


Novelty rumen microbial degradation of tropical legume seeds in a consecutive batch culture system in vitro


Abstract
An experiment was conducted to examine rumen microbial degradation of a selection of tropical legume seeds incubated in consecutive batch culture (CBC) system. The oilseeds are generally lower in their dry matter (DM) loss, gas production and volatile fatty acids (VFA) concentration compared to legume seeds showing that legume seeds are more readily degradable and fermentable by rumen microorganism.  Compared to whole cottonseed (WCS) all legume seeds are better in their DM loss, gas production and VFA concentrations.  These suggests that relatively high protein content and low oil content of legume seeds compared to those of oilseeds might contributed to their better fermentation.  The reasons for the poor degradability and fermentability of WCS might involve the presence of antinutrient compounds such as gossypol.  Other factors limiting the fermentation of WCS could include the structure and composition of fibre, fat content, and possibly other antinutrient compound such as tannin. 
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Introduction
Legume seeds may be used as high protein and minerals food supplements (Erbersdobler et al., 2017) for human and feed supplement for animal especially for ruminants, where the main dietary constituents are low quality forages (Lestingi et al., 2019; Sońta and Rekiel, 2020).  Legume seeds are divided into edible legumes intended for human consumption such as peas (P. sativum), beans (P. vulgaris), broad beans (V. faba), chick peas (Cicer arietinum L.), cowpea (Vigna unguiculata L.), lentils (Lens culinaris Medik), peanuts (A. hypogaea) and fodder legumes intended for animal feeding such as lupines (Lupinus), fodder peas (P. sativum), field beans (V. faba), soybeans (G. max) (Kapusta 2012). For the purpose of comparison, a selection of legume seeds was examined for their microbial degradation in consecutive batch culture (CBC). Compared to the oilseeds (previously published by Ismartoyo, 2024), legume seeds contain lower fat but have higher protein contents than the oilseeds (Ismartoyo et al, 1993; 1994; Ismartoyo, 2000; Song et al., 2017; Huang et al., 2019; Didinger and Thompson, 2021; Yanni et al., 2024).  However, antinutrient compounds such as lectins, protease inhibitors and cyanogenic glucosides are known to be present in legume seeds (Milczarek and Osek, 2016; Milczarek et al., 2017) could limit the efficiency of their microbial fermentation in culture. Further work is required to investigate the use of these legum seeds as protein sources for ruminant.

Materials and methods
Sample preparation
The tropical legume seeds used in this experiment were Narbon seed (cv. Vicia Narbonensis), Mungbean (cv. Satin), Cowpeas (cv. Banjo and cv. Red Caloona), Lablab seed (cv. Highworth), and whole cottonseed (Figure 1).  The seeds samples were obtained from Dr. R. M. Dixon (Swan's Lagoon Beef Cattle Research Station, Millaroo-Queensland, Australia).  The air-dry legume seeds were ground with a laboratory hammer mill through 1 mm mesh. 
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Figure 1. A selection of tropical legume seeds

Media preparation and incubation of the legume seed samples in CBC
Media preparation including preparation of VFA, trace mineral and vitamin solutions were as described in the previous experiment.  Legume seed samples (70 mg) were weighed accurately (in duplicate) into test tubes (Hungate tubes, Bellco glass Inc, Vineland, NJ).  Autoclaving the Hungate tubes, preparation and sterilisation of the nutrient medium, incubation of the samples in CBC, and the measurements of DM loss and gas production from the legume seeds were as described for oilseeds in previous published paper by Theodorou et al, 1987; Ismartoyo et al, 1993; 1994; Ismartoyo and Budiman, 2000; Ismartoyo, 2024).

Results and Discussion
The chemical analyses described in previous experiment were conducted to establish the nutrient composition of the tropical legume seeds.  The amounts of nutrients present are shown in Table 1.

Table 1. The nutrients composition (g kg-1) of legume seeds. (n = 2)

	Composition
	Legume seeds

	(g kg-1)
	L1
	L2
	L3
	L4
	L5

	Dry matter   
	919.3
	918.2
	885.2
	896.2
	908.2

	Ash     
	30.4
	35.6
	37.7
	34.6
	40.7

	Organic matter       
	969.6
	964.4
	962.3
	965.4
	959.3

	Nitrogen (N)  
	46.5
	42.1
	39.5
	42.9
	37.4

	Crude protein (N x 6.25)   
	291.2
	263.1
	247.2
	268.7
	233.8

	Ether extract            
	7.3
	9.6
	12.9
	10.9
	8.6

	NDF      
	319.2
	303.1
	290.3
	309.2
	327.1

	ADF    
	123.3
	164.7
	144.8
	178.4
	113.3

	Hemicellulose       
	185.9
	138.4
	145.5
	130.8
	213.8


L1= Narbon seed, L2 = Mungbean seed, L3 = Cowpea seed cv Banjo, L4 = Cowpea seed cv Caloona, L5 = Lablab seed. The values of ash, organic matter, crude protein, ether extract, nitrogen, ADF and NDF are on a dry matter basis. Hemicellulose = NDF-ADF.

Table 1 shows that there was little variation in the nutrient composition between the legume seeds.  The crude protein content ranged from 233 g kg-1 for Lablab seed to 291 g kg-1 for Narbon seed, while ADF and fat content varied from 113 to 178 g kg-1 and 7.3 to 12.9 g kg-1, respectively.  Similar values for the nutrient content in Cowpeas and Lablab seeds have been reported in other feeding studies using grain legumes as a supplement for sheep and goats (Holmes et al, 1991).  The NDF contents of the legume seeds (Table 1) are much less than those of WCS indicating that the legume seeds may be more readily degradable to rumen microbes in culture than the WCS.

To measure the DM degradability and gas production of legume seeds, the seeds were incubated in the CBC system.  The DM losses of the legume seeds in this experiment are shown in Table 2. 


Table 2. DM losses (g kg-1) of legume seeds incubated in the CBC system

	Legume
	
	Serial incubation number 
	Means 
	Overall means

	seeds
	
	1*
	2
	3
	4
	5
	6
	(n=5)
	(A & B)

	L1
	A
	449.0
	352.0
	465.9
	547.9
	534.0
	498.5
	479.6
	

	
	B
	457.6
	320.5
	454.6
	549.2
	560.1
	521.9
	481.3
	480.5 a

	L2
	A
	501.2
	388.3
	447.7
	603.5
	584.4
	602.7
	525.3
	

	
	B
	453.8
	317.4
	421.7
	621.7
	597.3
	595.1
	510.6
	517.9 b

	L3
	A
	470.7
	392.1
	435.9
	620.7
	618.0
	594.0
	532.1
	

	
	B
	531.2
	371.1
	457.4
	642.9
	647.5
	588.9
	541.6
	536.8 c

	L4
	A
	416.6
	420.6
	487.4
	550.0
	632.1
	502.4
	518.5
	

	
	B
	459.1
	400.7
	567.8
	558.7
	545.0
	506.1
	515.7
	517.1 b

	L5
	A
	458.2
	426.8
	565.2
	594.3
	557.3
	536.6
	536.0
	

	
	B
	474.2
	448.4
	541.7
	586.9
	570.6
	546.5
	538.8
	537.4 c


L1= Narbon seed, L2 = Mungbean seed, L3 = Cowpea seed cv. Banjo, L4 = Cowpea seed cv. Caloona, L5 = Lablab seed. The means with different subscripts are significantly different (p<0.01, SED = 5.69).
A, B = replicates of each seed sample in each 'serial incubation number' (SIN). 
1* = The seed samples in SIN 1 were incubated with fresh rumen liquor, and samples in SIN 2, 3, 4, 5 and 6 were incubated with inoculum transferred from SIN 1, 2, 3, 4 and 5, respectively. 
The average values of DM loss in A or B were calculated from data obtained in SIN 2 to 6 (n = 5).


There were significant (p<0.01) differences in DM loss between the legume seeds.  The DM losses of Narbon seed was significantly (p<0.01) lower than other legume seeds.  There was a general decrease in the DM losses of legume seeds during the second serial incubation, but there was an increase in the DM losses for all substrates starting in serial incubation number 3.  The fermentation of the seeds reached a plateau in serial incubation number 4, then gradually declined from serial incubation numbers 5 to 6 (Figure 1).  These results demonstrated that a common pattern of microbial degradation in CBC was more detectable with easily fermentable substrates such as legume seeds than with oilseeds.


The slopes and the adaptation of rumen microbes to degrade legume seeds are clearly demonstrated in their linear regression equation.  The values of the slopes for the DM losses are positive suggesting that these substrates were readily degradable and the rumen microbes adapted well to ferment them.  However, the correlations between DM losses and gas production were generally poor suggesting that gas production from legume seeds in this study was not a good indicator of DM loss.  The coefficient of the correlation between DM loss and gas production from narbon seed, mungbean seed, cowpea cv. Banjo, cowpea cv. Caloona and Lablab seed in each replicate A and B were (-0.60 and -0.79), (-0.74 and -0.72), (-0.21 and 0.34), (-0.16 and -0.30), and (0.58 and 0.57), respectively.  The reason for the poor correlation between DM loss and gas production is uncertain.
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Figure 2. Dry matter loss of legume seeds and whole cottonseed over 6 serial incubation number. Replicates A and B of each substrate are shown in solid and open square symbols, respectively. 





Table 3. The slopes and the regression equation for DM loss of legume seeds incubated in the CBC system

	Legume
	
	Slopes
	Means
	Regression equation
	r2

	seeds
	
	
	(A and B)
	
	(%)

	L1
	A
	36.1
	
	y = (335 + 82.7) + (36.1 + 19.5) x
	53.3

	
	B
	50.8
	43.4 a
	y = (278 + 89) + (50.8 + 20.98) x
	66.2

	L2
	A
	56.6
	
	y = (299 + 71) + (56.6 + 16.74) x
	79.2

	
	B
	73.1
	64.8 b
	y = (218 + 106) + (73.1 + 25.03) x
	74.0

	L3
	A
	58.6
	
	y = (298 + 90.3) + (58.6 + 21.3) x
	71.6

	
	B
	62.6
	60.6 b
	y = (291 + 111) + (62.6 + 26.3) x
	65.4

	L4
	A
	30.8
	
	y = (395 + 95.5) + (30.8 + 95.5) x
	38.5

	
	B
	18.8
	24.8 c
	y = (440 + 95.5) + (18.8 + 22.5) x
	18.9

	L5
	A
	21.2
	
	y = (451 + 85.4) + (21.2 + 20.1) x
	26.9

	
	B
	22.5
	21.8 c
	y = (449 + 62.4) + (22.5 + 14.7) x
	43.8


L1= Narbon seed, L2 = Mungbean seed, L3 = Cowpea seed cv. Banjo, L4 = Cowpea seed cv. Caloona, L5 = Lablab seed.  The means with different subscripts are significantly different (p<0.05, SED = 8.06).
A, B = replicates of each seed sample in each 'serial incubation number' (SIN). 
The slopes were determined as 'b' value of a regression equation 'y = a + bx' over 5 sin (2 to 6), where 'y' is DM loss, 'x' is the incubation number and 'a' is constant. r2 = the regression coefficient.

Table 4. Gas production (cm3 70mg-1 DM) from legume seeds

	Legume
	
	Serial incubation number 
	Means
	Overall means

	seeds
	
	1*
	2
	3
	4
	5
	6
	(n=5)
	(A & B)

	L1
	A
	7.5
	10.1
	10.4
	9.6
	8.7
	9.0
	9.5
	

	
	B
	7.3
	11.3
	10.5
	9.5
	9.4
	8.1
	9.7
	9.6 a

	L2
	A
	4.5
	10.5
	10.1
	9.9
	8.6
	7.8
	9.4
	

	
	B
	4.6
	10.5
	9.4
	9.5
	8.3
	7.4
	9.0
	9.2 a

	L3
	A
	5.1
	9.8
	8.2
	10.5
	8.0
	6.5
	8.6
	

	
	B
	5.1
	7.2
	8.1
	9.5
	7.9
	6.4
	7.8
	8.2 b

	L4
	A
	9.9
	7.5
	9.2
	9.3
	6.5
	5.7
	7.6
	

	
	B
	9.8
	7.6
	8.6
	9.3
	6.8
	5.6
	7.5
	7.6 b

	L5
	A
	6.6
	6.1
	6.3
	7.7
	6.7
	5.8
	6.5
	

	
	B
	6.3
	6.2
	6.5
	7.5
	8.1
	5.7
	6.8
	6.6 c


L1-L5= See Table 2b. The means with different subscripts are significantly different (p<0.01, SED = 0.29). A, B = replicates of each seed sample in each 'serial incubation number' (SIN).

Table 5. The slopes and the regression equation for gas production from legume seeds incubated in the CBC system

	Legume
	
	Slopes
	Means
	Regression equations
	r2

	seeds
	
	
	(A and B)
	
	(%)

	L1
	A
	-0.39
	
	y = (11.1 + 0.56) - (0.39 + 0.13) x
	74.1

	
	B
	-0.75
	-0.57 a
	y = (12.8 + 0.38) - (0.75 + 0.09) x
	95.8

	L2
	A
	-0.69
	
	y = (12.1 + 0.48) - (0.69 + 0.11) x
	95.8

	
	B
	-0.73
	-0.71 a
	y = (11.9 + 0.47) - (0.73 + 0.11) x
	93.4

	L3
	A
	-0.68
	
	y = (11.3 + 1.79) - (0.68 + 0.42) x
	46.3

	
	B
	-0.18
	-0.43 a
	y = (8.54 + 1.73) - (0.18 + 0.41) x
	6.1

	L4
	A
	-0.63
	
	y = (10.2 + 1.94) - (0.63 + 0.45) x
	38.6

	
	B
	-0.58
	-0.60 a
	y = (9.9 + 1.76) - (0.58 + 0.41) x
	39.4

	L5
	A
	-0.02
	
	y = (6.6 + 1.13) - (0.02 + 0.26) x
	0.2

	
	B
	0.06
	0.02 b
	y = (6.56 + 1.51) + (0.06 + 0.35) x
	0.9


L1-L5= See Table 2b. The means with different subscripts are significantly different (p<0.01, SED = 0.19).
    
There were also significance differences (p<0.01) in gas production between the different legume seeds.  Incubation of narbon seed and mungbean seed in the CBC produced higher (P<0.01) gas production than cowpeas and Lablab seeds, while incubation of Lablab seed produced the least gas.  In contrast with the results for DM loss, the slopes for gas production from legume seeds were generally negative.  The values of the percentage variation explained (r2) varied widely within and between the legume seeds.  Differences in the patterns of gas production were found. Gas production tended to increase around the second (L1, L2, L3,), third (L4) and fourth (L5) serial incubation, then declined in subsequent incubation (Figure 2).  This result may partly contribute to the poor correlation between gas production and the DM loss.

To assess the difference amount of VFA produced during fermentation of legume seeds, the concentrations of VFA in supernatant of the legume seeds from incubation numbers 2, 4, and 6 were analysed.  The various amounts of VFA concentrations in the supernatant of legume seeds are shown in Table 6.

Table 6 shows that there were significant differences (p<0.01) in the total VFA produced by legumes seeds in CBC.  Microbial degradation of cowpea seeds and Lablab seed produced higher VFA than that of narbon seed.  Despite of its high crude protein content, narbon seed were less fermented by rumen microbes suggesting other factors may have inhibited the microbial degradation.  The molar proportion of butyrate tended to be lower of narbon seeds than other legume seeds. 

Antinutrient compounds known to be present in legume seeds include lectins (Grant et al., 1983; Jaffe, 1980; Pusztai, 1989; Acamovic, 1994; D’Mello, 1995; Didinger and Thompson, 2021; Ahuja et al., 2023; Yanni et al., 2024), protease inhibitors (Jaffe, 1980; Al-Jaal et al., 2019; Amirav et al., 2020), and cyanogenic glycoside (National Academic of Science, 1979).  These antinutrients has been suggested to contribute to the poor nutritive quality of raw legume seeds (Jaffe, 1980; Pusztai, 1991; Huang et al., 2019; Didinger and Thompson, 2021; Lestingi et al., 2019; Sońta and Rekiel, 2020), and are known to be toxic to rats (Lambourne and Wood, 1985).  However, compared to those of oilseeds legume seeds tended to have higher DM loss, gas production and VFA concentrations suggesting that the nutrients in legume seeds are better fermented by rumen microorganisms than those in oilseeds.

The results from this investigation may be summarised as follows.  Although there was general depression of DM losses for oilseeds and legume seeds during the second serial of incubation, with the exception of WCS and linseeds, rumen microbes appeared to adapt to ferment these substrates.

There was a close correlation between DM loss and gas production from mustard seed and from WCS suggesting that gas production could be a good indicator of DM degradability of these oilseeds.  The correlation of between DM loss and VFA concentration, and between gas production and VFA concentration from oilseeds were generally poor.  Mustard seed was more fermentable than the other oilseeds.  In contrast, WCS was the least degradable seed.  The VFA concentration in supernatant of WCS and rape seeds were significantly lower (p<0.01) than that of other oilseeds.

The adaptation of rumen microbes to degrade legume seeds was more pronounced than that of oilseeds.  There was poor correlation between DM loss and gas production, and between DM loss and VFA concentration from legume seeds.  This suggests that many antinutrient compounds known to be present in legume seeds might inhibit the formation of fermentation products and that might contribute to the poor correlations. 

Table 6. VFA concentrations (mM) in supernatant of legume seed

	Legume 
	
	Fermentation products (mM)
	Total VFA

	seeds
	SIN
	Ac.
	Pr.
	iBu.
	Bu.
	iVal.
	Val.
	(mM)

	L1
	1*
	62.5
	18.5
	1.1
	8.4
	2.0
	1.6
	94.2

	
	2
	44.4
	15.2
	1.3
	5.5
	1.1
	1.0
	68.6

	
	4
	45.7
	21.0
	1.2
	3.1
	1.3
	1.1
	73.4

	
	6
	42.8
	16.1
	0.9
	2.5
	0.8
	1.1
	64.3

	
	Means
	44.3a
	17.4a
	1.1a
	3.7b
	1.1a
	1.1b
	68.8 a

	
	Proportion
	0.64
	0.25
	0.02
	0.05
	0.02
	0.02
	

	L2
	1*
	74.8
	18.2
	1.9
	13.0
	1.9
	1.7
	111.4 

	
	2
	50.4
	16.1
	1.8
	14.3
	0.8
	3.9
	87.5

	
	4
	47.3
	12.8
	1.4
	12.6
	0.6
	3.5
	78.2

	
	6
	57.7
	16.7
	1.7
	8.26
	0.5
	2.1
	87.0

	
	Means
	51.8a
	15.1a
	1.6a
	11.7ab
	0.6a
	3.2ab
	84.2 ab

	
	Proportion
	0.61
	0.18
	0.02
	0.14
	0.01
	0.04
	

	L3
	1*
	85.4
	20.3
	2.8
	17.3
	2.5
	3.0
	131.4 

	
	2
	56.3
	13.4
	2.0
	19.9
	1.1
	3.9
	96.6

	
	4
	65.4
	20.1
	1.4
	11.1
	0.6
	2.9
	101.6

	
	6
	70.2
	12.0
	1.6
	10.5
	0.5
	2.4
	97.4

	
	Means
	63.9a
	15.1a
	1.6a
	13.8a
	0.7a
	3.1a
	98.5 b

	
	Proportion
	0.65
	0.15
	0.02
	0.14
	0.01
	0.08
	

	L4
	1*
	77.4
	17.8
	2.0
	16.3
	2.1
	2.7
	118.5

	
	2
	56.1
	20.4
	1.9
	18.9
	1.0
	4.9
	103.2

	
	4
	69.1
	25.0
	1.4
	10.9
	0.6
	3.4
	110.5

	
	6
	71.2
	15.6
	1.8
	10.1
	0.6
	2.8
	102.1

	
	Means
	65.5a
	20.3a
	1.7a
	13.3a
	0.7a
	3.7a
	105.3

	
	Proportion
	0.62
	0.19
	0.02
	0.13
	0.01
	0.03
	

	L5
	1*
	72.3
	8.2
	1.2
	10.3
	0.5
	1.5
	94.2 b

	
	2
	83.8
	19.7
	2.2
	14.8
	2.0
	2.3
	124.7

	
	4
	51.2
	11.4
	2.0
	18.3
	0.9
	3.8
	87.7

	
	6
	60.7
	13.6
	1.3
	9.92
	0.5
	2.7
	88.8

	
	Means
	65.2a
	14.9a
	1.8a
	14.3a
	1.1a
	2.9a
	100.4 b

	
	Proportion
	0.65
	0.15
	0.02
	0.14
	0.01
	0.03
	

	
	SED
	7.56
	3.13
	0.43
	3.28
	0.33
	0.64
	8.3


L1= Narbon seed, L2 = Mungbean seed, L3 = Cowpea seed cv. Banjo, L4 = Cowpea seed cv. Caloona, L5 = Lablab seed. Ac.= Acetic acid, Pr.= Propionic acid, iBu.= Isobutyric acid, Bu.= Butyric acid, iVal.= Isovaleric acid, Val.= Valeric acid. 
Proportion = molar proportion of individual VFA to its total VFA in the same treatment. 
Means with different subscripts in the same columns are significantly different (p<0.05). 
SIN= serial incubation number. 1* = The seed samples in SIN 1 were incubated with fresh rumen liquor, and samples in SIN 2, 3, 4, 5 and 6 were incubated with inoculum transferred from SIN 1, 2, 3, 4 and 5, respectively. Means of VFA were calculated as the average values of VFA obtained from SIN 2, 4, and 6 (n = 3).

With the exception of WCS and mustard seed, DM losses and gas production improve when fat was removed from oilseeds.  These results suggested that the low DM loss, gas production and VFA concentration in WCS may not be due to fat content, but other factors such as fibre content and antinutrients may have contributed to low microbial fermentation of WCS.

Rumen microorganisms appeared to adapt to mustard seed but not to defatted mustard seed suggesting that the rumen microbes might adapted to the fat and/or antinutrients extracted from mustard seed.

Conclusion
The oilseeds are generally lower in their DM loss, gas production and VFA concentration compared to legume seeds showing that legume seeds are more readily degradable and fermentable by rumen microorganism.  Compared to WCS all legume seeds are better in their DM loss, gas production and VFA concentrations.  These suggests that relatively high protein content and low oil content of legume seeds compared to those of oilseeds might contributed to their better fermentation.  The reasons for the poor degradability and fermentability of WCS might involve the presence of antinutrient compounds such as gossypol.  Other factors limiting the fermentation of WCS could include the structure and composition of fibre, fat content, and possibly other antinutrient compound such as tannin.  The possibility that gossypol might have an effect on the rumen microbial fermentation is examined in other investigation.
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