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Reproductive Performance and Plasma Levels of Estrogen
and Progesterone of Yuehuang Broiler Breeders
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Abstract: At 14 weeks of age, 567 female broiler breeders were housed in two step battery cages and fed either D a cornrsoybean
(CSB) diet with no supplement of Zn or Methionine( contol). II) a CSB diet supplemented with ZrnO and no Methionine (Met) .

I a CSB diet supplemented with Met and no Zn. 1IV) a (SB diet supplemented with Zn-Met N. R. C. values. V) a CSB diet sup-
plemented with Zn-Met (low level). VI) a CSB diet supplemented with Zn-Met (med. level) and VII) a CSB diet supplemented
with Zn-Met Chigh leveD). These diets contained 30. 09, 70. 09, 30. 0% 70. 0% 78 69 97. 19 and 134 20 mg Zn of one kilogram
diet respectively. The Met values were 0. 28%, 0.28%, 0. 36%, 0 36%. 0 37%, 0 38% and 0. 38%0, respectively. Supple-
mental Zn of ZnO or Zn-Met in CSB resulted in differences in egg mass fenility, hatchability, egg production and plasna levels of
estiogen and progesterone. In all cases groups 1I, IV and V with levels of 70. 09, 70 09 and 78 69 mg/kg Zn and O 28 %,

0. 36% and 0. 37% Met respectively showed significant increase (P<Z O 05), compared to the contwl group. However, levels of
Zn-Met higher than 78 69 mg/ kg Zn and 0. 37% Met did not tesult in any increase in hatchability, fertility, egg production and

plasma concentrations of estrogen and progesterone.
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The role of Zn in living systems is attributed primarily
to its association with pmoteins, especially as a functional
component of metalloenzymes. Carbonic anhydrase was a
Zn dependent erzyme. Zn has numerous biological roles,
including protein metabolism , DNA synthesis, cell divi-
sion and multiplication. Improving the status of trace min-
erals such as Zn, Cu, Mn and Co can enhance reproduc-
tive perfomance. Despile its role in living systems, the
literature reveals an uncertainty as to the value of Zn me-
thionine (Met) products (ZP) in pouliry diets. Waibel et.
al.'" and Kidd et. al.'? reported that ZP in diets result-
ed in overall beneficial responses in turkey growth and egg
pwoduction under laboratory conditions. Sanford'? teported
improved broiler breeder performance from ZP fortification
of broiler diets. Kienholzet. al.'® examined the effects of
Zn-Met on stressed laying hens and reported that Zn-Met
was beneficial to hens during low-Ca stress and during the
recovery period following that stress. In another study Zin-
pro Co'7 reported that layers fed (Availa Znzinc amino

acid complex and Availa Mnrmanganese amino acid com-
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plex) under increased temperature and humidity showed
increased egg production, increased egg specific gravity
and improved egg and shell mass. Broiler chicks fed ZIN-
PRO Zn Met, MANPRO Mn Met, Availa Zn zinc amino
acid complex and Availa Mn manganese amino acid com-
plex showed significantly reduced mortality rates without
any adverse effect on body mass, feed consumption or feed
al. 1
Met supplementation on the performance of mature broiler
breeders, and reported that fertility and hatchability of
eggs from birds fed the Zn-supplemented diets did not alter
egg mass, chick mass, egg production, livability, and hu-

conversion! 9 . Stahl et. examined the effect of Zn

moral or cellular immunity when compared to the contwol -
fed birds. In a similar experiment, Sandoval et. al. (&
showed that Zn supplementation, fiom inorganic sources,
of a wm soybean meal diet containing 28 g/ kg of diet did
not improve the production or reproduction of single comb
white leghorn (SCWL) hens. Some reports have shown im-
proved performance in chicken hens fed Zn Met prod-

ucts”, but others have shown that ZP was not beneficial
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to chicken hend "' . Tn spite of the fact that Zn supple-
mentation in bwiler breeder diet has been the focus of
many studies, no attention has been given to the Yuehuang
bwoiler breeder hen. Therefore the objective of this study
was to determine the effects of feeding various levels of Zn
Met on the repoductive performance and plasma concen-

tration of estrogen and progesterone of Yuehuang broiler

breeder chickens.

1 Materials and methods

1.1 Animals and husbandry

A total of 567 Yuehuang broiler breeder females of
the South China Agricultural University Experimental Poul-
try Famn at 14 weeks of age were used in the study. The

experimental design consisted of seven dietary treaments or

groups, assigned randomly to each group were three repli-
cations. Experimental units consisted of 27 broiler breeder
hers. Three breeders were housed in each wired cages in
wo step batteries, with cage dimensions of 76.2 an X
137. 1 em in a room with adequate ventilation and lighting
(14 h light and 10 h daikness). The bwiler breeders were
weighed and assigned to experimental units such that no
significant differences in average body mass existed among
experimental units.
1.2 Diet

Breeders were given free access to feed (daily feed
intake noted) and water throughout the experiment. Breed-
ers were fed the experimental diets for 2-weeks equilibra-
tion phase followed by 18 weeks of data collection. Tab. 1
shows the basal breeder diet used by the poultry fam.

Tab. 1 Basal breeder diet

w(canY %  w(soybean meal)/ % w(ish meal)/ %5 w(CaCO3)/ % w(sal)/ % w(cholineY % w(CaHPOy)  w(wase imesone)  wMet)/ % wVi. )”/ %
63.01 20.00 3.00 8.08 0.15 0.20 1.20 4.00 0.00 0.05
w(trace mineml w(non— mtriive v (variable analyzed nutients
wiv? % ingedians’ ¥ igredians)/ % ME/(MIcke D w(CPY % w(Cay % w®PY % wied  w@Zn)/ (mgkg D
0.05 012 0.04 12. 20 16.00 3.25 0.65 0.28 30.09

D provided the following per kilogram of diet: Vitamin A, 8 818 IU; cholecalciferol, 2 756 1U; Vitamin E, 22 IU; Vitamin K3, 1 362 mg; Vitamin By, 12

mg; riboflavin, 600 mg; niacin, 30 000 mg; pantothenic acid, 10 000mg folic acids 750 mg; pyridoxine hydrochlorides 1215 mg; biotin, 100mg 2) pro-

vided the folloving per kilogram of diet: Mn, 67 5mg Fe 20mg; Cu, 2mg; I, 1.25mg Se, 3mg 3) Non-nutritive ingredients as percentage of the diet:

Hy gromycin-8,  gentian violet

At 14 weeks of age broiler breeders were fed either:
I ) Comn-soybean (CSB) diet with no supplement of Zn or
Met. I[)CSB diet supplemented with ZnO and no Met.
IIDCSB diet supplemented with Met and no Zn. IV)CSB
diet supplemented with Zn-Met using the N. R. C. values.
V)CSB diet supplemented with Zn-Met (low level). VD
CSB diet supplemented with Zn-Met (med. Tevel). VD
CSB diet supplemented with Zn-Met (Chigh level ). Tab.2
shows the amount of Zn and Met supplemented to basal
breeder diet.

Tab. 2 Amount of Zn and Met supplemented
to the basal breeder diets

D

treatment diet wZny Gngoke P wMery %
) control CBS no 7n or Met added 0.00 0.0
IDZn0O CSB &ZiD 4000 0.®
TIDM et CSB &Met 0.00 0.8
IVN.R.C. CSBZn—Met 4000 0.8
VZnr—Mea (ow level) CSBZn—Met 48 60 0.0
VDZn—Met (med. level)  CSBZn—Met 67.10 0.10
VIDZn—Met Chigh level)  CSBZn—Met 104. 11 0.10

D Corn— soybean (CSB) meal diet; 2) Control kvel of Zn n CSB= 30. 09
mg/ke 3) Centrol level of Metin CSB=0. 280%

The above diets contained Zn 30. 09, 70. 09, 30. 09,
70. 09, 78.69, 97.19 and 134. 20 mg/kg of diet, wespec-
tively. The Met values were 0. 28%, 0.28%, 0.36%,
0.36%, 0.37%, 0.38% and 0.38%, respectively.

Records were kept of daily feed intake, daily oviposi-
tion/ cages individual egg mass and daily mortality/ cage
evaluated.

Eggs were collected for incubation fiom the 7 dietary
reatments, after breeders had received diets for 3, 6, 9,
12, 15 and 18 weeks for six hatdes. Upon collection,
eggs were identified by marking treatment group number as
well as the caze number over air cell.

A random sample of 648, 928, 1 121, 1133, 962,
949 and 1077 eggs for treatment groups [ through VI
were set for hatches [ through VI. Eggs wer collected
once daily and stored at 16. 7 C and 60% relative humid-
ity. Fggs were cleaned prior to settings. Fertility of eggs
was detemmined by candling and break-out of un-hatched
eggs. Fertile eggs were further classified as early or late
mortality and used to evaluate the embryonic state at which
mortality occurred. Percentages of hatchablility, embiyonic
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mortality, dead chicks, infertile eggs and normal dhicks
were evaluated.
1.3 Analysis of blood hormone concentration

From the above experiment A total of 96 broiler
breeders were randomly selected in the investigation of
plasma concentration of estrogen and progesterone during
the study.

The experimental design consisted of the seven di-
etary treatments or goups. Assigned randomly to group
II, O IV, V, VIwere 12 breeders and 24 breeders for
the control group. All other management practices (hous-
ing, feeding etc. ) remain the same as in the first experi-
ment.

Blood samples (2— 3 mL) were collected by direct
venipuncture when broiler breeders were 16 and 34 weeks
of age respectively.

The heparin zed blood were centrifuged within 3 min
at 600 g at 4 Cfor 15 min. The plasmawas llected and
stored at —20 “Cfor detemination of pogesterone and es-
trogen. The two hormones were analyzed by radioim-
munoassay . The plasma concentration of progesterone and

estradiol— 17 beta were detemined.

1.4 Statistical analysis

The results of the experiments were analyzed by
means of ANOVA as a randomized block design. The com-
puter program SPSS V. 10.0.1 (27 Oct. 1999) was used
to calculate the ANOVA.

2 Results and discussion

2.1 Effect of feeding broiler breeders a CSB diet
supplemented with Zn Met on the reproductive

performance of Yuehuang broiler breeders

Tab. 3 and 4 summarizes the performance data col-
lected. The addition of supplemental Zn or Zn-Met result-
hatchability, daily feed

nsumption, average egg mass s hen - day production and

ed in differences in fertility,

mortality. Compared with the control, addition of supple-
mental Zn level of either 70.09 mg/ kg feed (ZnO) or
70. 09 mg/ kg feed (Zn-Met) (N. R.C. values) or 78. 69
mg/ kg feed (Zn-Met lower level ) resulted in increase (P
<C0.05) mean percentage fertility, hatchability, average
egg mass , average daily feed consumption , mortality and

Tab. 3 Effect of feeding broiler breeders a corn soybean diet supplemented with

Zn Met on fertility and hatching performance

1)

egg set fertility hatchability embryonic mortality / %
treatm ent
no. /% /% early late
[ ) contwl 648 80. 58 +1. 74 60. 41 +3.75* 4.65%1.10 13.82+£3.08
1) Zn0O 928 84.60£1. 16° 67.7342.91¢ 5.25+1.58 12.43£1.76
[ID Met 1121 80. 34 +1. 06" 61.71£3. 16" 7. 13 £0. 81 14.45+2.37
IV) N.R.C. 1133 84. 84 +1.08° 68. 03 +3. 00° 6.9010.96 13.55+1.60
V) Zn-Met (low leveD 962 85.59+1.78° 68. 14 +5. 18° 5.05+0. 85 11.424+2.49
VD Zn-Met (med. LeveD 949 81.71+2.97" 63. 62 5. 56° 5.38+0. 88 12.70+6.97
VD Zn-Met Chigh level) 1077 80. 60 2. 26 63.74+4.02° 7.43+1.26 11.4242.49

1) Mean=+SE folbwed by the same letter within a column are not significantly different from each other ( P 0. 05

Tab. 4 Effects of feeding different levels of Zn on food consumption, egg mass

percentage hen-day and percentage morta]ity”

average daily average egg hen-day mortality
treatment . .
feed con. /(god ) mass/ g production/ %4 /%
1) contwol 76.70+1.01 35.94 0. 12(1 394 21.2743. 68 13.0540. 13°
1) Zn0 71.132£0. 84 37.6440.11(2 159" 37. 64 +4. 542 12.81+0.17®
1D Met 72.88+1.23° 36.09 0. 18(2 273) 34. 18 £5. 302" 14.2840. 14°
IV) N.R.C. 81.22+1.58°¢ 38.301.79(2 284) " 38.40+6. 03 16.81=£0. 12
V) Zn-Met Clow leveD 80.9341.20¢ 38.440.28(1 957)°" 38.23+5. 01" 16.7540. 17°
VD Zn-Met (med. level) 72.13£1. 28" 36.060.11(2 2D ® 34. 08 4. 98 17.992£0. 15
VD Zn-Met Chigh level) 78.3720. 99" 35.91+0.11(2 22D ® 32.10+5. 10 12.20%0. 19°

1) Mean+SE folbwed by the same letter within a column are not significantly different from each other ( P<Z 0.05)
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hen-day production compared with the contwol. Although
the percentage morality was significant, it could be at-
tributed mainly to heat stress considering the time when the
study was cnducted (May-September).

Fertility and hatchability tended to dwp significantly
as the Zn-Met level exceeded 78. 69 mg/ kg and 0. 37 %.

Egg production was calculated based on percentage
hen-day. Egeg production was higher in treament II, [V
and V but drop sharply when the Zn-Met level exceeded
78. 69 mg/ kg Zn and 0. 37 % Met.

Feed intake was found to increase in groups IV and
V and the palatability of feed in groups IV and V com-
pared to other groups. Early and late embryonic mortalities
were not significantly different (P~>0. 05).

Average egg mass remained significantly higher in
IV and V. Laying hens fed isolated soybean
meal based diets containing 10 mg/ kg had impaired hatch-

group I,

ability and egg production unless diets were supplemented
with Zn. Many studies have shown the detrimental effects
of Zn deficiency on hatchability. Stahl et. al.''? observed
that a CSB diet containing 78 mg/ kg improved fertility in
bwiler breeders when compared with a CSB diet contatin-
ing 28 mg/ kg. Supplemental Zn in CSB diet had signifi-
cant effect on hatdhability, fertility, hen-day egg yield and
ege mass (P<0.05) compared with the contwl group,
however at levels higher than 78. 69 mg/ kg feed all the
above mentioned parameters decreases significantly (P<<
0.05). Tt is important to note that embiyonic mortality is
not significantly (P=>0.05) affected by supplemental Zn
or Zn-Met. However, more embryonic death were obseved
in the later stage of incubation (late embryonic mortality).
Percentage hen-day production were high for groups II,
IV and V compared to other groups, this can be attribut-

ed mainly to the role of Zn in the promotion of reproduction
and bioavailability of organic Zn to the beeders. Studies
has also shown that Zn in the diet can produce positive as
well as negative effects depending on the level used. For

51 studied the use of diets containing high

example Bartov
levels of Zn for controlling early growth in female broiler
chicks and noted that Zn supplementation can be used as
an efficient tool for contwlling early growth of young broiler
breeder chicks. In an experiment conducted by Batal et.
a.'™ 1o investigate the relative bioavailability of supple-
mental Zn in inorganic sources for broiler chicks revealed
that bicavailability estimates were similar when Zn was

supplemented to diets at high or low @ncentrations. In a

similar study Sandoval et. al.'" found that bioavailability

of supplemental Zn organic sources was more than that of
inorganic sources. The minimal bioavailable Zn require-
ment for chicks 1 to 3 weeks of age fed a soy concentrate

diet was estimated at 22. 4 mg/ kg feed' ¥ .

The present study agrees with the work of the au-
thors "' in which they noted that Zn supplementation in a
CSB or MCSB diet for hatchability and fertility in young
broiler breeders was mot required above 72 and 83 mg/ kg
of diet, in CSB meal or milo CSB respectively .

2.2 Effect of feeding broiler breeders a CSB diet
supplemented with Zn Met on the plasma pro-
gesterone and estrogen levels of Yuehuang broil-
er breeders

The results showed that in all the treatments studied
in which ovulation occurred, a consistent pattern in the
levels of both hormones was observed (Tab. 5). Thus the
level of progestewne in plasma increased 2 folds in all

treatments to reach a maximum values of 4. 34 and 4. 29

Tab. 5 Effect of Zn-Met on the plasma progesterone (P4) and estrogen (E;) concentrations

of broiler breeder”

0P,/ (ng'mL

0(Ey/ (pgemL b

teatment 16 weeks of age 34 weeks of age 16 weeks of age 34 weeks of age
[) control 0.83£0. 14(16)* 1.6940.57(0.16)* 116, 144-10.64(18)P  156.48 +10.06( 18)*
I ZnO 1.3340.51(9" 3.62+0.81(9)° 169. 41+12.82(12" 172,66+ 11.81(12)"
IID Met 1.58+0.50(11)" 2.34 +0.55(1 D 159. 70 £15.70(12)>  162.55+13. 88(12)"
IV N.R.C. 2.5240.99(8)® 4.34+1.28(8)¢ 202. 874+19.87(12)°  234.45+15.61(12)°
V) Zn-Met (low leveD) 2.534:0.68(9) ¥ 4,2940.97(9) 197. 164-17. 94(12)* 220.15+14.31(12)¢
VD Zn-Met (med. level) 2.53+£1.33(9® 3.56+1. 09(9)° 189. 184-15.33(10)* 195.234+13.35(10) ¢
VD Zn-Met Chigh level) 2.10+0.53(9® 3.2041.09(1 D* 166. 23+9.22(9)° 188.23 +10. 44(9)¢

1) Mean=SE folloved by the same letter witin a column are not significantly different from each other ( P<Z0. 05); the datas between parentheses were the

number-of sanpks analyzed
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ng/ mL for groups IV and V respectively at the end of the
experiment. Group II plasma ncentrations of proges-
terone was 3. 62 ng/ ml, this value being next to that of
group IV and V. In all these 3 groups(II, IV, and V)
the level of Zn or Zm-Met were 70.09, 70.09 and 78. 69
mg/ kg Zn and 0. 28%, 0.38%, 0.38% Met respective-
ly. However, at levels higher than 78 @ for example
group VI and VI with Zn-Met levels of 97.19, 134.2
mg/ kg Zn and 0.38% ., 0.38% Met respectively, the
plasma concentrations of progesterone tended to decrease
significantly. In a similar way the plasma concentrations of
estrogen increased significantly (P<C 0.05) at the end of
the experiment in all treatment groups (Tab. 5). The high-
est plasma cncentrations of estrogen were obsewved in
IV and V which were 234.45 and
220. 15 pg/mL respectively. However, this was not the

treatment groups

case with goup VI and Vllwhich had lower plasma con-
centrations of estrogen, although the Zn-Met levels (97. 19
and 134. 2 mg/ ke Zn and 0. 38%; , 0.38%; respectively)
were higher than those in group IV and V .

The concentrations of progesterone were significantly
(P < 0.05) greater in treatment groups [, [V and V
than the base line concentration of the control group (Tab.
5). The changes in plasma cncentrations of estrogen were
similar to those of pwogesterone.

The present study suggests that Zn or Zn-Met at a
certain level (70. 09—78. 0 mg/kg feed) has the tenden-
cy to increase the plasma concentrations of estrogen and
pwogesterone, thereby increasing ovulation rate. Johnson
et. al. "™ reported that both estrogen and progesterone
reach highest plasma concentrations 6—4 h before ovula-
tion.

In conclusion, these experiments report an enhance-
ment of reproductive performance in Yuehuang broiler
breeders receiving supplemental Zn-Met. The increase in
reproductive performance was observed in egg production,
fertilitys hatchability, egg mass, blood plasma concentra-
tion of estrogen and pogesterone. The consistent increase
in blood plasma concentration of estrogen and progesterone
indicates a possibility to increase ovulation rate, however
thete is a need for more studies to welate this increase to
ovulation and ovulation rate.

It was also reported that higher levels of Zn-Met (97
mg/ ke, 0. 38%4) may not necessarily enhance reproductive

performance. in- agreement with published data.

The results show that Zn supplementation in a CSB di-
et for enhancement of reproductive performance in young

Yuehuang bwiler breeders is not required above 79 mg/ kg
of diet.
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