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ABSTRACT

Kenaf (Hibiscus cannabinus .) , a crop grown in many 
parts of the world as a source of fiber or paper pulp, was 
evaluated as a possible feedstuff for ruminant animals.
Kenaf forage grown under irrigation in Yuma, Arizona, and 
harvested as sun-cured hay after 130 days growth, analysed 
10.1% crude protein (CP) and 55.3% neutral detergent fiber 
(NDF)S mal l samples obtained after 65 and 80 days growth 
contained 23% and 19% CP and 29% and 35% NDF, respectively.

Nutritive value of ground Kenaf hay was evaluated 
and compared with alfalfa hay in digestion trials with eight 
lambs (Trial 1) and twelve steers (Trials 2 and 3). Kenaf 
hay was readily consumed by both lambs and steers, although 
preference for alfalfa hay was evident, when all-roughage 
diets were fed, when 60% roughage diets were fed to steers, 
no differences in intake were observed due to source of 
roughage.

Digestion coefficients for Kenaf hay determined with 
lambs and steers were quite similar and averaged 53% for dry 
matter, 67% for CP, 41.1% for NDF, and 51.4% for gross 
energy. Digestible protein and energy in Kenaf hay averaged 
6.3% and 2.07 mcal/kg of dry matter, respectively. Digestion 
coefficients for most chemical components in all-roughage

vi



vii
or 60% roughage diets were lower when Kenaf was the source 
of roughage than when alfalfa hay was used.

The data indicate that Kenaf has a potential as a 
feedstuff for ruminants, particularly if harvested at an 
early stage of maturity.



INTRODUCTION

Kenaf (Hibiscus cannabinus !_.)■ is a tall, woody, 
annual plant native to Africa, which has been grown for 
centuries as a source of fiber. The outer bark of the plant 
which accounts for about 25% of the plant weight is used in 
the manufacturing of yarn, cloth, twine and other similar 
products (Killinger, 1969). Today kenaf is widely cultivated 
throughout the world in the tropics and subtropics, including 
many Latin American countries (Fry, Herrick and Harms, 1967; 
Killinger, 1969). .

Kenaf was first introduced into the United States as 
a promising new source of paper pulp because of its rapid 
growth, relatively high yields and good pulping characteris
tics when grown to maturity (Fry et al., 1967; Killinger, 
1969; Suriyajantratong et al. 1973). Experiments have been 
conducted in Florida to investigate the use of kenaf as a 
paper pulp source, and its feasibility for this use is also 
being investigated in several other areas of the United 
States (Killinger, 1969). Also, because kenaf when grown in 
dense stands produces a long unbranched stem, bean pole 
growers in Florida have been stimulated to use kenaf in the 
fields, and Killinger (1969) estimated that in 1968, over 
5000 acres of kenaf were planted for this use.

1
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Originally, interest in Icenaf as a feedstuff for 

animals developed when it was demonstrated that considerable 
amounts of leafy residues remaining from the paper pulp pro
cessing industry contained up to 30% crude protein and were 
low in fiber. Limited animal studies have shown kenaf leaf 
meal is comparable to alfalfa leaf meal as a protein source 
for ruminants (Suriyajantratong et al., 1973). Limited data 
also suggests that the whole kenaf plant has potential as a 
silage crop (Wing, 1967).

In the southwest, there is a need for forage crops 
which can be planted after the small grain season, be produc
tive over the hot summer months, and be harvested before the 
next small grain planting period. Because of its rapid 
growth characteristics during high environmental tempera
tures, kenaf could be adapted to this cropping system.

The purpose of this study was to determine the 
nutritive value for ruminants of kenaf grown as a short 
season forage crop. Parameters investigated include 
chemical composition as influenced by date of harvest, and 
also acceptability and digestibility of sun-cured kenaf hay 
by sheep and cattle.



LITERATURE REVIEW

Taxonomical Considerations 
Kenaf, also known as Mesta, Bimbi, Jute, or Ambari 

hemp, is a diploid plant (2n - 36) which belongs to the 
family of the Malvaceae of which 50 genera and 9 00 species 
are known. Kenaf belongs to the genera Hibiscus section 
Purearia D.C., a natural group of 40 or more species with 
two main centers of distribution, a major one in tropical 
Africa and a lesser one in tropical America. Hibiscus sec
tion Furcaria, is characterized by a calyx becoming leathery 
or succulent at maturity and having 1 0 prominent nerves or 
ribs, a median one to each of the five calyx lobes and a 
com!sural one to each of the sinuses where it branches. The 
epicalyx bracts are numerous and free or jointed to the calyx 
only at the base, and frequently divided at the tip into an 
inner and outer fork. Nature, and forking of the bracelets 
and seed characteristics are used in the diagnosis of the 
different species within the genera (Menzel and Wilson,
1963; Wilson and Menzel, 1964; Ki1linger, 1967). Shoots and 
leaves of many of these species have an agreeable acid 
flavor. This genera comprises wild and domesticated species 
ranging in growth habits from vines to tall shrubs or small 
erect trees. Twelve identified species of Hibiscus section 
Furcaria native to the old world, India, Africa and the new



world are represented in the living collection which is main
tained by the United States Department of Agriculture in 
Florida. Some species native to Australia have also been 
identified (Wilson and Menzel, 1964). Many accessions to 
the different species within this genera are known, and 
Wilson and Menzel (1964) reported having studied 89 acces
sions to Hibiscus cannabinus (kenaf) many of which have been 
grown for morphological and agronomical evaluation.

Historical, Considerations
Hibiscus cannabinus 1. which is widely cultivated in 

the tropics as a fiber plant, appears to have been domesti
cated for this purpose by the negroes of western Sudan (the 
nuclear Mande) sometime before 4000 B.C. (Wilson and Menzel, 
1964). Wild forms of kenaf grow through west Africa where 
it is known by a variety of names by the African tribes.
Aside from its uses as a fiber plant, the native of West 
Africa use kenaf leaves and flowers as a vegetable, its 
seeds for oil, and various plant parts for medicinal and 
superstitious rites. Next to cotton, kenaf is the most 
widely cultivated plant in the open country from Senegal to 
Nigeria (Wilson and Menzel, 1964; Killinger, 1967).

Increased world interest in kenaf as an agronomical 
crop developed during and shortly after World War II when a 
shortage of jute in the world markets became more acute, as 
jute producing countries consumed larger percentage of their



output in their domestic markets. As a result, plants which 
could be cultivated in different parts of the world and could 
be used as jute substitutes were investigated (Menzel and 
Wilson, 1963). Later, because of kenaf's good pulping 
characteristics, it was regarded as a promising annually 
renewable source of paper making raw material (Touzinsky et 
al., 1977). Extensive reported research has been conducted 
since 1957 into its potential uses for paper pulp production 
(Knowles et al., 1974).

Agronomical Aspects 
The literature dealing with the agronomical aspects 

of kenaf is well documented and deals primarily with its 
cultivation for fiber and pulp production. Intensive 
breeding programs conducted first in Cuba and later in 
Florida during and after World War II, led to the develop
ment of fast growing, high yielding varieties of kenaf 
resistant to a serious disease caused by Colletotricum 
hibisci poll (Wilson and Menzel, 1964). Succeptability of 
kenaf to root knot nematodes (Meloidogyne spp.) and associ
ated root diseases remains a problem. Lines of kenaf 
observed thus far have not shown good genetic resistance to 
root knot nematodes but differ in their degree of resistance 
to nematode infestations (Wilson and Menzel, 1964; Prine,
1972). A high degree of genetic resistance has been observed 
in other species of the genera Hibiscus, however, attempts to



transmit this resistance to kenaf through crossing and 
genetic selection have thus far been unsuccessful. The main 
problem encountered in trying to develop this genetic resis
tance is the difference in chromosome numbers (i.e., diploid 
vs tetraploid) between kenaf and related species, which 
results in infertile or agronomically unsatisfactory hibrids 
when they are crossed. Root knot nematode problems associ
ated with kenaf have caused renewed interest in related 
species to be used for fiber and paper pulp production. 
However, because of slow growth rate, poor pulping character
istics and sparse seed production associated with these 
related species, they have not become as ecnomically impor
tant as kenaf (Wilson and Menzel, 1964).

Kenaf varieties vary in their response to day length 
and there are varieties which respond over the entire range 
from short-day varieties to day length insensible varieties 
(Whiteley, 1971). Time required for flowering and seed pro
duction also differs greatly among varieties. Killinger
(1969) reported that some of the Russian varieties flowered 
within 1 0 0  days, while some of the other varieties had not 
flowered after 2 1 0  days growth at the time when these plants 
were harvested.

Kenaf is usually planted in rows and cultivated in 
much the same way as corn (Wing, 1967). Higgins and White
(1970) conducted studies in Maryland in which plant popula
tions were compared and concluded that populations of 2 0 0 , 0 0 0



to 300,000 plants per hectare were most successful. This 
calculates to about seven to eight plants per foot of row. 
They found no differences in dry matter yields per hectare 
between these populations.

Row spacings of 18 to 36 inches are generally 
recommended since this will fit most mechanical harvesting 
equipment available. Heavy duty choppers are usually recom
mended for. harvesting kenaf (Burmistrova et al., 1956;
Higgins and White, 19 70). Burmistrova et al. (19 56) in their 
book discuss ' the equipment needed to harvest kenaf of 
different plant densities and maturity.

Reported yields of kenaf vary greatly depending on 
variety, year growth conditions, planting time, fertiliza
tion regime, and harvesting time. Karvassi and Killinger 
(1966), as cited by Killinger (1967), reported that in pot 
experiments kenaf showed marked responses, as determined by 
leaf area, to additions of nitrogen and potassium. However, 
the fertilizer requirements will vary considerably according . 
to soil conditions (Wing, 1967). Whiteley (1971) , in Texas, 
studied the influence of date of harvest on dry matter yields 
of kenaf per unit of land. Dry matter yields of 3.4, 4.4,
7.0, and 8.9 tons per acre were observed at 70, 90, 120 and
150 days growth, respectively. In this study, yearly varia
tions in dry matter yields as high as 5 tons per acre were
observed for similar varieties and growing periods, depending 
upon growing conditions, especially precipitation.



Killinger (1967), in Florida, observed yields ranging from 
2.5 to over 13.5 tons of dry matter per acre, depending upon 
variety, fertility and season.

Kenaf as a Feedstuff
Research on nutritive value of kenaf has been con

ducted primarily with the residues (leaves and plant tops) 
remaining after harvest of mature kenaf stems for paper pulp. 
A few studies have examined the nutritive properties of 
whole kenaf plants harvested and ensiled at a relatively 
early stage of maturity.

Nutrient composition of kenaf residues vary, 
depending upon the percentage of leaves they contain.
Results indicate that on an air dry basis, kenaf leaves con
tain approximately 25-30% crude protein, 2-3% ether extract, 
8-11% crude fiber, 5-10% ash and 50-55% nitrogen free 
extract (Cahilly, 1967; Killinger, 1969; Suriyajantratong,
1973). Kenaf stems which contain approximately 10% crude 
protein and 35% crude fiber have a lower potential nutritive
value than leaves (Knowles et al., 1974).

As kenaf plants advance in maturity, there is a
rapid decrease in the leaf to stem ratio, which results in a
decline in crude protein content of the whole plant, but an 
increase in dry matter yield (Killinger, 1967, 1969;
Whiteley, 1971; Knowles et al., 1974). Killinger (1969) re- 
proted an average leaf percentage for the same varieties of



9% after 210 days growth. Killinger (1967) reported that 
crude protein content, of whole plant decreased from 23.6 to 
1 2 .6 % as the plant height increased from 6 to 8 feet.
Knowles et al. (19 74) studied the composition of kehaf tops 
which resulted from removal of the top 24 to 30 inches of 
the plant prior to harvesting of the mature stems for paper 
pulp. These residues contained approximately 40% leaves and 
60% stems and analyzed 14% crude protein and 26% fiber on a 
dry matter basis. These workers further determined that the 
pH of the freshly harvested material was approximately 3.5 
due to the high content of citric and hydroxycitric acids. 
Treating these fresh tops with NH^OH, (NH4 )2 CO3 , or 
anhydrous ammonia increased the pH and elevated the nitrogen 
content (relative to the untreated material), by 31-69%.
These workers also found that the kenaf tops compared 
favorably with commercially dehydrated alfalfa and bermuda 
grass in essential amino acid patterns, especially arginine, 
methionine and cysteine. Although these workers suggested 
that the ammoniated kenaf tops could make a valuable feed 
ingredient for ruminants, the treated material was not 
offered to animals; therefore, its acceptability and digesti
bility cannot be determined from this study.

Suriyajantratong et al. (1973) compared kenaf leaf 
meal and dehydrated alfalfa leaf meal as sources of supple
mental protein in sheep diets containing approximately 40% 
rice straw. Kenaf leaf meal (25.7% crude protein) was
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included in the diet at the level of 43.5%. The isonitro- 
genous alfalfa supplemented diet contained 5 5% dehydrated 
alfalfa leaf meal. Wethers consumed the kenaf supplemented 
diet without difficulty, but a definite preference was 
demonstrated for the alfalfa supplemented diet. Apparent 
digestibility coefficients for energy and all chemical por
tions Of the diet, except ether extract were significantly 
higher for the kenaf supplemented diet than for the alfalfa 
supplemented diet.

Fry et al. (1967) formulated diets containing kenaf
tops for laying hens, and concluded that those at a level of 
5.0% kenaf tops in the diet were as effective as 3.4% 
alfalfa leaf meal in giving adequate yolk pigmentation. He 
also suggested that kenaf cut at an earlier stage of maturity 
may be a better xanthophyll source for laying hens than were 
the tops of mature plants.

Based on chemical composition of the kenaf residues, 
the whole plant has been suggested as a possible silage crop 
(Wing, 1967; Killinger, 1969; Prine, 1972). Wing (1967) 
produced kenaf according to the usual agronomic recommenda
tions and after 1 0 0  days growth, it was cut and ensiled alone 
or with the addition of 150 tons of shelled corn per ton of 
forage. After 60 days ensilage period, the silage was 
removed, sampled, analyzed and fed to large (1 . 0 0 0 lb.) dairy 
heifers. Both silages ensiled very well and compared 
favorably with the ensilahility of most presently used
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silage crops. Kenaf silage contained about 15.9% crude 
protein and was consumed at the rate of 14.4 lb. of dry 
matter per day. The silage with added grain was consumed in 
slightly higher amounts. Digestibility coefficients for dry 
matter, energy and crude protein were 58, 61 and 59%, 
respectively for the kenaf silage and 64, 65 and 56%, 
respectively for the grain treated silage.

Killinger (1969) suggested that kenaf cut for silage 
should be at the 5 5 to 65 day growth stage, or about 2 m in 
height, since the lower leaves are shed by the plant after 
it reaches this stage of growth. At this stage of maturity, 
kenaf averages about 15% dry matter and yields about 11 tons 
of green material per acre. Prine (1972) grew kenaf alone 
and in combination with forage sorghum and corn. Based on 
dry matter yield, data and the compatibility of kenaf with 
other crops. He concluded that kenaf could be recommended 
as a silage crop, although the material in this study was 
not actually ensiled and, thus, quality of the silage could 
not be assessed. It was suggested that if kenaf were grown 
for silage, it should probably be in combination with corn 
or sorghum to avoid the root knot nematode problems associ
ated with kenaf production.

The literature suggests that kenaf does have a 
potential as a feedstuff for ruminants, however, the animal . 
studies have been extremely limited. There have been no
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studies to investigate the potential of kenaf forage har
vested in any form other than silage and there have been no 
studies to determine its acceptability or utilization by 
beef cattle.



MATERIALS AND METHODS

Animal Trials
Kenaf (Hibiscus cannabinus 1^), Cuba 108 variety, was 

planted in Yuma, Arizona in late March, grown under irriga
tion and harvested as sun-cured baled hay after 130 days 
growth. Three trials, one with lambs and two with steers, 
were conducted to determine the acceptability and digesti
bility of this hay by ruminant animals.

In the first trial, four rams and four wethers 
ranging in weight from 25 to 40 kg were paired according to 
weight and sex condition, and randomly assigned from within 
pairs to a diet of either all kenaf or all alfalfa hay. Due 
to coarseness of the kenaf hay, it was ground through a .65 
cm screen in a hammer mill prior to feeding, in order to 
minimize feed refusals. Alfalfa hay was ground through a 
2.54 cm screen in a Miller hay mill. The kenaf hay had many 
stems 2 to 3 cm in diameter and grinding through a smaller 
screen was necessary to achieve a particle size comparable 
to alfalfa hay.

The trial consisted of a 21-day adaptation period, 
followed by a 10-day total collection period. Intakes were 
restricted within pairs to a level judged to be the maximum 
for the lamb with the lowest voluntary intake. Daily allow
ances of hay were fed in two equal portions at 7 a.m. and

13
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4 p.m. Intakes were constant for the last 10 days of the 
trial, except that one lamb refused to eat its allowance of 
kenaf for three days. Drinking water and block salt were 
available at all times. During the trial, lambs were housed 
in individual stalls, except for the last 1 0 days when they 
were confined to metabolism crates, Following a 3-day 
adaptation period to the metabolism crates, total feces for 
each lamb were collected daily. The daily fecal aliquots 
for each lamb were pooled and ground through a 1 mm screen 
in a Wiley Mill, and a representive portion of the composite 
retained for analysis. During the collection period, kenaf 
and alfalfa hay samples were taken daily during the afternoon 
feeding period and at the end of the trial these samples were 
ground and sampled for analysis in the same manner as the - 
fecal samples.

For trials 2 and 3, twelve steers with an average 
initial weight of 240 kg were used. Kenaf was fed at 0, 50, 
or 1 0 0  percent of the roughage portion, in 1 0 0 % roughage 
diets (trial 2) or 60% roughage diets (trial 3). In each 
case, the remainder of the roughage portion was made up by 
alfalfa hay. To avoid selection and minimize feed 
refusals, kenaf hay was ground through a 1.25 cm screen in a 
hammer mill and alfalfa hay was ground through a 2.54 cm 
screen in a Miller hay mill.

For trial 2, the steers were randomly allotted to 
three groups of four steers each, and each group was assigned
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to one of the three all-roughage diets. At the beginning of 
the trial, both hays were ground and stored in amounts, to 
last for the entire trial. The kenaf-alfalfa diet was not 
mixed prior to the experiment, but the appropriate amounts 
of each roughage were weighed and mixed at each feeding. For 
trial 3, the steers were randomly realloted from within 
previous treatment groups with the restriction that no steer 
could be on the same roughage treatment as in trial 2. The 
60% roughage diets (Table 1) were mixed and stored in appro
priate amounts prior to the experiment.

Each trial consisted of a 21-day adaptation period 
and a 7 - day total collection period. At all times during 
both trials, the steers were housed in individual pens which 
were partially shaded and had concrete floors. Feed intakes 
were ad libitum during the first 14 days of each trial and 
held constant for the last 14 days at a level judged to be 
the maximum voluntary intake for each steer. Drinking water 
and block salt were available free-choice at all times. 
During collection periods, total fecal excretion from each 
steer was collected daily from the floor, weighed and an 
aliquot of approximately 4% by weight taken and dried at 
45 C for 48 hr in a forced air oven to determine preliminary 
dry matter. At the end of collection periods, daily 
aliquots from each steer were composited, ground through a 
1 mm screen and a representative portion was retained for 
further analysis. Samples of each diet, in each trial, were
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Table 1. Ingredient composition of 60% roughage diets

used in trial 3a.

Ingredient
Kenaf
diet

Kenaf-alfalfa
diet

Alfalfa
diet

Ground kenaf hay, % 60.0 30.0 ----

Ground alfalfa hay, % - - - - 30. 0 60. 0
Sorghum grain, steam 

processed and 
flaked, % 30. 2 31.9 31.6

Cane molasses, % 7.0 . 7.0 7.0
Urea, 45% N, %. 1 . 2 .5 ----

Dicalcium phosphate, % . 6 .5 .4
Salt, % 1 . 0 1 . 0 1 . 0

Vitamin A, lU/kg 6600 6600 6600

^Composition on air-dry basis.
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taken daily during the collection period and prepared for 
analysis in the same manner as fecal samples.

For all trials, duplicate determinations of final 
dry matter, crude protein, ether extract and ash were deter
mined in feed and fecal samples using A.O.A.C. (1970) 
methods. Total cell walls and cell wall constituents were 
determined by the methods described by Goering and Van Soest 
(1970). Gross energy was determined in an adiabatic bomb 
calorimeter.

All statistical analyses were conducted using pro
cedures outlined by Steel and Torrie (1960). For trial 1, 
analysis of variance for a randomized complete block design 
was used for the statistical treatment of the data. Data 
for the lamb with feed refusals was discarded and it was 
necessary to estimate the missing values in order to complete 
the statistical analysis. Analysis of variance for a com
pletely randomized design was used for the statistical 
treatment of the data from trials 2 and 3. Duncan's new 
multiple range test was used to locate differences among 
treatment means.

Chemical and In Vitro Evaluation
In order to evaluate the effect of plant maturity on 

nutritive value of kenaf forage, four samples consisting of 
three plants each were harvested after 60 and 8 5 days growth. 
At each harvest date, a sample of eight plants was also
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taken and separated into leaves and stalks (including stems 
and petioles). Dry matter, crude protein, ash, cell walls 
and cell wall constituents were determined in these samples 
according to the procedures previously described. In vitro 
dry matter disappearance (IVDMD) was determined using a 
modification of the two stage technique described by Tilley 
and Terry (1963). Two runs were conducted in which duplicate 
.5 g aliquots of each kenaf samples and of an alfalfa hay 
standard were digested. Samples were incubated with 20 ml 
of artificial saliva buffer (McDougall, 1949) and 10 ml of 
rumen fluid inoculum in 50 ml polyethylene test tubes 
equipped with gas release valves. Tubes containing only 
artificial saliva and rumen inoculum were also incubated. 
Inoculum was prepared from rumen contents obtained 3 hr 
post-feeding from a steer maintained on a cubed alfalfa hay 
diet. Rumen contents were strained through four layers of 
cheesecloth; the filtrate was retained and the solid portion 
was resuspended in a volume of warm (39 C) carbon dioxide 
saturated phosphate buffer (1.059 g of NagHPO^ and . 436 g of 
KH2 PO4 per £ of distilled water) equal to the volume of the 
original filtrate. The resuspended pulp was then filtered 
through four layers of cheesecloth. Both filtrates were com
bined and filtered through eight layers of cheesecloth, 
flushed with carbon dioxide and allowed to stand at 39 C 
until two distinct layers formed. The lower layer (inoculum) 
was removed by aspiration, flushed again with carbon dioxide
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and dispensed into the tubes using an automatic syringe. 
Following a 48 hr incubation period with the buffered 
inoculum, four drops of iso-amyl alcohol (antifoaming agent), 
2 ml of 2.2 N hydrochloric acid and approximately .1 g of 
pepsin were added to each tube and the incubation continued 
for another 48 hours. Digested samples were filtered through 
tared E + D 515 filter paper, and the results calculated by 
difference and expressed as percent dry matter disappearance.

Analysis of variance for a completely randomized 
design (Steel and Torrie, 1960) was used for statistical 
analyses of the data from 65 and 80 day whole plant samples. 
Statistical analyses on data from leaves, stalks and alfalfa 
hay standard was not conducted since only single samples of 
these materials were evaluated.



RESULTS

Animal Studies
Chemical composition of the kenaf and alfalfa hays

used in trial 1 is shown in Table 2. Kenaf hay harvested
after 130 days was lower in crude protein (11,0 vs_ 17.5%)
and higher in neutral detergent fiber (41.2 vs 28.4%) and
other cell wall components than alfalfa hay. During this
trial, daily dry matter intake by the lambs averaged 3% of

7 5body weight (69.8 g/W* ) and was limited within each pairkg
by the lamb consumed kenaf hay. As shown in Tab1e 3, diges
tibilities of gross energy, dry matter, crude protein, 
neutral detergent fiber and other cell wall components were 
lower (P<.05) for kenaf hay than for alfalfa hay. Digestible 
energy for kenaf hay was 20 28 kcal/kg compared with 27 2 7 
kcal/kg for alfalfa hay.

Chemical composition of kenaf and alfalfa hays used 
in trials 2 and 3 is shown in Table 4. As in trial 1, kenaf 
hay was lower in crude protein (9.2 va 16.7%) and higher in 
neutral detergent fiber and other cell wall components than 
alfalfa hay.

When the roughage were fed ad libitum to steers
(trial 2), daily consumption of kenaf bay was lower (P<.0 5)

7 5than consumption of alfalfa hay ( 6 6 va 89 g/W^g ) (Table 5). 
Intake of the kenaf -alfalfa hay mixture averaged 74 g/^g^>

20



Table 2. Chemical composition and gross energy of kenaf and
alfalfa hays used in trial 1.

Component
Kenaf 
haya .

Alfalfa
hayb

Dry matter, %
Composition, dry matter basis, %

93.1 93.1

Crude protein 1 1 . 0 17. 5
Neutral detergent fiber 52.0 39.2
Acid detergent fiber 41,2 28.4
Hemicellulose 1 0 . 8 1 0 . 8

Cellulose 30. 0 19.2
KMnO^ lignin 10.5 7.9
Acid insoluble ash 1 . 6 1.3
Nitrogen free extract0 33.1 40.1
Ether extract 2.9 2.5
.Ash 1 1 . 8 11.5
Gross energy, kcal/kg 3960 4302

aKenaf hay s-c (1) IRN 1-00-411. 
bAlfalfa hay s-c (1) IRN 1-00-078.
cNitrogen free extract calculated using acid deter

gent fiber in place of conventional crude fiber.
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Table 3. Digestion coefficients 

kenaf and alfalfa hays
and
by

digestible 
lambs (trial

energy of 
l)a.

I tern
Kenaf
hay

Alfalfa
hay

Apparent digestion coefficients. 
Dry matter

%
53.3 63. 8%

Organic matter 54.3 67.0b
Crude protein 64.6 70.4
Neutral detergent fiber 39.1 50.4%

Acid detergent fiber 41.1 47.6
Hemicellulose 31.9 59.7%

Cellulose 49.6 60.2b

Nitrogen free extract 65.7 80.gb

Ether extract 63. 2b 45.9
Gross energy 51.2 63. 4b

Digestible energy, kcal/kg 2 0 28 2727b

aValues for kenaf and alfalfa hays are means of 3 
and 4 lambs, respectively.

^Significantly higher than the values on the same 
line (P<.Q5).
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Table 4. Chemical composition of kenaf and alfalfa hays

used in trials 2 and 3a.

Component
Kenaf
hayb

Alfalfa
hayc

Dry matter, % 92.5 92.6
Composition of dry matter, %

Crude protein ; 9.2 16.7
Neutral detergent fiber 58.6 50.6
Acid detergent fiber 46.1 41.0
Hemicellulose 12.5 9.6
Cellulose 32 .8 27.1
Lignin 11.9 13.0
Ash 10.4 1 1 . 2

Gross:, energy, mcal/kg 4.09 4.36

^Composition of kenaf- alfalfa mixture calculated from 
composition of kenaf and alfalfa hays.

bKenaf hay s-c (1) 1-00-411.
cAlfalfa hay s-c (1) 1-00-078.
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Table 5. Mean dry matter intake, digestion coefficients and 

digestible energy content of all-roughage diets by 
steers (trial 2 )a.

Item
Kenaf
diet

Kenaf-alfalfa
diet

Alfalfa
diet

Dry matter intake, g / W ^ S / d a y 65 . 6 b 74.lbc 8 8 . 9C
Apparent digestion coefficients, %

Dry matter 52.8b 54.6b 57.8 C
Organic matter 54. lb 55. 8b 59.3C
Gross energy 51. 5b 53 . 5b 57.2C
Crude protein 59. 4b cn 00 6 8 . 9d
Neutral detergent fiber 45.1 42.8 45.5
Acid detergent fiber 44.1 43.7 46.7
Hemicellulose 39.9 39.2 43.9
Cellulose 54.0 ■ 54,5 58.8

Digestible energy, mcal/kg 2 .1 0 b 2 . 26b 2.49C

aEach value is the mean of four observations.
b,c,d^eans on the same line with different super

scripts differ significantly.
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which was not different (P<. 05) from the. intakes of either 
roughage fed alone. Apparent digestibility coefficients for 
dry matter, organic matter, gross energy and crude protein 
were higher (P>.05) for alfalfa hay than for kenaf hay. 
Apparent digestibility coefficients for these fractions in 
the kenaf-alfalfa mixture tended to fall in-between the co
efficients of the other two diets. Apparent digestibility 
coefficients for.neutral detergent fiber, acid detergent 
fiber and other cell wall components tended to be lower for 
the diets containing kenaf hay, but the differences were not 
significant (P>.05). Kenaf hay contained 2.1 meal of diges
tible energy per kg of dry matter compared with 2.3 mcal/kg 
for the mixture (P<.05) and 2.5 mcal/kg for the alfalfa hay 
(P<.05) .

Chemical composition of the 60% roughage diets used 
in trial 3 is shown in Table 6 . The diets were nearly iso- 
nitrogenous due to the addition of urea to the kenaf 
containing diets (Table 1). However, the diet with kenaf as 
the only roughage had a higher cell wall content (43.2 vs 
38.1%) and lower gross energy (4.1 vs_ 4.3 mcal/kg) than the 
diet containing alfalfa hay. Composition of the diet with 
the mixture of kenaf and alfalfa hays was intermediate to the 
other two diets.

Dry matter intake and apparent digestibility coeffi
cients obtained in this trial are shown in Table 7. Daily 
dry matter intakes of these 60% roughage diets were not
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Table 6. Composition of experimental diets used in trail 3.

Component
Kenaf
diet

Kenaf-alfalfa 
diet

Alfalfa
diet

Dry matter, % 92. 2 . 92.9 93.6
Composition of dry matter, %

Crude protein 13.4 14.2 14.2
Neutral detergent fiber 43. 2 41.4 38.1
Acid detergent fiber 31.4 29 .1 26.1
Hemicellulose 11.9 12.3 11.3
Cellulose 2 2.5 20. 5 17.9
Lignin 9.3 8.9 8.4
Ash 9.6 9.9 10.3
Gross energy, mcal/kg 4.10 4.21 4.28
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Table 7. Mean dry matter intake, digestion coefficients and 

digestible energy content of 60% roughage diets 
(trial 3)a.

Roughage source
Item Kenaf Kenaf- alfalfa Alfalfa
Dry matter intake, g/wkg5/day 97.4 103.0 103.1
Apparent digestion coefficients, %

Dry matter 64.6b 6 6 . 5b 69.0C
Organic matter 65 . 7b 6 8 . 0b 70.9°
Gross energy 63. 3b 65.8C 6 8 .0 C
Crude protein 71. 0b 6 8 .8bC 6 6 . 7°
Neutral detergent fiber 46. 0b 48.3be 51.7°
Acid detergent fiber 43.5 44.7 . 48.6
Hemicellulose 52 . 7b 56. 8 b 46. 0C
Cellulose 51.0b 53.5bc 57.9°

Digestible energy, mcal/kg 2.60b 2 .7 7 ° 2. 91C

aEach value is the mean of four observations.
k ’cMeans on the same line with different super

scripts differ significantly.
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different (P>.05) due to roughage source and averaged 101 g/ 
W-7 5. Apparent digestibility coefficients for dry matter, 
organic matter, gross energy, neutral detergent fiber and 
cell wall components were higher (P<.05) for the diets con
taining alfalfa as the only roughage source than the diet 
containing only kenaf (2.10 ys_ 2.49 mcal/kg). In all cases, 
apparent digestibility coefficients for the diet containing 
the kenaf-alfalfa mixture were intermediate to the other two 
treatments.

Chemical and In Vitro Evaluation 
Chemical composition of kenaf forage was definitely 

affected by plant maturity as shown in Table 8 . Whole plant 
samples obtained after 65 and 80 days growth contained more 
crude protein (23.3 and 19.2 vs_ 11.0%) and less neutral 
detergent fiber (28.6 and 35.2 vs_ 52.0%), acid detergent 
fiber (29.4 and 29.4 vs 41.2%) and lignin (7.2 and 9.3 vs_ 
10.5%) than the hay harvested after 130 days (Table 2 vs 
Table 8 ). Even between 65 and 80 days growth, significant 
differences in chemical composition and IVDMD of the whole 
plant were observed (P<.05). On the basis of chemical com
position, early harvested whole kenaf plants were 
approximately equivalent to the alfalfa hay standard. The 
IVDMD of the 65 and 80 day samples was 77.8 and 72,2%, 
respectively, compared to 62.6% for the alfalfa hay standard.



Table 8 . Chemical composition and in vitro dry matter disappearance of kenaf 
harvested after 65 or 80 days growth^.

Composition, 1 dry matter basis
Days of growth 

Sample
Dry

matter,
Crude 

% protein
Neutral Acid 
detergent detergent 

fiber fiber
Hemi- 

cellulose Cellulose
k m no4
lignin Ash IVUMIJ, %b

65 days
Leaves 23.7 33.8 13.3 10.6 2.7 7.2 3.2 8.7 79.4
Stalks 16. 3 12.1 45.9 37.4 8.4 26.2 11. d 10.6 6'4.2
Whole plant 20.0 23.3d 28.6 23.6 5.0 16.0 7.3 9.6 77. 8C

80 days
Leaves 21.6 31.2 15.2 10.9 4.3 7.1 3.8 8. 4 78.6

Stalks 14.8 10.0 51.0 41.0 10.0 28.4 12.4 9. 8 62.8
Whole plant 17. 5 19.2 35.2C 29. 4C 5.8 19.8 9. 2C 9.8 72.2

Alfalfa hay 
"standard" 92.4 22.9 40.2 29.5 10.7 20.4 9.5 11.6 62.6

aValues for whole kenaf plant are means of 4 samples; all other values were determined on single
samples.

kjL?1 yi.'tro- dry matter disappearance determined oh duplicate samples after 48 hr incubation in 
buffered rumen inoculum followed by 48 hr pepsin digestion.

^Significantly higher than the other whole plant value in the same column (P<,05).

CO
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At both harvests, kenaf leaves were higher than the 

stalks in crude protein (24 v_s 16% at 65 days growth and 22 
vs 15% at 80 days growth), and lower in cell walls (13.3 vs 
45.9% NDF at 65 days growth and 15.2 vs 51.0% NDF at 80 days 
growth).



DISCUSSION

These studies indicate that kenaf has potential as 
a feedstuff for ruminant animals. Kenaf hay harvested after 
130 days growth and ground through a .65 or 1.25 cm screen 
was readily consumed by lambs and steers, although prefer
ence for the alfalfa hay was evident. In trial 1 , daily dry 
matter intakes by pair-fed lambs averaged 3% of body weight, 
but were limited in each pair by the lamb consuming kenaf 
hay. In trial 2, steers fed all-roughage diets ad libitum 
had lower (P<.05) voluntary intakes of kenaf than of alfalfa 
hay. Addition of 50% alfalfa hay to the kenaf hay diet 
improved voluntary intake, but not to the level of alfalfa 
hay fed alone. This adverse effect of kenaf hay on intake 
was not evident in trial 3 when steers were offered 60% 
roughage diets ad libitum.

Other information on the acceptability of kenaf is 
very limited. Killinger (1969) reported that several feeding 
trials had been initiated using silages made from immature 
kenaf plants, but no evaluation was possible since lambs re
fused to eat this product. Wing (1967) reported that kenaf 
silage was readily consumed by dairy heifers in a digestion 
trial with dry matter intakes approximating 2.5% of body 
weight. Kenaf silage made with the addition of whole shelled 
corn was consumed at a higher level than silage containing

31
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kenaf only. Suriyajantratong et al. (1973) found that sheep 
consumed rice straw diets supplemented with either kenaf 
leaf meal or dehydrated alfalfa leaf meal without difficulty, 
but showed preference for the alfalfa supplemented diet.

Digestibility coefficients for kenaf hay determined 
using lambs and steers were in good agreement (Table 3 vs 
Table 5). In both instances, kenaf hay had lower digestibil
ity coefficients for most chemical fractions than did alfalfa 
hay, although the magnitude of the differences was not as 
large in the steer trial. This was probably due to the fact 
that the alfalfa hay used in trial 1 was of higher quality 
than that used in trial 2 and also that intake of alfalfa 
hay was not limited in trial 2 as it was in trial 1 . In the 
only other study in which digestibility coefficients have 
been reported for kenaf forage (Wing, 1967), dairy heifers 
fed kenaf silage had higher digestibilities for dry matter 
(58 vs 53%) and energy (61 vs 51%) but a lower digestibility 
for protein (59 vs 65%) than was found in this study.

The lower digestibility coefficients obtained for 
kenaf hay in comparison to alfalfa hay are not surprising, 
in view of the differences in their chemical composition 
(Tables 2 and 4). The depressing effect of higher cell walls 
on the digestibility of forages is well documented (Van 
Soest, 1967).

Based on chemical composition and IVDMD of the small 
plot samples, it is apparent that the kenaf hay used in
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these studies was harvested too late for optimum quality, 
and that the stage of maturity has an extremely important 
influence on the nutritive value of the forage. The 130-day 
kenaf hay had more cell walls and was less digestible than 
alfalfa hay (Tables 2 , 3, 4 and 5); whereas, kenaf samples 
harvested at 65 and 80 days growth had approximately the same 
composition and were higher in IVDMD than alfalfa hay. Even 
between the 65-day and 80-day samples, there were significant 
differences in chemical composition, which further emphasizes 
the effect of maturity on the nutritive value of kenaf 
forage. This sensitivity of composition to stage of growth • 
is not surprising since kenaf has been selected for fiber 
yield at maturity.

The major limitations of the kenaf forage used in 
this study were the coarseness of the stems which necessi
tated fine grinding the material to avoid selection and 
refusals by the animals, and also, the low nutrient density 
and digestibility relative to alfalfa hay. However, 
chemical composition and in vitro digestibility of early 
harvested samples indicate that these problems may be over
come by harvesting the hay at an earlier stage of maturity.

Even at the stage of maturity in which the hay was 
harvested in this study, it could be a useful feed ingredi
ent for ruminant animals, especially in those cases in which 
high levels of animal performance are not required. How
ever, before kenaf can be recommended as an alternative to



more conventional forages, further studies must be conducted 
to better evaluate the maturity-quality-yield relationship, 
and especially level of performance when kenaf hay is in
cluded in ruminant diets. Since plant characteristics (i.e., 
stem diameter and degree of branching) are affected by the 
agronomical practices (i.e., plant densities) they should 
also be investigated as they affect the optimum quality of 
kenaf forage. Other related species within the genera 
Hibiscus which have not been selected for fiber production 
could also be investigated and compared to kenaf and other 
more conventional forages as alternative roughage sources.
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