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Abstract

:

This research was undertaken with the aim of determining the effect of sodium hydroxide (NaOH) treatment on the chemical composition, in vitro gas production, neutral detergent fiber digestibility (NDFD) and true dry matter digestibility (TDMD), dry matter intake (DMI), and relative feed value (RFV) of common reed (Phragmites australis) straw. Reed straw was treated with 0% (control), 1%, 2%, and 3% NaOH and stored in 1.5-L glass jars in triplicate for 21 days. NaOH treatment had a significant effect on the chemical composition, in vitro gas production, NDFD and TDMD, DMI, and RFV of the reed straw. While it decreased the cell wall content of the reed straw, it significantly increased the NDFD, TDMD, DMI, and RFV. The neutral detergent fiber content of the reed straw decreased with NaOH treatment in a dose-dependent manner and ranged from 56.03% to 65.05%, whereas the NDFD increased and ranged from 53.10% to 59.99%. Metabolizable energy, organic matter digestibility, and TDMD values were improved, ranging from 9.15 to 10.19 MJ/kg DM, 58.46% to 65.05%, and 55.29% to 62.33%, respectively. The estimated RFV and DMI also improved, ranging from 84.70% to 95.58% and from 1.87% to 2.14% of body weight, respectively. The most effective treatment dose of NaOH was 3%. Therefore, it can be suggested that NaOH treatment has the potential to improve the nutritive value of reed straw. However, before large applications, further in vivo investigations are required to determine the effects of NaOH treatment on the feed intake and production of ruminant animals.
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1. Introduction


Forage is one of the important components of ruminant diets, and forage shortages have caused many problems in ruminant nutrition. Therefore, considerable efforts have been devoted to finding alternative forage sources to meet ruminant requirements [1]. In this context, common reed (Phragmites australis), which grows naturally in swampy areas, has gained importance in recent years [2,3,4]. This species grows widely in alkaline and salty soils [5] and reproduces by seeds or rhizomes [6,7]. It generally has a strong stem structure, grows to 2–4 m in height [2,8,9], is cultivated around the world, and is harvested once a year by collecting the upper parts of the plants. The average annual growth rate depends on fertilization. These plants are reported to yield 9–63 tons/ha of dry matter [6,8,10]. Common reed is consumed by many animals, especially farm animals living near the water, such as buffalo, cattle, and sheep [9,11]. However, the protein and energy contents of common reed are low, and the levels of cellulose and cell wall components are very high [3,12]. Acids and alkalis that do not pose a risk to animal health can be used to increase the nutritional value of feeds that contain high levels of ligno-cellulosic substances and have low digestibility [4,13,14,15,16]. It has been reported that forages treated with alkaline sodium hydroxide (NaOH) are broken down due to saponification effects in the ester bonds between the lignin and compounds such as acetic acid, phenolic acids, cellulose, and hemicellulose in cell walls [4,16,17,18]. Thus, polysaccharides such as cellulose and hemicellulose in the cell walls of the plant become more open to enzymes that will hydrolyze them [4,13,17,18,19].



Chemical combinations with in vitro gas production techniques are widely used to determine the metabolizable energy (ME) and organic matter digestibility (OMD) of feedstuffs for ruminant animals [20]. In this study, we aimed to determine the effects of NaOH treatment on the chemical composition, in vitro gas production, neutral detergent fiber digestibility (NDFD) and true dry matter digestibility (TDMD), dry matter intake (DMI), and relative feed value (RFV) of reed straw.




2. Materials and Methods


The feed material was based on common reed (Phragmites australis) growing in the marsh area of Uluabat Lake in Bursa, Türkiye. Reed plants were harvested in August, dried, and shredded with a straw machine to be used in the form of straw in the present study. The obtained reed straw was divided into 4 equal parts of 5 kg and 0% (control: water), 1%, 2%, and 3% NaOH treatments were administered to dilute the dry matter (DM) to 50%. Straw was then stored in 1.5-L glass jars in triplicate for 21 days. Jars were opened on the 21st day and the straw was dried at 65 °C, ground to a particle diameter of 1.0 mm, and used in the analysis.



Gas production, OMD, and ME values of the reed straw samples were determined by the in vitro gas production technique reported by Menke and Steingass [20]. In this process, samples weighed to approximately 200 ± 15 mg DM were placed in special glass tubes (Model Fortuna, Häberle Labortechnik, Lonsee-Ettlenschieß, Germany) and 30 mL of rumen fluid/buffer solution was added [21]. The glass tubes were then incubated in a water bath at 39 °C. In vitro gas production was measured at 3, 6, 12, 24, 48, 72, and 96 h during the incubation period. The ME and OMD of the samples were calculated with the following equations [20]:


ME, MJ/kg DM = 2.20 + 0.1357 × GP+ 0.0057 × CP + 0.0002859 × CF2



(1)






OMD, % = 15.38 + 0.8453 × GP + 0.0595 × CP + 0.0675 × CA



(2)







Here, GP is the gas produced by 200 mg of feed sample in 24 h while CP is crude protein, CF is crude fat, and CA is crude ash (g/kg DM).



The TDMD and NDFD of the straw were determined using the Ankom DaisyII incubator technique (Ankom Technology Corp., Fairport, NY, USA). In this process, approximately 0.5 g of reed straw was weighed into technique-specific bags (F57) and the mouths of the bags were sealed. Subsequently, 2 L of incubation fluid specific to the technique (1600 mL of buffer solution + 400 mL of rumen fluid) was added to the technique-specific glass jars in the presence of CO2 gas. Glass jars prepared in this way were incubated for 48 h at 39 °C in a DaisyII incubator device. At the end of the incubation period, all bags were removed from the jars and held under tap water until the water flowed clear. They were then dried in an oven at 105 °C for 4 h and TDMD and NDFD were determined [22]. The relative feed value (RFV) of the straw was calculated based on the following equations [23]:


DMD = Dry matter digestibility (%) = 88.9 − (0.779 × %ADF)



(3)






DMI = Dry matter intake (% of body weight) = 120 / (%NDF)



(4)






RFV = Relative feed value = (DMD × DMI) / 1.29



(5)







RFVs of greater than 100 are taken as indicating high-quality feed, while lower values indicate lower quality [23]. The dry matter (DM), crude ash (CA), crude protein (CP), crude cellulose (CC), and ether extract (EE) contents of the samples were analyzed according to AOAC methods [24]. Neutral detergent fiber (NDF) and acid detergent fiber (ADF) contents, which constitute the cell wall components of reed straw, were determined according to the methods reported by Van Soest and Robertson [22].



One-way analysis of variance (ANOVA) was used to determine the effect of NaOH treatment on the chemical composition, in vitro gas production, digestibility, and RFV of the reed straw. Significant differences (p < 0.05) among the mean values of the samples were determined with Tukey’s multiple range test.




3. Results and Discussion


The effects of NaOH treatment on the chemical composition of reed straw are given in Table 1. The NaOH treatment had significant effects on the chemical composition of the straw. It significantly increased the CA content of the samples and decreased the OM content (p < 0.05). The highest level of CA (8.17%) was determined in the straw treated with 3% NaOH. However, treatment with NaOH did not significantly affect the CP or CF contents of the reed straw (p > 0.05).



Although the CF levels of the straw samples were similar to the values reported by Canbolat [4], the CP levels were lower than those reported by Canbolat [4]. Treatment with NaOH significantly decreased the CS, NDF, and ADF contents of the straw (p < 0.05). The NDF and ADF contents ranged from 56.03% to 65.05% and from 35.51% to 39.36%, respectively. The lowest levels of CC, NDF, and ADF were obtained for the reed straw treated with 3% NaOH with values of 42.41%, 56.03%, and 35.51%, respectively. It can be said that the cell wall components decreased as a result of NaOH breaking down the ester bonds between compounds such as acetic acid, phenolic acids, cellulose, hemicellulose, and lignin in the cell walls of the straw with the effects of saponification [4,16,17,18]. The chemical composition of the reed straw was found to be similar to the values reported by Baran et al. [2], El-Talty et al. [11], Büyükkilic and Sirakaya [3], and Canbolat [4].



The effects of NaOH treatment on the gas production of reed straw are illustrated in Figure 1. Treatment with NaOH significantly affected the gas production of the straw over the course of the incubation period (p < 0.05). In vitro gas production increased significantly (p < 0.05) with NaOH treatment in a dose-dependent manner. The gas production of the straw samples at 96 h of incubation ranged from 61.67 to 69.41 mL/200 mg DM. The highest level of gas production was observed for the straw treated with 3% NaOH and the lowest for the control group. These findings can be attributed to the fact that NaOH breaks down the ester bonds between compounds such as cellulose and hemicellulose in cell walls and lignin [4,13,18,25]. This process makes nutrients more accessible to microorganisms [16,19]. Several previous studies have similarly showed that the treatment of wheat straw, reed grass, corn straw, and rice straw with NaOH increased gas production in a dose-dependent manner [4,16,18,26].



The effects of NaOH treatment on ME and digestibility of the straw samples are shown in Table 2. Treatment with NaOH significantly affected the ME content of the straw (p < 0.05). The ME values increased in a dose-dependent manner with NaOH treatment, ranging from 9.15 to 10.19 MJ/kg DM. The highest level of ME (10.19 MJ/kg DM) was determined for the straw treated with 3% NaOH. The ME values of reed straw obtained in the present study were higher than those reported by Mokhtarpour and Jahantigh [9] and Büyükkilic and Sirakaya [3]. On the other hand, the ME values were similar to those obtained by Canbolat [4].



Treatment with NaOH significantly affected the OMD, TDMD, and NDFD levels of the reed straw (p < 0.05). The OMD, TDMD, and NDFD contents of the samples ranged from 58.46% to 65.05%, 55.29% to 62.33%, and 53.10% to 59.99%, respectively. The most pronounced effects on the digestibility of the reed straw were obtained with 3% NaOH. As described above, the breakages that occur with NaOH treatment make nutrients more available to microorganisms and more digestible compared with untreated reed straw. These results are in agreement with the findings of Canbolat [4], Mokhtarpour and Jahantigh, [9], Harada et al. [17], Liu et al. [26], and Canbolat et al. [18]. The TDMD and OMD values of the reed straw were similar to those reported by Büyükkilic and Sirakaya [3] and Canbolat [4].



The effects of NaOH treatment on the DMD, DMI, and RFV of the straw samples are shown in Table 3. Treatment of reed straw with NaOH significantly affected DMD, DMI, and RFV in a dose-dependent manner (p < 0.05) and the most effective dose of NaOH was 3%. When the straw samples were evaluated in terms of RFV, they were found to be of satisfactory quality, with a value of 104.27 obtained for the straw treated with 3% NaOH. Treatment of reed straw with NaOH breaks the ligno-cellulosic bonds in the cell walls [4,9,16,17,19,25] as a result of decreases in NDF and ADF levels. The values of DMD, DMI, and RFV obtained in the present study are similar to those reported by Büyükkilic and Sirakaya [3], who worked with sedge plants harvested in different time periods, although the DMI and RFV were higher. In addition, among the results reported by Canbolat [4], who worked with sedge grass, the obtained levels of DMD and DMI were similar, while the RFV was lower. These differences are likely due to the harvesting time, variety, method of chemical processing, and climate differences.



The increased DMI and DMD values obtained in the present study may be associated with decreases in the cell wall content of the straw samples due to NaOH treatment. These increased DMI and DMD values are consistent with the findings of Nocek and Russel [27] and Oba and Allen [28].



The NDF content of forages are routinely analyzed due to their nutritional importance and possible variations. NDF digestibility is one of the important parameters affecting forage quality and animal performance [27]. Oba and Allen [28] suggested that the digestibility of NDF as determined in vitro or in situ is a better indicator of the potential of the forage to increase DMI than NDF digestibility as determined in vivo [28]. Therefore, NDF digestibility has become an important variable in estimations of the total digestibility of forage as lactating cows consume more dry matter and produce more milk when fed forages that have higher NDF digestibility. Although dairy cows require NDF in their diets for maximum productivity, excess dietary NDF often limits voluntary feed intake because of the physical filling of the rumen. It is difficult to isolate the effect of NDF digestibility on animal performance due to other confounding factors, but it was previously suggested that forages with higher levels of NDF digestibility might have shorter rumen retention times, allowing for greater DMI. A one-unit increase in NDF digestibility in vitro was found to result in a 0.17 kg increase in DMI and a 0.25 kg increase in 4% fat-corrected milk [28]. Therefore, the increase in NDF digestibility of reed straw obtained in the present study with NaOH treatment is likely to increase DMI and milk production if NaOH-treated reed straw is included in ruminant diets. However, further studies are required to test the effects of NaOH-treated reed straw on DMI and animal performance.



The CP content of the straw samples ranged from 9.58% to 9.62%, which is higher than the minimum level of 7–8% DM for optimum rumen function and feed intake in ruminant animals. However, the high NDF content of reed straws should be taken into consideration when reed straw is included in ruminant diets. It is well-known that the NDF content of forages are among the most important factors affecting potential nutritive values for ruminant animals. Therefore, the high cell contents and especially the NDF content of reed straw are likely to be the most limiting factors for the use of this straw in ruminant diets. However, in the present study, treatment of reed straw with NaOH decreased the NDF content and subsequently improved the NDFD and TDMD of the straw. NaOH-treated reed straw warrants further in vivo investigations to determine the proper inclusion rate in ruminant diets and the effects on feed intake and production.



There is limited information to date regarding the chemical composition and nutritive value of NaOH-treated reed straw. Therefore, the results presented here provide invaluable information about the potential nutritive value of NaOH-treated reed straws. The in vitro gas production technique and Ankom Dacron bags utilized in this study successfully discriminated the experimental samples treated with NaOH and provided invaluable information about the digestibility and ME of reed straw.




4. Conclusions


In the present study, NaOH treatment was shown to have significant effects on the chemical composition, in vitro gas production, NDFD and TDMD, DMI, and RFV of reed straw (Phragmites australis). The treatment of reed straw with NaOH significantly decreased the NDF content and improved the ME, NDFD, TDMD, and RFV in a dose-dependent manner. The most effective treatment dose of NaOH was 3%. However, before large applications, further in vivo investigations are required to determine the effects of NaOH treatment on the feed intake and production of ruminant animals. NaOH-treated reed straw warrants further in vivo investigations to determine the proper rate of inclusion in ruminant diets and the effects on feed intake and production.
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Figure 1. Effects of NaOH treatment on the in vitro gas production of reed straw. 
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Table 1. Effects of NaOH treatment on the chemical composition of reed straw.
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Chemical Composition, %

	
NaOH Treatment

	
SEM




	
0%

	
1%

	
2%

	
3%






	
Organic matter (OM), %

	
92.68 a

	
92.42 b

	
92.41 b

	
91.82 c

	
0.038




	
Crude ash (CA), %

	
7.31 d

	
7.58 c

	
7.99 b

	
8.17 a

	
0.036




	
Crude protein (CP), %

	
9.58 a

	
9.57 a

	
9.59 a

	
9.62 a

	
0.029




	
Crude fat (CF), %

	
2.66 a

	
2.64 a

	
2.62 a

	
2.60 a

	
0.034




	
Crude cellulose (CC), %

	
47.91 a

	
45.89 b

	
43.76 c

	
42.41 d

	
0.659




	
Neutral detergent fiber (NDF), %

	
64.05 a

	
61.44 b

	
58.99 c

	
56.03 d

	
0.587




	
Acid detergent fiber (ADF), %

	
39.36 a

	
38.07 b

	
36.31 c

	
35.51 d

	
0.540








a, b, c, d: Differences between means indicated by different letters in the same row are significant (p < 0.05); SEM: standard error of the mean; NaOH: sodium hydroxide.
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Table 2. Effects of NaOH treatment on the metabolizable energy and digestibility of reed straws.
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Parameters

	
NaOH Treatment

	
SEM




	
0%

	
1%

	
2%

	
3%






	
ME, MJ/kg DM

	
9.15 c

	
9.29 c

	
9.70 b

	
10.19 a

	
0.102




	
OMD, %

	
58.46 c

	
59.37 c

	
61.93 b

	
65.05 a

	
0.641




	
TDMD, %

	
55.29 d

	
56.45 c

	
58.79 b

	
62.33 a

	
0.463




	
NDFD, %

	
53.10 c

	
54.03 c

	
55.80 b

	
59.99 a

	
0.523








a–d: Differences between means indicated by different letters in the same row are significant (p < 0.05); SEM: standard error of the mean; NaOH: sodium hydroxide; ME: metabolizable energy; OMD: organic matter digestibility; TDMD: true dry matter digestibility; NDFD: neutral detergent fiber digestibility.
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Table 3. Effects of NaOH treatment on digestibility, dry matter intake, and relative feed values of reed straws.
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Parameters

	
NaOH Treatment

	
SEM




	
0%

	
1%

	
2%

	
3%






	
Dry matter digestion (DMD), %

	
58.31 d

	
59.24 b

	
60.61 c

	
62.79 a

	
0.420




	
Dry matter intake (DMI), BW, %

	
1.87 d

	
1.95 c

	
2.03 b

	
2.14 a

	
0.021




	
Relative feed value (RFV)

	
84.70 d

	
89.68 c

	
95.58 b

	
104.27 a

	
1.073








a–d: Differences between means shown with different letters in the same row are significant (p < 0.05); SEM: standard error of the mean; NaOH: sodium hydroxide. BW: body weight.
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