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SUMMARY

cows supplemented with raw safflower (R-SAF) or sunflower seeds (R-SUN) and identify its

impact on ruminal fermentation, lactational performance, milk fatty acid (FA) profiles and
reproductive performance. Fifteen primiparous and multiparous Friesian dairy cows were grouped according to
predicted calving date, parity, body weight and previous milk yield for multiparous cows. Cows were randomly
assigned equally to one of three treatments: (a) control, (b) R-SAF or (c) R-SUN for 90 days (treatment period,
TP). The TP started at approximately 30 + 5 days prior to their expected calving date and continued until 60
days after calving. Supplemental seeds were added at 3.36% and 3% of dietary DM during prepartum and
postpartum periods, respectively. Feed intake was nearly similar among treatments in late gestation or early
lactating periods. Digestibility of all nutrients of rations containing R-SAF or R-SUN were significantly
(P<0.05) increased compared to control. The pH value and NH3-N concentration were significantly (P<0.05)
decreased, while total volatile fatty acids (TVFA"s) concentration was increased significantly (P<0.05) with R-
SAF or R-SUN groups compared to control. Serum total protein, albumin and Urea-N concentrations were
increased significantly (P<0.05) by supplementation of safflower or sunflower seeds to the lactating cow's
ration (R-SAF or R-SUN) compared to control. Globulin concentration was not affected by the fat
supplementation. The AST and ALT activities were not affected significantly by the use of R-SAF or R-SUN
rations compared to control. Feed conversion as DM, TDN and DCP/kg FCM improved of lactating cows fed
R-SAF or R-SUN rations compared to control. Milk yield and its composition of lactating cows fed R-SAF or
R-SUN rations were significantly (P<0.05) increased compared to control. Palmitic acid (C16:0) concentration
in the milk fat was elevated by feeding the R-SAF or R-SUN rations compared to control. The same trend of
C16:0 was obtained with C18:0, C18:1 ® 5, 7, 9, C18:2 ® 6, C20:0 and C20:4. Superior the reproductive
performance of cows fed rations supplemented with R-SAF or R-SUN compared to non-treated ones. In
conclusion, supplementing rations of Friesian dairy cows with R-SAF or R-SUN at 3% of dietary DM can be an
effective strategy of fat supplementation to lactating dairy cows with positive effects on lactational
performance, milk FA profiles and reproductive performance. In addition, functional quality of milk was
enhanced by increased conjugated linoleic acid (CLA) concentration and additional benefit to human health.

Q lactation study was conducted to assess productive and reproductive performance of Friesian dairy
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INTRODUCTION

The transition period, is defined as starting from the last 3 weeks before birth to 3 weeks after calving in
dairy cows. This period is considered one of the most important periods of the production cycle in dairy
cows, also considered very dangerous to cow production because of the metabolic changes in the transition
from pregnancy to lactation (Amirifard et al., 2016). It is characterized by a reduction in feed intake and a
negative energy balance once the lactation starts (Silvestre et al., 2011), and inadequate innate immunity that
increases the risk of uterine diseases (Hammon et al., 2006). These changes are generally associated with an
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increased risk of metabolic- and production-related diseases (Friggens et al., 2004). Therefore, to improve
transition success, it has been suggested that we should increase the nutrient intake (Grummer et al., 2004)
or net energy density of lactation diets to support lactating cows (Eastridge, 2006).

Dietary supplementation with fat, such as oilseeds, may be an appropriate way to meet the nutritional
needs of growth, lactation, and postpartum reproduction in dairy cows (Bottger et al. 2002), by increasing
the energy status of the animal or by other processes independent of energy intake (Mattos et al. 2000).

Supplementation with raw safflower seeds (R-SAF) high in either linoleate or oleate increased
subsequent conception rates in primiparous beef cows (Lammoglia et al., 1997). However, feed supplements
containing fat derived from different sources alter duodenal flow of unsaturated fatty acids (Scholliegeredes
et al., 2001) and plasma fatty acid composition (Whitney et al., 2000), which appears to result in varied
metabolic and reproductive responses (De Fries et al., 1998). The high oil concentration of R-SAF makes it
an attractive energy-dense feed for animals with high energy requirements, such as lactating dairy cattle
(Dschaak et al., 2011). Alizadeh et al. (2010) reported that R-SAF can be included up to 5% of dietary DM
alongside cotton seed for early lactating cows without affecting feed intake while maintaining normal
ruminal fermentation, peripheral energy supply, and milk production. In addition, the benefits on nutrient
utilization, feeding R-SAF enhanced functional quality of milk with increased cis-9, trans-11 conjugated
linoleic acid concentrations, which is an additional benefit to human health (Dschaak et al., 2010).

Raw sunflower seeds (R-SUN) have several characteristics of a desirable supplement for range beef
cows; these include a high lipid concentration, a moderate concentration of protein, and excellent storage
and handling characteristics (Mohsen et al., 2011). Supplementation of beef cattle with sunflower seeds or
feeding diets containing R-SUN has variable effects on body weight and reproduction (Funston et al., 2002).
The R-SUN would be a good choice from a consumer’s point of view, as it is rich in polyunsaturated fatty
acids and a source of linoleic acid (66 % of total fatty acids) which is omega 6 fatty acid (Petit, 2003). The
R-SUN including lipid in the diet may increase milk yield, but it has negative effects on the concentration or
yield of fat, protein and lactose in milk (Boila et al., 1993).

Therefore, the objective of this study was to determine the effect of supplemented rations with 3% of raw
safflower (R-SAF) or raw sunflower seeds (R-SUN) during and after transition period on nutrients
digestibility, rumen parameters, blood metabolites, productive and reproductive performance of lactating
Friesian cows.

MATERIALS AND METHODS

The present study was carried out at EI Karada experimental station, Kafr EI-Sheikh governorate, which
belongs to the Animal Production Research Institute (APRI), Ministry of Agriculture. The chemical analyses
were carried out at the Regional Center for Food and Feed (RCFF), Agriculture Research Center, Giza,

Egypt.
Experimental animals and diets:

Periparturient, primiparous (n = 6) and multiparous Friesian cows (n = 9) were classified into three
groups (5 in each) by predicted calving date, parity (primiparous or multiparous), body weight (500 + 12.5
kg) and milk production of the previous year for multiparous cows. Cows were randomly assigned to three
treatments at approximately 30 + 5 days prior to their expected calving date.

Cows were housed under sheds in semi-open backyards and fed the experimental dry cow's diets and fed
lactating cows diets from calving until 60 days after calving. Three diets were prepared and fed individually
as a total mixed ration (TMR). Experimental rations were offered in two equal parts daily at 8 a.m. and 4
p.m. Individual dry matter intake (DMI) was measured daily. Cows were fed to cover the requirement of dry
matter (DM) and total digestible nutrients (TDN) according to NRC (2001) and the rations were adjusted
biweekly. The first group (control group) was received diet containing no supplementary oilseeds, the 2"
group was received a diet containing raw safflower seeds (R-SAF) and the 3™ group received a diet
containing raw sunflower seeds (R-SUN). Supplemental seeds were added at 3.36% and 3% of dietary DM
during prepartum and postpartum periods, respectively. Chemical composition and fatty acid profile of
safflower and sunflower seeds were shown in Table (1). Ingredients, chemical composition and of major

320



Egyptian J. Nutrition and Feeds (2018)

fatty acids (FAs) profile of total mixed rations for the three treatments during the prepartum and postpartum
periods were shown in Table (2). Animals were free for watering all the day round.

Digestibility trial:

Nutrient digestibility of the tested rations was determined by choosing three lactating cows randomly
from each group, using acid insoluble ash (AlA) technique according to Van Keulen and Young (1977).
Feeds and feces samples were collected for three successive days every month for two months from each
animal. Feed and feces samples were analyzed according to A.O.A.C. (2002) procedures.

Table (1): Chemical composition and fatty acid profile of the experimental seeds (on DM basis).

Item Safflower seeds Sunflower seeds
Chemical composition (%):

DM 94.20 95.00
oM 96.50 97.30
CcP 19.20 17.40
CF 30.34 28.32
EE 29.35 29.85
NFE 17.61 21.73
Fatty acids profile (%):

Myristic acid (C14:0) 0.21 7.56
Cis — 10- penta decenoic acid (C15:1w6) 0.22 0.35
Palmitic acid (C16:0) 7.28 25.86
9- hexa decenoic acid (C16:1 »7) 0.21 1.24
Stearic acid (C18:0) 2.18 12.2
Oleic acid (C18:1 09) 15.25 32.6
Vaccinic acid (C18:1 o7) 1.43 3.2
Linoleic acid (C18:2 w6) 67.48 13.62
Arachidic acid (C20:0) 0.34 0.25
Eicosaenoic acid (C20:1 w11) 0.17 0.25
Eicosatrienoic acid (C20:4 ®3) 0.78 0.63
Eicosapentaenoic acid (C20:5 w3) 0.80 0.47
Behenic acid (C22:0) 0.71 0.49
Docosenoic acid (C22:1 wl1) 1.41 0.46
Erucic acid (C22:1 ®9) 1.53 0.82

Analysis performed on one composite sample for the study.

Ruminal fluid sampling:

Ruminal fluid was sampled on the last day of experimental period, rumen liquor samples were taken
from cows at 0, 3 and 6 h after the morning feeding using a stomach tube attached to an automatic suction
machine. The first 100 ml of fluid was discarded to minimize saliva contamination. The second portion was
strained through four layers of cheese cloth for each sampling time to get clear liquid. The pH was measured
immediately using a mobile pH meter (Orian 680 digital), and 10 ml of the fluid was preserved with 1 ml of
5% sulfuric acid and frozen at - 20 °C.  Ammonia nitrogen (NH3 - N), was determined using magnesium
oxide (MgO), as described by Al-Rabbat et al. (1971). Total volatile fatty acids (TVFA'S) concentrations
were estimated using steam distillation methods (Warner, 1964).

Blood collection and determination of blood metabolites:

Blood samples were collected biweekly from jugular vein of all cows for each group at zero time before
morning feeding. The blood serum was obtained by centrifuging the blood samples soon after collection at
600 g for 15 minutes and the obtained clear serum was transferred into a clean dried glass vials, then stored
in deep freezer at — 20 °C, for subsequent specific chemical analysis. Total serum protein was estimated
according to Biuret-taratrate method described by Henery (1974), while albumin was performed according
to Doumas et al. (1971). Serum globulin level was obtained by subtracting albumin from total protein.
Triglyceride was determined according to Greiling and Gessner (1995). Cholesterol was determined
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according to Rolschlau (1974). Blood urea nitrogen was determined according to Fawcett and Scott (1960).
Aspartate aminotransferase (AST) and Alanine aminotransferase (ALT) were determined according to
Reitman and Frankel (1957).

Table (2): Ingredients, chemical composition and major fatty acids profile of the experimental rations
(on DM basis)

Item Late gestation Early lactation
Control'  R-SAF°  R-SUN® Control* R-SAF R-SUN®
Ingredients (%):
Cotton seed meal 18.24 17.95 17.95 13.3 13.09 13.09
Yellow corn 15.36 12.29 12.29 11.2 8.41 8.41
Wheat bran 11.52 11.52 11.52 8.4 8.4 8.40
Safflower seed - 3.36 - - 3.00 -
Sunflower seed - - 3.36 - - 3.00
Molasses 1.44 1.44 1.44 1.05 1.05 1.05
Limestone 0.96 0.96 0.96 0.70 0.70 0.70
Salt 0.48 0.48 0.48 0.35 0.35 0.35
Berseem 33.00 34.00 34.00 53.00 53.00 53.00
Rice straw 19.00 18.00 18.00 12.00 12.00 12.00
Calculated chemical composition (%):
DM  35.03 34.33 34.10 24.68 24.42 24.30
OM 9145 91.41 91.45 90.77 90.75 90.78
CP 12.05 12.46 12.42 12.14 12.55 12.53
CF 25.78 26.61 26.53 27.96 28.68 28.58
EE 171 2.57 2.59 1.55 2.35 2.36
NFE 51.91 49.77 49.91 49.12 47.17 47.31
ADF  25.98 26.75 26.97 28.26 28.70 28.80
NDF  37.99 38.96 39.24 39.29 39.84 39.96
TDN  60.05 60.45 60.71 60.03 60.45 60.75
Major fatty acids profile (%):
Palmitic acid (C16:0) 12.2 16.08 17.66 12.2 16.17 17.40
Palmitoleic acid (C16:1 ® 9) 0.10 0.46 0.55 0.10 0.46 0.54
Stearic acid (C18:0) 1.30 3.54 4.35 1.30 3.57 4.20
Oleic acid (C18:1 ® 9) 17.35 24.54 25.93 17.35 24.84 25.91
Linoleic acid (C18:2 w 6) 26.27 42.97 37.04 26.27 42.52 37.92

IControl; cows fed the control ration, 2 R-SAF; Raw safflower seeds ration and ® R-SUN; Raw sunflower
seeds ration.

Milk collection and analysis:

Cows were mechanically milked twice daily at 6 a.m. and 5 p.m. Milk yield was recorded individually at
each milking time. Individual milk samples from consecutive a.m. and p.m. milking were collected every
two weeks postpartum and composited according to milk weight at each milking time (3 mL/kg milk at each
milking time). Milk from individual cows was sampled at each milking in pre-labeled plastic vials and was
preserved using potassium dichromate. Milk samples were analyzed for fat, protein, lactose, solids not fat
(SNF), and total solids (TS) by Milk-O-Scan (model 133B). Another aliquot of the milk samples was frozen
at -20°C for fatty acids (FA) determination. Weighted composite milk samples from a.m. and p.m. milking
at day 60 postpartum were analyzed for fatty acid (FA) composition using gas-liquid chromatography
according to Kramer et al. (1997). Fat-corrected milk (FCM; 4%) was calculated according to Gaines (1923)
by using the following equation:

FCM in kg (4% fat) = 0.4 (kg milk yield) + 15 (kg fat yield).
Feed conversion:

Feed conversion ratio was determined as the amounts of DM, TDN and DCP required for producing 1 kg
4% FCM.
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Reproductive parameters:

Immediately after parturition, the reproductive tract of each cow was rectally palpated once - two times
till 21 days postpartum and once - three times after that to assess the uterine involution according to El-
Fadaly (1978). All experimental cows were observed twice daily for estrous activity and cows that detected
in heat were inseminated 12 h after estrus detection. Cows were examined for pregnancy by rectal palpation
after 45 days of insemination. The interval from parturition to each of: uterine involution period (UIP) and
uterine simulation period (USP) were recorded. Also, the period from the last calving to first detected estrus
(PFE), number of days from the last calving to date of artificial insemination (Al) in association with
confirmed pregnancy (days open) and number of services per conception (NSPC) were recorded. In addition,
conception rate, % at first Al: (number of cows pregnant after first Al per number of cows bred for the first
time post-calving) and pregnancy rate, %: (number of cows pregnant per total number of cows available
within a treatment group) were recorded.

Statistical analyses:

The data obtained were statistically analyzed using SAS computer program (SAS, 2005). The following
model was used for analyzing data of all traits using analyses of variance: Yj; = pu + T; + &; where: p =
overall mean, T; = effect of treatments and e;; = random error. Except rumen activity parameters in which the
effect of time of sampling and the interaction between effect of treatment and effect of time of samples, were
added to the above mentioned model. The differences among means were tested using Duncan's Multiple
Range Test (Duncan, 1955).

RESULTS AND DISCUSSION

Feed intake:

Data presented in Table (3) showed somewhat increase in feed intake as DM, TDN and DCP. However,
these increasing in feed intake with groups fed safflower or sunflower seeds were not significant. Feed
intake as DM, TDN and DCP was nearly similar among experimental rations, either when supplemented
with raw safflower (R-SAF) or sunflower (R-SUN) seeds at 3.36% in late gestation or at 3% of DMI in early
lactating periods of Friesian cows. The present results of DMI may be due to the lower proportion of
supplemented fat seeds, which is consistent with the results of Dschaak et al. (2011) who informed that feed
intake did not affect by the addition of 3% DM safflower seeds in the diets of Holstein dairy cows. Also,
Alizadeh et al. (2010) and Dschaak et al. (2010) reported no effects on DMI when safflower seeds were
supplemented up to 5% DM. Similarly, with Dai et al. (2011) reported that sunflower seed oil
supplementation did not affect feed intake of Chinese Holstein dairy cows. Contrary to these findings,
supplementing whole sunflower seed at a relatively high concentration (15.0% DM) resulted in decreased
DMI in lactating dairy cows (Mansoori et al., 2011), whereas an increase in DMI was observed by
Beauchemin et al. (2009) when feeding crushed sunflower seed at 10.6% of dry matter intake. Also, Mohsen
et al. (2011) revealed that the amount of concentrate feed intake was nearly the same for the different
groups, while the amounts of fresh berseem and berseem hay intake were increased with increasing level of
sunflower seeds supplementation.

Table (3): Daily feed intake (on DM basis) of lactating Friesian cows as affected by the treatments

Item Late gestation Early lactation

Control'  R-SAF®> R-SUN® +SE Control' R-SAF R-SUN®  +SE
Intake (kg/d):
Total DM 9.61 10.03 10.18 0.28 13.67 14.58 15.05 0.90
TDN 5.77 6.07 6.18 0.18 8.22 8.82 9.15 0.57
CP 1.16 1,25 1.26 0.03 1.66 1.83 1.89 0.12

IControl; cows fed the control ration, 2 R-SAF; Raw safflower seeds ration and * R-SUN; Raw sunflower
seeds ration.
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Digestibility coefficients, rumen activity and blood serum constituents:

Data of Table (4) indicated that the digestibility of all nutrients tended to significantly (P<0.05) increased
by safflower or sunflower seeds supplementation compared to control except for NFE digestibility with R-
SAF diet. Inclusion level of safflower or sunflower seeds (3%) used in the current study, which were rich by
Linoleic and Oleic acids (Table 2) improved digestion in rumen. lvan et al. (2004) concluded that the use of
Linoleic acid-rich safflower or sunflower-seed supplementation in high-concentrate diets of ruminants
reduced rumen protozoa population and increased the rumen microbial synthesis of protein resulting in
savings on dietary protein supplements and an increased digestion of feed. In addition, adding fat to diets
increases the efficiency of microbial protein synthesis in the rumen, possibly because of the decrease in
concentration of protozoa (Oldick and Firkins, 2000). The present results agree with those obtained by
Dschaak et al. (2010) who reported that total tract digestibilities of DM and OM were increased when cows
were fed safflower seeds up to 3.0% of DM compared with those fed the control diet. Also, Mohsen et al.
(2011) indicated that the digestibility of DM, OM and CP, and the TDN and DCP values were increased by
sunflower seeds supplementation at 5%, while EE digestibility was increased significantly (P<0.05) and CF
and NFE digestibilities were significantly decreased (P<0.05) with increasing level of sunflower seeds
supplementation at 10% of concentrate. Digestibility of CP was decreased and EE digestibility was increased
significantly by adding high fat levels in the ration of ruminants that inhibit ruminal fermentation and thus
diminish the utilization of dietary fiber (Vafa et al., 2009). In addition, Beauchemin et al. (2009) indicated
that feeding crushed sunflower seed at 10.6% of DM dramatically decreased DM and OM digestibilities.
Generally, using low levels of safflower or sunflower seeds in dairy cattle rations tended to increase most of
nutrients digestibility.

Results in Table (4) revealed that the pH values and NHs-N concentrations were decreased significantly
(P<0.05), but TVFA’s concentration was increased significantly (P<0.05) with R-SAF or R-SUN groups
compared to control post feeding at 3 hr, 6 hr. On the other hand, averages of pH values and NHs-N
concentration appeared to significant decreases, while TVFA’s concentration was increased with treated
groups. Decreased pH values with safflower or sunflower seeds supplementation may be association with the
increased of fatty acids especially Oleic and Linoleic acids compared to control (Table 2) and for to higher
production of VFA’s in the rumen (Table 4). Morsy et al. (2015) concluded that pH values were decreased
by addition of sunflower seeds oil and whole sunflower seeds related to increased concentrations of TVFA"s
in both treatments compared to control goats. Also, Schingoethe et al. (1977) indicated that rumen pH was
lower in sunflower meal-fed cows compared to the control. Ruminal pH values for all treatments ranged
between 6.30 and 6.88, which were within the range considered acceptable for fiber digestion (drskov and
Ryle, 1990). The incorporation of extra oil seeds in lactating cow's rations may affect rumen fermentation
(Polviset et al., 2010). Safflower oil caused a log reduction in numbers of protozoa as compared to control
(Baaha et al., 2007). Similarly, the decrease of NHs-N concentration of ewes that were fed with
supplemental safflower oil was most probably due to the reduction of the protozoal population (Mirzaei et
al., 2009). The presence results are confirmed by Ivan et al. (2003) who found that VFA concentration was
increased and Ammonia-N was decreased causing the decrease of pH in the rumen with sunflower seed
supplementation. These findings are closely agreeing with those obtained by Mohsen et al. (2011) who
revealed that value of pH and NH3-N concentration were decreased significantly (P<0.05), while TVFA’s
concentration was increased significantly (P<0.05) with sunflower seeds supplementation for winter and
summer rations. In addition, Morsy et al. (2015) informed that addition of sunflower seeds oil (SO)
decreased ruminal pH, whereas SO and whole sunflower seeds increased TVFA’s concentration compared to
the control.

The supplementation of safflower or sunflower seeds to R-SAF or R-SUN rations, respectively increased
the serum concentrations of total cholesterol, triglyceride, glucose, total protein, alboumin and Urea-N
significantly (P<0.05) compared to the control ration, while the globulin, AST and ALT did not alter (Table
4). Obtained results may be related to the chemical composition of the experimental rations (R-SAF and R-
SUN) compared to the control (Table 2).

The increase of the serum concentration of triglycerides can be related to the higher digestibility of
unsaturated fats than saturated fats (Nik-Khah et al., 2001). This finding could also be related to increase to
the synthesis of cholesterol and triglycerides in the epithelium of the small intestine and liver cells, and the
increase of the absorption of these fats from the small intestine after dietary supplementation of fat
(Chichlowski et al., 2005). The present results are in agreement with Mirzaei et al. (2009) who reported that
plasma concentrations of triglycerides and total cholesterol were higher in ewes that consumed the oil-
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containing diets than the other groups. Also, Alizadeh et al. (2010) indicated that adding safflower seeds
linearly increased blood total cholesterol (P<0.01) and low-density lipoproteins (P<0.05) concentrations in
early lactating cows.

Table (4): Total tract digestibility, rumen activity and blood serum constituents of lactating Friesian
cows as affected by the treatments

Item Treatment +SE
Control* R-SAF? R-SUN®
Digestibility, %:
DM 63.37° 65.51° 66.48° 0.34
oM 65.95° 67.91° 68.91° 0.32
cP 64.26° 67.23° 67.70° 0.43
CF 67.06" 69.47° 69.71° 0.58
EE 60.45" 69.89% 70.59° 0.59
NFE 65.64" 66.75® 68.39° 0.55
Rumen activity:
pH value
Before morning feeding 7.18 7.23 7.30 0.10
After morning feeding
3hr 6.80° 6.55° 6.48" 0.07
6 hr 6.65° 6.35° 6.30° 0.09
Mean 6.88° 6.71° 6.69" 0.06
NH 3-N (mg/100 ml)
Before morning feeding 10.10 10.63 10.29 0.53
After morning feeding
3hr 17.00° 15.50° 15.44° 0.32
6 hr 19.88° 17.98° 17.88° 0.49
Mean 15.66° 14.70° 14.53° 0.29
TVFA’s (meg/100 ml)
Before morning feeding 8.74 9.46 9.75 0.59
After morning feeding
3hr 12.30° 14.72° 14.92° 0.22
6 hr 17.63" 20.60° 21.13° 0.39
Mean 12.89° 14.932 15.26° 0.18
Blood serum constituents:
Triglyceride (mg/dl) 33.45° 34.93 35.02°% 0.31
Cholesterol (mg/dI) 92.05° 93.77° 94.00° 0.52
Glucose (mg/dl) 61.47° 63.12° 64.23° 0.51
Total protein (g/dI) 7.46° 7.74% 7.84° 0.08
Albumin (g/dl) 4.02° 4.34° 4.36° 0.08
Globulin (g/dl) 3.44 3.40 3.48 0.05
Urea-N 18.29° 19.78° 22.16° 0.35
AST (u/ml) 62.95 66.91 68.14 3.32
ALT (u/ml) 29.98 31.01 32.03 0.98

a, b and c: Means in the same row with different superscripts differ significantly (P<0.05)
Control; cows fed the control ration, 2 R-SAF; Raw safflower seeds ration and ® R-SUN; Raw sunflower seeds ration.

Supplementation of safflower or sunflower seeds to the cow's rations significantly (P<0.05) increased
serum glucose concentration compared to control one. Increased serum glucose concentration with R-SAF
and R-SUN may be due to increase TVFA’s concentration in the rumen of cows (Table 4). Feeding of
supplemental fat increases the proportion of propionic acid, one of the major VFA and a precursor for
glucose (Howlett et al., 2003). Dietary unsaturated fatty acids may modulate the metabolism of dairy cows
and hence influence the levels of some blood metabolites like glucose (Adolf et al., 2018). Supplementing
the diets of dairy cows with conjugated linoleic acids decreased blood non-esterified fatty acid concentration
while glucose was increased during the first week of lactation (Odens et al., 2007). The present results are in
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accordance with those obtained by Morsy et al. (2015) who indicated that addition of sunflower seeds to the
goat diets increased serum glucose concentration compared to the control. Similarly, Dafoe et al. (2014)
reported that safflower seed supplemented diets without vitamin E increased serum glucose concentration of
lambs compared to barley-based grain supplement

Serum total protein, albumin and Urea-N concentrations were increased significantly (P<0.05) by
supplementation of safflower and sunflower seeds to the lactating cow's ration (R-SAF and R-SUN)
compared with control, while globulin concentration was not affected by fat supplementation (Table 4).
Increased total protein and Urea-N were associated with increased CP intake (Table 2) and its digestibility
(Table 4). Cows fed the seeds-supplemented rations had higher (P < 0.05) concentrations of both urea
nitrogen and albumin in serum. A change in nitrogen metabolism, either within the body or within the
rumen, was indicated by a difference in serum concentration of urea nitrogen. Lipid released from adipose
tissue of ruminants is bound to albumin and transported primarily to liver tissue, where that lipid is utilized
(Grummer, 1991). The present results are in agreement with those obtained by Boila et al. (1993) who
informed that early lactating cows fed the lipid-supplemented sunflower diets had higher (P<0.05)
concentrations of plasma urea nitrogen and albumin compared to un-supplemented one.

AST and ALT activities were not affected significantly by the use of R-SAF or R-SUN rations compared
to control (Table 4). The values of serum AST and ALT obtained here are within the normal ranges. The
AST and ALT activity reflect normal liver function of cows fed the safflower or sunflower seeds
supplemented rations. Contrary to these findings Mohsen et al. (2011) reported that values of AST and ALT
activity were decreased significantly (P<0.05) with sunflower seeds supplementation for winter and summer
rations.

Milk production and its composition:

Daily milk and fat corrected milk (FCM) yields of Friesian cows as affected by safflower and sunflower
seeds supplementation for 90 days are shown in Table (5). Obtained results of the Table (5) revealed that
milk and FCM vyields of lactating cows fed R-SAF or R-SUN rations significantly (P<0.05) increased
compared to control. These may be attributed to R-SAF or R-SUN rations had greater dietary CP (Table 2).
It is apparent that the protein source affected the supply of total available protein and essential amino acids
to the small intestine, thus, causing differences in milk yield (Dhiman et al., 1999). Also, superior these
treatments in digestibility of DM, OM and CP, CF, EE, NFE and rumen TVFA’s concentration led to
increased milk yield. Total tract digestibility of DM, OM, NDF, and ADF all showed quadratic responses to
increase dietary CP, which ensure a sufficient supply for maximal milk and protein production of dairy cows
(Olmos and Broderick, 2006). Safflower and sunflower seeds supplementation improved blood metabolites
of glucose, total protein, aloumin and Urea-N concentrations compared to control (Table 4), consequently
led to increase of milk and FCM vyields. These results are agreement with Alizadeh et al. (2010) who
demonstrated that safflower seeds with fish oil supplementation improved milk yield of Holstein cows. Also,
Mohsen et al. (2011) reported that total milk yield, price of total milk yield and economic efficiency were
increased significantly (P<0.05) with sunflower seeds supplementation for Zaraibi goats. It is of interest that
blood serum glucose of the R-SAF and R-SUN groups followed the same trend as their milk yield (Table 5),
which may confirm results of Clark et al. (1977) who informed that there is a positive relationship between
blood serum glucose and milk yield. Also, serum albumin was higher (P<0.05) in cows that produced more
milk and milk protein in response to supplementary lipid (Table 5).

Also, cows fed ration (R-SAF) showed the highest percentages and yield of all milk composition and its
yields (kg/d) followed by those fed ration (R-SUN), while those fed control ration had the lowest one.
Unsaturated fatty acids (safflower seeds) supplementation may affect the metabolism of dairy cows and
enhance the levels milk components like fat, protein, urea nitrogen and lactose (Adolf et al., 2018). These
results agree with those obtained by Alizadeh et al. (2010) who reported that milk fat percentage and yield of
Holstein cows increased significantly (P<0.05) with safflower seeds supplementation compared to cows
supplemented with fish oil and control. He et al. (2005) indicated that increased protein and lactose yields
were observed in cows fed safflower seeds diet. In addition, Schroeder et al. (2004) found that milk fat
concentration was increased by 5.1 % with saturated fat supplementation. Moreover, Junior et al. (2010)
indicated that the utilization of fat sources in diets changes milk composition of lactating cows.

Feed conversion (Table 5) showed significant differences regarding energy intake, digestible crude
protein (TDN & DCP) and DM per kg FCM. Generally, as the safflower or sunflower seeds were included in
the ration (R-SAF or R-SUN) the DM, TDN and DCP/kg FCM were reduced (i.e. improved). Such results
are in accordance with Hassan et al. (2011) who indicated that replacing sunflower cake in goat’s diet
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showed significantly (P<0.05) improved of feed conversion rate. However, feed efficiency (3.5% FCM
yield/DMI) did not differ by adding crushed sunflower seed in lactating dairy cow diets (Beauchemin et al.,
2009). In contrary, Dschaak et al. (2010) reported that efficiency of feed N to milk N was improved in cows
fed 1% whole safflower seeds diet, but it tended to decrease when safflower seeds inclusion rate was
increased at 3 or 4%.

Table (5): Milk production, milk composition and feed conversion of lactating Friesian cows as
affected by the treatments

Item Treatment +SE
Control* R-SAF* R-SUN?
Milk yield (kg/d) 15.19° 16.79° 17.18° 0.31
4% FCM yield (kg/d) 13.14° 16.61° 16.20° 0.29
Milk composition, %:
Fat 3.10° 3.92° 3.62° 0.03
Protein 3.23° 3.53° 3.39° 0.03
Lactose 4.63° 4.79% 4.69% 0.04
Total solid 11.65° 12.97° 12.35° 0.10
Milk component yield (kg/d):
Fat 0.47° 0.66° 0.62° 0.01
Protein 0.49° 0.59° 0.58° 0.01
Lactose 0.70° 0.80° 0.81° 0.02
Total solid 1.77° 2.18° 2.12° 0.04
Feed conversion (Kg/kg):
DM/ FCM 1.04° 0.87° 0.93° 0.06
TDN/ FCM 0.63° 0.54° 057" 0.01
DCP/ FCM 0.13 0.11° 0.12° 0.002

a, b and c: Means in the same row with different superscripts differ significantly (P<0.05)
YControl; cows fed the control ration, > R-SAF; Raw safflower seeds ration and ° R-SUN; Raw sunflower seeds ration.

Fatty acid (FA) Profile in Milk:

Milk FA of lactating cows fed rations supplemented with safflower or sunflower seeds showed that some
of fatty acids did not appear in all cows within groups (Table 6). The results showed that short—chain FA
(6:0) was decreased with R-SAF or R-SUN rations compared to control. While, the proportion of short- to
medium-chain FA (8:0 to 17:0) in milk were not affected by feeding the R-SAF or R-SUN rations compared
to control, except for C16:0 as shown in Table (6). Palmitic acid (C16:0) concentration in milk fat was
elevated by feeding the R-SAF or R-SUN rations compared to control. The high proportion of C16:0 in milk
of the R-SAF and R-SUN groups was associated with increased C16:0 in the R-SAF or R-SUN rations
(Table 2). The same trend of C16:0 was obtained with C18:0, C18:1 ® 5, 7, 9, C18:2 ® 6, C20:0 and C20:4
linearly increased with feeding the R-SAF or R-SUN rations compared to control. The obtained results may
be related to fatty acids composition of the experimental rations as shown in in Table 2, that R-SAF or R-
SUN rations contained higher proportions of these fatty acids than control.

The presence of sufficient amounts of 18-carbon and polyunsaturated fatty acids (PUFA) in the rations of
R-SAF or R-SUN have been associated with higher ratios of it in milk fat. The high levels of fat in the R-
SAF rations may induce changes in the rumen biohydrogenation (BH) leading to the accumulation of
intermediate metabolites of altered ruminal BH (Dschaak et al., 2010). In the present study, inclusion of
safflower or sunflower seeds raised levels of C18:1 5, 7, 9, and total 18:2 w6 FA with linear responses,
and other effects were much more pronounced for the R-SAF or R-SUN rations compared to the control
ration. Bell et al. (2006) reported that addition of safflower oil increased in all 18:1 trans FA isomers in milk
with the most pronounced increase in 18:1 trans-11. Typically, unsaturated FA undergoes partial BH in the
rumen, resulting in the production of 18:1 trans-10 FA. Because of safflower or sunflower (R-SAF and R-
SUN) rations contains 43 and 38 % of linoleic acid, respectively in its lipids compared to 26 % in control
(Table 2), and linoleic acid is one of the main substrates for BH (Harfoot and Hazlewood, 1997), an increase
in the BH pathway was evidenced with increased total 18:1 FA when R-SAF and R-SUN were
supplemented compared to un-supplemented one. Similarly, Dai et al. (2011) indicated that supplementing

327



Shaarawy et al.

sunflower oil as a source of linoleic acid was more effective in enhancing contents of total volatile acids and
conjugated linoleic acids (CLA) in milk fat than oleic acid.

Table (6): Fatty acids composition (%) in the milk of lactating Friesian cows as affected by the

treatments
- Treatment

Fatty acid Controll  R-SAFZ  R.SUN® _ %SE
C6:0 Caproic acid 0.78° 0.71° 0.63° 0.012
C8:0 Caprlyic acid 0.78 0.70 0.69 0.067
C10:0 Capric acid 1.62 1.65 1.48 0.193
C11:0 Undecanoic acid 0.14° 0.21% 0.11° 0.010
C12:0 Lauric acid 2.10 1.95 2.10 0.180
C14:0 Myristic acid 7.52 7.29 7.23 0.677
Cl4:1 5 Tetradecenoic acid 0.57 0.59 0.65 0.070
C15:0 Pentadecanoic acid 0.33 0.40 0.48 0.113
C16:0 Palmitic acid 23.60° 25.26% 25.89% 0.590
C16:1 o7 1.05°% 0.87° 0.90% 0.053
Cil6:1 9 Palmitioleic acid 0.38

C17:0 Heptadecanoic acid 1.73 1.50 1.45 0.087
C16:2 o4 0.15

C16:3 w4 Hexadecatrienoic acid 0.33% 0.35% 0.30° 0.010
C18:0 Stearic acid 11.88° 14.33° 13.15*  0.450
ci18:1 o9 Oleic acid 23.73° 27.012 26.43% 0.773
Ci18:1 o7 Vaccinic acid 2.83° 3.63° 3.09° 0.073
C18:1 ®5 Octadecosaenoic acid 0.80° 0.912 0.98% 0.033
C18:2 ©5 0.28" 0.31% 0.35° 0.010
C18:2 6 Linoleic acid 2.57¢ 7.25° 451° 0.667
C18:2 o4 0.17 0.17 0.16 0.010
C18:3 b6 Gamma linolenic 0.13 0.13 0.14 0.002
C18:3 o4 0.14 0.14 0.001
C18:3 3 Linolenic acid 0.35 0.60° 0.33° 0.040
C18:4 ®3 Alpha octadecatetraenoic acid 0.54 0.50 0.57 0.040
C20:0 Avrachidic acid 0.24° 0.37% 0.34% 0.020
C20:1 oll Eicosaenoic acid 0.14

C20:1 ©9 Gadolic acid 0.24° 0.36° 0.23° 0.010
C20:2 6 0.15

C20:3 3 Eicosatrienoic acid 2.95°% 0.13° 0.20° 0.730
C20:4 06 Avrachidonic acid 0.13° 1.08? 1.222 0.250
C20:4 ®3 Eicosatrienoic acid 2.29% 0.20° 1.97° 0.457
C20:5 (ég A Eicosapentaenoic acid 2.25% 0.49° 1.90°% 0.350
C22:0 Behenic acid 0.14° 0.26" 0.28° 0.002
Cc22:1 oll  Docosenoic acid 6.73° 1.71° 0.580
C22:1 ®9 Erucic acid 0.35 0.42 0.010
Unidentified 0.19% 0.35° 0.11° 0.067

a, b and c: Means in the same row with different superscripts differ significantly (P<0.05)
“Fatty acid composition was expressed as g/100 g of fatty acid methyl esters.
Ycontrol; cows fed the control ration, 2 R-SAF; Raw safflower seeds ration and 3 R-SUN; Raw sunflower seeds ration.

Reproductive performance:

Reproductive performance of experimental lactating cows fed safflower and sunflower seeds are shown
in Table (7). The interval from calving to the uterine involution and uterine simulation were significantly
(P<0.05) shortest for cows supplemented with safflower seeds (R-SAF) followed by cows supplemented
with sunflower seeds (R-SUN), while cows of control were longest ones. Similarly, days open and the
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interval between calving to first artificial insemination (Al) were significantly shorter for cows treated with
R-SAF or R-SUN. However, the interval between calving to the first detected estrus was 37.00, 52.25 and
44.00 days for control, R-SAF and R-SUN groups, respectively (Table 7 and Figure 1). This interval was
significantly longer for cows treated with R-SAF than for control cows. No significant differences were
detected, either between R-SAF and R-SUN or between R-SUN and control groups. Conception rate
following the first postpartum Al was 0%, 75% and 50% in control, R-SAF and R-SUN groups, respectively
(Table 7). Likewise, the final pregnancy rate was 50%, 100%, and 75% in control, R-SAF and R-SUN
groups, respectively. These results are in agreement with other studies that have reported decreased the
interval from calving to the uterine involution and uterine simulation. Also, improved conception rates and
delayed resumption of cyclicity when fatty acids were added to the ration (Sklan et al. 1989; 1991,
Ferguson. 1990, Scott et al. 1995, El-Banna et al., 2005).

Cows fed safflower (R-SAF) or sunflower (R-SUN) seeds (3% dietary fat) had a tendency to have a
greater percentage of linoleic acid than cows fed control ration (Table 2). Linoleic acid can be desaturated
and elongated to form arachidonic acid (C20:4), that is a precursor for prostaglandins (PGF,a), which is
responsible for uterine involution after parturition. The greater the postpartum prostaglandin concentration
resulted to the faster of the uterus involution (Funston and Filley, 2002). Some authors reported that PGF,a
administration on 20 — 33 days posparum resulted in cleaning of the uterine environment (Pankowski et al.,
1995; Kasimanickam et al., 2005). Also, PGF,a treatment induced luteolysis causing a decrease in the Py
levels and subsequent up-regulation of the immune function making the uterus able to clear infections
(Lewis, 1997). These findings support our results related to cows supplemented with R-SAF or R-SUN
arrived faster to the uterine involution and uterine simulation than un-supplemented one (Table 7).

Cows of the control group showed the first postpartum detected estrus earlier than the other treated
groups (R-SAF or R-SUN). However, there no significant differences either between control and R-SUN
groups, or between R-SAF and R-SUN groups (Figure 1). The results obtained may be related to the higher
concentrations of cholesterol and glucose of treated cows treated groups compared to control (Table 4). EI-
Banna et al. (2005) reported that there were negative correlation coefficients between the interval from
calving to the first detected estrus with plasma glucose and cholesterol concentration.

Feeding R-SAF or R-SUN ration considerably affected reproductive performance, especially days to first
Al, days open, number of services per conception and Pregnancy rate (Table 7). The improved reproductive
performance of cows on the R-SAF or R-SUN ration compared with control cows can be explained by the
higher concentration of circulating lipids during part of the period of insemination and the enhanced feed
energy intake. Dietary fats positively affect reproductive function by supplying energy and by actions on
reproductive processes that are not related to energy. Increased availability of fatty acid precursors enhanced
steroid and eicosanoid secretion, which can alter ovarian and uterine function and affect pregnancy rates.
Also, at the cell, fatty acids may have a direct effect on the transcription of genes that encode proteins that
are essential to reproductive events (Mattos et al., 2000). Also, El-Banna et al. (2005) showed that fat

Table (7): Reproductive performance of lactating Friesian cows as affected by the treatments

Item Treatment +SE
Control* R-SAF? R-SUN°®
uIp* 26.75° 18.25° 22.00° 1.05
USP** 34.75° 25.50° 30.00° 1.33
PFE*** 37.00° 52.25°% 44.00% 3.52
Days to first Al 88.75° 73.00° 69.00° 3.27
Days open 121.25° 77.50° 85.25° 10.24
NSPC***=* 2.50° 1.25° 1.75%® 0.35
Conception rate, % at first Al 0%" 75%° 50% 22.05
Pregnancy rate, % 50%" 100%"° 75% 22.05

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

Control; cows fed the control ration, 2 R-SAF; Raw safflower seeds ration and ° R-SUN; Raw sunflower seeds ration.
UIP*: uterine involution period, USP**: uterine simulation period, PFE***: the period from the last calving to first
detected estrus and NSPC****: number of services per conception.
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supplemented diet increases the diameter of dominant follicles postpartum and resulted in higher peak
estradiol levels. In addition, increased concentrations of serum lipids could influence production and (or)
metabolism of important reproductive hormones (Filley et al., 2000) resulting in improvement of

reproductive function.

In the present study, safflower and sunflower seeds supplementation were stopped at 60 days after birth,
which affected the uterus to produce less PGF,a and helped small embryos reach the uterus and inhibited
natural luteolysis by reducing the level of PGF,a and increasing the concentration of progesterone,
consequently increasing the pregnancy rate (Mattos et al 2002). Similarly, Ambrose et al. (2006) found that
reduce PGF,a synthesis in the endometrium, delay luteolysis, and improve pregnancy rates in lactating dairy
COWS.

First detected estrus
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Figure (1): Frequency distribution of lactating Friesian cows at first detected estrus

CONCLUSION

Supplementing safflower or sunflower seeds with rate of 3% of DM in lactation rations led to positive
effects on ruminal fermentation, lactational performance, milk fat yield and reproductive performance.
Moreover, this supplementation can be an effective strategy on lactating dairy cows with positive effects on
lactational performance and milk FA profiles. In addition, the enhanced functional quality of milk with
increased conjugated linoleic acid (CLA) concentration and additional benefit to human health were found.
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