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ANIMAL HUSBANDRY & VETERINARY SCIENCE | RESEARCH ARTICLE

Nutritional assessment of three baled rice straw 
varieties intended for use as ruminant feed in 
Namibia
Oscar Madzingira1*, Venaune Hepute2, Evelyn Nanjeke Mwenda1, Erick Kandiwa1, 
Borden Mushonga1 and John F. Mupangwa3

Abstract:  This study determined and compared the proximate and chemical com
position of Angola, IRGA 418 and SUPA rice straw varieties harvested and baled in 
2016 and 2017. In both 2016 and 2017, SUPA straw had the highest dry matter (DM) 
content (960.7 ± 0.50 g/kg and 939.4 ± 0.10 g/kg), neutral detergent fibre (NDF) 
(575.2 ± 9.90 g/kg and 594.7 ± 9.00 g/kg), acid detergent fibre (ADF) levels 
(374.7 ± 6.30 g/kg and 379.9 ± 9.90 g/kg) and cellulose (CL) content. Angola straw 
had the highest crude protein (CP) content (39.1 ± 2.00 g/kg, p < 0.05; 60.7 ± 2.70 g/ 
kg) and acid detergent lignin (ADL) concentration (p < 0.05) in both years. Organic 
matter (OM), hemicellulose (HC), ash, fat and mineral content varied with year in all 
rice straw varieties. Angola straw had the lowest metabolisable energy (ME) of the 
three straw varieties. All straw varieties were deficient in at least one or more 
essential nutrient components. Nutritional and chemical composition varied with 
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rice straw variety, year of cultivation and baling. Therefore, pre-treatment to 
improve digestibility and supplementation of deficient nutrients is recommended 
for effective use as ruminant feed. IRGA 418 straw was recommended as the best 
choice for ruminant feeding based on higher digestibility (IVOMD) and ME values.

Subjects: Agriculture & Environmental Sciences; Nutrition; Nutrition  

Keywords: Chemical composition; digestibility; Namibia; proximate analysis; rice

1. Introduction
The Kalimbeza Rice Project, a brainchild of the Ministry of Agriculture, Water and Forestry (MAWF) 
to promote food security in Namibia, started as an experimental flood irrigation rice production 
project in the Zambezi region in 2007. Three rice varieties, namely IRGA 418, SUPA Rice and Angola 
are currently grown on 30 hectares of land. The gradual commercialization of rice production at 
Kalimbeza has over the last decade, resulted in large quantities of rice straw. Rice straw is the 
fibrous part of the rice crop-biomass which is left after harvesting grain (Kumar et al., 2014).

The production of large quantities of rice straw residue presents major disposal challenges 
(Rathod et al., 2017). According to literature, about 1–1.5 tons of straw is produced for every ton 
of rice grain harvested (Schiere, 2010). Rice straw provides livestock bulk feed and is the backbone 
of the livestock production industry in the major rice producing countries of the world such as the 
Indian subcontinent and South East Asia (Kadam et al., 2000; Tang, 2018; Van Hung et al., 2020). 
In Bangladesh, for instance, rice straw is reported to make up to 81% of the total roughage for 
ruminants. Elsewhere, rice straw constitutes between 60% and 90% of dry matter intake by 
ruminants (Rahman et al. 2010). Rice straw can be fed to cattle either straight as bulk feed 
(Kaur et al., 2007; Kumar et al., 2014; Rathod et al., 2017) or after limited enrichment or processing 
using various physical, chemical or biological methods (FAO, 2011; Jetana, 2017; Naik, 2010; 
Shrinivasa & Maski, 2017). Feeding of abundant crop residues, such as straws to livestock plays 
a major role in mitigating dry season forage scarcity (Ansah & Issaka, 2018; Kumar et al., 2014; 
Shrinivasa & Maski, 2017) which limit livestock productivity in tropical, arid, and semi-arid regions 
of the world (Ansah & Issaka, 2018; Sheikh et al., 2017; Thakur et al., 2007) including Namibia. 
Disposal of rice straw residue by burning releases greenhouse gases, which promote global 
warming and contribute to climate change (Malik et al., 2015; Rathod et al., 2017). Therefore, 
use of rice straw as alternative animal feed provides an environmentally friendly way of disposing 
this by-product (Aquino et al., 2020). There are a number of reports dealing with the use of rice 
straw as livestock feed on the African continent (Ansah et al., 2017; Ansah & Issaka, 2018; Asmare 
& Yayeh, 2018; Wuanor & Ayoade, 2017), but limited reports from the Southern Africa subregion.

Cattle production is a significant source of income and wealth for communal and commercial 
cattle farmers in Namibia (Jones & Dieckmann, 2013; Lohmann et al., 2014). At present, cattle 
are raised on natural pastures, whose availability is limited or unpredictable due to the erratic 
rainfall pattern. The use of crop residues as livestock feed is limited to a few areas in the northern 
part of the country where small-scale grain crop production is practiced. The availability of rice 
straw as a feed resource provides an opportunity for farmers to sell finished cattle and fetch 
better prices instead of marketing weaners to South Africa as is currently and widely practiced in 
Namibia (Lohmann et al., 2014). Effective and appropriate utilization of straw as a livestock feed 
can only occur if its chemical and nutritional composition are known as this can vary with several 
factors including geographical location, soil fertilization, rice variety, environmental conditions, 
stage of plant maturity at harvesting, season, postharvest storage and year of harvest (Malik 
et al., 2015).

Previous studies in other countries have indicated that rice straw contains about 900.0–954.9 g/ 
kg dry matter, 50–120 g/kg lignin, 30–59.6 g/kg crude protein, 298–370 g/kg crude fibre, 1.4–10 g/ 
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kg crude fat, 0.2–1.6 g/kg phosphorus, 1.4–5.5 g/kg calcium, 44% total digestible nutrients, 
7.95 MJ/kg of digestible energy, 80–158 g/kg silica and high oxalates conferring poor digestibility 
(Singh et al., 1995; Van Soest, 2006; Hadizadeh et al., 2015; Ansah et al. 2017) and in some cases 
toxicity (Bakshi & Wadhwa, 2017; .Drake et al., 2002). Notwithstanding its role as a livestock feed 
resource in many developing countries, rice straw is rich in polysaccharides on one side, and a high 
level of lignin conferring it poor nutritive value due to poor digestibility and palatability on the 
other side (Malik et al., 2015; Selcuk et al., 2016).

Angola and IRGA 418 are short rice varieties, while SUPA rice is a tall, late maturing and low 
yielding variety that prefers deeper waters. The potential use of these three rice straw varieties as 
animal feed under the Namibian environmental production conditions has not been previously 
evaluated and has, therefore, not been reported. The objective of this study was to determine the 
nutritive value, chemical composition and in vitro organic matter digestibility (IVOMD) of the three 
rice varieties cultivated at the Kalimbeza Rice Project and to recommend the best variety for use as 
animal feed.

2. Materials and methods

2.1. Study area
The Kalimbeza Rice Project is located about 40 km from Katima Mulilo town in the Zambezi Region 
of Namibia (17°30ʹ00ʹʹS and longitude 24°16ʹ00ʹʹE) in a flat flood plain ecosystem that is ideal for 
rice production (Jones & Dieckmann, 2013). Rice production started in 2007 on four hectares of 
land in collaboration with the University of Namibia and production has increased over the years. 
The Zambezi region receives the highest annual rainfalls in the country with an average of about 
700 mm. According to Country Pilot Partnership in Namibia (CPPN) (2005), the Kalimbeza area 
receives about 500 mm to 600 mm of rainfall annually. Summer temperatures range from 23°C to 
30°C, while winter temperatures are between 15°C and 18°C. In 2016 and 2017, the Kalimbeza 
area experienced average monthly air temperatures of 4.0–40.3°C and 5.4–40.1°C; relative humid
ity of 27.6–76.2% and 33.5–81.5%; annual rainfall of 539.4 mm and 676.0 mm respectively 
(SASSCAL, 2021).

2.2. Rice straw sampling
Rice straw was randomly sampled from baled IRGA 418 (n = 10, n = 10), SUPA (n = 12, n = 10) and 
Angola (n = 5, n = 8) rice straw produced in 2016 and 2017, respectively, at Kalimbeza Rice Project. 
Straw samples were taken from bales prepared from mature rice crop after grain harvesting. 
Sampling of each rice straw variety was by pooling subsamples from the exterior, middle and 
central part of the bale.

Straw samples were chopped to 3–4 cm size and ground in a Wiley mill (CYCLOTC1 993, Sample 
Mill Tecator, Sweden) through a 1.0 mm size sieve and stored in black polyethylene bags at room 
temperature until proximate analysis was done at the Agricultural Laboratory (Ministry of 
Agriculture, Water and Forestry) in Windhoek.

3. Chemical analysis
Rice straw samples were analysed for chemical composition at the Agricultural Laboratory 
(Ministry of Agriculture, Water and Forestry) in Windhoek. From each straw sample bag, triplicate 
samples were taken and analysed for nutrient parameters based on the procedures of the 
Association of Official Analytical Chemists (AOAC 1995). The value of each nutrient parameter 
per straw sample was determined by computing the average of the results of the three samples.

Dry Matter (DM) content was analyzed by drying a 200 g sample for 5 h at 105°C in a convection 
oven (AOAC, 1995). The weight of the sample after drying was expressed as a percentage of the 
initial weight. Nitrogen (N) content was determined using the Kjeldahl procedure (AOAC, 2016) and 
multiplied by 6.25 to estimate the crude protein (CP) content. Neutral detergent fibre (NDF), acid 
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detergent fibre (ADF), cellulose, hemicellulose and acid detergent lignin (ADL) were determined 
according to Van Soest et al. (1991). Hemicellulose content was determined as the difference 
between ADF and NDF. The crude fat fraction was measured using the Soxhlet extraction method, 
whereby fat was extracted using petroleum ether (AOAC, 1995). Total ash was obtained by igniting 
a dried sample in a muffle furnace at 500°C for 24 hours. For sample preparation in the determi
nation of the minerals calcium (Ca) and phosphorus (P), the dry ashing procedure was used, after 
which P was analyzed by colorimetry using the UV/VIS Spectrophotometer and Ca by Inductively 
Coupled Plasma—Optical Emission Spectroscopy (ICP-OES, icap 6000 series).

4. Determination of Organic matter Digestibility (OMD)
The in vitro gas production procedure as described by Menke and Steingass (1988) was used to estimate 
organic matter digestibility (OMD) and Metabolisable Energy (ME) using the following equation:

OMdigestibility %ð Þ¼ 14:88þ 0:889� Gv mlð Þþ0:45� CP %ð Þ

ME MJ=kgDMð Þ¼ 2:20þ 0:136� Gv mlð Þþ0:057� CP %ð Þ

5. Source of rumen liquor
Rumen liquor was obtained from a rumen fistulated Simmentaler ox (at 3 and 4 years old) that 
was raised on natural pastures at Bervleg Veterinary Research Station in Windhoek, but fed on 
a pure Lucerne diet 24 hours prior to rumen fluid collection. Rumen liquor was collected in the 
morning before the animal was fed, using a manual pump and immediately transferred to a pre- 
warmed (39°C) insulated thermos flask filled with carbon dioxide. At the laboratory, rumen liquor 
was filtered through two layers of cheese cloth. Rumen fluid from the same animal was used as 
inoculum for samples collected in 2016 and 2017. The in vitro digestibility studies were carried out 
using rumen fluid obtained from an animal that was restrained following standard veterinary 
procedures and the study proposal was approved by the Research and Ethics Committee of the 
University of Namibia.

Samples from three rice straw varieties (IRGA 418, Angola and SUPA) were put through the 
procedure of in vitro gas production as described by Menke and Steingass (1988). For each sample, 
approximately 200 mg milled and sieved sample were prepared in triplicate and placed in graduated 
glass incubation syringes (100 ml) to which a lubricated piston was inserted. One part of rumen liquor 
was added to two parts of buffered mineral solution (1:2, v/v). The buffered rumen fluid (30 ml) was 
then pumped into incubation syringes containing the test samples. Air bubbles were cleared from the 
incubation syringes and the plastic clip on the silicon tube was closed. This procedure was performed 
under continuous flushing with carbon dioxide to maintain anaerobic conditions. Loaded incubation 
syringes were placed in an incubator at 39°C. The position of the piston was read and recorded. Gas 
production was read and recorded after the first 8 hours of incubation by opening the clip to let the air 
out and moving the piston back to 30 ml position. The incubation process was terminated after 
24 hours and the final reading of gas production was made.

5.1. Data analyses
Data was stored in Microsoft Excel ® and analysed as a 2 × 3 factorial arrangement using the 
Analysis of Variance (ANOVA) technique in SPSS (Landau & Everitt, 2004). The differences in the 
means of the treatment combinations were analysed using Duncan’s post-hoc test. The analytical 
model used was as follows:

Yijk¼ μþViþYjþ VYð Þijþeijk 

where:

Yijklm= = DM, CP, NDF, ME etc
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μ = overall mean

Vi = effect of variety (i = 1,2,3)

Yj= = effect of year (j = 1, 2)

(VY)ij = effect of interaction between variety and year

eijk = error term.

The study was authorised by AGRIBUSDEV (Ministry of Agriculture, Water and Forestry), the 
company responsible for the rice research project. Sampling was carried out without disturbing the 
ongoing experiments on rice production. The rice straw sampled in this study was a by-product of 
rice production.

6. Results
Results of proximate and chemical analyses carried out on the three rice varieties and subsequent 
statistical analyses are presented per year of cultivation in Tables 1 and 2. All nutrient components 
showed significant variation due to the interaction of rice straw variety and year of growth 
(p < 0.05) except for hemicellulose, calcium and IVOMD. In both 2016 and 2017, SUPA rice straw 
had the highest DM content. However, in 2016, the DM content of SUPA rice straw was not different 
from the other two straw varieties (p > 0.05), while in 2017, the DM content of SUPA rice straw was 
similar to that of IRGA, but higher than that of Angola straw (p < 0.05) (Figure 1). Per growing year, 
OM content was highest in SUPA rice straw in 2016 (773.5 ± 4.10 g/kg) and Angola rice straw in 
2017 (748.2 ± 4.30 g/kg). In 2016, Angola straw had the highest CP content (39.1 ± 2.00 g/kg) 
(p < 0.05). Although the CP content of Angola straw was the highest among the straw varieties in 
2017 (60.7 ± 2.70 g/kg), it was similar to the CP content of IRGA 418 straw, but different from the 
CP levels recorded in SUPA straw (p < 0.05). In terms of crude fat content, IRGA 418 from 2016 had 
significantly higher fat content (7.1 ± 0.10 g/kg) than both Angola and SUPA straw varieties grown 
in the same year (p < 0.05), while in 2017, Angola rice straw had significantly higher fat content 
(12.8 ± 2.30 g/kg) among the straw varieties. For all three straw varieties, fat content was 
significantly higher in 2017 samples than in those from 2016 (p < 0.05).

In both 2016 and 2017, SUPA rice straw had the highest NDF (575.2 ± 9.90 g/kg and 
594.7 ± 9.00 g/kg) and ADF (374.7 ± 6.3 g/kg and 374.7 ± 6.3 g/kg) than both Angola and IRGA 
418 straw varieties, but the differences were not significant (p > 0.05). The highest ADL levels were 
recorded in Angola rice straw in both study years, but the differences among the straw varieties 
were significant in 2016. SUPA rice straw was the variety with the highest CL content in both 2016 
and 2017. Per year of study, the HC, Ca and IVOMD were not different (p > 0.05).

Ash content varied with year of growth. Ash content in Angola rice straw from 2016 
(305.1 ± 18.600 g/kg) was higher than those of IRGA 418 and SUPA rice straws from the 
same year (p < 0.05), while SUPA rice straw from 2017 had the highest ash content 
(211.2 ± 4.50 g/kg). In 2016, SUPA rice straw had higher P content (0.38 ± 0.080 g/kg) than both 
Angola and IRGA 418 (p < 0.05), while in 2017, Angola rice straw had P levels that were similar to 
IRGA 418 (p > 0.05), but different from SUPA straw (p < 0.05). The ME was determined only on the 
2016 straw and IRGA 418 (6.64 ± 0.120 MJ/kg) and SUPA rice straw (6.33 ± 0.280 MJ/kg) had 
significantly higher ME than Angola rice (5.32 ± 0.360 MJ/kg) (p < 0.05).

7. Discussion
Comparative chemical compositions of rice straw varieties have been reported by Rahman et al. 
(2010) in Pakistan and Singh (2016) and Ganai et al. (2017) in the Kashmir Valley of India. Results 
of this study showed variation in chemical and nutritional composition due to rice straw variety 
and year of cultivation, in agreement with observations by Shen et al. (1998). Elsewhere, it has 
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been reported that different rice straw varieties, or indeed the same variety under different 
growing conditions show variable chemical compositions (Blanchard et al., 2014; Van Soest, 
2006) and may be affected by the ratios of leaf: sheath: stem (Vadiveloo, 1995). The differences 
in nutritional and chemical compositions of rice straw varieties observed in this study suggest 
differences in the ability of the rice plant varieties to take up nutrients from the soil (Ansah et al., 
2017). Results of the present study show ranges of the nutrient content similar to reports from the 
Indian subcontinent (Rahman et al. 2010; Ansah et al., 2017; Ganai et al., 2017; Singh, 2016).

The average DM content in our study was within 1–2% of what was reported by other studies 
(Rahman et al. 2010; Ansah et al., 2017; Ganai et al., 2017; Singh, 2016). The differences in DM 
content between straw varieties may be explained by the differences in stages of maturity at the 
time of harvesting (Singh, 2016). In the present study, the shorter season or early maturing 
varieties (Angola and IRGA 418) had a lower DM content than the tall and late maturing SUPA 
rice variety in which prolonged photosynthesis (Juliano, 1985) results in increased dry matter 
content (Deren et al., 1994). The general trend with regard to the OM in our study, is that its 
content was about 10% lower than results of recent studies (Rahman et al. 2010; Ansah et al., 
2017; Ganai et al., 2017; Singh, 2016). .

Crude protein is generally considered a good determinant of forage quality. The low CP values of 30– 
50 g/kg reported in the current study (Table 1) are consistent with a number of previous studies (Sophal 
et al., 2010; Rahman et al. 2010; Peripolli et al., 2016; Singh, 2016; Ganai et al., 2017), but lower than 
the 50–80 g/kg reported by Dong et al. (2013) and fall short of the 110–130 g/kg recommended for 
ruminant maintenance diets (National Research Council (NRC), 2007). Results of this study also 
showed that per growing and baling year, Angola straw had the highest CP content, while the late 
maturing SUPA rice had the lowest CP content. Therefore, if rice straw is to be considered as a major 
feed source for ruminants, supplementation of dietary protein is a pre-requisite. This may include pre- 
treating the rice straw with urea to improve crude protein levels and palatability.

NDF was about 10–20% lower than the figures reported by other workers (Vadiveloo, 1995; Rahman 
et al. 2010; Singh, 2016; Ganai et al., 2017). The ADF values of between 334 g/kg and 377 g/kg, reported 
in our study, were about 5–10% lower than reported by Rahman et al. (2010) and Singh (2016). The 
average ADL was in the range of 41 g/kg to 51 g/kg. Although this figure is lower than the 43 to 69.7 g/ 
kg reported by Rahman et al. (2010), the present results confirm the high lignocellulosic content of rice 
straw as reported by other studies (Hadizadeh et al., 2015; Selcuk et al., 2016; Sheikh et al., 2017; Van 
Soest, 2006). The fact that Angola rice straw had the least cellulose content implies that it is the better 
digestible straw. In this study, NDF, ADF, CL and ADL, the fractions which represent the poorly 
digestible components of plant cells, were higher in the late maturing (SUPA rice straw) than in the 
shorter season straw varieties (Angola and IRGA 418) indicating accumulation of these components 
with maturity, as has been observed in other studies (Juliano, 1985). Reports indicate that tall rice 
straw varieties, such as SUPA rice, have more leaf than stem, with the stem having a higher digestibility 
than leaves, due to lesser structural components. In addition, the relatively high ambient tempera
tures, as experienced in the study area, promote rapid growth of the rice plant, resulting in accumula
tion of both fibre and silica in the straws (Van Soest, 2006).

The highest hemicellulose content was recorded in IRGA 418 and Angola rice straws and this was 
lower than the 260–333 g/kg DM reported in Brazil (Peripolli et al., 2016), but similar to the 190–250 g/kg 
reported in India (Malik et al., 2015). Compared to a study in India (Yoswathana & Phuriphipat, 2010), the 
average cellulose content of rice straw in this study was lower, while the ADL was comparable. Results of 
this study confirm the lignocellulosic nature of rice straw, which is a major constraint for microbial 
breakdown in the rumen (Balasubramanian, 2013). It has been reported that lignin physically encrusts 
cellulose and hemicellulose or forms strong covalent bonds with these fractions, making them less 
available for digestion by rumen microbial enzymes (Srivastava et al., 2012).
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The IVOMD determined by this study (547.2–595.1 g/kg) was within the range of 353–563 g/kg 
reported for rice straw in Brazil (Peripolli et al., 2016). Given the above, especially the relatively high 
content of NDF, ADF, ADL, CL and HC in rice straws in this study, it is imperative that methods for 
the improvement of rice straw digestibility such as the pre-treatment with lignocellulosic enzymes 
be harnessed if its use as ruminant feed is to be maximised (Kumar et al., 2014; Selcuk et al., 
2016).

Average ash levels (213 g/kg) were 5–10% higher than reported in earlier studies (Vadiveloo, 
1995; Rahman et al. 2010; Singh, 2016; Ganai et al., 2017), but consistent with the low levels of Ca 
and P reported in a number of rice straw varieties worldwide. The higher levels of ash may be 
related to the high silicate levels (Ansah et al., 2017) which, together with lignin, have been 
identified as limiting voluntary intake and degradability of rice straw (Kumar et al., 2014; Singh, 
2016). The levels of Ca reported in this study (1.6 g/kg) were approximately half the levels reported 
by Singh (2016), while the phosphorus content (0.03–0.84 g/kg) was below the 0.3% required for 
normal animal growth (Malik et al., 2015). As a result, the Ca:P ratio of 1:3.3 was below the ratio of 
2:1 recommended in ruminant diets (McDowell, 1985). Therefore, supplementation of Ca and P to 
ruminants when feeding any of the three rice straw varieties is recommended to ensure a balance 
of the ratio at 2:1.

The crude fat concentration varied with year. The highest fat levels were determined in Angola 
rice straw (2017), which gives this variety an additional secondary source of energy for ruminants. 
IRGA 418 had the highest ME, which was not significantly different from that of SUPA rice straw 
and was lower than the 6.76 MJ/kg determined for rice straw by a previous study (Wei et al., 2018). 
Therefore, rumen microbes are likely to derive more energy from utilising these two rice straw 
varieties than Angola rice.

All rice straw varieties in this study were found lacking in at least one or more essential nutrient 
components and are therefore not suitable for use as the only feed for ruminants. For example, the 
CP was about 6%, which falls short of the 100 g/kg threshold set for ruminants (Hassan & Umar, 
2004) and the digestible organic matter was less than 60% on a DM basis. Our results are 
consistent with previous reports by Smith (1993) that crop residues are deficient in crude protein, 
fermentable carbohydrate or essential minerals. The high DM content of rice straw can be used to 
provide the bulk base required in ruminant mixed rations. Since all three straw varieties were 
poorly digestible and had low levels of essential nutrient components such as crude protein, pre- 
treatment (physical, chemical or biological) such as with the addition of urea, ammonia or the use 
of lignolytic fungi or supplementation by feeding a concentrate with a higher CP and digestibility 

Figure 1. Comparison of 
selected nutrients (± SEM) 
among the three rice straw 
varieties (Angola, IRGA 418 and 
SUPA) grown at Kalimbeza, 
Namibia in 2016 and 2017.
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(Kumar et al., 2014; Malik et al., 2015; Selcuk et al., 2016) is recommended. IRGA 418 straw could 
be the straw of choice as it had moderate metabolisable energy, CP, better digestibility and lower 
NDF, ADF, CL and ADL values than the other straws.

The findings of this study lend support to the theory that the chemical composition of rice straw 
depends on year as reported by other authors (Ansah et al., 2017; Blanchard et al., 2014; Van Soest, 
2006). The novelty of this study is that it is the first of its kind to report proximate values of rice straw 
varieties in the Southern African region. However, further studies are required on in-vivo digestibility, 
the best pre-treatment options and on the performance of ruminants fed rice straw-based diets.

Acknowledgements
The authors wish to express their gratitude to the Ministry 
of Agriculture, Water and Forestry for authorising the 
study and the University of Namibia (Research and 
Publications Office) for permitting the study. Special 
thanks go to Mr. K. Shiningavamwe and his team in the 
Agricultural Laboratory of the Ministry of Agriculture, 
Water and Forestry for assistance with the performance 
of the laboratory work.

Funding
The authors received no direct funding for this research.

Author details
Oscar Madzingira1 

E-mail: omuzembe@gmail.com 
ORCID ID: http://orcid.org/0000-0003-1145-9880 
Venaune Hepute2 

Evelyn Nanjeke Mwenda1 

Erick Kandiwa1 

ORCID ID: http://orcid.org/0000-0003-0424-3002 
Borden Mushonga1 

ORCID ID: http://orcid.org/0000-0003-1062-2201 
John F. Mupangwa3 

1 School of Veterinary Medicine, Faculty of Agriculture and 
Natural Resources, University of Namibia, Windhoek, 
Namibia. 

2 Kalimbeza National Rice Project, Ministry of Agriculture, 
Water and Forestry, P. Bag 13184, Windhoek, Namibia. 

3 Department of Animal Science, Faculty of Agriculture 
and Natural Resources, University of Namibia, Windhoek, 
13301, Namibia. 

Disclosure Statement
The authors declare no competing interests.

Data availability
Data may be shared on request.

Citation information 
Cite this article as: Nutritional assessment of three baled rice 
straw varieties intended for use as ruminant feed in Namibia, 
Oscar Madzingira, Venaune Hepute, Evelyn Nanjeke Mwenda, 
Erick Kandiwa, Borden Mushonga & John F. Mupangwa, 
Cogent Food & Agriculture (2021), 7: 1950402.

References
Ansah, T., Dogbe, W., Cudjoe, S., Iddrisu, A. A. B., & 

Eseoghene, A. S. (2017). Agronomic performance of 
five rice varieties and nutritive value of the straw 
from these varieties. West African Journal of Applied 
Ecology, 25(1), 1–10. https://www.ajol.info/index.php/ 
wajae/article/view/159718/149288.

Ansah, T., & Issaka, A. C. (2018). Ruminant livestock feed 
resources in the Kumbungu District of Ghana. Ghanaian 
Journal of Animal Science, 9(1), 100–107. http://www. 
udsspace.uds.edu.gh/handle/123456789/1912.

AOAC. (1995). Official methods of analysis (16th ed). 
Washington DC.

AOAC. (2016). Official methods of analysis (20th ed). 
Virginia.

Aquino, D., Del Barrio, A., Trach, N. X., Hai, N. T., 
Khang, D. N., Toan, N. T., & Van Hung, N. (2020). Rice 
straw-based fodder for ruminants. In M. Gummert, 
N. Hung, P. Chivenge, & B. Douthwaite (Eds.), 
Sustainable rice straw management (pp. 111–129). 
Springer Open: Cham.

Asmare, B., & Yayeh, Z. (2018). Determinants of rice 
by-products utilization as ruminant livestock feed in 
Ethiopia: The case of Fogera District. Asian Journal of 
Agriculture, 2(1), 1-7. https://doi.org/10.13057/asian 
jagric/g020101.

Bakshi, M. P. S., & Wadhwa, M. (2017). Utilisation of rice 
straw as livestock feed. Indian Farming, 67(7), 27–29. 
http://epubs.icar.org.in/ejournal/index.php/IndFarm/ 
article/view/84318/34688.

Balasubramanian, M. K. (2013). Potential utilisation of rice 
straw for ethanol production by sequential fermen
tation of cellulose and xylose using. Saccharomyces 
Cerevisiae and Pachysolen Tannophilus. International 
Journal of Science, Engineering, Technology and 
Research, 2(7), 1531–1535.

Blanchard, M., Raboin, L.-M., Lecomte, P., Dusserre, J., 
Salgado, P. & Dusserre J. (2014). Zootechnical 
assessment of straws from different varieties of 
upland rice (Oryza sativa L.) grown in Vakinankaratra 
region, Madagascar.In : FOFIFA ; Université 
d'Antananarivo ; LRI ; IRD ; CIRAD. International 
conference Agroecology for Africa AFA2014: 
Agroecology and sustainability of tropical rainfed 
cropping systems, Madagascar, Antananarivo, 3-7 
November 2014. s.l. : s.n., 5p. http://www.cirad.mg/ 
conference/AfA-2014/?dl_id=101.

Country Pilot Partnership in Namibia (CPPN). 2005. 
Integrated sustainable land management. Global 
Environmental Facility, Namibia. https://www.thegef. 
org/project/cpp-namibia-country-pilot-partnership- 
integrated-sustainable-land-management-phase-1. 
13 Jun 2019.

Deren, C. W., Datnoff, L. E., Snyder, G. H., & Martin, F. G. 
(1994). Silicon concentration, disease response, and 
yield components of rice genotypes grown on 
flooded organic histosols. Crop Science, 34(3), 
733–737. https://doi.org/10.2135/cropsci1994. 
0011183X003400030024x

Dong, C. F., Shen, Y. X., Ding, C. L., Xu, N. X., Cheng, Y. H., & 
Gu, H. R. (2013). The feeding quality of rice (Oryza sativa 
L.) straw at different cutting heights and the related 
stem morphological traits. Field Crops Research, 141, 
1–8. https://doi.org/10.1016/j.fcr.2012.11.003

Drake, D. J., Nader, G., & Forero, L. (2002). Feeding rice 
straw to cattle. Publication 8079. University of 
California: Division of Agriculture and Natural 
Resources.

FAO. 2011. Successes and failures with animal nutrition 
practices and technologies in developing countries. 
In: H. P. S. Makkar (ed) Proceedings of the FAO 
Electronic Conference. Rome: FAO. pp 51–60.

Madzingira et al., Cogent Food & Agriculture (2021), 7: 1950402                                                                                                                                      
https://doi.org/10.1080/23311932.2021.1950402

Page 10 of 12

https://www.ajol.info/index.php/wajae/article/view/159718/149288
https://www.ajol.info/index.php/wajae/article/view/159718/149288
http://www.udsspace.uds.edu.gh/handle/123456789/1912
http://www.udsspace.uds.edu.gh/handle/123456789/1912
http://epubs.icar.org.in/ejournal/index.php/IndFarm/article/view/84318/34688
http://epubs.icar.org.in/ejournal/index.php/IndFarm/article/view/84318/34688
http://www.cirad.mg/conference/AfA-2014/?dl_id=101
http://www.cirad.mg/conference/AfA-2014/?dl_id=101
https://www.thegef.org/project/cpp-namibia-country-pilot-partnership-integrated-sustainable-land-management-phase-1
https://www.thegef.org/project/cpp-namibia-country-pilot-partnership-integrated-sustainable-land-management-phase-1
https://www.thegef.org/project/cpp-namibia-country-pilot-partnership-integrated-sustainable-land-management-phase-1
https://doi.org/10.2135/cropsci1994.0011183X003400030024x
https://doi.org/10.2135/cropsci1994.0011183X003400030024x
https://doi.org/10.1016/j.fcr.2012.11.003


Ganai, I. A., Rastogi, A., Sharma, R. K., Wali, A., & 
Saharan, V. (2017). Chemical composition and in vitro 
dry matter degradability of combination of wheat 
and paddy straw for small ruminant feeding. Journal 
of Entomology and Zoology Studies, 5(4), 1755–1760. 
https://www.entomoljournal.com/archives/2017/ 
vol5issue4/PartW/5-4-251-627.pdf.

Goering, H. K., & Van Soest, P. J. (1970). Forage fibre 
analysis. In Agriculture Handbook. Department of 
Agriculture.

Hadizadeh, N., Kheiri, F., & Shakeri, P. (2015). Evaluation of 
the nutritional value and digestibility of rice straw 
enriched by oyster mushroom (Pleurotus florida). 
Cibtech Journal of Zoology, 4(2), 76–82. https://www. 
cibtech.org/J-Zoology/PUBLICATIONS/2015/Vol_4_ 
No_2/12-CJZ-013-FARSHID-EVALUATION.pdf.

Hassan, L. G., & Umar, K. J. (2004). Nutritional assessment 
of Moringa oleifera seeds as an alternative source of 
animal feeds: Proximate and mineral compositions. 
Sokoto Journal of Veterinary Science, 6(1), 5–8.

Jetana, T. (2017). Use of rice straw and different treated 
rice straw to increase its nutritive value for Thai 
swamp buffaloes. Thailand Journal of Veterinary 
Medicine Supplement, 47, 245–247.

Jones, B. T. B., & Dieckmann, U. (2013). Caprivi Region. In 
U. Dieckmann, M. Thiem, E. Dirkx, & J. Hays (Eds.), 
Scraping the pot: San in Namibia two decades after 
independence. John Meinert Printing (Pty) Ltd 
Windhoek.

Juliano, B. O. (1985). Rice hulls and rice straw. In 
B. O. Juliano (Ed.), Rice chemistry and technology (pp. 
687–755). American Association of Cereal Chemists Inc.

Kadam, K. L., Forrest, L. H., & Jacobson, W. A. (2000). Rice 
straw as a lignocellulosic resource: Collection, pro
cessing, transportation, and environmental aspects. 
Biomass and Bioenergy, 18(5), 368–389. https://doi. 
org/10.1016/S0961-9534(00)00005-2

Kaur, K., Kaur, J., Wadhwa, M., & Bakshi, M. P. S. (2007). 
Natural fermentation of rice straw in bales and stack 
and its evaluation as livestock feed. Indian Journal of 
Animal Nutrition, 24(2), 88–91. https://www.indian 
journals.com/ijor.aspx?target=ijor:ijan&volume= 
24&issue=2&article=006.

Kumar, A., Singh, V. K., Kumar, N., & Kumar, R. (2014). 
Utilization of paddy straw as animal feed. Forage 
Research, 40(3), 154–158. http://forageresearch.in.

Landau, S., & Everitt, B. S. (2004). A handbook of statistical 
analyses using SPSS. Chapman and Hall/CRC Press LLC.

Lohmann, D., Falk, T., Geissler, K., Blaum, N., & Jeltsch, F. 
(2014). Determinants of semi-arid rangeland man
agement in a land reform setting in Namibia. Journal 
of Arid Environments, 100-101, 23–30. https://doi.org/ 
10.1016/j.jaridenv.2013.10.005

Malik, K., Tokkas, J., Anand, R. C., & Kumari, N. (2015). 
Pretreated rice straw as an improved fodder for 
ruminants-An overview. Journal of Applied and 
Natural Science, 7(1), 514–520. https://doi.org/10. 
31018/jans.v7i1.640

McDowell, L. R. (1985). Nutrition of grazing ruminants in 
warm climates. Academic Press.

Menke, K. H., & Steingass, H. (1988). Estimation of the 
energetic feed value obtained from chemical analysis 
and in vitro gas production using rumen fluid. Animal 
Research and Development, 28, 7–55.

Naik, P. K. (2010). Nutritional enrichment of crop residues 
for livestock feeding. In P. K. Naik & N. P. Singh (Eds.), 
Souvenir and Concept Papers No 12, Nutritional 
interventions for sustainable dairy production in Goa, 
souvenir and concept papers of state level workshop 
for veterinary officers and progressive dairy farmers (, 
39–41). ICAR Research Complex for Goa.

National Research Council (NRC). (2007). Nutrient 
requirements of small ruminants: Sheep, goats, cer
vids. The National Academies Press.

Peripolli, V., Barcellos, J. O. J., ÊR, P., McManus, C., Da 
Silva, L. P., Stella, L. A., JBG, C. J., & Lopes, R. B. (2016). 
Nutritional value of baled rice straw. Revista Brasileira 
De Zootecnia, 45 (07).  https://doi.org/10.1590/ 
S1806-92902016000700006.

Rahman, M. M., Alam, M. R., Amin, M. R., & Das, N. G. 
(2010). Comparative study of the nutritive values of 
the different varieties of rice straw. Bangladesh 
Journal of Animal Science, 39(1–2), 75–82. https://doi. 
org/10.3329/bjas.v39i1–2.9679

Rathod, P., Veeranna, K. C., Ramachandra, B., & Reddy, D. 
2017. Utilization of crop residues for livestock feed
ing: A field experience. In: XXVI Annual Conference of 
Society of Animal Physiologists of India (SAPI), 
Veterinary College, Bidar, Karnataka, 21-22 December, 
2017. pp 66–74.

SASSCAL. (2021). SASSCAL WeatherNet. SASSCAL. http:// 
www.sasscalweathernet.org

Schiere, J. B. (2010). Cereal straws as ruminant feeds: 
Problems and prospects revisited. Animal Nutrition 
and Feed Technology, 10, 127–153. https://www. 
indianjournals.com/ijor.aspx?target=ijor:anft&vo 
lume=10s&issue=spl&article=015.

Selcuk, Z., Cetinkaya, N., Salman, M., & Genç, B. (2016). 
The determination of in vitro gas production and 
metabolizable energy value of rice straw treated with 
exogenous fibrolytic enzymes. Turkish Journal of 
Veterinary and Animal Sciences, 40, 707–713. https:// 
doi.org/10.3906/vet-1601-113

Sheikh, G. G., Ganai, A. M., Sheikh, F. A., Bhat, S. A., 
Masood, D., Mir, S., Ahmad, I., & Bhat, M. A. (2017). 
Effect of feeding urea molasses treated rice straw 
along with fibrolytic enzymes on the performance of 
Corriedale Sheep. Journal of Entomology and Zoology 
Studies, 5(6), 2626–2630. https://www.entomoljour 
nal.com/archives/2017/vol5issue6/PartAJ/5-6-149- 
327.pdf.

Shen, H. S., Ni, D. B., & Sundstol, F. (1998). Studies on 
untreated and urea-treated rice straw from three 
cultivation seasons: 1. Physical and chemical mea
surements in straw and straw fractions. Animal Feed 
Science and Technology, 73(3–4), 243–261. https:// 
doi.org/10.1016/S0377-8401(98)00157-6

Shrinivasa, D. J., & Maski, D. (2017). Opportunities and chal
lenges for straw fortification for livestock feed: Scope for 
mechanization. International Journal of Current 
Microbiology and Applied Sciences, 6(8), 1661–1670. 
https://doi.org/10.20546/ijcmas.2017.609.204

Singh, R. B., Sana, R. C., Singh, M., Chandra, D., 
Shukla, S. G., Walli, T. K., Pradhan, P. K., & 
Kessels, H. P. P. (1995). Rice straw - its production 
and utilization in India. In K. Singh & J. B. Schiere 
(Eds.), Handbook for straw feeding systems (pp. 
325–337). ICAR.

Singh, S. (2016). Nutritional evaluation of locally available 
varieties of paddy straw. In PhD thesis. Sher- 
e-Kashmir University of Agricultural Sciences and 
Technology, Jammu, India.

Smith, O. B. (1993). Feed resources for intensive small
holder system in the tropics: The role of crop resi
dues. In M. J. Baker (Ed.), Grassland for our world (pp. 
740–747). SIR Publishing.

Sophal, C., Borin, K., & Preston, T. R. (2010). Effects of 
supplements of water hyacinth and cassava hay on 
the performance of local” yellow” cattle fed a basal 
diet of rice straw. Livestock Research for Rural 
Development, 22(9). http://www.lrrd.org/lrrd22/9/ 
soph22166.htm

Madzingira et al., Cogent Food & Agriculture (2021), 7: 1950402                                                                                                                                      
https://doi.org/10.1080/23311932.2021.1950402                                                                                                                                                       

Page 11 of 12

https://www.entomoljournal.com/archives/2017/vol5issue4/PartW/5-4-251-627.pdf
https://www.entomoljournal.com/archives/2017/vol5issue4/PartW/5-4-251-627.pdf
https://www.cibtech.org/J-Zoology/PUBLICATIONS/2015/Vol_4_No_2/12-CJZ-013-FARSHID-EVALUATION.pdf
https://www.cibtech.org/J-Zoology/PUBLICATIONS/2015/Vol_4_No_2/12-CJZ-013-FARSHID-EVALUATION.pdf
https://www.cibtech.org/J-Zoology/PUBLICATIONS/2015/Vol_4_No_2/12-CJZ-013-FARSHID-EVALUATION.pdf
https://doi.org/10.1016/S0961-9534(00)00005-2
https://doi.org/10.1016/S0961-9534(00)00005-2
https://www.indianjournals.com/ijor.aspx?target=ijor:ijan%26volume=24%26issue=2%26article=006
https://www.indianjournals.com/ijor.aspx?target=ijor:ijan%26volume=24%26issue=2%26article=006
https://www.indianjournals.com/ijor.aspx?target=ijor:ijan%26volume=24%26issue=2%26article=006
http://forageresearch.in
https://doi.org/10.1016/j.jaridenv.2013.10.005
https://doi.org/10.1016/j.jaridenv.2013.10.005
https://doi.org/10.31018/jans.v7i1.640
https://doi.org/10.31018/jans.v7i1.640
https://doi.org/10.1590/S1806-92902016000700006
https://doi.org/10.1590/S1806-92902016000700006
https://doi.org/10.3329/bjas.v39i1%20132.9679
https://doi.org/10.3329/bjas.v39i1%20132.9679
http://www.sasscalweathernet.org
http://www.sasscalweathernet.org
https://www.indianjournals.com/ijor.aspx?target=ijor:anft%26volume=10s%26issue=spl%26article=015
https://www.indianjournals.com/ijor.aspx?target=ijor:anft%26volume=10s%26issue=spl%26article=015
https://www.indianjournals.com/ijor.aspx?target=ijor:anft%26volume=10s%26issue=spl%26article=015
https://doi.org/10.3906/vet-1601-113
https://doi.org/10.3906/vet-1601-113
https://www.entomoljournal.com/archives/2017/vol5issue6/PartAJ/5-6-149-327.pdf
https://www.entomoljournal.com/archives/2017/vol5issue6/PartAJ/5-6-149-327.pdf
https://www.entomoljournal.com/archives/2017/vol5issue6/PartAJ/5-6-149-327.pdf
https://doi.org/10.1016/S0377-8401(98)00157-6
https://doi.org/10.1016/S0377-8401(98)00157-6
https://doi.org/10.20546/ijcmas.2017.609.204
http://www.lrrd.org/lrrd22/9/soph22166.htm
http://www.lrrd.org/lrrd22/9/soph22166.htm


Srivastava, S., Mudgal, V., & Jain, R. K. (2012). Lignin—its 
role and importance in animal nutrition. 
International Journal of Livestock Research, 2(1), 
7–23. http://ijlr.org/issue/lignin-role-importance-ani 
mal-nutrition/?key=abstract.

Tang, J. Y. H. (2018). International Conference on 
Agriculture, Animal Sciences and Food Technology 
2018 (Book of abstracts). Journal of 
Agrobiotechnology, 9(2S), 192–192. https://journal. 
unisza.edu.my/agrobiotechnology/index.php/agrobio 
technology/article/view/178.

Thakur, T. C., Jaiswal, R. S., & Verma, M. L. 2007. 
Management of crop residues after combining and 
its utilization as livestock feed under Indian 
conditions. In: International Symposium on Air 
Quality and Waste Management for Agriculture, 16– 
19 September 2007. Colorado: American Society of 
Agricultural and Biological Engineers. pp 33.

Vadiveloo, J. (1995). Factors contributing to varietal dif
ferences in the nutritive value of rice straw. Animal 
Feed Science and Technology, 54(1–4), 45–53. https:// 
doi.org/10.1016/0377-8401(95)00776-J

Van Hung, N., Maguyon-Detras, M. C., Migo, M. V., 
Quilloy, R., Balingbing, C., Chivenge, P., & 
Gummert, M. (2020). Sustainable Rice Straw 

Management. (M. Gummert, N. Hung, P. Chivenge, & 
B. Douthwaite, eds). Springer Open.

Van Soest, P. J. (2006). Rice straw, the role of silica and 
treatments to improve quality. Animal Feed Science 
and Technology, 130(3–4), 137–171. https://doi.org/ 
10.1016/j.anifeedsci.2006.01.023

Van Soest, P. J., Robertson, J. B., & Lewis, B. A. (1991). 
Methods for dietary fiber, neutral detergent fiber, and 
non starch polysaccharides in relation to animal 
nutrition. Journal of Dairy Science, 74, 3583–3597

Wei, M., Cui, Z.-H., Li, J.-W., & Yan, P.-S. (2018). Estimation 
of metabolisable energy and net energy of rice straw 
and wheat straw for beef cattle by indirect 
calorimetry. Archives of Animal Nutrition, 72(4), 
275–289. https://doi.org/10.1080/1745039X.2018. 
1482076

Wuanor, A. A., & Ayoade, J. A. (2017). Performance of 
West African dwarf goats fed Pleurotus tuber-regium 
biodegraded rice straw and maize offal: Brewer yeast 
slurry mixture. Journal of Experimental Agriculture 
International, 17(1), 1–10. https://doi.org/10.9734/ 
JEAI/2017/34398

Yoswathana, N., & Phuriphipat, P. (2010). Bioethanol pro
duction from rice straw. Energy Research Journal, 1 
(1), 26–31. https://doi.org/10.3844/erjsp.2010.26.31

© 2021 The Author(s). This open access article is distributed under a Creative Commons Attribution (CC-BY) 4.0 license. 
You are free to:  
Share — copy and redistribute the material in any medium or format.  
Adapt — remix, transform, and build upon the material for any purpose, even commercially.  
The licensor cannot revoke these freedoms as long as you follow the license terms.  

Under the following terms:  
Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made.  
You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.  
No additional restrictions  

You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits.

Cogent Food & Agriculture (ISSN: 2331-1932) is published by Cogent OA, part of Taylor & Francis Group.  
Publishing with Cogent OA ensures:  
• Immediate, universal access to your article on publication  
• High visibility and discoverability via the Cogent OA website as well as Taylor & Francis Online  
• Download and citation statistics for your article  
• Rapid online publication  
• Input from, and dialog with, expert editors and editorial boards  
• Retention of full copyright of your article  
• Guaranteed legacy preservation of your article  
• Discounts and waivers for authors in developing regions  
Submit your manuscript to a Cogent OA journal at www.CogentOA.com   

Madzingira et al., Cogent Food & Agriculture (2021), 7: 1950402                                                                                                                                      
https://doi.org/10.1080/23311932.2021.1950402

Page 12 of 12

http://ijlr.org/issue/lignin-role-importance-animal-nutrition/?key=abstract
http://ijlr.org/issue/lignin-role-importance-animal-nutrition/?key=abstract
https://journal.unisza.edu.my/agrobiotechnology/index.php/agrobiotechnology/article/view/178
https://journal.unisza.edu.my/agrobiotechnology/index.php/agrobiotechnology/article/view/178
https://journal.unisza.edu.my/agrobiotechnology/index.php/agrobiotechnology/article/view/178
https://doi.org/10.1016/0377-8401(95)00776-J
https://doi.org/10.1016/0377-8401(95)00776-J
https://doi.org/10.1016/j.anifeedsci.2006.01.023
https://doi.org/10.1016/j.anifeedsci.2006.01.023
https://doi.org/10.1080/1745039X.2018.1482076
https://doi.org/10.1080/1745039X.2018.1482076
https://doi.org/10.9734/JEAI/2017/34398
https://doi.org/10.9734/JEAI/2017/34398
https://doi.org/10.3844/erjsp.2010.26.31

	Abstract
	1.  Introduction
	2.  Materials and methods
	2.1.  Study area
	2.2.  Rice straw sampling

	3.  Chemical analysis
	4.  Determination of Organic matter Digestibility (OMD)
	5.  Source of rumen liquor
	5.1.  Data analyses

	6.  Results
	7.  Discussion
	Acknowledgements
	Funding
	Author details
	Disclosure Statement
	Data availability
	References



