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INTRODUCTION 

 

Recent research has focused on the importance of 

supplying lactating dairy cows with polyunsaturated fatty 

acids (FA). This is an established practice that helps meet 

the energy requirements. Moreover, polyunsaturated FA 

possesses many biological functions such as specific roles 

in cellular membrane structure and synthesis of 

prostaglandins (Grummer and Carroll, 1991). Furthermore, 

there is great interest in modulating milk fat composition 

through dietary polyunsaturated FA (Côrtes et al., 2010). 

Soybean oil is rich in omega 6 linoleic acid (cis-18:2), 

which has been shown to increase conjugated linoleic acid 

concentration in milk fat when fed at 4% of dietary dry 

matter (DM) to dairy cows fed high-forage (59% forage) 

diets (Bu et al., 2007). However, increasing polyunsaturated 

FA in the milk fat may render milk more susceptible to 

oxidative damages because fatty acids, especially 

polyunsaturated FA, are easily oxidized (Shiota et al., 1999). 

Thus, feeding cows with elevated dietary antioxidants may 

increase the transfer of these compounds from the diet to 

milk and protect polyunsaturated FA in milk from oxidation. 

Citrus by-products are important components of 

ruminant feeding systems in many areas of the world, and 

are a source of dietary energy (Bampidis and Robinson, 

2006). The main citrus by-product is citrus pulp, which can 

be fed fresh, dried, or as silage. Dried citrus pulp contains 

considerable amount of sugars (12% to 40%) and neutral 

detergent-soluble fiber carbohydrates (22% to 44% of DM) 

such as pectic substances (Sunvold et al., 1995; Hall et al., 

2010). 

Dried citrus pulp may be a good candidate for the partial 

replacement of highly fermentable grains in dairy cow 

rations, to assist in the protection against ruminal acidosis 

(Arthington et al., 2002), and may improve the efficiency of 

feed utilization for milk production (Miron et al., 2002).  
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Assis et al. (2004) reported that citrus pulp can replace 

100% of corn in diets of lactating cows averaging 20 kg/d 

of milk. Santos et al. (2001) observed an increase in milk 

production when cows were fed citrus pulp as a corn grain 

substitute (14% of DM) in total mixed ration. 

Furthermore, citrus pulp is a source of flavonoids such 

as hesperidin and naringin (Bampidis and Robinson, 2006), 

which have been found to have antioxidant properties 

(Williams et al., 2004). Therefore, for cows fed diets with a 

high concentration of polyunsaturated FA citrus pulp may 

be useful to increase the amount of antioxidants in milk and 

to improve milk quality. 

Thus, this study aimed to evaluate the effects of feeding 

pelleted citrus pulp as natural antioxidant source on the 

performance and milk quality of dairy cows fed highly 

polyunsaturated FA diets.  

 

MATERIAL AND METHODS 

 

This study was conducted at the experimental farm of 

the Universidade Estadual de Maringá, southern Brazil. 

Four multiparous lactating Holstein cows, averaging 164 

days of milk production (standard error of the mean [SEM] 

= 21.8 days) and 612 kg of body weight (body weight 

[BW]; SEM = 41.5 kg), were used in a 4×4 Latin-square 

design over four 21-d periods. The Animal Care and Use 

Committee of the Universidade Estadual de Maringá 

approved all animal procedures. 

Treatments consisted of four different mixed diets 

(Table 1) composed of corn silage, ground corn, soybean 

meal, and mineral supplement, differing by the inclusion of 

soybean oil and by replacement of ground corn with citrus 

pulp (on a DM basis), as follows: i) control (CONT, without 

oil and pelleted citrus pulp); ii) 3% of soybean oil (SBOIL); 

iii) 3% of soybean oil and 9% of citrus pulp (SOCP-9); and 

iv) 3% of soybean oil and 18% of pelleted citrus pulp 

(SOCP-18). Diets were formulated to meet the requirements 

for cows of 600 kg of BW and producing 25 kg/d of milk 

containing 3.8 g/kg of fat (NRC, 2001). Cows were housed 

in tie stalls, fed individually for ad libitum intake (10% in 

orts) twice a day (7:00 and 14:00 h), and milked twice daily 

at 06:00 and 16:00 h. Milk production was recorded at 

every milking. The yield of 4% fat-corrected milk was 

calculated according to the equation of Tyrrell and Reid 

(1965). Cows were weighed on the first and last day of each 

experimental period and changes in body weight were 

calculated as the difference between these weights.  

Samples of diets and orts were collected daily from day 

15 to 21, frozen, and pooled on a period basis. Composite 

samples were mixed thoroughly and sub-sampled for 

chemical analyses. Feces samples (100 g) were collected 

from day 15 to 20 at 26-h intervals, and then stored at 

–20°C until use. These samples were pooled for each 

animal after drying (55°C) for subsequent analysis.  

Samples (food, orts, and feces) were oven-dried (55°C 

for 72 h) and then ground in a cutter mill to pass through a 

1-mm screen sieve. Dry matter was evaluated according to 

method no. 934.01 of the Association of Analytical 

Communities (AOAC, 1998). The organic matter was 

determined by combustion in a muffle furnace according to 

method no. 942.05 of AOAC (1998). Total nitrogen (TN) 

determination Tecnal TE-036/1 (Tecnal, Piracicaba, São 

Paulo, Brazil) following method no. 988.05 of the AOAC 

(1998) and crude protein (CP) was estimated as TN×6.25. 

Ether extraction of diets was conducted with Tecnal TE-

044/1 according to the method no. 920.39 of AOAC (1998). 

Table 1. Chemical composition of ingredients 

Item 
Ingredients1 

Corn silage Ground corn Soybean meal Citrus pulp Soybean oil 

Dry matter (DM, %) 30.57 88.22 88.15 94.5 100.0 

Organic matter (%, DM) 96.32 98.9 93.33 94.7 100.0 

Crude protein (%, DM) 6.5 8.43 50.68 6.0 - 

NDICP 18.6 8.5 1.4 6.7 - 

ADICP 12.0 3.7 0.8 5.0 - 

Ether extract (%, DM) 2.6 3.7 2.2 1.9 100.0 

Neural detergent fiber (%, DM) 47.7 16.0 13.9 19.1 - 

Nonfibrous carbohydrates (%, DM) 39.5 70.8 26.6 67.7 - 

Acid detergent fiber (%, DM) 26.2 3.7 8.2 14.6 - 

Lignin (%, DM) 2.5 0.9 0.7 0.8 - 

Polyphenols (mg/100 g, DM) ND ND ND 78.4 ND 

Flavonoids (mg/100 g, DM) ND ND ND 16.1 ND 

Total digestible nutrientsest
2 (%, DM) 71.0 86.2 80.8 86.0 184.0 

Net energy for lactation2 (Mcal/kg, DM) 1.62 1.99 1.86 1.98 5.65 

NDICP = neutral detergent insoluble crude protein (%, CP); ADICP = acid detergent insoluble crude protein (%, CP); ND, not detected. 
1 Mean of 4 pooled samples prepared by compositing 7 daily samples collected from d 15 to 21. 
2 Calculated using described equations by NRC (2001). 
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The neutral detergent fiber (NDF) was evaluated as 

described by Mertens (2002) using a heat-stable α-amylase, 

without using sodium sulfite. Procedures for NDF 

determination were adapted to the Ankom
200 

filter bag 

technique. The NDF and lignin contents were determined 

according to method 973.18 of AOAC (1998).  

Nonfibrous carbohydrates (NFC) were estimated 

according to the equations described by NRC (2001): NFC 

(% of DM) = 100–(CP+ether extract [EE]+NDF+ash) and 

the observed total digestible nutrient (TDN) were estimated 

according to the following equation: TDN = dCP+(2.25× 

dEE)+dNDF+dNFC; where dCP = digestible CP, dEE = 

digestible EE, dNDF = digestible NDF, and dNFC = 

digestible NFC. 

Indigestible NDF (iNDF) was used as the internal 

marker to estimate the fecal output and total tract apparent 

digestibility. For iNDF analysis, 0.5 g (1 mm) of periodic 

samples (fecal, orts, and feeds) were incubated in situ (144 

h) in the rumen of a cow (fed corn silage based diet with 

forage to concentrate ratio of 60 to 40) within nylon bags 

(F57 Ankom) followed by neutral detergent analysis 

(Mertens, 2002) by using an Ankom
200

 Fiber Analyzer 

(Ankom Technology Corp., Fairport, NY, USA). 

Milk samples were taken from each cow for four 

consecutive milkings (day 19 and 20) and pooled on a yield 

basis to obtain three milk samples per cow within the period. 

One milk sample was stored at 4°C with a preservative 

(bronopol-B2) until analysis to determine the contents of 

protein, urea N, lactose, and total solids. To perform FA 

profile and antioxidants analyses, two samples were kept 

frozen at –20°C, one without preservative and the other 

with Na azide (0.2 g/kg). 

Protein, lactose, total solids, and urea N concentrations 

in milk samples were analyzed by infrared 

spectrophotometry (Bentley model 2000; Bentley 

Instrument Inc., Chaska, MN, USA). Milk somatic cells 

counts (SCC) were obtained using an electronic counter 

(Somacount 500, Chaska, MN, USA) as described by 

Voltolini et al. (2001). 

Fat in milk was separated by centrifugation as described 

by Murphy et al. (1995), and FA were methylated according 

to method 5509 of the International Organization for 

Standardization (ISO; 1978) using KOH/methanol (Synth, 

São Paulo, Brazil) and n-heptane (Vetec, Rio de Janeiro, 

Brazil). FA methyl esters were quantified using a gas 

chromatographer (Trace GC Ultra, Thermo Scientific, West 

Table 2. Ingredient and chemical composition of total mixed diets 

Item 
Diets1 

CONT SBOIL SOCP-9 SOCP -18 

Ingredients (% of DM)     

Corn silage  60.0 60.0 60.0 60.0 

Ground corn  22.3 18.5 7.5 - 

Citrus pulp - - 9.0 18.0 

Soybean oil  - 3.0 3.0 3.0 

Soybean meal  16.0 16.8 18.9 17.3 

Urea 0.6 0.6 0.6 0.6 

Mineral supplement2 1.1 1.1 1.1 1.1 

Chemical analysis2     

Dry matter (DM, %) 41.9 41.9 41.9 42.0 

Organic matter (%, DM) 95.3 95.7 95.2 94.7 

Crude protein (%, DM) 16.0 15.9 16.0 15.4 

NDICP  6.2 6.4 5.9 6.0 

ADICP  3.7 3.7 3.7 3.8 

Ether extract (%, DM) 2.8 5.8 5.5 5.4 

Neural detergent fiber (%, DM) 34.1 33.8 33.0 33.8 

Nonfibrous carbohydrates (%, DM) 42.5 40.2 40.3 40.1 

Acid detergent fiber (%, DM) 17.9 17.9 18.9 19.8 

Lignin (%, DM) 1.8 1.8 1.8 1.8 

Total digestible nutrient4 (%, DM) 74.8 77.7 77.5 77.6 

Net energy for lactation4 (Mcal/kg, DM) 1.78 1.78 1.78 1.78 

NDICP = neutral detergent insoluble crude protein (%, CP); ADICP = acid detergent insoluble crude protein (%, CP). 
1 CONT = diet with no soybean oil or citrus pulp; SBOIL = diet with 3% of soybean oil; SOCP-9 = diet with 3% of soybean oil and 9% of pelleted citrus 

pulp; SOCP-18 = diet with 3% of soybean oil and 18% of pelleted citrus pulp.  
2 Contained 24.0% Ca, 6.0% P, 1.5% Mg, 1.8% S, 7.8% Na, 2,200 mg/kg of Fe, 3,800 mg/kg of Zn, 680 mg/kg of Cu, 1,105 mg of Mn, 40 mg/kg of I, 10 

mg/kg of Co, 25 mg/kg of Se, 100,000 IU/kg of vitamin A, 66,700 IU/kg of vitamin D3, and 1,000 IU/kg of vitamin E. 
3 Mean of 4 pool samples prepared by compositing 7 daily samples collected from d 15 to 21. 
4 Calculated using described equations by NRC (2001). 
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Palm Beach, FL, USA) equipped with an autosampler, a 

flame-ionization detector, and an Rt-2560 fused-silica 

capillary column (100 m×0.25 mm i.d., 0.20 μm film 

thickness). The column parameters were as follows: the 

initial column temperature of 65°C was maintained for 8 

min; and the temperature was then programmed at 

50°C/min to 170°C. This temperature was maintained for 

40 min and increased by 50°C/min to 240°C, and then 

maintained at this temperature for 28.5 min. The injector 

and detector temperatures were 220°C and 245°C, 

respectively. The gas flow was 1.5 mL/min of hydrogen 

(carrier gas), 30 mL/min of N2 (auxiliary gas), and 35 

mL/min of H2 and 350 mL/min of make-up gas (flame 

gases). FA peaks were identified using pure methyl ester 

standards (Sigma, São Paulo, Brazil). 

Blood was collected from all cows on day 18 (08:00 h) 

after morning milking to determine very low-density 

lipoprotein (VLDL), low-density lipoprotein (LDL), high-

density lipoprotein (HDL), total cholesterol, triacylglycerols, 

glucose, and urea concentrations. Blood was withdrawn 

from the jugular vein into vacutainer tubes containing 

heparin. The tubes were immediately centrifuged for 20 min 

at 3,000×g. Plasma was separated and frozen at –20°C for 

subsequent analysis. Plasma triacylglycerol concentration 

was determined by an enzymatic colorimetric method using 

glycerol-3-phosphate oxidase at 500 nm (kit 15710; Diasys 

Diognostic Systems, Holzheim, Germany). The HDL and 

LDL concentrations were analyzed by colorimetric assays at 

600 nm (kits 13521 and 14121, respectively; Diasys 

Diognostic Systems). The VLDL concentration was 

estimated by dividing triacylglycerol concentration by five 

as described by Friedewald et al. (1972). Concentrations of 

total cholesterol (kit 11300; Diasys Diognostic Systems) 

and glucose (kit 12500; Diasys Diognostic Systems) were 

analyzed at 500 nm using enzymatic photometric assays and 

urea concentration (kit 1301; Diasys Diognostic Systems) 

was determined at 340 nm.  

Total polyphenols in milk and citrus pulp were obtained 

by methanol extraction and quantified using the Folin-

Ciocalteu reagent (Singleton and Rossi, 1965) and poly-

vinylpolypyrrolidone (Doner et al., 1993). The phenolic 

content is reported as gallic acid equivalents (GAE). 

Flavonoids in milk and coffee hull were determined 

based on complexion by using aluminum chloride (Buriol et 

al., 2009). Quercetin was used as the standard to build the 

calibration curve and the results are reported as quercetin 

equivalents (EQ). 

Samples were mixed with trichloroacetic acid (20%) 

and maintained at rest for 10 min, then centrifuged for 10 

min at 1,058×g to determine the ferric reducing antioxidant 

power (FRAP). Milk antioxidant capacity was evaluated as 

described by Zhu et al. (2002). Gallic acid was used as the 

standard to build the calibration curve and the results are 

reported as GAE (μg/mL). 

All the data from the experiments were analyzed as a 

4×4 Latin-square design balanced for residual effect using 

the general llinear model procedure (SAS version 9.0) with 

the following model: 

 

Yijkl = μ+Cj+Pk+Tl+eijkl, 

 

where Yijkl = dependent variable, μ = overall mean, Cj = 

random effect of cow (j = 1 to 4), Pk = fixed effect of period 

(k = 1 to 4), Tl = fixed effect of treatment (l = control, 

soybean oil, soybean oil+9% pelleted citrus pulp, soybean 

oil+18% pelleted citrus pulp), and eijkl = random residual 

error. Significance was declared at p≤0.05 and a trend at 

0.05<p≤0.10, unless otherwise stated. When a significant F-

test was detected, multiple comparisons were done using 

the Tukey’s adjustment of the probability. 

 

RESULTS 

 

No significant differences were observed for changes of 

body weight (Table 3). A trend (p = 0.081) of low DM 

intake (kg/d) was observed when cows were fed SOCP-9 

and SOCP-18 compared with those fed CONT and SBOIL 

diets. However, dry matter intake expressed as a percentage 

of body weight did not differ among diets (Table 3). Intakes 

of CP protein, NDF, NFC, and total net energy for lactation 

were not affected by diets. However, EE intake increased in 

cows fed dietary soybean oil. 

The digestibilities of DM and EE were lower for CONT 

compared to other diets (Table 3). There was a tendency (p 

= 0.068) for lower CP digestibility for CONT diet. The 

digestibility of NDF did not differ among diets whereas 

NFC digestibility was higher for SOCP-9 and SOCP-18 

than other diets. The CONT diet showed lower TDN 

percentage than other diets.  

Milk production and 4% fat-corrected milk yield were 

similar among the treatments (Table 4). Concentrations of 

protein, lactose, and urea were also not affected. On the 

other hand, milk fat and total solids were higher for cows 

fed CONT than for cows fed other diets. Yields of protein, 

lactose, and total solids, and somatic cells count were 

similar among treatments. However, milk fat yield was 

lower for cows fed SBOIL, SOCP-9, and SOCP-18 than for 

cows fed CONT.  

Milk from cows fed SOCP-18 diet had the highest total 

polyphenol concentration. Cows fed pelleted citrus pulp had 

higher flavonoid content and higher ferric reduction 

antioxidant power in milk than those fed no pelleted citrus 

pulp (Table 4).  

Cows fed diets with supplemental oil had higher HDL, 

LDL, and total cholesterol concentration in the plasma than 

cows fed CONT diet (Table 4).  
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Milk fat from cows fed diets with soybean oil tended to 

contain less (p = 0.09) 4:0 and 6:0 FA than the milk fat from 

cows fed CONT diet (Table 5). The proportion of 8:0 FA 

was higher in milk fat of cows fed diets with citrus pulp 

while milk fat of cows fed CONT diet had higher 10:0 FA. 

Cows fed citrus pulp had high 11:0 FA in milk fat when 

compared with those fed CONT and SBOIL diets. Higher 

proportion of cis7-16:1 FA and lower proportion of 18:0 FA 

were found in milk fat from cows fed SOCP-18. In general, 

cows fed SOCP-18 showed higher monounsaturated FA and 

lower saturated FA than cows fed the other diets. The lowest 

n-6 FA proportion was found in milk fat from cows fed 

CONT. 

 

DISCUSSION 

 

In the present study, experimental diets did not 

significantly affect changes in body weight. It suggests that, 

despite of the different diet ingredients composition that 

included fat supplementation, rations provided animals with 

similar amounts of energy. Thus, animals likely had 

sufficient dietary energy to meet maintenance and 

production requirements. This is supported by the lack of 

effect on total net energy intake and milk production that 

we observed. Pelleted citrus pulp caused the decrease of 

DM intake. A similar reduction in DM intake has been 

shown for highly producing dairy cows fed citrus pulp as a 

corn grain substitute in total mixed rations (Solomon et al., 

2000). Hall et al. (2010) and Miron et al. (2002) also 

observed lower DM intake in cows fed citrus pulp in total 

mixed ration. It is suggested that pectin, which is abundant 

(22% to 40%) in the citrus pulp (Sunvold et al., 1995; 

Arthington et al., 2002), could interfere with ruminal 

fermentation resulting in greater rumen fill. This is 

supported by the slightly higher ruminal rate and extent of 

degradability of starch compared to pectin (Van Soest, 

1994). The density of citrus pulp after hydration in the 

rumen could also help to explain the observed effects on 

DM intake. Indeed, hydration has been reported to promote 

swelling of citrus pulp (Bampidis and Robinson, 2006) and 

it may have accounted for the reduction of feed intake of 

total mixed ration due to a possible higher rumen fill. 

Over the years, it has been well known that 

supplemental polyunsaturated FA affects fiber digestion due 

to negative effects of polyunsaturated FA on the rumen 

microbial population that are involved with cellulose 

digestion (Jenkins, 1993; Yang et al., 2009). In the present 

study, the large amount of polyunsaturated FA in diets was 

expected to interfere with fiber digestibility. However, such 

an effect was not observed as suggested by results for NDF 

digestibility. Similar results have been previously reported 

(Bateman and Jenkins, 1998) in a study performed with 

nonlactating cows fed different dietary concentration of 

soybean oil (2% to 8%). Authors have explained these 

effects as being based on a possible prompted rapid 

hydrolysis of soybean oil and subsequent hydrogenation of 

free FA promoted by high dietary concentrations of fiber 

that could prevent a serious disruption of ruminal 

Table 3. Changes in body weight, and intake, digestibility and total digestible nutrients of diets 

Item  
Diets1 

SE p-value 
CONT SBOIL SOCP-9 SOCP -18 

Changes in body weight (kg/d) 0.34 0.01 0.38 0.36 0.219 0.560 

Intake       

Dry matter (kg/d) 18.4 18.3 16.5 16.2 0.74 0.081 

Dry matter (g/kg of BW) 2.9 3.1 2.9 2.4 0.05 0.250 

Crude protein (kg/d) 3.0 3.0 2.8 2.6 0.18 0.380 

Ether extract (kg/d) 0.5b 1.1a 0.9a 0.9a 0.06 0.001 

Neutral detergent fiber (kg/d) 6.0 6.0 5.3 5.2 0.43 0.427 

Nonfibrous carbohydrates (kg/d) 8.0 7.5 6.7 6.6 0.50 0.242 

Total net energy for lactation (Mcal/d)2 29.7 32.5 29.7 29.9 1.87 0.677 

Total tract apparent digestibility       

Dry matter (%) 70.4b 72.7a 74.1a 75.4a 0.87 0.015 

Crude protein (%) 71.3 72.7 75.9 76.5 1.30 0.068 

Ether extract (%) 73.6b 90.8a 90.9a 92.7a 1.16 0.050 

Neutral detergent fiber (%) 56.1 58.7 57.4 57.6 2.43 0.896 

Nonfibrous carbohydrates (%) 83.4c 85.2bc 87.9b 92.4a 0.97 0.001 

Total digestible nutrient (%) 70.9b 77.6a 78.5a 80.3a 0.94 0.001 

SE, standard error; BW, body weight.  
1 CONT = diet with no soybean oil or pelleted citrus pulp; SBOIL = diet with 3% of soybean oil; SOCP-9 = diet with 3% of soybean oil and 9% of 

pelleted citrus pulp; SOCP-18 = diet with 3% of soybean oil and 18% of pelleted citrus pulp.  
2 Estimated according to NRC (2001) using data on total digestible nutrient intake.  

Means within a row with different superscripts differ at p≤0.05. 
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digestibility. Indeed, rate of lipolysis and hydrogenation 

have been reported to increase as dietary fiber increased 

(Jenkins, 1993). In the present study, dietary NDF 

concentration averaged 34%, and this is similar to the 

lowest NDF level (35%) evaluated by Bateman and Jenkins 

(1998). It suggests that dietary fiber content could also have 

interfered with ruminal lipid metabolism promoting higher 

FA hydrogenation. A possible higher ruminal hydrogenation 

of FA is supported by the milk FA profile which was barely 

changed by treatments. Furthermore, the dietary EE 

concentration (5.6%) of diets containing soybean oil could 

also help to explain, at least partially, the lack of effect on 

NDF digestibility as it did not exceed recommended limits 

(6% to 7%) to avoid digestion problems (Palmquist and 

Jenkins, 1980; NRC, 2001). 

In the present study, cows fed supplemental oil had 

higher EE digestibility, suggesting that dietary soybean oil 

improved fat utilization. It has been well recognized that fat 

digestion is influenced by factors such as the amount of fat 

consumed and the degree of saturation, the former being 

considered the most important aspect (NRC, 2001). 

Additionally, unsaturated FA have been reported to be more 

digestible than saturated FA (Borsting et al., 1992). Thus, 

the observed increase in EE intake and the lower degree of 

saturation of fat from diets containing soybean oil could 

explain the higher EE digestibility in diets with soybean oil.  

In our study, dietary pelleted citrus pulp increased 

digestibilities of nonfibrous carbohydrate and CP. Similar 

effects have been previously observed by Miron et al. 

(2002) who reported that replacement of dietary corn by 

dried citrus pulp in lactating cows fed total mixed ration 

increased digestibility of neutral detergent-soluble 

carbohydrates and the digestibility of CP. These authors 

suggest that citrus pulp supplementation for lactating cows 

fed total mixed ration apparently creates favorable 

conditions for cellulolysis in the rumen, as expressed by the 

higher digestion of neutral detergent-soluble carbohydrates 

and CP (Miron et al., 2002). This finding is also supported 

Table 4. Milk production, milk composition and blood composition 

Item  
Diets1 

SE p-value 
CONT SBOIL SOCP-9 SOCP -18 

Milk production (kg/d) 22.7 23.4 23.8 24.7 1.83 0.892 

4% FCM (kg/d) 20.0 18.6 18.1 20.1 1.67 0.794 

Milk composition (%)       

Protein 3.1 3.2 3.1 3.2 0.19 0.997 

Fat  3.4a 2.6b 2.4b 2.4b 0.25 0.050 

TS 12.2a 11.4b 11.1b 11.1b 0.14 0.001 

Lactose 4.7 4.7 4.6 4.6 0.06 0.829 

Milk yield (kg/d)       

Protein 0.76 0.78 0.78 0.75 0.14 0.999 

Fat 0.8a 0.6b 0.6b 0.6b 0.05 0.010 

TS 3.0 2.8 2.7 2.6 0.48 0.872 

Lactose 1.1 1.1 1.1 1.1 0.14 0.986 

Urea N (mg/dL) 12.7 13.9 14.2 11.6 0.92 0.245 

SCS (log10 SCC) 2.3 2.2 2.3 2.3 0.10 0.903 

Total polyphenols2 22.8b 25.1b 27.2ab 31.1a 0.87 0.001 

Flavonoids3  0.6b 0.7b 0.8a 0.8a 0.53 0.089 

FRAP 11.5b 11.1b 25.0a 28.1a 3.17 0.007 

Plasma concentration (mg/dL)       

Glucose 67.8 68.0 67.3 67.8 1.56 0.992 

Triacylglycerol 8.0 10.0 11.5 12.8 2.11 0.461 

HDL 73.0b 90.5a 90.8a 89.5a 4.43 0.050 

LDL 30.0b 65.3a 63.5a 78.0a 8.6 0.024 

VLDL 1.6 2.0 2.3 2.6 0.45 0.483 

Total cholesterol 104.5b 157.8a 156.5a 170.3a 12.27 0.023 

SE, standard error; FCM, fat corrected milk; TS, total solids; SCS, somatic cell score = log10(somatic cell count); FRAP, ferric reducing antioxidant power 

(μg GAE/mL); HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL, very low-density lipoprotein; GAE, gallic acid equivalents; EQ, 

equivalents. 
1 CONT = diet with no soybean oil or pelleted citrus pulp; SBOIL = diet with 3% of soybean oil; SOCP-9 = diet with 3% of soybean oil and 9% of 

pelleted citrus pulp; SOCP-18 = diet with 3% of soybean oil and 18% of pelleted citrus pulp.  
2 Total polyphenols: μg GAE/mL. 3 Flavonoids: μg EQ/mL.  

Means within a row with different superscripts differ at p≤0.05. 
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by Kim et al. (2007) who also reported that citrus pulp 

supplementation may improve N utilization in ruminants. 

The increased digestibility of nutrients (EE, NFC, and CP) 

likely accounted for the high dry matter digestibility and 

TDN that we observed in case of SBOIL, SOPC-9, and 

SOPC-18 compared with CONT diet. 

In the present study, fat concentration was reduced in 

milk from cows fed dietary soybean oil whereas milk 

production was not affected. This effect is usually 

considered as milk fat depression (Bauman and Griinari, 

2003) and is probably a consequence of the high proportion 

of dietary 18:2 FA provided by in soybean oil. Indeed, it has 

been well recognized that higher dietary polyunsaturated 

FA, such as 18:2, affect certain aspects of milk fat synthesis 

reducing its proportion in milk of dairy cows (Palmquist et 

al., 1993; Chilliard et al., 2000). Some authors have 

explained these effects with the “biohydrogenation theory” 

which tells that high dietary unprotected plant oils alter the 

Table 5. Fatty acid profile in milk (g/kg of total fatty acid) of Holstein cows fed experimental diets 

Item  
Diets1 

SE p-value 
CONT SBOIL SOCP-9 SOCP -18 

Intake       

4:0 6.6 5.7 4.2 4.3 0.65 0.09 

6:0 8.5 7.1 6.3 6.1 0.57 0.09 

8:0 5.9b 6.3b 6.5b 9.2a 0.32 0.001 

10:0 18.7a 12.0b 10.9b 12.1b 1.62 0.05 

11:0 3.9b 1.8b 7.8a 6.8a 1.21 0.02 

12:0 18.6 15.7 19.7 16.4 1.80 0.43 

13:0 0.8 0.8 0.5 1.0 0.12 0.14 

14:0 71.4 62.4 65.4 59.6 5.18 0.47 

cis-9 14:1 6.3 3.8 5.0 6.3 1.29 0.52 

15:0 9.1 9.9 11.4 11.3 0.54 0.06 

16:0 159.5 153.4 167.0 166.0 7.75 0.58 

cis7-16:1 4.1b 2.0c 3.6b 6.8a 0.65 0.003 

cis9-16:1 7.1 5.6 5.6 7.7 0.83 0.19 

17:0 7.4a 5.3ab 5.0ab 3.6b 0.73 0.05 

17:1 2.6 1.7 2.3 1.7 0.24 0.06 

18:0 228.4a 248.1a 215.9a 181.7b 8.45 0.006 

cis9-18:1 315.1 332.3 330.4 347.4 8.75 0.13 

trans9-18:1 30.8 23.3 28.4 44.9 5.35 0.11 

cis9,12-18:2 30.2 33.0 38.9 34.6 2.59 0.21 

trans9,12-18:2 2.9 3.6 3.2 3.3 0.48 0.76 

cis6,9,12-18:3 0.2 5.7 2.3 7.1 2.11 0.19 

cis9,12,15-18:3 7.1 8.2 8.2 8.1 1.46 0.86 

cis9,trans11-18:2 23.3 24.6 22.3 23.6 2.01 0.88 

20:0 8.3 7.0 5.7 7.8 0.39 0.02 

cis9,20:1 2.6 2.8 3.0 2.5 0.27 0.10 

cis8,11,14-20:3 1.0 1.5 1.5 2.8 0.48 0.15 

cis5,8,11,14-20:4 1.8 2.2 2.2 2.0 0.21 0.49 

Others2 18.0 14.3 16.7 15.4 1.64 0.64 

Total trans 57.0 51.4 53.9 71.9 7.37 0.28 

MUFA 375.5b 377.5b 385.1b 423.7a 7.37 0.002 

PUFA 71.4 81.2 81.4 86.7 5.78 0.38 

SFA 553.1a 541.3a 533.6a 489.5b 10.85 0.03 

n-33 9.0 9.7 10.2 11.9 1.32 0.38 

n-64 36.0b 45.9a 48.1a 49.8a 2.67 0.04 

SE, standard error; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids. 
1 CONT = diet with no soybean oil or pelleted citrus pulp; SBOIL = diet with 3% of soybean oil; SOCP-9 = diet with 3% of soybean oil and 9% of 

pelleted citrus pulp; SOCP-18 = diet with 3% of soybean oil and 18% of pelleted citrus pulp.  
2 Others = 21:0+20:2+22:0+cis13-22:1+23:0+cis13,16-22:2+24:0+cis5,8,11,14,17-20:5+cis15-24:1+cis4,7,10,13,16,19-22:6. 

3 cis9,12,15-18:3+cis5,8,11,14,17-20:5+22:5.  
4 cis9,12-18:2+cis6,9,12-18:3+cis11,14-20:2+cis8,11,14-20:3+cis5,8,11,14-20:4. 

Means within a row with different superscripts differ at p≤0.05. 
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pathways of rumen biohydrogenation to produce unique 

fatty acid intermediates, some of which are potent inhibitors 

of milk fat synthesis (Bauman and Griinari, 2001). Among 

these fatty acids intermediates, trans10, cis12-18:2, and 

trans10-18:1 have been reported to inhibit milk fat synthesis 

in the mammary gland (Baumgard et al., 2000; Piperova et 

al., 2000; Shingfield et al., 2010), and the former has been 

reported to have a more potent inhibitory effect on 

mammary de novo synthesis (Jenkins and McGuire, 2006). 

There is a lack of information regarding the effects of 

dietary citrus pulp on milk antioxidants in dairy cattle. In 

the present study, dietary citrus pulp led to increased ferric 

reduction antioxidant power. It is suggested that citrus pulp 

antioxidants have been transferred from the diet to the milk, 

which is supported by the increased total polyphenols and 

flavonoids observed in milk from cows fed citrus pulp. 

Indeed, there is a relationship between the amount of total 

phenolic compounds and ferric reduction antioxidant power 

(Zhu et al., 2002). Although the total concentration of 

polyphenols and flavonoids is not quantitatively important 

as that of other milk components such as fat and protein that 

are very potent substances with antioxidant and anti-

inflammatory bioactivities (Dai and Mumper, 2010). 

Furthermore, in vitro and in vivo studies have showed that 

they exert neuroprotection at high or low doses (Hwang et 

al., 2012).  

Soybean oil supplementation increased VLDL, LDL, 

and total cholesterol levels in the plasma. This may be 

explained by the physiological response of the organism to 

support the transport of the larger amounts of lipids 

provided by oil supplementation (Rindsig and Schultz, 

1974). Indeed, as previously reported by Grummer and 

Carroll (1991) and Weiss and Wyatt (2003) lipid 

supplementation has been shown to increase plasma 

cholesterol levels. 

Milk fat FA profile was barely altered by treatments. 

Most of the changes were observed for short- and medium-

chain FA, such as C4, C6, C10, and C16 FA. Dietary citrus 

pulp tended to decrease 4:0 FA in milk which agrees with 

the results reported by Fegeros et al. (1995) who fed dried 

citrus pulp to ewes. This FA is derived from butyrate, which 

is synthetized in the rumen, and it is not dependent on the 

de novo synthesis to be secreted in the milk (Fox and 

McSweeney, 1998). Then, it is suggested that possible 

changes in rumen butyrate synthesis may have interfered 

with milk C4:0 content. However, the effects of dietary 

citrus pulp on ruminal synthesis of butyrate vary in different 

ruminant species. For example, in studies with small 

ruminants fed dried citrus pulp-based diets, a decrease in 

ruminal butyrate concentration was observed (Piquer et al., 

2009; Gilaverte et al., 2011). In contrast, an increase in 

ruminal butyrate concentration was observed in dairy cows 

fed diets containing dried citrus pulp (Broderick and 

Clayton, 1997; Rocha Filho et al., 1999). Then, it is 

suggested that the effects of citrus pulp on milk C4:0 

content seem to depend on other factors such as the other 

ingredients in the total mixed ration. 

In this study, 18% DM pelleted citrus pulp 

supplementation led to lower 18:0 FA content in milk. 

Highly polyunsaturated FA are usually extensively 

biohydrogenated in the rumen (Kalscheur et al., 1997; 

Bateman and Jenkins, 1998) and citrus pulp seems to have 

interfered with ruminal biohydrogenation, thus resulting in 

incomplete processes that produce trans-18:1 FA isomers. 

This is supported by the observed tendency to increase milk 

fat trans9-18:1 concentration. Furthermore, these changes 

likely accounted for the higher monounsaturated FA and 

lower saturated FA content observed in milk fat from cows 

fed 18% DM of pelleted citrus pulp. 

In conclusion, the present study suggests that the 

addition of 9% and 18% of pelleted citrus pulp to normal 

diets increases the total polyphenol and flavonoid 

concentration, and ferric reduction antioxidant power in 

milk from cows fed highly polyunsaturated FA. 

Furthermore, although pelleted citrus pulp reduces the DM 

intake, it can be used as a corn grain substitute (9% and 

18% DM) without negatively affecting the nutritional value 

of total mixed ratios, milk production, and milk quality of 

dairy cows fed highly polyunsaturated FA diets.  
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