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Abstract Gelatine hydrolysate is a type of gelatine that undergoes a controlled hydrolysis treatment to

further break apart the gelatine or collagen molecules. In this study, gelatine hydrolysate was produced from

commercial tilapia scale gelatine via controlled enzymatic hydrolysis. Commercial Alcalase 2.4 L, a protease

enzyme was used to breakdown the peptide chains present in the gelatine. Optimization of hydrolysis con-

ditions (temperature, time and enzyme to substrate ratio) was conducted by utilizing response surface

methodology (RSM). Results showed that a hydrolysis temperature of 57.6 �C together with a hydrolysis time

of 80 min and enzyme to substrate ratio of 1.20 % (v/w) were the optimum conditions to obtain the highest

degree of hydrolysis (10.91 %). The freeze-dried gelatine hydrolysate was characterized with respect to

chemical composition:approximate composition, viscosity and molecular weight. The gelatine hydrolysate

produced contained a high content of protein (85.26 %); thus, it may serve as a potential protein source for

human needs.
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Introduction

Tilapia (Oreochromis spp.) is a freshwater species that has become the third most widely cultured fish, after

carp and salmon (El-Sayed 2006). The production of tilapia has increased steadily and become an important

source of fish supply in Malaysia (Jamilah and Harvinder 2002). It is classified as a durable, fast growing

species compared to others and highly resistance to disease (Foh et al. 2011a). Its high protein content is

comparable with meat sources and plays an important role in human supplementation (Ghorbani and Mi-

rakabad 2010). The crude protein content of an adult tilapia is approximately 16–25 %, which is considerably

high for freshwater species, while the fat content is very low (0.5–3.0 %) (Foh et al. 2011b).

Many studies have reported on gelatine production from fish sources. Over the past several decades, fine

qualities of fish gelatine production have been widely studied from species as diverse as tilapia (Jamilah and

Harvinder 2002; Muyonga et al. 2004), salmon (Arnesen and Gildberg 2007), cod (Arnesen and Gildberg
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2006), and pollock (Zhou and Regenstein 2004). Another valuable product that can be derived from fish

derivatives is hydrolysate. Hydrolysate, also known as gelatine hydrolysate or collagen hydrolysate, is a type

of gelatine that undergoes a controlled hydrolysis treatment to further break apart the gelatine or collagen

molecules. During the process, peptide chains are cleaved into smaller chains, which results in lower

molecular weights, between 500 Da and 25 kDa. However, a wide variety of peptide chains will be generated

depending on the enzyme’s specificity, environmental conditions and extent of the hydrolysis process

(Guerard et al. 2002). Compared to gelatine, hydrolysate does not gel anymore but still has an active surface

behaviour exactly like gelatine. In practical terms, hydrolysate can be manufactured into two ways; either

derived from gelatine itself or directly from an animal’s pure collagen. However, pure collagen from animals

is known for its high resistance; hence, special collagenases have to be used in large amounts, which will

result in higher production costs. Therefore, in industry, gelatine is widely used as a raw material for

production of gelatine hydrolysate.

Most of the gelatine hydrolysates investigated in previous studies were derived by enzymatic hydrolysis

from yellowfin tuna (Guerard et al. 2001; Ovissipour et al. 2010), tilapia (Foh et al. 2011a; Yang et al. 2009),

catfish (Aleman et al. 2011), salmon (See et al. 2011), persian sturgeon (Ovissipour et al. 2009), mackerel

(Wua et al. 2003), cobia (Amiza et al. 2012), catla (Bhaskar et al. 2008), capelin (Shahidi et al. 1995) and cod

(Slizyte et al. 2005a). Enzymatic treatment offers several advantages: the ease of controlling the reaction

efficiently, minimal formation of by-products and the milder processing conditions required to run the

hydrolysis (Alfonso Clemente 2000; Kristinsson and Rasco 2000a; Mannheim and Cheryan 1992). By

employing enzymes to hydrolyze protein, one could improve the physiochemical, functional, sensory and also

nutritional behaviour of the hydrolyzed proteins (Slizyte et al. 2005a). In addition, hydrolyzing protein can

also improve its intestinal absorption (Kristinsson and Rasco 2000a). Research shows that extensive hydrolysis

of proteins has a great potential to reduce immunological reactions, which is important for hyperallergic

infants (Mahmoud 1994). Moreover, the products of hydrolysis, which are lower molecular weight peptides,

can be easily absorbed in the gut, promoting better supplementation for humans and also animals (Slizyte et al.

2005b; Kristinsson and Rasco 2000a). In many countries, traditional and commercial preparations of fish

protein hydrolysates are currently used as health foods, functional foods and nutraceuticals (Chalamaiah et al.

2012). Therefore, gelatine hydrolysate can be used as a supplement for clinical, infant and sports nutrition.

Regarding the suitability of the enzymes in the protein hydrolyzation field, Alcalase, a microbial protease, is

most preferred and is widely used. Microbial-derived enzymes are better suited as they offer a wide variety of

available catalytic activities as well as greater pH and temperature stabilities (Diniz and Martin 1997).

Previous research reported that Alcalase was the most efficient enzyme among the proteolytic enzymes studied

in hydrolyzing protein, and was able to produce the highest degree of hydrolysis (DH) of hydrolysate (Ng and

Mohd Khan 2012). The highest protein recovery and lowest lipid content were reported for hydrolysates

prepared via hydrolysis with Alcalase compared with Papain and Neutrase (Adler-Nissen 1986). Moreover, it

has been reported previously that hydrolysates from Alcalase had less bitterness compared to those prepared

with Papain (Hoyle and Merritt 1994). Furthermore, Alcalase was also classified as the best choice for protein

hydrolyzation based on enzyme cost per unit activity (Kristinsson and Rasco 2000b).

This study was carried out to investigate the effects of reaction parameters [temperature, time and enzyme

to substrate (E:S) ratio] on degree of hydrolysis (DH) and to optimize the enzymatic hydrolysis condition for

the highest degree of hydrolysis using response surface methodology (RSM).

Methodology

Chemicals and raw materials

The substrate used in this study was a commercial food grade gelatine from tilapia scales with a gel strength of

257 g. It was purchased from Halagel Sdn. Bhd. An endoproteinase from Bacillus licheniformis (Alcalase

2.4 L) with a declared activity of 2.4 AU/kg and density of 1.18 g/ml, was purchased directly from Novo-

zymes. All reagents used were analytical grade.
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Optimization of hydrolysis conditions by RSM

Response surface methodology (RSM) was utilised to obtain the optimum process parameters [hydrolysis

temperature, hydrolysis time and enzyme to substrate (E:S) ratio] and maximum degree of hydrolysis (DH) for

the enzymatic hydrolysis process. Hence, a number of experiments with various process parameters were

carried out as an input in RSM.

Optimization of the hydrolysis conditions was accomplished by a central composite design (CCD) in RSM.

CCD was efficiently applied to develop a second-order response model with only a small number of factors n;

2 B n C 6 (Ng et al. 2011). The experiment was designed using three independent factors and five levels. As

an input, the three different independent variables were designated as hydrolysis temperature (A, �C),

hydrolysis time (B, minutes) and enzyme to substrate ratio (C, % v/w); while, for output, only DH (Y, %) was

chosen as response. The ranges for each variable are tabulated as coded levels in Table 1. Once the opti-

mization was performed, an enzymatic hydrolysis experiment was carried out applying the optimized

parameters from RSM. The hydrolysis was done in triplicate and the hydrolysates were tested and analysed.

CCD consists of three types of design points; two-level factorial or fractional factorial design points, axial

points and centre points. Centre points have to be repeated four to six times to obtain a precise estimation of

experimental error. Table 2 shows the 19 total runs rendered for the optimization process using RSM together

with the actual levels for each variable and the response values. In this study, randomized experimental runs

were carried out due to minimizing the effects of unexpected variability in the observed responses.

Enzymatic hydrolysis

Gelatine solution (5 % w/v) was prepared by dissolving some amount of pure gelatine substrate into the

required amount of distilled water at an appropriate temperature range (50–60 �C). The reaction mixture was

stirred by a four-blade impeller at a speed of 300 rpm. Once it was homogeneous, the temperature was

adjusted to a certain level while the pH of the gelatine solution was increased to pH 8 by adding a small

amount of 2 N NaOH. Then, the Alcalase 2.4 L enzyme was added into the homogenized gelatine solution at

the desired concentrations. The hydrolysis process was conducted at the required period before being heated

rapidly and maintained at a temperature of 90 �C for at least 10 min (Aleman et al. 2011) to deactivate the

enzyme. The hydrolysates obtained were lyophilized using freeze-drying equipment (Martin Christ, Alpha 1-4

LSC, Germany) at temperature of -40 �C for almost 24 h. The freeze-dried hydrolysates were then crushed

into smaller particles before being labelled and sealed in vacuum bags for storage in a dry place.

Degree of hydrolysis

Measurement of the degree of hydrolysis (DH) was carried out using the pH–stat method according to Adler-

Nissen (1977). In this method, DH can be monitored continuously by maintaining the alkaline pH (pH 8)

during the enzymatic hydrolysis process via direct addition of 2 N NaOH. From the total base consumed

during the hydrolysis process, DH can be calculated directly from the Eq. (1) (Adler-Nissen 1986).

DH ¼ B� NB

MP

� 1

a
� 1

htot

� 100 % ð1Þ

Table 1 Coded and actual levels for the process variables studied

Process parameter Code Coded level

-1.68(-a) -1 0 ?1 ?1.68(a)

Temperature (�C) X1 44.89 50.0 57.5 65.0 70.11

Time (min) X2 26.36 40.0 60.0 80.0 93.64

E/S (% v/w) X3 0.16 0.5 1.0 1.5 1.84
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Where DH is the degree of hydrolysis, B is the base consumption (in ml), NB is the normality of the

base (N), a is the average degree of dissociation of the a-NH groups, MP is the mass of protein (in g) and

htot is the total number of peptide bonds in the protein substrate (11.1 meqv/g protein for gelatine).

According to Kristinsson and Rasco (2000b), the degree of dissociation, a was calculated based on the

Eq. (2).

a ¼ 10pH�pK

1þ 10pH�pK
ð2Þ

The pK value was directly dependent on the process temperature, which varied between experiments.

Therefore, the Eq. (3) was used to calculate the correct value of pK (Steinhardt and Beychok 1964).

pK ¼ 7:8þ 298� T

298T
� 2400 ð3Þ

Proximate analysis

The proximate analyses were carried out on the gelatine powder as a raw material and freeze-dried gelatine

hydrolysate as a final product. Moisture and ash contents were determined according to Gelatine Manufacturer

of Europe (GME) Monograph (2000). The oven method was used to determine moisture content, while the ash

content was determined by charring the pre-dried sample in a crucible at 550 �C for about 17 h until white ash

was formed. Finally, protein content was estimated by the differences. All analyses were carried out in

triplicate and average values were taken.

Table 2 Experimental design and the results for optimization of enzymatic hydrolysis of tilapia gelatine

Standard order Coded level of variable Degree of hydrolysis (%), Y

X1 X2 X3 Predicted Experimental

1 -1.000 -1.000 -1.000 5.62 5.48

2 1.000 -1.000 -1.000 6.35 6.69

3 -1.000 1.000 -1.000 7.09 7.18

4 1.000 1.000 -1.000 7.90 7.92

5 -1.000 -1.000 1.000 8.34 7.94

6 1.000 -1.000 1.000 7.95 7.48

7 -1.000 1.000 1.000 11.21 10.49

8 1.000 1.000 1.000 10.89 10.65

9 -1.682 0.000 0.000 7.26 7.77

10 1.682 0.000 0.000 7.61 7.63

11 0.000 -1.682 0.000 7.20 7.43

12 0.000 1.682 0.000 10.91 11.23

13 0.000 0.000 -1.682 5.80 5.43

14 0.000 0.000 1.682 10.60 11.50

15 0.000 0.000 0.000 9.22 9.60

16 0.000 0.000 0.000 9.22 9.06

17 0.000 0.000 0.000 9.22 9.15

18 0.000 0.000 0.000 9.22 9.51

19 0.000 0.000 0.000 9.22 8.69

X1—hydrolysis temperature (�C), X2—hydrolysis time (min.), X3—enzyme to substrate ratio (% v/w)
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Amino acid composition

Amino acid composition was determined after hydrolysis at 110 �C for 24 h in 6 N HCl. The amount amino

acid composition was analysed by a high performance liquid chromatography (HPLC), equipped with Waters

410 Scanning Flourescence and AccQ Tag Column (3.9 9 150 mm). Amino acid composition was reported as

g amino acid per 100 g protein.

Molecular weight

In order to characterize the hydrolysates based on their molecular weights, Tris–glycine sodium dodecyl

sulphate polyacrylamide gel electrophoresis (Tris–Glycine SDS-PAGE) was performed on samples from the

optimized enzymatic hydrolysis. The test was done using 17 % resolving gel and 5 % stacking gel according

to Laemmli (1970) with some adjustments. The sample buffer was prepared from 0.5 M Tris HCl buffer pH

6.8, 10 % (w/v) glycerol, 0.5 % (w/v) SDS, bromophenol blue and 5 % b-mercaptoethanol. Samples were

diluted until a concentration of 0.5 % was obtained. Three samples (S1, S2 and S3) of the same hydrolysate and

one sample of gelatine (S0) were analysed for determination of their molecular weight. All samples prepared

were denatured in 95 �C hot water for about 3 min. After electrophoresis, the gels were stained using

GelCodeTM blue safe protein stain purchased from thermo scientific.

Viscosity

The viscosity of gelatine and gelatine hydrolysate was determined using modification method described by

Cho et al. (2006) and Ninan et al. (2012). 5 % w/v gelatine solution was prepared by dissolving the dry

gelatine powder in distilled water at a temperature of 60 �C. The viscosity of gelatine and gelatine hydrolysate

was monitored continuously starting at 40 �C until it reached 60 �C using a computerized Brookfield digital

viscometer (Model DV-II) together with spindle No. 1 at 60 rpm.

Statistical Analysis

All the results obtained from the experimentation were analysed using Design Expert 6.0.10 statistical soft-

ware (Stat-Ease Inc., Minneapolis). Design-Expert fits linear, two-factor interaction (2FI), quadratic and cubic

polynomials to the response. The program displays a measure of progress during the calculations.

Results and discussion

Optimization of enzymatic hydrolysis parameters

The experimental response, DH, was calculated based on the Eqs. (1–3), and inserted in the RSM to be

analysed further. The response ranged from 5.43 to 11.50 %; hence, the ratio of the maximum to minimum is

only 2.12. This indicates that no transformation is required (k = 1.0), as the ratio was \10. In the Fit

Summary section, certain data were shown based on the calculations carried out by the software to obtain the

best model to predict the most accurate response.

Based on the Sequential Model Sum of Squares in Table 3, the best model was chosen based on the highest

order polynomial criteria where the additional terms were significant and the model was not aliased. In this

research, the software revealed that the linear and quadratic models were significant (P \ 0.05). However, the

quadratic model was chosen as it was a higher order polynomial compared to the linear model.

Lack of Fit in Table 4, the residual error was compared to the Pure Error from replicated design points. A

high probability value showed insignificant lack of fit and it was desired. Therefore, the linear model definitely

can be ruled out, because the Prob [ F falls below 0.05. However, the quadratic model did not showed

significant lack of fit, hence it was chosen. The result showed the quadratic model was fitted well with the DH

data indicated that the generated or predicted model is able to be fitted with the data variations and signifi-

cantly represents the actual relationships with the parameters of a reaction.

123

Int Aquat Res (2015) 7:27–39 31



The Model Summary Statistics in Table 5 provides additional statistical measures that were useful in

comparing the available models in the software. From the data obtained, the quadratic model was chosen due

to the low standard deviation (Std. Dev.), high R-Squared (R2) values and a low PRESS. R-Squared is a

correlation coefficient for the model while PRESS is a measure of how a particular model fits each design

point. According to the R-Squared values, the closer the value to one, the better. In this studies showed that the

highest R-Squared was obtained for the cubic model, followed by the quadratic model. However, the cubic

model had been discarded earlier as it was aliased and could not be chosen; thus, the quadratic model was

utilised.

Analysis of variance (ANOVA) was used to confirm the significant and adequacy of the quadratic model

predicted, as shown in Table 6. The predicted quadratic model showed significant behaviour at a 95 %

confidence level (P \ 0.05). The significance of the predicted model was evaluated further for each parameter

varied. From the result obtained, only X2, X3, X1
2 and X3

2 were significant (P \ 0.05) while the rest (X1, X2
2 and

X1X2, X1X3 and X2X3) showed non-significant behaviour. However, F value of 17.58 implied the model was

significant (P \ 0.05). In addition, there was only a 0.01 % chance that a model F-Value this large could occur

due to noise. Hence, the adequacy of the quadratic model was confirmed from ANOVA as the model

Prob [ F was \0.05.

Regression analysis was performed for the tree difference variables (X1, X2 and X3). From the regression

analysis, the second-order polynomial model was predicted. It was consisted of 10 b-coefficients: three linear

effects, three quadratic effects, three interaction effects and one constant.

Y ¼ b0 þ b1X1 þ b2X2 þ b3X3 þ b11X2
1 þ b22X2

2 þ b33X2
3 þ b12X1X2 þ b13X1X3 þ b23X2X3

Where Y represented the estimated dependent variable (DH) and X1, X2 and X3 were hydrolysis tem-

perature, hydrolysis time and enzyme to substrate ratio respectively, while b0 was the constant term and bi, bii

and bij were the linear, quadratic and interaction terms (i = 1-3 and j = 1-3), respectively. Finally, the

second-order regression equation obtained from RSM was shown below.

Y ¼ �38:6269þ 1:3732X1 þ 0:0304X2 þ 7:9600X3 � 0:0112X2
1 � 0:0001X2

2 � 1:4461X2
3

þ 0:0001X1X2 � 0:0748X1X3 þ 0:0348X2X3

Table 3 Sequential Model Sum of Squares

Source Sum of squares DF Mean square F value Prob [ F

Mean 1,361.4459 1 1,361.4459 – –

Linear 44.5439 3 14.8480 20.0174 \0.0001

2FI 1.6034 3 0.5345 0.6735 0.5846

Quadratic 6.5274 3 2.1758 6.5373 0.0122

Cubic 1.7279 4 0.4320 1.7039 0.2845

Residual 1.2676 5 0.2535 – –

Total 1,417.1161 19 74.5851 – –

Table 4 Lack of Fit

Source Sum of squares DF Mean square F value Prob [ F

Linear 10.5915 11 0.9629 7.2017 0.0357

2FI 8.9881 8 1.1235 8.4033 0.0281

Quadratic 2.4607 5 0.4921 3.6809 0.1154

Cubic 0.7328 1 0.7328 5.4809 0.0793

Pure error 0.5348 4 0.1337 – –
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Overall, the analysis of variance representing the second-order regression equation which exhibited the

results fitted well to all the process parameters. Thus, the predicted model was statistically valid for enzymatic

hydrolysis of tilapia skin gelatine. From the optimization through RSM, the optimal condition for enzymatic

hydrolysis of tilapia skin gelatine was achieved at 57.6 �C of hydrolysis temperature (X1), 80 min of

hydrolysis time (X2) and 1.20 % of enzyme to substrate ratio (% v/w) (X3). These optimal parameters gave a

maximum value of yield in terms of DH, which was 10.91 %. Finally, by employing the optimal parameters

(X1, X2 and X3), three sets of enzymatic hydrolysis experiments were conducted. The average results obtained

from the three actual experimental gave a higher yield of DH (11.89 %).

A higher percentage of DH (19.9 %) was reported in a previous study for a controlled hydrolysis of catfish

skin gelatine using high pressure (Aleman et al. 2011). The error in the yield for DH was calculated based on

the predicted and actual value using the Eq. (4). The error calculated was acceptable with the value of 8.24 %.

Errorð%Þ ¼ A� B

A

� �
� 100 ð4Þ

where A is actual value and B is predicted value.

Effect of the hydrolysis parameter

The effects of hydrolysis temperature, time and enzyme to substrate ratio, upon the degree of hydrolysis (DH)

were determined by employing response surface methodology (RSM). The hydrolysis temperature (X1) and

hydrolysis time (X2) were set to top re-arranged ranges while the enzyme to substrate ratio (X3) was set to a

minimum value to achieve the maximum DH percentage. In order to obtain a clear view of the influences of

these independent variables on the dependent variable, several three-dimensional views of response surface

Table 5 Model Summary Statistics

Source Std Dev. R-squared Adjusted R-squared Predicted R-squared Press

Linear 0.8613 0.8001 0.7602 0.6718 18.2686

2FI 0.8908 0.8289 0.7434 0.4283 31.8275

Quadratic 0.5769 0.9462 0.8924 0.6457 19.7245

Cubic 0.5035 0.9772 0.9180 -1.9177 162.4315

Table 6 Analysis of variance (ANOVA)

Source Sum of squares DF Mean square F value Prob [ F

Model 52.6747 9.0 5.8527 17.5846 0.0001

X1 0.1451 1.0 0.1451 0.4359 0.5257

X2 16.5846 1.0 16.5846 49.8285 \0.0001

X3 27.8142 1.0 27.8142 83.5681 \0.0001

X1
2 5.4508 1.0 5.4508 16.3771 0.0029

X2
2 0.0449 1.0 0.0449 0.1348 0.7220

X3
2 1.7840 1.0 1.7840 5.3599 0.0458

X1X2 0.0027 1.0 0.0027 0.0081 0.9303

X1X3 0.6302 1.0 0.6302 1.8934 0.2021

X2X3 0.9705 1.0 0.9705 2.9159 0.1219

Residual 2.9955 9.0 0.3328 – –

Lack of fit 2.4607 5.0 0.4921 3.6809 0.1154

Pure error 0.5348 4.0 0.1337 – –

Cor total 55.6702 18.0 – – –

X1—hydrolysis temperature (�C), X2—hydrolysis time (min.), X3—enzyme to substrate ratio (% v/w)
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were plotted. The plots showed the effects of two independent variables toward DH by holding another

independent variable at a constant value that was the optimal value.

All of the three-dimensional plots for the enzymatic hydrolysis of tilapia skin gelatine are presented in

Figs. 1, 2 and 3. The plots are represented as a function of two factors and holding the other factor. Figure 1

shows the effect of hydrolysis time and temperature on DH by holding the enzyme to substrate ratio at an

optimal value of 1.20 %. The result showed that DH increased as time and temperature increased. However, a

decreasing trend was observed at temperatures above 57.6 �C. This finding can be related to the best range of

temperature for the highest performance of Alcalase. Higher temperatures tend to deactivate the enzymes

used, resulting in lower DH being achieved. This result was supported in a study on the hydrolysis of Catla

visceral waste protein where the optimum temperature obtained was 55 �C (Bhaskar et al. 2008). In another

study of hydrolysis on threadfin bream protein, 60 �C was determined as the optimum temperature (Normah

et al. 2005). Figure 2 shows the effect of the enzyme to substrate ratio and hydrolysis temperature on DH by

holding the value of the hydrolysis time constant at an optimum of 80 min. Here, it can be observed that the

DH increased almost linearly with the increasing enzyme to substrate ratio. This finding showed that a higher

enzyme concentration will eventually cleave more peptide bonds available in the substrate. The same results

were reported in a previous hydrolysis study employing palm kernel expeller, where a higher concentration of

Alcalase 2.4 L gave a higher value of DH (Ng and Mohd Khan 2012). In addition, a study on the hydrolysis of

protein concentrate from sunflower wholemeal also supported the results (Ordonez et al. 2008). However,

selection of enzyme concentration should considered the total concentration of peptide chains in the substrate

and the degree of protein breakdown desired to avoid an excessive use of enzyme that will drive up the cost for

industrial use. Furthermore, Fig. 3 shows both factors (enzyme to substrate ratio and hydrolysis time) were

slightly linear relationships against the DH by holding the value of the hydrolysis temperature at an optimum

of 57.6 �C.

Proximate composition

The composition according to the proximate analysis is tabulated in Table 7. The result showed that protein

was the main constituent in both gelatine and hydrolysate (87.62 and 85.26 %, respectively). Followed by a

fair amount of moisture content of gelatine and hydrolysate (12.30 and 12.35 %, respectively). The higher

percentage of ash content in the hydrolysate (2.39 %) compared to the gelatine (0.08 %) indicated that it was

contained greater amounts of salt. It was mainly due to the addition of sodium hydroxide and sulfuric acid

during pH adjustment and pH control during the enzymatic treatment (Chen et al. 2012). Overall, the yield of

Fig. 1 Response surface graph of enzymatic hydrolysis as a function of hydrolysis time and temperature versus DH
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Fig. 2 Response surface graph of enzymatic hydrolysis as a function of enzyme to substrate ratio and hydrolysis temperature

versus DH

Fig. 3 Response surface graph of enzymatic hydrolysis as a function of enzyme to substrate ratio and hydrolysis time versus DH

Table 7 Proximate compositions of gelatine and gelatine hydrolysate

Analysis Fish gelatine Gelatine hydrolysate

Mean SD (±) Mean SD (±)

Moisture (%) 12.30 0.024 12.35 0.039

Ash (%) 0.08 0.023 2.39 0.019

Protein (%) 87.62 0.021 85.26 0.020
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hydrolysate was high in protein and low in inorganic minerals and it was a similar composition to that of the

gelatine. This result was supported by Aleman et al. (2011), who obtained 88.11 % of protein composition and

11.52 % moisture content from catfish skin gelatine.

Amino acid composition

Table 8 shows an amino acid composition of commercial gelatine from tilapia scales and gelatine hydrolysate.

After hydrolysis, the composition of total amino acid changed to be increased due to the optimum conditions

during hydrolysis process. The higher amino acid contents which obtained from this study were similar to

previous reports (Jongjareonrak et al. 2006; Sarabia et al. 2000 and Herpandi and Adzitey 2011). The results

showed both gelatine and gelatine hydrolysate containing glycine (18.3/100 and 18.9/100 g respectively) as a

main component, followed by proline, alanine and hydroxyproline.

Molecular weight

The molecular weight distribution was employed for selection of particular application based on their

molecular sizes. Based on previous studies (Lim and Mohammad 2011; Gomez-Guillen et al. 2002) gelatine

consisted mainly of a-chains followed by a fair number of b-chains, along with a low content of c-chains. In

this research, SDS-PAGE analysis was done on the gelatine and hydrolysate samples as mentioned previously.

The electrophoretic patterns for both gelatine and hydrolysate samples are presented in Fig. 4 below. The

result clearly showed that the sizes of gelatine molecules were within the range of 34–260 kDa. Whereas, the

average molecular weight of three samples of the same hydrolysates was below 10 kDa. This result indicated

that the hydrolysis process had successfully cleaved the peptide bonds, resulting in lower molecular weight

and higher DH. In order to obtain protein hydrolysates of high nutritional value, the dietary protein in it should

rich in low molecular weight species, with the amounts of free amino acids as low as possible (Vijayalakshmi

et al. 1986).

Table 8 Amino acid composition of gelatine and gelatin hydrolysate

Amino acid Gelatine (g/100 g) Gelatine hydrolysate (g/100 g)

Mean SD (±) Mean SD (±)

Histidine 2.6155 0.6611 3.0147 0.3194

Isoleucine 0.8193 0.0446 0.9244 0.0594

Leucine 1.8592 0.0668 1.8908 0.0149

Lysine 4.2752 0.3937 3.6450 0.0668

Methionine 0.3466 0.0074 0.2206 0.0371

Phenyl alanine 1.1765 0.0446 1.2395 0.0000

Tyrosine 0.2731 0.0149 0.1891 0.0594

Threonine 1.9748 0.1337 2.0378 0.0149

Arginine 6.7962 0.1857 4.0126 0.2080

Valine 1.3971 0.0520 1.5441 0.0074

Aspartime 4.0966 0.2080 4.2647 0.1040

Glutamin acid 7.5000 0.2971 8.0147 0.0371

Serine 2.7206 0.0817 2.1534 0.0074

Glycine 18.3403 0.3862 18.9391 0.4085

Alanine 7.4160 0.2674 8.1828 0.1560

Hydroxyproline 6.6282 0.1560 7.0693 0.0520

Proline 8.4559 0.2748 9.3277 0.0297

Total 76.6912 2.5031 76.6702 0.1708
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Viscosity

Figure 5 shows the viscosity plots for gelatine and gelatine hydrolysate. The hydrolysate samples were

obtained from triplicate runs employing the optimal parameters obtained from the optimization process. The

average viscosity of the hydrolysates produced was 2.27–2.54 cP. The results showed higher viscosity for the

gelatine, which was almost twice the viscosity of the hydrolysates. The viscosities showed decreasing trends

as the temperature increased. In addition, the molecular weight of hydrolysates also influenced the viscosity of

solution. Hydrolysates with low molecular weight tended to produce a solution of low viscosity that was easier

to process even at relatively high concentration (Schrieber and Gareis 2007). Therefore, viscosity was an

important measurement for the industry to monitor and control the hydrolysis process.

Conclusion

The degree of hydrolysis of gelatine hydrolysate from tilapia scales was significantly influenced by the

hydrolysis conditions (hydrolysis time, hydrolysis temperature and enzyme to substrate ratio). Based on the

Fig. 4 Electrophoretic patterns for tilapia skin gelatine and

gelatine hydrolysate (M—standard protein marker, S0—

gelatine sample, S1, S2 and S3—gelatine hydrolysate

samples)

0
40 45 50 55 60

1

2

3

4

5

6

V
is

co
si

ty
 (c

P)
 

Temperature (°C) 

Gelatine

Gelatine Hydrolysate

Fig. 5 Viscosity plots for gelatine and gelatine

hydrolysate
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model predicted, the optimum hydrolysis conditions were 57.6 �C for hydrolysis temperature, 80 min for

hydrolysis time and 1.20 % (v/w) for the enzyme to substrate ratio. These optimum conditions gave a

maximum value for yield, in terms of DH (10.91 %). The gelatine hydrolysates produced were rich in protein

content and may serve as a better alternative source to fulfil human needs.
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