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Abstract 
 
The present study was conducted to develop a drying technology for citrus (orange, lemon and grapefruit) pulps by 

using scrubber heat source and determination of nutrient values in dried citrus pulps. Scrubber heat source of a 

calcite production plant was equipped for a drying system which by provided a dried pulp production. Firstly, water 

content of pulps was reduced to approximately 12% by mechanical press centrifugation. The pulps were then 

transferred to the vibrio-fluidizer fluid bed. After than pre-dried pulps transferred to rotary drum dryer for three 

hours and total water content of the pulps was reduced to approximately 8%. Chemical values of powder dried 

orange, lemon and grapefruit pulps such as DM in the air (926.70, 885.30 and 774.00 g/kg), CP (31.50, 65.70 and 

77.00 g/kg), CF (28.50, 12.30 and 14.60 g/kg), EE (204.40, 60.40 and 65.90 g/kg), ME Mcal/kg DM (1.584, 2.492 and 

2.356), pH (6.94, 6.96 and 6.93) and percentage of digestibility (61.32, 47.85 and 61.44%) were determined. In 

conclude, citrus pulps could be used as re-cycled industrial feed in animal nutrition by drying with scrubber heat 

source dryer.  
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1.  Introduction 

Quality forage resources as grasslands, fruit juice 

industry with a cultivated forage crops pulp residues are 

of great importance for Turkey. The share of the total 

arable area of livestock feed crops sowing areas of 

advanced countries is 10%, but, it is, unfortunately, just 

3.5% in Turkey. Rich pulp in terms of a significant 

amount of the water released as waste material in 

Turkey cannot be assessed at the desired level for 

ruminant animals. Thus, for making it harmless while 

they are causing environmental pollution and preventing 

global warming raided, it has been tried or removed with 

additional costs. Citrus pulps have three very important 

advantages by animal feed; i) primarily to prevent the 

animals being common to the food of the people, ii) 

contributing to the production of high quality forage 

needed in industry and iii) the factors that could make 

environmental pollution are more effective to prevent 
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damage to the environment by providing the 

opportunity to use. Regionally produced and exposed in 

the processing of industrial waste processed fruit and 

vegetables has great importance as a feed ingredient. In 

Turkey, in 2010, the amount of oranges, grapefruit and 

lemons which are processed for producing juice is 

approximately 94 thousand tons. Approximately 70% of 

the total citrus is produced in the Cukurova region in 

Turkey. 95% of grapefruit, lemons 85%, oranges 65%, 

while 75% still mandarins are grown in this region. 

According to MEYED (2008) Antalya is the second with 

its 20% of citrus production and Izmir is the last in the 

list. Also, 20% of the mandarins is produced in Izmir, in 

Turkey. Citrus fruits (orange, lemon and grapefruit) pulp 

materials which are exposed to large amounts in 

Cukurova region are considered as a model in the 

present study. Waste exposed as citrus pulp is aimed to 

make them harmless to the environment by using the 

appropriate and effective technologies. Thus, the pulp 

will be removed and the waste will be turned to a by-

product, and then it will be dried and processed and it is 

aimed to determine the possibilities to use as a quality 

feed source for animal feed. 

 

2. Materials and Methods 

Citrus (oranges, lemons and grapefruit) pulps were 

obtained from fruit juice factories located in Cukurova 

Region, Turkey. The 3D image of drying system is 

presented in Figure 1.  

 

Figure 1. The 3D image of drying system 

 

Wet citrus pulp dump trucks when brought on site first 

of all with accepting bunker (part 1) emptied were 

moved to the drying system with elevators (parts 2 and 

3). Elevators transported wet citrus pulp dewatering 

takes place to the first pre-dewatering process (part 4) 

was pressed continuously mechanically screw system. 

The water content of the pre-dewatering wet pulp after 

heat treatment was removed until reduced to below 

12%. After pressing the water was stored in drain line 

(part 13) and first pre-dewatering pulp samples was 

transferred to vibrating fluid bed (part 5) for the second 

pre-drying. Following, the second pre-drying samples 

was transferred to advancing rotary drum dryer module 

for the last drying (part 6). The dried pulps were 

transferred to eliminate (part 7) module. Belt drying in 

the module (part 8) was then decreased gradually as hot 

air sample collection hopper was transferred to storage 

tanks (part 9). The cyclone (part 10) on the system rotor 

removal of the cold portion of the hot air in the drying 

module has recognized the process. The system's main 

energy source, the top of the oven (part 11) tubes 

carrying hot air collected from the area (part 12) has 

been transferred to the system. The liquid released 

during the dewatering process (part 13) was stored in 

the warehouse. 

Dried citrus pulps were exposed to vacuum drier system 

for determination of in air dry matter. Crude ash, crude 

fat, crude protein, crude fiber and nitrogen free extract 

content were determined according to AOAC (1998). 

NDF and ADF levels were detected in 200 Ankom Fiber 

Analyzer according to Van Soest et al. (1991). Organic 

matter digestibility (OMD) values of dried citrus pulps 

were determined by using Hohenheim gas production 

system after the end of 96 hours incubation. Metabolic 

energy (ME) was determined according to MAFF (1984). 

The percentage of Ca, Fe, K, Mg, Na and P were 

determined by using ICP (Perkin Elmer® Optima ™ 7000 

DV ICP). The pH values of dried citrus pulps in rumen 

fluid were determined using the liquid pH meter 

(Sartorius portable pH meter PT-10). The color and 

texture properties of the dried pulps were determined 

by using Hunterlab Colorflex EZ and Stable Micro 

Systems TA.XT Plus Texture Analyzer, respectively. 

The data on in vitro nutrient digestibility of citrus pulps 

in randomized plots were analyzed in the GLM 

procedure in SAS (1996) software. Comparison of 

average values was ranked by Duncan Multiple 

Comparison test. The results were computed as the and 

statistical significances were determined at the level of 

P<0.05. 

 

3. Results 

Drying modules were evaluated separately and again 

made the three dryer modules could be obtained by 

drying the desired level with individual performances. 

Therefore, the system was redesigned to include three 

modules and obtained drying the desired level. Water 

loss was realized between about 8-10% with front 

continuous mechanical dewatering screw compression. 

75-77% removal of residual moisture in the pulp in 

order vibrio fluidized bed rotary drum dryer and belt 

dryer designed and tested. Citrus pulp could not be 

reduced to the desired moisture level systems tested as a 

whole one hour moving hold the as a result of moisture 

level of about 35 - 37% the results of the two - hour 

moisture level kept moving about 13 - 25%, three-hour 

moving orange pulp treatment results in moisture level 
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of 8-10% moisture level declined (Table 1). 

Table 1. Determination of samples nutrient value of dried 

citrus pulps 

Chemical 

Compositions 

Dried 

Orange 

Pulps 

Dried 

Lemon 

Pulps 

Dried 

Grapefruit 

Pulps 

DM in the air 926.70 885.30 774.00 

Ash 109.80 76.40 60.20 

Ca% 0.83 0.75 0.52 

Fe% 0.12 0.03 0.03 

K% 0.43 0.45 0.40 

Mg% 0.06 0.05 0.04 

Na% 0.02 0.01 0.01 

P% 0.05 0.05 0.04 

CP 31.50 65.70 77.00 

EE 204.40 60.40 65.90 

NPN 34.40 664.40 640.00 

CF 28.50 12.30 14.60 

NDF 355.20 21.90 20.20 

ADF 34.00 20.00 21.60 

ME Mcal/kg DM 1.584 2.492 2.356 

Physical 

Compositions 

   

L*   44.85 46.12 41.89 

a* 4.58 10.04 8.81 

b* 22.73 28.38 25.28 

a*/ b* 0.20 0.35 0.35 

C* 521.20 815.50 647.90 

H° 78.61 70.51 70.79 

Hardness Values  

(Newton) 
39.78 31.60 67.12 

Digestibility     

OMD% 61.32 47.85 61.44 

NEL (MJ/kg KM) 4.64c 4.96b 9.71a 

ME (MJ/kg KM) 8.74b 7.27c 9.22a 

pH 6.94b 6.96a 6.93b 
a,b,c Means in rows with different superscripts are 

significantly different at P<0.05.  

DM: dry matter, CP: Crude Protein, EE: Ether Extract, NPN: 

Non-Protein-Nitrogen, CF: Crude Fibre, NDF: Nötral 

Detergent Fibre, ADF: Acid Detergent Fibre, ME: Metabolic 

Energy, L*: , a*: , b*: , a*/ b*: , C*: , H°: , OMD: Organic 

Matter Digestibility, NEL: Net Energy Lactiation, 

 

4. Discussion 

The juice pulp was available as fresh from the factory 

and was dried in the laboratory with a nutrient content 

was determined to be reported in the literature. Orange 

pulp-drying for three hours at NRC (2001) nutritional 

substances is given for maize and fiber content was 

found to be richer. Also, different amounts of the citrus 

pulp in the following researchers have tried study as a 

substitute for maize and barley in rations of ruminant 

animals, investigated the potential to be substituted. 

Bhattacharya and Harbin (1973) ration instead of corn, 

400 g / kg DM, Henrique et al. (7) 650 g / kg DM, 

Vijchulata et al. (1980) studied with two different 

studies, 400 and 600 g / kg DM, Lanza (1984) is a dry 

orange pulp and corn in half on another 250 or 500 g / 

kg level corn dry substitution with orange pulp on, 

Schalch et al. (2001) 150, 300, 450 kg / ton of dry citrus 

pulp level, Bueno et al. (2002) instead of corn dried 

citrus pulp quantities; 695 and 0 g / kg, 460 and 230 g / 

kg, 220 and 460 g / kg, 0 and 665 g / kg of ration use in 

the form of substitution does not create any problems 

reported. 

When the nutrient content of communicative and taken 

into account; dried citrus pulps can be substituted by 

half the grains prepared in ruminant rations to animals 

instead of half of the grains used in the ratio be 

considered citrus pulp may be used. Hadjipanayiotou 

and Louka (1976) two different mixed feed that any in 

tons 820 kg of barley and 150 kg of soybean meal, the 

second mixed the of feed 200 kg of barley and 600 kg of 

dried citrus pulp and can be used to determine in the 

ration without creating problems of substitution as 180 

kg of soybean meal. On the other hand, the grain in the 

ration of dried citrus pulp Leiva et al. (2000) has also 

been reported with some negativity can lead to full 

substitution on the yield and milk composition in dairy 

cows. Corn instead dried citrus pulp the use of milk yield 

and composition of the onto effects they examined two 

different studies of the first in the composition of the 

ration milk yield and its components on does not have an 

effect significantly, the second is the highly situated dry 

citrus pulp in the composition of the ration milk yield, 

reducing the milk fat and milk protein yield, and the 

former one was found to increase the level of milk urea 

nitrogen.  

Nutrient content of orange pulp in citrus pulp dried 

assessed three hours for the dry matter has reached the 

desired level. Changes in chemical and physical 

characteristics that occur with three hours of dried 

orange pulp has been different. One and two hours a 

significant pH change in the dried pulp for organic 

matter digestibility was similar metabolic energy. 3 

hours with dried orange pulp pH rises while the organic 

matter digestibility and metabolizable energy level has 

dropped significantly. These findings show that the at 

least 3 hours drying time needed in order to store the 

dried product for two hours while indicating that there 

should be a suitable drying time. Therefore, drying time; 

the level of organic matter and moisture-storability 

illustrates the optimization of metabolic energy 

requirement in digestibility value. On the other hand, in 

vitro digestibility results obtained in the Bampidis and 

Robinson (2006) have been reported compatible with 

the value of the dried product has reached the conclusion 

that such optimization is important for the feed value. 

The results obtained from total drying system that was 

specifically designed for the study of dried orange pulp 
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(three hours drying) are similar to the values specified in 

international standards. Physical analyzes in drying 

times and product appearance (color), indicating that 

there are close relations between product hardness. 

Results of this chemical orange pulp drying time can be 

understood and changed in accordance with the physical 

properties of the market demand; it was found that the 

hardness of the product increases dramatically with the 

drying. This situation is negative for the chewiness of the 

product probably will adversely affect the rate of use of 

the ration dry pulp; but at reasonable levels in the ration 

(20 - 30%), dried citrus pulp to be used, chewiness will 

be significantly adversely affected. 

Cukurova region in large amounts of exposed citrus pulp 

was taken as the material model for the current project, 

the prevention of damage to the environment that the 

material waste, making suitable and harmless, using 

efficient technologies, evaluation of products, followed 

by dried processing to determine the feed value animal 

feed for the dissemination the use of concentrate feed 

aimed to become commercially important. The highest 

potential waste was the orange pulp, according to 

current drying methodology. 
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