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Abstract

The goal of this research was to evaluate the nutritive value of full-fat de-hulled sunflower seeds
(DHSS) in feeding broiler chickens. Three experiments were conducted. Experiment 1 determined the
proximal analysis of DHSS, the essential amino acid content, and apparent metabolizable energy (AME). In
experiment 2, two diets were formulated, namely a control and a diet containing 10% DHSS. Apparent ileal
digestibility (AID) of dry matter (DM), crude protein (CP), and ether extract (EE) were calculated. In
experiment 3, the performances of broilers fed the two diets were evaluated in terms of the relative weights
of digestive system organs, breast meat colour, growth and feed consumption. Full-fat de-hulled sunflower
seeds were characterized as having 507.9 g/kg EE, 282.1 g/kg CP, 21.02 MJ/kg AME and 9.3 g/16 g N
arginine. Apparent ileal digestibility of DM in the 10% DHSS diet was 658.0 g/kg, similar to that of the control
diet (643.0 g/kg). Partial substitution of DHSS for soybean meal (SBM) did not affect the relative weight of
digestive system organs, except for the liver. The relative weights of the liver were 17.90 g/kg bodyweight in
birds fed the DHSS diet and 16.37 g/kg bodyweight (P <0.05) in the control. The colour of the breast meat
was 3.5% darker and 13.8% less yellow for DHSS birds compared with the control. Growth and feed
consumption were unaffected by the dietary treatments. Therefore, 10% DHSS can partially replace SBM in
broiler finisher diets.
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Introduction

Rising prices for ingredients of conventional broiler diets made it necessary to search for alternatives
that were nutritive and low in cost (Alagawany et al., 2015). Oilseeds are generally high in their content of oil
(energy) and protein (Tsuzuki et al., 2003). Thus, the use of oilseeds in broiler diets has increased.

Sunflower (Helianthus annuus L.) is one of the most important oilseed crops in the world (Konyali,
2017; Kaya, 2020). Sunflower seeds and meal are valuable sources of oil, protein and fibre for humans and
animals (Morales-Rosales et al., 2006; Laudadio et al., 2014). However, there is little information about the
use of DHSS in broiler finisher diets. Most of the literature refers to sunflower meal (SFM), which is produced
when oil has been extracted from the seeds (Alagawany et al., 2015).

The fibre content, digestibility, and bioavailability of nutrients in SFM can vary, depending on whether
the hulls are included (Laudadio et al., 2014; Karkelanov et al., 2020) and growth performance can alter
because of these differences (Khempaka et al., 2009).

The main objective of the present study was to evaluate the composition and metabolizable energy of
DHSS, and the effects of the partial replacement of SBM with DHSS on the digestibility of nutrients, relative
weight of digestive system organs, colour of the breast meat, and performance in finisher broiler chickens. In
this study, SFM refers to sunflower seed meal after oil extraction without de-hulling, and DHSS to the seed
after de-hulling, but without oil extraction. The de-hulling process removes the major fibre components and
improves digestibility (Nadeem et al., 2010). Therefore, DHSS is low in fibre, and high in oil and protein in
comparison with SFM (Zajac et al., 2020).
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Materials and Methods

The guidelines established by the Animal Welfare Committee of the Postgraduate College (Norma
Oficial Mexicana, 2015) were followed in conducting this research.

The experiments were carried out at the animal research facilities of the Postgraduate College at
Montecillo Campus and Chapingo Autonomous University, Animal Science Department (Experimental
Poultry Farm and Animal Nutrition Laboratory), Texcoco, State of Mexico, Mexico at 19°27'37.8" N,
98°54'29.3" W, and 2220 m.a.s.l. This region is characterized by a temperate sub-humid climate, with a
Kdppen climatic classification of Cb(w0)(w) (Huerta-Paniagua et al., 2004).

The sunflower seeds were ground with a hammer mill using a 20 mm? screen (AZTECA, Mexico).
Subsequently, the seeds were sieved successively with 2, 3 and 5 mm? screens and finally the residual hull
was removed with a fan (PRO Klima, Speed 45, Croatia) to obtain the DHSS, which was again ground with a
hammer mill using a 5 mm? screen (AZTECA, Mexico).

The DHSS were characterized by proximate analyses (AOAC, 1990) and fibre constituents were
partitioned following Van Soest et al. (1991). In addition, the amino acid profile was determined by high
performance liquid chromatography (Evonik Industries AG, Essen, Germany).

Two diets (Table 1) were formulated to determine the AME of DHSS by the difference method. The
first was based on corn and SBM and the second contained 75% of this diet plus 25% DHSS. The diets were
randomly assigned to 39-day-old Ross 308 male chickens that weighed 2252.3 g (SD = 99.5 g). Twelve
chickens were adapted to each diet over six days before the feeding trial began. The chickens housed in
individual cages that were 30 cm high x 60 cm long x 40 cm wide. They were fed and provided with water ad
libitum with a linear feeder and an automatic water dispenser.

Table 1 Ingredient composition and estimated energies of the corn-soybean meal diet used to determine
apparent metabolizable energy

Ingredients g/kg, as fed
Ground corn 593.6
Soybean meal 351.8
Soybean oll 17.8
Dicalcium phosphate 21.7
Calcium carbonate 7.8
Sodium chloride 2.0
Sodium bicarbonate 2.3
Vitamin and mineral premix1 3.0

Estimated energy values MJ/kg
AME 13.9
AME, 13.6

"per kilogram of diet, vitamin A: 12,000 |U; vitamin D3: 1,000 1U; vitamin E: 60 1U; vitamin K: 5.0 mg; vitamin B2: 8.0 mg;
vitamin B12: 0.03 mg; pantothenic acid: 15 mg; niacin: 50 mg; folic acid: 1.5 mg; choline: 300 mg; biotin: 0.150 mg;
thiamine: 3.0 mg; Fe: 50.0 mg; Zn: 110 mg; Mn: 100 mg; Cu: 12.0 mg; Se: 0.3 mg; I: 1.0 mg. AME: apparent
metabolizable energy, AMEN: apparent metabolizable energy corrected for nitrogen retention

Apparent metabolizable energy was determined with the total excreta collection method. Feed intake and
excreta of each bird were measured over four consecutive days, starting at day 45 and finishing when the
birds were 49 days old. Care was taken to avoid contamination of the excreta with feathers, scales and feed.
The excreta collected from each chicken were mixed, acidified and homogenized, after which a 90 g pool
sample was obtained from two chickens and stored at -20 °C for subsequent lyophilization (Labconco
Corporation, Kansas City, Missouri, USA). The dry excreta and feed samples were ground in a mortar and
stored in airtight plastic containers for further analysis of DM, gross energy (GE)and nitrogen. Gross energy
of diets and excreta were determined with an isoperibolic calorimeter (PARR 1266, Parr Instrument
Company, 108 Moline, lllinois, USA) and nitrogen with the Kjeldahl method (AOAC, 1990).



544 Sosa-Montes et al., 2021. S. Afr. J. Anim. Sci. vol. 51

This formula, following Barzegar et al. (2019), was used to calculate the AME of the diet (AMEy, MJ/kg
DM):

AME, = ((FI x GE;) — (E x GE,))/FI

where: FI = feed intake in grams of DM,
E = excreta in grams of DM,
GE,; = gross energy content of the diet in MJ/kg DM, and
GE, = gross energy content of the excreta in MJ/kg DM.

This formula determined the AME of the corn-soybean diet control diet (AME.) and that of the diet
augmented with 25% DHSS (AME,). This formula was used to estimate the apparent metabolizable energy
of DHSS:

AME gps = (AME, — 0.75(AME,))/0.25

The AME,,,s value was corrected for nitrogen retention (AME,) a factor of 34.4 MJ/kg of nitrogen
retained (Barzegar et al., 2019).

To determine the AID, two diets were formulated according to Aviagen (2017) nutritional
recommendations (Table 2). The control diet was based on ground sorghum and SBM, and in the
augmented diet 10% DHSS replaced some of the SBM. Twelve 32-day-old Ross 308 male broiler chickens
weighing 1663.6 g (SD = 80.0 g) were randomly allocated to each diet. The chickens were distributed
individually in cages (30 x 60 x 40 cm) that were equipped with individual feeders and automatic water
dispensers. Feed and water were offered ad libitum. The diets were isocaloric and isonitrogenous (Table 3)
and were provided as mash, for 21 days (32 to 53 days old). They contained 3 g/kg titanium dioxide as an
indigestible marker. The chickens were acclimatized to the diets for 17 days (32 to 49 days old) and the
experimental period took place when the broilers were from 50 to 53 old. On day 53, all chickens were killed
with a stunning knife (Model VS200, Midwest Processing Systems, Minneapolis, Minnesota, USA). The ileum
of two chickens was divided in two, and the contents of the distal portions were collected and mixed.
Therefore, the experimental unit was the content of two ileums, with six replicates of the control diet and six
of the 10% DHSS diet. All ileum contents were lyophilized (Labconco Corporation, Kansas City, Missouri
USA) before analysis. The lyophilized samples of diets and ileal contents were analysed for DM, CP, and EE
according to the AOAC (1990), and the titanium dioxide concentration (g/100 g) was determined following
Myers et al. (2004). Apparent ileal digestibility of DM, CP and EE was calculated from the concentrations of
titanium dioxide in the feed and ileal contents.

Table 2 Ingredients of diets formulated for broilers without and with de-hulled full-fat sunflower seeds

Ingredients, g/kg, as fed Control diet 10% DHSS diet
Ground sorghum 606.1 623.9
Soybean meal 301.2 232.0
De-hulled full-fat sunflower seed 0.0 100.0
Soybean oll 50.0 0.0
Dicalcium phosphate 15.8 15.3
Calcium carbonate 9.3 9.7
Vitamin and mineral premix1 3.0 3.0
Sodium chloride 3.0 3.0
L-Lysine 3.7 5.4
DL-Methionine 3.6 3.2
L-Threonine 0.8 1.0
Coccidiostat 0.5 0.5

"Per kilogram of diet, vitamin A: 12,000 |U; vitamin D3: 1,000 1U; vitamin E: 60 1U; vitamin K: 5.0 mg; vitamin B2: 8.0 mg;
vitamin B12: 0.030 mg; pantothenic acid: 15 mg; niacin: 50 mg; folic acid: 1.5 mg; choline: 300 mg; biotin: 0.150 mg;
thiamine: 3.0 mg; Fe: 50.0 mg; Zn: 110 mg; Mn: 100 mg; Cu: 12.0 mg; Se: 0.3 mg; I: 1.0 mg
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Table 3 Nutrient composition of diets formulated for broilers without and with de-hulled full-fat sunflower
seeds

Determined nutrient values, g/kg DM Control diet 10% DHSS diet
Apparent metabolizable energy, MJ/kg 13.2 13.2
Crude protein 193.6 191.0
Calcium 7.8 8.0
Available phosphorus 3.9 3.9
Lysine 115 115
Methionine 5.7 5.8
Methionine + cysteine 8.9 9.0
Ether extract 75.6 77.6
Crude fibre 23.9 26.4
Neutral detergent fibre 145.0 153.2
Acid detergent fibre 73.9 86.5
Acid detergent lignin 31.9 37.8
Ash 51.3 55.0

DM: dry matter

A feeding trial was conducted with two diets that were similar to those presented in Tables 2 and 3.
Eighty-four 33-day-old Ross 308 mixed-sex chickens were randomly assigned to six replicates of each diet
(14 chickens each: seven males and seven females). The chickens weighing 1669.0 g (SD = 84.4 g) were
housed in pens of 1.4 x 1.05 m with wood shavings as litter, at a density of 9.5 chickens/m?. The diets were
provided as mash, from 33 to 54 days old. Feed and water were provided ad libitum.

Live weight gain (LWG) (g/d), feed intake (FI) (g/d) and feed conversion ratio (FCR) were recorded
weekly, but only the cumulative values from day 33 to 54 were reported.

On day 55, 18 chickens per treatment (three chickens from each replicate) were killed using a
stunning knife (Model VS200, Midwest Processing Systems, Minneapolis, Minnesota, USA) according to the
Official Mexican Standard (Norma Oficial Mexicana, 2015) to determine the breast colour parameters and
the relative size of the digestive system organs. Breast colour was assessed with a Minolta colorimeter
(Model CR-400/410, Tokyo, Japan). The readings were taken at equivalent sites on the skin of the breast
(Pectoralis major). Three readings were taken and averaged for each chicken. Skin colour was expressed in
CIELAB dimensions as three numerical values, brightness (L*), intensity of red (a*), and intensity of yellow
(b*).

The lengths of the small intestine and caecum were determined with a measuring tape on the surface
of a wet cloth to avoid dehydration and contraction. The fatty tissue and mesentery portions adhered to each
section of the digestive system were removed, and the empty s of crop, proventriculus, gizzard, small
intestine and caeca were recorded, as well as those of liver, spleen and pancreas. Weight and length data
were expressed in relation to live weight (g or cm/kg live weight).

The data were analysed with analysis of variance using the SAS general linear model procedure (SAS
Institute, Inc., Cary, North Carolina, USA) as appropriate for a completely randomized design. Initial live
weight was included as a covariate in the statistical analysis of final live weight.

Results and Discussion

De-hulled full-fat sunflower seeds had a low content of crude fibre (CF) and high contents of CP and
EE (Table 4). Therefore, it was a protein-rich ingredient with high AME and AMEn. Thus, similarly to whole
soybeans, which contain 402 g/kg CP and 205 g/kg EE (Falahatizow et al., 2015), DHSS could be regarded
as a good source of protein and energy.

Because of the high EE content and low neutral detergent fibre level (160.1 g/kg), DHSS had high
values of AME (21.0 MJ/kg) and AME,, (20.2 MJ/kg). Nadeem et al. (2010) reported values for DHSS of
236.0 g/kg CP, 329.7 g/kg EE, 143.0 g/kg and CF 35.4.0 g/kg, which were lower than the levels observed in
the present study. The triple screening and convection performed on DHSS after grinding probably greatly
reduced their fibre content (Laudadio et al., 2014).
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Table 4 Nutrient composition of dehulled full-fat sunflower seeds used in experimental diets for broilers

Nutritional composition Essential amino acids, g/16 g of nitrogen

Dry matter, g/kg DM 935.1 Methionine 1.70
Crude protein, g/kg DM 282.1 Lysine 3.16
Ether extract, g/kg DM 507.9 Threonine 3.14
Crude fibre, g/kg DM 39.9 Tryptophan ND
Ash, g/lkg DM 47.2 Arginine 9.30
Neutral detergent fibre, g/kg DM 160.1 Isoleucine 4.18
Acid detergent fibre, g/lkg DM 143.6 Leucine 6.04
Acid detergent lignin, g/kg DM 97.8 Valine 5.00
AME, MJ/kg DM 21.02 Histidine 2.68
AMEN, MJ/kg DM 20.20 Phenylalanine 4.63

DM: dry matter, AME: apparent metabolizable energy, AMEn: apparent metabolizable energy corrected for nitrogen
retention

Arginine was the most abundant essential amino acid in DHSS (Table 3). The high content of arginine
in DHSS is important since it can reduce pulmonary hypertension in broiler chickens, and is essential for the
formation of nitric oxide, which is a potent vasodilator that reduces pulmonary vascular resistance and
modulates or inhibits the production and release of vasoconstrictors such as serotonin (Khajali et al., 2011).
Rosa et al. (2009) also reported that sunflower meal was high in arginine.

Apparent ileal digestibilities of DM, CP and EE were not significantly different (P >0.05) between the
diets (Table 5). Nor did Rodriguez et al. (1998) find significant differences in the AID of EE and CP when
DHSS was included in the diet of broiler chickens at 0%, 5%, 15% and 25%. These results agree with those
of the present experiment (Table 4). However, Fafiolu et al. (2015) reported that the apparent digestibility of
DM, CP, EE and CF decreased as SBM was replaced with 0%, 25%, 50% and 75% SFM. These results may
be because of the increase in CF content from sunflower meal in the diet. Karkelanov et al. (2020) found an
increase in AME when the SFM (20% of the diet) had low fibre content. Therefore, the de-hulling process is
important to reduce the fibre content of DHSS (Senkoylu & Dale, 2006; Viveros et al., 2009). The high
content of dietary CF reduced the transit time of feed in the digestive system, decreasing the digestibility of
nutrients (Khajali & Slominski, 2012).

Table 5 Mean ileal digestibility of dry matter, crude protein and ether extract determined in broilers fed
without and with 10% full-fat de-hulled sunflower seeds in the diet

Nutrient Control diet 10% DHSS diet SE P-value
Dry matter, g.kg DM 643.0 658.0 0.13 0.585
Crude protein, g/kg DM 699.0 737.0 0.14 0.195
Ether extract, g/kg DM 899.0 881.0 0.08 0.301

DHSS: full-fat de-hulled sunflower seeds, DM: dry matter

The inclusion of DHSS significantly affected (P <0.05) only the relative weight of the liver, which
increased compared with the control and sorghum-SBM diet (Table 6). The relative weights of crop,
proventriculus, gizzard, small intestine and caecum and the relative lengths of the small intestine and
caecum were not affected when 10% DHSS was included in the diet (Table 6). These data were similar to
those reported by Salari et al. (2009), who included 7%, 14%, and 21% DHSS in the diet, and found that the
relative weights of gizzard and gastrointestinal tract were not affected. However, Rama et al. (2006) reported
that total replacement of SBM with SFM increased the relative weights of intestines and gizzard. Moreover,
Arija et al. (1998) and Brenes et al. (2008) found that the inclusion of sunflower seeds in the diet increased
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the lengths of small intestine and caecum. This variation could be because of CF differences in the sunflower
seed products used in these studies. Rama et al. (2006) found that full replacement of SBM with SFM in the
diet (96.5 g/kg CF) could cause organ hypertrophy. In the present study, the control diet and the 10% DHSS
diet had 23.9 and 26.4 g/kg CF, respectively.

The relative weights of pancreas and spleen did not differ (Table 6) between diets (P >0.05). These
results were similar to those found by Brenes et al. (2008), who reported that the inclusion of SFM in the diet
did not affect the relative weights of liver, pancreas, and spleen. In the present study (Table 5), the inclusion
of 10% DHSS increased the relative weight of the liver, probably because of hypertrophy caused by
polyphenols (Alagawany et al., 2015). On the contrary, Salari et al. (2009) found that the relative weight of
the liver decreased significantly in chickens fed full-fat sunflower seed diets compared with the control birds
without SFM in the diet. Therefore, further studies are needed to resolve this controversy about the effects of
DHSS on chicken organs.

Table 6 Mean relative weights and lengths of intestinal sections and accessory organs determined in broilers
fed without and with 10% full-fat dehulled sunflower seeds in the diet (on fresh basis)

Control diet 10% DHSS diet SE P-value

Relative empty weight of main intestinal sections, g/kg bodyweight

Crop 1.59 1.89 0.09 0.08
Proventriculus 3.20 2.96 0.12 0.33
Gizzard 10.81 9.42 0.40 0.08
Small intestine 22.74 24.07 1.07 0.54
Caecum 2.99 7.56 1.26 0.07
Relative weight of accessory organs, g/kg bodyweight
Liver 16.37 17.90 0.31 0.01
Pancreas 1.55 1.70 0.05 0.11
Spleen 1.26 1.04 0.07 0.11
Relative length of main intestinal sections, cm/kg bodyweight
Small intestine 58.14 55.78 1.02 0.70
Caeca 5.67 16.05 2.81 0.06

DHSS: full-fat dehulled sunflower seeds

The 10% inclusion of DHSS decreased the values of L* and b* (P <0.05) of the breast, but not a* (P
>0.05) (Table 7). When chickens were fed the DHSS diet, the L* and b* colour parameters of the breast skin
decreased (Table 7). That is, the skin became 3.5% darker and 13.8% less yellow (Weatherall & Coombs,
1992). Alagawany et al. (2015) showed that products made with sunflower seeds tended to darken, owing to
the presence of polyphenolic compounds, mainly chlorogenic acid, physiological functions of which on meat
colour may be attributed to their antioxidant properties, delaying myoglobin and haemoglobin oxidation in
meat (Zhao et al., 2019).

Table 7 Means of breast colour values determined in broilers fed without and with 10% full-fat dehulled
sunflower seeds, in the diet

Colour value Control diet 10% DHSS diet SE P-value
L* 51.60° 49.80° 0.40 0.03
a* 9.40°% 10.40% 0.27 0.06
b* 10.90% 9.40° 0.31 0.02

DHSS: full-fat dehulled sunflower seeds, L*: lightness, a*: redness, b*: yellowness
2P Means in the same row with a common superscript were not different with probability P <0.05
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The inclusion of DHSS did not affect (P >0.05) growth, feed consumption or FCR (Table 8). These
values differed from those reported by Arija et al. (1999), who found that the inclusion of 5%, 10% and 15%
DHSS in broiler diets at 28 days old decreased Fl and live weight gain (LWG), without affecting FCR.
However, Selvaraj & Purushothaman (2004) reported that FCR improved when sunflower seeds were added
(0% to 20%) to broiler diets. Salari et al. (2009) observed that the inclusion of 7%, 14% and 21% DHSS in
starter and finisher diets improved LWG, Fl, and FCR compared with the control diet. This disagreement may
be explained by the variation in chemical composition of the sunflower seeds. In this experiment, a low level
of DHSS (10%) was used, since high values of EE (507.9 g/kg) and AMEn (20.20 MJ/kg) could limit the FI of
the chickens.

Table 7 Means of cumulative productive variables as determined for 33 to 54 day old broilers fed without and
with 10% full-fat dehulled sunflower seeds in the diet

Cumulative productive variables Control diet 10% DHSS diet SE P-value
Final weight, g/chicken 3478.70 3502.50 35.96 0.73
Weight gain, g/chicken 1818.20 1772.40 25.44 0.39
Feed intake, g/chicken 3729.00 3866.90 54.76 0.22
Feed conversion ratio, g/g 2.05 2.10 0.04 0.07

DHSS: full-fat dehulled sunflower seeds

Conclusions

The partial replacement of SBM with 10% DHSS in broiler finisher diets did not affect the size of
digestive organs, ileal digestibility, growth and feed consumption. Only slight changes were observed in
breast colour parameters and relative liver weight. Therefore, DHSS was deemed a good source of protein,
energy and arginine for broiler chickens.
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