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Abstract

Protein hydrolysates are products of splitting protein into peptides, which has been shown to
provide superior nutritive benefits than the parent material. Hydrolysis can be carried out
enzymatically or by using acid or alkali treatments. In this study, conditions for enzymatic
hydrolysis of unicornfish Naso thynnoides (Cuvier 1829) skin gelatin was optimised through
response surface methodology (RSM) to yield the highest degree of hydrolysis. Extracted skin
gelatin was hydrolysed using a crude preparation of neutral protease from Bacillus sp. The
considered optimum hydrolysis conditions were: enzyme concentration of 2.11 % (v/v), the
temperature of 47.60 °C and hydrolysis time of 137.45 min resulting in 29.12 % degree of
hydrolysis (DH) point prediction value. Foaming capacity expressed as foaming expansion
percentage (FE) was also considered as a surface model response. Response surface methodology
predicted an optimum FE value of 11.14 % with optimal conditions as follows: enzyme
concentration of 2.13 % (v/v), the temperature of 54.16 °C and hydrolysis time of 147.73 min.

Keywords: unicornfish, gelatin, gelatin hydrolysates, response surface methodology, degree of
hydrolysis, foaming expansion

Introduction

Processing of fish and other marine organisms to produce desired food product involves
removal of unneeded parts such as skin, bones, viscera and scales (Amiza et al. 2011). Efforts are
made to utilise these discards as a source of functional compounds like collagen and gelatin.
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Approximately 30 % of skin and bones from fish filleting process is composed of collagen
which can be further processed into gelatin, a collagen derivative extensively utilised as an
ingredient in the improvement of elasticity, consistency, and stability of food (Binsi et al. 2009;
GOomez-Guillén et al. 2010). Studies on gelatin production from fish sources have focused on its
potential to substitute bovine and porcine counterparts. However, developments on gelatin
production from fish is considered minimal comprising only 1.5 % of total annual world gelatin
produced due to its poor rheological properties such as low melting point and low gel strength limit
(Gomez-Guillén et al. 2011).

Protein hydrolysates are valuable products which may be derived from fish skin gelatin
through controlled enzymatic hydrolysis, cleaving protein peptide chains into smaller fragments
(Chalamaiah et al. 2012). In the food industry, enzymatic hydrolysis of protein is widely applied as
compared to other methods because of the ease of controlling the reaction whereby it forms only
minimal by-products and the milder processing conditions improve the nutritional and functional
properties of proteins and peptides (Kristinsson and Rasco 2000; See et al. 2011; Mohammad et al.
2015; Jamil et al. 2016). The efficiency of the hydrolysis process is significantly dependent on the
type of enzyme to be used since various enzymes have respective specific activities and optimal
working parameters (Ji et al. 2016). For practicality, production of gelatin hydrolysates is widely
favoured over collagen due to the high cost of the enzyme collagenase (Mohammad et al. 2015).

One of the desirable properties of proteins needed in industrial applications is good foaming
capacity which relates to the protein’s ability to be adsorbed quickly at the air-water interface
resulting in a lowered surface tension (Medina et al. 2011; Razali et al. 2015). In the production of
protein hydrolysates, foaming capacity determines the functionality of the protein fragments.
Optimising the conditions to obtain desired enzymatic hydrolysis and foaming capacity of the
gelatin hydrolysates can be done by response surface methodology (RSM). This multivariate tool
creates a mathematical model estimating the effect of variables and its interactions to response,
resulting in the generation of optimum conditions and response values (Bezerra et al. 2008; Amiza
et al. 2011).

Acanthurids such as unicornfish Naso thynnoides (Cuvier 1829) is usually processed for
human consumption as fillets, generating skin as a by-product which can be a viable source of
gelatin (Sweetser 2009). In this study, gelatin was extracted from the skin of unicornfish and was
hydrolysed using a crude bacterial protease. The objective of this study was to optimise the
hydrolysis conditions in relation to enzyme concentration, temperature and reaction time using RSM
to obtain the highest degree of hydrolysis and the highest foaming capacity of the hydrolysed
protein.
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Materials and Methods
Raw material

Skin of oneknife unicornfish Naso thynnoides was collected from a dried fish processor in
Culasi, Antique, Philippines. The sample was frozen and transported to the laboratory for washing
and cleaning. Skin samples were cut into small pieces (approximately 0.5 x 0.5 cm), packed in
polyethylene bags and stored in a freezer at -20 °C until use.

Extraction of gelatin from fish skin

Gelatin was extracted from the cleaned fish skin following the method of Razali et al. (2015)
with slight modification. Approximately 30 g of fish skin was mixed with 120 mL of 0.15 M acetic
acid (Macron Fine Chemicals, Thailand) for 1 h at 4 °C. The mixture was swirled every 10 min to
promote better absorption of acid to the skin. The acetic acid was drained and skin was rinsed twice
with 150 mL distilled water and later mixed with distilled water at a ratio of 1:6 (skin/water). The
mixture was stirred for 3 h in a water bath (Kottermann, Germany) at 60 °C with the flask swirled
every 5 min. The extract was filtered with two layers of cheese cloth and the liquid fraction was
collected and freeze dried. The yield was calculated following the equation below:

Dry weight of gelatin (g)
Yield (%) = 1
ield (%) Wet weight of skins (g) x100

Bacterial protease

A crude enzyme preparation from Bacillus sp. was used in this study due to its desirable
hydrolytic capacity at a wide range of pH. The bacterial protease was obtained from the Enzyme
Laboratory of University of the Philippines Los Bafios (UPLB), Los Barios, Laguna, Philippines and
was determined to have a specific activity of 0.3 U.mg (U defined as umol tyrosine liberated min
mL* enzyme preparation) and a neutral pH optimum. The solution was stored at 4 °C until use.

Response surface model experimental design

Optimisation was done by the use of response surface methodology (RSM) using Design
Expert version 7 software (Stat-Ease, Inc., USA) by central composite design using three
independent factors at five levels including 2 axial points, 2 factorial points and 1 centre point.
Hydrolysate production conditions identified as independent variables are enzyme concentration (%
viv, X3), hydrolysis time (min, X;) and hydrolysis temperature (°C, X3) with range of values shown
in Table 1. A pH of 7 in the treatments was maintained during the whole enzymatic hydrolysis
process by adding 1N NaOH (Scharlau Chemie, Spain). Responses monitored for the experimental
model were degree of hydrolysis (DH) and foaming expansion (FE).
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Table 1. Independent variables and corresponding coded and actual value levels used in the optimisation of enzymatic
hydrolysis of Oneknife unicornfish Naso thynnoides skin gelatin.

Variable Code Actual value level

~1.68 (-a) -1 0 1 1.68 (0)
Enzyme concentration (% v/v) X1 1 1.41 2 2.59 3
Hydrolysis time (min) X, 60 84.32 120 155.68 180
Hydrolysis temperature (°C) X3 40 44.05 50 55.95 60

The suggested number of runs by the software were experimentally done and the values for
degree of hydrolysis and foaming expansion were used as data for RSM. The centre point was
carried out six times to obtain precise estimation of the experimental error. For this study,
experimental runs were done in random order to minimise the effects of unanticipated variability in
the observed values of the response. Each combination run was done in triplicate.

Model fitting

After inputting experimental values to the software, analysis of the model was done by
identifying the significant (P < 0.05) and non-aliased highest polynomial order among the linear,
quadratic and cubic sources. In this study, analysis of variance (ANOVA) suggested the quadratic
response surface as the chosen model for both degree of hydrolysis and foaming expansion. The
independent and interaction coded terms which had significant effects on the model were identified.
The non-significant lack of fit value (P > 0.05) was considered since it indicates the model’s fitness.

Predicted values of the response were calculated using the equation generated by the software.
It consisted of 10 PB-coefficients including three linear effects, three quadratic effects, three
interaction effects and one constant. The equation follows the format given below:

Y =00+ BiXi+ B2Xo+ L:Xs+ BuXi®+ L2X2" + B3V + BrXiXo+ BiXiXs+ [2X:X5

The relationship between independent variables by holding the third variable as constant was
illustrated by 3D response surface plots generated by the software. Effect of the variables with
respect to the response in observations was also shown by the plot.

Preparation of fish skin gelatin hydrolysates

Unicornfish skin gelatin hydrolysates were prepared following the method of Lassoued et al.
(2015) with slight modification. Gelatin powder of 2.5 g was dissolved in 100 mL of distilled water
and hydrolysed using the crude bacterial protease at varying concentrations, reaction times, and
temperatures that the RSM software identified.
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After every run, the tubes were exposed to 80 °C for 10 min to deactivate the enzyme. The
solution was centrifuged at 3500 rpm for 30 min. The soluble fractions were stored in the freezer at
-20 °C until analysis.

Degree of hydrolysis determination

The degree of hydrolysis of the fish skin gelatin was determined by the trichloroacetic acid
(TCA) (Sigma-Aldrich, Singapore) ratio method following the process of Haslaniza et al. (2010). In
this method, 20 mL of the hydrolysates was added with 20 mL of 20 % (w/v) TCA to produce 10 %
TCA soluble matter. The mixture was left to stand for 30 min to allow precipitation and centrifuged
at 3500 xg for 30 min. The soluble fraction was analysed for protein content determination by the
Kjeldahl method (AOAC, 2005). The hydrolysate samples were also subjected to the same test and
degree of hydrolysis was calculated using the formula below:

Souble N in TCA 10 % ()
Total N in the hydrolysate sample

DH % = x 100

Foaming capacity of hydrolysates

Foaming capacity of the hydrolysates was determined according to the method of Giménez et
al. (2009). The sample solution (0.5 % v/v) at 50 mL volume was homogenised for 1 min using a
homogeniser (approximately 8000 rpm) (WiseTis, Humanilab Instrument Corp., Germany) to
incorporate air at room temperature. The whipped sample was immediately transferred into a 100
mL graduated cylinder and total volume was measured and recorded. Foaming expansion percentage
was calculated using the following equation where V. is the total volume after whipping (mL) and
V, is the volume (mL) before whipping. The analysis was done in triplicate.

FE = XY° v 100
Vo
Results

Prior to optimisation, the yield of the gelatin powder from unicornfish skin was determined at
10.65 % (10.65 g.100 g* of wet skin). Response surface modelling with use of 3 factors-five level
central composite design and the detailed experimental and predicted values for both of the
responses are shown in Table 2. Experimental values for DH ranged from 27.71-49.69 % with
maximum to minimum ratio of 1.79 and for FE, 4.27 % to 18.81 % with maximum to minimum
ratio of 4.41. Model generation with basis on the sum of sequential squares (Table 3) selected
quadratic model as the significantly highest order polynomial criterion (P < 0.05) among the sources
presented.
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Table 2: Central composite design of experimental and predicted results for the optimisation of enzymatic hydrolysis
and foaming expansion of Oneknife unicornfish Naso thynnoides skin gelatin.

Degree of hydrolysis (%) Foaming expansion (%)
Standard Experimental ~ Predicted Experimental Predicted
X1 X2 X3
order value value value value

1 1.41 84.32 44.05 49.69 46.21 10.89 12.21
2 2.59 84.32 44.05 32.52 35.47 9.57 8.17
3 1.41 155.68  44.05 38.28 38.15 6.93 6.05
4 259 155.68  44.05 29.81 27.41 4.29 3.49
5 1.41 84.32 55.95 37.29 35.53 12.87 12.89
6 2.59 84.32 55.95 32.35 34.83 6.6 6.69
7 141 155.68 55.95 36.1 35.51 16.83 17.45
8 259 15568 55.95 35.47 34.81 14.85 12.73
9 1 120 50 38.41 41.57 18.81 17.77
10 3 120 50 33.78 31.95 8.25 10.40
11 2 60 50 39.14 38.60 6.27 5.87
12 2 180 50 29.96 31.80 4.27 5.78
13 2 120 40 34.99 36.38 4.95 5.61
14 2 120 60 33.72 33.62 13.53 13.96
15 2 120 50 29.72 30.08 10.23 8.88
16 2 120 50 27.71 30.08 8.25 8.88
17 2 120 50 29.87 30.08 8.91 8.88
18 2 120 50 33.42 30.08 9.24 8.88
19 2 120 50 30.53 30.08 7.26 8.88
20 2 120 50 29.43 30.08 9.57 8.88

Analysis of variance (ANOVA) of the quadratic response surface model for DH was
significantly different (P < 0.05) suggesting that it has sufficiently represented the true relationship
among the chosen independent variables. Parameters with code X1, Xa, X1 X3 XoXsz, Xi2, Xo?, X5°
were identified to contribute to the significance of the quadratic model (P < 0.05). For FE, parameter
codes such as X3, Xz, X2Xs3, X2, X342 were significant model terms.

For both of the responses, the non-significant (P > 0.05) relationship of lack of fit to the pure
error suggests that the experimental data fits well in the model. Response model equations used for
the calculation of the predicted responses’ value (Table 2) are shown in Table 4.
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Table 3. Response surface model fitting through sum of sequential squares suggesting quadratic source for both degree

of hydrolysis and foaming expansion.

Response Source Sum of DF Mean square F value P-
squares value
Mean vs Total 23269.15981 1 23269.15981
Linear vs Mean 176.4767161 3 58.82557204 3.1463858  0.0542
Degree of  2FI vs Linear 103.7084375 3 34.56947917  2.299545334 0.1254
hydrolysis ~ Quadratic vs 2FI  143.4448599 3 47.81495332  9.197574443 0.0032 Suggested
(%) Cubic vs Aliased
Quadratic 30.25443389 4 7.563608473  2.088236312 0.2006
Residual 21.73204755 6 3.622007926
Total 237447763 20  1187.238815
Mean vs Total 1850.310845 1 1850.310845
Foaming Linear vs Mean 149.9272804 3 49.97576012 5.057713021 0.0118
expansion  2FI vs Linear 60.9159375 3 20.3053125  2.716244244 0.0876
(%) Quadratic vs 2FI  72.97068092 3 24.32356031  10.04650956 0.0023  Suggested
Cubic vs Aliased
Quadratic 15.69496965 3.923742412  2.764501124 0.1282
Residual 8.515986579 1.419331096
Total 2158.3357 20 107.916785

Table 4. Analysis of variance (ANOVA), coefficient of determination (R?) and second order polynomial equation of the
quadratic model for degree of hydrolysis and foaming expansion.

Response Source SS D MS F P- R® Model equation
Model 42363 9 47.07 9.05 0.0010 0.8907 Y=30.00-2.86X;-2.02X,-
Residual Error  51.99 10 5.20 0.82X5+1.63
Degree of Lack of Fit 3442 5 688 196  0.2390 X1 Xp+2.51X 1 X3+2.01X;X5
hydrolysis  pyre Error 1756 5 351 +2.36X,°+1.81
(%) Total 475.62 19 X +1.74X3’
Foaming Model 28381 9 3153 13.03 0.0002 0.9214 Y=8.88-2.19 X;-0.029
expansion Residual Error 2421 10 2.42 Xp+2.48 X3+0.37 Xy Xo-
(%) Lack of Fit 1877 5 375 345 0.1003 0.54 X; X3+2.68 X;
Pure Error 545 5 1.09 X3+1.84 X;°-1.08 X,"+0.32
Total 308.02 19 X3’

The effect of the hydrolysis parameter to the response is graphically illustrated in Figure 1.
Figure 1a shows the effect to the response of the relationship between enzyme concentration (% v/v)
and hydrolysis time (min) by maintaining the hydrolysis temperature at 50 °C. Degree of hydrolysis
decreased from 1-2 h peaking at an enzyme concentration of 1.67 %. Also, when hydrolysis time
was held at a mean level of 120 min, degree of hydrolysis increased while enzyme concentration and
temperature decreased with highest range values at 1.79 % and 53.56 °C (Fig. 1b).
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This observation was also true for the relationship between hydrolysis time and temperature
when enzyme concentration was fixed at 2 % with the lowest decrease in DH observed at 103.08
min hydrolysis time and 53.70 °C hydrolysis temperature (Fig. 1c). The effect of the independent
variables to FE is shown in Figure 2. As illustrated by the 3D response surface plots, FE decreased
from 1-2 h as it approached enzyme concentration of 1.62 % and hydrolysis temperature at 50 °C
(Fig. 2a). At 120 min hydrolysis time, FE also decreased peaking at 1.93 % enzyme concentration
(Fig. 2b). When enzyme concentration was at central value of 2 %, FE decreased as temperature and
time increased up to 53.31 °C and 111.61 min respectively (Fig. 2c).

For DH, optimisation by response surface modelling yielded the following optimum
conditions: 2.11 % enzyme concentration, 137. 45 min hydrolysis time and 47.60 °C hydrolysis
temperature suggesting a point predicted value of 29.11 %. For FE, optimum conditions were 2.13
% enzyme concentration, 147.73 min hydrolysis time and 54.16 °C hydrolysis temperature. The
predicted value of FE for this combination of conditions was 11.14 %.

Table 5. Optimised variable conditions and point prediction for degree of hydrolysis and foaming expansion responses.

Variables
Enzyme Hydrolysis Hydrolysis
Response concentration time (min) temperature Predicted value
(% viv) °C)
Degree of hydrolysis (%) 211 137.45 47.60 29.12
Foaming expansion (%) 2.13 147.73 54.16 11.14
Discussion

In the present study, the 10.65 % gelatin powder yield was within the reported range of fish
gelatin extraction percentages of 6-19 % from different aquatic organisms as indicated in Table 6. It
is much higher than the gelatin extracted from bigeye snapper, giant squid, dover sole, megrim, cod,
hake, rainbow trout, nile perch, bigeye snapper, brownstripe red snapper and shortfin scad.
However, this result is lower than those obtained from walking catfish, striped catfish, grass carp
and catfish.

The observed variation in the recovery of gelatin from different species can be attributed to the
intrinsic properties of fish skin since physical and structural characteristics of gelatin vary among
fish species (Gomez-Guillén et al. 2001; Razali et al. 2015). Furthermore, the lower content of inter-
and intra-chain non-reducible crosslinks in the fish skin collagenous material leads to high
susceptibility to degradation. This is evident with the possible leaching out of extracted collagen
after a series of washings and incomplete collagen hydrolysis which can result to lower yields
(Jamilah and Harvinder 2002; Karim and Bhat 2009; Tabarestani et al. 2010).
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Table 6. Gelatin yield from skins and bones of different aquatic organisms.

Species Gelatin yield Reference
(%)

Oneknife unicornfish Naso thynnoides (Cuvier 1829) 10.65 Present study
Bigeye snapper Priacanthus macracanthus Cuvier 1829 4 Jongjereonrak et al. 2006
Giant squid Dosidicus gigas (D’Orbigny 1835) 75 Gomez-Guillén et al. 2002
Dover sole Solea vulgaris Quensel 1806 7.3 Gomez-Guillén et al. 2002
Megrim Lepidorhombus boscii (Risso 1810) 7.4 GAmez-Guillén et al. 2001
Cod Gadus morrhua Linnaeus 1758 7.2 GOmez-Guillén et al. 2002
Hake Merluccius merluccius (Linnaeus 1758) 6.5 GOmez-Guillén et al. 2002
Rainbow trout Onchorynchus mykiss (Walbaum 1792) 9.36 Tabarestani et al. 2010
Nile perch Lates niloticus (Linnaeus 1758) 3.4 Muyonga et al. 2004
Bigeye snapper Priacanthus hamrur (Forsskal 1775) 6.5 Binsi et al. 2009
Brownstripe red snapper Lutjanus vitta (Quoy and Gaimard
1824) 94 Jongjereonrak et al. 2006
Shortfin scad Decapterus macrosoma Bleeker 1851 7.3 Cheow et al. 2007
Walking catfish Clarias batrachus (Linnaeus 1758) 13.06 Jamilah et al. 2011
Striped catfish Pangasius sutchi Fowler 1937 11.97 Jamilah et al. 2011
Grass carp Ctenopharyngodon idella (Valenciennes 1844) 19.83 Kasankala et al. 2007
Catfish Clarias gariepinus (Burchell 1822) 17.57 Sanaei et al. 2013

The peak maximum on the 3D response surface plots for degree of hydrolysis and foaming
expansion were used to find the optimal values of the respective independent variables. The inverse
relationship of the independent variables to DH is mainly due to rapid gelatin hydrolysis Kinetics
during the first few minutes of enzymatic hydrolysis of the fish skin gelatin sample. This finding is
comparable to the results of tuna Thunnus sp. and giant squid D. gigas skin hydrolysate production
in which proteolysis was increased at 5-30 min and reached the maximum value roughly after 2 h
(Gomez-Guillen et al. 2010). Sai-Ut et al. (2014) also reported that proteolysis of unicorn
leatherjacket Aluterus monoceros (Linnaeus 1758) skin gelatin using extracellular protease from
Bacillus amyloliquefaciens H11 was rapid at the primary phase of 30 min.

The observed high initial rate of protein hydrolysis in the present study suggested that the
maximum peptide cleavage is within 2 h (You et al. 2010). The fast hydrolysis of unicornfish skin
gelatin can be attributed to its composition of peptides mainly with molecular weight of <100 kDa
facilitating a more efficient access of the enzyme to the substrate (Gomez-Guillen et al. 2010). The
further increase in enzyme concentration resulting in lower DH may be attributed to decreasing
substrate amount, enzyme autodigestion and product inhibition (Khantaphant and Benjakul 2008).
Further, the efficiency of enzymatic hydrolysis decreased at higher hydrolysis temperature which
may have led to deactivation of the enzyme (Mohammad et al. 2015).
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The degree of hydrolysis predicted value (29.12 %) obtained in the study is comparable to the
optimum DH of cuttlefish Sepia officianalis (Linnaeus 1758) gelatin using crude enzymes from
Bacillus mojavensis A21 and Bacillus licheniformis NH1 with values at 26.9 % and 24.1 %
respectively (Jridi et al. 2014). This is higher than tilapia Orechromis spp. scale gelatin hydrolysates
at 10.91 % (Mohammad et al. 2015) but lower than the salmon Salmo salar Linnaeus 1758 skin
hydrolysates at 77.03 % (See et al. 2011) which both utilised the commercial Alcalase enzyme.
Comparing the obtained optimal value, results of the present study showed higher DH than
published works that used Bacillus subtilis A26 proteases on thornback ray’s Raja clavata Linnaeus
1758 skin gelatin hydrolysates (11.35 %) and cuttlefish S. officianalis gelatin hydrolysates (12.7 %)
(Jridi et al. 2014; Lassoued et al. 2015).

Optimum values of the independent variables for the degree of hydrolysis using a crude
protease from Bacillus sp.in the present study was within the range of optimised conditions for fish
protein hydrolysis by Alcalase, an endoproteinase obtained from Bacillus licheniformis with 35-64
°C hydrolysis temperature and 0.20 % - 2.50 % enzyme concentration (Jamil et al. 2016). Further,
the optimum hydrolysis time of 137.45 min in the present study is close to the optimal hydrolysis
time of 136 min for protein hydrolysis of tuna dark muscle (Saidi et al. 2013) and Catla Catla catla
(Hamilton 1822) fish visceral waste proteins (Bhaskar et al. 2008).

The 3D response surface plots for FE which shows that the decrease in the response is due to
the increase of independent variables with maximum values is presented in Figure 2. Foaming
capacity as expressed by foaming expansion has a direct relationship with the degree of hydrolysis
wherein at higher hydrolysis percentage, foaming expansion increased. This could be due to the
presence of smaller peptides which migrate faster at the air-water interface (Intarasirisawat et al.
2012). Hydrolysing fish proteins can increase the foaming capacity of the polypeptides, but it often
lacks stability due to its inability to stabilise the air cells in the foam (Kristinsson and Rasco 2000).

The 11.14 % point prediction for FE in the present study is higher than the value reported by
Giménez et al. (2009) at 6-7 % using the same concentration. This can be attributed to the
assumption that the unicornfish skin gelatin hydrolysates have small peptide fractions that can easily
be adsorbed in the air-water interface resulting in the lowering of surface tension.

Variation in the FE maybe due to the interface adsorption efficiency of the peptide affected by
the molecular size and structure of the parent protein, the hydrophobicity of the hydrolysates and the
employed hydrolysis procedure (Martin et al. 2002). The results of the present study are comparable
to the foaming expansion percentage of cobia Rachycentron canadum (Linnaeus 1766) skin gelatin
hydrolysate of 9.33 % at 5 kDa molecular weight (Razali et al. 2015).
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Conclusion

Optimisation by response surface methodology of the production of unicornfish skin gelatin
hydrolysates showed that degree of hydrolysis is affected by enzyme concentration, hydrolysis
temperature and interaction of hydrolysis time with hydrolysis temperature. Also, foaming capacity
is mainly influenced by enzyme concentration, hydrolysis time and hydrolysis time-hydrolysis
temperature interaction. Characterisation of the hydrolysates in terms of its molecular profile, amino
acid profile, other functional properties and bioactivity is however recommended.
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