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Abstract. Chlif N, Diouri M, El Omari M, Bentayeb A. 2021. Monthly forage value of various plant organs of Brocchia cinerea from a 
Moroccan arid region. Biodiversitas 23: 67-74. Brocchia cinerea Vis (Asteraceae) represents a xerophytic botanical species widely 
used in South-Eastern Morocco as a potential animal feed. The present study was aimed to investigate the chemical profile, as well as 
the in vitro dry matter digestibility (IVDMD), and to estimate the net energy for lactation (NEl) of some fractions (flowers, leaves, 
stems, and browsable aerial part (whole part a 10 cm above the ground) of B. cinerea. The ether extract (EE) content of some plant parts 
varied between 0.43 and 1.89%. As far as, the highest concentration of crude protein (CP) was found in leaves. The maximal values for 
neutral detergent fiber (NDF), acid detergent fiber (ADF), and acid detergent lignin (ADL) were found in the mature stems with 
58.63%, 44.87%, and 13.05%, respectively. The leaves were the richest fraction in essential oil (EO), total phenols (TP), and tannins. 
Furthermore, the IVDMD values of various fractions of plants ranged between 59.56 to 89.43 %. The assessed NEl was highest during 

cold months in some fractions of young plants and decreased with maturity. In conclusion, B. cinerea has a good nutritive value, 
especially in leaves and early stages. 
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INTRODUCTION 

Pastures located in drylands are an important feed 

resource for grazing ruminants. Animal products obtained 

in such systems are generally characterized by specific 

sensory properties; and it is important to maintain these 
pastures to preserve environmental biodiversity (Distel et 

al. 2020; Martin et al. 2005). 

Livestock uses about half of the global surface area. It 

provides several goods and services across the world. This 

is through a variety of animal species and resources 

provided by an extensive range of agro-ecological and 

socio-economic conditions (Herrero et al. 2013). The 

livestock industry is an important and integral part of the 

agriculture sector in Morocco. Livestock farming is vital 

for the supply of meat and milk and also a source of 

additional income for small farmers and livestock owners 
(Bettencourt et al. 2015; McAdams et al. 2019). 

Decreased cost and increased efficiency of production 

have long been goals of producers. With increased feed and 

other farm expenses, pasture is being reexamined as a 

method to reduce the cost of production. Profitable milk 

and meat production from pasture depends on many 

factors, including forage availability, intake, and nutritional 

quality, and the supplemental feed provided. The 

nutritional value of pasture changes during the grazing 

season and presents a challenge for a farmer to provide 

proper supplementation (Hoffman et al. 1993). 

The pasture quality may change rapidly, and a rapid 
analysis may be needed to adjust the supplemental feeding 

program to provide an adequate supply of nutrients for high 

production (Hoffman et al. 1993). Over the past few 

decades, the search for alternative feeds has rekindled 

research interest in the use of spontaneous plants in arid 

areas as sources of nutrients for livestock (Amata and 
Lebari 2011; Chlif et al. 2021; Nsubuga et al. 2019). In the 

pastoral drylands, numerous species of herbaceous 

naturally growing are known to be widely used in livestock 

production. Quite often, they are grazed by animals or 

mown and fed either as fresh or conserved fodders. The 

utilization of these and many other herbs growing naturally 

within the farm environment is rather opportunistic. 

Therefore, it becomes necessary to understand the 

nutritional dynamics of forage to sustain adequate growth 

and reproduction of livestock (Ganskopp and Bohnert 

2001; Farrukh and Jan Durrani 2009). 
The present study aimed to evaluate the nutritional 

value of some parts of the Brocchia cinerea Vis 

(Asteraceae) plant and monitor the changes in these values 

with plant maturity. 

MATERIALS AND METHODS 

Plant material 

Brocchia cinerea was chosen because it is widespread 

in south-eastern Moroccan rangelands, especially in winter. 

The representative samples of fodder were harvested from 

H’ssia (Alnif, Tinghir, Draa-Tafilalet) at different 
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phenological stages from February to June 2019. The study 

site falls within the semiarid zone at altitude 500 m a.s.l. It 

is between 31° 7’ north and 5° 6’ west. The aerial part of 

the whole plant was cut at the base, 10 cm above the 

ground. Leaves, flowers, and stems were separated 

manually, constituting individual fractions beside the 

whole aerial part. The browsable aerial part of this plant 

was also studied because it is an actual consumable part. 

Chemical analysis  

The four various fractions of B. cinerea were dried at 
room temperature (28 ± 2°C), ground, and passed through a 

1.0 mm screen using a laboratory mill. Dry Matter (DM) 

and Ash content were determined according to AOAC 

(1990). Ether extract (EE) content was determined with the 

ANKOM XT15 analyzer according to AOCS (2005). 

Crude Protein (CP) was determined by the micro-Kjeldahl 

method (Nelson and Sommers 1972). 

Neutral Detergent Fiber (NDF), Acid Detergent Fiber 

(ADF) and Acid Detergent Lignin (ADL) were determined 

by the Van Soest method using the filter bags (Komarek et 

al. 1994). The essential oils (EO) were extracted by 
hydrodistillation using a Clevenger. Determination of total 

phenols was carried out according to Borneo et al. (2009). 

Total tannins and condensed tannins were determined 

according to Lawrence et al. (1986) and Makkar et al. 

(1993), respectively. True digestibility (IVDMD) of B. 

cinerea plant dry matter was evaluated in vitro by 

DAISYII® incubator (ANKOM Technology). Forage 

energy value was represented by the net energy for 

lactation (NEl), which was estimated according to NRC 

(2001). 

Statistical analysis 
Data were analyzed by XLSTAT (2019) version 4.2. 

The means values were compared by Tukey’s test (HSD). 

The level of significance was determined at p<0.05. In a 

second time, data underwent a two-way ANOVA, 

including month, fraction, and their interaction, and using 

R (R Core Team 2020).  

RESULTS AND DISCUSSIONS 

Intensive grazing has proven itself as a popular and 

economical alternative to feeding cattle through the spring 

and summer months. However, profitable production from 

pasture is dependent upon the quantity and nutritional 

quality of the forage available for grazing (Oredice et al. 
2019; Rivero et al. 2019). Producing suitable quality forage 

for a given situation requires knowing factors that affect 

forage quality such as the species of dominant herbage 

(Capstaff and Miller 2018), the physiological state of the 

sward and the weather (Da Silva et al. 2015). Analyzing 

forages for nutrient content can be used to determine 

whether the quality is adequate and to guide proper ratio 

supplementation (Ball et al. 2001). 

Generally, in this study, there were wide variations in 

the chemical composition of the investigated different parts 

of B. cinerea (leaves, flowers, stems and aerial part) 

collected on various development stages. 

Chemical composition 

Dry matter (DM) 

The dry matter content of all the studied fractions 

(flowers, leaves, stems and aerial part) of the plant 

increased non-significantly with time (Table 1).  

There was an increasing trend of DM from February 
towards June in all the analyzed fractions, as well as the 

highest DM values were observed for leaves. Variation of 

DM content could be due to the time of sampling and 

environmental effects as the climatic temperature of the 

study region. 

Ash content (ash) 

In this analysis, high ash contents were found in the 

leaves followed by the aerial parts of the plant and stems. 

However, the minimum values were observed in flowers 

especially at the reproductive stage (February) (Table 1). 

These results were similar to that shown by Deinum and 
Dirven (1976) for two grasses Brachiaria ruziziensis and 

Setaria sphacelata, whose leaves ash (11.4 and 9.4%) were 

higher than total plants (10.4 and 8.7%) and stems (9.5 and 

8.4%), respectively. 

Generally, the ash content values were low at the first 

harvest, which progressively increased with the advancing 

of plant maturity. The differences between ash contents of 

different plant parts were statistically significant (P<0.05) 

at all harvest months (Table 1). 

This increase of ash was similar to that reported by 

Azim et al. (1989) and Tilahun et al. (2017), who observed 
an increase in ash with the advanced phenological stage of 

plants. The high ash contents observed at the last harvest 

months can be attributed to the climatic effect and to high 

temperatures inherent in arid regions, which cause plants to 

lose all their green and tender parts (Walthall et al. 2012). 

This variation of ash contents may also be due to features 

that need to be explored, such as the age of foliage, internal 

nutrient balance, effects of diseases, type and age of soil 

(Farrukh and Jan 2009). 

Ether extract (EE) 

According to these findings, the differences between 

EE of various plant parts were non-significant at all harvest 
months (Table 1). The highest levels of EE were observed 

in the leaves in February and April, as well as the lowest 

EE values were obtained in stem fractions. The EE mean in 

the other studies shows that leaves could be a good source 

of energy that can be used by ruminants for body 

maintenance and production (Berhe and Tanga 2013). 

Generally, as the plant matured, the EE concentration of 

the various fractions declined, reaching the lowest levels in 

summer. 
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Table 1. Monthly content of DM, ash, EE and CP in different fractions of Brocchia cinerea (mean±SD) 
 

Harvest month Plant fraction %DM  %Ash  %EE  %CP  

February Fl  26.52±1.94bcde 3.66±0.14ab 0.85±0.22abc 8.44±0.63defg 
 Lv 29.71±1.03cde 7.24±0.93efg 1.89±0.23e 12.17±1.38i 
 St  17.81±2.42a 5.37±0.76bcdef 0.62±0.19a 4.11±0.14abc 
 AP 26.27±2.96bcd 6.23±0.78bcde 0.98±0.24abcde 8.97±1.07defgh 
March Fl  27.23±1.30bcde 4.21±0.88a 0.83±0.21abc 8.17±0.27defg 

 Lv  32.57±1.32efg 8.06±1.35fg 1.51±0.12cde 11.64±0.39hi 
 St  21.21±0.43ab 5.52±1.06cdefg 0.60±0.17a 3.56±0.28ab 
 AP  27.74±1.8bcd 7.42±0.38cdefg 1.09 ±0.19abcde 8.13±0.17def 
April Fl  29.48±2.59cde 5.75 ±0.86efg 0.64 ±0.12ab                                               7.28±0.55de 
 Lv  37.56±1.23g 7.33±0.48defg 1.75±0.32de 11.28±1.51ghi 
 St  24.55±1.64abc 7.2±0.81cdefg 0.56±0.23a 3.73±0.17abc 
 AP 33.19±0.32efg 8.62±0.86cdefg 1.13±0.24abcd 8.45±1.03defg 
May Fl  29.51±1.32cde 5.39 ±0.11abc 0.75±0.09a 6.74±0.22cde 
 Lv  36.81±1.16fg 7.34±1.44defg 1.46±0.13bcde 10.52±0.29fghi 

 St  21.52±1.90ab 6.21±1.67feg 0.43±0.11a 3.81±1.46abc 
 AP  30.35±1.18cdef 7.52±0.63cdefg 0.91±0.25abcd 7.63±0.29def 
June Fl  28.60±1.74cde 6.80±0.15abcd 0.61±0.04a 6.15±1.38bcd 
 Lv  37.04±1.87fg 9.71±1.27efg 0.82 ±0.17abc 9.82±0.47efghi 
 St  23.32±1.70bcd 8.11±0.48g 0.51 ±0.25a 2.61±0.34a 
 AP 30.69±2.43defg 7.82±0.93cdefg 0.63±0.11a 5.84±0.11abc 

Note: Means within a column lacking a common superscript differ (p<0.05). Fl: Flower; Lv: Leave; St: Stem; AP: Aerial part, DM: Dry 

matter; EE: Ether extract; CP: Crude protein 
 

 

Crude protein (CP) 

In this result, CP content was higher in leaves than in 
other fractions of the plant. However, the lowest values of 

the CP were found in the stems. The CP proportion in 

various plant parts declines as the plant matures. 

Significant differences (P<0.001) were observed in the 

values of CP in various plant parts (Table 1). Bouallala et 

al. (2011) reported that B. cinerea plant collected at the 

flowering stage in the Northwest of Algerian contains 

4.42±0.30% which was a low value compared to those 

obtained in this study. CP content of B. cinerea was 

superior to that of Aristida plumose (6.54%), Zilla spinosa 

(5.22%) and Aristida pungens (4.09%) (Longo-Hammouda 
et al. 2007), as well as, they are inferior to that of Maize 

(Azim et al. 1989), Alfalfa and Timothy (Ball et al. 2001). 

Generally, CP concentration was high in February 

(reproductive stages) than at other months relating to 

growth stages. A decrease of CP percentage in a plant, with 

time, was related to the reduction of leaf-to-stem ratio and 

is a major cause of the decline in plant quality with 

maturity (Chaudhary et al. 2012; Ferreira et al. 2018). 

Leaves were higher in quality than stems, and the 

proportion of leaves in forage declined as the plant matured 

(Ball et al. 2001). This agrees with Ganskopp and Bohnert 

(2001) who also reported high CP contents during spring 
and lowest in late September. Xie et al. (2012) and Etse et 

al. (2018) reported that CP content was higher during the 

early growth and decreased with maturity. 

Plants need more nitrogenous food for vegetative 

growth and therefore in the early stages of their growth, 

proteins are stored so that they are consumed during 

flowering and fruiting, in which nutritional status 

decreases. Animal health might decline with a reduction in 

the availability of protein in plants. They need protein to 

maintain their growth and reproduction (Farrukh and Jan 

2009). 

Fiber analysis 
Regardless of the season, NDF, ADF, and ADL 

concentrations in stems were higher than in other plant 

organs (Table 2). 

 

 
Table 2. Cell wall constituents of different parts of Brocchia 
cinerea at five harvest months (mean±SD) 
 

Harvest 

month 

Plant 

fraction 

%NDF %ADF %ADL 

February Fl  22.84±1.31a 14.64±0.88a 3.89±0.36a 
 Lv 30.49±2.05bc 21.08±0.12abc 4.04±0.59a 
 St  40.76±1.61fgh 28.64±0.03abcde 8.49±0.73fghi 
 AP 36.46±0.72cde 22.18±0.28abcd 6.85±0.14bcde 
March Fl  28.68±1.36ab 20.03±0.06ab 3.60±0.72ab 
 Lv  33.51±1.27bc 24.95±0.12bcdef 5.21±0.15abc 

 St  46.59±1.8hj 39.64±6.20ghi 10.24±0.66hi 
 AP 35.81±1.18cd 28.57±0.65defgh 5.72±1.18bcde 
April Fl  37.09±1.23de 22.93±0.94abcde 5.93±0.51abcd 
 Lv  36.24±0.26cd 25.86±1.48bcdef 5.86±0.36abcd 
 St  49.91±0.25i 35.83±0.89ghi 12.51±0.43ij 
 AP 41.20±1.21efg 29.68±0.67efgh 6.88±0.19defgh 
May Fl  37.59±1.43def 30.12±0.46defgh 6.69±0.73bcde 
 Lv  36.97±0.16de 27.95±2.49cdefgh 7.28±0.15cdefg 

 St  51.99±0.10i 40.47±1.36i 11.79±0.36j 
 AP 43.57±0.98gh 31.42±1.92fghi 7.41±0.51efgh 
June Fl  35.13±0.98cd 25.97±0.14bcdef 7.10±1.01cdef 
 Lv  40.84±1.65de 23.66±0.18cdefg 7.63±0.67cdefg 
 St  58.63±2.38j 44.87±0.61j 13.05±0.59ij 
 AP 46.05±1.16ghi 31.95±2.78hi 9.64±0.65ghi 

Mean values within columns with different superscripts differ 
significantly (P < 0.05). Fl: Flower; Lv: Leave; St: Stem; AP: 

Aerial part; NDF: Neutral detergent fiber; ADF: Acid detergent 
fiber; ADL: Acid detergent lignin 
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Neutral detergent fiber (NDF) 

Results of cell wall content showed that there was an 

increasing trend of NDF from February towards June 

month in all the analyzed parts of a plant, while stems 

fraction was contained the highest NDF concentration 

followed by aerial part, leaves and flowers, respectively. 

NDF concentration was also strongly influenced by plant 

maturation (P<0.001). 

The results agree with other studies of Ganskopp and 

Bohnert (2001) and Sultan et al. (2007) which reported an 
increase in NDF concentration with a maturity of plants. 

Lee (2018) also reported that NDF of plants was positively 

related to phenology, as both NDF and ADF were affected 

by plant age. 

Acid detergent fiber (ADF) 

 NDF contents differed significantly (P < 0.001) 

between various plant fractions and between various 

harvest months (P <0.01). The results revealed that the 

ADF concentration of stems was highest in all harvest 

months. The maximum values of ADF in leaves and 

flowers were observed in May with a minor decline in June 
month. For the aerial part of B. cinerea, ADF concentration 

increases as the plant get old to reach its maximum in June. 

Compared with a study carried out by Farrukh and Jan 

(2009), whose NDF, ADF, and ADL content of Artemisia 

maritima, and Hertia intermedi were higher than those 

found in B. cinerea at the reproductive stage, but they were 

lower in the post-reproductive stage. 

 

Acid detergent lignin (ADL) 

The present study shows that ADL value was 

significantly greater (P<0.001) in stems than in other parts 

of the plant, a maximum of ADL was observed at the last 

harvest (June). The rate and extent of increases in ADL 

concentration in leaves and flowers were substantially less 

than in stems and aerial parts of a plant. Similarly, Azim et 

al. (1989) and Sultan et al. (2007) also reported that lignin 

contents increase with age and cause a corresponding 

decrease in the nutritive value. The results agree with other 
studies of Ganskopp and Bohnert (2001), Sultan et al. 

(2007) and Velásquez et al. (2019) which reported an 

increase in NDF, ADF and ADL concentration with a 

maturity of plants. 

Annual plant B. cinerea completes its life cycle within a 

few months, which could be the reason that this species 

quickly ends up with high NDF, ADF and ADL 

concentrations. 

Anti-nutritional substances 

The richness of various fractions studied of B. cinerea 

in essential oils, total polyphenols, total tannins and 
condensed tannins contents was reflected in Table 3. 

Results of essential oil (EO) yield indicated that there 

was an increase from February (first harvest) to June (last 

harvest) as the plant matured. The leaves fraction was 

contained the highest EO concentration followed by aerial 

parts and flowers, respectively. However, the stems were 

devoid of EO. The EO yield of different plant parts varied 

non-significantly with maturity. 

 

 

 
Table 3. Anti-nutritional substances contents of different parts of Brocchia cinerea at five harvest months (mean±SD) 
 

Harvest 

month 

Plant 

fraction 

EO 

(%) 

TP 

(mg GAE/g DM) 

TT 

(mg TAE /g DM) 

CT 

(mg CE /g DM) 

February Fl 0.11±0.02a 10.56±0.16bc 4.92±0.23bc 0.95±0.16abc 
 Lv 0.26±0.12bcd 31.43 ±074hi 11.05±0.54gh 2.08±0.3abcd 
 St - 5.62±0.55a 2.45±0.37a 0.53±0.21ab 

 AP 0.20±0.03abc 26.42±0.62g 6.03±0.37cd 1.83±0.22abcd 
March Fl 0.18±0.02ab 15.87±0.24de 6.36±0.21cde 0.63±0.17a 
 Lv 0.24±0.01bc 35.03±0.14j 12.32 ±0.50h 2.46±0.55bcde 
 St - 8.11±0.23ab 3.41±0.47ab 0.69±0.12ab 
 AP 0.23±0.03bc 29.22±0.84gh 9.97±0.21fg 1.63±0.21abcd 
April Fl 0.16±0.06ab 17.60±0.68ef 8.35±0.79ef 0.98±0.16abc 
 Lv 0.36±0.01defg 38.97±0.91k 16.96±0.51i 3.95±1.31ef 
 St - 10.64±0.48bc 3.70±0.23ab 0.55±0.0.29a 

 AP 0.30±0.02cdef 31.06±1.35hi 11.05±0.42gh 2.95±0.23de 
May Fl 0.21±0.03abc 14.98±0.15de 7.99±1.39def 1.48±0.45abcd 
 Lv 0.37±0.04efg 41.63±0.96k 20.91±0.16j 5.86±0.83fg 
 St - 13.09±0.83cd 6.91±0.63cde 0.73±0.26abcde 
 AP 0.41±0.02fg 33.31±0.93ij 10.08±1.19fg 2.75±0.41cde 
June Fl 0.26±0.04bcde 19.84±0.88f 9.78±0.51fg 1.68±0.18abcd 
 Lv 0.45±0.0 1g 45.35±1.35k 24.03±0.85k 5.24±0.64fg 
 St - 14.71±0.96de 6.53±0.37cde 1.96±0.31abcd 

 AP 0.38±0.08fg 39.50±0.42k 17.09±0.89i 3.13±0.62de 

Means within a column lacking a common superscript differ (p<0.05). (-): Not detected; Fl: Flower; Lv: Leave; St: Stem; AP: Aerial 
part; EO: Essential oil; TP: Total phenols content expressed as milligram gallic acid equivalents per g of sample; TT: Total tannins 
content expressed as milligram tannic acid equivalents per g of sample; CT: Condensed tannins content expressed as milligram catechin 
equivalents per g of sample 
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The average content of total phenols (TP) shows 

significant variability between different fractions of plants 

studied (P <0.05). Irrespective of the season, the TP content 

was highest in the leaves followed by aerial parts and 

flowers, but the lowest was found in stems. Significant 

differences were observed in the values of total tannins 

(TT) in various fractions of the plant. The maximum TT 

values were found in the leaves and the minimum values 

were indicated in stems.  

The condensed tannins (CT) of different parts of B. 
cinerea plant indicated that the maximum CT value was 

found in leaves followed by the aerial parts, flowers and 

stems, respectively. There were no significant differences 

in the CT values of the different fractions of the plant. 

Results also demonstrated that the values of TT and CT 

content were low in younger plant tissues as compared to 

the mature tissues. The effect of harvest date revealed that 

the contents of these secondary metabolites studied were 

increased with the maturity of the plant which concord with 

studies carried out by Li et al. (2020). 

The phenols and tannins are anti-nutritional substances 
that are involved in the defense mechanisms of the plant. 

The richness in EOs, TP, TT and CT content may be 

related to the adaptation model of B. cinerea as a response 

to stress (rarity rains, high temperatures and drought). The 

increased level of tannins can also reflect the protection of 

plants against attacks by pathogens microorganisms (fungi 

and bacteria) and predatory herbivores (folivorous animals 

or insects) (Mebirouk-Boudechiche et al. 2014). 

The total phenols and tannins contained in the different 

parts of the plant could have a limited effect on the 

availability of their nutrients for ruminal microbiota due to 
the complexes they form with macromolecules, especially 

proteins and many types of molecules such as 

carbohydrates, minerals, enzymes and synthetic polymers 

which reduce its degradability (Zimmer and Cordesse 

1996). 

In vitro dry matter digestibility (IVDMD) 

Monthly in vitro dry matter digestibility varied non-

significantly during the study between various fractions of 

B. cinerea (Table 4). IVDMD of various parts of the B. 

cinerea plant indicated that the maximum value was found 

in leaves followed by flowers, while the lowest value of 

IVDMD was found in the stems. Results also demonstrated 
that the values of IVDMD were higher in younger aerial 

parts as compared to mature ones. The results obtained of 

IVDMD of B. cinerea were superior to those of plants 

grazed in Algeria, such as Neurada procumbens (44,45 ± 

4,20%), Aristida plumosa (47,45 ± 4,34%), Anabasis 

articulata (45,96 ± 364%) and Aristida pungens (37,24 ± 

3,86%) (Longo-Hammouda et al. 2007). 

Holland et al. (2020) reported that as grass matures, the 

highly digestible leaf fraction of the plant becomes a 

smaller and less digestible component. Leaves contain less 

fiber and more CP than stems, and consequently are more 
digestible at all stages of development. However, with 

maturity, the leaf-to-stem ratio decreases, while the less 

digestible stem increases as a proportion of the plant and 

also decline in nutritive value as it matures (Azim et al. 

1989; Sultan et al. 2007). 

Net energy for lactation (NEl) 

The NEl was strongly affected by plant maturation. It 

was showed a maximum in February and declined with the 

age of the plant in various fractions of B. cinerea (p<0.01) 

(Table 4). Young plant tissues are biochemically active 

capturing more energy, synthesizing higher protein and fat 

contents than older tissues (Farrukh and Jan 2009). 

The nutritional value assessment shows that the highest 
NEl values were recorded in leaves, followed by aerial 

parts and flowers. However, the lowest values were 

obtained from stems fractions. The differences were 

statistically significant (p<0.001) in various plant parts. 

Relationship between B. cinerea harvest period and 

quality 

The nutritional value of forage is generally judged on 

the basis of its potentially digestible nutrient content 

(mainly energy, nitrogen, and minerals) and on the absence 

of undesirable compounds (Givens et al. 2000). 

In the present study, the positive correlation between 
NDF, ADF and plant age at harvest observed is comparable 

to studies conducted elsewhere for other browse species 

(Azim et al. 1989; Hoffman et al. 1993; Kulivand and 

Kafilzadeh 2015). On the contrary, plant age at harvest was 

found to be negatively correlated (P<0.0001) to CP and 

IVDMD. 

 

 
Table 4. Monthly in vitro dry matter digestibility and Net energy 
for lactation of different fractions of Brocchia cinerea at different 
stages of maturity (mean±SD) 
 

Harvest 

month 

Plant 

fraction 

%IVDMD  NEl (Mcal/kg) 

February Fl  83.21±1.41h 1.22±0.04j 
 Lv 89.43±2.01fgh 1.78±0.02hij 
 St  72.16±0.37cdef 1.14±0.09cde 
 AP 79.68±0.48gh 1.27±0.02fgh 
March Fl  77.89±1.9gh 1.19±0.01j 
 Lv  85.11±1.59fg 1.34±0.04ghi 
 St  69.65±0.68bcde 1.11±0.02cd 

 AP 76.99±0.18defg 1.24±0.03fgh 
April Fl  73.80±1.71efg 1.07±0.02efg 
 Lv  83.12±0.18gh 1.31±0.05ghi 
 St  69.05±0.25bcde 0.99±0.01abc 
 AP  73.38±0.66cdef 1.16±0.02cde 
May Fl  70.84±2.11cdef 1.01±0.04cdef 
 Lv  82.01±0.55fgh 1.22±0.01efg 
 St  67.85±1.64abc 0.97±0.08ab 

 AP  68.75±1.49bcd 1.12±0.02cd 
June Fl  65.68±0.24abc 0.94±0.01cde 
 Lv  76.85±1.49defg 1.16±0.1def 
 St  59.56±1.27a 0.83±0.08a 
 AP  61.65±2.16ab 1.07±0.03bc 

Means within a column lacking a common superscript differ 
(p<0.05). Fl: Flower; Lv: Leave; St: stem; AP: Aerial part; 
IVDMD: In vitro dry matter digestibility; NEl: Net energy for 

lactation
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Leaves and flowers of B. cinerea were less fibrous than 

stems. NDF and ADF content were more abundant in 

stems, which also were more lignified than other parts of 

the plant. The variation in the fiber values could be 

attributed to age and/or the physical composition 

differences of the plant collected (Nampanzira et al. 2015; 

Nsubuga et al. 2019).  Marshall et al. (1998) and Elgersma 

and Søegaard (2018) reported that as plants mature and 

sward height increases, NDF and ADF content increases, 

causing the nutritive value to decline.  
The NDF (r= -0.78, p= 0.0001), ADF (r= -0.77, p= 

0.0001) and ADL (r= -0.76, p= 0.0001) were negatively 

correlated with IVDMD in various plant parts. NDF was 

more difficult to digest than the non-fiber components of 

forage. Therefore, digestion slows dramatically as forage 

becomes more mature. This also influences forage 

consumption by animals (Ball et al. 2001). The findings of 

this study were in line with those of Sultan et al. (2007) 

who reported a negative correlation of NDF with 

digestibility. 

An increase of parietal compounds (NDF, ADF and 
ADL) is linked to the mode of adaptation to arid 

environments. Deinum and Dirven (1976) and Chehma et 

al. (2010) reports that the increase in temperature 

stimulates the lignification of the supporting tissues of 

plants. He et al. (2018) reported an increase in all-fiber 

constituents with increasing maturity, as they also reported 

that lignin was proportionately higher in the stem than in 

other parts of the plants. 

The CP content had a positive correlation with IVDMD 

(r=0.78, p= 0.0001) and with NEl (r= 0.74, p= 0.0001) and 

negative correlation with NDF (r= -0.70, p= 0.0001), ADF 
(r= -0.56, p= 0.0001) and ADL (r= -0.76, p= 0.0001). 

These results supported the findings of Sultan et al. (2007) 

who reported that animals preferred food having higher CP 

contents. CP content in different organs of B. cinerea 

showed its maximum at the reproductive and flowering 

stage, but this content decreases with plant age and in 

warm weather months. 

Soils of arid regions are known to be poor in organic 

matter and nitrogen. This negatively impacts the nutritive 

richness of the plants which inhabit them (Bouallala et al. 

2013). The TT content was positively correlated with NDF 

(r =0.22, P=0.0001), ADF (r =0.38, P=0.0001) and ADL (r 
=0.50, P=0.0001) and negatively correlated to CP (r=-0.76, 

P=0.0001), while CT content was negatively correlated 

with CP (r = -0.52, P=0.0001) and IVDMD (r = -0.65, 

P=0.0001). 

The tannins might have an inhibitory effect on protein 

digestion, either by direct enzyme inhibition or by forming 

relatively indigestible complexes with proteins, thus 

effectively reducing the nutritive value of the plants 

(Naumann et al. 2017). Similarly, tannins can bind to the 

forages fibers and thus limit their ruminal digestion. In this 

case, the digestion of fibers is definitively reduced since 
their degradation is carried out essentially in the rumen 

(Julier and Huyghe 2010). 

The CP reduction and tannins increase can be attributed 

to the adaptation strategy of the plant in the drylands, 

which is why it develops thick cuticles and drought 

adaptation mechanisms to reduce evapotranspiration: these 

chemical components are mainly cytoplasmic and 

chlorophyllic contents (Chehma et al. 2010; Bouallala et al. 

2011). Although nutrient composition varied with B. 

cinerea age, the quality remained relatively average. Lower 

fiber and higher protein contents can be expected during 

the cooler months, while higher fiber and lower protein can 

be expected in the summer months when environmental 

temperatures are warm (Marshall et al. 1998; Nardone et al. 

2010). 
Chemical composition differed from one plant organ to 

another. Leaves were richest in CP, their DMD and NEl 

were high, especially during the cold months (February 

through April). Stems had high NDF, ADF, and ADL 

contents, a low CP content and its digestibility and NEl 

decreased with plant maturity. According to this study, the 

good nutritional quality of B. cinerea was noted when the 

animals grazed between February to April. This plant is 

among other grazed species that characterize the pastoral 

drylands of south-eastern Morocco, and that is potential 

medium quality roughage feeds that can meet the 
maintenance needs of some animals (Ball et al. 2001; 

Nsubuga et al. 2019). 

Drylands are characterized by unfavorable climatic 

conditions for the development of fodder plants, which are 

of essential importance in supporting the basic nutritional 

requirements of ruminants in these regions. In this study, 

the results indicate that the nutritional quality and botanical 

composition of different parts of B. cinerea varied with 

harvest months. According to these analyses, all plant 

organs declined in CP and IVDMD and increased in NDF, 

ADF and ADL as maturity advanced, leading to a decline 
in nutritive value. CP was the major limiting nutrient in 

livestock diets, while it was identified in leaves with high 

contents compared to the other plant fractions, in which 

this plant can reveal its nutritive potential through its leaves 

during the wet and cold season, when several thousand 

animals were browsing in these regions. 

Therefore, B. cinerea species present suitable options 

for inclusion in agro forestry-livestock production systems 

to improve the nutrition of livestock. However, further 

research on the domestication potential of this browse 

species and on the effect of feeding it on animal 

productivity is needed. 
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