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Abstract

Gelatine is a biopolymer that is made from the partial hydrolysis of collagen, a fibrous protein that is found in the
skin, bones, and connective tissues of animals. The choice and use of the extraction procedure are critical for
producing high-quality gelatine. As a response, the goal of this study is to determine the impact of microwave and
oven extraction methods on the quality of pork, beef, and duck gelatine using moisture content, ash content, pH
value, and gel strength as factors. Microwave and oven extraction methods were used to remove bone gelatine from
pork, beef, and duck. Gelatine was placed in a plastic bag and vacuum sealed for the microwave extraction. The
extract was then coated in plastic and microwaved for 10 minutes at a wavelength of 360 nm before being filtered.
The oven extraction was done by weighing and adding aquadest in a 1:4 ratio, then baking for 24 hours at 70 °C.
After that, it was filtered and gelatine was obtained. Based on characteristics such as water content, ash content,
pH value, and gel strength, the results showed that microwave and oven extraction methods had a significant
difference (p<0.005) in gelatine quality. The microwave extraction method yielded the following results: water
content 9.567%, ash content 2.026%, pH value 5.467, and gel strength 268.733 blooms. The oven extraction method
yielded the following gelatine test results: water content 3.677%, ash content 2.864%, pH value 4.667, and gel
strength 226.631 bloom. The results showed that utilizing a microwave to extract pork, beef, and duck gelatine

generated the best grade of gelatine that could be used in subsequent studies.
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1. Introduction

One of the countries that imports gelatine is
Indonesia, with 5 million kg of gelatine imported
annually, gelatine is already the most imported product
in Indonesia. Because the majority of the fundamental
ingredients are sourced from pork, gelatine is often
imported from non-Muslim countries, which are
indifferent about the product's halal certification [1].
Pork is used as a raw material for gelatine in 44.9 % of
all gelatine manufacturing around the world [2]. To
avoid or reduce the usage of non-halal items by
Muslims in Indonesia, a new alternative to pig gelatine
is required [3].

One option is to use gelatine made from duck bone,
sheepskin, fish skin, or chicken bone [4,5]. Beef and
poultry bones are calcium and collagen protein-rich
by-products of the livestock industry. To manufacture
good gelatine, you need a good production technique
as well as good gelatine. In the manufacturing of
gelatine, both traditional and microwave methods are
used [6,7].

This study will compare the traditional method and
microwave for gelatine extraction of pork, beef, and
duck bones to the bone immersion procedure
employing a 4 percent hydrochloric acid (HCI)
solution and a 24-hour immersion time. The study's

main goal is to see how the microwave and oven
extraction methods affect the quality of pig, beef, and
duck gelatine based on moisture content, ash content,
pH value, and gel strength parameters.

2. Experimental
Materials

The chemicals used in this research were
purchased from Merck (Darmstadt, Germany) such as
4% HCI. Pork, beef, and duck bones were purchased
from the local market in Malang, Indonesia.

Methods
Sample preparation

A total of 6 kg of pork, beef, and duck bones were
cleaned by boiling them for 1 hour at 70 °C. Then it
was rinsed and cut into 2 cm pieces.

Gelatine Isolation
Soaking Pork, Beef, and Duck Bone

250 g of dry bone were soaked in 4 % HCI for 24
hours at a 1:4 (w/v) sample weight to solvent volume
ratio. During the soaking process, the bones were
stirred, then placed on a sieve lined with filter paper
and cleaned with water. The procedure was repeated
three times.
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Extraction of Gelatine

Two methods of extraction were used, namely the
microwave (Hento) and the oven (Memmert) method.
Placing gelatine in a polyethylene bag and packing it
with a vacuum packaging technique was used for the
microwave procedure. The extract was then wrapped
with plastic and microwaved for 10 minutes at a
wavelength of 360 nm before being filtered. For the
oven method, gelatine was weighed, aquadest was
added in a 1:4 ratio, and the mixture was baked for 24
hours at 70 °C. The gelatin is then obtained after
filtering.

Drying of Gelatine Solution

The gelatine solution was concentrated by freeze
drying (Gea Lr-600) for 24 hours until the water
content was around 25-35 %. In addition, the gelatine
was baked in a 60 °C oven for 24 hours until it was
dry, and then pulverized.

Gelatine Quality Test
Yield
The amount of yield can be obtained by the
formula [8]:
] weight of dry matter gelatin
Yield =

1009
fresh material weight x %

Water Content

As much as 0.5 g of gelatine sample was put in the
moisture analyzer, then the device was closed and
waited for the analysis process to complete. Heating is
carried out to a temperature of 110 °C [9].

Ash Content

A total of 0.5 g of gelatine sample was put in a
porcelain dish that had been weighed, then put in a
furnace at 600°C for 6 hours, or until the sample turned
white. The sample remaining in the cup is weighed as
the final weight. Ash content can be calculated using
the formula [8]:

(d-a)

(b—a)

Ash Level = x 100%

Where:

a = constant weight of empty cup

b = weight of the cup + sample before drying
d = weight of the cup + sample after drying

pH Test

At 80°C, 0.2 g of sample was dissolved in 20 mL
of distilled water and homogenized. Measured the
degree of acidity at room temperature with a pH meter

[9].
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Gel Strength

To make a gelatine solution with a concentration of
6.67 % (w/w), dissolve 3.335 g of gelatine in 50 mL of
warmed distilled water. The solution was poured into
Standard Bloom Jars (bottles with a diameter of 58—60
mm and a height of 85 mm), then sealed and set aside
for 2 minutes. Then it was incubated for 2 hours at 10
°C [10].

Gel strength then measured with texture analyzer.
This tool uses a probe with an area of 0.1923 cm?®. Gel
strength was measured using the formula [10]:

Gel strength (dyne/cm3) = F/A x 980
Gel strength (bloom) =20+ (2.98x 103 xD

Where:

F = height of curve

A = constant (16)

D = gel strength (dyne/cm3)

Data Analysis

The data analysis used was the two-way ANOVA
method of analysis of variance. The statistical test used
is the Post-hoc Test, namely LSD.

3. Results and Discussion
Sample Preparation

This study uses dried pork, beef, and duck bones as
raw materials, with the goal of not extracting the meat
adhering to the bones during the extraction process.
Furthermore, the bone size reduction was completed;
the bone size reduction seeks to increase the surface
area of the bone so that the reaction can occur more
quickly and maximally throughout the immersion and
extraction procedure. Furthermore, the smaller bone
size is intended to aid in the homogeneity of bone with
its solvent during the soaking phase [9].

Gelatine Isolation
Soaking Pork, Beef, and Duck Bone

Bone immersion with a 4% concentration of HCI
as a solvent. Because HCI can dissolve collagen fibers
in a shorter extraction time without harming the
quality of the gelatine produced, it was chosen as the
solvent [11]. Stirring is done during the immersion
procedure to maximize the interaction between the
solvent and the sample and hence speed up the
demineralization  process. =~ The  purpose  of
demineralization is to remove calcium salts and other
salts present in the bone so that gelatine is obtained,
which contains collagen in it [12]. During the
immersion process, the reaction proceeds in four steps,
as follows:



COMPARISON OF MICROWAVE AND OVEN EXTRACTION .. 191

X mﬁ—E—GH:—'HH—ﬁ_EZ-\_-J-/D:B—ﬁ_EH—NW
Y
& o]
c:::ﬂ'L‘H:;I':H
e (=1 e [ — e ST B L~ T ¥ P - T I
K_j:‘ﬂi ”I:!: C\/)' J"I
—=I<
Q)
il f'_-?ﬁl
RS —--—:'-I!:—-FJFI—i:_:'—l!—r“'l—l:l_‘:'l—h_r‘u—\_r‘l —_— -
1 ST
Q#JHA:‘:QH
-3
-t
ﬂ—l:l— P e 1 = ™ T £ ] e ] i, p——
I RS e
G,:;:F'l"_'_FH
(@
-::-_'—I'):::I-|
o lJ‘“ﬂJ =1 Sredil = L= { ¥ [ =] = (R 2l
S I~ 75T Q{) -
a:-:l"—'L‘_'_':.'_
. (5)
'—F’mﬂ, JJ_._I-,_NH_C: L] R f R PP —
. P!
] CE —i o
IJ-"-—'—" =
o= ‘x“ﬂH
.. (6)
:l-|
O —— ey — P —— l: H——Hommm & iy e
I I I
=] o o
+ CaCl2 + H3(PO4)2
NG

Fig. 1: The reaction during immersion process: [13]
(1) lonization of HCI to H* and ClI', (2) Attack on the carbocation by the free electron pair of O atoms on H20, (3) Deformation of OH cations
with release of H*, (4) Attack of the free electron pair on the NH group by H*, (5) Release of H* from the nearest OH group, (6) Breaking the
bonds of the C atom with the RNH, group, (7) Attack of the NH group by H*
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The Extraction of Gelatine from Pork, Beef, and
Duck Bone

The goal of the extraction procedure is to turn
collagen into gelatine [14]. For extraction, a
microwave and an oven were used. More collagen is
converted to gelatine when the hydrolysis time is
extended [15]. In addition to the time, the temperature
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at the time of extraction is modified. Collagen cross-
links and hydrogen bonds, which are a stabilizing
element for collagen structure, can be destroyed by the
gelatine extraction process at 55-70 °C [16]. The
stabilizer bond is disrupted by a hydrolysis reaction,
commonly known as cross linking.
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Fig. 2. The reaction of breaking the stabilizer bond (cross-linking): [12] (a) Reaction of collagen with water, (b)

Mechanism of breaking the peptide bond by water,

Stirring was done occasionally during the
extraction process to guarantee that the collagen is
converted to its full potential and forms a single helix
strand that can be dissolved in water and termed
gelatine. The current stirring approach affects the
collagen hydrolysis process because it expands the
contact between the bone and the solvent and prevents
clumping during the extraction phase [15]. Filtration,
the final stage, eliminates impurities from the gelatine
solution.

Egypt. J. Chem. 66, No. 4 (2023)

and (c) The triple helix structure becomes a single helix

Gelatine Solution Concentration and Drying

The goal of gelatine solution concentration was to
evaporate the solvent included in the gelatine solution,
which is achieved by freeze-drying [17]. As a result of
the packing process, the gelatine solution was
packaged as a concentrated gelatine extract with a
slightly chewy texture. The gelatine sheets were dried
in an oven at 60 °C for 24 hours, yielding brownish
yellow gelatine sheets with a distinct odo r.
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(a) (b) (©
Fig. 3. Various kinds of gelatine from animal bones:
(a) Pork (b) Beef (c) Duck

Gelatine Quality Test
Yield

To determine the yield, the final step was to weigh
the dried gelatine. If more yields are produced, the
therapy will be more successful. The average yield,
according to the research, is as follows:

15
10.29

£ 10 8.67

E 4.86

';—_) 5 377324 Iﬁ

. B
Pork Beef Duck
® Microwave mOQven

Fig. 4. Average yield of gelatine

The yield of gelatine produced by the microwave
method and the yield produced by the oven method are
shown in Figure 4. This is most likely due to the
microwave method's greater success in eliminating
hydrogen bonds between tropocollagen molecules that
were not completely dissolved by acid during the
immersion process (4 % HCI).

Water content

This test was carried out because gelatine is a form
of hydrocolloid material that is soluble in water and
may absorb large volumes of water [18]. Based on the
outcomes of this investigation, the average value of
gelatine water content was calculated:

_ 15
S
= 10 9.567 8.993
c
% 5.977
Q 677
et 5 2.13 177
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£ = =
= 0
Pork Beef Duck
® Microwave ®OQven

Fig. 5. The average value of gelatine water content
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In the microwave, pork bones had the highest
moisture content of 9.567 % and duck bones had the
lowest of 5.977 %, but in the oven, pork bones had the
highest moisture content of 3.677 % and beef bones
had the lowest of 2.13 %. This amount still meets the
SNI 1995 criterion [19] with a maximum water
content of 16 %.

According to the results of statistical tests in table
1, the significant value reached is less than 0.0001
(p<0.005), showing that the procedure has a
significant effect on the quality of gelatine water
content.

Tests of Between-Subjects Effects

Dependent Variable: Moisture Content %
Table 1: Two way ANOVA test results gelatine water content

Source Type Il df Mean F
Sum of Square
Squares
Corrected ) 47 4084 5 29.402 437,668
Model
Intercept 561,795 1 561,795 8362.813
Sample 12,552 2 6.276 93.422
Method 120.953 1 120.953 1800,493
Sample *
Method 13,503 2 6.752 100,503
Error .806 12 .067
Total 709,609 18
Corrected
Total 147,814 17
Ash Level

The average value of gelatine ash content in this
study is as follows:

= 6 4.859
S\/ 4.237
24
c
3 2.864 218 258
g 2.02
o 2
=
<

0

Pork Beef Duck

® Microwave mQOven
Fig. 6. Average value of gelatine ash content

In the microwave, duck bones had the highest ash
level at 2.587 % and pork bones had the lowest at
2.026 %, but in the oven, beef bones had the highest
ash content at 4.859 % and pork bones had the lowest
at 2.864 %. With a maximum ash concentration of
3.25, the ash content measured using the microwave
method is still within SNI 1995 standards. In the oven
technique that meets the SNI 1995 standard
limitations, only pork bones exceed the maximum
limits imposed by SNI 1995, which are 4.237 % and
4.859 %, respectively.
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The significant value obtained is smaller than the
significant value obtained based on the results of
statistical tests in Table 2.

Tests of Between-Subjects Effects

Dependent Variable: Ash Content %
Table 2. Two way ANOVA test results gelatine ash content

Source Type 11 df Mean F
Sum of Square
Squares
Corrected 19,748a 5 3.950 41,989
Model
Intercept 177.081 1 177.081 1882,556
Method 13.010 1 13.010 138,313
Sample 4.366 2 2.183 23,209
Method * 2,372 2 1.186 12,608
Sample
Error 1,129 12 .094
Total 197,958 18
Corrected 20,877 17
Total
pH value

The average pH value obtained in this study is as
follows:

6 5.467
5067 67
4 4 3.867
4
T
o
0
Pork Beef Duck

® Microwave mOven
Fig. 7. Average pH value of gelatine

In the microwave method, the maximum pH value
was 5.467 on pork bone and the lowest was 4 on duck
bone, whereas in the oven method, the highest pH
value was 4.667 on beef bone and the lowest was 3.867
on duck bone. This result is within the 3.8-5.5 range
established by the Gelatine Manufactures Association
of Asia Pacific (GMAP) (2004) for type A gelatine
[20].

Tests of Between-Subjects Effects

Dependent Variable: pH
Table 3. Two way ANOVA test results gelatine pH value

Source Type I df Mean F
Sum of Square
Squares
Corrected 6.551a 5 1,310 58,960
Model
Intercept 366.302 1 366.302 16483,600
Sample 3.058 2 1,529 68,800
Method 2,000 1 2,000 90,000
Sample * 1.493 2 747 33,600
Method
Error .267 12 .022
Total 373120 18
Corrected 6.818 17
Total

Egypt. J. Chem. 66, No. 4 (2023)

Gel Strength
The average value of gel strength in this study is
as follows:

300 268.733
g =5 212.165 190.113
S .
= 200
= 6.134 4.526
=
=2 100
L
= 0
(O] Pork Beef Duck

= Microwave mOQOven

Fig. 8. The average value of gelatine gel strength
(bloom)

The greatest gel strength value was 268.733
blooms on pig bone and the lowest was 190.113
blooms on duck bone while using the microwave
method. The highest gel strength value was 226.631
blooms on pork bone and the lowest was 124.526
blooms on beef bone while using the oven procedure.
This value is still below the British Standards 1975 and
GMAP 2004 bloom limit of 50-300 [20].

According to the results of statistical tests in table
4, the significant value reached is less than 0.0001
(p<0.005), indicating that the technique has a
significant effect on the quality of gelatine gel
strength.

Tests of Between-Subjects Effects

Dependent Variable: Gel Strength
Table 4. Two way ANOVA test results gelatine gel strength

Source Type Il df Mean F
Sum of Square
Squares
Corrected 4921548la 5 9843.096 58,980
Model
Intercept 659816,345 1 659816,345  3953,620
Method 18851.124 1 18851.124 112,956
Sample 28885.558 2 14442.779 86,541
Method * 1478,799 2 739,400 4.430
Sample
Error 2002.670 12 166,889
Total 711034.496 18
Corrected 51218.151 17
Total

4. Conclusions

Microwave and oven procedures had a substantial
effect (p0.005) on the quality of gelatine based on
criteria such as water content, ash content, pH value,
and gel strength, according to studies. The best quality
gelatine test results on each parameter, namely water
content 9.567 percent, ash content 2.026 percent, pH
value 5.467, and gel strength 268.733 blooms, were
obtained utilizing the microwave method.
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