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Abstract

:

We aimed to test the associative effects among forages, and between forage and concentrates on the in vitro digestibility of dry matter and neutral detergent fibre using an artificial ruminal fermentation system. The study consisted of two assays, in which associative effects were evaluated among three forages, sugarcane, maize silage, and Tifton 85 hay under two incubation conditions (single feed or all feeds together in a jar), and the associative effects between sugarcane and soybean meal and/or ground maize. For the first assay, sugarcane digestibility increased (p < 0.02), whereas the maize silage digestibility decreased (p < 0.01) when forages were incubated together in the same jar. Tifton hay digestibility was not altered (p ≥ 0.57) by the incubation condition. In the second assay, the sugarcane digestibility was depressed (p < 0.05) when the forage was incubated along with maize grain. For both assays, the pattern of repeatability for digestibility estimates presented an influence of the incubation condition. We concluded that the incubation of different feeds together in the same jar using artificial fermenters causes associative effects among them. These effects can influence the estimates of in vitro dry matter and fibre digestibility and alter their repeatability.
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1. Introduction


The method for evaluating in vitro digestibility of ruminants’ feeds suggested by Ti-lley and Terry [1] was based on the incubation of forage samples in individual tubes containing ruminal inoculum and buffer solution. However, the utilisation of artificial fermenters has increased in recent decades, as laboratorial analyses are considered to be simpler, faster, less expensive, and have greater operational capacity [2,3,4].



The first artificial fermenter model was developed by a North American company (DaisyII, Ankom Technology Corporation Fairport, New York, NY, USA) and was introduced to the public in 1994 [3]. However, nowadays, different commercial brands of this equipment can be found on the market. Overall, the equipment possesses four jars, where samples are kept in contact with the inoculum under controlled temperature and rotation. Particularly, the greater operational capacity of artificial fermenters occurs because several samples can be evaluated simultaneously [5] and the utilisation of filter bags could minimize errors caused by material transfer during filtration procedures [6]. On the other hand, the simultaneous evaluation of feeds with different chemical characteristics could cause associative effects among samples incubated in the same jar, influencing microbial populations and activity, and, consequently, altering feed digestibility estimates [7,8,9].



In vitro digestibility estimates of feeds can be used according to two main objectives: prediction of in vivo digestibility [10] and comparative evaluation among feeds [5,11]. In this sense, the occurrence of associative effects among feeds incubated together in a jar could affect both objectives by biasing the estimates, and by altering the ranking of feeds in relation to digestibility characteristics. However, studies performed to evaluate the occurrence of associative effects amongst feeds using in vitro artificial fermenters are still scarce regarding tropical feeds.



Therefore, our objective was to study the occurrence of associative effects among forages, and between forage and concentrates on in vitro digestibility of dry matter (IVDMD) and neutral detergent fibre (IVNDFD) using an artificial ruminal fermentation system.




2. Materials and Methods


The experiment was carried out at the Animal Science Department of the Universidade Federal de Viçosa, Viçosa, Minas Gerais, Brazil. The Ethics Committee on the Use of Production Animals of the Universidade Federal de Viçosa (protocol number 029/2019) approved all animal care and handling procedures applied in this work.



2.1. Incubations and Measurements


The experiment was performed in two assays. In the first, the occurrence of associative effects among forages with different chemical characteristics (sugarcane, maize silage, and Tifton 85 hay) was evaluated. In the second assay, the occurrence of associative effects between one forage (sugarcane) and energy and/or protein concentrate feeds (maize grain and, or soybean meal) was evaluated.



Primary samples of fresh sugarcane (Saccharum officinarum L.), maize silage (Zea mays L.), Tifton 85 hay (Cynodon sp. Rich.), maize grain, and soybean meal were obtained in Viçosa, Minas Gerais, Brazil. The high-moisture forages were oven-dried (55 °C/72 h). After that, all materials were processed in a knife mill (model 3; Arthur H. Thomas, Philadelphia, PA, USA) to pass through a 1 mm screen sieve and were analysed with regard to the contents of dry matter (DM, dried 105 °C/16 h; method G-003/1), nitrogen (N, Kjeldahl procedure; method N-001/2), and neutral detergent fibre (NDF, method F-002/1) according to the standard analytical procedures of the Instituto Nacional de Ciência e Tecnologia de Ciência Animal ([12], Table 1). The NDF contents were evaluated using a heat-stable α-amylase (Termamyl 2X; Novozymes, Araucária, Paraná, Brazil), omitting sodium sulphite, and were expressed including residual ash and protein. The crude protein (CP) content was expressed as N × 6.25.



In the first assay, the IVDMD and IVNDFD were evaluated with the forages incubated either in different jars or all of them simultaneously in the same jar. In the second assay, the digestibility of fresh sugarcane was evaluated by incubating only the forage in a jar or the forage along with maize grain, soybean meal, or maize grain plus soybean meal.



The digestibility assays were performed in a TE-150 artificial fermenter (Tecnal Equi-pamentos Científicos, Piracicaba, São Paulo, Brazil) and filter bags which were made of non-woven textile (100 g/m², [13]). The filter bags were 4 × 4.5 cm and were previously washed, dried, and weighed as described by Camacho et al. [4] to obtain the tare weight.



The incubations procedures lasted eight days, with each assay lasting four consecutive days, with two consecutive 48 h incubation runs [1]. In each assay, each incubation run included the evaluation of four fermentation jars containing 30 filter bags with approximately 500 mg test portions per filter bag (in a DM basis). All filter bags were heat-sealed.



In the first assay, the filter bags were distributed to the fermentation jars in each run as follows: one jar for each individual forage (n = 30 for each jar), and one jar for all forages simultaneously (n = 10 for each forage). In the second assay, the filter bags were distributed as follows: one jar for sugarcane (n = 30 for sugarcane), one jar for sugarcane and maize grain (n = 15 for each feed), one jar for sugarcane and soybean meal (n = 15 for each feed), and one jar for sugarcane, maize grain, and soybean meal (n = 10 for each feed). Each jar contained two blank filter bags. It must be noticed that the artificial fermenter possessed four jars (3200 mL).



McDougall’s buffer solution [14] was used for all incubations (NaHCO3, 9.80 g/L; anhydrous Na2HPO4, 3.71 g/L; KCl, 0.57 g/L; NaCl, 0.47 g/L; MgSO4.5H2O, 0.12; CaCl2.2H2O, 0.05 g/L). Urea was not added to the buffer solution in order to avoid favouring the microbial utilisation of the low-quality feeds [11,15], and to allow a clearer visualization of associative effects. The solution was prepared 24 h prior to each incubation run and kept in an acclimatized room (39 °C). Prior to each incubation, the pH of the buffer solution was adjusted to 6.8 by bubbling CO2 into the solution, as described by Camacho et al. [4].



The ruminal inoculum was obtained from a rumen-fistulated Nelore heifer weighing 350 kg. The basal diet of the animal consisted of fresh sugarcane and a commercial concentrate containing 220 g CP/kg as fed. The commercial concentrate was composed of maize grain, soybean meal, wheat bran, urea, and minerals. The forage-to-concentrate ratio of the diet was 80:20 on a DM basis. The animal was fed ad libitum twice daily at 0800 and 1600 h, allowing approximately 100 g/kg in orts (as feed). The animal also had ad libitum access to fresh water and a complete mineral mixture, and was adapted to the basal diet for 14 days prior to the inoculum collections [16].



Ruminal inoculum (liquid and solid digesta) was collected at several points in the cranial and caudal rumen mat shortly before the beginning of incubation. Ruminal inoculum was stored in preheated (39 °C) thermal bottles and then mixed for a few seconds in a blender to homogenize liquid and solid phases [4]. The fluid was then filtered through four layers of cheesecloth. The steps from rumen inoculum collection to incubation onset were conducted within 20 min in an acclimatized room (39 °C). In each jar, 400 mL of ruminal inoculum and 1600 mL of McDougall’s buffer solution were added (1:4 vol/vol). Carbon dioxide was flushed into the headspace of each jar, which was closed and placed into the preheated (39 °C) artificial fermenter.



After 48 h of incubation, the filter bags were washed with hot distilled water (90 °C) until the water became clear, and bags were gently pressed to remove gases. Then, to estimate the apparently undigested DM residue, filter bags were oven-dried (55 °C/24 h and 105 °C/16 h, sequentially), placed in a desiccator, and weighed.



For the IVNDFD evaluations, filter bags containing the incubation residues were placed into polypropylene screw-capped flasks (120 mL; autoclavable universal collection vial, Bioplast 2605, Porto Alegre, Rio Grande do Sul, Brazil) with 80 mL of neutral detergent solution and 500 µL of a heat-stable α-amylase (Termamyl 2X, Novozymes, Araucária, Paraná, Brazil). Flasks containing the filter bags were closed and autoclaved for 1 h at 105 °C [17]. After that, the filter bags were washed with hot distilled water (90 °C) and acetone. The drying and weighing procedures were performed as previously described.



The IVDMD and IVNDFD were calculated as


   D =     M − ( R − B )    M      ×   1000   



(1)




where D is the IVDMD or IVNDFD (g/kg); M is the incubated mass of DM or NDF (g); R is the undigested residue of DM or NDF (g); and B is the DM or NDF residue in blank filter bags (g).



To evaluate the pH and concentration of ammonia nitrogen (NH3-N) in the medium (i.e., the mixture of rumen inoculum and buffer solution), aliquots of the fluid were taken from each jar within each incubation run, filtered through a triple layer of cheesecloth, and transferred to 50 mL conical polypropylene tubes with screw caps. The pH was immediately measured using a digital potentiometer (TEC-3P-MP; Tecnal, Piracicaba, São Paulo, Brazil). Then, 1 mL of a H2SO4 solution (9 mol/L) was added to each tube, and all tubes were kept at 4 °C until NH3-N analysis. Ammonia nitrogen was estimated by indophenol-catalysed colorimetric reactions (method N-006/1, [12]).




2.2. Statistical Analysis


For the first assay, the evaluation of the associative effects among forages was analysed according to the model:


    Y   ijkl    = μ +    F   i    +    C   j    +    FC   ij    +    R   k    +       ε    ijkl    



(2)




where Yijkl is the IVDMD or IVNDFD measured on test portion l of forage i under incubation condition j in run k; µ is the general constant; Fi is the fixed effect of forage i; Cj is the fixed effect of the incubation condition j (i.e., single feed or all feeds together in a jar); FCij is the fixed effect of interaction between forage i and incubation condition j; Rk is the random effect of incubation run k; and εijkl is the random error assumed to be NIID (0, σ2ε).



For the second assay, the evaluation of associative effects among forage and concentrate feeds followed the model:


    Y   ijk    =  μ  +       C    i    +       R    j    +    ε   ijk    



(3)




where Yijk is the IVDMD or IVNDFD measured on test portion k under incubation condition i in run j; µ is the general constant; Ci is the fixed effect of the incubation condition i; Rj is the random effect of incubation run j; and εijk is the random error assumed to be NIID (0, σ2ε).



All statistical evaluations were performed using the MIXED procedure of SAS 9.4. The components of variance were estimated according to the restricted maximum likelihood method. Significant results were declared at p < 0.05.



Initially, we performed an outlier evaluation on the overall dataset. An outlier was identified when its restricted likelihood distance was greater than 1.0. After the outlier elimination, analyses of variance were performed again to interpret the significance of the effects. For the model (2), when a significant interaction was found, we studied the effect of incubation condition nested within each forage using the SLICE statement of the MIXED procedure. When a significant effect of incubation condition was found in model (3), comparisons were performed using the Bonferroni’s test.



After performing the analyses based on the full models (Equations (2) and (3)), a second set of analyses of variance was carried out. In this case, we evaluated the data obtained for each forage/incubation condition to quantify their specific residual variances. The following model was used:


    Y   ij    = μ +    R   i    +    ε   ij    



(4)




where Yij is the IVDMD or IVNDFD measured on test portion j in incubation run i; µ is the general constant; Ri is the random effect of incubation run i; and εij is the random error assumed to be NIID (0, σ2ε).



From the results obtained in model (4), the repeatability was calculated as


  r  =         σ  ^    ε   2        Y  −       ×   100   



(5)




where r is the repeatability (%);       σ  ^    ε   2     is the residual variance [(g/kg)2]; and     Y  −    is the average IVDMD or IVNDFD (g/kg).



The initial and final values of pH and NH3-N concentration were evaluated following what was previously described, but considering each jar as a subject. Evaluation times (i.e., initial and final) were considered as repeated measures. Due to the restricted number of replicates (n = 2 for each assay), the (co)variance matrix structure was modelled according to a variance component structure (VC), and the degrees of freedom were estimated using the Satterthwaite’s approximation. Comparison among incubation conditions followed the previously stated methods.





3. Results


We did not detect variation between incubation runs (p > 0.05) for the response variables evaluated here. For the first assay, there was an interaction between forage and incubation condition (p < 0.01) for both IVDMD and IVNDFD. Sugarcane digestibility increased (p < 0.02), whereas maize silage digestibility decreased (p < 0.01) when the forages were incubated together in a same jar. Tifton hay digestibility was not altered (p ≥ 0.57) by the incubation condition (Table 2).



In the second assay, the sugarcane IVDMD and IVNDFD did not change (p > 0.05) when the forage was incubated together with soybean meal or soybean meal plus maize (Table 3). However, its digestibility was depressed (p < 0.05) when the forage was incubated along with maize grain.



The evaluation of associative effects among forages showed that the repeatabilities for digestibility of sugarcane and maize silage were improved when the incubation was performed with all feeds in the same jar (Figure 1). Though, the opposite pattern was verified for Tifton 85 hay, whose best repeatability occurred when this forage was incubated alone in the jar.



Regarding the associative effects between forage and concentrates, we did not observe variations in the repeatability for sugarcane IVDMD regardless of the incubation condition. However, repeatability for sugarcane IVNDFD was better when forage was incubated along with soybean meal (Figure 2). The incubation of forage alone or the addition of maize to the same incubation jar compromised the repeatability, which worsened when maize and soybean meal were added together to the incubation jar.



In the first assay, pH and NH3-N concentration in the incubation jars were not affected by either incubation condition (p ≥ 0.30), or by the interaction between incubation condition and time (p ≥ 0.35). However, both variables differ according to the time of evaluation (p < 0.01). On average, the pH decreased (6.99 vs. 6.73) and NH3-N concentration increased (0.51 vs. 4.94 mg/dL) from the beginning to the end of incubation period (Table 4). Regarding the evaluation of associative effects between forage and concentrates, both pH and NH3-N concentration showed an interaction between incubation condition and time (p < 0.01). Slicing of this effect showed no differences between incubations conditions for the initial pH (p > 0.90) and NH3-N (p > 0.98), whose average values were 6.91 and 2.16 mg/dL, respectively. The final pH was higher (p < 0.05) for the incubation of sugarcane along with soybean meal, when compared to the incubation of forage alone or along with maize. Incubating all feeds together caused an intermediate final pH. The final NH3-N concentration followed the same pattern observed for the final pH.




4. Discussion


Associative effects occur when the digestibility of a mixture of feeds is different from the weighted sum of individual feed digestibilities [18]. In this sense, we understand that the results obtained in our work provide evidence for the occurrence of associative effects between forages, and also between forages and concentrates in terms of DM and fibre digestibility. In agreement with our results, several researchers have pointed out differences in digestibility characteristics when feeds are evaluated separately or together [5,7,19,20].



The effective ruminal digestibility of a feed is an integration between its potential digestibility (an inherent characteristic of the feed) and the digestion environment [21], and its expression depends on the intensity of microbial activity on the substrate [22]. The environment itself encompasses all major factors that can affect the activity of microbial enzyme systems on substrates, such as pH, minerals, nitrogen compounds (i.e., ammonia and peptides), branched-chain fatty acids, etc. [23]. Even though a part of the environment is defined by the own animal (e.g., buffer releasing and N recycling), the feed itself is a potential supplier of substrates for microbial growth, as well as influencing the rumen physicochemical characteristics. Consequently, the rumen environment conditions are interrelated with feed characteristics. When a mixture of feeds is fed into the rumen, most environmental conditions would be determined through the mutual interactions among the components of different feeds [21]. For the case of closed in vitro systems with a single donor animal, such as the one evaluated here, the environmental characteristics among the different incubation conditions would be almost exclusively affected by the feeds.



There are several causes for the occurrence of associative effects among feeds, which can manifest in either a positive or negative way [18]. Evidence of a positive associative effect was verified through sugarcane digestibility in the first assay, whose digestibility was increased by incubation along with the other forages. Overall, sugarcane is a forage with a low content of nitrogen compounds. Hence, under restriction of nitrogenous substrates (i.e., ammonia, amino acids, or small peptides), the microbial fibre degradation is compromised [24] and, consequently, digestibility decreases. When sugarcane was incubated along with forages with higher CP content, an improvement in the nitrogen availability for microbial growth possibly occurred, and its IVDMD and IVNDFD were increased. An improvement in ammonia concentration has not been detected in the first assay. However, it is likely that improvements in the availability of other forms of nitrogenous compounds (e.g., small peptides) were responsible for the better microbial degradation of sugarcane when incubated along with better quality forages. It is noteworthy that these forages had a higher CP content when compared to sugarcane.



On the other hand, the results from the first assay also showed that positive and negative associative effects can be simultaneously observed. Despite the improvement in sugarcane digestibility, the joint incubation of forages decreased the maize silage digestibility. Likely, the joint incubation increased the carbohydrate diversity in the medium. Under this condition, some microbial species (e.g., Butyrivibrio fibrisolvens Bryant and Streptococcus gallolyticus Orla-Jensen) may change their priority regarding the carbohydrate source used for energy metabolism and growth [25]. This priority shift could decrease the degradation of some carbohydrate sources that would previously be considered as a primary source for microbial growth. Moreover, the inclusion of fast-fermenting carbohydrates to the incubation medium might favour the growth of certain microbial groups with a greater competitive capacity for substrates [26]. Both statements could be associated with the high sucrose content in sugarcane, which seemed to negatively affect the microbial utilisation of maize silage. According to Huhtanen [18], the decrease in fibre digestibility tends to be more pronounced in higher quality forages.



Negative associative effects were also observed in the second assay, when sugarcane was incubated along with maize grain. This inhibited digestion of sugarcane emphasised the occurrence of the carbohydrate effect, which is characterised by a decrease in the cellulolytic activity when fast-fermenting carbohydrates (e.g., starch) are added to the medium. Its causes seem to involve an increased competition among microbial species for essential nutrients and other compounds necessary for microbial growth. Species with a faster growth rate, such as those that degrade starch, outcompete the fibrolytic microorganisms, which have a slower growth rate, and imply a decreased fibre digestion [26,27,28]. The carbohydrate effect can be minimized or overcome when the availability of essential substrates in the medium increases, mainly in terms of amount and chemical profile of nitrogenous compounds [28]. This statement explains why the sugarcane digestibility was not compromised when soybean meal was incubated in the same jar, with or without the presence of maize grain, as soybean meal was able to improve the nitrogen availability in the medium.



On the other hand, the forages that showed an evident associative effect in the first assay (i.e., maize silage and sugarcane) also displayed an improved repeatability. Repeatability is a measure of the ability of the method to generate similar results for multiple preparations of the same sample considering the same intra-laboratorial conditions. This pattern highlights that despite the altered digestibility, there was greater homogeneity in microbial activity on the test portions when the feeds were incubated together in the same jar. However, even though Tifton hay has not shown evident associative effects on digestibility, its repeatability worsened when it was incubated together with the other forages. This differentiated pattern seems to indicate that associative effects may affect feed digestibility trough in different ways, which might include loss of precision in some cases. In a logical way, it can be understood that feed itself is an important factor that affects the incubation medium [21]. Thus, the associative effect may incur different changes in digestibility estimates depending on the combination of feeds incubated together in the same jar.



We should highlight that the associative effects evaluated herein are characteristic of artificial fermenters based on the Daisy incubator system, where several samples are incubated together in the same jar. Hence, these effects would not be observed in the classical method proposed by Tilley and Terry [1], in which each test portion is incubated in an individual test tube. According to Wilman and Adesogan [7], this particular associative effect in artificial fermenters could be associated with the escape of soluble material from the samples, which may influence the overall microbial population in the incubation medium. This statement agrees with the results obtained in our work.



In vitro digestibility estimates of feeds can be used according to two different objectives: prediction of in vivo digestibility and comparative evaluation among feeds [11]. For the first case, the occurrence of associative effects observed here warns us that the likelihood of the estimates obtained through artificial fermenters could be improved with the incubation of all feeds that compose the diet, following the proportion planned for in vivo use. In this case, it would be expected that the in vitro environment could present similar interactions among feeds compared to the in vivo ruminal digestion. However, simultaneous in vivo and in vitro evaluations are necessary to provide adequate support for this statement. Moreover, the mutual influence among the forages evaluated here shows that any evaluation aiming at discriminating feeds can be compromised if the incubation of those feeds is performed together in the same jar. However, more studies with a larger number of feeds are suggested to enhance our understanding about the influence of associative effects on a procedure to rank or discriminate feeds.



Additionally, researchers and technicians have used both forms of incubation worldwide (i.e., individually incubated feeds and collectively incubated feeds). Inadvertently, many of them have considered both techniques as similar. We showed that they are not similar. Consequently, most researchers and technicians may not be aware that interactive effects among feeds can affect the in vitro estimates of feed digestibility. Our results showed that they should be aware and should use this information in the interpretation of the laboratory test results and/or to adjust more adequate analysis protocols.




5. Conclusions


The incubation of different feeds together in the same jar using artificial fermenters causes associative effects among them. These effects can influence the estimates of in vitro dry matter and fibre digestibility, and change their repeatability pattern.
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Figure 1. Repeatabilities for in vitro digestibility of dry matter (IVDMD) and neutral detergent fibre (IVNDFD) according to incubation conditions in assay 1 [SF, single feed (each feed in a separated jar); AF, all feeds (all the feeds in the same jar)] for the three forages under study. 






Figure 1. Repeatabilities for in vitro digestibility of dry matter (IVDMD) and neutral detergent fibre (IVNDFD) according to incubation conditions in assay 1 [SF, single feed (each feed in a separated jar); AF, all feeds (all the feeds in the same jar)] for the three forages under study.



[image: Ruminants 03 00009 g001]







[image: Ruminants 03 00009 g002 550] 





Figure 2. Repeatabilities for in vitro digestibility of dry matter (IVDMD) and neutral detergent fibre (IVNDFD) according to incubation conditions in assay 2 (SC, sugarcane; SC + M, sugarcane plus maize; SC + SM, sugarcane plus soybean meal; SC + M + SM, sugarcane plus maize plus soybean meal). 
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Table 1. Average contents of crude protein (CP) and neutral detergent fibre (NDF) in the different study materials.
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CP

	
NDF




	
Feeds

	
g/kg Dry Matter






	
Sugarcane

	
30.2

	
586




	
Maize silage

	
79.3

	
562




	
Tifton 85 hay

	
75.9

	
797




	
Soybean meal

	
515

	
233




	
Maize grain

	
84.0

	
198
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Table 2. Average and standard error of the mean of in vitro digestibility of dry matter (IVDMD) and neutral detergent fibre (IVNDFD) in several forages according to incubation conditions.
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Incubation Condition 1




	
Forage

	
Single Feed

	
All Feeds

	
p-Value






	
IVDMD (g/kg)




	
Sugarcane

	
574 ± 20.2 (60)

	
600 ± 21.3 (20)

	
0.007




	
Maize silage

	
666 ± 20.2 (59)

	
625 ± 21.3 (20)

	
<0.001




	
Tifton 85 hay

	
552 ± 20.3 (55)

	
557 ± 21.3 (20)

	
0.599




	
IVNDFD (g/kg)




	
Sugarcane

	
347 ± 21.4 (58)

	
377 ± 23.1 (20)

	
0.019




	
Maize silage

	
503 ± 21.3 (60)

	
442 ± 23.1 (20)

	
<0.001




	
Tifton 85 hay

	
508 ± 21.4 (55)

	
501 ± 23.1 (20)

	
0.577








1 Single feed, each feed located in different bags from a separated jar; All feeds, all the feeds located in different bags from the same jar. The number in parentheses represents the number of replicates.
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Table 3. Average and standard error of the mean of in vitro digestibility of dry matter (IVDMD, g/kg) and neutral detergent fibre (IVNDFD, g/kg) in sugarcane incubated alone or along with different concentrate feeds.
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	Incubation Condition
	IVDMD 1
	IVNDFD 1





	Sugarcane + maize + soybean meal
	660 ± 21.6 a (16)
	422 ± 31.5 a (18)



	Sugarcane + soybean meal
	651 ± 21.2 a (29)
	418 ± 31.0 a (29)



	Sugarcane + maize
	615 ± 21.2 b (29)
	370 ± 31.1 b (29)



	Sugarcane
	641 ± 21.0 a (56)
	407 ± 30.6 a (57)



	p-value
	<0.001
	<0.001







1 Means in column followed by different letters differ at p < 0.05. The number in parentheses represents the number of replicates for the forage feed.
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Table 4. Average descriptive values of pH and ammonia nitrogen (NH3-N) concentration under different incubation conditions.
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Ph 1

	
NH3-N (mg/dL) 1




	
Incubation Condition

	
Initial

	
Final

	
Initial

	
Final






	
Forages (Assay 1)




	
Sugarcane

	
7.01

	
6.76

	
0.47

	
5.73




	
Maize silage

	
6.99

	
6.77

	
0.62

	
6.27




	
Tifton 85 hay

	
7.00

	
6.72

	
0.29

	
4.03




	
All forages together

	
6.99

	
6.70

	
0.66

	
3.72




	
p-value

	

	

	

	




	
Incubation condition (IC)

	
0.764

	
0.305




	
Time (T)

	
<0.001

	
<0.001




	
IC × T

	
0.809

	
0.350




	
SEM

	
0.040

	
0.762




	
Forage plus concentrates (Assay 2)




	
Sugarcane + soybean meal + maize

	
6.91

	
6.69 ab

	
1.90

	
8.12 ab




	
Sugarcane + soybean meal

	
6.92

	
6.86 a

	
2.04

	
13.59 a




	
Sugarcane + maize

	
6.93

	
6.61 b

	
2.54

	
4.05 b




	
Sugarcane

	
6.90

	
6.63 b

	
2.17

	
3.69 b




	
p-value

	

	

	

	




	
Incubation condition (IC)

	
0.009

	
0.039




	
Time (T)

	
<0.001

	
0.001




	
IC × T

	
0.012

	
0.028




	
SEM

	
0.037

	
1.429








1 Means in column followed by different letters differ at p < 0.05.
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