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ABSTRACT 
 

The objective was to evaluate the antioxidant capacity, glucose and insulin concentration and reproductive 

performance of ewes supplemented with orange residue prior to insemination. Fifty-five multiparous ewes 

were divided into two corrals, and 15 unbred ewes were kept individually to measure feed consumption. 

Two integral diets were administered; T0: control treatment and T1: with 20% of dry matter of orange 

residue. Ten days after the start of supplementation, the ewes were synchronized. Supplementation was 

finalized prior to artificial insemination, then, a blood sample was taken to measure the antioxidant capacity 

and glucose and insulin concentration. An analysis of variance was made to evaluate the effect of treatment 

on the antioxidant capacity, glucose and insulin; and to analyze the response to estrus, percentage of 

gestation and prolificity a ji squared test was performed. Of 9 antioxidant compounds found in the orange 

residue, hesperidin (7.44%), chlorogenic acid (0.50%) and protocatechuic acid had the highest 

concentration. Feed intake, estrus response, percentage of gestation, antioxidant capacity, and glucose and 

insulin concentration were not affected by the treatment. It is concluded that inclusion of 20% of orange 

residue in the diet prior to insemination in ewes is possible. 
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RESUMO 
 

O objetivo deste estudo foi avaliar a capacidade antioxidante, a concentração de glicose e insulina e o 

comportamento reprodutivo de ovelhas suplementadas com resíduo de laranja antes da inseminação. 

Cinquenta e cinco ovelhas multíparas foram divididas em dois currais e 15 ovelhas sem raça foram 

mantidas individualmente para se medir o consumo de ração. Duas dietas integrais foram administradas; 

T0: tratamento controle e T1: dieta com 20% de resíduo de laranja seco. Dias após o início da 

suplementação, as ovelhas foram sincronizadas. A suplementação foi finalizada antes da inseminação 

artificial e, em seguida, foi coletada uma amostra de sangue para medir a capacidade antioxidante e a 

concentração de glicose e insulina. Uma análise de variância foi feita para avaliar o efeito do tratamento 

sobre a capacidade antioxidante, a glicose e a insulina, e um teste do ji quadrado foi realizado para 

analisar a resposta ao estro, a porcentagem de gestação e de prolificidade. Dos nove compostos 

antioxidantes encontrados no resíduo laranja, a hesperidina (7,44%), o ácido clorogênico (0,50%) e o 

ácido protocatecuico foram os de maior concentração. O consumo alimentar, a resposta ao estro, a 

porcentagem de gestação, a capacidade antioxidante, a concentração de glicose e a insulina não foram 

afetados pelo tratamento. Conclui-se que é possível a inclusão de 20% de resíduos de laranja na dieta 

antes da inseminação em ovelhas. 
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INTRODUCTION 

 

It has been demonstrated that food 

supplementation prior to insemination improves 

the reproductive response of ewes. Thus, Venter 

and Greylin (1994) observed improvement in the 

reproductive parameters after supplying ewes for 

three weeks a diet with 2.83Mcalkg-1 and 11.7% 

of PC. Khursheed et al. (2013) report that 

supplementation with a concentrate with 13.1% of 

PC and 3.69Mcalkg-1 of EM at 1.5% of live 

weight for 35 days increments the ovulatory rate 

and the glucose concentrations and urea in blood. 

Supplementation is even more necessary when the 

ewes are going to be inseminated shortly after 

weaning, given that during lactation there is a loss 

in corporal condition if supplementation is not 

made with the necessary energetic requirements 

(Boscaro et al., 2012), causing the delay of the 

estrus cycle. Although the benefit of 

supplementation during this stage is widely 

known, frequently it is not administered due to 

high costs and lack of availability of the 

conventional ingredients. This makes it necessary 

to find alternative ingredients that can reduce the 

costs of supplementation, and various byproducts 

have been evaluated in animal feed. 

 

In the process of transformation of products for 

human consumption, residues are generated 

which can become a problem of environmental 

contamination if they are not adequately treated. 

Among these byproducts is orange residue, which 

according to the FAO (Food…, 2017), in 2015, on 

a world scale, there was a production of 

68,600,000 tons, of which 19,911,100 were 

processed. Mexico produced 4,158,000 tons, of 

which only 1,225,000 were processed. In the 

extraction of orange juice for packaging or 

immediate consumption, approximately 50% 

residue is produced, comprised of peel, seeds and 

pulp residue.  

 

These byproducts have been tested in sheep, 

where it is reported that its inclusion of up to 72% 

in a concentrate that provides 1% of the live 

weight, does not affect weight gain (Nordi et al., 

2014). On the other hand, positive effects on the 

digestibility and consumption of feed have been 

reported when 22% of orange pulp (Tadayon et 

al., 2017) is included in the feed, in sheep’s milk 

the percentage of fat and non-fatty solids 

improves (Volanis et al., 2006); furthermore, the 

cheese of goats supplemented with orange pulp 

has a higher level of acceptance (Salvador et al., 

2014). 

 

Due to the above-mentioned importance of feed 

supplementation prior to insemination in ewes 

and the scant information existing of 

supplementation with orange residue in animals in 

reproduction, its evaluation during this stage is 

necessary. In addition to the benefit of reducing 

costs, the different parts of orange residue contain 

antioxidants (Seok-Moon et al., 2004; Escobedo-

Avellaneda et al., 2014). In humans, where more 

studies have been made on oxidative stress, it has 

been reported that the concentration of 

malondialdehyde (which is an indicator of 

oxidation) is higher in infertile women (Veena et 

al., 2008), whereas in sheep it has been 

demonstrated that in the first days of gestation 

there is a drop in the antioxidant capacity in blood 

plasma (Salinas-Rios et al., 2016).  

 

Therefore, it is necessary for the ewes to be 

brought to insemination with an adequate 

oxidative stability, thus the inclusion of orange 

residue, in addition to reducing costs of 

supplementation, could have benefits in 

reproduction due to the presence of antioxidants. 

Therefore, the objective of the present study was 

to evaluate the supplementation with orange 

residue in the antioxidant capacity, glucose 

concentration and insulin and reproductive 

behavior of ewes prior to insemination. 

 

MATERIALS AND METHODS 

 

The study was conducted in Valles Centrales of 

Oaxaca, Mexico, located between the coordinates 

17º 05’ 00” N and 96º 45’ 00” W. The study was 

made with regional sheep breeders, who prior to 

the study had maintained the sheep with feed 

based on bales of corn stubble, bean, alfalfa and 

hay. The animals used in the study were fifteen 

unbred and 55 multiparous ewes between 2 and 4 

births, with a corporal condition of 3 to 4 (scale of 

1 to 5 according to the description of Russel et 

al.,1969), crosses of Dorper, Katahdin and 

Pelibuey. The multiparous ewes had been weaned 

an average of 1 month anticipation prior to the 

start of the experiment. 

 

The orange residue was collected during a week 

in juice stands near the study site. This residue 

consisted of peel, pulp residue and seed that 

remained from the orange after the juice was 
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extracted. On the same day it was collected, the 

residue was placed to dry in the sun and after was 

ground. Next, dry matter, ash and crude protein 

were determined (Official…, 1990), along with 

neutral detergent fiber and acid detergent fiber 

(Van Soest et al., 1991).  

 

For the determination of antioxidant compounds, 

0.5g of dehydrated and ground sample was 

weighed, 5mL of H2O were added, and agitated 

for 20 minutes. Next, it was centrifuged at 5,000 

rpm for 10 minutes and the supernatant was 

recovered. The determination was made by liquid 

chromatography using two columns, a nucleosil 

100 A, 125 x 4.0mm internal diameter (Macherey-

Nagel) for detection of phenolic acids, and for 

flavonoids, a hypersil column ODS 5μm of 

particle diameter, 125 x 4.0mm internal diameter 

(Agilent Technologies). Seventeen compounds 

with antioxidant properties (Sigma) were used for 

the construction of the standard curve, which 

included the following: rutin, florizine, myricetin, 

quercetin, naringenin, floretin, galangin, gallic 

acid, chlorogenic acid, syringic acid, vanillic acid, 

p-hydroxybenzoic acid, caffeic acid, ferulic acid, 

p-coumaric acid, protocatechuic acid and 

hesperidin. 

Fifty-five multiparous ewes, crosses of Dorper, 

Katahdin and Pelibuey, were separated into two 

groups in corrals with automatic water dispensers 

and metallic feed troughs. Treatments consisted of 

T0 = control diet (n = 27) and T1 = diet with 20% 

dry matter of orange residue (n = 28) (Table 1). 

Similarly, 15 primiparous ewes (37 + 2.7kg) were 

kept in individual stalls (T0: n = 8; T1: n = 7) in 

order to measure if in addition to the effects on 

reproductive behavior, antioxidant capacity and 

glucose concentration and insulin, the orange 

residue could affect feed intake. During the first 

week the ewes were adapted to the diet, in which 

the integral diet was gradually increased, and the 

amount of fodder (bean, maize and alfalfa stubble) 

was reduced. In the 3 following weeks, 

supplementation and water were supplied at free 

access. Both diets contained 12% protein and 2.2 

Mcal/EM/kg. The diet in the ewes kept ingroups 

and in individual stalls was provided at free access 

daily with trough readings at 8:00 and 18:00. 

Supplementation finalized 12 hours prior to 

artificial insemination. After artificial 

insemination, the animals were fed as the breeders 

had done prior to the study. 

 

 

Table 1. Diet composition used to feed hair ewes before breeding with and without dehydrated orange 

residue 

Ingredients T0 T1 

Maize grain (% WM) 22.83 15.79 

Soybean paste (% WM) 3.44 10.85 

Alfalfa (% WM) 34.44 3.95 

Maize stubble (% WM) 26.57 38.48 

Orange residue in flour (% WM) 0.00 19.73 

Urea (% WM) 0.98 0.99 

Common salt (% WM) 1.93 1.93 

Molasses (% WM) 9.80 8.29 

WM: Wet matter. T0 = control diet and T1 = diet with 20% dry matter of orange residue. 

 

Ten days after having initiated feeding with 

integral diet, an intravaginal applicator 

impregnated with 0.3g of progesterone (CIDR®) 

was inserted to both groups of ewes. Ten days 

after the insertion of progesterone, 125 μg of 

cloprostenol sodium was applied via 

intramuscular injection to each ewe. The 

applicator was removed on the twelfth day after 

insertion and 200 Ul of eCG (Novormon®) were 

applied. Twenty-four hours after its removal and 

every 6 hours, estrus detection was performed 

with rams covered with an apron to prevent 

copulation. The ewes were inseminated through 

laparoscopy at fixed time 52 hour after the 

removal of the progestogen (the order in which the 

insemination was carried out was according to 

presentation of estrus), according to the procedure 

described by McKelvey et al. (1985) with 

refrigerated semen of Dorper sheep. In order to 

perform the insemination, the ewes were kept 

without food or water for 12 hours prior to the 

insemination. Between 15 and 19 days after 

insemination, the detection of estrus was carried 

out in rams, at 6:00 and 18:00h.  
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The diagnostic of gestation to confirm the 

gestations was performed by ultrasound of real 

time and linear transductor of 7.5 Mhz at 30 days 

post-insemination. The number of live lambs was 

registered at birthing. At the end of feed 

supplementation, a blood sample was taken and 

centrifuged at 3,500 rpm for 10 minutes to obtain 

blood plasma, which was then stored at -80 ºC 

until its analysis. The analysis of the total 

antioxidant capacity was carried out with a Total 

Antioxidant Capacity Assay Kit (Sigma Aldrich). 

For its interpretation, Trolox (6-hydroxy-2-5-7-8-

tetramethyl-croman-2-carboxylic acid) was used 

as standard, which is a hydrosoluble equivalent to 

Vitamin E. 

 

For the quantitative determination in vitro of 

glucose and insulin in serum, a blood sample was 

obtained by jugular puncture from each ewe at the 

end of supplementation, in BD Vacutainer® tubes 

for serum. The tubes were centrifuged at 3,500 

rpm for 10min and later analyzed. For glucose the 

reactive glucose-SL assay (DCL) was used, and 

an automatized biochemical analyzer ES-218 

(Kontrol LAB) was employed. The quantification 

was made using the final point and kinetic 

methods, making the reading at a wavelength of 

340nm. For insulin, Elisa was used with the kit 

ELISA insulin (Calbiotech). For the analysis of 

antioxidant capacity and glucose and insulin 

concentration, an analysis of variance was 

performed using the treatment as fixed effect. An 

analysis of variance was also made for dry matter 

consumption, with treatment as fixed effect and 

initial weight as covariable. A ji squared test was 

made to analyze the response to estrus, return to 

estrus, percentage of gestation at 35 days and 

prolificity, and an analysis of survival was applied 

to the variable hours at the onset of estrus 

(LIFESTAT, SAS 9.0). Comparison of means 

were made with Bonferroni tests. 

 

RESULTS AND DISCUSSION 

 

There was no statistical difference in the variables 

analyzed between the primiparous ewes that were 

in individual stalls and the multiparous ewes, thus 

they were grouped for the realization of the 

analysis, with the exception of feed intake, where 

only the data of the primiparous ewes were used. 

Feed intake was similar (P > 0.05) between the 

control ewes (1.04 ± 0.012) and those 

supplemented with dehydrated orange residue 

(1.07 ± 1.07). In growing lambs, it has been found 

that the inclusion of 15% orange silage in the diet 

improves food efficiency and weight gain (Gado 

et al., 2011). In fattening lambs, it has been 

reported that in a diet with 30% Buffel (Cenchrus 

ciliaria L.) hay, its replacement with fresh residue 

of the juice industry quadratically increases feed 

intake, with maximum consumption at 75% of 

replacement. The increment in consumption is 

attributed to the improvement in the quality of the 

orange fiber with respect to the grass (Macías-

Cruz et al., 2010). In lactating ewes, it has been 

demonstrated that it is possible to include 630g of 

dry matter per day with a silage mixture 

containing 79.5% in moist orange base (Volanis 

et al., 2006). Therefore, it can be stated that the 

inclusion of orange residue does not have a 

negative effect on feed intake in ewes. 

 

Of the 17 standards used with antioxidant 

capacity, 9 compounds were found at different 

concentrations. The compounds found in order of 

importance according to their percentage of the 

total of dry matter were hesperidin (7.44%), 

chlorogenic acid (0.50%), protocatechuic acid 

(0.44%), galangin (0.063%), syringic acid 

(0.036%), naringenin (0.023%), rutin (0.012%), 

quercetin (0.00657%) and phloridzin (0.00033%). 

Similarly, Barrales et al. (2018) found that after 

extracting the juice and the oil from the orange 

residue, hesperidin is the phenolic compound with 

highest concentration. This flavonoid has been 

shown to exhibit strong antioxidant protection 

induced by the oxidant agents (Wilmsen et al., 

2005). 

 

The benefits in animal response have been 

demonstrated from the compounds found in the 

orange residue in the present study; for example, 

the consumption of 7g per week of naringenin has 

been demonstrated to increment weight gain in 

lambs, while 14g increments the concentration of 

the superoxide dismutase and the glutathione 

peroxidase (Alhidary and Abdelraham, 2016). 

When fattening chickens were supplemented with 

hesperidin and naringenin, it has been observed 

that the values of malondialdehyde (which is a 

metabolite of oxidation) decrease in the meat 

(Goliomytis et al., 2015). Hesperidin, naringenin 

and quercetin have been shown to reduce the 

concentrations of malondialdehyde, as well as 

increment the glutathione, glutathione peroxidase, 

glutathione reductase and glutathione transferase 

in laying hens (Iskender et al., 2016). In ewes it 

has been found that the inclusion of 6,000 mgkg-1 
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of hesperidin or 6,000 mgkg-1 of naringenin 

improves the oxidative stability of milk after day 

14 of supplementation (Simitzis et al., 2019). 

Chlorogenic acid, second antioxidant compound 

with highest concentration found in this study, has 

been shown to improve growth and reduce the 

incidence of diarrhea in weaned piglets, as well as 

to increment the activity of the antioxidant 

enzymes such as superoxide dismutase, 

glutathione peroxidase and catalase (Chen et al., 

2018); whereas in rats, protocatechuic acid has 

been shown to reduce the concentration of 

malondialdehyde induced by tert-Butyl 

hydroperoxide (Chuen-Lan et al., 2002). 

 

It was found that the supplementation with orange 

residue 3 weeks prior to insemination did not 

affect (P > 0.05) the response in estrus, given that 

100% of the synchronized ewes presented 

receptiveness to the male. It was also observed 

that all of the ewes that did not return to estrus 

were diagnosed as pregnant on day 35 of 

gestation, thus no early loss of pregnancy 

occurred. Both the return to estrus and the 

percentage of gestation were similar (P > 0.05) 

among treatments. No difference (P > 0.05) was 

found for the onset of estrus. The average of estrus 

onset after removal of the CIDR was 27.77 h for 

the control treatment and 27.08 h for the treatment 

with inclusion of 20% dehydrated orange residue. 

In both treatments, the onset of estrus is some 

ewes began at 18 hours, with 100% of the ewes in 

estrus at 36 hours (Table 2). 

 

A total of 35 births were registered; although 

numerically there was a tendency to increase the 

percentage of double births and therefore the 

prolificity with the inclusion of orange residue 

(68.4%) with respect to the control treatment 

(50%), statistically (P = 0.14) there was no 

difference. With respect to the onset of estrus after 

removal of the instrument with progesterone, 

averages of 22.2 h are reported in ewes 5/8 

Pelibuey x 2/8 Black Belly x 1/8 Dorper 

synchronized with CIDR for 11 days plus 400 Ul 

of eCG at the removal of the insert (Arroyo-

Ledezma et al., 2013). In ewes synchronized for a 

short time with CIDR, onset of estrus is reported 

at 34.1 h with 400 Ul of eCG (Martínez-Ros and 

Gonzalez-Bulnes, 2019) and 39.9 h with 380 Ul 

(Ungerfeld and Rubianes, 2002). In previous 

studies using another byproduct such as coffee 

pulp and synchronized with CIDR, we have 

reported averages of estrus onset of 31.6 to 34.9 h 

(Salinas-Rios et al., 2016) and of 32.7 to 34.8 

hours depending on the treatment in Dorset cross 

ewes (Gutiérrez-Prado et al., 2019).  

 

All of these averages are higher than those found 

in the present study; which may be due to the 

protocol of synchronization of estrus, given that it 

was found in both treatments. In tropical regions 

of Mexico, average conception rates have been 

reported in ewes inseminated by laparoscopy of 

66.4% (Aké-Villanueva et al., 2017), similar to 

the average found in the present study. Flushing is 

important, given that an energetic 

supplementation prior to insemination increases 

the size of the follicles and the ovulation rate 

(Habibizad et al., 2015; Senosy et al., 2017). To 

this respect, Venter and Grayling (1994) 

recommend that it is not necessary to administer 

supplementation too early before synchronization 

especially if the ewes have good corporal 

condition. Therefore, we can assume that it is 

feasible to include 20% dry matter of orange 

residue without affecting the reproductive 

parameters in ewes, which would represent a 

reduction in the costs of feeding where there is 

availability of this byproduct. 

 

Despite the large amount of antioxidant 

compounds in the orange residue, the antioxidant 

capacity of blood plasma of ewes supplemented 

with 20% dehydrated orange residue was similar 

(P > 0.05) to that of the control ewes (Table 3). 

However, it is necessary to evaluate these residues 

in physiological stages where oxidative stress is 

increased. The glucose concentration and insulin 

was similar (P > 0.05) in blood serum of ewes fed 

with 20% orange residue from juice stands and the 

controls (Table 3). Venter and Greyling (1994) 

report that the glucose concentration increases 

after the start of flushing. Similarly, it has been 

demonstrated that a high energy diet for a short 

period (four days before removal of the 

progestogen) increases the glucose concentrations 

(Senosy et al., 2017). The increase of glucose and 

insulin when there is a short period of 

supplementation regulates the development of the 

follicle (Viñoles et al., 2005). 
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Table 2. Reproductive performance in hair ewes fed with the addition of 20% dry matter of orange residue 

prior to artificial insemination 

 T0 T1 P 

Response to estrus, % 100 100 1 

Return to estrus, % 34.28 (12/35) 31.42 (11/35) 0.79 

Hour of onset of estrus 27.77 ± 0.74 27.08 ± 0.79 0.64 

18 hours, % 2.86 11.42  

24 hours, % 42.85 31.42  

30 hours, % 42.85 51.42  

36 hours, % 11.42 5.71  

Percentage of gestation at 35 days, % 66.6 (23/35) 68.57 (24/35) 0.79 

Double births, % 50 (8/16) 68.4 (14/19) 0.14 

Prolificity 1.50 1.73 0.14 

T0 = Control group; T1 =group fed with a diet with 20% dry matter of orange residue; P = probability. ± Standard 

error. There were no differences (P > 0.05). 

 

Table 3. Antioxidant capacity, glucose concentration and insulin in blood serum of hair ewes fed with the 

addition of 20% dehydrated orange residue prior to artificial insemination 

Treatment glucose mmol/L Insulin pmol/L Antioxidant capacity 

   (nmol/μl of Trolox) 

T0 4.41±0.20 12.94±0.94 530.79±61.57 

T1 4.28±0.22 13.41±1.00 540.34±61.52 
T0 = Control group; T1 =group fed with a diet with 20% dry matter of orange residue. ± standard error. There were no 

differences (P > 0.05). 

 

Contrary to these authors, Mirzaei-Alamouti et al. 

(2018) found similar glucose concentrations when 

they supplemented with different sources of fatty 

acids prior to insemination with diets containing 

the same amount of energy and protein, which 

coincides with the present study. Therefore, the 

similarity in the glucose concentrations and 

insulin in the present study is due to the fact that 

isoprotein and isoenergetic diets were used, which 

indicates that the orange residue did not alter these 

concentrations. In dairy cows it has been observed 

that the glucose requirement increases when milk 

production increases. However, ruminants fed 

with fodder absorb little glucose from the digested 

starch, thus their requirements must be met 

through its synthesis in the liver using precursors 

such as propionate (Reynolds, 2006).  

 

Therefore, in intensive sheep production systems 

where the sheep have a higher energy demand, 

due to the fact that the maximum number of 

weaned and heavier lambs is desired, the glucose 

requirements could be higher. Rumball et al. 

(2008) report that in early and intermediate 

gestation there is no difference in the glucose 

concentrations and insulin among singleton-

bearing and twin-bearing ewes; however, in late 

gestation the concentration of both is higher in 

singleton-bearing ewes. The increment of insulin 

in lactating cows increases the concentration of 

estradiol and IGF-1 without altering the pulsatile 

release of LH (Butler et al., 2004). There is little 

information in the literature about the use of 

orange byproducts and its effects on reproduction, 

thus the present study is important, given that it 

demonstrates that its inclusion at 20% is possible 

in reproductive ewes. This is very important, 

given that it can reduce feeding costs with a 

byproduct, which according to samplings we have 

carried out, represents approximately 50% of the 

entire orange. 

 

CONCLUSION 
 

The addition of 20% of orange residues in the diet 

of sheep prior to artificial insemination does not 

affect reproductive performance, glucose and 

insulin levels, nor the antioxidant capacity in hair 

ewes, however, they are an alternative to reduce 

the feed costs when this by-product is available. 
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