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SUMMARY 

 

n order to study the effect of chitosan, pectin and vitamin C tools for removing heavy metals (HM's) 

from diets and as antioxidant and its effect on goats performance, experimental diets consisted of 

concentrate feed mixture (CFM) plus acacia forage irrigated with wastewater, were served as control 

(D1); D1 plus 5 gm /head/d chitosan (D2); D1 plus 20 gm/ head /d purified pectin (D3) and D1 plus 500 

mg/head/d vitamin C (D4). Twenty lactating Zaraibi does in the 2nd and 3rd season of lactation with 34.5 kg in 

average body weights were used for feeding trial. They were randomly divided into four equal groups (5 does 

each). While twelve Zaraibi bucks 50.2 kg weight were used in four digestion trials. For rumen fermentation 

trials, three does fitted with permanent rumen fistula were used. Goats were offered acacia forage ad libitum 

twice a day at 8.00 and 16.00 plus restricted amount of CFM to cover 50% of protein requirements according 

to NRC (2007). Results showed that: 1- Acacia plant had lower pH than that of wastewater or soil; while all 

HM's in acacia were higher than that in wastewater or soil; 2- Digestibility coefficients, nutritive values and 

nitrogen utilization of goats fed diet supplemented with pectin or vitamin C had significantly highest (P<0.01) 

values, followed by diet supplemented with chitosan, while control diet was recorded the lowest values. 3- 

Ammonia-N concentration was decreased (P< 0.01) with chitosan, pectin or vitamin C supplementation; 

while VFA's concentration was increased; 4- Molar proportion of VFA's in rumen of goats showed that acetic 
acid concentration was higher in D3 and D4 than other diets, while propionic acid had the highest (P< 0.05) 

value with group supplemented with chitosan, and no significant difference among treatments was found 

respecting butyric acid concentration; 5- Pectin or vitamin C addition lead to an increase in ruminal bacteria 

numbers and their activities, not only that, but they had higher (P< 0.01) for microbial protein (MP) syntheses 

as well; 6- Milk production was significant increased with all supplemented groups and in the meantime does 

showed significantly better feed conversion compared with control one; 7- Serum glucose, cholesterol, urea, 

AST and ALT in blood were significantly (P<0.01) decreased  by the supplementation of chitosan, pectin or 

vitamin C compared with control diet. While, serum total protein, albumin and globulin were significantly 

(P<0.05) increased; and 8- Heavy metals residues in the feces of chitosan, pectin or vitamin C groups was 

showed high values compared with the control group. But their residues in the blood serum and milk were 

fewer values compared with the control group. It could be concluded from this study that supplementation 

with chitosan, pectin or vitamin C could improve goats' performance and remove of HM's from blood and 

milk   . However, the use of pectin or vitamin C could come in the first priority versus chitosan that come in the 

least priority. 

 

Keywords: Chitosan, pectin, vitamin C, digestibility, rumen fermentation, blood analyses, milk 

production, heavy metals residue, waste water, lactating does. 

 

INTRODUCTION 

 

Environmental pollution by toxic metals occurs globally through industrial and agricultural processes 

and waste disposal (Duffus, 2002). Throughout Egypt, the course of irrigation and drainage canals is a 

total of approximately 55,000 km. Degradation of water quality in the Nile River and associated irrigation 

and drainage canals is a major issue in Egypt (Abdel-Shafy and Aly, 2002). Pollutants included not only 

agricultural wastewater alone but also industrial wastewater and municipal wastewater as well. Major 
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pollutants in agricultural drains are salts; nutrients (phosphorus and nitrogen); pesticide residues (from 

irrigated fields), pathogens (from domestic wastewater), and toxic organic and inorganic matters (Abdel-

Sabour et al., 2005). The most possible sources of soil, water and plant pollutions are: sewage sludge, 

residues of industrial factories and intensive fertilization. Heavy metals (HM's) are considered as serious 

inorganic pollutants, they have toxic effects on human health, animals, plants and life in aquatic system 

(Nouri et al., 2011). Recently, HM's pollution in natural water has been receiving tremendous attention. 

The toxic HM's could also gradually accumulate in human body through food chain and cause damage to 

human health (Chen et al., 2009). In the Egyptian irrigation system, the main source of copper (Cu) and 

lead (Pb) are industrial wastes as well as algaecides (for Cu), while that of cadmium (Cd) is the 

phosphatic fertilizers used in crop farms (Mason, 2002). Plants grown on sewer water irrigation such as 

acacia, salix and common reed which used as fodder to dairy animals had higher concentration of heavy 

metals (Bansal, 2004). Rozso et al. (2003) detected the heavy metals of forages and roughages produced 

in agricultural regions and the neighboring cities, industrial plants and busy highways. The removal of 

heavy metal ions using low-cost abundantly available adsorbents: agricultural wastes by-products were 

used and investigated (Hashem et al., 2007; Buasri et al., 2012 and Zwain et al., 2014). Chitosan is a 

cationic carbohydrate polymer derived from chitin. It's a natural nontoxic biopolymer produced by the 

deacetylation of chitin, a major component of the shells of crustaceans such as crab, shrimp, and crawfish 

(Wenshui et al., 2010). Furthermore, chitosan is largely used as a non-toxic flocculent in the treatment of 

organic polluted wastewater and as a chelating agent for the removal of toxic heavy and reactive metals 

from industrial wastewater (Jeon et al., 2001). Its derivative, chitosan (poly [b-(1-4)-2-amino-2-deoxy- D-

glucopyranose]), a polymer of D-glucosamine, has reactive amino groups which are responsible for 

complex formation between metal ions and the polymer chain. Jayathilakan et al. (2012) cited that one of 

the important applications of chitosan is the removal of proteinaceous matter in the food industry; its 

positive charge can be used for coagulation and recovery of proteinaceous materials present in such food 

processing operations. Pectins can be obtained from sugar-beet pulp (SBP), a residue of the sugar 

processing industry. Compared to other pectins obtained from other sources, like citrus, apple and 

sunflower pectins, SBP pectins have the advantage that the raw material is already dried and does not 

depend on stationality. SBP is used as animal feed at very low prices and is readily available; it has high 

pectin content (15–30%) (Mata et al., 2009). Most of the pectins present in the SBP are high in methoxyl 

group and have more than 50% of methoxylated residues. Therefore, the main functional groups of pectin 

are: hydroxyl, carboxyl, amide and methoxyl. These functional groups have been traditionally associated 

to heavy metal binding, especially carboxyl groups with a great bio sorption and heavy metal removal 

potential (Mata et al., 2009). Many by-products rich in pectin such as apple waste, SBP and citrus peels 

have been studied for their metal binding capability (bio sorption) (Schiewer and Patil, 2008). Vitamin C 

has been reported to act as a chelating agent of Pb, with a similar potency to that of EDTA (Goyer and 

Cherian, 1979). El-Sokkary and Awadalla (2011) cited that vitamin C; in large doses could acts as a 

chelating agent. Also, it helps to protect animals from HM''s. Also, can be used to protect animal from the 

environmental pollution effect and is a free radical fighter as well. The objective of the present study were 

to determine the concentration of heavy metals ions in soils and water under effluents irrigation and 

fodder which irrigated by wasted water and to evaluate the effect of some supplements such as chitosan, 

pectin or vitamin C as tools for removing of heavy metals and study their effects on the digestibility 

coefficient, rumen fermentation, blood parameters and goats performance. Also, to evaluate the toxic 

level of metal ions in the milk of animal by effluents irrigated fodder. 

 

MATERIALS AND METHODS 

 

Study area: 

The study area was located in New Borg El-Arab city, 60 km west of Alexandria, Egypt. The soil 

obtained from the field was calcareous, irrigated by wastewater. It was neighboring from industrialized 

region. Alexandria City has been generating a huge amount of wastewater from domestic, agricultural and 

industrial sectors (Abd El-Hady, 2007).  

Plant sampling and analysis: 

The edible parts of acacia (acacia saligna) were harvested from March to May 2012. The plant 

material samples were collected in brown paper bags and taken to the laboratory for oven dried at 60-

70oC. Then they were grounded and passed through a standard sieve ready for extraction. Ash samples 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Schiewer%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17540559
http://www.ncbi.nlm.nih.gov/pubmed/?term=Patil%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=17540559
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were quantitatively transferred into 10ml concentrated nitric acid (Jones and Case, 1990). Cadmium (Cd), 

chromium (Cr), copper (Cu), nickel (Ni), lead (Pb) and zinc (Zn) concentrations in the plant samples were 

determined by the inductively coupled plasma optical emission spectrometer (model Perkin Elmer 

Optima 2000 DV), using the Atomic Adsorption Spectrometer. 

Soil and irrigation canal water sampling and characterizations: 

Wastewater used for irrigation and reference soils were collected at the same time of harvesting 

acacia. The soil samples were collected from 0-30, 30-60 and 60-90 cm deep at the root zone and it mixed 

together to form a composite sample. Soil was air-dried and sieved through a <2 mm mesh, and then 

sealed in Kraft paper envelopes until analysis. Sub-samples were used to measure the physico-chemical 

properties according to standard procedures. For the heavy metal concentrations, soil was extracted by 

aqua regia at 160oC and then metal concentrations in the digests were determined by the inductively 

coupled plasma optical emission spectrometer (model Perkin Elmer Optima 2000 DV), using the Atomic 

Adsorption Spectrometer. Three wastewater samples were collected from canals water .Water samples 

were taken in labeled plastic bottles and transported to the laboratory of Soil and Environmental Sciences 

to be determine electrical conductivity (EC), pH and heavy metals (Cd, Cr, Cu, Ni, Pb, and Zn) were 

measured according to Walsh (1971). 

Digestibility and nitrogen balance trials: 

Four digestibility and nitrogen balance trials were carried out using twelve zaraibi bucks averaging 

50.2 kg weight (three bucks for each diet). Each trial lasted for 42 days; the first 35 days as a preliminary 

period, followed by 7days for feces and urine collection. Animals were offered acacia ad libitum twice a 

day at 8.00 and 16.00 plus restricted amount of CFM to cover 50% of protein requirements according to 

NRC (2007). Water was offered freely. Experimental diets were; concentrate feed mixture (CFM) plus 

acacia irrigated with wastewater, as control (D1); D1 plus 5 gm / head /d chitosan to be added to CFM 

(D2); D1 plus 20 gm/ head /d purified pectin to be added to CFM (D3) and D1 plus 500 mg vitamin C to be 

added to CFM (D4). Sub samples (20%) of feces and urine were taken once daily and frozen until 

analyses. Chemical analyses of diets, faeces and urine were undertaken followed the methods of AOAC 

(2005). Cell wall was analyzed for neutral detergent fiber (NDF), acid detergent fiber (ADF) and acid 

detergent lignin (ADL) using Tecator Fibretic system. Hemicellulose and cellulose were determined by 

difference according to Van Soest et al. (1991). Values of the total digestible nutrients (TDN) were 

calculated according to the classic formula of Maynard et al. (1978) on dry matter basis (DM). 

Concentrate feed mixture (CFM)  consists of 35% yellow corn, 18% soybean meal, 28 % wheat bran, 

10% barly grain, 5% molasses, 2% limestone, 1%salt, 0.5% mineral mixtures, 0.5%vitamin mixtures was 

used in the feeding trials. Chitosan (poly D-glucosamine)-deacetylated chitin, Sigma-Aldrich Co., St. 

Louis, MO, USA). Pectin (Poly- galacturonic acid methyl ester ≥ 74.0% (dried basis), Sigma-Aldrich Co., 

St. Louis, MO, USA). Table (1) illustrated the chemical analyses and fiber fractions of CFM and fresh 

acacia (FA) which irrigated by wasted water. 

 Ruminal liquor parameters: 

Samples of rumen liquor were taken at 0, 1, 3 and 6 h post feeding from three fistulated adult Zaraibi 

does with approximately 32.5±0.5kg BW for each treatment consequently. Samples were analyzed 

immediately for pH using Orion 680 digital pH meter.  

The rumen fluid samples were preserved for ammonia nitrogen (NH3-N) determination by adding 

concentrated H2SO4 (3 drop per 5ml). The concentration of NH3-N was determined by using magnesium 

oxide (MgO) as described by the AL-Rabbat et al. (1971). Concentration of total volatile fatty acid 

(VFA’s) was estimated by using steam methods (Warner, 1964). Total bacteria count was carried out 

according to Difco (1984). The microbial nitrogen synthesis in the rumen of goats was determined 

according to the method of Makkar et al. (1982) using tungstic acid.  

Lactation trial: 

Twenty lactating Zaraibi does in the 2nd and 3rd season of lactation, aging 2-4 years with 34.40 Kg in 

average were randomly divided into four similar groups (five goats each) to carry on the lactation trial for 

a period of 60 days. Goats were randomly assigned to the four experimental diets using a randomized 

complete block design (Steel and Torrie, 1980). Before the start of the experiment all does were kept for 7 

days as an adaptation period during which all animals were treated with Ivomec® against external and 

internal parasites.  Goats were fed on restricted amount of CFM to cover 50% of protein requirements 

according to NRC (2007), while acacia forage was fed ad libitum and the actual amount of acacia 
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consumed was daily recorded. The CFM was fed twice a day at 8.00 and 16.00 and animals were weighed 

biweekly for two successive days. Drinking water was available all times. Milk yield was individually 

recorded on two successive days, and milk samples were collected twice daily for 4 times in the 60 days 

through the collection period from all goats according to Galatov (1994). Milk samples were chemically 

analyzed for total solid (TS), protein, fat and ash according to AOAC (2005), while lactose was calculated 

by difference. Kids were kept in a separate enclosure and allowed to suckle their dams for a short period 

in the morning and in the evening just at the time of milking.  Samples were collected immediately after 

milking from goats, and then wet ashing procedure was chosen for blood and milk. The method of Ataro 

et al. (2008) was adopted for digestion of liquid samples (blood and milk) and heavy metals (Cd, Cr, Cu, 

Ni, Pb and Zn) concentrations in the prepared samples were determined by the inductively coupled 

plasma optical emission spectrometer (model Perkin Elmer Optima 2000 DV), using the Atomic 

Adsorption Spectrometer. 

 

 

Table (1). Proximate chemical analyses and fiber fractions of the experimental CFM and fresh 

acacia (on dry matter basis, %).  

Item CFM  Fresh acacia 

 Chemical analysis: 

OM 92.08 88.64 

CP 15.83 14.62 

CF 5.74 25.83 

EE 3.13 2.14 

Ash 7.92 11.36 

NFE 67.38 46.05 

  Fiber fractions: 

NDF 24.92 51.54 

ADF 12.33 34.72 

ADL               9.56 12.92 

Hemicellulose             12.59 16.82 

Cellulose               2.77 21.80 

 

Sampling and analysis of blood serum: 

Blood samples were collected at the end of the experimental period from all goats. Blood samples 

were obtained from the jugular vein of the goats in the morning before access to feed and water. Serum 

was obtained by centrifugation of blood and stored at – 20 ºC until used for analysis, while whole blood 

samples were used for determined heavy metals concentrations. Glucose concentration was determined by 

the method of Trinder (1969). Serum cholesterol was determined using the colorimetric method of Stein 

(1986). Serum total protein (TP) was measured as described by the Biuret method according to Henry et 

al. (1974). Albumin (A) concentration was determined according to Doumas et al. (1971). Kidney 

function was evaluated by measuring blood urea using the colorimetric methods of Henry and Todd 

(1974). Liver functions were assessed by measuring the activities of aspartate aminotransferase (AST) 

and alanine aminotransferase (ALT) by the method of Reitman and Frankel (1957). 

Statistical Analysis: 

  Collected data were statistically analyzed using the method of least squares analysis of variance 

using General Linear Models (GLM) procedure (SAS, 2004). The model used was as follow: 

 Yij = μ + Ti + eij 

Where:  Yij = an observation taken on the jth individual, μ=overall mean, Ti = a fixed effect of the ith 

treatment (i=1 to 4), eij = A random error assumed to be normally distributed with mean = 0 and variance 

= σ2. Significant differences among means were separated using LSD test according to Duncan (1955).  
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RESULTS AND DISCUSSION 

 

Physico-chemical properties of irrigation wastewater, soil and plant: 

  Data in Table (2) showed that pH of acacia plant in this study was markedly lower than that of 

irrigation wastewater or soil in new Borg Al-Arab site. All heavy metals content in acacia were 

considerably higher than that in irrigation wastewater or soil. When wastewater, soil and acacia samples 

were analyzed for heavy metals (Cd, Cr, Cu, Ni, Pb and Zn) it was found that the concentrations of HM's 

were beyond the maximum permissible limits declared by (WHO, 2006). Analysis of chemical 

parameters of water and soil concluded that pH and electrical conductivity were within the normal range 

set by (WHO, 2006). The nickel, cadmium, chromium, and lead contents in wastewater were much higher 

than those in irrigation waters, the levels are higher than the acceptable levels reported by FAO guidelines 

(FAO, 2007) for crop production. The reason for this extremity in values is might be due to the addition 

of civic wastes and industrial effluents as the sewage of the city is directly discharged into the agriculture 

wastewater canal. This is in agreement with the studies (Hassan et al., 2012) who reported that the level 

of heavy metals increasing in the rivers due to discharge of industrial effluents and civic pollution of 

various kinds. With increasing depth of soil sample concentrations of heavy metals were decreased. The 

Pb level in the plants was higher than the recommended limits of 0.5-10 mg/kg (FAO, 2007). 

Contamination with Pb in forages and roughages produced from industrial areas and nearby busy roads 

was higher than that in plants from agricultural areas (Rozso et al., 2003). In India plants grown on sewer 

irrigation water had higher concentration of Zn, Cu, Cd, Cr and Ni as compared to fields irrigated by 

underground water (Bansal, 2004). Lawes (1993) had showed that the pH of the irrigated soil below a 

depth of 15 cm could increase by about 0.5 units.  
 

Table (2).  Average pH, EC and concentrations of heavy metals of irrigation wastewater, soil and 

acacia plant. 

 

Dry matter intake, digestibility, nutritive values and nitrogen utilization: 

Dry matter intake (DMI) was significantly higher (P<0.01) for bucks fed diet supplemented with 

pectin (D3) or vitamin C (D4) followed by chitosan (D2) supplement compared with the control one (Table 

3).  The digestibility coefficients, nutritive values and nitrogen utilization were followed the same trend. 

However, high (P<0.01) digestibility coefficients was observed for pectin or vitamin C supplement diets, 

the less was found for D1and D2. These were reflected on TDN, DCP and N-utilization values. In a 

previous study, chitosan formed a highly viscous solution in the gastrointestinal tract of animals because 

of its melting properties in weak acid (Sugano et al., 1988), and caused a full stomach in animals by 

expanding the duodenum region (Razdan and Petterson, 1994). A reduction of in vitro digestibility for 

maize silage diet and a different forage-concentrate diet with chitosan (325, 750, and 1500 mg/L of 

culture fluid) has also been previously observed (Goiri et al., 2009a and Goiri et al., 2009c). A slight 

decrease in the digestibility in sheep given chitosan (136 mg/kg of BW) daily via rumen fistula has also 

been reported (Goiri et al., 2010). On the other hand, Han et al. (2007) found that the best nutrient 

digestibility and higher crude fat (EE) digestibility (p<0.005) when pigs fed diet supplemented with 

(0.4% Chitosan for starter (6-13 kg) and 0.3% for grower (13-30 kg) stages compared with the control. 

El-Badawi and El-Kady (2006) believed that the high water holding capacity of dry sugar beet pulp due to 

Properties Contaminated  

Wastewater 

 (mgL_1) 

Contaminated soils  

(mg kg_1) 

       0-30cm              30-60 cm        60-90 cm 

Contaminated  

Plant  

( mg kg_1DM) 

pH 8.3 8.2 8.3 8.3 7.11 

E.C.dSm-1 1.02 0.64 0.81 1.62 - 

Cd 0.08 0.49 0.45 0.43 1.07 

Cr 0.97 1.35 1.27 1.25 2.06 

Cu 0.58 2.77 2.13 2.08 4.81 

Ni 0.09 0.15 0.12 0.09 2.39 

Pb 0.35 2.09 1.16 1.12 11.14 

Zn 0.34 2.48 1.58 1.55 12.74 
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the existence of pectin substances, methyl and carboxyl groups in its molecular structure may be the 

reason of its better digestion. In the same time,  inclusion of pectin source in feeding of ruminants delays 

rate of passage outside the rumen (El-Badawi et al., 2003) and increased Lactobacilli and Streptococci 

and enzymatic yield of polygalacturonase and pectin esterase (El-Badawi et al., 2001). However, Omer et 

al. (2013) found that inclusion of sugar beet pulp to substitute yellow corn in sheep ration insignificantly 

(P>0.05) improved DM and OM digestibilties, while, it significantly (P<0.05) increased CF digestibilties, 

but, it significantly (P<0.05) decreased EE digestibility. 

Data of nitrogen retained was positive for all experiment groups. N-retained as a percentage of N-

intake was significantly higher (P< 0.01) with pectin or vitamin C supplementation than the control and 

chitosan groups, while it insignificantly differ between chitosan group and control group. The same trend 

was observed for N-utilization when it expressed as N-retained/ N-absorption (%).  These results were in 

agreement with those found by El-Badawi et al. (2003) and Mousa (2011). Generally, the superiority in 

nitrogen retention due to a specific ration is affected by several factors such as possible production of 

microbial protein synthesis, increasing presence of fermentable energy (Hagemeister et al., 1981), 

variability in nitrogen that might escape fermentation from the rumen, an increased utilization of 

ammonia in the rumen (Holzer et al., 1986) and the effect of free fats in protein synthesis (Sutton et al., 

1983). 

 

Table (3). Feed intake, digestibility coefficients, nutritive values and nitrogen utilization for bucks 

fed the experimental diets.  

Item 
                      Experimental diets 

D1 D2 D3 D4 SEM Sig. 

Feed intake (g/d/h): 

CFM 537 537 537 537 - - 

Acacia 506c 541b 659a 626a 10.65 ** 

TDMI 1043c 1078b 1196a 1163a 11.64 ** 

Digestibility coefficients (%): 

DM 59.68c 61.97b 66.40a 65.93a   0.58 ** 

OM 61.02c 63.13b 67.37a 66.40a   0.44 ** 

CP 56.40b 56.88b 62.16a 61.74a   0.78 * 

CF 52.13b 51.97b 59.07a 57.22a   2.41 * 

EE 67.43b 70.10a 72.44a 72.29a   2.76 * 

NFE 65.50b 68.69a 71.67a 70.19a   1.21 * 

Nutritive value (%) 

TDN 58.01c 59.97b 63.44a 62.30ab   0.45 ** 

DCP 8.55b 8.66b 9.43a 9.37 a   0.26 * 

Nitrogen utilization (g/h/d): 

N-intake (g/d) 25.45c 26.25b 29.02a 28.23a   0.42 ** 

N-retained (g/d) 4.97b 5.21b 9.21a 8.18a   0.29 ** 

N-absorbed (g/d) 14.28b 14.93b 18.04a 17.43a   0.79 ** 

N- retained as % of N-

intake 
19.56b 19.86b 31.74a 28.98a   1.21 ** 

N- retained as % of N-

absorbed 
34.83b 34.90b 51.05a 46.93a   1.36 * 

** P< 0.01 and * P< 0.05  

a,b and c: means in the same row with different superscripts are differ significantly (P< 0.05)or (P< 0.01).  

D1: concentrate feed mixture (CFM) plus acacia, control. 

D2: D1 plus 5 gm /head/d chitosan added to CFM. 

D3: D1 plus 20 gm /head/d pectin added to CFM.  

D4: D1 plus 500 mg /h/d vitamin C added to CFM. 

 

Ruminal liquor parameters: 

Data of ruminal pH values did not significantly differ by supplementation materials (Table 4).  The 

control one was showed the highest (P<0.01) NH3-N value and the lowest (P<0.01) value of TVFA's 

concentrations than the supplementation diets. Goiri et al. (2008) found that chitosan treatments 
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decreased NH3-N concentration in a dose-dependent manner compared with control. However, (Chalupa 

et al., 1980) observed that inclusion of chitosan could reduction in CP disappearance and amino acid 

degradation which associated with a reduction in NH3 production. So, in the light of the observed results, 

chitosans could be used as a means of increase dietary protein escape from ruminal degradation. The 

higher (P<0.01) VFA's concentrations obtained with pectin or vitamin C supplementation; could be 

reflected from their more digestibility coefficients, or may be related to the more utilization of dietary 

energy and positive fermentation in the rumen. These findings agreed with those found by Omer et al. 

(2013) who illustrated that inclusion of sugar beet pulp (SBP) as pectin-rich food in sheep ration 

significantly (P<0.05) decreased ammonia nitrogen concentration, while, it significantly (P<0.0 1) 

increased total volatile fatty acids concentration, however it had no significant effect on pH value 

compared to control ration. Also, Abedo (2006) noticed that ammonia nitrogen concentration was 

significantly (P<0.01) lower for animals fed rations contained 25 and 50% SBP than the control group.  

 
Table (4). Overall mean of rumen parameters of does fed the experimental diets.  

Item                          Experimental diets 

D1 D2 D3 D4 SEM Sig. 

Ph 6.26 6.23 6.20 6.33 0.15 NS 

NH3-N (mg/100 mlR.L) 17.64a 11.98b 12.37b 12.25b 0.42 ** 

TVFA’s (meq/100 mlR.L) 8.42c 11.32b 12.65a 12.04a 0.19 ** 

Acetic acid, % 55.56b 55.59b 59.97a 58.52a 0.36 * 

propionic acid, % 24.75b 26.31a 24.60b 24.69b  0.41 * 

Butyric acid, % 12.59 12.18 12.22 12.15 0.75 NS 

Acetic : propionic ratio 2.24b 2.11cb 2.44a 2.37a 0.10 * 

Tata bacteria count,×107 6.38b 6.66b 9.19a 9.06a 0.12 * 

Microbial protein yield (mg/dl) 152.70b 161.28ab 180.61a 176.34a 5.14 * 
** P< 0.01, * P< 0.05 and N.S = Not significant. 

a,b and c:means in the same row with different superscripts are differ significantly (P< 0.05) or (P< 0.01).  

 

Molar proportion of VFA's in rumen of does showed that acetate concentration was significant lower 

in control and chitosan groups than the other supplemented groups. The propionic acid concentration was 

significantly higher with chitosan group than that the control and other supplemented groups. 

Supplementation with chitosan increased propionate production without decreasing production of acetate, 

whereas it in agreement with the results of in vitro trials reported by Goiri et al. (2008). Also, Goiri et al. 

(2009b) cited that supplementation with chitosan increased propionate production without decreasing 

production of acetate.  So, it was accepted that as propionate production could enhanced at the expenses 

of acetate, the metabolically useful energy recovered in fermentation end products is increased. 

Moreover, it was described that increased propionate could also lowered heat increment and stimulate 

body protein synthesis. Thus, it can be hypothesized that chitosan could used as ionophores to improve 

the efficiency of feed conversion into animal products through these mechanisms. Addition of chitosan 

exerted an effect on some fermentative processes in the rumen, which may improve in vitro energy 

efficiency. It was seen that pectin and vitamin C supplementation was lead to an increase in the numbers 

of ruminal bacteria and their activities (Table 4), which could increase forages digestibility and increase 

the flow rate of microbial protein as well and may alter the patterns of VFA's. Goiri et al. (2008) noticed 

through in vitro trials that in these incubations where microbial growth could have been limited by the 

addition of chitosan, low efficiency of microbial synthesis could be expected and consequently, increased 

VFA production in relation to the fermentable substrate. Sugar beet pulp as a pectin-rich food causes a 

lower production of propionic and lactic acid, and high potential rumen degradability and apparent 

digestibility. In the pectin group it had more activity of rumen cellulolytic bacteria thus depressing rumen 

cell wall fermentation and roughage intake as well (Broderick et al., 2002). Microbial protein yield was 

significantly (P<0.05) increased for supplemented groups than control group. There was a good efficiency 

in ruminal protein synthesis when a no protein nitrogen source was in feeds containing rapidly 

fermentable carbohydrates (Lanza et al., 2001). Therefore, the use of SBP may have increased ruminal 

protein synthesis. This may be a good reason for protein saving and environmental protection with less 

ruminant manure (nitrogen) pollution (Olfaz et al., 2005). The reduction of ammonia nitrogen in the 

rumen liquor appears to be a result of increased incorporation of ammonia nitrogen into microbial protein 

and it was considered as a direct result to stimulated microbial activity. While, increasing TVFA's may be 
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related to the more utilization of dietary energy and positive fermentation in the rumen. However, 

addition of more fermentable carbohydrate to ruminant rations could cause a decrease in rumen ammonia 

(Tagari et al., 1964) probably due to a greater uptake of ammonia by rumen microorganisms in support of 

enhanced microbial growth.  

Milk yield and milk composition:  

In general goats fed diet supplemented with pectin or vitamin C had higher (P<0.01) milk yield and 4 

% FCM yield compared with those of other groups (Table 5). While, those fed diet supplemented with 

chitosan had significantly higher values than control group that free from any supplement. The decrease 

of milk yield in control group could due to the decrease in DMI, digestibility coefficients and TVFA's 

production. All milk components were increased (P<0.05) with supplemented groups compared with 

control group except for ash. Farid and Baloch (2012) illustrated that the concentration of trace elements 

in diet affects milk quality because the nutrients are removed from the blood by mammary glands, 

converted in to milk and secreted into the udder. It's well known that nutrients for milk production were 

come from the feed, either directly or indirectly via body reserves of nutrients. Sorathiya et al. (2015) 

reported that partial replacement of green fodder with sugar beet tubers numerically improved dry matter 

intake, milk yield, 4% fat corrected milk and milk composition parameters such as fat, solid non-fat, 

protein and lactose. Cows fed diet consuming pectin-rich feeds had increasing milk fat concentration 

(Mansfield et al., 1994). Goiri et al. (2010) showed that chitosan was very effective source in inhibiting 

biohydrogenation in vitro by increasing C18:1 and conjugated linoleic acid (CLA) proportions and 

lowering the proportion of saturated fatty acids in the rumen in order to enhance the final CLA level in 

milk and meat products. 

 
Table (5). Milk yields and milk composition for lactating goats fed the experimental diets. 

Item 
                                 Experimental diets 

D1 D2 D3 D4 SEM Sig. 

Production (kg/day): 

Milk yields 0.725c 0.815b 0.995a 0.970a 0.19 ** 

4 % FCM 0.605c 0.701b 0.908a 0.868a 0.18 ** 

Milk fat 0.021c 0.025b 0.034a 0.032a 0.02 ** 

Milk protein 0.021c 0.025b 0.033a 0.031a 0.02 ** 

Milk composition (%): 

Total solids 11.32c 11.81b 12.38a 12.25a 0.22 ** 

Solids not fat 8.34b 8.78ab 8.96a 8.90a 0.18 * 

Fat 2.98b 3.03b 3.42a 3.35a 0.16 * 

Protein 2.97b 3.01b 3.29a 3.23a 0.07 * 

Lactose 4.40b 5.02a 4.94a 4.91a 0.26 * 

Ash 0.97a 0.75b 0.73b 0.76b 0.09 * 
** P< 0.01 and * P< 0.05.  

a,b and c: means in the same row with different superscripts are differ significantly (P< 0.05) or (P< 0.01).  

 

Feed conversion: 

Feed conversion of chitosan, pectin and vitamin C supplementation to dairy goats diets are presented 

in Table 6. The results revealed that D3 was more efficient than other diets, while the least efficiency one 

was found with D1. Improved feed conversion by supplementation could be due to improved feed 

digestibility and metabolism; this is in agreement with those obtained by Shi et al. (2005) who illustrated 

that increasing chitosan inclusion gave a nonlinear increase (P< 0.001) in feed conversion efficiency. 

Omer et al. (2013) reported that inclusion of SBP as pectin-rich feeds in sheep ration was significantly 

improved (P<0.05) feed conversion ratio (kg intake of DM, TDN and DCP/ kg gain). 

Blood biochemical and serum constituents: 

Values of some blood constituents measured in the blood of goats fed the different diets are presented 

in Table (7). Serum glucose, cholesterol, urea, AST and ALT concentrations were significantly (P<0.01) 

decreased with supplement of chitosan, pectin and vitamin C groups compared with those of control 

group. While, serum total protein; albumin and globulin were significantly (P<0.05) increased by the 

supplementation with pectin and vitamin C, followed by chitosan compared with the control group. Blood 
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glucose showed significant increase (P<0.01) due to heavy metal intoxication. This may be due to the 

vulnerable  stress  induced  by  these  heavy  metals  resulted  in  hyperglycemia.  Previous  investigations  

 

Table (6). Feed intake and feed conversion of daily milk production for does fed the experimental 

diets during lactation period. 

                     a,b, c and d: means in the same row with different superscripts are differ significantly (P< 0.01).  

 

proved that, cadmium modulate the metabolism of carbohydrates, causing hyperglycemia by stimulating 

the glycogenolysis in some marine species (Zgurschi et al., 2013). The increase of glucose content in 

blood could be also because of intensive glycogenolysis and the synthesis of glucose from extra hepatic 

tissue proteins and amino acids (Almeida et al., 2001). Cholesterol is the most important sterol occurring 

in animal fats. It is equally distributed between plasma and red blood cells, but in adrenal cortex, it occurs 

in the esterified form. In the present investigation, blood cholesterol level was significantly (p<0.01) 

increased with heavy metal exposed to the experimental group. The increased levels of cholesterol 

develop a weakness in the body of the goats which was observed in our study. In the present study, the 

increase in ALT and AST may be due to increase cellular basal metabolic rate, irritability and the 

destructive changes of liver and skeletal muscle cells (Ahmed and Shalaby, 1993). Similar results were 

achieved with goats dosed with lead by Abd El-Hameed et al. (2008) who revealed an increase of AST, 

GGT and AST. Also, in buffalo cows and bulls by El-Tohamy et al. (1997) and Zaki et al. (2001) who 

reported an increase of ALT and AST.  Abou El-Naga et al. (2005) reported that the reduction in the 

availability of carbohydrates needed for energy was partially compensated by increasing the activity of 

glutamate dehydrogenase and amino oxidase; which are the enzymes of controlling the utilization of 

amino acids for energy. On the other hand, the responsible enzymes of protein-carbohydrate metabolism 

(aspartate and alanine transaminases) showed low levels in the tested groups than control group due to its 

sharing in transforming proteins to glycogen. Singh et al. (2011) reported that the decrease in protein 

values may be a result of damage of liver responsible for protein biosynthesis in the body as well as renal 

tissue damage. This study revealed a significant increase in urea indicating renal deficiency (Ghorbe et 

al., 2001). Similar results were detected after oral administration of lead in goat by Haneef et al. (1998). 

 
Table (7).  Blood serum parameters of lactating goats fed experimental diets. 

Item                           Experimental diets 

D1 D2 D3 D4 SEM Sig. 

Glucose, mg/dl 80.87a 54.87c 67.87b 66.64b 2.34 ** 

Cholesterol, mg/dl 98.87a 71.77c 84.44b 73.33c 3.27 ** 

Total Protein, g/dl 6.46c 6.96b 7.69a 7.67a 0.39 * 

Albumin, g/dl 3.45b 3.71ab 3.98a 3.96a 0.43 * 

Globulin, g/dl 3.01b 3.25ab 3.71a 3.71a 0.49 * 

Urea-N, mg/dl 22.65a 11.77b 13.85b 13.43b 2.65 ** 

AST, u /L 46.79a 37.03b 34.75c 34.94c 0.85 ** 

ALT, u /L 17.98a 12.86b 11.76c 11.54c 0.43 ** 
** P< 0.01 and * P< 0.05  

a,b and c: means in the same row with different superscripts are differ significantly (P< 0.05)or (P< 0.01) .  

 

Concentrations of heavy metals residues:  

The concentrations of HM's residues in blood, feces and milk for goats are presented in (Table 8). In 

the present study, removable materials of heavy metals to the rations was led to aggregates and binding 

Item                               Experimental diets 

D1 D2 D3 D4 SEM Sig. 

Feed intake(kg/h/d): 

DMI, kg 1.072c 1.091b 1.205a 1.189a 15.85 ** 

TDNI, kg 0.621c 0.654b 0.767a 0.740a 9.24 ** 

Feed conversion ( kg / kg ): 

DMI / FCM 1.771a 1.556b 1.327d 1.369c 0.02 ** 

TDNI/ FCM 1.026a 0.932b 0.844c 0.852c 0.02 ** 
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with active groups in this materials and led to an increase expelled out of the body through the urine and 

feces, and it was clearly showed an increase in the concentration of heavy metals residues in the feces 

compared with the control group. But their residues in the blood and milk were low compared with 

control rations. Monkiewicz et al. (1994) and Kolacz et al. (1996) observed that an increases in the 

contents of Zn, Cu, Cd, Hg and Pb in a region polluted by the copper industry. Py's (1999) reported that 

there were about 25 trace elements present in milk. Their concentration may vary and depend on local 

environment. He found some influence of impact of sulfur industry (Tarnobrzeg) on the content of Cu, 

Cr, Fe, Mn, Pb, Zn in milk, but these concentrations were within the range of physiological values. 

Chitosan chelates five to six time greater amounts of metals than chitin due to the free amino groups 

exposed in chitosan during deacetylation of chitin (Singh and Nagendran, 2014). The positively charged 

Cd, Cr, Ni and Pd ions can bind by way of electrostatic interaction with the negatively charged surface of 

chitosan, mainly through carboxyl ligands. There was several factors affect on metal ion adsorption by 

chitosan (Guibal, 2004). Research had been done on the use of chitosan for the removal of some HM's 

ions from industrial wastewater (Nomanbhay and Palanisamy, 2005). The use of commercially available 

chitosan for potable water purification has been approved by the United States Environmental Protection 

Agency (US EPA) up to a maximum level of 10 mg/L. (Knorr, 1984). Huang et al. (2009) reported that 

number of adsorption sites on chitosan increased with decreasing particle size. However, the citrus pectin 

has the ability to reduce total body burden of HM's. Once the total body burden of HM's is reduced, the 

chelation and detoxification process can be supported by utilizing additional compounds that can enhance 

the detoxification process, which help in excreting HM's from the organs and tissues into the blood 

stream. In addition in liver detoxification, provide the necessary thiol groups for detoxification, could 

help the elimination of toxic metals through the gut and urine, and support the body’s detoxification and 

antioxidant pathways while providing stamina and support through the utilization of adaptogenic 

compounds (Hayashi et al., 2000). The extent of metal uptake by pectin is determined by its chemical 

structure and found to be increase with decrease in the degree of esterification (Silke and Ankit, 2009).  

 

Table (8). Concentrations of heavy metals residues in the blood, milk (µg L_1) and feces (mg kg _1) 

of goat samples fed the experimental diets.  

Item Heavy metals 
                             Experimental diets 

D1 D2 D3 D4 SEM Sig 

Blood    Cd ( µg L_1) 1.15a 1.09b 1.04c 1.05c 0.01 * 

  Cr (µ L_1) 1.67a 1.29b 1.02c 1.04c 0.03 ** 

  Cu (µg L_1) 7.24a 5.18b 3.51c 3.13c 0.31 * 

  Ni µg L_1) 4.11a 3.08b 2.05c 2.06c 0.05 * 

  Pb (µg L_1) 25.11a 16.24b 11.12c 12.85c 1.21 ** 

  Zn (µg L_1) 47.27a 39.14b 28.11c 29.11c 3.06 ** 

Feces Cd (mg kg_1) 0.38c 0.53b 0.68a 0.63a 0.03 ** 

Cr (mg kg_1) 0.97c 1.21b 1.53a 1.49a 0.02 ** 

Cu (mg kg_1) 1.72c 1.97b 2.71a 2.66a 0.03 ** 

Ni (mg kg_1) 0.09b 0.13a 0.14a 0.13a 0.01 * 

Pb (mg kg_1) 2.81c 3.25b 3.78a 3.73a 0.17 ** 

Zn (mg kg_1) 2.47b 2.69a 2..71a 2.69a 0.19 ** 

Milk Cd (µg L_1) 0.57a 0.35b 0.12c 0.12c 0.04 * 

Cr (µg L_1) 0.67a 0.49b 0.20c 0.26c 0.06 * 

Cu (µg L_1) 3.75a 2.13b 1.06c 1.09c 0.44 ** 

Ni (µg L_1) 2.08a 1.06b 0.53c 0.60c 0.31 * 

Pb (µg L_1) 1.12a 0.88b 0.67c 0.69c 0.12 ** 

Zn (µg L_1) 19.19b 15.02a 11.81a 12.03a 1.22 * 
** P< 0.01 and * P< 0.05  

a,b and c: means in the same row with different superscripts are differ significantly (P< 0.05) or (P< 0.01) . 

 

Reddad et al. (2002) illustrated that the waste pulp of sugar beet remaining from extraction of sugar, 

saponification and extraction of pectins has been as metal sorbent. It was confirmed that the native sugar 

beet pulp is dominated by negatively charged sites that are largey carboxylate groups with some weaker 

acidic groups. Mata et al. (2009) cited that most of the pectins present in the sugar-beet pulp are high 

methoxyl and have more than 50% of methoxylated residues. Different types of pectin demethylation 

methods can be used: acid, alkali, ammonia and enzyme treatments. Harel et al. (1998) used a sugar-beet 
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pectin demethylation method using ammonia that yielded gels with enough mechanical strength and 

insolubility, suitable for biosorption applications. Refer to ascorbic acid can acts directly to neutralize 

superoxide radicals (O2•–), singlet oxygen (1O2) or hydroxyl radical (•OH) simply by acting as a 

secondary antioxidant during the reductive recycling of the oxidized form of α-tocopherol (Khan et al., 

2011).  

 

CONCLUSION 

 

It could be concluded that in order to improve nutrients digestibility, nitrogen utilization, milk 

production and high milk fat content of goats,  supplementation their rations with chitosan or pectin or  

vitamin C could be recommended, however pectin or vitamin C will came in the first priority, while 

chitosan could came in the least priority. Not only that it could help in better functions of liver and 

kidney, meantime, it helps in removable of heavy metals as well.  However, more studies are needed to 

complete the effect of chitosan; pectin and vitamin C in removing heavy metals to improve environmental 

pollution by toxic metals. 
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 .الماعزداء أثير ذلك على أعالئق وتالزالة العناصر الثقيله من كوسيله إل وفيتامين سىالكيتوزان والبكتين  

 

حسين محمد   ،1، محمد حلمى ياقوت 1، عمرو محمد حلمى شويرب1، محمد سمير محمود خليل 1أيمن عبد المحسن حسن 
 . 2و يسرى محمود جوهر 1النوبى

 .مصر   –جيزة   –الدقى   -مركزالبحوث الزراعية  -الحيوانى هد بحوث االنتاج مع   -قسم بحوث إستخدام المخلفات 1
 .مصر  –جامعة االسكندريه   –العلوم  كلية –قسم النبات والميكروبيولوجى2

 
لمعرفة   تجربه  سى  و،  البكتين،  الكيتوزان   ثيرتأفى  إلفيتامين  الثقيله  كوسيله  المعادن  الماعززالة  عالئق  على  ثير  تأو  من  اء داألذلك 

 :ربعة عالئقأتم دراسة  فقد نتاجىاإل

 . )صرف )تغذيه حرهالكاسيا مروى بماء أعلف مركز + نبات  .1

 يوم.  س/أجم كيتوزان / ر 5+ ) صرف )تغذيه حرهالكاسيا مروى بماء أعلف مركز + نبات  .2

   .س/ يومأر بكتين نقى/جم  20+ ) صرف )تغذيه حرالكاسيا مروى بماء أعلف مركز + نبات  .3

 س/ يوم. أمجم فيتامين سى/ ر 500 + )صرف )تغذيه حرهالكاسيا مروى بماء أز + نبات علف مرك .4

تغذيه وقسمت  جربة  جراء تكجم إل  34.5حليب الثانى والثالث بمتوسط وزن جسم  الستخدام عشرون من الماعز الحالبه فى موسم  إتم    و

  50.2بمتوسط وزن    التامة النمو  ثنى عشر من ذكور الماعز أ  ستخدامإفى حين تم    )مجموعه/ربعة مجاميع متساويه )خمسهأعشوائيا الى  

. وقد تم تغذية  مزوده بفستيوالت لدراسة نشاط الكرش لكل عليقه  ناث الماعزإمن    أستخدمت ثالث    فى حينجراء تجارب الهضم  كجم إل

الشبعاالكاسيا   محدده  حتى  بكميات  المركز  العلف  تغطى    مع إضافة  البروت50لكى  أحتياجات  من  العالئق%  فى  الخام  أظهرت  ين  وقد   .

 :النتائج ما يلى

على تركيز للعناصر الثقيله فى  أكاسيا مقارنة بماء الصرف المستخدم فى الرى والتربه بينما كان  نخفاض رقم الحموضه فى نبات األإ .1

 ارنة بمياه الصرف والتربه.قكاسيا منبات األ

تالها  زوتى  األتزان  على زياده معنويه لمعامالت الهضم والقيم الغذائيه واإل أالى  دى  أفى عالئق الماعز    و فيتامين سىأ  لبكتينا ضافة  إ .2

 قل قيمه معنويه. أضافة الكيتوزان مقارنة بالعليقه الكنترول والتى سجلت إ

حما  ألبينما زاد تركيز ا  فيتامين سى  وأالبكتين    وأضافة الكيتوزان  إمونيا مع  األنخفاض تركيز نيتروجين  إظهرت قياسات الكرش  أ .3

 ضافات.ض الدهنيه الطياره معنويا مع اإل

على تركيز لحامض البروبيونيك مع  أسيتيك مع العليقه الثالثه والرابعه مقارنة بباقى العالئق بينما كان األ  حامضرتفاع تركيز ألوحظ  .4

 يز حامض البيوتيريك.ال يوجد أى أختالف معنوى بين المعامالت فيما يتعلق بترككذلك و المجموعه المضاف لها الكيتوزان

البكتين  إ دت  أ .5 سى  وأضافة  زيادة    فيتامين  سجلت  أالى  بل  فحسب  ذلك  ليس  ونشاطها  الكرش  بكتريا  للبروتين  أعداد  تخليق  على 

 الميكروبى فى الكرش. 

ل وفى نفس الوقت  مقارنة بالمجموعه الكنترو  فيتامين سى  وأوالبكتين  أليها الكيتوزان  إنتاج اللبن مع المجاميع المضاف  إلوحظ زيادة   .6

 . للعالئق المختبره مقارنة بالعليقه الكنترول على تحويل غذائىأسجلت 

وإ .7 واليوريا  والكوليسترول  الجلوكوز  تركيزات  مضاف  إ نخفاض  عالئق  على  المغذاه  الماعز  دم  سيرم  فى  الكبد  ليها  إنزيمات 

لى زيادة تركيزات البروتين الكلى وااللبيومين إضافات  دت اإلأمقارنة بالعليقه الكنترول بينما    فيتامين سىأو  البكتين    وأالكيتوزان  

 والجلوبيولين. 

مع  أ .8 عاليه  قيم  الماعز  فى روث  الثقيله  المعادن  بقايا  الكيتوزان  ظهرت  كانت    فيتامين سى  وأوالبكتين  أمجاميع  لبقايا أ بينما  قيم   قل 

 لكنترول. ضافات مقارنة بالمجموعه االمعادن الثقيله فى الدم واللبن مع اإل

زالة بقايا إحسن االداء االنتاجى للماعز مع  تن  أيمكن    فيتامين سى  وأوالبكتين  أضافة الكيتوزان  إ ن  أن نستنتج من هذه الدراسه  أيمكن  

 يليها معاملة الكيتوزان.ولى ألولويه ا فى األ فيتامين سى تى البكتين وأيمن الممكن أن من الدم واللبن و العناصر الثقيله


