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Abstract

Two experiments were carried out to evaluate the ensiling of Tropical Kudzu (Pueraria phaseoloides) and the feed intake and
digestibility of Kudzu silage and Kudzu hay. In the first experiment four levels of sugarcane molasses (653 g DM kg-1, 528 g
WSC kg-1 DM) with application rates of 0, 30, 60 and 90 kg per tonne of fresh Kudzu and two storage periods (20 and 50 days)
were allocated in a 4x2 factorial complete randomized design with 3 replicates. A total of 48 plastic buckets with 10 kg fresh
materials in each were prepared, and 24 buckets were for determining only pH at 7 and 14 days after ensiling. In the second
experiment to measure feed intake and digestibility, Kudzu vine silage with 6% of sugarcane molasses and Kudzu hay was used
in the experiment. Six crossbred Red-Sindhi heifers, 8-10 months of age and 150-180 kg live weight, were randomly allocated in
a repeated randomized complete block design (RCBD) two times with three treatments: Guinea grass 280 diet (Control), grass
diet with a supplement of Kudzu silage (KS), and grass diet with a supplement of Kudzu hay (KH). During the feed intake
measurement the grass, Kudzu silage and Kudzu hay were supplied ad libitum. For the digestibility determinations the diet was
limited to 85% of mean dry matter intake measured.

Tropical Kudzu foliage can be preserved by making hay or silage. In the silage making process sugarcane molasses additive
should be at least 3% of fresh Kudzu. Diet DM intake increased with the preserved Kudzu foliage, especially with the Kudzu
hay supplement. The OM and CP apparent digestibility coefficients of Kudzu silage were 61.6 and 54.7%, and of Kudzu hay
were 62.1 and 58.1%, respectively. The higher digestibility of Kudzu hay and Kudzu silage than grass and the higher intake with
the supplemented diets should result in improved growth rate of cattle.
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Introduction

Tropical Kudzu (Pueraria phaseoloides) is a leguminous plant that has high levels of CP (12-24 % of
DM). Kudzu has been intercropped with rubber trees to improve soil fertility and with other perennial
trees. In south-west Nigeria, unfertilized mixtures of Kudzu with guinea grass or elephant grass
produced 13.6 tonnes/ha/year of DM and transferred approximately 40 kg/ha N to the grasses (Tropical
Forages website). 

In Vietnam Kudzu can be found naturally and has been introduced to interplant with rubber recently.
According to the agricultural final report of the Vietnam General Rubber Corporation (GERUCO 2005)
in the Southeast region of the country the total new established or replanted rubber areas was 17,251 ha,
of which 6,292 ha have been inter-planted with Tropical Kudzu or Mucuna (Mucuna pruriens) that
made up more than 36% the area. Biomass production of the cover-crops has been used as a green
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manure for the rubber fields. There is no demonstration of using this product as animal feed, due to its
low palatability and low acceptance as green forage (farmer communication). It had been reported in the
Tropical Forage website that Kudzu forage was commonly of low to moderate palatability in grazing
cattle during in the wet season, but relative palatability increases substantially at flowering. 

The feed intake or the palatability of legume forage is regulated by many factors: harvesting, physical
and metabolic feedback, and secondary compounds. Preservation method may affect these factors,
especially in reducing the secondary compounds, the anti-nutritional substances, commonly present in
legume forage. Hay making is the simplest method in forage preservation and effective in reducing by
evaporation toxic compounds like cyanogens (Khang and Wiktorsson 2000; Phuc et al 1996).  

In the tropical humid regions, high humidity in the atmosphere and more rains in the production period
limit the time of making hay, and ensiling is considered to be the most promising preservation
technique. Ensiling protein rich foliage may have some constraints due to the low water soluble
carbohydrates content, high buffering capacity and low dry matter content when directly harvested
(McDonald et al 2002). Molasses is a good silage additive, because it is high in water soluble
carbohydrates content (about 500 g/kg DM) and reduced the pH and ammonia levels in treated silages
(McDonald et al 2002). Sugarcane molasses, a common feed ingredient in Vietnam, is commonly used
as an additive for ensiling low WSC tropical forages and improving silage quality. 

The objectives of the experiment were to determine the influence of different amounts of sugarcane
molasses in making Tropical Kudzu silage and to evaluate the feed intake and digestibility of Kudzu
silage and Kudzu hay by crossbred Sindhi heifers.
 

Materials and methods

Foliage preservation experiment

Experimental site

The experiment was conducted from August to November 2006 at the Nong Lam University
Experimental Farm, Ho Chi Minh City, Vietnam.

Experiment design and treatments

Four levels of sugarcane molasses (653 g DM kg-1, 528 g WSC kg-1 DM) with application rates of 0, 30,
60 and 90 kg per tonne of fresh Kudzu and two storage periods (20 and 50 days) were allocated in a 4x2
factorial complete randomized design with 3 replicates. A total of 48 plastic buckets with 10 kg fresh
materials in each were prepared, and 24 buckets were for determining only pH at 7 and 14 days after
ensiling.

Silage making

Tropical Kudzu foliage was collected in a rubber plantation in the second establishment year. Kudzu
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foliage 2.5 months age in the second year was cut at 20 - 30 cm above ground level,  chopped by hand
immediately into small pieces of 4 - 8 cm length. Sugarcane molasses was mixed with the chopped
pieces at the time of filling and the materials were compacted by hand pressing in 2-layer plastic bags
that were then put in plastic buckets (40cm diameter). Each bag contained around 10 kg. After filling up
to the top of the bucket, the plastic bags were bound by rubber bands. The buckets were stored in shade
under a roof.

Chemical analyses

Samples were collected for chemical analysis immediately before ensiling and on two later occasions,
20 and 50 days after ensiling. The physical characteristics of the silages: color, presence of fungus and
smell were evaluated and the following determinations were made: pH (pH-ORION model 420 A), and
DM, CP, NH3 and ash were analyzed using procedures described by AOAC (1990). ADF was analyzed
according to Van Soest et al (1991).

Statistical analysis

The data were subjected to an analysis of variance (ANOVA) using the General Linear Model (GLM)
procedure of Minitab software version 13. When the F test was significant (P<0.05), Tukey’s test for
paired comparisons was used (Minitab 13).

Feed intake and digestibility study

Location and climate of the study area

The experiment was conducted from October through December 2006 at the Nong Lam University
Experimental Farm, Ho Chi Minh City, Vietnam.

Experiment feed

Tropical Kudzu foliage, which is a cover crop in the rubber plantation at 2.5 months age in the second
year, was cut at 20-30 cm above ground and chopped into pieces of 4-8 cm length (DM content of
19.5%). The Kudzu silage, with 6% of sugarcane molasses was made using the same method as in the
ensiling study, and stored in 2-layer plastic bags of 1 m diameter. At the same time, chopped pieces of
Kudzu foliage were sun dried for 3 days to reach a moisture content of less than 12%. The Kudzu hay
was packed in plastic bags. All the Kudzu silage and Kudzu hay bags were stored in shade under a roof
before being used in the experiment. 

Guinea grass 280 (Panicum maximum cv. 280) was prepared in an area of 4200 m2 and cut fresh every
day at 6 weeks of age and used as the basal feed. Fresh grass was cut at 7:00h to 8:00h every day.

Experimental design and treatments
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Kudzu vine silage with 6% of sugarcane molasses and Kudzu vine hay was used in the experiment. Six
crossbred Red-Sindhi heifers, 8-10 months of age and 150-180 kg live weight, were randomly allocated
in a 3 x 2 change-over design (Patterson and Lucas 1962) with three treatments:  Guinea grass 280 diet
(Control), grass diet with a supplement of Kudzu silage (KS), and grass diet with a supplement of Kudzu
hay (KH). Each period included a preliminary time of 10 days for adaptation, 5 days for feed intake
measurement, and 5 days for digestibility measurement. During the feed intake measurement the grass,
Kudzu silage and Kudzu hay were supplied ad libitum (a surplus of 20% of the mean feed intake in the
adaptation period). For the digestibility determinations the diet was limited to 85% of mean dry matter
intake measured during the adaptation. During the digestibility study the daily amount of feed was
constant.
 
The animals were confined in individual stalls under roof one month before the trial to accustom them to
the experimental conditions. They were treated for internal and external parasites. During the
experiment the animals were fed four times per day: at around 8.00h, 11.00h, 14.00h and 18.00h.
 
Kudzu was taken from the reserve bags once per day, weighed and put into a smaller plastic bag for
feeding the whole day. The grass and Kudzu were fed in individual mangers. Water was freely available.
 
Data collection and laboratory analysis 

The animals were weighed prior to and after the 5-day feed intake time in the morning, before feeding
and watering. The mean weight of the heifers was used in calculating the feed intake per kg live weight.
Daily feed intake was recorded as the difference between offered feeds and refused feeds the following
morning. The offered and refused feeds were sampled for analysis every day at 08.00h. During the
digestibility study, faeces from each animal were collected immediately after defecation throughout the
day, and placed in pre-tared plastic basins until 08.00h the following morning. The 24-hour faecal output
was weighed, mixed and sub-sampled, and 10% of daily output was sampled from each individual heifer
and stored in a deep freezer. The samples from each animal during the collection week were de-frosted,
mixed, sampled and dried in a forced oven at 600C for 48 hours for laboratory analysis. Samples were
prepared using procedures described by Goering and Van Soest (1970). Feed, refusals and faeces
samples after oven drying were ground using a laboratory hammer mill with 1 mm screen. The
following determinations were made: DM, ash and CPwere analysed according tp AOAC (1990). NDF,
ADF and lignin were analyzed using the methods of Van Soest et al (1991).  Digestible energy content
of the diets was calculated from the in vivo OM digestibility, according to Butterworth (1964): DE =
0.1705*OMD + 0.637.

Statistical analysis

The data were subjected to an analysis of variance (ANOVA) by using the General Linear Model (GLM)
procedure of Minitab software version 13. When the F test was significant (P<0.05), Tukey’s test for
paired comparisons was used (Minitab 13).
 

Results

Chemical composition of silage materials
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The chemical composition of silage materials is shown in Table 1. The DM and CP content of Kudzu
foliage was 19.5 and 18.7%, respectively. The WSC content of Kudzu foliage was 1.1 % of DM.
Molasses had a moderate level of DM of 65.3% and a WSC content of 52.8% of DM.

Table 1.  Chemical composition of molasses and fresh Kudzu foliage
Item Molasses Kudzu foliage
DM % 65.33 19.50
% in DM   
CP 8.30 18.72
Ash nd 10.36
NDF nd 57.40
ADF nd 40.20
WSC 52.78 1.11
 nd: not determined

pH value of silage

The pH values of silage after different storage times and molasses rate are shown in Table 2 and Figure
1.

Table 2.  Effect of molasses on the pH of Kudzu silage

Storage, days
Molasses rate  

Mean  SEM  P0% 3% 6% 9%
7 5.29 4.39 4.18 4.00 4.46

0.079 0.90814 5.11 4.36 4.32 4.09 4.47
20 5.16 4.55 4.21 4.23 4.54
50 5.13 4.53 4.18 4.28 4.53
Mean 5.17a 4.46b 4.22bc 4.15c    
SEM 0.079    
P 0.000    
abc means within rows with differing superscript letters are significantly different

Figure 1. Effect of molasses and storage time on pH of silage

At 7 days after ensiling the pH values of all treatments went down to 5.29, 4.39, 4.18 and 4.00 in
treatment 0% , 3%, 6% and 9% molasses additive, respectively. At 14, 20 and 50 days after ensiling the
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pH values of silage in each treatment had only slight changes (3.5 to 7%). The mean silage pH value
was highest in the 0% molasses treatment (5.17) and decreased significantly with the gradual increasing
of molasses additive. Time of storage had no significant effect on the silage pH value, although there
was a trend of a slight increase in pH value with increased storage time. 

Physical quality of silage

Physical quality observations of the silage at 20 and 50 days are presented in Table 3.

Table 3.  Apparent quality classification of Kudzu silage at different rate of molasses and storage time
Storage time Molasses rate Colour Molds Acceptable

20 days

0% Yellowish brown T-1 Yes-with
3% Brownish yellow Absent Yes
6% Brownish yellow Absent Yes
9% Brownish yellow Absent Yes

50 days

0% Yellowish brown T-2 Yes-with
3% Brownish yellow T-1 Yes-with
6% Brownish yellow T-1 Yes-with
9% Brownish yellow T-1 Yes-with

T-number: only on top surface with ‘number’ cm in thickness; Yes-with: acceptable with left over

The silage color was slightly changed from a yellowish brown color on the treatment with a 0%
molasses to brownish yellow in the treatments with molasses additive. No mold was seen in any silage
treatment at 20 days after ensiling, except that the treatment without molasses additive had a thin layer
of about 1cm on the top of the silage product. In the 50-day observation mold was seen in the top of
silage bag with a thin layer of 2cm (without molasses treatment) and 1cm (with molasses treatments).  

Chemical composition of Kudzu silage

The chemical composition of Kudzu silage is presented in Table 4. The mean silage DM contents were
significantly increased with increased molasses rate in the Kudzu silage (P<0.001). The mean DM
content at 20 and 50 days storage time was 23.3 and 22.8 %, respectively. There was a slight decrease of
DM with a long storage time but no significant difference was found. The mean silage DM content of all
treatments was higher than DM content of fresh Kudzu (18.5 %).  The mean ash contents of the Kudzu
silage were around 9.92 to 10.3 % of DM, and there was no significant difference among treatments of
both molasses level and storage time.

Table 4.  Effect of molasses and storage time on quality of Kudzu silage

 Treatment
% % in DM %

DM Ash CP NH3 ADF NH3-N/∑N, %
Molasses rate       
0 % 20.25a 9.92 20.99a 1.082a 42.16 26.35a

3 % 22.57bc 10.30 20.21ab 0.887b 40.97 22.54b

6 % 23.38c 10.25 19.56ab 0.742c 40.85 19.53c

9 % 25.96d 10.33 19.22b 0.687c 40.88 18.39c

SEM 0.255 0.151 0.406 0.025 0.419 0.674
P 0.000 0.228 0.035 0.000 0.120 0.000
Storage time       
20 days 23.26 10.25 19.09 0.753 41.19 20.26
50 days 22.82 10.15 20.90 0.946 41.32 23.15
SEM 0.180 0.106 0.287 0.018 0.297 0.476
P 0.107 0.544 0.000 0.000 0.625 0.001
abc means within columns with differing superscript letters are significantly different
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The mean silage CP content varied from 19.2 to 22.9 % in DM and gradually decreased with increase of
molasses additive. However, a significant difference was found only between the treatment 0% molasses
and 9% molasses. Storage time had a significant effect in increasing the mean CP content of Kudzu
silage (P<0.001). Higher levels of molasses additive resulted in significantly lower mean NH3 content of
silage (P<0.001), except for the difference between the 6 and 9 % molasses treatments. The mean NH3
content of Kudzu silage at 20 and 50 day storage times was 0.75 and 0.95 % of DM and longer storage
time increased the NH3 content of Kudzu silage significantly (P<0.001).  A similar result for the
NH3-N/total nitrogen ratio was obtained.

Chemical composition of diet ingredients used in the feed intake and digestibility experiment

The chemical composition of the diet ingredients in the feed intake and digestibility experiment are
presented in Table 5.

Table 5.  Chemical composition of the dietary ingredients

 Item
Ingredients

Guinea grass Kudzu silage Kudzu hay
DM % 23.50 20.15 92.12
% in DM    
OM 90.45 92.01 92.30
CP 8.55 20.09 18.23
Ash 9.55 8.14 7.70
NDF 78.00 57.10 57.40
ADF 40.83 38.32 39.15
Lignin 9.65 8.25 8.18
pH nd 4.24 nd
nd: not determined

Kudzu silage was prepared in big bags for feeding the experimental animals, with a level of 6%
molasses. The silage pH and chemical composition was the same as in the ensiling trial. The
experimental Kudzu hay’s CP and ADF content was 18.2% and 39.2% in DM, respectively, which was a
little lower in CP and higher in ADF compared with the Kudzu silage used in the same trial. The Guinea
grass 280 DM was 23.5% and the CP, ADF and lignin content was 8.6, 40.8 and 9.7% in DM,
respectively.

Daily feed intake

The results for daily feed intake are presented in Table 6.

Table 6.  Daily intake of feed DM and CP

 Feed Intake Treatment  SEM  PGuinea grass KS supplement KH supplement
Kg / animal
Grass 3.54 3.15 2.94 0.339 0.491
Kudzu 0.00a 0.51b 1.16c 0.109 0.001
Total 3.54 3.66 4.10 0.302 0.431
Crude protein 0.31a 0.38a 0.50b 0.025 0.005
NDF 2.74 2.73 2.96 0.036 0.215
Kg / 100 kg live weight
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Grass 2.05a 1.75ab 1.63b 0.083 0.030
Kudzu 0.00a 0.33b 0.65c 0.083 0.004
Total 2.05a 2.08a 2.28b 0.047 0.021
Live weight (kg) 171.5 175.8 179.2 12.953 0.915
abc means within rows with differing superscript letters are significantly different

The DM grass intake per animal was highest in the sole grass treatment, followed by the KS and KH
treatments. The DM Kudzu intake was 0.51 and 1.16 kg per animal with Kudzu silage and Kudzu hay,
respectively. There was significantly higher Kudzu hay intake compared to Kudzu silage intake
(P<0.001). The total DM intake per animal was increased by 3.5% and 16 % with KS treatment and KH
treatment compared to the Guinea grass treatment, respectively, but no significant difference between
the treatments was found. The CP intake increased with the supplement treatments, but a significant
difference was found only between the KH treatment and the other two treatments (63.1% increase with
grass treatment and 31.5% increase with KS treatment).

Digestibility of the experimental diet and the dietary ingredients

The results for apparent digestibility of the diet are presented in Table 7.

Table 7.  Apparent digestibility of treatment diets (%)
Apparent
digestibility

Treatment
 SEM  P

Guinea grass KS supplement KH supplement
DM 57.22 58.75 59.72 1.601 0.570
OM 59.85 61.57 62.14 1.569 0.588
CP 51.06 54.71 58.09 3.182 0.343
Ash 32.48 31.69 35.77 2.868 0.660
ADF 55.84 58.34 58.02 1.891 0.611

The DM, OM, CP and ADF digestibility of Guinea grass 280 cut at 6 weeks of age was 57.2, 59.9, 51.1
and 55.8, respectively. The DM and OM digestibility of diets was slightly increased when Kudzu silage
or Kudzu hay was supplemented in the grass diet (compared to pure grass diet). The increases were 1.5
and 2.5 percent DM digestibility, 1.7 and 2.3 percent OM digestibility in the Kudzu silage and Kudzu
hay diet, respectively, compared to the grass diet. CP digestibility increased with the supplement and the
highest was in the KH diet. The increase of CP digestibility was 3.65 and 7.03 % units in the
comparison of the KS and KH diet with the grass diet. The ADF digestibility of Kudzu hay and Kudzu
silage diet was similar, and both were around 3 percent units higher than in the grass diet. However,
none of these differences was statistically significant.
 
The apparent digestibility of Kudzu silage and Kudzu hay was calculated by the difference in
digestibility of the diets in the supplement trial, and this showed a higher digestibility compared with
guinea grass (Table 8).

Table 8.  Apparent digestibility of treatment ingredients (%) assuming constant digestibility of Guinea
grass as determined in the study

Apparent digestibility Guinea grass
Kuzdu

 SEM  P
Silage hay

DM 57.22a 63.88ab 66.98b 1.237 0.012
OM 59.85a 63.38ab 68.27b 1.582 0.048
CP 51.06 72.28 66.44 3.910 0.065
Ash 32.48 66.56 49.91 5.856 0.074
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ADF 55.84a 76.09b 65.89ab 2.481 0.026
abc means within rows with differing superscript letters are significantly different

The increases in DM, OM and ADF digestibility were significant between the preserved Kudzu foliage
and grass, but not clear between Kudzu silage and Kudzu hay. The DE per kg DM of the grass, Kudzu
silage and Kudzu hay diets were 10.80, 11.13 and 11.23 MJ, respectively (Table 9).

Table 9.  Digestible energy and digestible crude protein of diet and diet ingredients

 Component  AR# Treatment
Guinea Grass KS supplement KH supplement

Diet     
  DE*, MJ/ kg DM  10.84 11.13 11.23
  Daily DE intake, MJ/ animal 40 38.36 40.76 46.12
 Daily DCP intake, g/ animal 202 156.2 208.4 289.9
Dietary ingredient     
  DE*, MJ/kg DM  10.84 11.44 12.28
  DCP, g/kg DM  44.01 132.5 132.5
*Digestible energy calculation based on OM digestibility: Butterworth (1964)
#AR (animal requirement) requirement for heifer 150-200 kg live weight and 0.6 kg gain per day (NRC 2000)

The daily DE and DCP intakes per animal were higher in the diet supplemented with Kudzu silage and
Kudzu hay compared with the sole grass diet, with the highest being in the Kudzu hay diet.
 
The DE and DCP values of Kudzu silage and Kudzu hay, calculated according to Butterworth (1964),
were higher in the preserved Kudzu foliage, Kudzu silage and Kudzu hay compared with Guinea grass.
These increases were high in DCP compared to grass but the difference between Kudzu silage and
Kudzu hay (Table 9) was not so high.
 
Discussion
 
In the first trial 20 days after ensiling Kudzu silages of all molasses additive treatments were acceptable
in the evaluation of color, smell, mold appearance and pH (Table 6). The pH value is often used as the
criterion for assessing silage quality and all these silages had sufficiently low pH values (around 4.5)
that would be considered good quality silage (Lattemae 1997). Molasses additive had a clear effect on
reducing silage pH values, being the main factor that contributed to the successful ensiling of the Kudzu
foliage. Without molasses additive, the silage in the control treatment was not acceptable; with a pH
value higher than 5, and molds appeared at the first observation 20 days after ensiling. The WSC
content, the main substrate for microbial growth in Kudzu foliage, was too low (1.1% of DM) to support
a good ensiling. In summary the data from 33 experiments on the effect of silage additives and wilting
on silage making, reviewed by Haigh and Parker (1985), suggested that a critical WSC concentration in
herbage for successful preservation as silage without additives is 30 g kg -1 DM.
 
At 50 days after ensiling the quality of silages did not change, except for the appearance of the thin layer
of molds on the top of silage bags (Table 3). The results of the visual evaluation clearly showed the
increasing problems with molds and spoiled silages with the longer storage period. Man and Wiktorsson
(2001), in an ensiling study of Cassava and Gliricidia tops, reported the same problem and found an
increasing problem with molds with increasing amount of molasses, whereas in our study the opposite
result was observed.
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Increasing of molasses rate increased silage DM content, because the DM content of molasses is higher
than that of Kudzu foliage. The same result was found by Lattemae et al (1996). There is another role of
molasses additive in contributing to successful ensiling and that is when silage material has high water
content and low WSC content. This is in agreement with the suggestion for more WSC in silage material
for good fermentation (McDonald et al 2002).
 
In this study the CP content decreased in the molasses additive treatments. This is due to the high
percentage of molasses in those treatments. Protein losses in the ensiling procedure might depend on the
run off of proteolytic end products with the effluent (Man and Wiktorsson 2001). Extensive proteolysis
occurs during the first few days of ensiling and if the pH can be reduced rapidly to 4.3 the proteolytic
activity will be decreased (MacPherson 1952). In the present study the DM content of herbage materials
was sufficiently high to avoid seeping and additive silage pH went down quickly to prevent the loss of
silage protein.
 
Silage NH3 content is another indication of silage quality. McDonald et al (2002) reported that
well-preserved silage is considered to be good with less than 100 g NH3-N/kg total nitrogen. In this
study, NH3 content and NH3-N/total nitrogen ratio were good for all the molasses additive treatments.
This can be explained by the fact that increasing molasses additive reduced pH in silage product rapidly,
resulting in decreasing NH3 production. NH3 content and NH3-N/total nitrogen ratio increased with
longer storage time, as occurred in the treatment without molasses because of continued deamination.
This result is in accordance with the report by Malavanh et al (2006) on taro silage.
 
In the second trial on the feed intake and digestibility, the CP content of the diets was found to be the
most important factor affect DM intake. Intake often is depressed when the CP content of diets is below
7 to 8 % in DM (Blaxter and Wilson 1962; Milford and Minson 1966). The voluntary DM intake of
guinea grass 280, which was the sole diet, was lower compared to data reported by Man and Wiktorsson
(2001)(2.1 vs 2.4 kg/100kg LW). This may be a result of different breeds of the experimental animals.
Crossbred Red-Sindhi heifers were used in the present study, while in Man’s study crossbred Holstein
heifers were used. Merkel et al (1999) noted that the effect of protein supplementation to low quality
roughage diets in the tropics increased feed intake. In the present study, the Kudzu hay supplement diet
had higher intake than the sole grass diet, but supplementation of Kudzu silage did not increase feed
intake. Low pH in silage in this study (pH=4.2) may have had a detrimental effect on palatability.
McDonald et al (2002) stated that low pH reduces intake and low DM content of diets also affect DM
intake.
 
Increased DMI in the legume supplement treatments reflected the CP intake of these treatments
compared with the grass only treatment, as shown in Table 6. Kudzu hay had lower CP content than
Kudzu silage, but DM intake of Kudzu hay was double that of Kudzu silage, while DM intake of grass
was nearly the same in the two supplement treatments. This can be explained by the fact that CP intake
of the Kudzu hay diet was highest.
 
The apparent digestibility of nutrients of guinea grass 280 was lower than data reported by Man and
Wiktorsson (2001). The low CP content of forage may be the limiting factor related to forage
digestibility. The CP in the sole grass diet was the main source of N for many species of rumen
microorganisms and a low level of N intake may limit microbial growth, resulting in low fermentative
digestion of grass (Man and Wiktorsson 2001). The high lignin level in grass may also make strong
chemical bonds linking lignin with many polysaccharides and cell wall proteins, which renders these
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compounds unavailable during digestion (McDonald et al 2002). The results clearly show low CP and
ADF digestibility of grass in this study. Supplementing Kudzu hay and Kudzu silage in the mixed diets
tended to increase the diet digestibility. Supplementing protein-rich forage to poor quality roughage
based diets increases ruminal and by-pass protein. This result is higher microbial protein synthesis, and
feed intake (Premaratne et al 1998). D’Mello and Devendra (1995) showed that legume leaves usually
contain higher concentrations of protein and non structural carbohydrates than tropical grasses, and this
may make legumes more digestible.
 
Kudzu foliage had still a high leaf proportion at this stage of maturity (53%), reflected in a high
digestibility. A high ratio of Kudzu in the supplement diets made them higher in digestibility compared
to the grass diet (Table 7). In a digestibility trial with cassava silage supplement Man and Wiktorsson
(2001) reported the opposite result, with low digestibility in the supplement diets. These results were
explained by the fact that the high tannin content in cassava silage may bind fiber and protein in strong
chemical bonds, which make these compounds indigestible. In the present study this would not have
happened, because the tannin content of Tropical Kudzu was low (<1%) according to Lowry et al
(1992).
 
The apparent digestibility of Kudzu silage and Kudzu hay was calculated by the difference in
digestibility of the diets in the supplement trial, and this showed higher in DM, OM and CP digestibility
compared with guinea grass (Table 8). In the present study higher DM digestibility in Kudzu hay than
Kudzu silage was found (3%). A similar result was reported by Clancy et al (1977), that making alfalfa
hay by drying can improve the digestibility by 7% compared with silage making. Drying reduced the
free tannin (Ahn et al 1997) and thus the binding of protein and fiber decreased (Reed et al 1990; Kumar
and D’Mello 1995).
 
Digestibility of Kudzu hay and Kudzu silage diets was high, resulting in high DE per kg feed in these
diets. In addition, high feed intake increased daily DE intake, particularly on the Kudzu supplement diet.
The high feed intake combined with high DCP resulted in increased daily DCP intake for the Kudzu
supplement diets. As a result of the small body size, and thus requirements of the animals in the present
study (Table 9), Kudzu supplement diets would have met the requirements for high growth in these
cattle.
 
Higher OM and CP digestibility of the supplement materials increased the DE and DCP values of Kudzu
silage and Kudzu hay, using the calculations of Butterworth (1964). DCP values were high compared to
grass, but the differences between Kudzu silage and Kudzu hay were small. 
 

Conclusions

Tropical Kudzu foliage can be preserved by making hay or silage. In the silage making process
sugarcane molasses additive should be at least 3% of fresh Kudzu.

Diet DM intake increased with the preserved Kudzu foliage, especially with the Kudzu hay
supplement.

Digestibility coefficients of Kudzu silage and Kudzu hay were higher than those of grass.
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