved
nitrogen levels using the Formol method and the Bradford
method.

EXPERIMENTAL

Materials

The equipment used in this study were a common laboratory
glassware, analytical balance, blender, pH meter, centrifuge
speed of 4000 rpm, Rayleigh UV-9200 type UV-Vis
spectrophotometer, and refrigerator.

The materials used in this study included small intestine of
chicken, distilled water, phosphoric acid (8.5%), Bradford
reagent, Na-oxalate 1:3 (w/v), PP indicator (1%), formaldehyde
(37%), and 0.01 N NaOH. All reagents were analytical grade and
were obtained from Merck.

Methods

Chicken intestines were mixed with distilled water with a
ratio of 1:2 (w/v) and were homogenized and produce a slurry,
the slurry was analyzed the %N and [protein] content at O h of
incubation.
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The chicken intestine slurry was then placed in an incubation
glass and the pH was adjusted by adding 8.5 % phosphoric acid
to obtain a sample with an incubation pH of 2.5; 3.5; 5.5 and
incubation time of 0, 6, 12, and 18h, respectively. In addition, a
control was also prepared by incubating the intestinal slurry
without phosphoric addition, i.e a pH = 6.8. During the
incubation, every 6 h the levels of dissolved nitrogen and protein
were measured using the formol titration method (Sudarmadji
1997) and the Bradford method (Bradford 1976).

INDONESIAN CHIMICA LETTERS
RESULT AND DISCUSSION

Dissolved nitrogen content in hydrolysate

Table 1 shows the %N value during the autolysis degradation
process in the chicken intestine were affected by pH and
incubation time. The %N value of all samples at 0 h incubation
time (start point of autolysis) had the same value of 1.79 +0.18%.

Table 1. %N value (in %) obtained from autolytic degradation of chicken intestine

Incubation time (h)

pH

0 6 12 18
Control 3.46+0.36 Not detected Not detected
25 4.22+0.24 5.75+0.00 5.98+0.51
35 1.79+0.18 3.77+0.65 4.60£0.18 5.33+0.18
55 3.02+0.20 Not detected Not detected
During the incubation time from 0 to 18 h, the % N value in kinds of protease enzymes, such as Cathepsins,

samples with a pH of 2.5 and 3.5 always increased. Meanwhile,
in samples with a pH of 5.5 and pH 6.3 there was an increase in
the %N value only at an incubation time of O - 6 h and becomes
undetectable after more than 6 h of incubation. The undetectable
dissolved nitrogen resulting from autolysis degradation at pH 5.5
and pH 6.3 during 12 h incubation and so on is thought to be due
to the fact that the short peptides resulting from autolysis may
have been used by bacteria that had developed in the sample after
12 h of incubation. Axelsson, 2004 states that bacteria need short
peptides and amino acids as a source of nitrogen for their growth
process. Bacteria will more easily consume short chain proteins
than long chain proteins. There is bacterial degradation in the
sample by spoilage microbes, such as Salmonella Typhimirum
which lives at pH 4.5-6 (Guiter 2016); and Enterococcus bacteria
at pH 4.4-9.4 (USDA 2012) causes the autolysis process to stop.
Bacterial degradation was indicated by the appearance of a foul
odor on the sample after the 6 h incubation time. The odor that
arises comes from ammonia gas or H,S, which is formed from
the results of protein degradation by microbes. Nurwantoro and
Djarijah, (2001), stated that spoilage microbes that become
contaminants in food protein will metabolize low molecular
weight organic compounds, such as amino acids, dipeptides,
lactic acid and sugar into foul-smelling metabolites such as
cadaverine, putrescine, H.S, and NHs.

The results in table 1 show that the highest % N value was
obtained at pH of 2.5. The results obtained are in accordance with
the research conducted by Harikumar & Jamdar, (2005). It is
possible that the protease enzyme that plays a role in the autolytic
degradation process is the Cathepsin D enzyme. This enzyme is
an acidic protease enzyme which has optimum activity at pH 2-
2.5 (Conner 1998). The % N value of the sample at pH 6.3 was
higher than that of the sample at pH 5.5. This makes it possible
for the active role of aminopeptidase enzymes to be active at pH
5.5-9 and work optimally at pH 6-7.5 (Harikumar, 2003). The
results of this study indicate that there are various roles of
enzymes during the autolytic degradation process. Each enzyme
has optimum activity at different pH conditions. Harikumar &
Jamdar, (2005) stated that chicken intestine contains various
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Aminopeptidases, and Alkaline proteases.

The process of autolysis degradation is not only influenced
by pH, but also by incubation time. This is shown by the research
results which can be seen in Figure 1. The % N value of samples
atpH 2.5 and 3.5 continued to increase during the incubation time
from 0 to 18 h. These results show conformity with Prasetyo's
statement, (2012) which states that hydrolysis time affects the
amount of hydrolyzed connective tissue, the longer the time
given, the more hydrolyzed tissue. The % N value at pH 5.5 and
control (pH 6.3) only increased from 0-6 h of incubation. This is
due to bacterial degradation, which causes decay in the sample.
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Figure 1. The obtained % N profile as a function of pH and
incubation time.

o

Dissolved protein content in hydrolysate

Analysis of dissolved protein levels ([protein]) begins with
the creation of a calibration curve. The maximum wavelength
used in this study is 570 nm. The wavelength is in accordance
with the theory put forward by Bradford, 1976 namely,
Bradford's reagent can form complexes with proteins and has a
maximum absorbance absorption in the range of 465-595 nm.
The resulting calibration curve linear equation gives a value of y
= 1.6264x + 0.0761 with an R2 of 0.9917. The results of the
analysis of [protein] in the sample can be seen in Table 2.
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Table 2. [protein] value (in mg mL™) obtained from autolytic degradation of chicken intestine

Incubation time (h)

pH 0 6 12 18
Control 5.5+0.016 Not detected Not detected
2.5 7.5%+0.009 17.1+0.026 25.3+0.037
35 2.70£0.10 3.7740.65 10.8+0.009 18.5+0.005
5.5 3.6+0.003 Not detected Not detected

Based on Figure 2, it can be seen that the trend of [protein]
produced has the same trend as % N value which were analyzed
using the formol titration method. Dissolved protein levels at pH
2.5and 3.5 always increased during the incubation time, whereas
for pH 5.5 and control (pH 6.3) the dissolved protein levels could
only be identified up to 6 h of incubation. When the incubation
time was extended from 12 to 18 h at pH 5.5 dan 6.8 the presence
of dissolved nitrogen cannot be detected, it was due to the
dissolved peptides we consumer and degraded by bacteria which
was indicated by the presence of gas bubble during incubation.
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Figure 2. The obtained [protein] profile as a function of pH and
incubation time.

CONCLUSION

It can be concluded that the levels of dissolved nitrogen and
protein resulting from the autolyzed proteases in the intestine of
chickens are affected by pH and incubation time. During 18 h of
incubation at pH 2.5 and 3.5 always produce an increase in
dissolved nitrogen and dissolved peptides. On the other hand, the
levels of dissolved nitrogen and protein in samples at pH 5.5 and
6.3 was increase at incubation time of 0-6 h The best pH that can
be used for the autolysis degradation process of chicken intestine
in this study is pH 2.5.
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