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Abstract: The in vitro gas production technique was used to predict rumen fermentable organic matter, gas 

production kinetics, organic matter digestibility as well as metabolizable energy were evaluated in green shoot, 

leaves, fruits flesh and seed cakes of Ziziphus spina-christi tree. A gas production was measured by incubating 

samples in buffered rumen fluid from cannulated steer for 72 h. Total  gas production was recorded at 0,3, 6, 9, 

12, 24, 48, and 72 h of incubation periods and kinetics of gas production was described. The chemical analysis 

of these Ziziphus spina-christi parts, showed that, Leaves contained high protein (14.77±0.23g/kg) and green 

shoot less protein (8.03±0.15g/kg),however, high ash content was observed in green shoot (10.03±0.07g/kg) 

compare to other parts. seed cakes has the highest crude fibre content in comparison to other parts 

(32.46±0.01),while fruits flesh contained the highest ether extract(72.39±0.03).The maximum gas volume was 

highest for fruits flesh followed by seed cakes, green shoot and leaves after 24hr of incubation. In this study 

flesh had a significantly higher (P<0.05) gas production from rapid soluble fraction (a) than the other parts, 

while Ziziphus spina-christi leaves showed the highest  gas production from slowly degradable fraction (b) 

.Organic matter digestibility range was (51.90– 43.79%) and Metabolisable energy was found to be (9.16– 

6.74MJ/kgDM) in the flesh and green shoot, respectively. 
It was concluded that, green shoots, leaves, fruit flesh and seed cake of  Ziziphus spina-christi  have the 

potential to be used as protein, energy and mineral supplements for ruminants especially during the dry season. 

Keywords: Nabag tree, OMD, gas production kinetics. 

 

I. Introduction 

Animal feed contributes more than 70 % of production costs (Makkar 2014).Shrubs and trees are 

reported to be sustainable for ruminants in the tropics and subtropical areas (Melesse 2012, Shamseldein,etal 

,2013 :2014,: Basheir,etal ,2015). The tree species are important due to their high protein content, their 

contribution with easy fermentation carbohydrates and fiber of better degradability, as well as their positive 

effect on the use of nitrogen (N) within the rumen. These elements allow to increase the productivity of animals 

fed with pastures (Rubanza et al. 2007). Thus, better utilization of non-agricultural by-products which do not 

compete with human foods is imperative. Evaluating the nutritive value of locally available unconventional 

sources from browse trees, legumes and seeds of trees were important as these could make an important 

contribution to the nutrition of livestock (Taphizadeh et al., 2008). Ziziphus spina-christi tree (Sidder) and its 

fruit (Nabag) indicate the importance of this plant as food. Rural population in Sudan rely on this wild growing 

tree species to fulfill some of some food need. Gebauer (2005) reported that Z. spina-christi is the most 

abundant wild fruit tree used in home gardens in El Obeid, the capital of North Kordofan state in central Sudan. 

The in vitro gas production technique measures thevolume of gas produced, which reflects the end 

result of thefermentation of the feed substrate to volatile fatty acids (VFAs),microbial biomass and the 

neutralization of the VFAs produced.Determine the nutritive value of feedstuffs, since the degradation rate and 

extent and rumen fermentation can be easily determined by measuring cumulative gas production (Khazaal et 

al., 1995; Dhanoa et al., 2000; Chumpawadee et al., 2007). The in vitro gas production system helps to better 

quantify nutrient utilization, and its accuracy in describing digestibility in animals has been validated in 

numerous experiments (Taphizadeh et al., 2008).The main objective of this study was to assess the feeding 

values of green shoots,leaves,flesh fruit and seeds cake of Z. spina-christi using in vitro gas production 

technique. 
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II. Materials And Methods 
Study location: The study was conducted in Sudan University of Science and Technology Dairy Farm at Kuku 

during June 2012- Aug 2013. 

 

Samples collection:- Samples of green shoots, fresh leaves. well –ripened fresh fruits of were randomly 

harvested from different Ziziphus spina christi  trees grown in Khartoum State. The fleshes (mesocarp) of the 

fruits were separated from the seed manually; then the flesh was sun- dried, weighed and air dried under shade. 

The samples were then pooled for each type, ground using a laboratory mill to pass through a 1 mm sieve and 

used for determination of chemical composition.. The ground samples were labelled and kept in air tight bags 

until to use for the different purposes of the study.  

 

Nutrients analysis:- Dry matter (DM) was determined by drying the sample at 105c
o
 over night and Ash by 

igniting the sample in muffle furnace at 525 c
o
 for 8hrs. Nitrogen (N) content was determined by the Kjeldahl 

(AOAC 1990). C.P was determined as N × 6.25. C.F and ether extract (E.E) were determined by the methods 

described by the (AOAC,2006). All nutrient analyses were carried out in duplicate on each individual sample.  

 

Gas production:- Production of gas was determined according to the procedure of Menke and Steingass (1988). 

About 200 mg of feed sample from each Ziziphus spina christi tree parts was weighed in three replications and 

carried into calibrated glass syringes (100 ml - pre-warmed), fitted with Vaseline lubricated pistons. The 

inoculum used was the ruminal content of three steers with cannula in the rumen, fed free choice feed, water and 

mineral salts. Manually vacuum pump was used to collect rumen fluid and immediately transferred into pre-

warmed thermos flasks to the laboratory, filtered through eight layers of cheesecloth. Buffered mineral solution 

was added to rumen fluid with constant stirring, while maintained in a water bath at 39°C. A total of 30 ml 

incubation medium consisting of 10 ml rumen fluid, 5 ml of bicarbonate buffer, 5 ml of macro-mineral solution 

and 10 ml of distilled water was then dispensed into pre-warmed glass syringes containing the feed samples. 

After closing the clips on the silicon tube at the syringe tip, syringes were gently shaken and the clips were 

opened to remove gas by pushing the piston upwards to achieve complete gas removal.  

After closing the clip, the initial volume was recorded and the syringes were placed in a temperature controlled 

incubation rotor set at 39°C.  

Three blanks containing 30 ml of medium as well as triplicate samples of reference hay and concentrate 

feed of known gas production parameters were also included as standards. Incubation was completed in 

duplicate within each run and runs were replicated yielding four observations per sample.  

Gas production was recorded before incubation (0) and 3, 6, 12, 24, 48, 72 and 96 h after incubation 

according to time pattern of Blümmel and Becker (1997). The gas produced due to fermentation of substrate 

was corrected by the blank syringes (containing no substrate). Cumulative gas production data were fitted to the 

model of Qrskov and McDonald (1979) y=a+b (1-exp 
(-ct)

.where, Y is the volume of gas produced at time „t‟ 

(ml); a is the gas production from the immediately soluble fraction (ml); b is the gas production from the in 

soluble fraction.; (a+b) the potential gas production (ml), and c is the gas production ratio constant for in 

soluble fraction (b), (ml/hr); and t is the incubation time (h).  

The gas produced by test substrates was corrected by the blank syringes (containing no substrate), and 24 h gas 

production was corrected by the standards for the estimation of organic matter digestibility (OMD), and 

metabolizable energy (ME) .The ME and OMD were estimated according to Menke et al. (1979) and Menke and 

Steingass (1988) . 

OMD (٪) =14.88 + 0.889GP +0.45CP + XA                                    

Where: -  

GP IS 24h net gas production (ml/200 mg)             

CP = crude protein   (٪)                                                                  

XA = Ash content   ( (٪                                                                      

ME (MJ/Kg DM) was calculated using equations of Menke et al, (1979) as follows  

ME (MJ/Kg DM) =2.20 +0.136GP+ 0.057 CP+ O.OO29CP
2 
  

Where = GP is 24 net gas production (ml/200mg) CP=crude protein.  

ME = Metabolisable energy. 

MJ = Mega Jole. 

KgDM =  

 

Statistical analysis: Data on nutrient compositions including calculated and estimated gas production 

parameters were subjected to one-way( ANOVA) analysis by using SAS software package (SAS, 2004) and 

differences of means were separated by Duncan multiple range test. Moreover, OMD and ME values using the 

General Linear Model (GLM) according of statistic, (Analytical software.2000).  
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III. Results 

Nutritive composition of Ziziphus spinachristi tree parts: 

The nutritive composition of the different parts of Ziziphus spina christi is shown in Table 1. In the 

present study, the contents of CP, and ether extract (EE) in leaves were significantly (P < 0.05) higher than that 

of green shoots, and fruit flesh, where as the green shoots showed the lowest CP. On the other hand, fruit flesh 

contained significantly (P < 0.05) higher NFE, than leaves and green shoots. However, seeds cake had 

significantly (P < 0.05) higher CF than leaves and green shoots.  

 

Table 1. Nutrient composition of the different parts of Ziziphus spina christi (means ±SD) 
Part Dry matter % Ether extract % Crude protein % Crude fibre% Ash% Nitrogen free 

extract %    

Green shoots      96.59 ±0.01a         0.3±0.0 c 8.03±0.15c 14.21±0.012b 10.03±0.07a 67.43±0.3b 

Leaves   96.15±0.0a 1.12±0.07a 14.77±0.23a     12.72±0.01c 8.47±0.12b   62.92±0.22b   

Fruit Flesh      94.61±0.01b 0.94±0.01b   10.55±0.07b 13.50±0.01b 2.62 ±0.01c    72.39±0.03a 

Seed cake   94.63±0.01b 1.09±0.01a   8.65±0.08c     32.46±0.01 a   3.12±0.01c     54.68±0.47c 

SEM 3.19   0.15 1.32 1.89   1.62   2.202.20 

2.20 

Sig   * * * * * * 

Means within the same column with different superscripts are significantly different (P<0.05). 

 

In vitro gas production, calculated and estimated parameters  
The in vitro gas production for the different parts of Ziziphus spina christi at different incubation 

periods is present in Figure 1. The highest gas production was observed in the flesh, while the leaves showed the 

lowest gas production during all the incubation times.  

Table (2) shows the parameters estimated from the gas production of Ziziphus spina christi parts. 

Soluble fraction (a) was significantly different between the fruit flesh and Seed cake , while no significant 

difference was observed between the green shoot and leaves, The highest soluble fraction was observed in the 

Seed cake.  Gas production from the slowly degradable fraction (b) varied significantly between the different 

parts of the tree, and the Leaves showed the highest value.   Rate of gas production (c) varied significantly 

(P<0.05) among the different parts of Ziziphus spina christi. Highest organic matter digestibility (OMD) and 

metabolizable energy  values were detected in fruit flesh of Ziziphus spina christi.  

 

 
Figure (1) Data of gas production during the incubation period 

 

Leaves of Ziziphus spina christi. 

Coat of Ziziphus spina christi 

Flesh of Ziziphus spina christi 

Kernel cake of Ziziphus spina christi 
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Table 2. Parameters estimated from the gas production of Ziziphus spina christi parts 

 
Means within the same column with differencing superscripts are significantly different. 

a= the gas production from the immediately soluble fraction (ml), 

b= the gas production from the insoluble fraction (ml). 

c= the gas production rate constant from the insoluble fraction (b). 

a+b= Potential gas production.  

ME= Metabolisable energy  

OMD=Organic matter digestibility  

SEM: standard error of means 

 

IV. Discussion 

The obtained results from this study coincide with the other studies with shrubs and trees (García et al. 

2008, Edwards et al. 2012 and Aye and Adegun 2013).The average CP content of leaves in the present study is 

similar to CP content of Morus alba ,(Kamalak etal,2004), Guava leaf(Psidium guajava) and high than CP of 

Mango leaf (Mangifera indica) and  Mehgoni leaf (Swietenia macrophylla)  ( Uddin, etal,2015), and lower than 

the CP of  Leaves of Growia tenaxthae,( Basheir,etal ,2015), Moringa. stenopetala ( Gebregiorgis et al. (2011: 

Negesse et al. (2009) and Melesse et al. (2011), Moringa oleifera leaves,(Moyo et al. 2011)  , Morus alba leaves 

,( Liu et al (2001) : Phiny et al (2003), Balanite aegyptiaca (Shamseldein, 2011), mulberry (Morus alba Linn), 

trichanthera (Trichanthera gigantea) and leucaena (Leucaena leucocephala). (Rodríguez,etal 2014). Neem leaf 

(Azadirachta indica) ),( Uddin, etal,2015),. Although there is a wide variation in the values found in the 

literature, probably due to the effect of the parts of collected plants, their phenological state, season in which it 

was collected, cut frequency and environment where collected material was developed, and age of leaves at 

harvest, soil type and fertility, (Edwards et al. 2012).The NFE in Ziziphus spina christi flesh and leaves of the 

present study is higher than that of Balanite aegyptiaca flesh and leaves (Shamseldein, 2011).The CP content in 

seeds cake is lower than  seed cake of Balanite aegyptiaca (Shamseldein, 2009),  Tabaldi Seed Cake 

(Adansoniadigitata), (Randa 2012). The crude fiber  contents in leaves are comparable to those reported by 

Gebregiorgis et al. (2011) for M. stenopetala leaves but lower than the values reported by Sanchez et al. (2006) 

for M. oleifera leaves. The crude fiber values found in seeds cakeare considerably higher than those reported for 

Balanite aegyptiaca, (Shamseldein, 2009),  Tabaldi Seed Cake (Adansoniadigitata), (Randa 2012). The high 

contents of fibrous substances in seeds cakes, may affect the dry matter intake by ruminants. The fact that seeds 

cake contained >50% NDF indicate that they may have only fair proportions of soluble carbohydrate which is 

helpful to maintain a proper rumen function (Oni et al., 2008).The ash content of Ziziphus spina christi is lower 

than that of Morus alba,(Kamalak etal,2004), 

 

In vitro fermentation, calculated and estimated parameters 

In the present study, the highest gas production was observed in the flesh, while the leaves showed the 

lowest gas production during all the incubation time.The gas production from flesh is slightly higher than that 

reported by Balanite aegyptiaca (Shamseldein, 2011). However, the in vitro gas obtained from leaves in the 

current study was considerably higher than that reported by Oni et al. (2010) for four Cassava varieties. The 

high gas production of  flesh  in this study was recorded ,similar results were obtained by Morkaz,etal(2011),is 

that flesh of Balanite aegyptiaca showed the highest gas production at all the time of incubation,this may be 

attributed to its low content of CF and its high content of easy fermentation carbohydrates. Meanwhile, the low 

gas productions of seed cake after 24 hours may be related with its high fiber contents (Delgado et al. 2007). 

The lowest potential of gas production of leaves before 24 hours may be related to its high levels of CP, because 

the protein contributes less to gas production than carbohydrates. It is known that the level of CP in a substratum 
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is negatively correlated to gas production resulting from its in vitro fermentation (Getachew et al. 2004) .Values 

of gas produced from soluble fractions (parameter a) from green shoots, leaves, fruit flesh and seeds cake was 

generally lower than t those reported by Morkaz et al. (2011) for green shoots, leaves, fruit flesh and seeds-cake 

of Balanite aegyptiaca tree . The value of “a” for seed cake was comparatively higher than leaves and green 

shoots suggesting an early onset of fermentation and microbial attachment to this particular feed material. The 

average gas production from insoluble but with time fermentable fraction (parameter b) for green shoot and 

leaves was higher than  the findings of Morkaz et al. (2011) for Balanite aegyptiaca. Rate of fermentation 

(parameter c) obtained from flesh and seed cake in the present study is in good agreement with the findings of 

Morkaz et al. (2011). High fermentation rates indicates high nutrient availability for ruminal microorganisms; 

while lower fermentation rate values may be the result of greater CF content, whose chemical components could 

slow down substrate fermentation speed (Fievez et al., 2005). Metabolizable energy for leaves is lower than 

reported by Anele et al. (2009) for leaves of tropic multi-purpose trees. The OMD values obtained from leaves 

in the current study are lower than  the findings of Murillo et al. (2011)and .( Morkaz,etal ,2011).  

 

V. Conclusion 

In conclusion, the chemical compositions, in vitro gas production parameters and calculated 

metabolizable energy, organic matter digestibility that, leaves can be used as potential supplement sources of 

protein, whereas, fruit flesh and seed cake can be used as source of energy and green shoot as source of minerals  

in ruminant feeding in the Sudan. 
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