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			Abstract | This study aims to determine the effects of supplementation minerals [phosphorus (P) and sulfur (S)] and cassava leaf meal to ammoniated palm leaves and frond rations on the feed digestibility and performance of beef cattle. This study used a randomized block design which divided 20 male Simmental cattle into 5 treatment rations and 4 groups as replications. Treatment NG, the control, was a native grass + concentrate, PLF= Palm leaves and fronds + concentrate, PLFM= PLF + 0.27% phosphorous (P) and 0.4% sulfur (S), PLFC= PLF + cassava leaf meal (5%) and PLFMC= PLFM + cassava leaf meal (5%) Compared to other cows, cows that get PLFMC consume more but are no different (P>0.05) from cows that consume NG. Feed digestibility from PLFM and PLFC is lower (P<0.05) than PLFMC and NG. Daily gain and feed efficiency of NG were not different (P>0.05) from PLFMC. Feed conversion ratio (FCR) from NG and PLFMC is lower (P<0.05) than PLFM and PLFC. It can be concluded that PLFMC can replace native grass 100% and produce the best digestibility and performance of beef cattle.
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			INTRODUCTION

			 

			Indonesia is one of the largest palm oil producers worlwide, with a production capacity 33.5 million tons from a total area of 11.672.861 ha (Directorate General of Estate Crops, 2015). One of the palm plants wastes considerable potential to be used as a source of forage is palm leaves and fronds. Palm leaves and fronds are produced from the trimming or cutting of old palm frond on the maintenance and harvesting fruit.

			 

			The chemical composition of palm leaves and fronds was as follows: dry matter (DM) 30.4%, Ash 5.9 %, Organic Matter (OM) 94.1%, crude protein (CP) 3.64%, crude fiber (CF) 49.8%, cellulose 41.3%, neutral detergent fiber (NDF) 89.9%, acid detergent fiber (ADF) 73.2% and lignin 30.6% (Jamarun et al., 2018). Pazla et al. (2018a) reported an increase in the level of leaves and palm fronds from 20% to 80% in the ration resulting in a significantly decreased digestibility value of protein and cellulose. High lignin levels cause this. Lignin limits rumen microbial activity in degrading feed, thereby reducing digestibility (Pazla et al., 2020).

			 

			Ammoniation technique is one of the physical treatments to loosen lignin bonds with cellulose in high-fiber feed, so enzymes from rumen microbes can penetrate, thereby increasing feed digestibility (Suyitman et al., 2013a). Optimization of the digestibility of high-fiber feed such as leaves and palm fronds can be sought through improved bioprocesses in the rumen and increasing the number of rumen microbial populations (Warly et al., 2015). Amino acids and minerals are precursors of microbial protein synthesis to increase rumen microbial populations (Pazla et al., 2018a).

			 

			One of the rumen microbes that play a crucial role in degrading high-fiber feed is cellulolytic bacteria. Supplementation of Branched Chain Amino Acids (BCAA) in the ration can to increase growth in cellulolytic bacteria that are reflected by increasing DM digestibility and ADF digestibility (Zain et al., 2002). The use of BCAA is an obstacle because the price is quite high. For this reason, it is necessary to look for cheap and BCAA resources natural to get. Cassava leaves contain high BCAA, namely: Isoleucine 4.4%; Valine 8.43%; and Leucine 8.75% (Suyitman et al., 2017a) and potential to be used to improve fiber feed digestibility (Zain, 2007). Supplementation cassava leaves on ammoniated palm leaves can increase the growth of rumen microbes and increase the digestibility of DM, NDF and ADF (Nurhaita and Ningrat, 2011).

			 

			The addition of P and S minerals to high-fiber feed can improve animal performance and digestibility (Pazla et al., 2018b). Suyitman et al. (2013b) reported ammoniated palm leaves supplemented with minerals P and S were able to increase digestibility, volatile fatty acid (VFA) and NH3 concentrations of rumen fluid. 

			 

			The present study aimed to investigate the effects of ammoniated palm leaves and fronds supplemented mineral (P and S), cassava leaf meal and a combination of both on the feed digestibility and performance of beef cattle.

			 

			MATERIALS AND METHODS

			 

			The research was conducted in the addressable Cerdas Group Farmers: Block A Sitiung II, Jorong Koto Hilalang II, Nagari Sungai Langkok, District Tiumang, Dharmasraya, West Sumatera, Indonesia. Analysis of processed palm leaves and fronds, feed, and feces held at the Ruminant Nutrition Laboratory, Animal Science Faculty, Andalas University, Padang. The research material used 20 Simmental cows aged around 1-2 years with a bodyweight of about 350-400 kg. Guideline for ethics study of experimental animals based on the law of the Republic of Indonesia number 18 of 2009 about Animal livestock and animal husbandry. The equipment used was a cage, cages equipment, digital scales capacity of 1.500 kg, laboratory equipment, and others.

			 

			Experiment a randomized block design with five rations treatments and four Simmental cattle groups as replicates. Grouping Simmental cattle based on the bodyweight beginning of the study, each replication has consisted of 1 head of Simmental cattle. The treatments containing 5 different ration were composed of: Treatment NG, the control, was a native grass + concentrate, PLF= Palm leaves and fronds + concentrate, PLFM= PLF + 0.27% P and 0.4% sulfur S, PLFC= PLF + cassava leaf meal (5%) and PLFMC= PLFM + cassava leaf meal (5%). Each treatment had a fiber source: concentrate ratio of 60:40. The chemical composition of feed ingredients on the experiment is shown in Table 1 and the ingredient composition and nutrition of the experimental diet are shown in Table 2.

			 

			Table 1: Chemical composition of feed ingredients on the experiment.

			 

			
				
					
					
					
					
					
					
				
				
					
							Chemical composition (%)
							Feed ingredients
					

					
							Native grass
							Ammoniated Palm leaves and fronds
							Rice bran
							Tofu dregs
							Palm oil sludge
					

					
							
							Dry Matter

						
							
							23.29

						
							
							26.70

						
							
							86.9

						
							
							13.10

						
							
							65.00

						
					

					
							
							Crude protein

						
							
							12.27

						
							
							11.23

						
							
							13.18

						
							
							21.00

						
							
							17.13

						
					

					
							
							Extract ether

						
							
							4.88

						
							
							5.84

						
							
							10.08

						
							
							10.49

						
							
							14.03

						
					

					
							
							Crude fiber

						
							
							25.44

						
							
							34.69

						
							
							13.50

						
							
							23.58

						
							
							24.62

						
					

					
							
							Ash

						
							
							8.57

						
							
							7.86

						
							
							13.10

						
							
							2.96

						
							
							18.55

						
					

					
							
							NDF

						
							
							67.20

						
							
							62.37

						
							
							53.32

						
							
							51.93

						
							
							66.78

						
					

					
							
							ADF

						
							
							45.76

						
							
							44.98

						
							
							38.26

						
							
							25.63

						
							
							57.92

						
					

					
							
							Lignin

						
							
							4.20

						
							
							28.87

						
							
							9.40

						
							
							-

						
							
							19.38

						
					

					
							
							TDN

						
							
							84.08

						
							
							77.49

						
							
							55.52

						
							
							76.00

						
							
							74.00

						
					

				
			

			

			 

			Table 2: Ingredient composition and nutrition of the experimental diet (% DM).

			 

			
				
					
					
					
					
					
					
				
				
					
							Items
							Diet (% DM)
					

					
							NG
							PLF
							PLFM
							PLFC
							PLFMC
					

					
							
							Native grass

						
							
							60

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
					

					
							
							Ammoniated palm leaves and fronds

						
							
							-

						
							
							60

						
							
							60

						
							
							60

						
							
							60

						
					

					
							
							Rice bran

						
							
							29

						
							
							21.5

						
							
							21.5

						
							
							21.5

						
							
							21.5

						
					

					
							
							Tofu dregs

						
							
							2

						
							
							5

						
							
							5

						
							
							5

						
							
							5

						
					

					
							
							Palm oil sludge

						
							
							8

						
							
							12.5

						
							
							12.5

						
							
							12.5

						
							
							12.5

						
					

					
							
							Premix

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
					

					
							
							Nutrition (%)

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							Dry matter

						
							
							44.64

						
							
							43.48

						
							
							43.48

						
							
							43.48

						
							
							43.48

						
					

					
							
							Crude protein

						
							
							12.97

						
							
							12.76

						
							
							12.76

						
							
							12.76

						
							
							12.76

						
					

					
							
							Extract ether

						
							
							7.18

						
							
							7.95

						
							
							7.95

						
							
							7.95

						
							
							7.95

						
					

					
							
							Crude fiber

						
							
							21.62

						
							
							27.97

						
							
							27.97

						
							
							27.97

						
							
							27.97

						
					

					
							
							Ash

						
							
							7.18

						
							
							10.00

						
							
							10.00

						
							
							10.00

						
							
							10.00

						
					

					
							
							TDN

						
							
							73.99

						
							
							71.48

						
							
							71.48

						
							
							71.48

						
							
							71.48

						
					

				
			

			

			 

			NG: native grass + concentrate (used as the control); PLF: Palm leaves and fronds + concentrate; PLFM: PLF + 0.27% phosphorous (P) and 0.4% sulfur (S); PLFC: PLF + cassava leaf meal (5%) and PLFMC: PLFM + cassava leaf meal (5%).

			 

			The following parameters analysed were: feed digestibility (%), feed intake (kg/head/day), average daily gain (ADG) (kg/head/day), feed conversion ratio (FCR) and feed efficiency (%). The results obtained in this study were analyzed based on a randomized block design by ANOVA. Duncan’s multiple range test was subsequently conducted when there was a significant difference among dietary groups (Steel and Torrie, 1991).

			 

			Measurement of parameters

			Digestibility trials were conducted using for animals for each treatment and animals were seperated in individual pens. Cows were fed ad libitum during the adaptation period (30 days). After the last 10 days of each preliminary period, weight gain was observed for 30 days. During the collection period (6 days), animals were equipped with fecal shelter for the total collection and accurate records were kept for each individual intake. Feed consumption is calculated by reducing the amount of feed given by the amount of feed remaining. The total fecal excretion was collected once daily and 10% representative samples were dried at 60 oC overnight and kept in sealed bags until the analysis. The feed and fecal were ground to pass through a 1 mm screen and formed into a composite sample. DM, OM, CP and CF were analyzed by standard methods, according to AOAC (2000). Cellulose, NDF and ADF were analyzed by conventional methods according to Van Soest et al. (1991). Calculation formula:

			 

			[image: Eq.PNG] 

			 

			RESULTS 

			 

			Feed digestibility

			The result of the study of feed digestibility fed experimental diets is shown in Table 3.

			 

			Performances of beef cattle

			The result of the study of average daily gain, feed intake, feed conversion ratio and feed efficiency of Simmental cattle fed experimental diets are shown in Table 4.

			 

			DISCUSSION

			 

			Feed digestibility

			Feed digestibility data is presented in Table 3. The highest digestibility value was in the PLFMC treatment and significantly different (P<0.05) from the PLFM and PLFC treatment, but it was not different (P>0.05) from the NG.

			 

			Ruminant feed digestibility very dominantly influenced by the activity and number of microbial populations in the rumen. The quality is determined by the ration digestibility of nutrients from the ration, which illustrates what percentage substance ingested and what percentage were discharged through feces. In Table 3, it appears that the value of the digestibility of nutrients PLF (no supplementation) was significantly lower than other treatments. Low digestibility in the treatment; this is due to the growth of bacteria not useful as a result of the unavailability of nutrients that stimulate the growth of rumen microbes so that the fermentatition process in the rumen also runs less than optimal. Growth cellulolytic bacteria are less optimal in this treatment, seen by the low digestibility of cellulose and ADF. Zain (2007) reported the low digestibility of cellulose and ADF in palm fiber without nutritional supplementation. 

			 

			Table 3: Feed digestibility of Simmental cattle fed experimental diets (%).

			 

			
				
					
					
					
					
					
					
					
					
				
				
					
							Parameters
							Treatment groups
					

					
							NG
							PLF
							PLFM
							PLFC
							PLFMC
							SEM
							P
					

					
							
							Dry matter

						
							
							61.6a

						
							
							51.5c

						
							
							55.9bc

						
							
							59.0a

						
							
							60.9a

						
							
							1.45

						
							
							0.04

						
					

					
							
							Organic matter

						
							
							64.6a

						
							
							54.7c

						
							
							58.6b

						
							
							59.6ab

						
							
							61.9a

						
							
							1.39

						
							
							0.04

						
					

					
							
							Crude protein

						
							
							71.6a

						
							
							49.4c

						
							
							56.6b

						
							
							58.9b

						
							
							70.9a

						
							
							0.12

						
							
							0.02

						
					

					
							
							Crude fiber

						
							
							55.3a

						
							
							48.6b

						
							
							51.2ab

						
							
							53.5a

						
							
							54.8a

						
							
							0.24

						
							
							0.03

						
					

					
							
							NDF

						
							
							53.1a

						
							
							42.6d

						
							
							45.2c

						
							
							48.5b

						
							
							51.8a

						
							
							0.24

						
							
							0.03

						
					

					
							
							ADF

						
							
							39.6a

						
							
							22.4d

						
							
							27.8c

						
							
							34.1b

						
							
							38.7a

						
							
							0.13

						
							
							0.02

						
					

					
							
							Cellulose

						
							
							52.3a

						
							
							43.3c

						
							
							46.7bc

						
							
							48.7b

						
							
							52.0a

						
							
							0.09

						
							
							<0.01

						
					

					
							
							Hemicellulose

						
							
							78.5

						
							
							75.2

						
							
							75.5

						
							
							76.4

						
							
							77.1

						
							
							0.16

						
							
							0.19

						
					

				
			

			

			 

			abcThe different superscripts in the same row indicate differences at P<0.05; NG: native grass + concentrate (used as the control); PLF; Palm leaves and fronds + concentrate; PLFM: PLF + 0.27% phosphorous (P) and 0.4% sulfur (S); PLFC: PLF + cassava leaf meal (5%) and PLFMC: PLFM + cassava leaf meal (5%).

			 

			Table 4: Average daily gain, Feed intake, Feed conversion ratio and feed efficiency of Simmental cattle fed experimental diets.

			 

			
				
					
					
					
					
					
					
					
					
				
				
					
							Parameters
							Treatment groups
					

					
							NG
							PLF
							PLFM
							PLFC
							PLFMC
							 SEM
							p
					

					
							
							ADG (kg/head/day)

						
							
							0.79a

						
							
							0.63b

						
							
							0.65b

						
							
							0.69b

						
							
							0.88a

						
							
							0.06

						
							
							0.02

						
					

					
							
							Feed intake (DM) (kg/head/day)

						
							
							10.5

						
							
							10.6

						
							
							10.8

						
							
							10.8

						
							
							11.2

						
							
							1.05

						
							
							0.19

						
					

					
							
							FCR

						
							
							13.3b

						
							
							16.9a

						
							
							16.6

						
							
							15.6a

						
							
							12.8b

						
							
							2.87

						
							
							0.03

						
					

					
							
							Feed efficiency (%)

						
							
							7.49a

						
							
							5.95b

						
							
							6.02b

						
							
							6.38b

						
							
							7.82a

						
							
							1.54

						
							
							0.03

						
					

				
			

			

			 

			abcThe different superscripts in the same row indicate differences at P<0.05; NG: native grass + concentrate (used as the control); PLF: Palm leaves and fronds + concentrate; PLFM: PLF + 0.27% phosphorous (P) and 0.4% sulfur (S); PLFC: PLF + cassava leaf meal (5%) and PLFMC: PLFM + cassava leaf meal (5%).

			 

			Cassava leaf meal and mineral (P and S) increased the digestibility of nutrients, but the increase is only slight and could not match the NG. This is due to the P and S supplementation that has led to the improvement of the condition of the rumen, thus improving the rumen microbes activity. Mineral P and S is an essential component for the synthesis the amino acids for microbial protein synthesis (Febrina et al., 2016). Phonothep et al. (2016) reported cassava leaves to contain high protein (24.1%) with the digestibility of DM and CP 72.6% and 82.4% so that it helps the growth and development of rumen microbes.

			 

			The digestibility of OM, CP, NDF and ADF on PLFM significantly increased by 7.13%, 14.57%, 6.10% and 24.11% compared to PLF but did not significantly increase the digestibility of DM, CF, cellulose and hemicellulose. P and S supplementation can improve the digestibility of high-fiber feed such as leaves and palm fronds, especially ADF digestibility. This is following the opinion Komisarczuk and Durand (1991) that it’s vital for fiber digestion in the rumen, which is sufficient to optimize the supply S digestibility of cellulose by cellulolytic bacteria-specific stimulation, ciliated protozoa activity and anaerobic rumen fungi. Phosphorous is needed by rumen bacteria for cellulose digestibility, but it is not easy to prove that P can stimulate the VFA production (Jamarun et al., 2017). Phosphorous is specifically required for cell wall digestibility of major elements, especially for P cellulolysis requiring higher compared to hemiselulolisis and amilolisis. In most in vivo studies showed P deficiency could negatively affect the digestibility of the fiber fraction (NDF, ADF, cellulose and hemicellulose) and OM digestibility (Komisarczuk and Durand, 1991).

			 

			Cassava leaf meal supplements in PFLC produce higher digestibility than PFL. Cassava leaf meal contains branched-chain amino acids that can stimulate the growth of cellulolytic bacteria. Suyitman et al. (2017a) get an increased digestibility value in the treatment of supplementation cassava leaf meal to ammoniated palm leaves. 

			 

			Digestibility of DM in this study ranged from 51.51% to 61.6% and ADF digestibility ranged from 22.4% to 39.6%. This figure is slightly lower than the dry matter digestibility and ADF obtained by Akbar (2007), who use fermented palm empty fruit bunches, which is 60.1% -70.9% for DM digestibility and 36.4% -56.5% for ADF digestibility. This is due to differences in the quality of the ration given. The digestibility rate of DM in this study is almost identical to that obtained by Ningrat et al. (2018), which received 59.9% –62.0% DM digestibility in Simmental cattle given ammoniation palm fronds, supplemented with gambier leaf waste.

			 

			Performances of beef cattle

			Performance data (daily gain, feed intake, feed conversion ratio and feed efficiency ) from the treatments are presented in Table 4. Feed consumption does not show differences (P>0.05) between all treatments, but the highest ADG and feed efficiency in PLFMC treatments. In contrast, feed conversion ratio (FCR) between NG and PLFMC is not significantly different (P>0.05), but PLFMC still gets the lowest FCR value.

			 

			The consumption of ration is closely related to palatability. The results in this research indicate that the five types of ration treatment are palatable enough for cattle. This is evidenced by the data in Table 4 showing unreal differences. However, the rate of beef body weight increased significantly in PLFMC treatment, not different (P>0.05) from NG. This is due to the combination of Mineral P, S, and cassava flour, which can improve feed digestibility (Table 3) so that more nutrients are utilized for muscle and meat tissue growth.

			 

			FCR from PLFMC has the lowest conversion value compared to NG, PLFM, and PLFC. This is intended for the effect of a combination of minerals P, S, and cassava leaf meal, which reduces the value of feed conversion. The FCR value of the study results follows the opinion of Siregar (2008), which states that the conversion of feed for good cows is 8.56-13.29. Feed conversion is influenced by the availability of nutrients in the ration and animal health. Feed conversion is greatly influenced by the condition of livestock, digestibility of animals, sex, nation, quality, and quantity of feed, as well as environmental factors. According to Sutardi (1990), feed conversion is affected by feed quality. Feed conversion produced in this study is good because, according to Suyitman et al. (2017b) and Pazla et al. (2018b), the mineral P and S and cassava leaf meal proved to be effective in increasing feed intake and bodyweight gain. Increasing the digestibility value and efficiency of nutrient utilization in the metabolic process in livestock body tissue is influenced by the better quality of feed intake by livestock, this is followed by a high bodyweight gain, the lower the conversion value and the more efficient the feed used (Pond et al., 1995). The results of this study are almost the same as those of Suryani et al. (2017), they gained daily body weight gain of 0.7 kg Bali cattle on the use of palm frond ammoniation supplemented with Saccharomyces cerevisiae and virgin coconut oil and lower than Ningrat et al. (2018) of 0.92 kg in Simmental cattle fed with palm frond ammoniation supplemented with gambier leaf waste. This difference is due to the ingredients used as supplementation.

			 

			The lowest value of feed efficiency was found in the treatment of PLFM and PLFC rations, as seen from the smallest body weightgain. The quality of feed given to this treatment is still not right and does not meet the needs of livestock. As stated by Tilman et al. (1989) that feed quality is one of the factors that influence the efficient use of feed. The lower the nutritional value in feed, the lower the efficiency of feed use. Febrina (2016) added that other factors that influence the efficiency of feed use are digestibility of feed ingredients and the ability of digestive devices to absorb feed substances contained in the ration. The NG and PLFMC treatments have better feed efficiency values because the rations in this treatment already meet the physiological needs of livestock because of their high protein and energy content. This statement is following the opinion of Efendi (1993), which states that the protein content and energy in the ration is closely related to the efficient use of the ration. The higher the protein content and energy in the ration, the higher the efficiency of its use. Cattle will consume ration efficiently if the energy and protein content in the ration is high. 

			 

			CONCLUSION

			 

			Supplementation of mineral P, S and Cassava Flour on the leaves and palm fronds of ammoniation (PLFMC) provides the best digestibility and performance of cattle to replace 100% native grass.
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Abstract | This study aims to determine the effects of supplementation minerals [phosphorus (P) and sulfur (S)] and
cassava leaf meal to ammoniated palm leaves and frond rations on the feed digestibility and performance of beef cattle.
This study used a randomized block design which divided 20 male Simmental cattle into 5 treatment rations and 4
groups as replications. Treatment NG, the control, was a native grass + concentrate, PLF= Palm leaves and fronds +
concentrate, PLFM= PLF + 0.27% phosphorous (P) and 0.4% sulfur (S), PLFC= PLF + cassava leaf meal (5%) and
PLFMC= PLFM + cassava leaf meal (5%) Compared to other cows, cows that get PLFMC consume more but are
no different (P>0.05) from cows that consume NG. Feed digestibility from PLFM and PLFC is lower (P<0.05) than
PLFMC and NG. Daily gain and feed efficiency of NG were not different (P>0.05) from PLFMC. Feed conversion
ratio (FCR) from NG and PLFMC is lower (P<0.05) than PLFM and PLFC. It can be concluded that PLFMC can
replace native grass 100% and produce the best digestibility and performance of beef cattle.
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INTRODUCTION

Indonesin is one of the largest palm oil producers
worlwide, with a production capacity 33.5 million tons
from a total area of 11.672.861 ha (Directorate General
of Estate Crops, 2015). One of the palm plants wastes
considerable potential to be used as a source of forage
is palm leaves and fronds. Palm leaves and fronds are
produced from the trimming or cutting of old palm frond
on the maintenance and harvesting fruit.

The chemical composition of palm leaves and fronds was
as follows: dry matter (DM) 30.4%, Ash 5.9 %, Organic
Matter (OM) 94.1%, crude protein (CP) 3.64%, crude
fiber (CF) 49.8%, cellulose 41.3%, neutral detergent fiber
(NDF) 89.9%, acid detergent fiber (ADF) 73.2% and
lignin 30.6% (Jamarun et al., 2018). Pazla et al. (2018a)
reported an increase in the level of leaves and palm fronds

from 20% to 80% in the ration resulting in a significantly
decreased digestibility value of protein and cellulose. High
lignin levels cause this. Lignin limits rumen microbial
activity in degrading feed, thereby reducing digestibility
(Pazla et al., 2020).

Ammoniation technique is one of the physical treatments
to loosen lignin bonds with cellulose in high-fiber feed,
so enzymes from rumen microbes can penetrate, thereby
increasing feed digestibility (Suyitman et al., 2013a).
Optimization of the digestibility of high-fiber feed such
as leaves and palm fronds can be sought through improved
bioprocessesinthe rumenandincreasing the numberofrumen
microbial populations (Warly et al., 2015). Amino acids and
minerals are precursors of microbial protein synthesis to
increase rumen microbial populations (Pazla et al., 2018a).

One of the rumen microbes that play a crucial role
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