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ABSTRACT

Research was conducted in the fields of animal production department / College
of Agriculture and Forestry/ University of Mosul form 3/4/2019 to 22/5/2019 for 49
days, to investigate the effect of treating hatching eggs with vitamin C by immersion
(Im) and spraying (SP), in the shell thickness and weight, hatchability, productive
performance ,carcass and some blood parameters. The study include: the initial egg
weights at days (5, 10, 15) , the shell thickness and weight before and after incubation,
The treatments groups were as follows : 1% control, 2"%: the (Im) of eggs with distilled
water, 3 (Sp) with water, 4™ (Im)by 5g vit.C\l, 5™ (Im) with 10g/I, 6" (Sp)with 5g
/l and 7™ (Sp) with 10g /1, duration of (Im) and (Sp) was 2 Min. After hatching, birds
reared for 49 days. The results revealed an increase in the loss% of egg weight ,
hatching% and in the weight of hatching chicks and a decrease in the egg weight% of
the initial weight, and increase in embryonic mortality% for (Im) by 10g/I. Decrease in
body weight and feed consumption in Vit.C treatments with improvement in feed
conversion and production index for (Im) (5, 10) g/l and high mortality% at (Im) 10g
/L. Significant superiority in the dressing in 10 ¢/l and the chest% for Vit.C
treatments ,significant decrease in abdominal fat in (Im)at a 10 g /I at 49 days. A
decrease in serum glucose, globin and triglycerides to spray 5g vitC /I
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INTRODUCTION

It was found that feed additives such as vitamins and others to the basal diets are
transmitted only (25-30)% to eggs (Sklan & Tucker,2004).The possibility of intervene-
tion in the hatching period is not possible, hence the importance of using the technique
of early feeding of embryos by treating the incubated eggs by providing nutrients to
help the fetus in the formation of body tissues and overcome the stress during the
hatching process (Ohta & Ishabish, 2001). Raising hatchability, digestive system
development and subsequent body weight (Uni & Ferket, 2006), One of the vitamins is
(Ascorbic acid) , which contributes to the increase of stress resulting from metabolic
heat during the late period of hatching and therefore may be useful for the vitality of
the embryos during the incubation period (Zakaria & Al-Latif, 1998).

Research is part of MS.c thesis of the 2™ author .
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Stimulates growth and reduces embryonic mortality and production of hatching
chicks (Badran et al., 2017) and (Sgavioli et al., 2013). Ascorbic acid concentration in
hatching eggs decreases at the 16th day of incubation (Zakaria & Al-Anezi, 1999).
Quail is a dual-purpose bird for the production of meat and eggs and has produce
almost 250-300 eggs /hen/year , Being small in size, it needs small breeding areas. It is
also considered as an ideal experimental animal for biological and genetic studies
(Kayang et al., 2004) and disease resistant (Oguz & Minvielle, 2001).The process of
injecting eggs is easy and clear when used in chicken eggs and the presence of
scanning unlike quail eggs, where the eggs are spotted and small size, where the
success rate of injection of eggs is much lower and reflected on the numbers of chicks
resulting as well as a loss of time and effort.

MATERIALS AND METHODS

This study aimed to know the extent of the access of ascorbic acid to the fetus
through the shell by submerging fertilized quail eggs or sprayed before incubation and
it's impact on fetal growth, which is reflected in the weight of chicks and increase
hatching rate and reduce embryonic mortality as well as the possibility of improving
the productive performance of chicks, by providing energy requirements and growth as
a result increased metabolic processes. A total of 630 fertilized eggs were distributed to
seven treatments and weighed randomly to record the initial weight of each treatment
before it was subjected to the experimental treatments and before placing in the
incubator used in the study. The Ration provided in a homogeneous mixture of grain
mills was formed according to the dietary decisions of the National Research Council
(NRC, 1999).The study was carried out in two stages, the first was the study of some
shell and hatching indicators where the initial weights of eggs and weight were taken at
days (5, 10, 15) and the thickness and weight scales were measured before incubation
and then eggs were treated with vitamin C.

Treatments were as follows: The 1%: control (without treatment), the 2" immersing
eggs with distilled water. The 3" spraying eggs with distilled water, the 4™ immersing
eggs with a solution of at a concentration of 5 g vit.C/ | distilled water, 5™ immersing
eggs in10 g vit.C/I distilled water, 6™ spraying the eggs with 5g vit.C /I, 7" : Spraying
eggs with10g vit.C /I water. The duration of spraying and immersion was 2 minutes at
four replications per treatment and the following measurements were taken:
difference in shell weight ,The difference in thickness of the shell ,Lost egg weight at
ages (5, 10, 15) days ,Hatching %, Embryo Mortality % , weight of chicks (g) , Study
of productivity indicators, carcass characteristics and some blood parameters for the
second stage of production, starting from one day to the age of sexual maturity at 49
days on the first day. Amount of feed consumed , Feed conversion ,Mortality% and
Production index .

Blood sample were examined in order to evaluate the biochemical characteristics
of blood :as glucose, cholesterol , triglycerides concentration , and high density
lipoprotein — cholesterol (HDL-C) concentration, according to( Friedewald et al.,1972).
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Estimation of serum low density lipoprotein concentrations and estimation of
serum total protein, albumin and globulin concentration and estimation of serum AST
and ALT concentration according to Tietz (1972).

Statistical analysis: was done using Completely Randomized Design (CRD)
SAS (2003),differences between treatments was done by Duncan’s multiple rang test
(1955) at (p< 0.05) and according to the equation model : -
Yij = 1 + ti + Eij Since: - Yij = Value of Views, u = Average of Views ti = Transaction
Effect, Eij = Impact of Experimental Error.

RESULTS AND DISCUSSION

(Table 1) showed that lowest significant egg weight per day (5,10,15) of the
incubation was at spraying concentration of 5g/I and the same treatment was
significantly superior in the loss of the initial egg weight for days (5,10,15) Spraying
by 59/l gave the higher loss% as a result of the same treatment having the lowest
relative weight of the eggs. This increase in loss was probably due to the change in the
characteristics of the shell, which affected the layer of Qutecl and due to the interaction
between the egg shell and Vitamin C, increased the porous conductivity of the cortex,
which was necessary in passing Gases and water vapor during the period of incubation
while we note that the lowest rate is the immersion and spraying of 10g/l. may be the
reason that this concentration caused damage in the shell so that it affected the
composition of stomata and pores, this agreed with (Shafey, 2002), (Mohammed , et
al., 2011).

(Table 2) showed significant differences in the shell thickness before and after
the incubation and that immersion in 10 g/l was significantly superior to the difference
in the thickness of the shell compared to control and with immersion with Vit. C is a
weak acid has contributed to thinning the shell and change in its properties .(Shafey,
2002). It was observed that control was higher in shell weight, whereas both immersion
and spraying significantly exceeded the difference in pre-and post-incubation shell
weight on the control and spraying and water immersion treatments. These results were
agreed with (Davis and Ackerman, 1987). (Mohammed et al., 2011). Table (3) also
showed that spraying by 5g vit.C/l significantly exceeded the other treatments in
hatching% and that the lowest hatching% was in egg immersion 10g vit.C /I and that
this percentage may have affected embryos where the proportion of fetal mortality was
high for the same treatment. The appropriate concentration has led to increased
metabolic activity. Vitamin C is involved in several important enzymatic reactions as a
reducing agent (Pardue and Thaxton,1986)) and has antioxidant activity and tissue
protection from damage (Murray et al., 2000), (Lohakare et al., 2005). (Kutlu, .,2001)
and (Ghonim et al. 2008), the improvement in hatching% was due to increased vitality
of the embryos. This improvement may be caused by conduction in the shell when
treating eggs with vit.C. It contributes to raising the stress during the incubation
process and accompanying the process of hatching chicks, thus reducing the embryonic
mortality during hatching and after hours up to 30 hours (Zakaria & Al-latif,
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1998;Mohammed et al., 2011; Kul and Kandemir, 2013; Findan et al.; 2015, and
Aboughaba et al., 2016). There were significant differences in hatchery weight at
hatching where egg spraying 5 g / | was significantly superior compared to other
treatments. Minerals and vitamin D also reduces the weight of subsequent chicks
between 21-28 days in addition to stimulating the growth of chicks (Zakaria and AL-
latif, 1998). These findings were agreed with (Askar, 2012).

Table (4) Indicated a significant increase in average body weight at 7" week for
control ,immersion in water and spraying in water compared with another treatments
This may be due to the persistence of the high concentration (10g /I) of the vitamin,
which continued during the period of the growth of chicks and at agreed with (yassein
et al, 2014), (Aboughaba, et al,2016). It was noted that the lowest significant value was
belong to the group used spray eggs with 10g vit.C /I . These results were agreed with
(Aboughaba et al., 2016) , (yassein et al., 2014). In feed consumption it was found that
the control, immersion and water spraying and 5g vit.C /I spray treatment significantly
exceeded the 5,10g vit.C /I immersion treatments and egg spraying. by 10g vit.C /I with
another transactions. These results were agreed with Aboughaba et al., 2016) and
(yassein et al., 2014). The total feed conversion decreased significantly in (5, 10) g
vit.C /I compared to the control and with the immersion and spraying with water and
with the spraying of eggs (5and10) g vit.C /I. From table (4), there were significant
differences in the production index between the treatments. The immersion and spray
by 5g vit.C /I were superior to other treatments. These results were agreed with
(yassein et al., 2014)and (Ghonim et al.2008) .This was due to the role of ascorbic acid
in regulating corticosterone and stimulating the immune system. Anti-stress factors
(Kutlu, 2001) and (Abouoghaba et al., 2016).

Table (5) showed significant increase in carcass weight in immersion 10g vit.C/I
compared with the immersion 5g/l . The carcass cuts were significantly higher in the
immersion treatments in 10g vit.C /I and at two egg spray treatments (5, 10) g vit.C /I
compared to the control and the immersion and water spraying procedures. Significant
superiority was observed for immersion of eggs in 10g vit.C /I compared to spraying
(5,10)g vit.C / I and in Back%, the spray with 10g vit.C /I was significantly superior to
spraying eggs by 5g vit.C /I and control and treatment of immersion and spraying with
water.

In Table (6) it was noticed that egg spraying by 5 g vit.C / L was significantly
higher compared to other liver treatments. It was also observed that spraying eggs with
10 g vit.C/l improved the level of abdominal fat deposited and gave the least significant
value compared to the control. Its value is zero% in age 49 days.
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Table (1): Effect of immersion and spraying quail eggs in vitamin C on egg weight and on the rate of loss of the egg
weight at different stages of the incubation.

o : loss in egg weight egg weight from loss from initial
chatacters | initial | ~ Weightegg gm gm initial egg weight weight
treatments | gm 7 g 10 | 15 5 | 10 | 15 5 10 |15 | 5 | 10| 15
control 10.33 10.20 10.18 0.23 0.36 0.38 97.84 96.61 96.42 2.16 3.39 3.58
10.56 b b a b d e a a a c c e
+0.18 +118 | +118 | £0.07 | +£0.07 | £0.07 | x1.66 | £167 | £2.67 | £0.66 | £+0.67 | +£0.67
10.29 10.20 10.18 0.23 0.30 0.29 96.95 97.15 96.95 2.00 2.85 3.0
IM in water 10.50 b b a b d e a a a c c e
+0.18 +115 [ +0.16 | +0.04 | £0.04 | £0.03 +2.4 +137 | £+3.38 | £0.40 | £0.37 | £0.37
10.33 10.20 10.18 0.26 0.39 0.41 97.00 96.00 96.00 3.00 4.00 4.00
SP in water 10.59 b b a b c d a a a c b c
+0.08 +0.17 |+012 | £0.16 | +0.06 |+ 0.18 | +265 | 366+ | +158 |+154 | +146 | £1.46
IM in vit.C 10.49 10.68 9.64 0.26 0.25 1.47 94.00 97.00 86.76 5.00 2.30 13.00
50/l 11.11 a a bc b d b b a d b c b
9 +0.12 +014 | +£015 | 001 | +0.14 | £0.14 | +3.13 | £3.11 | £1.18 | +£0.12 | £0.12 | £0.18
IM in vit.C 10.90 10.75 10.21 0.17 0.32 0.86 98.50 97.14 92.00 1.53 2.86 7.75
10g /I 11.07 a ab a c d c a a b d c d
+0.17 +0.18 [+0.15 | £0.02 | +£005 | £0.02 | £1.22 | £3.23 | £2.27 | +£0.22 | £0.23 | £0.27
SP i . 10.22 9.48 8.96 0.89 1.63 2.15 91.0 85.31 80.63 8.02 14.69 19.37
in vit.C
5q /I 11.11 b c c a a a b c e a a a
+ 0.55 +019 [+0.17 | £0.05 | £0.02 | £0.04 +3.2 +102 | £1.78 | £0.13 | £0.24 | £0.32
SP in vit.C 10.88 10.46 9.94 0.17 0.59 1.11 98.46 94.66 89.94 1.54 5.00 10.06
109 /I ' 11.05 a ab ab c b c a b c d b c
9 + 0.56 +113 | £1.19 | 001 | +0.01 | £0.13 | +£2.33 | +£3.09 +198 | £0.02 | £0.09 | £0.17

IM: immersion ,

SP: spraying

values with different letters vertically indicate significant differences at (p<0.05)
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Table(2): Effect of immersion and spraying guail eggs in vitamin C on shell thickness

and weight before an

after incubation

characters | shell thickness mm shell weight gm | difference | difference
before after before after inshell | inweight
treatments | incubati | incubati | incubati | incubatio | thickness shell
on on on n
control 0280a | 0248a | 1.250ab | 1.095a 0.033b 0.155b
+0.001 | +0.002 +0.1 +0.09 +0.001 + 0.01
Minwater | 02678 | 0247a | 1040b | 0870abed | 0.020b 0.170 b
+0.02 +0.02 +0.08 +0.07 +0.001 +0.03
: 0263a | 0.220a | 1.063b | 0.900abc | 0.043ab 0.163b
SPinwater | ")) +0.07 +05 +0.05 +0.006 +0.04
IMin vitC | 0285a | 0.235a | 1.230ab | 0.820bcd | 0.050 ab 0410a
5gl +0.01 +0.04 +0.01 +0.03 +0.003 + 0.04
IMin vitC | 0270a | 0210a | 1.360a | 0.953ab 0.060 a 0407 a
10g /I +0.03 +0.03 +0.01 +0.04 +0.003 +0.02
SPin vit.C 0303a | 0.256a | 1177ab | 0.787cd | 0.047 ab 0.390 a
5g /I +0.01 +0.04 +0.05 +0.02 +0.005 + 0.02
SP in vitC | 0293a | 0243a | 1.047b 0.737d 0.050 ab 0.310a
10g /I +0.03 +0.04 +0.04 +0.02 +0.003 +0.02

SP: spraying

Values with different letters vertically indicate significant differences at (p<0.05)
IM: immersion ,

Table (3): Effect of immersion and spraying quail eggs in vitamin C in the
indicators of hatching and embryos mortality% during the stage of eggs incubation

Jracters . embryo mortality % hatchin | incubati V\C/Q:gﬁt
hatching . total g chick on
% early | interme | late mort- | weight | period /e_g% t
treatme diate ality (gm) | (hours) W?%g
control 79.66bc | 6.32d | 5.16cd | 886a | 20.34c | 6.81c 38730 64.00 c
+2.88 +0.51 +1.16 | £0.55 | £2.00 | +0.15 ' +2.13
IM in water 80.00bc | 7.00d | 555c | 6.66ab | 20.00c | 6.82¢C 38730 64.95c
+3.11 +0.74 | £0.78 | £0.98 +2.01 +0.04 ’ +1.55
SP in water 81.35b | 10.66b | 2.66de | 5.33bc | 18.65¢ 7.13¢c 386.00 63.12 c
+1.42 +0.94 | £0.32 +0.82 | £1.06 +0.04 ' + 1.17
IMin vit.C 73.11d | 13.26b | 5.35¢cd | 8.28a | 26.89b | 7.75b 384.00 70.00 b
5g/ +1.53 +123 | £+068 |+ 164 | £1.49 | +£0.08 ' +2.33
IMin vit.C 66.67e | 14.75a | 846a | 10.12a | 33.33a | 7.77b 38230 7.00b
10g /I +0.98 +154 | £1.25 +0.18 146+ | £0.04 ' +1.97
SPin vit.C 88.45a | 6.62cd | 1.60e | 3.33bc | 11.55d | 8.29a 383.30 75.00 a
59 /I +2.00 + 058 | £0.18 | +0.40 +0.46 | +0.09 ) +2.09
SP in vit.C | 74.43cd | 104bc | 8.04a | 6.89ab | 25.57b | 7.95b 38730 72.00 b
10g /I 1.42+ +044 | £060 | £0.63 | + 049 | +0.03 ' + 211

Values with different letters vertically indicate significant differences at (p<0.05).
IM: immersion , SP: spraying
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Table (4): Effect of immersion and spraying quail eggs in vitamin C in productive
performance of progeny (7 week age)

total average
characters a\lg%r(g:lge v&gitght feed feed | producti | mortality
treatments weight gm | gain gm cgtr;gtém conc}/nerm on index %
control 225.67a | 18258ab | 421.38a| 2.30a | 11.20b 2.77d
+3.07 + 3.66 +2.33 +0.18 +1.75 +0.35
IM in water 22558a | 19154a |(42846a| 224a | 11.29b 555¢
+4.52 +2.58 +3.25 + 0.15 +2.00 +0.81
SP in water 225.37a | 191.29a |430.16a| 2.25a | 12.04b 0.00d
+4.43 +3.01 +4.00 +0.13 +2.12 +0.00
IMin vitC | 221.05b | 187.30a |397.11b| 2.12b | 14.15a | 13.88b
5g/l +4.46 +2.16 +3.15 +0.21 +2.11 +1.15
IMin vitC | 218.79c | 181.23ab |390.58b| 2.16Db 9.92c 27.77 a
10g /I +4.70 +3.25 +4.82 +0.13 +1.35 +1.61
SPin vit.C | 217.22c | 187.36a |416.36a| 2.22a | 14.83a 555¢
5g /I +3.76 + 2.65 +3.81 +0.22 +3.45 +0.26
SP in vit.C | 209.63d | 177.89b |[394.84b| 222a | 11.57b | 13.88b
10g /I +4.75 +4.22 +2.091 +0.14 +2.22 +2.20

Values with different letters vertically indicate significant differences at (p<0.05).
SP: spraying ) . L . .
Table (5): Effect of immersion and spraying quail eggs in vitamin C in carcass

IM: immersion ,

characters of progeny (7 weeks age)

racters | carcass | dressing | chest thigh back wing neck
treatme weight % % % % % %
control 123.49ab | 68.02c | 13.36¢c |1590ab | 12.98b | 5.64a | 3.29a
+1.89 + 0.95 +0.63 +0.58 +0.28 | £034 | 030+
IM in water 122.83ab | 66.32c | 16.76¢c | 1550ab | 13.11b | 5.25a | 3.25a
+ 1.59 +012 | £+ 046 | £+ 042 | + 007 | £0.25 | £ 0.30
SP in water 122.8ab 67.00c | 13.14c | 16.02ab | 13.13b | 546a | 2.79a
+1.58 +0.38 + 162 | + 063 | +033 |+0.26]|+ 043
IMin vit.C | 120.67b | 68.5cb | 18.66 bc | 15.75ab | 13.73ab | 5.54b | 2.63a
59/ +1.20 + 071 | +131 | 093+ | £0.33 | £0.26 | £0.43
IMin vit.C | 131.67a | 73.52a | 20.34ab | 17.08a | 13.97ab |4.42ab| 2.95a
10g /I +1.67 +1.08 + 117 | + 0.34 +080 | +£050 | +£0.63
SPin vit.C | 127.52ab | 70.81b | 22.43a | 14.39b | 13.19b | 403b | 296 a
5g /I + 2.82 +0.40 | + 0.84 +0.36 +021 | £0.29 | £0.34
SP in vit.C | 125.33ab | 67.82¢c | 21.52a | 14.68b | 14.16a | 3.81b | 2.32a
10g /I + 606 | +138 | +05 | +041 | £0.16 | +0.27 | £0.24

Values with different letters vertically indicate significant differences at  (p<0.05).
IM: immersion, SP: spraying
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Table (6): Effect of immersion and spraying quail eggs in vitamin C in edible parts%
and abdominals fat% of progeny (7 weeks age)

C ters heart liver gizzard total edible | abdominals
treatmen % % % eaten% fat %
control 0.94 a 2.69b 2.00 a 5.18 a 0.79 ab
+0.09 +0.10 +0.23 +0.12 +0.21
IM in water 1.11a 1.98Db 2.31la 540 a 091a
+0.09 +0.33 + 0.12 +0.37 +0.07
SP in water 0.94 a 2.19b 2.33a 5.46 a 0.78 ab
+0.03 +0.09 +0.25 +0.19 +0.21
IM in vit.C 1.01a 2.64Db 2.04 a 5.69 a 0.40 abc
59/l +0.05 +0.42 +0.08 +0.29 0.02
IM in vit.C 0.88a 2.95b 1.97 a 5.80 a 0.18 bc
10g /I +0.05 + 0.36 +0.24 + 0.54 +0.01
SPin vit.C 0.80 a 391a 1.70 a 6.41 a 1.00 a
5g /I +0.06 +0.44 +0.90 +0.24 + 0.03
SP in vit.C 0.83a 2.81Db 2.08 a 5.72 a 0.00c
10g /I +0.11 0.09 +0.15 +0.18 +0.00

Values with different letters vertically indicate significant differences at (p<0.05).
IM: immersion , SP: spraying

Table (7) showed significant differences where the concentration of glucose was
significantly decreased in spray treatment by 5 g / | compared with other treatments
and the blood glucose concentration was significantly decreased in the treatment of egg
immersion at 5g/l and egg spray at 10g/l compared with control. It was noted that the
total protein in the treatment of spraying at a concentration of 5 g / | was significantly
reduced compared to the immersion treatment and in albumin there was no significant
differences between treatments. In globulin, it was observed that the immersion
treatments at 10g/l and spraying at 5g/l decreased significantly compared with control
and with water immersion.

Table (8) showed that the treatment of spraying eggs at a concentration of 5 g/
| decreased significantly compared to the control and immersion and spraying with
water and spraying at a concentration of 10 g / | in tri chlorides. It was observed that
the concentration of cholesterol, low-density fatty acids (LDL), hormone AST and
ALT were not significantly affected by the treatment of eggs. With the immersion and
spraying of eggs with water and spray at a concentration of 10 g / I. In very low fatty
acids VLDL it was observed that the control and immersion in water decreased
significantly in this characteristic compared to other treatments.
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Table (7) Effect of immersion and spraying quail eggs in vitamin C in glucose and
blood proteins of progeny (7" week age)

C ters glucose total protein | albumen globulin
trea S mg/dl g/dl g/dl g/dl

control 199.80 a 4.02 ab 2.20 a 1.99 ab
+2.37 +0.23 +0.22 +0.13
IM in water 189.07 ab 4.40 a 230a 210a
+2.53 +0.31 +0.20 +0.20

SP in water 183.60 ab 4.00 ab 240 a 1.60 abc
+4.16 +0.10 +0.27 +0.23

IM in vit.C 180.40 b 4.10 ab 270 a 1.40 bc
549/ +411+ +0.20 +0.38 +0.17
IM in vit.C 190.80 ab 3.90 ab 2.60a 1.30c
10g /I +3.33 +0.20 +0.20 +0.27
SPin vit.C 154.20 c 3.80b 2.60a 1.20 ¢
59 /I +12.18 +0.04 +0.38 +0.21

SP in vit.C 172.80 b 4.10 ab 250a 1.60 abc
10g /1 +5.42 +0.11 +0.38 + 0.20

Values with different letters vertically indicate significant differences at (p<0.05) .
IM: immersion , SP: spraying

Table (8) Effect of immersion and spraying quail eggs in vitamin C in the biochemical

parameters of progeny (7 weeks age)

tri cholester

characters HDL LDL | VLDL
glyceride | olmg/ AST ALT

treatme mg / dl (d mg/dl | mg/dl | mg/dl
control 7.40b 9.20a 452a | 1.70a | 1.17b | 6.20a | 5.40a
+0.72 +0.64 +030 | +£0.09 | +£0.11 | £0.20 | £0.49
IM in water 7.60 ab 9.20 a 492 a 15a | 1.18b | 6.00a | 5.80a
+ 0.36 +0.59 +049 | +0.27 | £0.05 | £0.33 | +£0.34
SP in water 8.20 a 9.50 a 489a | 140a | 1.82a | 5.80a | 5.30a
+0.57 +0.55 +049 | +0.18 | £0.39 | £0.53 | £0.40
IM in vit.C 5.90 bc 10.00 a 2.40b 1.18a | 2.00a | 5.30a | 5.60a
59/ +0.16 +1.93 +0.28 | +£0.19 | £0.07 | £0.38 | £0.47
IM in vit.C 5.70 bc 9.50 a 2.18b | 1.60a | 1.92a | 5.70a | 550a
10g /I +0.27 +0.52 +0.23 | +£0.12 | £0.25 | 043+ | £0.48
SPin vit.C 4.13c¢c 9.90 a 252b | 1.30a | 1.98a | 6.45a | 4.70a
5g /I + 0.46 + 1.31 +0.35 | £0.07 | +£0.14 | £0.74 | £0.22
SP in vit.C 8.50 a 9.90a 502a | 1.50a | 1.98a | 6.10a | 5.10a
10g /I +1.25 +1.80 +0.9 +0.19 | £0.11 | £0.33 | £0.17

Values with different letters vertically indicate significant differences at ( p<0.05).
IM: immersion , SP: spraying
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