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Hydrolysis of raw hide using proteolytic enzyme extracted from papaya latex
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Abstract—Crude proteolytic enzyme was extracted from papaya latex using two solvents, water and phosphate buffer
pH 6. The yield of extracted enzyme using water as a solvent was similar to that using phosphate buffer. Following
the solvent extraction, the extracted enzyme was precipitated in 45 wt% saturated ammonium sulfate solution. The
yield and activity of precipitated enzyme considerably decreased. Crude proteolytic enzyme extracted using water as
an extracting liquid was, therefore, selected to use in gelatin production from raw hide hydrolysis, comparing to the
use of commercial papain. The effects of hydrolysis conditions on gelatin recovery and properties of obtained gelatin
were investigated. The optimum conditions for the activities of both crude extracted enzyme and commercial papain
were at 75 °C and pH 7. At this condition, the highest percentages of gelatin recovery were obtained from raw hide
hydrolysis reactions. The gelatin recovery and gel strength of gelatin obtained from crude extracted enzyme and com-
mercial papain hydrolysis were similar. This proved that crude extracted enzyme from papaya latex could be effec-
tively used in gelatin production, instead of the use of commercial papain, with a comparatively low cost.
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INTRODUCTION

Gelatin is used in many traditional applications such as in the
food, pharmaceutical, photographic, and cosmetic industries. Gela-
tin is a large protein obtained from partial hydrolysis of collagen,
the most common fibrous protein found in skin, hide, bone, horn
and white connective tissue of animals. There are two typical meth-
ods of gelatin production: acid and liming processes. But these two
typical methods have many disadvantages such as long period of
processing time, and considerable waste generated. In the past de-
cades, the enzymatic hydrolysis of several natural materials has been
extensively studied and several substantial improvements, such as
yield, were reported [Oh et al., 1987; Park et al., 2001; Guerard et
al., 2001]. The enzymatic hydrolysis for gelatin production is also
of interest since the processing time is short and a small amount of
waste is generated. There are many works on enzymatic hydroly-
sis for protein waste treatment [Taylor et al., 1989; Simeonova et
al,, 1996; Aspmoa et al., 2005]. They reported the methods of pro-
tein waste hydrolysis using various type of commercial proteolytic
enzymes. The most recent work of Ratanathammapan [2005] on
the uses of papain in the gelatin production from raw hide hydroly-
sis reported that papain could be used to produce low gel strength
gelatin. However, the production of commercial papain is not avail-
able in Thailand and the imported papain is expensive. It is well
known that papain is a plant-derived proteolytic enzyme from pa-
paya, which is a local plant of Thailand. This work, therefore, aimed
to utilize proteolytic enzymes extracted from local papaya latex in
the production of gelatin from raw hide hydrolysis. The crude ex-
traction of proteolytic enzymes from papaya latex was first investi-
gated. Then, the obtained crude extracted enzyme was used in the
hydrolysis of raw hide to produce gelatin. The performance of crude
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extracted enzyme and the properties of obtained gelatin were inves-
tigated and compared with the case of using commercial papain.

EXPERIMENTAL

1. Crude Extraction of Proteolytic Enzymes from Papaya Latex

Local papaya latex used in this work was collected from the unripe
papaya (Carica papaya), C.V. Khag Dam. The solvents used to ex-
tract proteolytic enzymes from papaya latex were distilled water
and phosphate buffer pH 6. Papaya latex and solvent were mixed
at the volumetric ratios of latex to solvent=1: 1. The mixture was
stirred at 4 °C for 10 minutes and centrifuged for 30 minutes. The
supernatant was separated from residue by vacuum filtration. A part
of extracted enzyme solution was lyophilized prior to characteriza-
tion, i.e., protein determination and enzyme activity assay. The other
part of extracted enzyme solution was precipitated in 45 wt% satu-
rated ammonium sulfate solution at 4 °C. After that, the precipitate
was separated by centrifugation prior to lyophilization.
2. Enzymatic Hydrolysis of Raw Hide

Raw hide used in this work was limed split, provided by World
Pet International Co., Ltd. The dried split was ground into an aver-
age size of 1.18 mm (mesh number 16). The hydrolysis reaction
was carried out at the ratio of raw hide to phosphate buffer solution
=1 :4 [Ratanathammapan, 2005]. Raw hide was well mixed with
phosphate buffer solution at the desired pH and the slurry was then
heated to the desired temperature. When the desired temperature
(hydrolysis temperature) was reached, the enzyme was added. The
samples were periodically collected and heated to 90 °C for 15 minutes
to deactivate enzyme. Centrifugation and filtration techniques were
used to separate gelatin solution from hide residue. The filtered gelatin
solution was brought to determine the protein concentration by Lowry
method. The rest was dried prior to gel strength measurement.
3. Enzyme Characteristics

The activities of crude extracted enzyme and commercial papain
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(supplied by Fluka) were assayed according to the method modi-
fied from the assay of endo-protease using azo-casein (Megazyme).
The yield of enzyme activity was defined as follows:

S
Y==x100 1
o (1)

where
Y :The yield of activity of crude extracted enzyme
S : The total activity of sample
L :The total activity of papaya latex

Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-
PAGE) was used to determine the molecular weight of proteolytic
enzyme, using 12.5% polyacrylamide gel. The samples were pre-
pared in 5X Sample buffer (bromopheno).

4, Protein Determination

Lowry method was used to determine the percentage of protein
content in gelatin solution. The absorbance of the sample at the wave-
length of 750 nm was measured with a UV-VIS spectrophotometer.
The standard curve was prepared by using bovine serum albumin
(BSA). The percentage of gelatin recovery was calculated based
on the following equation:

G

<)
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P : Percentage of gelatin recovery [wt%]

G : The protein concentration of gelatin solution [g/ml]

K : The protein fraction of raw hide=0.6362 [Pitpreecha, 2006]
H : The weight of raw hide [g]

V : The volume of buffer solution [ml]

5. Gel Strength of Gelatin

The gel strength of gelatin was determined on a 12.5% gel (w/v),
formed by dissolving the dried gelatin in distilled water at 60 °C,
and cooling the solution at 4 °C (maturation temperature) for 16-18 h.
The gel strength of gelatin was determined by using a texture ana-
lyzer, equipped with 1.27 cm diameter hemisphere head cylindrical
at a cross-head speed of 0.8 mm/s. The gel strength of the gelatin
sample was determined by measuring the force required to depress
the center of gel surface vertically to a depth of 4+0.01 mm. The
measured gel strength was in the double bloom standard.

RESULTS AND DISCUSSION

1. Crude Extraction of Proteolytic Enzymes from Papaya Latex

Fig. 1 presented the yield of activity of proteolytic enzyme from
solvent extraction step (before precipitation) and precipitation step.
The yields of crude proteolytic enzymes extracted using water and
buffer as extracting liquids were similar. After a precipitation step
in 45 wt% ammonium sulfate, it was found that the yield and enzyme
activity of enzyme significantly decreased. This was generally known
that as an extracted substance was purified, the extracted yield would
be decreased [Belter et al., 1998; Wuttiwiangtham, 1993]. The en-
zyme activity of crude enzyme solution was extracted using water
(before precipitation) and after precipitation in ammonium sulfate,
depicted in Fig. 2, demonstrated that after precipitation the activity
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Fig. 1. Yield of activity of crude proteolytic enzyme extracted us-
ing water and phosphate buffer pH 6 as solvents (referred
as “before precipitation”), and yield of activity of precipi-
tated enzyme in 45 wt% ammonium sulfate (referred as
“after precipitation”).
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Fig. 2. Comparison of the activities of 1% w/v crude proteolytic
enzyme solution at various temperatures, pH 6. Proteolytic
enzyme was extracted from papaya latex using water as a
solvent at a latex : water ratio=1 : 1 (referred as “before pre-
cipitation”) and precipitated in 45 wt% ammonium sulfate.
(-@-) before precipitation, (-@-) after precipitation.

of crude proteolytic enzyme decreased at all temperatures. The result
suggested that the precipitation step might not be necessary for crude
extraction of proteolytic enzyme from papaya latex.

Crude proteolytic enzyme extracted using water as a solvent with-
out precipitation in ammonium sulfate (further referred as crude ex-
tracted enzyme) was further compared to commercial papain in terms
of activity and molecular weight. Fig. 3, presenting the activity of
crude extracted enzyme and commercial papain as a function of
temperature and pH, shows that the activity of crude extracted en-
zyme increased as the temperature increased from 55 °C to 75 °C,
then started to decrease as the temperature was higher than 75 °C.
The trend of the activity of crude extracted enzyme was similar to
that of commercial papain, but the activity of crude extracted enzyme
was slightly lower than that of commercial papain.

Fig. 4 reveals the molecular weight analysis of crude extracted
enzyme and commercial papain by SDS-PAGE. It could be noticed
that for crude extracted enzyme, there were at least three main mole-

Korean J. Chem. Eng.(Vol. 23, No. 6)



974 S. Pitpreecha and S. Damrongsakkul

Enzyme activity (unit/ml)
—
N

0.6 —t——t+———F+——+—
45 55 65 75 85
Temperature ("C)

95

1.8
15T

1271

09T

0.6 —t—t—t—+
45 55 65 75 85 95
Temperature (°C)

Fig. 3. Activity of 1% w/v crude extracted enzyme using water as a solvent (latex : water ratio=1 : 1), and 1% w/v commercial papain:

(-®-)pH 6, (-M-)pH 7, (-A-) pH 8.
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Fig. 4. SDS-PAGE analysis of: (a) low molecular weight standard
marker, (b) crude proteolytic enzyme extracted using water,
and (¢) commercial papain.

cular weight bands; 35 kDa, 21 kDa, and 14 kDa. The approximate
molecular weight of 35 kDa and 21 kDa was identified as chymo-
papain and papain, respectively. The lowest molecular weight band,
14 kDa, was dye marker from the 5x sample buffer. In case of com-
mercial papain (lane ¢), 2 protein bands; 21 kDa and 14 kDa appeared
on polyacrylamide gel. This elucidated that crude extracted enzyme
still contained chymopapain which was a less active enzyme, com-
pared to papain. As a result, the activity of crude extracted enzyme
was less than that of commercial papain.
2. Enzymatic Hydrolysis of Raw Hide

The hydrolysis of raw hide was carried out using the condition
at which the activities of crude extracted enzyme and commercial
papain were highest (75 °C, pH 7). The optimal ratios of enzyme
to raw hide of crude extracted enzyme and commercial papain were
fixed at 0.035 : 100 and 0.15 : 100, respectively [Pitpreecha, 2006].
This provided a fair comparison as the total activity used in both
hydrolysis reactions was the same.

The percentage of gelatin recovery from crude extracted enzyme
and commercial papain hydrolysis reactions is depicted in Figs. 5
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Fig. 5. Gelatin recovery from raw hide hydrolysis using crude ex-
tracted enzyme at pH 7 and various temperatures: (-4-)
65°C,(-l-) 75°C, (-A-) 85°C.

and 6, respectively. From both hydrolysis reactions, the initial rate
of gelatin recovery was greatly increased (first 10 minutes of hydrol-
ysis time), then the rate of gelatin recovery was slowly increased
when the hydrolysis reaction proceeded. The previous works by
Guerard et al. [2001] and Ratanathammapan et al. [2006] indicated
that the slowdown of the enzyme hydrolysis reaction could be mainly
attributed to a decrease in the concentration of peptide bonds (sub-
strate) available, not a decrease in an enzyme activity and a product
inhibition. When the hydrolysis reaction continued to 90 minutes,
the percentage of gelatin recovery from crude extracted enzyme hy-
drolysis at 75 °C, 65 °C, and 85 °C reached 72 wt%, 66 wt%, and
58 wt%, respectively. In the case of commercial papain, the per-
centage of gelatin recovery at 75 °C, 65 °C, and 85 °C were 71 wt%,
66 wt%, and 61 wt%, respectively, which were very similar to those
from crude extracted enzyme hydrolysis.

The gel strength of gelatin samples obtained from two different
hydrolysis reactions was presented in Fig. 7. The gel strength of
gelatin solution obtained from crude extracted enzyme and commer-
cial papain hydrolysis were similar. The gel strength of gelatin solu-
tion at 85 °C was highest, followed by the one at 65 °C and 75 °C.
The lowest gel strength was observed at 75 °C, which corresponded
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Fig. 6. Gelatin recovery from raw hide hydrolysis using commer-
cial papain at pH 7 and various temperatures: (-4-) 65°C,

(-l-)75°C, (-A-) 85°C.
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Fig. 7. Gel strength of gelatin obtained from hydrolysis reactions
using crude extracted enzyme and commercial papain at
pH 7 and various temperatures.

to the condition for the highest enzyme activity. In other words, at
the condition for highest enzyme activity, short chain gelatin or low
molecular weight gelatin was obtained from the hydrolysis. On the
other hand, high molecular weight gelatin could be obtained from
the hydrolysis of which the condition corresponded to low enzyme
activity. This was because peptide bonds of collagen were extremely
cleaved by enzymatic hydrolysis reaction much more than by acid
and lime [Simeonova et al., 1996]. Enzymatic hydrolysis of col-
lagen sources resulted in either low gel strength gelatin or collagen
hydrolysate compared to typical hydrolysis by acid and lime. The
results suggested that crude extracted enzyme and commercial pa-
pain was suitable to be used in enzymatic hydrolysis of raw hide to
produce a range of gelatin having relatively low gel strength. The
gel strength of gelatin obtained could be controlled by manipulating
the hydrolysis conditions.

CONCLUSIONS

Proteolytic enzymes contained in papaya latex can be simply ex-
tracted by either water or phosphate buffer pH 6. The activities of
crude extracted enzyme were comparable to those of commercial
papain. The highest activity of crude extracted enzyme from papaya

latex and commercial papain at 75 °C, pH7 was 1.4 and 1.6 unit/
ml, respectively. The results indicated that crude proteolytic enzyme
from simple extracting using water as a solvent could be effectively
used to produce gelatin from raw hide hydrolysis as well as the use
of commercial papain which was more expensive. The gelatin re-
covery from both hydrolysis reactions related to the gel strength of
the obtained gelatin. The gel strength of the obtained gelatin from
both hydrolysis reactions was relatively low.
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