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Abstract

A continuing concern of the poultry industry is the high incidence (12%) of egg losses in the laying house due to poor egg shell quality.
Calcium (Ca) homeostasisis a key factor in egg shell formation. The economy of Ca utilisation is under the control of \§tpanitiddlarly
its active metabolite 1,25-dihydroxy cholecalciferol [1,25(@Bg]. Supplementation of 1,25(0ObIp3 has been shown to increase specific
gravity, shell thickness and shell weight of the egg. However, commercially available synthetic 1,25¢084yery expensive. Earlier
studies from our Institute [Phytochemistry 37 (1994) 677] have identified a cheap, natural and rich source of 2R25{i0OtHE leaves of
Cestrum diurnunfCD), a member of th&olanaceaéamily. In this study, CD leaves were explored as a source of 1,25(0H the feed
of layer birds to improve the egg shell thickness. Fifteen-week-old white leghorn layers were divided into four treatments of 60 birds each
and as follows: (I) normal diet with Vitamin £ (II) normal diet with Vitamin & 4+ CD, (lll) normal diet without Vitamin B and, (IV)
normal diet without Vitamin [@ + CD powder. CD leaf powder was incorporated in to the feed at 0.3% level. The experimental feeding
was continued up to 72 weeks of age of the birds. Weekly food intake and daily egg production were noted throughout the experimental
period and the specific gravity of the eggs, feed consumed to lay one egg and egg shell thickness were determined. Incorporation of CD
leaves in the feed had the maximal effect on all the parameters studied. The feed consumed to lay one egg was 20 g less than the contro
group. The specific gravity of the egg was higher by 0.005, than the control egg, indicating a 5% decrease in the breakage of eggs in CD
fed chicks. Also there was a significant increaBeq{0.001) in egg shell thickness. The data suggest that incorporation of CD leaf powder
in the feed of poultry layers increased the egg shell thickness, which in turn could decrease the economic loss due to breakage of eggs.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction et al.[3] concluded that, with age, there appears to be a pro-
gressive deterioration in the ability of the hen’s liver to hy-
The importance of Vitamin B in poultry diets is well droxylate Vitamin 3 to 25-OH-D;. Stevens et a[4] stated
documented1,2]. Vitamin Ds is necessary for the bird to  that reduced hydroxylation of VitamingIn the liver or kid-
absorb, transport and utilize Ca and P. The proper utilisation ney could result in inadequate production of 1,25(&bY
of Ca in bird may result both in better egg production and for minimum absorption of Ca and P for bone formation.
increased egg shell thickness. The economy of Ca utilisation Liver or kidney or both exhibit inadequate ability for hydrox-
is under the control of Vitamin D particularly on its active ylation, the end result is deficiency of 1,25(QB%. This
metabolite 1,25-dihydroxy cholecalciferol [1,25(QB)]. may explain in part the normal decline in egg shell quality
The rate of egg production decreases as the hen ages andnd tibia strength with age.
efforts are made to minimise the fall of egg production dur-  Egg shell quality tends to deteriorate as egg production
ing ageing. Not only egg production but egg shell strength continues. It has been calculated that there would be about
also decreases towards the end of the laying period. Soared 2% egg losses due to poor egg shell qugbty].
Egg production, feed consumption were shown to in-

" Presented at the 12th Worksh Vitamin D (Maastricht, Th crease with supplemental 1,25(QBy when Vitamin B3
" Presented a e Orksnop on Vitamin aastricnt, e e .
Netherlands, 6-10 July 2003). was not fed7]. It has been shown that egg specific gravity,
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1,25(OH)D3 studies have shown that the optimal dietary different groups (I) normal diet, (II) normal diet 0.15%
level of 1,25(OH)D3 for improving egg shell quality with- ~ CD, (lll) normal diet+ 0.3% CD, (V) normal diet without
out affecting egg production was approximatelydkg and Vitamin D3, (V) normal diet without Vitamin @ + 0.15%
the toxic level was 7ug/kg. It has been shown that inclu- CD, (VI) normal diet without vitamin, B + 0.3% CD. The
sion of 1,25(0OH)D3, at 5.0png/kg diet, not only resulted  birds were given water and feed ad libitum.
increased egg production but also in better quality of egg  The date of the start of egg laying of each bird was noted.
shell in layerq8]. The addition of 1,25(OHD3 in the feed The daily feed intake of six birds and eggs laid by each
prevented a rapid decrease in egg producigdn bird was recorded. Eggs were collected on 26th, 27th and
The 1,25(0OH)D3 is prohibitively expensive. Attempts  28th day of each laying period (28 days) for the estimation
were made to explore inexpensive natural sources of Vi- of various parameters in eggs. The experiment was carried
tamin D3 metabolites. Reducing cation—anion difference out 58 weeks. Feed consumption for each replicate group
of diets fed just before parturition can prevent milk fever per treatment was recorded for each laying period during
(http://www.nps.ars.usda.gov [)0]The inclusion of dried the experiment. The efficiency of feed utilisation for each
Cestrum diurnumleaf powder in a rachitogenic diet re- treatment was measured as the amount of feed consumed
stored intestinal calcium binding protein (CaBP) synthesis per dozen eggs produced using the formula: feed conversion
and increased serum Ca also in the cholecalciferol deficient= kg of feed consumed/dozen of eggs.
chick [11]. Earlier studies from our laboratoit2] have The body weights were recorded individually first at the
identified a cheap and rich source of 1,25(@PBg in one beginning of the experiment, i.e.15th week latter 20th, 28th,
of the Solanaceadamily plants, C. diurnum They also 40th, 60th and 72nd week. The body weight gains were
reported increased bone weight and density in experimen-computed using the data. Daily egg production records were
tal rats fed dry leaves o€. diurnum In this study, the maintained for each 28-day period for entire 12 such laying
efficacy of dried leaves of. diurnumwere explored as a  periods of the experiment. Percentage egg production was
cheap and natural source of 1,25(@QHj} in the feed of obtained by dividing the number of eggs laid by total number
layers. of hens multiplied by 100.
Eggs were collected during the last 3 days of each lay-
ing period from each treatment and weighed. Egg specific
2. Materials and methods gravity was measured based on the principle of Archimedis.
The eggs were broken washed free of any adhering albu-
Three hundred and sixty white leghorn layers of 15 weeks min. Then they were dried in a hot air oven at 2@for 6 h
old (about 3 weeks before the start of laying eggs) were takenand were weighed. Egg shell thickness was measured with
and divided into six treatments of 60 birds each (10 repli- Dial Thickness Gage Mitutoyo, Japan with an accuracy of
cates of 6 birds) using randomised block design. The dried 0.01 mm. The thickness was determined at three different
C. diurnumleaf powder was mixed properly and fed. The parts of the egg shell (an equator and each end of the egg
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Fig. 1. Effect ofC. diurnum(CD) leaf powder feeding on egg production in layers. Values are mx&aB. of 60 determinations. Values bearing different
superscripts are significantly different between the groBps 0.05 (ANOVA) at a given time point.
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shell) according to Abe et g18]. The diet was prepared as
per NRC[13].

2.1. Statistical analysis

The data was analysed by analysis of variance (ANOVA)
and using Duncan’s multiple range t¢$4].

3. Results
3.1. Egg production

There was a gradual increase in egg production in all
the groups up to 40th week and the egg production varied
from 90.2 in layers fed Vitamin B deficient diet to 95.8
in layers fed normal diet incorporated with 0.3%% diur-
num(Fig. 1). From 44th week onwards the egg production
decreased gradually to as low as 55% in layers fed Vita-
min D3 deficient diet where as in layers fed normal diet
with 0.3% C. diurnumdecrease was prevented and was at
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Fig. 2. Effect of C. diurnumleaf powder feeding on egg shell thickness
(mm x 1072) in layers. Values are meah S.E. of 60 determinations.
Values bearing different superscripts are significantly different between
the groups atP < 0.05 (ANOVA).

Table 1

Effect of C. diurnumleaf powder feeding on FCR (feed consumed in gms to lay 12 eggs) in layers

Age of the birds in weeks

Treatment

Group

72
2044.2+ 155.08P

1782.5+ 26.3¢°
1804.8+ 54.1P

64
2014.7+ 97.2¢

32 40 48 56

24

1209.4+ 20.80 1462.0+ 21.12 1567.0+ 32.90 1586.1+ 41.16

1186.1+ 9.19
1222.3+ 9.19

1563.7+ 47.03

1587.0+ 22.75 1599.0+ 29.97 1806.0+ 67.84°

1422.9+ 22.05

1613.9+ 65.55

diet + 0.15% CD
diet + 0.3% CD
diet without By

1449.3+ 22.29 1611.4+ 31.05 1595.0+ 66.68 1794.2+ 49.8P

1493.8+ 32.73

1516.14+ 31.52

2042.0+ 82.76" 2482.5+ 375.58

1752.6+ 104.32

1602.4+ 41.86

1224.0+ 20.98

1640.2+ 155.6

Normal
Normal

Normal

\%

2176.5+ 146.75°

1529.0+ 61.23 1648.4+ 61.23 1775.7+ 118.00 2167. 4 86.3%
1671.1+ 46.00

1258.4+ 39.88

1536.2+ 38.31

Normal diet without @ + 0.15% CD

1839.0+ 108.67

1910.3+ 63.07¢

1251.3 22.02 1453.6+ 28.38 1555.7+ 42.20

1533.9+ 83.40

diet without 3 + 0.3% CD

Normal

VI

Values are meast: S.E. of 60 determinations. Values bearing different superscripts are significantly different between the g@up6.85 (ANOVA).
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Table 2

Effect of C. diurnumleaf powder feeding on egg weight (g) in layers

Group Treatment Age of the birds in weeks
24 32 40 48 56 60 64 72

| Normal diet 49.5+ 0.94 52.4+ 0.42 56.5+ 0.43 57.4+ 0.66 58.5+ 0.57P 60.6 + 0.4 62.3+ 0.76® 62.0 + 0.3%
Il Normal diet + 0.15% CD 49.6+ 0.95 52.84 0.43 56.3 + 0.3% 58.0 + 0.54 58.8+ 0.45% 60.7 + 0.3 62.2+ 0.57° 62.5+ 0.37
m Normal diet + 0.30% CD 49.8+ 0.55 53.2+ 0.5(% 56.6 + 0.312 58.3+ 0.5% 59.9+ 0.47 61.4+ 0.46 62.7 + 0.22 62.8 + 0.26*
v Normal diet without 48.6+ 0.70 51.2+ 0.48 56.1+ 0.4 56.9+ 0.67 57.1+ 0.76 58.8+ 0.74 60.6 + 0.72V 60.7+ 1.39
\Y Normal diet without 3 + 0.15% CD 48.7+ 0.39 53.1+ 0512 57.1+ 0.47 57.5+ 0.95 58.7 + 0.90% 60.8+ 0.58 61.5+ 0.39P 62.5+ 0.52
VI Normal diet without I + 0.30% CD 48.2+ 0.56 52.7+ 0.37 56.9+ 0.3 57.9+ 0.58 58.6 &+ 0.46% 60.8 + 0.63 61.1+ 0.44° 62.8+ 0.32
Values are meast: S.E. of 60 determinations. Values bearing different superscripts are significantly different between the g®up6.@85 (ANOVA).
Table 3
Effect of C. diurnumleaf powder feeding on specific gravity in layers
Group Treatment Age of the birds in weeks

24 32 40 44 48 56 64 72
| Normal diet 1.087+ 0.0033 1.091+ 0.0006 1.088- 0.000P° 1.088+ 0.0007 1.087+ 0.0009 1.089+ 0.0008° 1.086+ 0.001¢ 1.083=+ 0.0004
Il Normal diet + 0.15% CD 1.087+ 0.0011 1.092t+ 0.0007 1.090+ 0.0003 1.090-+ 0.0008 1.089+ 0.000$° 1.090+ 0.0002 1.087+ 0.0006 1.087+ 0.0007
m Normal diet + 0.30% CD 1.08%+ 0.0011 1.093t 0.001¢ 1.091+ 0.0008 1.091+ 0.0008 1.090+ 0.0012 1.091+ 0.000% 1.090+ 0.0007 1.088+ 0.0006
v Normal diet without & 1.089+ 0.0009 1.089%+ 0.0016 1.084+ 0.0008 1.084+ 0.0009 1.083+ 0.001Z 1.082+ 0.000F 1.078+ 0.0006 1.074+ 0.0007
\Y Normal diet without 3 + 0.15% CD 1.09G+ 0.0008 1.091+ 0.0007 1.085+ 0.0008 1.088+ 0.0006 1.087+ 0.0008 1.087+ 0.0008 1.084+ 0.001® 1.081+ 0.0006
\Y/ Normal diet without @3 + 0.30% CD 1.08%+ 0.0011 1.092+ 0.000% 1.087+ 0.0006° 1.088+ 0.0007 1.087+ 0.0008 1.089+ 0.0007° 1.085+ 0.0004# 1.083+ 0.000F

Values are meatt S.E. of 60 determinations. Values bearing different superscripts are significantly different between the gréup9.85 (ANOVA).
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80.3%. The drop in egg production (55%) was significantly
(P < 0.05) less in Vitamin B3 deficient diet fed layers com-
pared to layers fed normal diet. Though there was a fall
in percentage of egg production in layers fed without Vi-
tamin D3 diet along with 0.15 and 0.3%. diurnumbut

it was significantly different £ < 0.05) compared to Vita-
min D3 deficient diet fed group. Even in the layers where
the normal diet fed along with 0.15 and 0.3% diurnum

the fall of egg production was significantly?(< 0.05)
less compared to layers fed normal diet indicating the posi-
tive impact ofC. diurnumleaf incorporation in diet on egg
production.

3.2. Age at sexual maturity

593

deficient diet at the end of 24th week. The specific gravity
of the egg of layers fed normal diet with 0.15 and 0.3%
C. diurnumwere significantly £ < 0.05) higher compared
to the specific gravity of the eggs of hens fed Vitamig D
deficient diet with 0.15 and 0.3%. diurnumat the end of
72nd week.

3.5. Egg shell thickness

The egg shell thicknessFig. 2) was 373 x 10-2mm
in layer fed Vitamin ¥ deficient diet and it was 38 x
10-2mm in layers fed normal diet with 0.3%. diurnum
at the end of 24th week. There was a decrease in egg
shell thickness as the hen aged from 24 to 72 weeks. The
egg shell thickness was significantly’ (< 0.001) lower

The time of first lay of eggs by hens has been taken as anin layers fed Vitamin @ deficient diet compared to all

indication of sexual maturity of the layers. The results indi-

other treatments from 40th weeks onwards. The decrease

cate that the age at sexual maturity was 135 days in layersv@s more significant at the end of 72 weeks. The egg

fed Vitamin D3 deficient diet compared to layers fed nor-
mal with 0.3%C. diurnum(132 days). In layers fed normal
diet without Vitamin & with 0.15 and 0.3%C. diurnum

shell thickness was significantly?(< 0.01) higher in lay-
ers fed normal diet either with 0.15 or 0.302 diurnum
compared to layers fed deficient diet with 0.15 or 0.3%

the age at sexual maturity was 134 and 133 days, respecC- diurnum

tively. However, there was no difference between layers fed
normal and normal with 0.15%. diurnum Even though

there was no statistical significance between 135 and 132

days but it has a tremendous practical implication on poultry
industry, since the farmer will get the benefit of early egg
laying.

The feed conversion ratio (FCRY4ble 1) varied from
1516.1 g in layers fed Vitamin with 0.3%C. diurnumleaf
to 1640.2 g in layers fed diet without Vitaminglit the end
of 24th week. There was a gradual increase in FCR from
32nd week onwards until the experiment was completed.
There was a significant( < 0.05) difference in FCR of
normal diet fed layers when compared to Vitamip @efi-
cient diet fed group at the end of 72nd week. The FCR of the
layers fed Vitamin 3 deficient diet had significantly higher
FCR compared to layers fed Vitamirgvith or without C.
diurnum The FCR of layers fed normal diet with 0.3%
diurnumleaf had significantly £ < 0.05) lower when com-
pared to layer fed with normal diet.

3.3. Egg weight

The data on egg weight is presentedrable 2 The egg

weight gradually increased as the age of the bird increased

from 24 to 72 weeks. The egg weight of the layers fed
Vitamin D3 deficient diet had significantlyR < 0.05) lower
weight compared to all other treatments from 48th to 72nd
week.

3.4. Egg specific gravity

The egg specific gravityTable 3 is ranged from 1.087
in layers fed normal diet to 1.090 in layers fed Vitamig D

4. Discussion

Present study brought out some new aspects like egg pro-
duction maintenance beyond peak egg laying period by the
C. diurnumleaf powder fed to the layerestrum diur-
num leaf powder feeding could bring a positive change in
age at sexual maturity as evidenced in laying eggs by the
layers 2—-3 days earlier to the other treatments. Dunning-
ton and Seige[15] demonstrated that the onset of sexual
maturity does not occur at the same age for all pullets in
commercial leghorn flock. Thus, some layers begin laying
eggs at 17-19 weeks of age (early maturing) and normal
maturing were between 19 and 24 where as late maturing
age layers lays the eggs during 24-28 weeks of age. The
preponement of egg laying by 2—3 daysGn diurnumfed
birds is interesting. It must be noted that all the birds used
in the experiment belong to the early mature variety. So the
effect of early laying observed is, therefore, could be only
due to theC. diurnumeffect. Yet another interesting ob-
servation is that the egg production reached to a level of
about 92% in all the groups, but remained 80% at 72 weeks,
only with C. diurnumtreatment while the layers fed Vita-
min D3 deficient diet dropped rapidly 55%. There was a
drop to 68% even in layers, which received Vitamin.D
Even this drop could be prevented by the additiorCoti-
urnum leaf powder in the feed of poultry. Carlos and Ed-
wards[9] study also shown increase in egg production by
supplementing 1,25(0OHP3. If we compute the additional
eggs gained by preventing the drop due to the inclusion of
C. diurnumleaf powder in the layer feed would result in
extra eggs of about 25 per bird for the entire egg laying pe-
riod of a hen. Tsang et dl16] demonstrated that decreased
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