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Abstract  
This study looks at the assessment of pH, proximate composition and in-vitro 

gas production on sweet potato vine silage (SPVS) treated with additives at three 

weeks. Two varieties of sweet potato vines silage (SPVS) were made with no 

additive as control T1, with molasses T2, with urea T3 and with yeast T4. The 

data collected was analyzed using chat in Microsoft Excel office Software for 

pH. ANOVA was used to analyze proximate composition and in vitro gas 

production using SPSS version 20, where significant differences occurred, the 

means was separated using general linear model. The results showed that 

though both King J and Dan china varieties had acidic pH values, King J had a 

better silage compared to Dan china variety of SPVS on control, molasses, urea 

and yeast with the following pH values; 5.3, 4.8, 6.1 and 5.6 on control, 

molasses, urea and yeast for King J variety, while Dan china Variety had 5.6, 

4.9, 6.4 and 6.4 on control, molasses, urea and yeast. On additives, molasses 

produced the best silage for both varieties with pH values 4.8 and 4.9 for King 

J and Dan china varieties respectively. On proximate composition, results 

showed that Ash, OM, CF, EE, NFE, ADF, DMI, DDM and RFV (%) were 

significantly different (P˂0.05) on the King J and Dan china varieties of SPVS 

on all additives. The results for in vitro gas production showed that King J and 
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Introduction 
Sweet potato forage unlike legume 

forages, does not contain notable 

quantities of antinutritional factors. The 

vines are separated from the roots after 

harvest and provide a nutritive and 

relished green feed for ruminants 

(Nguyen Thi Tinh et al., 2006). It is a 

suitable protein supplement for animals 

receiving low quality forage. Sweet 

potato foliage, either fresh, dried or 

ensiled, is a valuable ingredient for 

diets. Although dried and ensiled sweet 

potato foliage has slightly lower lysine 

digestibility (Le, 2004). Many types of 

silages can be made with sweet potato 

foliage: sweet potato silage can be 

prepared with leaves alone or with 

synthetic lysine added, sweet potato 

leaves and cassava leaves, or sweet 

potato leaves and sweet potato roots 

(Nguyen Thi Hoa Ly, Le Duc Ngoan, 

Verstegen, & Hendriks, 2010; Le Van 

An, Tran Thi Thu Hong, Ogle, & 

Lindberg, 2005).     

Additives can be a substitute for good 

ensiling management. For example, 

additives will not make up for the 

negative effects on fermentation quality 

of tropical forages caused by practices 

such as the use of low quality oxygen-

permeable plastic covers, or extended 

storage under temperatures above 30 °C 

(Tjandraatmadja, Norton, & MacRae, 

1991). 

It should also be emphasized that the 

efficacy of any additive will ultimately 

be assessed by animal performance and 

by dry matter (DM) recovery from the 

silo, which are parameters not 

commonly determined. Most of the 

experiments are restricted to 

measurements of traditional 

fermentation patterns under controlled 

laboratory conditions, where even 

untreated silages made from thick-

stemmed Pennisetum species may show 

acceptable preservation (Woodard, 

Prine & Bates, 1991; Spitaleri, 

Dan china varieties were significantly different (P˂0.05) at 3, 6, 9, 12, 18, 21 

and 24hrs except 15hrs on all the additives. In conclusion, this study confirmed 

that the addition of molasses, urea, and yeast improved silage quality of two 

varieties of sweet potato vines silage including the control, with molasses as 

superior additive for both varieties in terms of silage, proximate composition 

and in vitro gas production. Molasses, urea and yeast are said to be 

recommended as additives in silage making using sweet potato vines. 

 

Keywords: pH, Proximate Composition, In Vitro, Silage and Additive. 
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Sollenberger, Staples & Schank, 1995) 

Silage is a product formed when grass or other green fodder with sufficient 

moisture contents is stored anaerobically, typically in the silo after wilting, to 

prevent spoilage by aerobic microorganism. (Woolford & Pahlow, 1998). The 

fundamental principles of silage process are maintenance of anaerobic conditions 

throughout the ensiling and rapid decline in pH value by lactic acid bacteria. 

(McDonald, 1981). Previously, forage has been preserved as hay (by drying) or as 

silage (by acidification or sterilization). 

The key principle is rapid drying to <15 % moisture in order to prevent mould 

growth and formation of heat from aerobic bacteria. However, in situations where 

dry conditions are uncertain, then ensiling generally makes sense in order to 

preserve as much of the feed nutrient value as possible (Muck, 1988). 

 

Objectives of the Study 

1. To assess pH, on sweet potato vine silage treated with additives 

2. To assess proximate composition on sweet potato vine silage treated with 

additives 

3. To assess in-vitro gas production on sweet potato vine silage treated with 

additives 

 

Materials and methods 

Samples of sweet potato vines were obtained from two cultivars of sweet potato 

vines, King J and Danchina planted by Agronomy Department of Bayero 

University, Kano, while molasses, urea and yeast were used as additives. Samples 

were opened at 3rd week to look at the effect of pH, and in vitro gas production on 

sweet potato vine silage treated with molasses, urea and yeast. 

The study was conducted at two locations, first was silage making, physical 

analysis conducted at the Livestock Teaching and Research Farm and Laboratory 

of the Department of Animal Science, Faculty of Agriculture, Bayero University 

Kano located on the coordinates of Longitude 9° 30’ and 12° 30’ North and 

Latitude 8° 42’ and 9° 30’ East in the semi-arid region in Northern Nigeria. The 

area has two seasons, the wet (May-September) and dry seasons (October- April). 

The annual temperature and rainfall ranges between 21°C and 39°C and 787mm to 

960mm respectively (KNARDA, 2001). While the second was on in vitro gas 

production study carried out in the Department of Animal Science, Ruminant 

Microbiology Laboratory, Faculty of Agriculture and Forestry, University of 

Ibadan Nigeria. The University of Ibadan (UI) is located five miles (8 kilometres) 
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from the center of the major city of Ibadan in Western Nigeria located on the 

coordinates of Latitude: 7° 23' 28.19" N and Longitude: 3° 54' 59.99" E. 

(https://latitude.to/articles-by country/ng/nigeria/15223/university-of-ibadan). 

 

Preparation of Experimental Samples 

A total of 24 bottles were used for the silage preparation. Two varieties of sweet 

potato vines; King-J and Danchina were used as samples having 12 for each. The 

varieties were collected from Bayero University Kano, Faculty of Agriculture, 

Farm and Research unit in Kano State, and was chopped with cutlass to about 2 to 

5 cm.  The chopped forages were treated with (i) no additives (control); (ii) 

molasses; (iii) urea and (iv) yeast. Distilled water (1%) was added to the King-J 

and Danchina without additive as control in treatment 1 and the King-J and 

Danchina with added molasses, urea and yeast as treatments 2, 3 and 4 to adjust 

the moisture contents of the experimental forages. Thereafter, the experimental 

forages were packed tightly in bottles. Air was withdrawn from the bottles by 

means of a vacuum sealer. The bottles were stored at room temperature (27 ◦C to 

30 °C). The triplicate silages per treatment were opened at 3rd week of ensiling for 

physical analysis, chemical composition and in vitro gas production analysis  

The data collected was analyzed using line with marker chat in Microsoft Excel 

office Software for pH, while ANOVA was used for chemical composition and in 

vitro gas using SPSS version 20, where significant differences occurred, the means 

was separated using general linear model. 

 

Statistical Analysis 

The data collected was analyzed using chat in Microsoft Excel office Software for 

pH, while ANOVA was used for chemical composition and in vitro gas using SPSS 

version 20, where significant differences occurred, the means was separated using 

general linear model. 

 

Results and Discussion 

pH Values for king J and Danchina Varieties of Sweet Potato Vines Silage 

(SPVS) at Week Three 

pH values for King J and Danchina varieties of sweet potato vines silage (SPVS) 

at week three is presented in figure 1. The pH values of King J and Dan china 

varieties of SPVS of treatments 1, 2, 3 and 4 (control, molasses, urea and yeast) 

respectively fall under acidic conditions. Based on pH values on control, molasses, 

urea, and yeast, with the pH values of 5.3, 4.8, 6.1 and 5.6 for King J and 5.6, 4.9, 

https://latitude.to/articles-by
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6.4 and 6.4 for control, molasses, urea and yeast respectively on Dan china variety. 

King J variety made a better silage as compared to Dan china on control, molasses, 

urea yeast at week three, while there were equal pH values of yeast with 6.4 on 

Dan china variety. Among the additives, molasses seems to produce better silage 

followed by control, yeast and urea for King J variety, while for Dan china variety, 

molasses equally made the best silage followed by control then a tie of equal value 

of 6.4 each for urea and yeast treatments. At three weeks urea had the highest pH 

values of 6.1 and 6.4 for King J and Danchina varieties respectively at three weeks 

though under acidic condition as compared to control, molasses and yeast 

treatments which confirms the statement of Bolsen, et al., (1995), and Kuttu, et al., 

(2020) which says, addition of ammonia increases the pH level of silage to 6 or 9.  

 

 
Key:  CONT= Control, Ens prd= Ensiling period 

Figure 1: pH Values for king J and Danchina Varieties of Sweet Potato Vines 

Silage (SPVS) at Week Three. 

 

Assessment of vines Additives Ensiling Period on Chemical Composition of 

King J and Danchina Varieties of Sweet Potato Vines Silage (SPVS) Treated 

with Additives 

The assessment of the vines, additives and ensiling period on chemical composition 

(%) of two varieties of sweet potato vines silage treated with additives is shown on 
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Table 1. Ash, Organic Matter, CF, EE, NFE, ADF, DMI, DDM and Relative Feed 

Value (%) were significantly different (P˂0.05) on the King J and Danchina 

varieties of SPVS on control. molasses, urea and yeast. King J variety at week 3, 

Ash was higher in values for Dan china variety on all additives compared to King 

J variety, molasses had the highest value of Ash (%) on both varieties, followed by 

control, yeast and urea. On Organic Matter (%), King J had higher values than Dan 

china on all additives with urea having the highest value of 96.38 and 95.42 for 

King J and Dan china respectively, while molasses having the lowest value of 

92.77 and 90.60 for King J and Dan china respectively. On CF (%), Dan china 

variety had higher values as compared to King J on all additives, with molasses 

having higher values on Dan china varieties with 28.63 while control and urea had 

an equal highest values of 25.50 each for king J variety. On EE (%), all additives 

showed higher values on Dan china variety than King J, with control and yeast 

having highest values of 6.02 each and lowest values on molasses and urea with 

equal values of 5.99 each for Dan china variety, while for King J, molasses had the 

highest value of 5.44, with urea coming lowest with 5.40. King J variety had 

highest values on all additives for NFE (%), with urea having the highest value of 

48.71 and lowest value of 45.42 on molasses for King J variety, while urea with 

the highest value of 45.69 and lowest value of 40.43 for molasses on Dan china 

variety. King J had higher values on all treatments for ADF (%) compared to Dan 

china variety, with urea having the highest value of 34,25 and 31.60 for King J and 

Dan chiana varieties respectively, while yeast having the lowest value of 34.18 

and 31.52 for King J variety and Danchina varieties respectively. For DMI (%), 

King J had higher values on all additives, with molasses and yeast having highest 

values of 2.64 each and control with the lowest value of 2.62 on King J variety, 

while control, urea and yeast had the highest values of 2.56 each and molasses with 

the lowest value of 2,55 for Dan china variety. On DDM (%), Dan china variety 

had the higher values on all additives, with yeast having the highest value of 64.35 

and lowest value of 64.28 on urea for Dan china variety, while control had the 

highest value of 63.72 and urea the lowest value of 62.22 for King J variety. On 

Relative feed Value (%), Dan china variety had the highest values on all additives 

except for yeast, where king J variety had the overall highest value of 147.25 and 

the lowest value of 126.28 on control for King J variety. While urea had the highest 

value of 128.42 and control the lowest value of 127.65 for Dan china variety.  

Dry matter content of SPVS ensiled with molasses, urea, yeast and control at 3 

weeks, for King J and Dan china varieties of SPVS is similar to values reported by 

An & Lindberg, (2003). Ash content confirms to the report of Mohammed et al., 
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(2018) and Yacout et al., (2016). Crude protein values are similar to the report of 

Dominguez, (1992); Dongmeza et al., (2009); Yacout et al., (2016) and 

Mohammed et al., (2018).The CF content ranges from 13.12 to 28.68 % which is 

comparable with the report of, Dominguez (1992), An & Lindber, (2003), 

Dongmeza, Steinbronn, Francis, Focken & Becker (2009), Yacout et al., (2016) 

and Mohammed et al., (2018). Percentage EE as reported by Dominguez, (1992), 

Dongmeza et al., (2009) and Kuttu et al., (2021), ranges from 2.50 to 10.40 % 

similar to the range of 5.40 t0 6.02 % obtained in the present study.  

ADF value (31.52 to 34.25)  obtained in the present study confirms the reports of 

Dominguez, (1992) and Dongmeza et al., (2009), but slightly different from the 

report of Yacout et al., (2016) and Mohammed et al., (2018), this could be  due to 

the differences in materials that make up the silage treatments. Dominguez, (1992)  

and Dongmeza, et al., (2009), reported NDF values ranging from 29.80 to 51.60, 

similar to the NDF values obtained in the present study which range from 40.41 to 

48.71. Hemicellulose content of silage in this study (11.31 to 15.41), is comparable 

to the findings of Yacout, et al., (2016) who reported hemicellulose content of 

(10.40 to 14.74). Digestibility of dry matter (62.22 to 64.35) is similar to the report 

of (Mohammed et al., 2018). 

 

Table 1. Effect of Vines Additives Ensiling Period on Proximate Composition 

(%) of King J and Danchina Varieties of Sweet Potato Vines Silage Treated 

with Additives for Three Weeks 

    ADDITIVES     

ITEM VINES ENS PERIOD CONT MOLASES UREA YEAST SEM LS 

Dry Matter 

 

King J 

Dan china 

3 

 

87.31 

89.75 

87.75 

88.65 

60.70 

85.62 

88.88 

87.80 

5.314 

5.314 

NS 

Ash 

 

King J 

Dan china 

3  5.47 

 7.64  

 7.22 

 9.37 

 3.62 

 4.58 

 4.88 

 5.82 

 .103 

 .103 

* 

Organic Matter King J 

Dan china 

3 94.53 

92.33 

92.77 

90.63 

96.38 

95.42 

95.52 

94.18 

 .103 

 .103 

* 

CP King J 

Dan china 

3 16.18 

15.56 

 

16.42 

15.54 

16.78 

15.54 

16.83 

15.56 

 .092 

 .092 

NS 

CF 

 

King J 

Dan china 

3 25.50 

28.19 

25.48 

28.63 

25.50 

28.20 

25.48 

28.20 

 .147 

 .147 

* 

EE 

 

King J 

Dan china 

3   5.43 

  6.02 

  5.44 

  5.99 

  5.40 

  5.99 

  5.42 

  6.02 

 .014 

 .014 

* 

NFE 

 

King J 

Dan china 

3 48.60 

42.57 

45.42 

40.43 

48.71 

45.69 

47.79 

44.41 

 .222 

 .222 

* 

ADF King J 3 34.19 34.23 34.25 34.18  .014 * 

https://www.feedipedia.org/node/1580
https://www.feedipedia.org/node/3010
https://www.feedipedia.org/node/1580
https://www.feedipedia.org/node/3010
https://www.feedipedia.org/node/1580
https://www.feedipedia.org/node/3010
https://www.feedipedia.org/node/1580
https://www.feedipedia.org/node/3010
https://www.feedipedia.org/node/1580
https://www.feedipedia.org/node/3010
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 Dan china 31.53 31.57 31.60 31.52  .014 

NDF 

 

King J 

Dan china 

3 45.88 

46.91 

45.54 

46.97 

45.57 

46.93 

45.54 

46.93 

 .073 

 .073 

NS 

Hemicell 

 

King J 

Dan china 

3 11.70 

15.38 

11.31 

15.40 

11.32 

15.33 

11.36 

15.41 

 .075 

 .075 

NS 

DMI 

 

King J 

Dan china 

3   2.62 

  2.56  

 2.64 

 2.55 

  2,63 

  2.56 

  2.64 

  2.56 

 .004 

 .004 

* 

DDM King J 

Dan china 

3 63.72 

64,34 

62.23 

64.30 

62.22 

64.28 

 

62.27 

64.35 

 .011 

 .011 

* 

Relative Feed Value King J 

Dan china 

3 126.28 

127.65 

127.17 

127.79 

126.81 

128.42 

147.25 

127.74 

 .202 

 .202 

* 

 

SEM: Standard Error of Means, LS: Level of Significance, NS: Not Significant, 

CONT: Control, ENS: Ensiled, CP: Crude Protein, CF: Crude Fibre, NFE: 

Nitrogen Free Extract,ADF: Acid Detergent Fibre, NDF: Nitrogen Detergent Fibre, 

Hemicell: Hemicellulose, DMI: Dry Matter Intake, DDM: Digestilility Dry Matter 

 

Table 2. The in Vitro Gas Production of King J and Danchina Varieties of 

Sweet Potato Vines Ensiled with Molasses, Urea and Yeast at Three Weeks  

The in vitro gas production of sweet potato vines ensiled with molasses, urea and 

yeast is shown in Table 2. King J and Dan china varieties were significantly 

different (P˂0.05) at 3, 6, 9, 12, 18, 21 and 24hrs except 15hrs on control, 

molasses, urea and yeast. King J variety produced less gas than Dan china variety 

on molasses and yeast, while there was an equal volume of gas 18.67 each for 

both varieties produced at 3hrs of incubation. At 6hrs of incubation molasses and 

urea had less gas production of 20.33 each on King J, while control and urea 

produced more gas of 30.33 and 27.67 respectively for king J variety. Molasses, 

urea and yeast produced less gas at 9 and 12hrs of incubation with gas volumes of 

22.00. 30.67 and 23.00 at 9hrs and 32.33,32.67 and 24.33 at 12hrs on King J 

variety , while control had less gas production of 25.33 and 27.33 at 9hrs and 

12hrs respectively on Dan china variety. At 18, 21 and 24hrs of incubation, Dan 

china had less gas volume produced on control with 30.00, 32.33 and 32.33 

respectively. While on molasses, at 18, 21 and 24hrs of incubation, King J 

produced less gas of 32.67, 33.33 and 33.33 respectively. On urea at 18, 21 and 

24hrs King J produced less gas of 33.33, 33.67 and 33.67 respectively, but reverse 

was the case on yeast where less gas volume of 27.00, 29.00 and 30.00 was 

produced by King J variety at 18, 21 and 24hrs respectively. 
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Table 2. In Vitro Gas Production of King J and Danchina Varieties of Sweet 

Potato Vines Ensiled with Molasses, Urea and Yeast at Five Weeks 

Incubation 

Period 

Vine Ensiling 

Period 

Control Molasses Urea Yeast SEM LOS 

3HRS 

 

King J 
Danchina 

3 

3 

25.00 

16.67 

17.33 

22.00 

18.67 

18.67 

14.33 

17.00 

3.36 

3.36 

 

* 

6HRS 

 

King J 
Danchina 

3 

3 

30.33 

23.33 

20.33 

29.00 

27.67 

21.00 

20.33 

22.67 

3.73 

3.71 

* 

 

9HRS 

 

King J 
Danchina 

3 

3 

33.67 

25.33 

22.00 

32.00 

30.67 

31.33 

23.00 

24.67 

4.30 

4.30 

* 

12HRS 

 

King J 
Danchina 

3 

3 

35.00 

27.33 

32.33 

34.67 

32.67 

33.00 

24.33 

28.33 

4.23 

4.23 

* 

15HRS 

 

King J 
Danchina 

3 

3 

35.00 

29.00 

32.67 

35.67 

33.33 

33.33 

25.67 

29.00 

3.80 

3.80 

NS 

18HRS 

 

King J 
Danchina 

3 

3 

36.67 

30.00 

32.67 

35.67 

36.33 

33.33 

27.00 

29.33 

3.51 

3.51 

* 

21HRS 

 

King J 
Danchina 

3 

3 

38.00 

32.33 

33.33 

36.00 

36.33 

33.67 

29.00 

30.00 

3.59 

3.59 

* 

24H King J 
Danhina 

3 

3 

38.33 

32.33 

33.33 

36.00 

36.33 

33.67 

30.00 

30.33 

3.58 

3.58 

 

* 

SEM: Standard error means, LOS: Level of significance, HRS: Hours, NS:  Not 

significant 

 

Conclusion and Recommendation 

Based on the results presented, this study confirmed that the addition of molasses, 

urea, and yeast. Improved silage quality of two varieties of sweet potato vines 

silage including the control, with molasses as superior additive for both varieties 

in terms of silage, proximate composition and in vitro gas production. Molasses, 

urea and yeast are said to be recommended as additives in silage making using 

sweet potato vines. 
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