


The Effect of Papain Enzyme in Feed on Protein Digestibility, Efficiency Utilization of Feed and Growth Performance of Tilapia (Oreochromis niloticus) Seed Stage



Abstract

[bookmark: _Hlk195875538]The aim of this study was to examine the effect of papain enzyme in feed on protein digestibility, feed utilization efficiency, and growth performance of Tilapia fish (Oreochromis niloticus) seed stage. The test fish used were Tilapia fish at the seed stage with an average weight of 2.49 ± 0.25 g/fish. This study used an experimental method with a Completely Randomized Design (CRD), 5 treatments, and 3 replications. The treatment in this study was the addition of papain enzyme in the feed with different doses, namely treatment A (0% kg-1 feed), B (0.75% kg-1 feed), C (1.5% kg-1 feed), D (2.25% kg-1 feed), E (3% kg-1 feed). The variables observed included the actual digestibility for protein (ADCp), feed utilization efficiency (EFU), protein efficiency ratio (PER), relative growth rate (RGR) and survival of Tilapia fish at the seed stage. The best dose of papain enzyme in Tilapia fish feed at the seed stage of 1.5%/kg of feed produced the highest values of EPP, ADCp, PER and RGR of 78.16±0.30%, 79.24±0.24%, 5.38±0.12 and 6.72±0.25%/day.
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Introduction
	Tilapia fish (Oreochromis niloticus) is one of the freshwater fish commodities with high economic value, easy to cultivate, has a taste that is liked by many people, and is relatively affordable [1], besides that it has several advantages, namely fast growth, accepts artificial feed very well, tolerates high density, is more resistant to disease, and is tolerant to various environmental parameter conditions (high tolerance to temperature, salinity, and turbidity) [2,3]. The nutritional content of Tilapia meat is 20.19% protein, 2.11% fat, 1.23% carbohydrate, 75.05% water and 0.52% ash [4].
	The success of intensive Tilapia cultivation depends on the availability of quality feed. Quality feed is feed that contains protein according to the needs of the fish. The problem currently faced by Tilapia farmers is the low efficiency of feed utilization so that feed costs are high, almost 50-60% of the total production costs [5]. This is thought to be caused by the feed given having low feed utilization efficiency so that fish growth is not optimal. This condition is a problem for Tilapia farmers today. [6] stated that reducing production costs can be done by increasing feed efficiency. One effort to overcome this problem is the addition of papain enzyme to the feed.
	Papain enzyme is a proteolytic enzyme from the cysteine ​​proteinase family. Papain comes from papaya leaves (Carica papaya), unripe fruit and papaya latex, a milky liquid that comes out of green papaya. Papaya leaves contain about 9% protein and 5.3% papain and also contain vitamin C (286 mg / 100 g) and vitamin E (30 mg / 100 mg) [7]. [6] reported that papain can break down feed protein into amino acids that allow fish to digest feed more easily, which increases feed efficiency. [8] reported that the addition of papain enzyme in feed can increase feed utilization efficiency. Several studies of the addition of papain enzyme in feed have proven to increase protein digestibility, feed utilization efficiency and fish growth in several fish species, including those reported by [9] in Clarias gariepinus var Sangkuriang seeds with an average weight of 1.48 g /tail can increase feed utilization efficiency and maximum growth requires papain enzyme of 1.5% / kg of feed; [7] in Cyprinus carpio an average weight of 10 g/tail requires papain enzyme of 2%/kg of feed to increase feed utilization efficiency and growth; [10] in Tor tambra an average weight of 0.30 g/head requires papain enzyme of 27.5 mg/kg of feed to increase feed utilization efficiency and growth; [8] in Litopenaeus vannamei requires papain enzyme of 0.1%/kg of feed to increase feed utilization efficiency and growth; [11] in Cherax quadricarinatus an average weight of 0.43 g/tail requires an optimum dose of papain enzyme between 0.24%-0.31% for feed utilization efficiency and maximum growth [12] in Pangasius hypopthalmus an average weight of 2.23 g/tail requires papain enzyme of 4 g/kg of feed for protein digestibility, feed utilization efficiency and the highest growth; [6] in Acipenser ruthenus the average weight of 37 ± 3.59 g/tail requires papain enzyme of 20 g/kg feed for immune response, feed utilization efficiency and highest growth. From several research results it can be concluded that the need for papain enzyme in feed varies for each fish species and size [8]. Information on the use of papain enzyme in fish feed related to the activity of Tilapia digestive enzymes has not been found at this time, so this study needs to be conducted. The purpose of this study was to examine the effect of papain enzyme in feed on protein digestibility, feed utilization efficiency, and growth performance of Tilapia (O. niloticus) at the seed stage.

2. MATERIALS AND METHODS
2.1.  Preparation of Test Fish
The Tilapia (O. niloticus) seeds stage used as test fish had an average weight of 2.49±0.25 g/fish obtained from the Ngrajek Fish Seed Center (BBI), Magelang, Central Java, Indonesia. Before being used for research, the test fish were first adapted for two weeks in a maintenance container in the form of a 1.0 × 1.0 × 1.0 m3 plastic fiber tub in the Wet Laboratory, Department of Aquaculture, Faculty of Fisheries and Marine Sciences, Diponegoro University, Central Java, Indonesia as the place where this research was carried out. During the adaptation process, the test fish were given commercial feed without the addition of papain enzyme and the feed was given using the ad satiation method (fish until full) with a feeding frequency of 3 times a day in the morning, afternoon and evening. Furthermore, test fish were selected that had uniform weight, swam actively, swam, were healthy, and were not disabled [13].
[bookmark: _Hlk195855926]
2.2.  Preparation of Test Feed
The test feed used commercial feed with 30% protein,  8.36% fat, 35.19% carbohydrate, 75.05% water and 0.52% ash  [9] added with 0.5% Cr2O3 [14] as an indicator of protein digestibility and papain enzyme in the feed according to the treatment, namely treatment A (0% kg-1 feed), B (0.75% kg-1 feed), C (1.5% kg-1 feed), D (2.25% kg-1 feed), E (3% kg-1 feed) modifying the research results [9]. The papain enzyme used was obtained from the Center for Brackish Water Aquaculture, Jepara, Central Java Province, Indonesia.
Preparation of test feed, commercial feed was ground, and then added papain enzyme according to treatment and 0.5% Cr2O3 as an indicator of digestibility [14]. The papain enzyme used was obtained from the Center for Brackish Water Cultivation, Jepara, Central Java, Indonesia. The amount of enzyme used according to treatment was mixed with 30 ml of distilled water at a temperature of 28 ° C for 500 g of feed, then added to the previously ground feed and mixed until the mixture was homogeneous. After being homogeneous, the feed was repelletized using a 3 mm diameter pellet machine that was suitable for the mouth opening of the fish used in the study. The molded feed was dried at room temperature, then put in a plastic bag and stored at a temperature of 4 ° C until used [9].

2.3.  Preparation of Maintenance Containers
	The maintenance container used in this study was a fiber tank measuring 1.0 × 1.0 × 1.0 m3 as many as 15 units equipped with a recirculation system to maintain the quality of the water of the cultivation media suitable for fish maintenance. The test fish were maintained with a stocking density of 1 fish/liter for 56 days.

2.4.  Analysis of protein digestibility
Analysis of protein digestibility in this study used an indirect method by adding 0.5% Cr2O3 indicator to the feed [14]. Measurement of chromium content from feed and feces was measured using an Atomic Absorption Spectrometer [15].



2.5.  Research Implementation
The implementation of the study began by inserting test fish with known average weight into a maintenance container with a stocking density of 1 fish/liter which was cultivated for 56 days. The test feed was given using the ad satiation method with a frequency of feed distribution of 3 times a day at 8:00, 13:00 and 17:00. During the study, sampling was carried out every week to determine the increase in the weight of the test fish. Measurement of water quality parameters including temperature (Cooper-Atkins digital thermometer, USA), pH (Sartorius pH meter, Germany), Dissolved oxygen using the Winkler titrimetric method [16] was carried out every day in the morning at 08:00 and in the afternoon at 17:00. While the measurement of ammonia used a water quality checker (HORIBA U52, Japan).

2.6.  Observed Parameters
The parameters observed include relative growth rate (RGR), feed utilization efficiency (EFU), protein efficiency ratio (PER) and survival rate (SR) referring to the method [14], protein digestibility (ADCp) referring to the method [17], water quality analysis following the APHA method (2005). The parameter equations are as follows :
RGR  (%/day):        end weight – starting weight         x 100%
	                     Starting weight x experiment lenght

EFU   (%)      :    (starting weight – end weight) x 100%
                             The weight of feed consumed       		

PER               :                       starting weight – end weight                         x 100%
                           The weight of feed consumed x protein content of feed

     ADCp (%)     : 100 -  100 x %Cr2O3 in the feed       x  % protein in the feces
                                                  % Cr2O3 in the feces       % protein in the feed
     
      SR     (%)      :      end count    x 100%
                          starting count	
	
2.7.  Statistical analysis
The observed parameter data were analyzed for variance (ANOVA), if the ANOVA results had a significant effect (P<0.05) or a very significant effect (P<0.01), a Duncan multiple range test was carried out to determine the best treatment using the SAS ANOVA procedure (SAS, version 6.03, Soft Inc., Tulsa, OK, USA, 1993). Differences were considered significant at P < 0.05. Values ​​are presented as mean ± standard deviation (SD) [18]. 

3. RESULTS
Data on the growth and efficiency of feed utilization of Tilapia at the seed stage can be seen in Table 1 and data on observations of Tilapia cultivation water quality parameters during the study are presented in Table 2.
Table 1.  Data on the growth and efficiency of feed utilization of Tilapia at the seed stage during the study 
	Experiment
Data 
	
	Treatments

	
	A
	B
	C
	D
	E

	Initial Weight
	  2.49±0.24
	  2.50±0.24
	  2.51±0.27
	  2.48±0.25
	      2.49±0.25

	Final Weight
	  7.23±0.22
	10.84±0.18
	16.43±0.19
	13.11±0.19
	      9.20±0.21

	AWG
	  4.74±0.23
	  8.34±0.21
	13.92±0.23
	10.63±0.22
	      6.71±0.23

	EFU (%)
	51.20±0.30e
	62.10±0.34b
	78.16±0.30a
	70.35±0.31c 
	  56.21±0.32d

	ADCp (%)
	51.28±0.21e
	63.38±0.26b
	79.24±0.24a
	70.23±0.20c 
	  55.27±020d

	PER
	  1.26±0.12d
	  2.85±0.14c
	  5.38±0.12a 
	  3.48±0.14b 
	    2.10±0.15c

	RGR (%/day)
	  2.06±0.22c
	  3.68±0.24c
	  6.72±0.25a 
	  4.18±0.24b 
	    2.94±0.24b

	SR  (%)
	   100±0a
	   100±0a 
	   100±0a
	   100±0a
	      100±0a


[bookmark: _Hlk195770309]Note: Mean values in different superscript alphabets showed significant influences (p < 0.05)

The results of the analysis of variance of the addition of papain enzyme in the feed had a very significant effect (P<0.01) on EFU, ADCp, PER and RGR, but had no significant effect on the SR of Tilapia at the seed stage. Table 1 shows that the growth and efficiency of feed utilization including RGR, EFU, ADCp, PER showed extraordinary performance in Tilapia at the seed stage fed with papain enzyme 1.5 g kg-1 feed.

Table 2. Water quality parameter data in Tilapia cultivation media at the seed stage during the research


	Water quality parameter
	Treatment
	Feasibility

	
	A
	B
	C
	D
	E
	

	Temperature (oC)
	26-31
	27-30
	26-30
	26-31
	27-31
	25-32*

	pH
	7.3-8.5
	7.5-8.0
	7.4-8.0
	7.3-8.0
	7.5-8.5
	7-9*

	DO (mg L-1)
	4.5-5.5
	4.5-5.5
	4.5-5.5
	4.4-5.8
	4.5-5.7
	3-6*

	Ammonia (mg L-1)
	0.002
	0.002
	0.001
	0.002
	0.002
	< 1*


Note: * [16]

	Observation data on water quality parameters of the Tilapia fish cultivation media at the seed stage during the study (Table 2) showed that the range of water quality parameter values ​​was still within the recommended literature range, making it suitable for cultivating Tilapia fish at the seed stage.

[bookmark: _Hlk195852583]4. DISCUSSION
The results of the study in Table 1 show that Tilapia fish at the seed stage fed with the addition of papain enzyme (B, C, D and E) have higher EFU values ​​than without addition (A). The highest EFU value was obtained by Tilapia fish at the seed stage fed with feed C (1.5% / kg feed) of 78.16 ± 0.30% followed by feed D (70.35 ± 0.31%), B (62.10 ± 0.34%), E (56.21 ± 0.32%) and A (51.20 ± 0.30%). The high EFU value in Tilapia fish at the seed stage fed with feed C is suspected that the papain enzyme at that dose causes the process of protein hydrolysis into amino acids to run optimally so that the feed is easily digested and well absorbed by Tilapia fish at the seed stage. The more nutrients in the feed that are hydrolyzed and easily absorbed in the fish's body, the higher the efficiency value of feed utilization in fish [6]. Papain enzyme is a protease enzyme that hydrolyzes protein into peptides and is a key factor in increasing nutrient absorption to help improve feed utilization efficiency [11]. The EFU value from the results of this study was stated to be quite good because it had a value above 50%. Feed can be said to be good if the feed utilization efficiency value is more than 50% or even close to 100% [19].
The results of this study indicate that increasing the dose of papain in feed beyond a certain dose does not provide a high EFU value, this is related to the mechanism of enzyme action. [20] explained that enzymes work by catalyzing specifically and acting on one substrate. So it can be concluded that when there is no substrate available for the enzyme, there is no enzyme activity. This condition occurs in treatments where the addition of enzymes is excessive but the substrate is limited. Excessive addition of enzymes with limited substrates cannot increase enzyme activity, because enzyme activity stops when the substrate runs out. Furthermore [21] stated that increasing substrate concentration can increase enzyme activity until the maximum limit is reached. This condition shows that substrate molecules and enzyme molecules will combine at the active site until all active sites are used, in which state the enzyme is said to be at its maximum state. Similar research results were reported by [6][10][11][7].
The results of this study indicate that Tilapia fish in the seed stage fed with the addition of papain enzyme have higher ADCp values ​​than without the addition of additions, namely treatment B (0.75%/kg feed) of 63.38±0.26%, C (1.5%/kg feed), of 79.24±0.24%, D (2.25%/kg feed) of 70.23±0.20%, E (3%/kg feed) of 55.27±020% and A (0%/kg feed) of 51.28±0.21%. From the results of this study it can be concluded that the addition of papain enzyme in feed can increase protein digestibility and further increase the efficiency of feed utilization and growth of Tilapia fish in the seed stage. [9] stated that the papain enzyme is a proteolytic enzyme that plays an important role in the protein digestion process, increasing the efficiency of feed utilization and fish growth. The increase in protein digestibility of fish fed with papain enzyme is due to the availability of proteolytic enzymes in the feed that can help the protein hydrolysis process in fish digestion [8]. Similar research results on fish Clarias gariepinus var Sangkuriang [9],  Acipenser ruthenus [6], Cherax quadricarinatus [11], Litopenaeus vannamei [8], Pangasius hypopthalmus [12].
[bookmark: _Hlk195880047]	The addition of papain enzyme in feed can increase the protein efficiency ratio in Tilapia fish at the seed stage, where Tilapia fish at the seed stage fed with the addition of papain at a dose of 0.75% kg-1 feed (B), 1.5% kg-1  feed (C), 2.25% kg-1  feed (D), and 3% kg-1  feed (E) have a higher PER value compared to without the addition of papain at a dose of 0 g kg-1  feed (A). [9] reported that the addition of papain enzyme in feed can increase protein digestibility to form fish body protein. The highest PER value in this study was obtained by Tilapia fish at the seed stage fed with treatment C (1.5% kg-1  feed) of 5.38±0.12, this is thought to be because the treatment contains the right dose of papain enzyme for the process of breaking down feed protein, thereby increasing the PER value of Tilapia fish at the seed stage. Papain enzyme is a protease enzyme that hydrolyzes protein, which is a key factor in increasing protein digestibility and absorption, which ultimately increases the formation of fish body protein [22]. Similar research results in fish Cyprinus carpio [7], Labio rohita [22], Clarias gariepinus [9], Pangasius hypopthalmus [12]. 
	The results of the analysis of variance showed that the addition of papain enzyme in the feed had a very significant effect (P<0.01) on the RGR of Tilapia in the seed stage. The highest RGR value was obtained by Tilapia in the seed stage given feed C (1.5% kg-1 feed) of 6.72±0.25%/day, this is thought to be the dose for papain to work optimally to hydrolyze vegetable protein into amino acids, thereby increasing the efficiency of feed utilization to support the RGR of Tilapia in the seed stage. This is in accordance with the opinion of [23] who stated that papain in feed can increase feed digestibility, thereby increasing feed efficiency and increasing fish growth. Furthermore, [12] stated that the papain enzyme also helps the digestion process of the feed given so that the energy in the feed can meet the needs of body tissue repair, fish activity and also growth. The results of the study (Table 1) showed that the RGR value was directly proportional to the EPP value. [11] stated that a high EPP value is related to a high growth rate. Thus, the higher the EPP value, the higher the RGR value. High EPP values ​​indicate that little feed nutrients are converted to meet energy needs and the rest is used for growth. Similar research results were reported by [24][12][7-9]. 
[bookmark: _Hlk484960949]The addition of papain enzyme in feed does not affect the survival of Tilapia fish at the seed stage. Papain enzyme is a proteolytic enzyme if added to the feed it does not have a significant effect on fish survival [25]. According to [26] that feed does not affect fish survival, because survival is influenced by water quality. Similar research results were reported by [12][11][9][21]. The SR value of Tilapia fish at the seed stage of this study which was fed for all test feed treatments of 100% showed a high SR value. According to [27] that fish have a high survival value ranging from 80 to 90%. 


5. CONCLUSION
[bookmark: _Hlk191544944]	The addition of papain enzyme in feed increases EPP, ADCp, PER and RGR but does not affect the SR of Tilapia at the seed stage. The best dose of papain enzyme in Tilapia feed at the seed stage of 1.5%/kg of feed produces the highest values ​​of EPP, ADCp, PER and RGR of 78.16±0.30%, 79.24±0.24%, 5.38±0.12 and 6.72±0.25%/day. 
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