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SUMMARY

sheep ration. Trials lasted to 90 days to investigate growth performance, digestion coefficients, rumen

and blood parameters. Animals in control ration (G1) were fed clover hay (CH) plus concentrate feed
mixture (CFM) (30 CH:70 CFM), where animals in in G2, G3 and G4 were fed 20%, 40% and 60% from dry
matter intake green barley, respectively plus clover hay and CFM. Results indicated that G4 recorded higher
significant digestibility of crude protein, ether extract, neutral detergent fiber and hemi-cellulose followed by G3,
G2 and G1, respectively. Ruminal pH values were significantly higher with G1 compared with other groups at 4
hours and overall mean values. No significant differences were recorded in TVFA’s concentration among all
groups in all sampling times. Groups fed rations contained green barley recorded higher values of average daily
gain by 15%, 27% and 31% with G2, G3 and G4 respectively compared with control. Generally, there were
positive effects on performance of growing lambs fed on sprouted grains.

Twenty-eight Rahmani lambs were used in growth trial to examine effect of sprouted barley grain in
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INTRODUCTION

Green feeds are considering an economic and vital source to supplying livestock by the nutritional
elements. Food insecurity exists when people do not have adequate physical, social, or economic access to
food (FAO 1996, and FAO 2002). In the same time there is a huge problem in water availability reached to
scarcity. Given the above points, researchers are trying to find new ways to solve this dilemma. One of ways
is using hydroponic technique in green fodder production or produce sprouted grains to use in livestock
feeding.

Hydroponic green fodder is the method to produce forage through germination of grains and it grown for
short period of time in condition providing suitable growing requirements (Sneath and Mclntosh, 2003). In
another context, Khattak et al. (2007) said that sprouting is a simple way to germinate the seeds to enhance
its feeding values. Also, sprouted green forage could be produced from cereals and legumes seed; however,
barley grains became common in this way because of its price and availability around the world.

Studies related to using sprouted green barley in animal feeding observed that, crude protein content in
the fresh matter around 16 to 17%. Digestibility was more 85% in in vitro study. Using sprouted barley in the
diet of growing lambs and ewes improved the performance (Intissar and Eshtayeh, 2004 and Fayed, 2011).
Al-Saadi (2016) noticed that feeding Awassi lambs in 10 and 30% of sprouted barley from all diet, total dry
matter intake and total body weight gain were increased, feed conversion efficiency and economical profit
particularly in 30% decreased. In the same trend, Ata (2016) showed that hydroponic barley had a positive
effect on performance of growing Awassi lambs when it fed on barley as green fodder up to 62% from its
diet.

Despite these numerous benefits of sprouted green fodder and condition of each country, this point still
need more studies to verify that it can be used to replace part of a whole diet not only green fodder needed.
So, this study aimed to investigate using of sprouted green barley in growing lamb diet on growth
performance, digestibility, rumen and blood parameters.
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MATERIALS AND METHODS

Grain fodder production:

The green fodder production trails of the soilless sprouted barley were executed inside the hydroponics
green fodder chamber located in Agric. Eng. Dept., Cairo University. The chamber air temperature and
lighting time were automatically controlled using electric control system. Production was divided to be fresh
every day by three growth periods(8, 9 and 10 days). Fresh batches of green fodder were weighed and
sampled to estimate dry matter and another chemical analysis.

Animals: Twenty-eight Rahmani lambs with an average body weight (BW) of 29 kg and 4 months of age
were divided into 4 groups (7 each) according to BW in growth trial for 90 days. All animals were initially
weighed, treated for elimination of internal parasites.

Rations and feeding procedures: Diet for control group contained 70 % concentrate feed mixture (CFM) and
30% clover hay. The G2 was fed sprouted green barley (SGB) to replace 20% from dry matter intake (DMI)
of CFM and clover hay; G3) was fed SGF to replace 40% of DMI plus CFM and clover hay and G4) was fed
SGF to replace 60 % of DMI plus CFM and clover hay. Diets were supplied according to NRC (1985) to
growing lambs (in groups) in the morning at 8:00 am, and in the afternoon at 5:00 pm. Water was allowed
freely all-day round. Daily feed intake was recorded for each group and each animal inside groups was
weighed every 15 days to calculate daily body weight gain. The dry matter intake was adjusted after
weighing according to body weight changes.

Digestion trials: Three animals from each group were used to evaluate digestibility and nutritive values of
the experimental diets. So, metabolic cages were used to determine total amount of feces from each animal
during seven consecutive days after growth trial ended. Animals through this period were fed individually to
cover maintenance allowance according to NRC (1985). Feces were collected daily, and samples were
combined (on a wet basis) to form a composite sample. Samples were dried at 60 °C in a forced-air oven for
3 days and ground in a knives mill to pass through a 1 mm screen (Wiley Mill, A. H. Thomas, Philadelphia,
PA, USA).

Chemical analysis: Samples of feed and feces were analyzed for DM (method 934.01), ash (no. 942.05),
crude protein (no. 968.06), crude fiber (A.O.A.C. no. 942.05) and crude fat (EE, ether extract) (no. 942.05)
according to A.0.A.C. (1990). The organic matter (OM) was calculated as the difference between DM and
ash contents. Also, nitrogen free extract was calculated by differences according to the following equation
(NFE= 100 - (% secondary moisture + % ash + % CP + % EE + %CF). Neutral detergent fiber (NDF), acid
detergent fiber (ADF) and acid detergent lignin (ADL) excluding residual ash were determined according to
the methods of Van Soest et al., (1991). The cellulose and hemicelluloses were calculated by difference,
where, cellulose = ADF - ADL and hemicelluloses = NDF-ADF.

Rumen liquor sampling and analysis: On day 8 in collection sample period, ruminal fluid samples (200 mL)
were collected by stomach tube before the morning feeding (0 hrs.) and 4 hrs. after the morning feeding
straining rumen digesta (collected from all rumen sites) in four layers of cheese cloth (Vendramini et al.,
2016). Ruminal pH was measured directly after each sample using a Beckman pH meters. Ammonia (NHs-
N) was determined according to Preston (1995). Total volatile fatty acids (VFA’s) estimated by steam
distillation method according to AOAC (Cunniff, 1997).

Blood samples and parameters: After four hours post morning feeding blood samples were withdrawn from
all the experimental animals. The blood samples were taken from jugular vein into dry clean glass tubes
using heparin as anticoagulant and then centrifuged for 15 minutes at 3000 rpm to obtain plasma. Total
protein and creatinine were determined according to Tietz (1986 and 1990), albumin was described by
Doumas et al. (1971), blood was urea determined according to Patton and Grouch (1977). Alanin amino
transfers (ALT) and activity of aspartate transfers (AST) were determined by the methods of Young (1997).
Blood analysis was conducted using Mini Screen spectrophotometer (Germany) and using kits purchased
from biodigenostic Co. (Egypt).

Statistical analysis: All results were conducted using the SAS package (SAS, 2001). The statistical model
was: Yjj = 1 + G; + ej,, where Yj; = observation of the effect of treatment G, the animal i, p = overall mean
and e;; = random error associated with each observation. Means differences among treatment were separated
according to Duncan’s New Multiple Range Test (Duncan, 1955).
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RESULTS AND DISCUSSION

Chemical composition of the experimental feeds and rations:

Data of chemical composition and fiber fractions content in feedstuffs and the experimental rations of
growing lambs are shown in Table (1). Results indicated that sprouted green barley was higher in crude
protein compared to CFM and CH on dry matter basis. Crude fiber in barley was lower than clover hay. Fiber
fractions contents were higher in barley green compared to CFM and CH. Chemical composition of
experimental rations were increased linearly with increasing green barley in rations except NFE and ash
contents decreased in green barley (GB) rations. Results of chemical analyses of green barley in present
study were higher compared with others (Intissar and Eshtayeh, 2004, and Fazaeli et al., 2011) especially
crude protein was 16.90 vs 12.20%. Also, NDF (63.82%) and ADF (35.32%) were higher compared with
which obtained by Fazaeli et al., (2011) hence NDF and ADF values were 28.01% and 12.80%. These results
may be due to system of sprouting and nature of growing of sprouted grains, respectively.

Table (1): Chemical composition of feedstuffs and the experimental diets (% DM basis).

Feedstuffs Experimental rations

Item CFEM CH SGB G1 G2 G3 G4
Chemical composition, %:

DM 91.65 90.00 91.80 91.15 91.29 9141 92.33
oM 90.44 91.07 9465 90.63 9144 9224 93.84
Ash 9.56 8.93 5.35 9.37 856 7.76 6.16
CP 14,52 13.50 16.85 1421 1475 15.27 15.93
EE 5.18 2.87 5.42 448 468  4.86 5.09
CF 10.47 30.03 24.58 16.41 1795 19.65 21.44
NFE 60.27 44.67 47.80 55,53 54.06 52.46 51.38
Fiber fractions, %:

NDF 34.75 40.97 63.82  36.64 42.09 4754 53.34
ADF 20.34 31.32 35.32 23.67 2596 28.33 30.88
ADL 7.07 8.37 15.69 7.46 9.12  10.77 12.49
Cellulose 13.27 22.95 19.63 16.20 16.84 17.56 18.39
Hemi-cellulose 14.41 9.65 28.50 1296 16.13 19.21 22.46

CFM: Concentrate feed mixture, CH: Clover hay and SGB: Sprouted green barley. DM: Dry matter, OM: Organic
matter, CP: Crude protein, EE: Ether extract, CF: Crude fiber, NFE: Nitrogen free extract, NDF: Neutral detergent
fiber, ADF: Acid detergent fiber, ADL: Acid detergent lignin.

Nutrients digestibility and nutritive values:

Digestion coefficients and nutritive values of the experimental rations fed to growing lambs are presented
in Table (2). Results indicated that no significant (P>0.05) differences among groups for DM, OM, CF, ADF
and cellulose. On the other hand, G4 recorded higher significant values of CP, EE, NFE, NDF and hemi-
cellulose digestibility followed by G3, G2 and G1. According to digestion coefficients and chemical
composition G4 significant had highest values of TDN and DCP compared to other groups. These results
agree with those of Fayed (2011), who showed that addition of sprouted barley with rice straw and Tamarix
mannifera increased nutrients digestibility and this may be due to the presence of bioactive catalysts, which
increases digestion and absorption of nutrients. Similarly, Morgan et al. (1992), Peer and Leeson (1985a) and
Ibrahim et al. (2001) noticed and increase in nutrient digestibility by the addition of sprouted grains in
ruminants ration. These may be due to sprouted grains contain grass juice factor which is a rich source of
nutrients. Also, nutritional value of sprouted grain was improved due to the conversion of complex
compounds into simpler and essential form and by minimizing the effect of anti-nutritional factors during
germination (Chavan and Kadam, 1989).
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Table (2): Nutrients digestibility and nutritive values of the experimental rations fed to growing lambs.

ltem Experimental ration
G1 G2 G3 G4 +SE

Digestibility, %

DM 67.26 65.46 66.45 71.07 2.04
oM 70.41 68.46 69.33 74.52 2.29
CP 60.65° 64.87™ 66.14° 73.64° 2.00
EE 65.92° 71.13% 73.68° 80.41° 1.73
CF 59.32 59.90 57.66 66.79 4.64
NFE 55.02° 54.14° 57.60° 65.42° 1.67
NDF 54.59° 52.99° 59.40° 69.56° 2.55
ADF 55.87 55.91 59.88 65.51 2.94
Cellulose 65.19 63.74 70.62 76.06 6.61
Hemi-cellulose 51.18° 58.69h° 64.63% 75.13° 3.46
Nutritive values, %

TDN 55.55° 57.08° 59.71° 68.87° 2.02
DCP 8.62¢ 9.57° 10.10° 11.732 0.33

@b ---"Means in the same row with different superscripts are significantly different (P<0.05). TDN: total digestible

nutrients, DCP: digestible crude protein.

Rumen parameters:

Data of ruminal pH, NH3-N and TVFA’s concentration are presented in Table (3). Results indicated that
ruminal pH values were significantly (P<0.05) higher with feeding G1 compared with other groups at 4 hours
and mean values, while no significant differences were founded between groups before feeding.

Values of NH3-N concentration in Table (3) indicated that the lowest values was recorded at zero time
and gradually increased to the maximum at 4 hours post feeding. In this respect, NH3-N concentration was
found to be significantly (P<0.05) highest with G3 compared to other tested groups. Similar results were
obtained by Fayed (2011). These results may be due to rations, which contained sprouted barley have high
level of protein and its degradability compared to control ration.

Table (3): Effect of the experimental rations on some rumen parameters of growing lambs.

Experimental rations

Item Gl G2 G3 G4 +SE
Rumen pH

Zero time 6.50 6.25 6.10 6.15 0.07
4 hrs. post feeding 5. 60a 5.15¢c 5.30b 5.25bc 0.04
Mean 6.05a 5.65b 5.70b 5.65b 0.04
Rumen NH3-N (mg\100 ml)

Zero time 26.06 29.40 28.00 22.40 1.83
4 hrs. post feeding 30.10b  35.00b 37.80a  29.40b 1.63
Mean 28.35 32.20 32.90 25.90 1.28
Rumen TVFA's (meg\100 ml)

Zero time 4.30 5.60 5.60 5.70 0.39
4 hrs. post feeding 11.10 8.70 8.00 7.30 1.20
Mean 7.70 7.15 6.80 6.50 0.79

P - Means in the same row with different superscripst are significantly different (P<0.05).

There were insignificant differences in TVFA’s concentrations between all groups in all sampling times.
Such results might be indicated that inclusion of barley green in tested rations had created similar rumen
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environment in relation to TVFA’s production, which showed closer values for all dietary rations either
before or after feeding. Fayed (2011) recorded same values of TVFA's, when Barki lambs were fed on
sprouted barely grains on Tamarix or rice straw and mixture compared with un-treated groups. Also, Ibrahim
et al. (2001) reported that TVFA's concentrations were higher for sprouted barely on rice straw and bagasse
than untreated one. Concentrations of TVFA’s enhanced after feeding and reach its peak after 4 hrs post
feeding.

Blood parameters:

Results of Table (4) indicated that values of blood constituents were in normal range of sheep. Lambs fed
G2 showed the highest significant values (P < 0.05) of total proteins and albumin. Control ration (G1)
recorded slightly higher value of urea concentration with insignificant differences with G2 and G3. No
significant differences were observed among groups in globulin, creatinine ALT and AST. These results are
harmony with Fayed (2011), who recorded the following values of blood biochemistry with Barki lambs fed
sprouted barley: Total protein 6.13-8.19 g/dl, albumin 3.18-4.17 g/dl, globulin 3.13-4.02 g/dl, urea 35.37-
67.30 mg/dl and creatinine 0.95-1.60 mg/dl.

Table (4): Effect of experimental rations on blood parameters of growing lambs.
Experimental ration

Item Gl G2 G3 G4 +SE
Total proteins, g/dl 6.25° 7.20° 6.55% 6.40°  0.22
Albumin, g/dI 3.40° 4.15° 3.45° 3.35° 019
Globulin, g/dl 2.85 3.05 3.10 3.05  0.07
Urea, mg/dl 28.0° 26.5% 27.5% 26.0° 054
CREATININE, MG/DL 0.95 0.8 0.95 075  0.70
ALT, IU/L 23.0 23.0 235 225 074
AST, IU/L 21.0 22.0 235 220 130

AB,

...MEANS IN THE SAME ROW WITH DIFFERENT SUPERSCRIPTS ARE SIGNIFICANTLY DIFFERENT (P<0.05). ALT: ALANINE
AMINOTRANSFERASE, AST: ASPARTATE AMINOTRANSFERASE

Growth performance:

The results of growth performance (Table 5) showed no significant differences (P<0.05) among IBW of
the lambs at the start of the experiment. Groups fed rations contained green barley recorded higher values of
final body weight, total gain, and average daily gain being. Dry matter intake was approximately the same
among groups. Feed conversion was lower with groups fed GB compared to G1. The present results of
growth performance are matched with data obtained with Ata (2016) when fed hydroponic barley up to 62%
from total ration for Awasi lambs.

Table (5): Effect of the experimental rations on growth performance of growing lambs.

Experimental rations

Item Gl G2 G3 G4 +SE
Live body weight:

Initial body weight, kg 30.28 29.93 30.21 29.57 0.99
Final body weight, kg 44.21° 46.00% 47.93° 47.93° 1.43
Total weight gain, kg 13.93° 16.07* 17.72° 18.36° 0.89
Average daily gain, g 154.76° 178.56®  196.88*  204.00° 9.98
Feed intake, As fed, Kg/h/d

Concentrate 0.87 0.71 0.55 036 -
Clover hay 0.37 0.30 0.23 016 -
Green barley 0.95 1.95 291 -
Feed intake, kg/h/d. on DM basis

Total DM intake 1.12 1.14 1.17 1.16 -
Feed conversion, g/g:

DM/ daily gain 7.23 6.38 5.94 596 -

@b - Means in the same row with different superscripts are significantly different (P<0.05). DMI: dry matter intake.
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Feeding on GB increased economic values by 31%, 27% and 15% with G4, G3, and G2, respectively
compared to the control group (G1). These results agree with Intissar and Eshtayeh (2004), when ewes were
fed on 15 and 25% from total diet of hydroponic barley. The same trend was observed with Fayed (2011),
who found that addition of sprouted barley with rice straw and Tamarix mannifera increased the feed
efficiency in lambs. These results are also like that reported by another researcher when Barki lambs fed
commercial rations (Ghoneem, 2010 and Mahmoud, 2011).

CONCLUSION

Summing up, there were a positive effect of sprouted grains when it was used by 20 to 60 % from daily
dry matter intake on digestibility, rumen parameters and blood constituents and growth performance of
growing lambs.
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