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			Abstract | The Tenebrio molitor caterpillar (Tmc) is an alternative source of animal protein. This research aims to study the effect of the Tenebrio molitor caterpillar in concentrate and tofu dregs growth media on nutrient content and determine the Tmc effect in the diet on the production of laying quail. The study was divided into two stages of research. Phase 1 of the laboratory experiment determined the composition of the concentrate and tofu dregs media on the nutrient content of Tenebrio molitor. This study method was a completely randomized design (CRD) with six treatments and three replications. The treatment variations consist of commercial ration (CR) and tofu dregs (TD) were treatment P1 (100% CR), P2 (80% CR + 20% TD), P3 (60% CR+ 40% TD), P4 (40% CR + 20% TD), P5 (20% CR + 80% TD) and P6 (100% TD). The observed variables were fresh weight, crude protein, and crude fat of Tmc. The Phase 2 application to laying quails is the utilization of Tenebrio molitor caterpillars in the diet. This stage used a Completely Randomized Design (CRD) with five treatments and four replications. Provision of Tenebrio molitor caterpillars consisted of 0%, 3%, 6%, 9%, and 12% in the diet of laying quail. The parameters measured were feed consumption, daily egg production, egg weight, egg mass, and feed conversion. Phase 1 showed that the difference in growth media composition had a significant effect (P<0.01) on fresh weight, crude protein, and crude fat. The Phase 2 variance analysis results showed that the use of Tmc in the diet had no significant effect (P> 0.05) on feed consumption, egg production, egg weight, egg mass, and feed conversion. The study concluded at stage 1 that 100% tofu dregs medium was the best treatment to improve the nutrient content of the Tenebrio molitor caterpillar. Stage 2 concluded that the Tenebrio molitor caterpillar could be used up to 12% in laying quail rations (substituted 100% fish meal) and maintain the same egg production as control.
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			Introduction 

			Feed is the main requirement in all fields of the livestock business, including in the case of poultry. Feeding is intended for livestock to meet their daily needs and grow and produce. Feed must contain all the nutrients needed by the animal’s body but still in a balanced amount. Some of the nutrients needed by livestock include carbohydrates, fats, proteins, vitamins, water, and minerals. The supply of conventional feed ingredients still depends on imported feed, such as fish meal, so the feed price is high. Indonesia itself has abundant fishery resources. However, another problem related to local Indonesian fish meals is the quality that does not meet the requirements of fish meals for animal feed ingredients.

			Efforts to find alternative feed ingredients for protein sources include the Tenebrio molitor caterpillar (Tmc). The cultivation of the Tmc is one of the communities with the most potential businesses to develop. Tmc cultivation is easy to do, requires little cost, and has promising business opportunities because the demand for Tmc is increasing. Tenebrio molitor caterpillars are used to feed birds, fish, and poultry. Therefore, the Tmc farming business needs to improve quantity and quality.

			Purnamasari (2018) found that the nutritional content of Tenebrio molitor caterpillars included 37.80% crude protein, 28.63% crude fat, 13.36% ash content, 7.28% crude fiber, and 84.31% dry matter, the same content of complete and high amino acids (arginine 12.95%, alanine 25.68%, proline 16.94%, lysine 10.65% and taurine 17.53%), fatty acids (linoleic 0.70% and linolenic 2. 24%) and minerals (calcium 55.65%, sodium 13.71%, potassium 10.00%, and magnesium 3.50%).

			The Tenebrio molitor caterpillar’s protein content depends on the growth medium’s nutritional content. Cultural media commonly use concentration (Fitasari and Santoso, 2015). Breeders still use concentrate for Tenebrio molitor caterpillar fattening media, but it is recommended to reduce costs. The concentrate is combined with cheaper agricultural waste. Therefore, a combination of concentrate and agricultural waste was used in this study.

			The chicken concentrate is a semifinished feed containing animal and vegetable protein low in carbohydrates and fiber. According to Pratiwi (2016), the nutritional content of chicken concentrate is 35% crude protein, 8.3% crude fat, 3% crude fiber, 10% calcium, and 1.1% phosphorus, metabolizable energy (ME) 3300 kcal/kg. Tofu dregs can also be used as a medium for Tmc to grow. Tofu dregs are waste from the tofu processing industry that can be used as animal feed. The nutritional content of tofu waste is 25.91% protein, 3.71% fat, and 5.97% ash (Nuraini et al., 2017).

			The results of research on media for the growth of Tmc have been carried out by Rolita et al. (2017), who reported that the different types of feed given showed differences in the growth yield and fresh weight of Tenebrio molitor caterpillars. The use of these media types can improve the protein quality of the media to increase the production of Tmc; as a result, it will affect the crude protein, fat and fresh weight of Tenebrio molitor.

			Tmc, as an animal protein source, can reduce the use of fish meals in quail’s diet. Quail farming has advantages, namely, faster production at the age of six weeks. The quails have started laying eggs, do not require significant capital, are relatively easy to maintain, and can be cultivated on limited land. According to Livestock and Animal Health Statistics (2020), Indonesia’s quail population and quail egg production have increased. The quail population increased from 14.06 million to 14.82 million, and the production of quail eggs increased from 23.575 tons to 24.205 tons, proving that quail is a poultry commodity with potential and is in great demand among the public.

			Materials and Methods

			Stage 1 determination of the best growth medium composition on nutrient content of Tenebrio molitor caterpillars

			The material used in this study was a growth medium consisting of commercial ration (CR) and tofu dregs (TD). The commercial ration used was Bravo 311 produced by PT Charoen Pokphan. Tofu dregs are dried and finely ground.

			Experimental design

			A completely randomized design (CRD) with 6 treatments and 3 replications used in this study. The treatment given are:

			P1 = 100% CR; P2 = 80% CR + 20% TD; P3 = 60% CR + 40% TD; P4 = 40% CR + 60% TD; P5 = 20% CR + 80% TD; P6 = 100% TD

			Care and cultivation of Tenebrio molitor caterpillars 

			One thousand Tenebrio molitor caterpillars that were ten days old were put into a Biopon (plastic container) containing 500 grams of media (according to treatment), and as drinking water, fresh young papaya was added at a size of 5 cm x3 cm x 0.5 cm and placed at 9 points above the culture medium. The phone was covered with streaming cloth, and the edges were tied. Fresh young papaya was taken and replaced with a new papaya every two days. On the 15th day, the Tmc changed its skin, and the skin was separated from the media. The Tmc was kept until the age of 30 days. Harvesting of Tmc was carried out on the 30th day after they were introduced into the media. Tmc was harvested by sieving to separate the Tmc from the media and then weighed to obtain fresh weight. Then, the Tmc was boiled to kill the larvae and dried in the sun until dry. The dried Tenebrio molitor caterpillars were weighed to obtain their dry weight.

			Variables

			The parameters measured were fresh weight (g), crude protein (%), and crude fat (%).

			Data analysis

			The data were analyzed by one-way analysis of variance (ANOVA) in a completely randomized design (CRD). Duncan’s multiple range test determined the differences between treatments; p <0.05 considered significantly different.

			Results and Discussion

			Stage 1: Determination of the best medium composition on the nutrient content of Tenebrio molitor caterpillars

			The growth medium composition affected (p<0.05) the fresh weight, crude protein, and crude fat of Tenebrio molitor caterpillars, as shown in Table 3.  

			The effect of the medium composition on the fresh weight of Tenebrio molitor caterpillars

			The highest fresh weight of Tenebrio molitor caterpillars was found in treatment P6 (100% tofu dregs medium), which was 80.28 g, and the lowest fresh weight of Tmc was found in treatment P3 (media 60% commercial ration + 40% tofu dregs), which was 60.41 g. The ANOVA showed that the growth media composition had a very significant effect (p<0.01) on the fresh weight of Tmc.

			The effect of the medium composition on the crude protein content of Tenebrio molitor caterpillars

			The growth medium composition affected (p<0.05) the crude protein content of Tmc. The highest crude protein content of Tmc in 100% tofu dregs medium was 49.69%, and the lowest crude protein content was 36.14% in 60% commercial ration + 40% tofu dregs medium.

			The effect of the medium composition on the fat content of Tenebrio molitor caterpillars

			The growth medium composition affected (p<0.05) the fat content of Tmc. The high-fat content found in the 100% commercial ration medium was 28.66%, and the low crude fat content was 16.27% in the 100% tofu dregs medium.

			Stage 2: Utilization of Tenebrio molitor caterpillars in laying quail diet

			Birds

			The birds used in this research were 200 quails (Coturnix- coturnix japonica) in the seven weeks laying phase (40% production) until 15 weeks.

			Experimental design

			This research was evaluated using an experimental method designed with a completely randomized design (CRD) method with five treatments and four replications. Each group consists of 10 quails as a unit of the experiment. The provision of Tmc in the quail diet consists of 0%, 3%, 6%, 9%, and 12% Tenebrio molitor caterpillars. The feed ingredients, the content of food substances, and the metabolic energy of the ration ingredients (as feed) are shown in Table 1. The composition of rations, food content, and energy of research rations can be seen in Table 2. The ration was prepared with isoprotein (20%) and isoenergy (2800 kcal/kg) according to Djulardi (1995).

			Variables

			The parameters observed were feed consumption (g/bird/day), quail-day egg production (%), egg weight (g/bird), egg mass (g/bird/day), and feed conversion.

			Data analysis

			The data obtained were processed statistically by analysis of diversity according to Steel and Torrie (1995). Differences between treatments were tested with Duncan’s multiple range test (DMRT).

			Stage 2: Utilization of Tenebrio molitor caterpillars in laying quail diet

			The effects of the utilization of Tenebrio molitor caterpillars in the diet on the production performance of laying quails are provided in Table 5. The selective result medium for cultivation Tenebrio molitor caterpillars in stage 1 was used in stage 2 (100% tofu dregs medium).

			

			Table 1: Feed ingredients, nutrient contents (%), and metabolic energy levels (kcal/kg) of feed ingredients that make up the rations (as feed)a.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Feed ingredients

						
							
							Crude protein (%)

						
							
							Fat (%)

						
							
							Crude fiber (%)

						
							
							Ca (%)

						
							
							P available (%)

						
							
							ME. (Kcal)b

						
					

					
							
							Ground corn

						
							
							9.58

						
							
							2.66

						
							
							2.50

						
							
							0.38

						
							
							0.19

						
							
							3300

						
					

					
							
							Soybean meal

						
							
							43.76

						
							
							2.49

						
							
							3.00

						
							
							0.63

						
							
							0.36

						
							
							2240

						
					

					
							
							Fish flour

						
							
							64.00

						
							
							2.85

						
							
							2.45

						
							
							3.10

						
							
							1.89

						
							
							2540

						
					

					
							
							T. molitor Caterpillars

						
							
							45.00

						
							
							13.84

						
							
							6.10

						
							
							0.17

						
							
							0.80

						
							
							3351a

						
					

					
							
							Rice bran

						
							
							12.34

						
							
							5.09

						
							
							14.50

						
							
							0.69

						
							
							0.26

						
							
							1630

						
					

					
							
							Coconut oil

						
							
							-

						
							
							100.00b

						
							
							-

						
							
							-

						
							
							-

						
							
							8600

						
					

					
							
							Mineral B12

						
							
							-

						
							
							-

						
							
							
							49.00c

						
							
							14.00b

						
							
							-

						
					

					
							
							Top mix

						
							
							-

						
							
							-

						
							
							-

						
							
							0.06c

						
							
							-

						
							
							-

						
					

				
			

			a: Nuraini et al. (2021b); b: Scott et al. (1982); c: Product Packaging Labels of PT. Medion

			Table 2: Nutrient and metabolic energy of diet formulation (%), food content (%), and metabolic energy (kcal/kg) of quail rationa.

			
				
					
					
					
					
					
					
				
				
					
							
							
							Formation (%)

						
					

					
							
							Feed ingredients

						
							
							A

						
							
							B

						
							
							C

						
							
							D

						
							
							E

						
					

					
							
							Yellow corn

						
							
							52.50

						
							
							52. 50

						
							
							52. 50

						
							
							52. 50

						
							
							52. 50

						
					

					
							
							Soybean meal

						
							
							13.25

						
							
							14.50

						
							
							16.25

						
							
							18.00

						
							
							19.75

						
					

					
							
							Rice bran

						
							
							13.75

						
							
							12.75

						
							
							11.00

						
							
							9.75

						
							
							8.50

						
					

					
							
							Fish meal

						
							
							12.00

						
							
							9.00

						
							
							6.00

						
							
							3.00

						
							
							0.00

						
					

					
							
							T. molitor caterpillars

						
							
							0.00

						
							
							3.00

						
							
							6.00

						
							
							9.00

						
							
							12.00

						
					

					
							
							Coconut oil

						
							
							3.00

						
							
							2.75

						
							
							2.25

						
							
							1.75

						
							
							1.25

						
					

					
							
							Mineral B12

						
							
							5.00

						
							
							5.00

						
							
							5.50

						
							
							5.50

						
							
							5.50

						
					

					
							
							Top mix

						
							
							0.50

						
							
							0.50

						
							
							0.50

						
							
							0.50

						
							
							0.50

						
					

					
							
							Total

						
							
							100.00 

						
							
							 100.00

						
							
							 100.00

						
							
							 100.00

						
							
							 100.00

						
					

					
							
							Crude protein

						
							
							20.20

						
							
							20.06

						
							
							20.04

						
							
							20.08

						
							
							20.12

						
					

					
							
							Crude fat

						
							
							5.77

						
							
							5.86

						
							
							5.68

						
							
							5.52

						
							
							5.37

						
					

					
							
							Crude fiber

						
							
							3.93

						
							
							3.94

						
							
							3.86

						
							
							3.85

						
							
							3.84

						
					

					
							
							Ca

						
							
							3.20

						
							
							3.11

						
							
							3.27

						
							
							3.19

						
							
							3.10

						
					

					
							
							Available P

						
							
							1.11

						
							
							1.08

						
							
							1.12

						
							
							1.09

						
							
							1.06

						
					

					
							
							ME

						
							
							2816.23

						
							
							2831.11

						
							
							2823.48

						
							
							2823.99

						
							
							2824.51

						
					

					
							
							Metionin

						
							
							0.43

						
							
							0.41

						
							
							0.40

						
							
							0.39

						
							
							0.38

						
					

					
							
							Lisin

						
							
							0.90

						
							
							0.95

						
							
							1.00

						
							
							1.04

						
							
							1.10

						
					

				
			

			Table 3: The nutrient content of Tenebrio molitor caterpillars.

			
				
					
					
					
					
				
				
					
							
							Treatment

						
							
							Fresh weight (g)

						
							
							Crude protein (%)

						
							
							Crude fat (%)

						
					

					
							
							P 1 (100% CR)

						
							
							69.46ab

						
							
							44.98a

						
							
							28.66a

						
					

					
							
							P 2 (80%CR + 20% TD)

						
							
							54.83b

						
							
							35.44b

						
							
							27.38a

						
					

					
							
							P 3 (60% CR + 40% TD)

						
							
							50.41b

						
							
							36.14b

						
							
							26.18a

						
					

					
							
							P 4 (40% CR + 60% TD)

						
							
							51.84b

						
							
							38.38b

						
							
							23.92a 

						
					

					
							
							P 5 (20% CR + 80% TD)

						
							
							76.91a

						
							
							46.11a

						
							
							20.27b

						
					

					
							
							P 6 (100% TD)

						
							
							85.28a

						
							
							49.69a

						
							
							16.27b

						
					

					
							
							SE

						
							
							8.32

						
							
							5.05

						
							
							1.08

						
					

				
			

			*: very significantly different effect (P<0.01); C: Concentrate; TD, Tofu Dregs.

			The effect of Tmc in the diet on feed consumption of laying quails

			Increasing the levels of Tmc present in the diet did not affect (p>0.05) the feed consumption of laying quail. The utilization of Tmc until 12% was similar to feed consumption in control. Feed consumption in the control treatment was 21.25 g/head/day, and feed consumption was similar in the 12% Tmc treatment group at 21.45 g/head/day.

			The effect of Tmc in the diet on quail-day egg production of laying quails

			The levels of Tmc in the diet did not affect (p>0.05) the quail-day egg production of laying quails. Increasing Tmc levels to 12% was similar to 0% Tmc. The quail-day egg production in the control group was 61.05%, and the quail-day egg production in the 12% Tmc treatment group was 61.32%.

			The effect of Tmc in the diet on egg mass production of laying quails

			The levels of Tmc in the diet did not affect (p>0.05) the egg mass production of laying quail. Increasing Tmc levels to 12% in the diet was similar to the effect of the 0% Tmc/control group on egg mass production. The egg mass production in the control group was 6.65 g/head/day and was still similar to that in the 12% Tmc treatment group (6.63 g/head/day).

			The effect of Tmc in the diet on feed conversion of laying quails

			The feed conversion of laying quail did not affected (p>0.05) by the levels of Tmc in the diet. Increasing Tmc levels to 12% was similar to feed conversion to the control group. The feed conversion in control was 3.20, similar to the 12% Tmc treatment group (3.23) and the 12% Tmc treatment group.

			Table 4: Amino acid contents of Tenebrio molitor larvae.

			
				
					
					
					
				
				
					
							
							S. No

						
							
							Amino acid profile

						
							
							%

						
					

					
							
							1

						
							
							Aspartic acid

						
							
							3.70

						
					

					
							
							2

						
							
							Threonine

						
							
							1.54

						
					

					
							
							3

						
							
							Serine

						
							
							2.06

						
					

					
							
							4

						
							
							Glutamate

						
							
							3.86

						
					

					
							
							5

						
							
							Glysine

						
							
							2.30

						
					

					
							
							6

						
							
							Valine

						
							
							2.33

						
					

					
							
							7

						
							
							Methionine

						
							
							0.32

						
					

					
							
							8

						
							
							Ileucine

						
							
							1.69

						
					

					
							
							9

						
							
							Leucine

						
							
							3.49

						
					

					
							
							10

						
							
							Tyrosine

						
							
							2.94

						
					

					
							
							11

						
							
							Phenylalanine

						
							
							2.01

						
					

					
							
							12

						
							
							Histidine

						
							
							1.09

						
					

					
							
							13

						
							
							Lysine

						
							
							4.75

						
					

					
							
							14

						
							
							Arginine

						
							
							2.01

						
					

				
			

			 Source: Nuraini et al. (2021).

			Stage 1: Determination of the best growth medium composition on the nutrient content of Tenebrio molitor

			The effect of the medium composition on the fresh weight of Tenebrio molitor caterpillars

			The high fresh weight Tenebrio molitor caterpillars in treatment P6 (100% tofu dregs medium) were not significantly different from the fresh weight of Tmc in treatment P5 (20% commercial ration + 80% tofu dregs). The high fresh weight caused by the crude protein content of the medium was also high in the P6 treatment, which was 26.81%, and almost the same as the crude protein P5 treatment (25.4%). The high protein content of the media can meet the protein needs of the caterpillar larvae so that high fresh production of caterpillars is produced. Hartiningsih and Fitasari (2014) showed that a higher protein content also produces a higher fresh weight of Tenebrio molitor caterpillars because they are very selective in consuming feed, so the nutritional content of Tmc follows the media they consume. 

			The fresh weight was also high in treatment P1 because it used a 100% commercial ration medium (consisting of fish meal and soybean meal with essential amino acids such as lysine and methionine, rice bran, vitamins, mineral, etc.) that are needed for larvae growth so that the fresh weight also high.

			The fresh weight content of Tmc in the P6 treatment (100% medium tofu dregs) was 42.64 g, in line with Hartiningsih and Fitasari (2014) research that the higher the protein content is, the higher the fresh weight of Tenebrio molitor.

			Effect of treatment on the crude protein content of Tenebrio molitor caterpillars

			The high crude protein content of Tmc in the P6 and P5 treatment media caused by the crude protein content of media was also high in the P6 treatment (26.81%) and similar to the crude protein content in the P5 treatments (26.25%). The high protein content of the media requires the larvae to produce high crude protein for Tmc. The higher the protein content in rearing media, the higher the crude protein of Tenebrio molitor caterpillars (Fitasari and Santoso, 2015; Hapsari et al., 2018). Tenebrio molitor caterpillars are very selective in consuming feed so that the protein content of the Tenebrio molitor caterpillar follows the media they consume. 

			The crude protein content of Tmc is also high in P1 (100% commercial ration) treatment because of the amino acids, vitamins, and minerals of commercial ration. Commercial ration 311 Charoen Pokphan production contains fish meal, soybean meal, rice bran, vitamins, and minerals. The nutrition of commercial ration is essential for the growth of Tenebrio molitor caterpillars. According to Purnamasari (2018) reported that Tenebrio molitor caterpillars had 48% crude protein.

			Table 5: Feed Consumption, quail-day egg production, egg weight, egg mass, and feed conversion of laying quail (7-15 Weeks ns).

			
				
					
					
					
					
					
					
				
				
					
							
							Parameter

						
							
							Treatment

						
					

					
							
							A

						
							
							B

						
							
							C

						
							
							D

						
							
							E

						
					

					
							
							Feed consumption (g/bird/day)

						
							
							21.25±0.04

						
							
							21.15±0.05

						
							
							21.36±0.02

						
							
							21.52±0.02

						
							
							21.45±0.02

						
					

					
							
							Quail-day egg production (%)

						
							
							61.05±0.14

						
							
							61.02±0.04

						
							
							61.19±0.10

						
							
							61.22±0.08

						
							
							61.32±0.07

						
					

					
							
							Egg weight (g/egg)

						
							
							10.89±0.01

						
							
							10.82±0.02

						
							
							10.84±0.04

						
							
							10.81±0.09

						
							
							10.82±0.05

						
					

					
							
							Egg mass (g/bird/day)

						
							
							6.65±0.02

						
							
							6.60±0.03

						
							
							6.63±0.01

						
							
							6.62±0.04

						
							
							6.63±0.05

						
					

					
							
							Feed conversion

						
							
							3.20±0.04

						
							
							3.20±0.01

						
							
							3.22±0.02

						
							
							3.25±0.07

						
							
							3.23±0.06

						
					

					
							
							Income over feed cost (Rp/kg)

						
							
							5.494

						
							
							5.082

						
							
							5.429

						
							
							6.097

						
							
							6.198

						
					

				
			

			Ns: non-significant (P>0.05).

			This study’s crude protein content of Tmc was 49.69% in the 100% tofu dreg media group. This result is higher than that of Purnamasari (2018), which found that the crude protein content of Tenebrio molitor was 48% with 100% concentrate media. The results of this study are also lower than the results obtained by Oonincx et al. (2015), who found that Tenebrio molitor caterpillars reared for 32 days using 60% grain + 20% brewer’s yeast + 20 carrot slices produced Tenebrio molitor caterpillars with a crude protein content of 53.6%. The protein content of Tmc was lower than the protein content reported by Zhao et al. (2016); the crude protein content of the caterpillars was 51.5% using wheat, wheat bran, and carrot media. The Tenebrio molitor caterpillar rearing media affects the nutritional content of Tenebrio molitor. Fitasari and Santoso (2015) and Hapsari et al. (2018), Tenebrio molitor caterpillars are very selective in consuming feed, so the quality is on the media they consume. This study’s results are lower than those of Nuraini et al. (2021a), who found that the crude protein of Tmc is 71.13% using 50% concentrate + 50% tofu dreg media fermented using Natura Organic Decomposer microorganisms.

			Effect of treatment on the fat content of the Tenebrio molitor caterpillar

			The high fat content of Tmc in treatment P1 (100% concentrate medium) was not significantly different from the fat content in crude fat Tmc in P2 (80% concentrate + 20% tofu dregs medium), treatment P3 (60% concentrate + 40% tofu dregs medium), and treatment P4 (40% concentrate + 60% tofu dregs medium). This difference was caused by the fat content of the media being high in treatments P1, P2, P3, and P4, which were 8.13%, 7%, 6.08%, and 5.02%,   respectively (Table 6). The medium’s crude fat content affects the crude fat content of the resulting Tenebrio molitor caterpillars. The higher the fat content of the media, the higher the fat content of the larvae (Aldi et al., 2018).

			Table 6: The nutrient content of medium for rearing Tenebrio molitor caterpillarsa.

			
				
					
					
					
				
				
					
							
							Treatment

						
							
							Crude protein (%)

						
							
							Crude fat (%)

						
					

					
							
							P 1 (100% CR)

						
							
							24.01

						
							
							8.13

						
					

					
							
							P 2 (80% CR + 20% TD)

						
							
							24.57

						
							
							7.00

						
					

					
							
							P 3 (60% CR + 40% TD)

						
							
							25.07

						
							
							6.08

						
					

					
							
							P 4 (40% CR + 60% TD)

						
							
							25.65

						
							
							5.02 

						
					

					
							
							P 5 (20% CR + 80% TD)

						
							
							26.25

						
							
							4.07

						
					

					
							
							P 6 (100% TD)

						
							
							26.81

						
							
							3.07

						
					

				
			

			a: Nuraini et al (2021b); CR: Commercial Ration; TD: Tofu Dregs.

			The lowest fat content in the Tmc was in treatment P6 (100% tofu dregs), which was 16.27%. The low crude fat in the P6 treatment was due to the low crude fat in the medium, namely, 3.07%. According to Nuraini et al. (2017), the fat content of tofu pulp is 2.71%.

			The fat content of Tmc in this study was 16.27% in the P6 treatment (100% tofu dregs medium). This result is lower than the result obtained by Ravzanaadii et al. (2012), where the crude fat content of Tmc with wheat bran media is 32.70%, and lower than the research of Purnamasari (2018), where the crude fat content of Tenebrio molitor caterpillars is 28.63% with concentrate media.

			Stage 2: Utilization of Tenebrio molitor caterpillars in laying quail diet

			The effect of Tmc in the diet on feed consumption of laying quails

			The feed consumption using Tenebrio molitor caterpillar flour in the quail diet ranged from 20.10 to 20.40 g/head/day. The palatability of the feed affects consumption. A ration with high palatability will lead to higher ration consumption and vice versa (Adha et al., 2016). In addition to palatability, according to Wahju (2004), ration consumption is also influenced by the ration’s shape, smell, and color. Treatment E (using 12% Tenebrio molitor caterpillar meal/reducing 100% fish meal) still showed almost the same shape, smell, and color as treatment A (use 0% caterpillar meal/use 100% fish meal). Reducing the use of fish meal with Tenebrio molitor caterpillars up to 12% by 100% does not interfere with the consumption of quail rations. Treatments A to E has the same palatability. Feed consumption that was not significantly different between treatment A and treatments B, C, D, and E showed the utilization of Tmc palatable (preferred) by quail, despite a reduction in the utilization of fish meal by 100%. Treatments B, C, D, and E contain Tmc but still have the same palatability as treatment A, which does not contain Tmc but contains more fish meal. The similar palatability between treatment A and treatments B, C, D, and E showed that the quality of the diet in treatments B, C, and D did not differ from the quality of treatment A. The feed consumption did not differ between treatments because also the rations were composed of iso-protein and iso-energy (Table 2), caused the amount protein and energy that consumption of quail also the same.

			The consumption of quail rations (aged 7-15 weeks) using 12% Tenebrio molitor caterpillars was 21.45 g/head/day. This result is also lower than the study conducted by Mawaddah et al. (2018) where the ration consumption is between 22.66-23.32 g/head/day using larvae flour in the ration of laying quail aged 8-13 weeks. This result is higher than the study conducted by Zahra et al. (2012), who obtained feed consumption ranging from 18.06-20.18 g/head/day for 9-12 weeks of quail consumption. This feed consumption was higher than the feed consumption observed by Nuraini et al. (2017), who showed that the feed consumption of quails (age 7-11 weeks) ranged from 21.20-22.03 g/bird/day.

			Egg production using Tmc in treatments B, C, D, and E was not significantly different between treatment A (0% Tmc and 100% fish meal) due to feeding consumption, which was also the same in treatments B, C, D, and E. The use of Tmc up to 12% (100% fish meal reduction) can cover the nutritional content of fish meal because Tmc contains high levels of amino acids such as lysine (4.75%) and methionine 0.43% (Nuraini et al., 2021b).   The critical amino acid content in poultry, namely, lysine in Tmc flour, is 4.75% (Table 4) (Nuraini et al., 2021), higher than the amino acid lysine content in fish meal, which is 2.71 (Sitompul, 2004), so it can provide the same egg production. According to Mousavi et al. (2013), an adequate and balanced amino acid content in the ration will provide optimal productivity.

			The daily egg production of laying quail aged 7-15 weeks consuming 12% Tenebrio molitor caterpillars was 61.32%. This result is lower than the research conducted by Amran et al. (2021), showing that the daily egg production of laying quail aged 28-32 weeks with the provision of BSF larvae flour in quail rations ranged from 71.13-71.96%. This study’s results were higher than those of research conducted by Ardi (2017), who found that the production of quail eggs aged 7-11 weeks resulted in egg production of 49.17%. This research result was lower than that of Nuraini et al. (2017), who reported hen-day egg production in laying quails for the 7-12 week layer period of 70.45%.

			Tmc was not significantly different for egg weight because each treatment had almost the same protein and feed energy content. The nutritional content influences egg weight in the feed ration (Sodak, 2011), especially the amino acid methionine (Yuwanta, 2010). Amrullah (2003) found that protein consumption influences egg weight, especially amino acid methionine consumption. Protein consumption in treatment A was the same as protein consumption in treatment B, 4.13%, 4.06%, and 4.09%, and the amino acid methionine in treatment A was the same as treatment B, treatment C, treatment D, and treatment E. Tmc used up to 12% in the laying quail ration, reducing the use of fish meal by 100% while still giving the same egg weight. Tmc flour has an amino acid content of methionine of 0.99%, which is high enough to cover the deficiency of the amino acid methionine, which is minimally given according to (SNI, 2006) as 0.40. The weight of quail eggs is primarily influenced by protein consumption, age, livestock, temperature, and environment (Zulfan et al., 2020). The weight of quail eggs is influenced by the quantity of ration consumed and the quality of the ration, especially the protein content contained in the ration (Mozin, 2006). Protein deficiency will cause a decrease in egg weight and the amount of egg albumen produced. Kulsum et al. (2017) added that protein in feed affects albumin and egg yolk protein synthesis. These two components are the largest in determining egg weight.

			The weight of quail eggs for quails aged 7-15 weeks consumed 12% Tmc flour was 10.82 g/head/day. This result is higher than the study results conducted by Amran et al. (2021), where the weight of quail eggs ranged from 10.36-10.38 g/head/day at the age of 28-32 weeks fed with BSF larvae flour. This result is higher than the study results conducted by Ningsih (2020). The egg weight is 10.10 g/head/day at 7-13 weeks.

			The egg mass from Tmc in the ratio of laying quail ranges from 6.60-6.65 g/head/day. The egg mass was not significantly different due to egg weight and production, which were also not significantly different. Sestilawarti et al. (2013) stated that the percentage of egg production and egg weight affect egg mass. The egg mass is closely related to egg weight and production and is strongly influenced by the protein content and quality of the ration (Mawaddah et al., 2018). According to Mousavi et al. (2013), optimal productivity is obtained from sufficient and balanced protein and amino acid content in the ration. Egg mass describes egg production in weight units. The egg mass in treatment E with Tmc was up to 12% (100% fish meal reduction), which was the same as the egg mass in treatment A with the use of 0% Tmc (100% fish meal). Tmc had a good effect on egg production despite reducing 100% fish meal use. The egg mass of laying quail aged 7-15 weeks consumed 12% Tenebrio molitor caterpillar flour was 6.63 g/head/day. This result is higher than the results of a study by Maknun et al. (2015) on the effect of treatment on ration conversion.

			In terms of feed conversion, the feed conversion that was not significantly different between treatment A and treatments B, C, D, and E was due to the same feed consumption and egg mass in treatments A, B, C, D, and E. Setiawan (2006), the feed conversion ratio is used to measure the efficiency of the use of the feed-in producing eggs. Feed conversion can indicate the production coefficient; a smaller value indicates a more efficient use of feed to produce eggs. Feed conversion is influenced by feed consumption and egg mass, so if there is an increase between them, the feed conversion values will remain balanced.

			The feed conversion from Tmc meal in the quail diet ranged from 3.20 to 3.25. The ration conversion was not significantly different in each treatment because the protein and energy content in the rations of each treatment were almost the same. Using a Tmc flour level of 12% (reduction in the use of 100% fish meal) in quail rations is also as efficient for egg production as using a Tmc flour level of 12% in quail rations. Control rations used a lot of fish meal. The feed consumption of the resulting products can be determined by calculating the feed conversion. The low conversion rate in quail indicates that livestock is more efficient in utilizing the feed they consume to live and produce (Amran et al., 2021b). Ansyari et al. (2012) found that the lower the feed conversion was, the better the feed quality. Balanced or not, the nutrients in the ration required by quail determine the high or low quality of feed. Feeds that lack nutritional elements will cause quail to eat more to meet their body’s needs. Amran et al. (2021) stated that the palatability of the ration also influenced the ration conversion. Increased palatability of rations can be caused by taste, color, and aroma. The high palatability results in high ration consumption and maximum productivity, resulting in low conversion. Campbell et al. (2009) added that in addition to the nutritional content of the ration, egg production, and egg weight, the palatability of the ration could also affect the conversion of the ration. Reducing fish meal by 12% caterpillar meal can be carried out without negatively impacting quail egg production while maintaining the ration conversion. 

			The conversion of quail rations in quail aged 7-15 weeks by consuming Tmc flour up to 12% is 3.25. The results of this study are lower than the results of the research conducted by Ansyari et al. (2012) that the ration conversion obtained from the substitution of fish meal and 25.88% BSF larvae meal in the ration of laying quail aged 1-6 weeks resulted in feed conversion of 4.51. Added by Mawaddah et al. (2018), the conversion of the ration of laying quail aged 8-13 weeks to the substitution of MBM with 6.18% larval flour resulted in a feed conversion of 4.27. This result is higher than the result from the research conducted by Marsudi and Cahyo (2012), showing that the conversion of quail rations between 7-60 weeks of quail age ranged from 2.99 to 3.03.

			Conclusions and Recommendations 

			The study concluded that the 100% tofu dregs medium is the best treatment to improve the nutrient content of the Tenebrio molitor caterpillar. The Tenebrio molitor caterpillar can be used up to 12% in the feed (substituted 100% fish meal) and maintain the production of laying quail rations.

			 

			Acknowledgments

			Special gratitude is due to the Director-General of Higher Education and the Minister of National Education, who provided Penelitian Skim Klaster Riset Publikasi Guru Besar Nomor: T/6/UN16.17/PP.Pangan-KRP1GB/LPPM/2021, Tahun Anggaran 2021. The authors also thank the Dean and the Chancellor for providing the opportunity and facilities to conduct this research.

			 

			Novelty Statement

			Previous research has never been done on improving Tenebrio molitor caterpillar nutrient and its application in laying quail feed. This study found a suitable alternative feed for substitution fish meal and ration formulation for quail with 12% Tmc in the diet (substituted 100% fish meal) of laying quail. 

			Author’s Contribution 

			Nuraini contributed to creating the research ideas, designing experiments, analyzing the data, and writing this article. Ade Djulardi and Robi Amizar contributed to using Tmc to quail and check the written paper. Yuliaty Shafan Nur and Yessi Chwenta Sari contributed to analyzing data and assisted in revising the article. 

			Ethics 

			The committee has approved this research of Research Ethics of the Faculty of Animal Science of Universities Andalas Padang, Indonesia, and therefore, no ethical issues may arise after its publication. 

			Conflict of interest 

			The authors have declared no conflict of interest.

			References

			Adha RU, Widjastuti T, Abun (2016). The effect of adding turmeric flour (Curcuma domestica Val) in the ration on the performance of White Sentul hens in the grower period (8-16 Weeks). Padjadjaran University. Bandung. https://jurnal.unpad.ac.id/ejournal/article/download/10694/4838.

			Aldi M, Fathul F, Tantalo SdE (2018). Pengaruh berbagai media tumbuh terhadap kandungan air, protein dan lemak manggot yang dihasilkan sebagi pakan (The effect of various growing media on the water, protein and fat content of the mangosteen produced as feed). J. Riset dan Inovasi Peternakan, 2 (2): 14-20. https://www.google.com/url?sa=t&source=web&rct=j&url=http://repository.lppm.unila.ac.id/10021/1/PENGARUH%2520BERBAGAI%2520MEDIA%2520TUMBUH%2520TERHADAP%2520KANDUNGAN%2520AIR%252C%2520PROTEIN%252C%2520DAN%2520LEMAK%2520MAGGOT%2520YANG%2520DIHASILKAN%2520SEBAGAI%2520PAKAN.pdf&ved=2ahUKEwjOkduzxtz3AhXZILcAHUcHAFgQFnoECAgQAQ&usg=AOvVaw3D0PAAzDh1_BKBl_jFayPr

			Amran M, Nuraini N, dan Mirzah M (2021). Concentrate substitution with Maggot Black Soldier Fly (Hermentia illucens) Flour On Layer Quality Performance (Coturnix coturnix japonica). Quest J. Res. Agric. Anim. Sci., 8(6): 01-06. ISSN(Online): 2321-9459. www.questjournals.org 

			Amrullah IK (2003). Nutrisi Ayam Petelur (Laying Chicken Nutrition). Cetakan Pertama. Lembaga Satu Gunung Budi. Bogor. http://opac.lib.unlam.ac.id/id/opac/detail.php?q1=636&q2=AMR&q3=N&q4=979-489-871-2

			Ansyari R, Jaelani A dan Widaningsih N (2012). Subsitusi tepung ikan dengan tepung larva Black Soldier Fly (Hermetia illucens) terhadap penampilan burung puyuh (Coturnix coturnix japonica) (Fish meal substitution with Black Soldier Fly (Hermetia illucens) larvae meal on the appearance of quail (Coturnix coturnix japonica) Ziraaah, 35(3): 217-223. https://media.neliti.com/media/publications/224042-substitusi-tepung-ikan-dengan-tepung-mag.docx 

			Ardi Z (2017). Pengaruh penggunaan daun dan bunga Titonia (Tithonia diversifolia) dalam ransum terhadap performa puyuh petelur. Fakultas Peternakan Universitas Andalas, Padang. http://scholar.unand.ac.id/id/eprint/23512

			Campbell JR, Kenealy MD, Campbell KL (2009). Animal Science: The Biology, Care, And Production of Domestic Animals. 4th Ed. New York (US): McGraw-Hill. https://books.google.co.id/books/about/Animal_Sciences.html?id=fT6xQQAACAAJ&redir_esc=y

			Djulardi A (1995). Respon burung puyuh petelur (Cortunix cortunix japonica) terhadap pemberian ransum dengan berbagai kandungan fosfor dan imbangan protein (The response of laying quail (Cortunix cortunix japonica) to the provision of rations with various phosphorus content and protein balance). Disertasi. Pascasarjana. Universitas Padjajaran. Bandung. http://pustaka.faterna.unand.ac.id//index.php?p=show_detail&id=915

			Fitasari E and Santoso EP (2015). The use of gross energy and protein on feed consumption and body weight development of Hong Kong caterpillars. Buana Sains, 15(2): https://jurnal.unitri.ac.id/index.php/buanasains/article/view/370/374

			Hapsari DGPL, Fuah AM, Endrawati YC (2018). Produktivitas ulat hongkong (Tenebrio Molitor) pada media pakan yang berbeda (Productivity of Hong Kong caterpillar (Tenebrio molitor) on different feed media). Institut Pertanian Bogor, 6(2): 53-59.   https://www.google.com/search?q=Hapsari+et+al.+%282017%29+media+pemeliharaan+ulat+hongkong&sxsrf=AOaemvK_nkx4IdvrAu17lbngLg1CTbr-Fg%3A1637219497622&ei=qfyVYdqsJe7Yz7sP0ZGx0Ao&ved=0ahUKEwiapcz0raH0AhVu7HMBHdFIDKoQ4dUDCA0&uact=5&oq=Hapsari+et+al.+%282017%29+media+pemeliharaan+ulat+hongkong&gs_lcp=Cgdnd3Mtd2l6EAM6BwgjEK4CECc6BAghEBU6BwghEAoQoAFKBQg8EgExSgQIQRgBSgQIRhgAUKgDWP46YME-aAFwAHgCgAHXC4gBhjWSAQ8wLjEuMC4xLjIuMC4yLjOYAQCgAQGgAQLAAQE&sclient=gws-wiz 

			Hartiningsih dan Fitasari E (2014). Peningkatan bobot panen ulat hongkong akibat aplikasi limbah sayur dan buah pada media pakan berbeda (The increase in harvest weight of Hong Kong caterpillars due to the application of vegetable and fruit waste in different feed media). Buana Sains, 14(1):

			Kulsum U, Muryani R, dan Sunarti D (2017). Pengaruh pemberian tingkat protein dalam ransum dan penambahan lama pencahayaan terhadap bobot potong, persentase karkas dan non karkas burung puyuh jantan (Effect of protein level in the ration and additional lighting time on slaughter weight, percentage of carcass and non-carcass of male quail). Doctoral Dissertation. Fakultas Peternakan Dan Pertanian UNDIP. http://eprints.undip.ac.id/55980/ 

			Livestock and Animal Health Statistics (2020). Directorate general of livestock and animal health, Jakarta. http://pusvetma.ditjenpkh.pertanian.go.id/upload/statistik/1615509509.statistik%25202020.pdfved=2ahUKEwjvmPjxvtz3AhX86XMBHTt4CZAQFnoECAUQAQ&usg=AOvVaw2ODhqenaETAdu6uQGz-QCL

			Maknun L, Sri K, Isna M (2015). Production performance of quail (Coturnix coturnix japonica) with flour treatment of quail egg hatching waste. J. Anim. Sci., 25(3): 53-58. https://doi.org/10.21776/ub.jiip.2015.025.03.07

			Marsudi, Cahyo S (2012). Quail. Self-help spreader, Jakarta. https://pustakaaceh.perpusnas.go.id/detail-opac?id=38225 

			Mawaddah S, Hermana W, Nahrowi N (2018). The effect of giving flour defeated larvae of BSF (Hermetia illucens) on the production performance of laying quail (Coturnix coturnix japonica). J. Nutr. Sci. Feed Technol., 16(3): 47-51. https://doi.org/10.29244/jintp.16.3.47-51

			Mousavi SN, Khalaji S, Ghasemi-Jirdehi A, Foroudi F (2013). Investigate the effects of dietary protein reduction with a constant ratio of digestible sulfur amino acids and threonine to a lysine on performance, egg quality, and protein retention in two strains of laying hens. Ital. J. Anim. Sci., 12(2): 9-15. https://doi.org/10.4081/ijas.2013.e2

			Mozin S (2006). Kualitas fisik telur puyuh yang mendapatkan campuran tepung bekicot dan tepung darah sebagai substitusi tepung ikan. J. Agrisains, 7(3):183-191. https://www.google.com/url?sa=t&source=web&rct=j&url=http://ojs.uho.ac.id/index.php/jipho/article/download/16856/11361&ved=2ahUKEwjnsrav5Nz3AhXU7nMBHQSpCV4QFnoECCEQAQ&usg=AOvVaw2fLmNa4q2pBRzOGMoVk_zj

			Ningsih EO (2020). Pengaruh penggunaan campuran limbah buah durian dan ampas tahu yang difermentasi dengan Pleurotus ostreatus terhadap performa produksi puyuh petelur (The effect of using a mixture of durian fruit waste and tofu dregs fermented with Pleurotus ostreatus on the production performance of laying quail). Fakultas Peternakan. Universitas Andalas. Payukumbuh. http://scholar.unand.ac.id/id/eprint/65500 

			Nuraini N, Djulardi A, Trisna A (2017). Palm oil sludge is fermented by using lignocellulolytic fungi in the poultry diet. Int. J. Poult. Sci., 16(1): 6-10. https://doi.org/10.3923/ijps.2017.6.10

			Nuraini N, Nur YS, Djulardi A, Amizar R, Sari YC (2021a). Medium for cultivation Tenebrio molitor larvae and its effect as an alternative animal protein source in the diet on broiler performance. Adv. Anim. Vet. Sci., 10(7): 

			Nuraini N, Nur YS, Djulardi A, Amizar R, Sari YC (2021b). Tenebrio molitor larvae and its effect as an alternative animal protein source in the diet of poultry. Research report. Universitas Andalas Padang.

			Oonincx DG, Van- Broekhoven S, Van Huis A, van Loon JJ (2015). Feed conversion, survival and development, and composition of four insect species on diets composed of food by-products. PLoS One, 10: e0144601. https://doi.org/10.1371/journal.pone.0144601

			Pratiwi SM (2016). The carcass and abdominal fat of Cobb strain and Lohmann strain broilers fed different feeds. JITRO, 1(1).

			Purnamasari DK (2018). Pertumbuhan dan survival rate larva Tenebrio molitor yang diberikan media pakan berbeda (Growth and survival rate of Tenebrio molitor larvae given different feed media). J. Peternak. Sriwijaya, 7(2): 17-23. https://doi.org/10.33230/JPS.7.2.2018.7469

			Ravzanaadii N, Kim SH, Choi WH, Hong SJ, dan Kim NJ (2012). Nutritional value of mealworm, Tenebrio molitor as a food source. Int. J. Ind. Entomol., 25(1): 93-98. https://doi.org/10.7852/ijie.2012.25.1.093

			Rolita BA, Purwono, dan Sutrisno E (2017). Pemanfaatan ulat Hongkong (Meal Worm) dalam pengolahan sampah daun jati menjadi kompos (Utilization of Hong Kong caterpillars (Meal Worm) in processing teak leaf waste into compost). Jurnal Teknik Lingkungan, 6(1). https://media.neliti.com/media/publications/191494-ID-pemanfaatan-ulat-hongkong-mealworm-dalam.pdf

			Sestilawarti S, Mirzah M, dan Montesqrit M (2013). Pengaruh Pemberian Mikrokapsul Minyak Ikan dalam Ransum Puyuh Terhadap Performa Produksi. J. Peternak. Indones., 15(1): 69-74. https://doi.org/10.25077/jpi.15.1.69-74.2013

			Setiawan D (2006). Performa produksi burung puyuh (Coturnix coturnix japonica) pada perbandingan jantan dan betina yang berbeda. Fakultas Peternakan. Institut Pertanian Bogor. Bogor. http://repository.ipb.ac.id/handle/123456789/3232 

			Sodak FJ (2011). Physical and chemical characteristics of Arabic chicken eggs in two livestock in Tulung Agung Regency, East Java. Department of Animal Production Science and Technology. Faculty of Animal Husbandry. Bogor Agricultural Institute. http://repository.ipb.ac.id/handle/123456789/47642 

			Sitompul S (2004). Analisis asam amino dalam tepung ikan dan bungkil kedelai. Buletin Teknik Pertanian. 9(1): 33-37. http://203.190.37.42/publikasi/bt09104k.pdf 

			Standar National Indonesia (2006). Feeding Quail Dara Laying (Quail Grower). Minister of Agriculture Regulation, Number: 19/September/OT.140/14/2009. https://www.google.com/url?sa=t&source=web&rct=j&url=https://jajo66.files.wordpress.com/2009/09/sni-01-3907-2006-pakan-puyuh-bertelur.pdf&ved=2ahUKEwjui72H69z3AhWyS2wGHf9YDGcQFnoECAwQAQ&usg=AOvVaw2xmezCyzXl62ZXwWdNvpeW 

			Steel RG, Torrie JH. 1995. Statistical principles and procedures. Translator Bambang Sumantri. Library Gramedia. Jakarta. https://opac.perpusnas.go.id/DetailOpac.aspx?id=249306

			Wahju J (2004). Ilmu Nutrisi Unggas (Poultry Nutrition Science). Cet. Ke-5. Gadjah Mada University Press. Yogyakarta. https://ugmpress.ugm.ac.id/id/product/peternakan/ilmu-nutrisi-unggas

			Yuwanta T (2010). Telur dan Kualitas Telur (Eggs and Egg Quality). Gadjah Mada University Press. Yogyakarta. https://ugmpress.ugm.ac.id/id/id/product/peternakan/telur-dan-kualitas-telur 

			Zahra AA, Sunardi D, dan Supritjana E (2012). Pengaruh pemberian pakan bebas pilih (free choice feeding) terhadap performans produksi telur burung puyuh (Cortunix cortunix japonica) (Effect of free choice feeding on quail egg production performance (Cortunix cortunix japonica). Anim. Agric. J., 1(1): 1-11. https://ejournal3.undip.ac.id/index.php/aaj/article/download/86/93 

			Zhao X, Vázquez-Gutiérrez JL, Johansson DP, Landberg R, Langton M (2016). Yellow mealworm protein for food purposes-Extraction and funcional properties. PLoS One, 11(2): e0147791. https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0147791, https://doi.org/10.1371/journal.pone.0147791

			Zulfan Z, Allaily A, Fitri CA, dan Ilham I (2020). Pengaruh substitusi sebagian ransum komersil ayam petelur dengan bahan pakan campuran fermentasi tepung limbah ikan leubim (canthidermis maculata) dan daun indigofera terhadap penampilan produksi telur puyuh (Effect of partial substitution of commercial rations for laying hens with fermented feed ingredients of leubim fish waste flour (Canthidermis maculata) and indigofera leaves on the performance of quail egg production). J. Agripet., 20(1): 56-62. http://jurnal.unsyiah.ac.id/agripet/article/view/15201/12270, https://doi.org/10.17969/agripet.v20i1.15201

		

	OEBPS/image/1.png
OPEN 8 ACCESS Advances in Animal and Veterinary Sciences

Research Article

Gheck for
updates.

The Effect of Tenebrio molitor Caterpillar in the Diet on Production
Performance of Laying Quail

NUrRAINT NURAINT*, YULIATY SHAFAN NUR, ADE DjuLARDI, ROBI AMIZAR, YEST CHWENTA SARI

Department of Animal Nutrition and Feed Technology, Faculty of Animal Science, Universitas Andalas, Padang

Indonesia.

Abstract | The Tenebrio molitor caterpillar (Tmc) is an alternative source of animal protein. This research aims to
study the effect of the Tenebrio molitor caterpillar in concentrate and tofu dregs growth media on nutrient content
and determine the Tmc effect in the diet on the production of laying quail. The study was divided into two stages of
research. Phase 1 of the laboratory experiment determined the composition of the concentrate and tofu dregs media
on the nutrient content of Tenebrio molitor. This study method was a completely randomized design (CRD) with six
treatments and three replications. The treatment variations consist of commercial ration (CR) and tofu dregs (TD)
were treatment P1 (100% CR), P2 (80% CR + 20% TD), P3 (60% CR+ 40% TD), P4 (40% CR + 20% TD), P5 (20%
CR + 80% TD) and P6 (100% TD). The observed variables were fresh weight, crude protein, and crude fat of Tmec.
The Phase 2 application to laying quails is the utilization of Tenebrio molitor caterpillars in the diet. This stage used
a Completely Randomized Design (CRD) with five treatments and four replications. Provision of Tenebrio molitor
caterpillars consisted of 0%, 3%, 6%, 9%, and 12% in the diet of laying quail. The parameters measured were feed
consumption, daily egg production, egg weight, egg mass, and feed conversion. Phase 1 showed that the difference
in growth media composition had a significant effect (P<0.01) on fresh weight, crude protein, and crude fat. The
Phase 2 variance analysis results showed that the use of Tmc in the diet had no significant effect (P> 0.05) on feed
consumption, egg production, egg weight, egg mass, and feed conversion. The study concluded at stage 1 that 100%
tofu dregs medium was the best treatment to improve the nutrient content of the Zenebrio molitor caterpillar. Stage 2
concluded that the Tenebrio molitor caterpillar could be used up to 12% in laying quail rations (substituted 100% fish
meal) and maintain the same egg production as control.
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INTRODUCTION

eed is the main requirement in all fields of the livestock
business, including in the case of poultry. Feeding is
intended for livestock to meet their daily needs and grow
and produce. Feed must contain all the nutrients needed
by the animal’s body but still in a balanced amount. Some
of the nutrients needed by livestock include carbohydrates,

fats, proteins, vitamins, water, and minerals. The supply of
conventional feed ingredients still depends on imported
feed, such as fish meal, so the feed price is high. Indonesia
itself has abundant fishery resources. However, another
problem related to local Indonesian fish meals is the
quality that does not meet the requirements of fish meals
for animal feed ingredients.
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