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Abstract    A total of 21 dairy goats in mid lactation were randomly assigned to three experimental 

diets in a completely randomized design. The diets contained 0, 3, or 6% WAS, and consisted of 45% 

forage and 55% concentrates. Milk fat and the ratio of milk fat to milk protein were significantly 

lower in goats fed diets containing 6% WAS (P≤0.01). Digestibility of crude fat was higher, and that 

of neutral (NDF) and acid (ADF) detergent fiber was lower in the goats fed diets containing WAS 

(P≤0.05). Milk fatty acids C14: 1 and C18: 1 and C16: 1, C18: 2, CLA and C18: 3 were significantly 

higher in animals which received diets containing WAS. Total mono unsaturated fatty acid (MUFA) 

content, poly unsaturated FA (PUFA), and PUFA/saturated FA (SFA) ratio were significantly higher 

in the goats fed diet containing 6% WAS (27.04%, 3.94% and 0.05, respectively). Desaturation index 

for C16: 1 was significantly higher in WAS goats (P≤0.01). Concentration of plasma HDL in goats 

(38.14-39.28 mg/dL) was higher WAS goats (P≤0.05). In conclusion, supplementation of WAS to 

dairy goats at a level of 3 and 6% was an effective means of increasing concentrations of unsaturated 

FA, especially oleic, linoleic, CLA, linolenic, and PUFA in milk fat, and plasma HDL. 
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Introduction 

Milk is one of the essential products in the human diet, 

rich in nutritive components. The nutritive value of goat 

milk considered based on various factors (Andrade and 

Schmidely, 2006; Matsushita et al., 2007; Strzalkowska 

et al., 2008). Lipid composition is one of the most im-

portant components of the nutritional quality of milk. 

Different fatty acids (FAs) are involved as positive or 

negative predisposing factors for human health (Chilli-

ard et al., 2003; Luna et al., 2008). Moreover, goat milk 

fat content and composition may be extensively modi-

fied by genetic and physiological factors as well as nu-

tritional factors (Chilliard et al., 2003). Among nutri-

tional factors, fat supplementation of the diet is an effi-

cient means to modify milk FA composition in lactating 

ruminants (Palmquist et al., 1993; Chilliard et al., 2000), 

which can be used to improve the nutritional quality of 

milk fat. Concentrations of specific health-promoting 

fatty acids, such α-linolenic acid and rominic acid have 

been increased in milk fat of cows fed oilseed diets rich 

in C18:3 and C18:2, respectively. The almond nut 

(seed) is known as a source of nutritious food with high 

lipid content. It is also rich in esters of palmitic and lin- 

 oleic acids (Nwosu et al., 2008). Almonds belonging to 

the Rosaceae family and Amygdaloideae or Prunoideae 

sub family are one of the most important perennial fruit 

crops of arid and semi-arid regions of Iran which is the 

fifth world producer of this crop (FAO STAT, 2013). 

Prunus scoparia is a wild almond found in Iran, Turk-

menistan and Afghanistan. It is a xerophytic shrub and 

has been used as a grafting stock for domesticated al-

monds to provide drought resistance (Hanelt and IPK, 

2001). The almond seed rich in essential amino acids, is 

a good source of dietary protein containing 25.81% 

crude protein (Ezeokonkwo and Dodson, 2004). Many 

authors demonstrated the antioxidant, cardioprotective, 

anti-cancer, anti-inflammatory, anti-aging and anti-mi-

crobial properties of linoleic acid in almonds (Arslan, 

2007; Chen et al., 2006; Maguire et al., 2004). Almond 

consumption has been reported to decrease the risk of 

colonic cancer in rats (Davis and Iwahashi, 2001), in-

crease HDL cholesterol, and reduce LDL cholesterol in 

humans (Hyson et al., 2002). These actions may be re-

lated to the presence of flavonoids and other phenolic 

compounds in nuts. Production of almond hulls, which  



Takalloozadeh et al. 

 

22 

 

are mainly used in livestock feed, is estimated to exceed 
6 million tons annually, thus being a potentially good 

source from which to extract antioxidants in high quan-
tities (Siriwardhana et al., 2006; Shahidi et al., 2009). 

Few studies have examined the effects of feeding wild 
almond on milk composition, especially on fatty acid 

(FA) composition, in goat milk; however, some studies 

on medicinal properties of their leaves, roots and fruits 
have been reported (Venkatachalam and Shridhar, 2006; 

Sang et al., 2002). Therefore, this study aimed at deter-
mining the nutritive value of wild almond seed (WAS) 

and its effect on the performance, milk composition, 
blood metabolites and antioxidant activity in lactating 

goats. 

 

Material and methods 

Animals and diets 

The experiment was conducted at the research station of 

Rezwan Institute of Agricultural Education in Kerman 

city, Kerman, Iran. A total of 21 primiparous hybrid 

dairy goats in mid lactation with mean weight of 27±2.5 

kg and daily milk yield of 1.00 ± 0.2 kg were randomly 

assigned to three experimental diets (n=7 goats per diet) 

in a completely randomized design. The goats were kept 

in individual pens and had free access to water. The ex-

perimental periods lasted 42 days, with the first 14 days 

for dietary adaptation and 28 days for data collection. 

The goats were fed twice per day in two equal portions 

(at 0800 and 1600 h) and the amount of feed offered per 

animal was recorded and adjusted according to the feed 

refusals daily. The animals were maintained according 

to the guidelines set by the Iranian Council on Animal 

Care (1995). The WAS samples were collected in July-

August from a mountain located in Baft city in Kerman 

province (56°19ˊE and 28°49ˊN), and dried in the sun. 

All WAS samples were then grounded through a 1mm 

screen 1- and analyzed for DM, CP, NDF, ADF, EE and 

ash. The total phenolic content of WAS was determined 

by the Folin–Ciocalteu method (Kaur and Kapoor, 

2002). Tannin contents were determined by method of 

Broadhurst and Jones (1978) and condensed tannin con-

tent was measured using the vanillin assay (Price et al., 

1978). Ingredients and chemical composition of diets 

and the fatty acid (FA) profile of oil supplements, are 

presented in Table 1. The compositions of diets, on a dry 

matter (DM) basis, were: (1) a diet without WAS as the 

control diet, (2) a diet with 3% WAS and (3) a diet with 

6% WAS. Diets containing 55% concentrate and 45% 

forage (DM basis), were formulated to be isocaloric and 

isonitrogenous according to NRC (2007) requirements 

(Table 2). 

 Table 1. Chemical and fatty acid composition of wild al-

mond seed (WAS)  

Chemical composition  WAS 

CP (%) 8.08 

EE (%) 7.2 

Ash (%) 6.89 

NDF (%) 26.88 

ADF (%) 19.74 

ME (Mcal/kg DM) 2.19 

Phenolic compounds   

Total tannin (%) 0.55 

Total phenolic compounds (%) 0.988 

Fatty acids composition (% of total fatty acids)  

C16:0 (Palmitic acid) 7.81 

C16:1 (Palmitoleic acid) 0.51 

C18:0 (Stearic acid) 2.29 

C18:1 (Oleic acid) 69.05 

C18:2 (Linoleic acid) 21.51 

C18:3 (Linolenic acid) 0.68 

Sampling 

Individual goat feed intake was calculated using daily 

feed offered and feed refused averaged over the duration 

of performance phase. The apparent digestibility of the 

diets were determined in the last 5 days of the trial dur-

ing which the feces were collected daily and stored at 

−20° C for the determination of apparent digestibility 

using acid insoluble ash (AIA) marker (Van Keulen and 

Young, 1977). Feed and feces were analyzed for dry 

matter (DM; cod 930.13), ash by ignition to 550 °C, 

crude protein (CP; cod. 954.01), and ether extract (EE; 

cod. 945.16) according to the AOAC (1990) method. 

Acid (ADF) and neutral (NDF) detergent fibers were 

determined using the method described by Van Soest et 

al. (1991). All analyses were performed in duplicate. On 

the last day of the trial (day 42), approximately 2 h prior 

to feeding, blood samples were collected from the jugu-

lar vein and transferred into the sterile tubes that con-

taining EDTA as an anticoagulant. Blood samples were 

centrifuged (D-7200 tuttlingen) at 3,000×g for 15 min 

to obtain plasma. Plasma was separated and stored at -

20ºC prior to analysis for glucose, cholesterol, triglyc-

eride, HDL, LDL and malondialdehyde (MDA). The 

thiobarbituric acid method was used to quantitate MDA-

reactive products (Plaser et al., 1966). Milk yield was 

recorded and milk samples were collected weekly and 

stored at 4°C with potassium bichromate (as a preserv-

ative) until analyzed for fat, protein, lactose, solids not 

fat (SNF) and total solid (MilkoScan, Foss Electric, 

Hillerød, Denmark). Milk FA composition was deter-

mined in samples (without preservative) collected in the 

last week of the experiment. Milk FAs were extracted 

and methylated according to Bouattour et al. (2008)  
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Table 2. Ingredients and chemical composition of the experimental diets 

containing wild almond seed (WAS) 

Ingredient (% of dry matter) 
 Diets a  

Control 3% WAS 6% WAS 

Alfalfa hay 30 30 30 

Corn silage 15 15 15 

Barley grain, ground 25 23 21 

Corn grain, ground 12 11 10 

Soybean meal 10 10 10 

Wheat bran 5.3 5.3 5.3 

Wild almond seed (WAS) 0 3 6 

Calcium carbonate 0.8 0.8 0.8 

Vitamin A, D, and E premix 1 0.6 0.6 0.6 

Trace-mineralized salt 2 0.6 0.6 0.6 

Sodium bicarbonate 0.7 0.7 0.7 

Chemical composition     

ME, (Mcal/kg of DM) 2.55 2.53 2.50 

Dry matter (%) 89.51 89.26 88.55 

Crude protein (%) 15.38 15.29 15.20 

Ether extract (%) 2.65 4.12 6.23 

NDF (%) 32.52 33.89 35.25 

ADF (%) 19.85 21.17 22.49 

Calcium (%) 0.88 0.92 0.93 

Phosphorus (%) 0.41 0.45 0.45 
1Contained 5,000,000 IU of Vitamin A; 5,000,000 IU of Vitamin D and 500,000 of 

Vitamin E per kg. 
2Composition: 75.15% NaCl, 3.046% Mn, 1.025% Cu-sulfate, 0.253% Zn-sulfate, 

0.015% EDDI-80 and 0.011% Na-selenide. 

method. The samples were incubated at 100 °C for 60 
min and extracted with 5 ml of hexane. The FA meth-
ylesters in the hexane layer were analyzed by a gas chro-
matograph (3400 Varian Star; Varian Inc., Palo Alto, 
CA) equipped with CP-SIL-88 capillary column (60 
m×0.25 mm, Varian) and helium was the carrier gas. 
Column temperature was initially 50 °C for 1 min, in-
creasing from 4 °C/min to 190 °C. Injector and detector 
temperatures were 280°C and 300°C, respectively. 
Goats' milk samples were collected in the last day of the 
trial and stored at -80°C without preservative until ana-
lyzed for MDA.  
 

Statistical analysis 

The GLM procedure (SAS, 2005) was used to detect 
statistical differences between treatments. The follow-
ing model was employed: Yij = μ+Ti+εij. 

Yij is the dependent variable, μ the overall mean for 
each parameter, Ti the effect of treatment and εij the re-
sidual error. The Duncan’s multiple range test was used 
to detect the differences between treatment means. 

 

Results 

Feed intake, milk yield, and milk composition 

The results of this study indicated that feed intake, milk  

 yield, and fat-corrected milk (FCM) of lactating goats 

were not affected by experimental diets (Table 3). Milk 

fat and milk fat to milk protein ratio were significantly 

lower in goats fed diets containing 6% WAS (P≤0.01). 

No significant change was observed in milk protein, lac-

tose, total solids, Solids not fat (SNF), and MDA be-

tween the treatment groups fed experimental diets. 

MDA is the end-product of lipid peroxidation and it can 

be considered as an indicator of antioxidant activity. 
 

Digestibility 

The results of apparent digestibility of the experimental 

diets are presented in Table 4. The results showed that 

apparent digestibility of dry matter, organic matter, and 

crude protein was not affected by the treatment groups 

fed experimental diets, but the digestibility of ether ex-

tract was significantly higher in treatment groups fed di-

ets containing WAS (P≤0.05). Also, apparent digestibil-

ity of NDF and ADF was decreased in the treatment 

groups fed diets containing WAS compared to the con-

trols (P≤0.05). 
 

Fatty acid composition 

The results of chemical composition of milk fatty acids 

(Table 5) indicted that both short-chain fatty acids and  

https://en.wikipedia.org/wiki/Almond
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Table 3. Dry matter intake, milk yield, and milk composition of goats fed diets containing different levels of wild almond seed 

(WAS) 

 
Diets 

SEM1 P value 
Control 3% WAS 6% WAS 

Feed intake (g/d) 1729.28 1715.71 1716.42 9.313 NS2 

Milk yield (g/d) 998.71 992.14 998.57 32.12 NS 

FCM3 (g/d) 1.02 1.02 1.03 0.454 NS 

Composition       

Fat (g/100 g raw milk) 4.25a 4.19ab 4.13b  0.024 ** 

Protein (g/100 g raw milk) 3.63 3.64 3.56 0.023 NS 

Fat/Protein 1.19a 1.15b 1.14b  0.009 ** 

Lactose (g/100 g raw milk) 5.22 5.22 5.24 0.350 NS 

Total Solid (g/100 g raw milk) 15.62 15.68 15.16 0.513 NS 

SNF4 (g/100 g raw milk) 11.44 11.54 11.32 0.449 NS 

MDA5 (µmol/L) 4.87 4.79 4.65 0.214 NS 
1SEM: Standard error of mean. 
2Not significant 
3FCM: 4% fat corrected milk (FCM= [(0.4×kg of milk) + (15×kg of milk fat)]).  
4SNF: Solids not fat 
5MDA: Malondialdehyde  
a,bWithin row, mean values with common superscript(s) are not significantly different (P>0.05). 

Table 4. Apparent digestibility of nutrients in goats fed diets containing different levels of wild almond seed (WAS) 

Digestibility  
Diets 

SEM1 P value 
Control 3% WAS 6% WAS 

DM (%) 75.39 74.20 73.61 0. 807 NS2 

OM (%) 66.62 66.56 66.37 1.235 NS 

CP (%) 62.06 62.49 62.89 0.845 NS 

EE (%) 74.02b 76.51a 76.55a 0.738 * 

NDF (%) 51.62a 49.04b 49.19b 0.635 * 

ADF (%) 38.72a 36.47b 36.07b 0.700 * 
1SEM: Standard error of mean. 
2Not significant 
a,bWithin row, mean values with common superscript(s) are not significantly different (P>0.05). 

saturated fatty acids in milk were not affected by exper-

imental treatments. C14: 1 and C18: 1 (P≤0.05) and 

C16: 1, C18: 2, CLA and C18: 3 (P≤0.01) were signifi-

cantly higher in treatments fed diets containing WAS. 

Moreover, the total MUFA content (P≤0.05), PUFA 

(P≤0.01), and PUFA SFA ratio (P≤0.01) were signifi-

cantly higher in the treatment group fed diets containing 

6% WAS. Desaturation index for C16: 1 was signifi-

cantly higher in the treatment groups fed diets contain-

ing WAS (P≤0.01). The Δ9 fatty acid desaturation index 

is a tremendous need for improved biomarkers that can 

be used in the clinical setting to aid in the early detection 

of metabolic diseases. 

 

Blood parameters 

Blood parameters measured in goats fed diets contain-

ing different levels of WAS were not affected by the ex-

perimental diets except for HDL (P≤0.05), which were 

significantly higher in the treatment groups fed diets 

containing WAS. 

 Discussion 

The results of the present study showed that feed intake, 

milk yield, and FCM of lactating goats were not affected 

by experimental diets. Thus, these results were con-

sistent with previous studies (Badiei et al., 2014; 

Dirandeh et al., 2013) that showed that feeding diets 

containing different sources of omega-3 and omega-6 

fatty acids had no significant effect on feed intake and 

milk yield. Modaresi et al. (2011) also reported that the 

addition of 6 or 12% pomegranate seed pulp as a source 

of oil to diets of lactating goats did not affect dry matter 

intake, milk yield, and FCM. 

Drackley et al. (1992) hypothesized that the amount 

of unsaturated FA reaching the small intestine of dairy 

cows could affect gastrointestinal motility and alter 

DMI. In current study, milk fat and milk fat to milk pro-

tein ratio were significantly lower in goats fed diets con-

taining 6% WAS. It has been reported that approxi-

mately 50% of milk fat in the mammary gland is syn-

thesized by acetate and butyrate, and the other 50% of  
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Table 5. Fatty acid composition of goat milk fed diets containing different levels of wild almond seed (WAS) 

Fatty acid  
Diets 

SEM1 P value 
Control 3% WAS 6% WAS 

C4:0 (%) 1.01 1.04 1.04 0.029 NS2 

C5:0 (%) 0.27 0.27 0.29 0.011 NS 

C6:0 (%) 0.79 0.82 0.81 0.078 NS 

C8:0 (%) 1.80 1.81 1.82 0.096 NS 

C10:0 (%) 10.18 10.90 11.84 0.784 NS 

C10:1 (%) 0.29 0.30 0.31 0.011 NS 

C12:0 (%) 5.59 5.70 5.80 0.301 NS 

C12:1 (%) 1.03 1.07 1.07 0.038 NS 

C14:0 (%) 13.16 13.09 13.05 0.532 NS 

C14:1 (%) 1.51b 1.63ab 1.72a 0.052 * 

C15:0 (%) 0.81 0.89 0.86 0.028 NS 

C15:1 (%) 0.34 0.36 0.38 0.018 NS 

C16:0 (%) 41.20 38.52 39.28 1.132 NS 

C16:1 (%) 0.19b 0.21a 0.23a 0.007 ** 

C17:0 (%) 0.97 0.92 0.94 0.029 NS 

C17:1 (%) 0.58 0.63 0.65 0.026 NS 

C17:2 (%) 0.18 0.21 0.21 0.008 NS 

C18:0 (%) 4.38 4.23 4.23 0.261 NS 

C18:1 (%) 20.43b 21.92ab 22.43a 0.533 * 

C18:2 (%) 1.41b 1.54a 1.62a 0.032 ** 

C18:2 (CLA) (%) 0.50c 0.66b 0.71a 0.014 ** 

C18:3 (%) 0.87c 1.27b 1.39a 0.023 ** 

C20:0 (%) 0.48 0.43 0.42 0.020 NS 

C20:1 (%) 0.20 0.22 0.22 0.007 NS 

Sums of fatty acid      

SFA (%) 80.78 78.85 80.71 1.260 NS 

MUFA (%) 24.58b 26.37a 27.04a 0.547 * 

PUFA (%) 2.98c 3.69b 3.94a 0.053 ** 

PUFA/SFA 0.03b 0.04a 0.05a 0.001 ** 

Desaturase index3      

inC14:1 0.10 0.11 0.11 0.005 NS 

inC16:1 0.001b 0.010a 0.010a 0.0008 ** 

inC18:1 0.82 0.83 0.84 0.007 NS 
1SEM: Standard error of mean. 
2Not significant 
314:1 desaturase index=C14:1/(C14:0+C14:1); 16:1 desaturase index=C16:1/(C16:0+C16:1); 18:1 desaturase index= C18:1/(C18:0+C18:1). 
a,bWithin row, mean values with common superscript(s) are not significantly different (P>0.05). 

milk fat is directly provided by fat absorbed from the 

blood (Ackers, 2002). There are three theories of the ef-
fects of fatty acids with multiple double bonds on the 

reduction of milk fat. The first one is that changes in 
rumen fermentation result in an inadequate production 

of acetate and butyrate to support the production of milk 
fat. The second one is that ruminal propionate produc-

tion and increased hepatic gluconeogenesis have re-
sulted in a rise in blood insulin levels, leading to a short-

age of milk fat precursors in the breast. The last one is 
that the unique fatty acids produced during rumen bio-

hydrogenation inhibit milk fat synthesis (Bauman and 

Grinarri, 2001). 

Changing the ingredients of animals’ diet and using 

nutrients containing unsaturated fatty acids can easily 

 change milk fat compounds (Chilliard et al, 2007). In 

this study, WAS is a major supplier of dietary fat, with 
fat rich in unsaturated fatty acids. On the contrary to our 

results, other studies found that milk fat in goats by add-
ing pomegranate seed pulp (Modaresi et al., 2011) and 

flaxseed oil (Li et al., 2012) increased. No significant 
change was observed in milk protein, lactose, total sol-

ids, and nonfat milk solids between treatment groups fed 
experimental diets. It has been reported that lactose is 

less affected by dietary intake in animals as compared 
with other milk components (Bauman et al., 2006). 

There was no significant difference between goats fed 

diets containing WAS with respect to MDA content of 
milk. MDA is the metabolite of lipid peroxidation in the 

body used to assess oxidative damage to membranes 
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Table 6. Blood parameters of goats fed diets containing different levels of wild almond seed (WAS) 

Parameters 
Diets 

SEM1 P value 
Control 3% WAS 6% WAS 

Blood sugar (mg/dL) 66.28 65.42 66.85 2.167 NS2 

Cholesterol (mg/dL) 57.42 65.71 61.42 3.626 NS 

TG (mg/dL) 19.14 17.14 21.42 1.551 NS 

HDL (mg/dL) 33.28b 39.28a 38.14a 1.511 * 

LDL (mg/dL) 20.31 23.00 19.00 2.568 NS 

VLDL (mg/dL) 3.82 3.42 4.28 0.310 NS 

MDA (µmol/L) 5.16  4.79 4.71 0.264 NS 
1SEM: Standard error of mean. 
2Not significant 
a,bWithin row, mean values with common superscript(s) are not significantly different (P>0.05). 

and reflects free radical-mediated cell membrane dam-

age (Ibrahim et al., 2008; Lykkesfeldt, 2007). No-pre-

servative fats can be used to increase free radicals in the 

animal's body (Andrews et al., 2006). WAS is rich in 

polyphenolic compounds, having many antioxidant, and 

anti-inflammatory effects. It has been reported that the 

extracts of almond whole seed, including the brown 

skin, and green cover have a strong potential to inhibit 

free radicals (Siriwardhana and Shahidi, 2002). These 

activities may be related to the presence of flavonoids 

and other phenolic compounds in almonds (Ferreira et 

al., 2007). 

Previous experimental studies have shown negative 

effects of linseed oil on total tract and forestomach OM, 

especially on fiber digestibility (Sutton et al,. 1983; 

Broudiscou et al., 1994), in sheep fed during mainte-

nance receiving diet more than 50 g/kg of DM linseed 

oil. However, this is not consistent with results of Ueda 

et al. (2003) with a supplement of 30g/kg DM linseed 

oil in lactating cows, and Machmuller et al. (2000) who 

reported digestibility in steers and did not find any de-

crease in OM and NDF digestibility due to linseed sup-

ply. In this study, digestibilities of DM, OM, and CP 

were not affected by experimental diets, although the 

addition of WAS to diet led to an increase in EE digest-

ibility. Similarly, adding 3% LSO to a hay-based diet of 

lactating cows (Ueda et al., 2003), 2.5% rolled or ex-

truded linseed to diet of dairy cows (Doreau et al., 

2009), 3% oil from linseed to diet of bulls (Sutter et al., 

2000) and 2.5–4.8% oil from linseed to diet of lambs 

(Machmuller et al., 2000) and sheep (Wachira et al., 

2000) did not affect nutrient digestibility. In the present 

study, an increase in EE digestibility in response to 

WAS might be due to better availability of FA in these 

sources as compared with those found in feed particles 

and microbial membranes (Bayourthe et al., 1993).An 

increase in the EE digestibility due to dietary fat was 

previously reported in lambs (Manso et al., 2006) and in 

dairy cattle (Weiss and Wyatt, 2004). It was suggested  

 that the EE digestibility increased because digestibility 

of added fat was greater than that of the fatty acids in 

feed particles, and the endogenous fat losses were di-

luted by an increase in the dietary fat. Firkins et al., 

(2007) demonstrated that lipids may decrease both pro-

tozoal population in the rumen, and the rumen concen-

trations of cellulolytic bacteria (Jenkins and Palmquist, 

1984). In their review, Devendra and Lewis (1974) re-

ported that fat could depress cell wall degradation by 

four mechanisms: physical coating of fiber by lipids, 

shortage of cations (e.g. Ca) due to the formation of in-

soluble soaps, inhibition of the rumen microbial activ-

ity, and the modification of microbial population. The 

results of the present study revealed that dietary treat-

ments could affect the fiber digestion in goats. Like-

wise, the amount of added oil is a major determinative 

factor of the negative effect of FA on nutrient digesti-

bility (Doreau et al., 2009).The difference between stud-

ies might be partially due to composition of the basal 

diet (i.e., forage type), feeding strategy (i.e., mainte-

nance vs. ad libitum), fat level, and type. 

 In concordance with the results of other studies, we 

observed no significant changes in C4:0 to C12:0 milk 

fat contents after WAS supplementation (Chilliard et al., 

2003; Chilliard and Ferlay, 2004). However, Luna et al., 

(2008) reported that enzymes involved in pathways of 

de novo lipogenesis in goat mammary gland were less 

affected by lipid supplementation with polyunsaturated 

FA. Contrary to our results, feeding linseed oil (Nudda 

et al., 2006), and sunflower oil (Razzaghi et al., 2015) 

decreased the concentration of C16:0 and C16:1 in 

goat's milk fat. According to Mele et al. (2008), addition 

of 4% soybean oil to goat diet decreased the concentra-

tion of cis-C16:1 in milk fat. According to Chilliard et 

al., (2001), milk FA composition results from the pro-

duction of FA by 2 distinct metabolic processes: de 

novo synthesis in the mammary gland of FA secreted in 

milk (40%) and extraction from the circulating plasma 

lipids (60%). It has been found that C4:0 to C12:0, most  
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of C14:0, and on average, 50% of C16:0 are produced 

by the de novo synthesis. All of C18 and longer-chain 

FA are extracted from blood (Givens and Shingfield, 

2004; Palmquist and Griinari, 2006). In terms of human 

health, a decrease in C14:0 and C16:0 FA represents an 

improvement in the FA profile of milk because of the 

potential effects of the FA on cholesterol-raising activ-

ity (Kris-Etherton and Yu, 1997). Therefore, addition of 

WAS to the diet improved FA profile of milk for human 

consumption by reducing C14:0 and C16:0 content of 

milk fat, but this reduction was not significant. The con-

tent of C16:1 in milk originates from both de novo syn-

thesis in the mammary gland and uptake of arterial 

blood (Nudda et al., 2006). The higher level of C16:1 in 

the treatment groups fed diets containing WAS was 

probably due to increased synthesis in the mammary 

gland because the index of Δ9-desaturase activity was 

higher in these groups. In the current study, C18:1, 

C18:2, and C18:3 in milk fat were significantly in-

creased after supplementing the diet with WAS. Our re-

sults are in agreement with previous findings indicated 

that addition of oil source to diet of dairy goats (Mo-

daresi et al., 2011; Razzaghi et al., 2015) increased con-

centrations of ruminic acid, punicic acid, and total CLA 

in milk fat. The high level of unsaturation in oil in-

creases the value of oil for nutritional purposes (Kiani 

et al., 2015). It is well known that addition of vegetable 

oils to the diet of goats increases the concentration of 

trans-C18:1 FA in milk (Chilliard et al., 2003; Chilliard 

and Ferlay, 2004). Although the predominant biohydro-

genation end-product of unsaturated FA in the rumen is 

stearic acid, several monounsaturated intermediates like 

vaccenic acid are often generated (Palmquist et al., 

2005) and subsequently found in milk. C18:2 serve as 

precursors of C18:1 in the rumen (Nudda et al., 2006). 

C9t11CLA is produced in the rumen by anaerobic bacte-

ria as an intermediate in biohydrogenation of linoleic 

acid and by desaturation of vaccenic acid (t11 C18:1) in 

the mammary gland via Δ9-desaturase (Bauman et al., 

2001). According to Chilliard et al. (2003), the addition 

of either linseed oil or sunflower oil to the diet was sig-

nificantly increased the concentrations of vaccenic acid 

and CLA in goat milk fat. Moreover, an increase in 

C18:1 in milk fat led to increased endogenous synthesis 

of the total CLA in the mammary gland (Modaresi et al., 

2011); therefore,supplementation of WAS was also an 

effective means of increasing the concentration of CLA 

in milk fat of goats. Similarly, the addition of vegetable 

oils to the diet of dairy goats (Modaresi et al., 2011; 

Razzaghi et al., 2015; Emami et al., 2016) increased the 

concentration of C18:3n-3 FAs in milk. Dietary supple-

mentation of WAS was significantly increased the con- 

 centrations of MUFA, PUFA, and the PUFA/SFA ratio 

as compared with the controls. Studies in sheep (Gal-

lardo et al., 2015) and goats (Marin et al., 2011; Raz-

zaghi et al., 2015) showed that diets containing herbal 

oil source were significantly increased the concentra-

tions of MUFA and PUFA in milk. The stearoyl-CoA-

desaturase index can be estimated as 16:1/16:0 or 

18:1/18:0 and it has consistently been associated with 

metabolic complications (Vessby, 2003). The Δ9-de-

saturase index is an enzyme system which plays a key 

role in lipogenesis being responsible for Δ9-desatura-

tion of methylene-interrupted fatty acyl-CoA substrates 

(Paton and Ntambi, 2009). In this study, the Δ9-desatu-

raseindex of C16:0 was increased after diet supple-

mented with WAS. Substantial increments in desaturase 

index of C16:0 have been associated with an increase in 

mammary palmitoyl-CoA desaturase mRNA abundance 

and activity (Bernard et al., 2009). Contrary to our re-

sults, the Δ9-desaturase index of C16:0 was decreased 

after feeding pomegranate seed pulp to dairy goats (Mo-

daresi et al., 2011). Palmitic acid is synthesized de novo 

in the mammary gland, extracted from blood. Mosley 

and McGuire (2007) showed that 50% of the C16:1 cis-

9 came from the Δ9-desaturation. Peterson et al. (2002) 

suggested that the variation in CLA content of milk fat 

among individuals was related to the rumen biohydro-

genation and the Δ9-desaturase activity. 

In the current study, the blood HDL increased, but 

no significant changes in other blood metabolites and 

MDA after WAS supplementation were observed. Mo-

daresi et al. (2011) also found no effect on plasma glu-

cose, triglyceride, HDL concentrations, or total choles-

terol in dairy goat fed pomegranate seed pulp. Bernard 

et al. (2009), however, reported higher total plasma cho-

lesterol in goats fed diets supplemented with sunflower 

seed oil or linseed oils. These differences could be at-

tributed to the type of fat and FA composition in WAS 

and other fat sources. 

 

Conclusion 

The results of the present study suggested that, WAS 

could be used successfully as alternative to cereal 

grains and other sources of energy to dietary supple-

ments. Supplementation of WAS at a level of 3 and 6% 

was an effective means of increasing concentrations of 

unsaturated FA, especially oleic, linoleic, CLA, lino-

lenic, and PUFA in milk fat and plasms HDL. 
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عملکرد، ترکیب اسیدهای  ( و اثر آن برAmygdalus scopariaارزش غذایی دانه بادام وحشی )

 چرب شیر و فعالیت آنتی اکسیدانی در بزهای شیرده
  ، م. باشتنی و ه. فرهنگ فر*م. تکلوزاده

 

 .ایران خراسان جنوبی، بیرجند، دانشگاه طبیعی منابع و کشاورزی دانشکده دامی، علوم گروه

 Takalloozadeh_m@birjand.ac.irنویسنده مسئول، پست الکترونیک: *

 

هدف از انجام این آزمایش برآورد ارزش غذایی دانه بادام وحشیییی و یا آر آر بر کرد،ردر یر آس اهیییآدها  چکیده     

شرار  شآرده بود.  سآدانی در بزها   شآر و فعالآت آنتی ا  شآردهی بودندر بر  21چرب  شآر   ه در مآانه دوره  راس بز 

شد هته بند   هه گروه د صادفی به  صفرر  3ها دارا  ند. جآرهپایه یک طرح  امال ی صد دانه بادام یدخر و  6و  3هطح  در

صد کدوفه و  45 شده با جآره  55در شآر در بزها  یغذیه  سبت چربی به پرویئآن  شآر و ن سانتره بودند. چربی  صد  ن در

ا دانه (. گوارش پذیر  ظاهر  چربی خام در بزها  یغذیه شییده بP≤0.01درصیید دانه بادام وحشییی  رتر بود   6دارا  

ا  دانه ها  دارظاهر  فآبر نامحدول در شییوینده خن ی و اهییآد  با یغذیه جآره پذیر  بادام وحشییی بآشییتر بود. گوارش

و  CLAر C18: 2ر C16: 1وهرچنآن  C18: 1و  C14: 1(. اهییآدها  چرب P≤0.05بادام وحشییی  اهش یافت  

C18: 3 شده با دانه ب هآدها  چرب دارا  به طور معنی دار  در یآرارها  یغذیه  شی باالیر بود. فزور بر اینر ا ادام وح

یک پآوند دوگانهر اهآدها  چرب دارا  چند پآوند دوگانه و نسبت اهآدها  چرب دارا  چند پآوند دوگانه به اهآدها  

شده با  شباع در یآرارها  یغذیه  شتر بود  به یریآس  6چرب ا شی بآ صد دانه بادام وح صد(. د 05/0و  94/3ر 04/27در ر

شباکآت   شتر بود  C16: 1( برا  Desaturase indexشاخص غآر ا شی بآ شده با دانه بادام وح در یآرارها  یغذیه 

 P≤0.01 هرچنآن غدظت .)HDL   مآدی گرم در دهییی لآتر( در بزها  یغذیه شییده با دانه بادام  28/39یا  14/38خور

درصدر روش  6و  3ادام وحشی به جآره بزها  شآرده در هطح (. به طور  دی افزودر دانه بP≤0.05وحشی باالیر بود  

شباع بویژه اولئآکر لآنولئآکر  هآدها  چرب غآر ا هآدها  چرب دارا  CLAمو ر  برا  افزایش غدظت ا ر لآنولنآک و ا

 خور بزها بود. HDLچند پآوند دوگانه در چربی شآر و افزایش 

 


