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2- Association of official analytical chemists
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1- Maillard reaction products
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Table 1- Nutrient composition of malt extract (Dry matter)

s g SlS 5 gl
Nutrient Amount of compounds
(45 5151 5 )5 45 03 ol 555 1450
Calculated energy (kcal’kg)
oot 6.70
Crude protein (%)
P 22
.8
Ether extract (%) 0.80
-l 2.10
Ash (%)
b,
28/70
Moisture (%)
Bt o 1.50
Vitamin B (mg/100g)
B2 cneteg 5.21
Vitamin B, (mg/100g)
5 o 14.32
Vitamin Bs (mg/100g)
B el
4.

Vitamin Bs (mg/100g) %
el 722
Vitamin By (mg/100g)

‘A ‘ .
Mo o JS 350

Total phenol content (mg GAE/100 G)!

'milligram gallic acid per 100 gram (Gallic Acid Equivalents)
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1- Sheep red blood cells
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Table 2- Ingredients and composition of the experimental diets

(2o 3) Shyss p30 Sein ¥o—YA Scin ¥5-¥)
Ingredient (%) 28-40 weeks 41-46 weeks
53 59.50 62.85
Corn

by dlbws 24.80 22.25
Soybean Meal

by 0f9) 2.50 1.85
Soybean Oil

eSS . 10.30 10.30
Carbonate Calcium

Sliudpls 52 1.53 1.46
Dicalcium phosphate

plab Sos 0.40 0.40
Salt

Yo

e JoSo 035 035
Mineral premix!

Yoo

eelas JoSo 035 035
Vitamin premix?

g Jis 021 0.16
DL-Methionine

bl ool 0.05 0.01
L-lysine HCL

b o5 0.01 0.01
Phytase enzyme

4;\.& ) 0.005 0.005
Pigment

0 > Lg.x:..a .)‘5;:
Nutrient composition

resdie S 555 2850 2850
Metabolizable energy (kcal/kg)

PB ofon 16.15 15.25
Crude protein (%)

o 0.86 0.79
Lysine (%)

Osfgste 0.46 0.38
Methionine (%)

Offuptpdgle 0.74 0.67
Methionine+cysteine (%)

55 0.64 0.60
Threonine (%)

i 4.40 4.40
Calcium (%)

ooy BB jaub 0.49 0.45
Available phosphorous (%)

o 0.17 0.17
Sodium (%)

A Jsls 0.19 0.19

Minimum Chloride (%)
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! The Mineral premix supplied the following per kilogram of feed: Mn: 123 mg; Fe: 77 mg; Zn: 123 mg; Se: 0.42 mg; Cu: 7.7 mg;
Iodine: 2.38 mg.

2 The vitamin premix supplied the following per kilogram of feed: vitamin A: 12000 1U; vitamin D3: 4620 IU; vitamin E: 23 1U;
vitamin K3: 3 mg; vitamin B1: 2.38 mg; vitamin B2: 7.7 mg; Niacin: 39.2 mg; Pantothenic acid: 9.24 mg; Pyridoxine: 4.62 mg; Folic
acid: 0.84 mg; Cobalamin: 0.031 mg; Biotin: 0.08 mg; Choline: 154 mg; Antioxidant: 1.4 mg.
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Table 3- Effect of different levels of barley malt extract on feed intake and feed conversion ratio at different weeks of

production
"o Loy
(}5) R odkiy d‘)" 4 l’)f) "ﬂ”$ ‘—é)‘“" Treatment!
Feed intake (g/bird/d) . e e
ol eSS Y eSS ¥ SEM p-value
Control 2 kg/ton 4 kg/ton
Xids VT 95.72 95.22 94.85 0.98 0.93
29-37 weeks
iin F7YA 104.54 105.42 104.16 0.56 0.65
38-46 weeks
o 101.14 10132 100.05 0.59 0.88
Total period
Shgd has o
Feed conversion ratio
GXidn VT 1.85 1.79 1.79 0.023 0.42
29-37 weeks
i F7A 1.88 1.87 1.87 0.007 0.74
38-46 weeks
o 1.87 1.84 1.83 0.010 034
Total period

g o o)las 055 S5hS ¥ oljon s b o g2 o ol (553 p)S5LS ¥ oljon & il o> il Jlog!
!Control treatment, control treatment plus 2 kg/ton barley malt extract, control treatment plus 4 kg/ton barley malt extract.
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B ()31 ()95 P95y S | oolita]
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ool Juloss 9 4550 3590 B3lat Mol )b LI ;> GLM 4y,
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2- Eosin
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Table 4- Effect of different levels of barley malt extract on egg production from 29 to 46 weeks

"yl
Treatment
i sl eSS Y eSS ¥ SEM p-value
Week Control 2 kg/ton 4 kg/ton
29 96.439 95.138 94.531 0.802 0.260
30 96.597 95.486 95.902 0.631 0.471
31 95.416 95.621 95.000 0.797 0.855
32 95.572 95.637 96.614 0.500 0.286
33 95.301 95.211 95.100 0.227 0.824
34 96.093 95.868 94.965 0.645 0.444
35 94.704 95.014 94.210 0.993 0.848
36 94.791 94.936 95.701 0.738 0.653
37 95.138 94.418 94.142 0.566 0.456
38 93.142 95.059 93.534 1.059 0.422
39 91.753 91.859 91.919 1.073 0.993
40 92.168 93.281 92.451 1.350 0.834
41 92.866 92.393 91.465 0.949 0.580
42 92.746 94.315 91.504 1.021 0.189
43 88.824 91.094 91.308 1.494 0.447
44 88.032 88.726 91.277 0.897 0.051
45 89.483 92.149 92.202 1.381 0.392
46 78.645 80.001 82.422 2.664 0.607

B o oylas (55 )0 ,S5kS ¥ olyen 4y 4l 0y o Cllo ojlas (5 )3 £)SokS ¥ oljed 4 il 0y calis )'.o.:j‘
!Control treatment, control treatment plus 2 kg/ton barley malt extract, control treatment plus 4 kg/ton barley malt extract.
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ol 0 0l LS 0 Jads o (Sian 7 U YA o 5l diwgy
o oylas (5 )3 p)ShS ¥ (139531 95 o0 0mliin oS S lon
2 2l Hled 4 Cowd diwg Cwlbus Hb sxe iuli8l Cow o
Cyles fuizmen (P<+/eV) 5 Suan FF U YA s jloyed IS
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Table 5- Effect of different levels of barley malt extract on egg shell quality'

"o Loy

Ere 7o B o Treziltment — SEM p-value
Egg shell quality Jals ol SelsS Y olpSelsS ¥

Control 2 kg/ton 4 kg/ton
(acks) 005 digy e 0.372° 0.398° 0.382:0 0.43 <0.0001
Egg shell thickness (mm)
(kg/om?®) gyeps s, pliocial 2.767 2.875 2.962 0.59 0.0076
Egg shell strength (kg/cm?)?
B oz, L2y 11.53 11.52 11.71 0.71 0.62

Egg shell (%)

3l (P<e/+0) 3 inn B3] s obel Llod el gl 5l Ky o 5 Coglise g > b la oy SiLs)

5> o ojlas (5 )3 p)SolS ¥ olped 4y il oy (g cdlo ojlac 5 13 £, SLSY olpen 4 )l o walis )l.o.:.?“
"Mean with different superscript letters in each effect are statistically significant (p<0.05).
2Control treatment, control treatment plus 2 kg/ton barley malt extract, control treatment plus 4 kg/ton barley malt extract

Skilogram per square centimeter.

e (BB A Slio g cllo olas Gilises olau JI-T Jgd
Table 6- Effect of different levels of barley malt extract on internal quality characteristics of eggs?

o Lo
Treatment?
— SlesHsY eSS ¥ SEM p-value
Control 2 kg/ton 4 kg/ton

s = b oald 76.02° 81.32¢ 80.27b 1.48 0.012
Hu index

(o) 05 €65 17.725b 18.600° 18.387% 0.227 0.01
yolk height (mm)

0345 5

22529 13.62° 13.08° 13.33% 0.16 0.026
yolk color

3l (P<e/+0) f3 inn B3] el gylel Llod lmlil 5l Sy o o Coslisie g > b la oy SiLs)

o o ojlas (5 ;3 p,SolS ¥ olpad 4 4l oy o <o ojlas (5 40 p)5 S Y olyen 4 by 0y il )lo.:JY
"Mean with different superscript letters in each effect are statistically significant (p<0.05).
2Control treatment, control treatment plus 2 kg/ton barley malt extract, control treatment plus 4 kg/ton barley malt

extract
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Table 7- Effect of different levels of barley malt extract on antibody titers against SRBC!

"o los
Treatment”
SRBC? . o @
sals e SAS Y oI ¥ SEM p-value
Control 2 kg/ton 4 kg/ton
(log2) SRBC e (oob &l 5
antibody titers against SRBC 1.42b 1.70° 157 0.059 0.045
(log2)
(log2) IgG e 0.68° 1.23° 1.03° 0.087 0.007
Jol 0593 IgG concentration (logy)*
Primary (log2) IgM cLuié 0.74 0.47 0.56 0060 0052
IgA concentration (logy)’
(log2) SRBC e (oob &l 5
antibody titers against SRBC 1.62 1.77 1.62 0.056 0.24
(logo)
(log:) [gG cdale 1.14 1.11 0.83 0.060 0.094
£93 09 IgG concentration (logy)*
Secondary (log2) IgM cLuié 0.47 0.65 0.79 0078 0.085

IgA concentration (logy)’

23l o (P<e/+0) f3 inn B3] el (gylof Llod el il 5l Sy o o Coglisie g > b oy SiLs)

o o ojlas (5 3 p,5lS F olpad 4 b oy o <o ojlac (5 )0 p,5 S Y olyen 4y by 0y wald )lo.:JY
"Mean with different superscript letters in each effect are statistically significant (p<0.05).
2Control treatment, control treatment plus 2 kg/ton barley malt extract, control treatment plus 4 kg/ton barley malt extract

3Sheep Red Blood Cell

4 Immunoglobulin G (mercaptoethanol-resistant anti-SRBC antibodies)

5 Immunoglobulin M (mercaptoethanol-sensitive anti-SRBC antibodies)
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Table 8- Effect of different levels of barley malt extract on antibody titers against NDV? and AI®

Tla Lo
Treatment*
aald eSS eSS T SEM p-value
Control 2 kg/ton 4 kg/ton
] ia YO 3.23 3.29 322 0.038 0.36
(log 2) JulSgs ale (o2b sl 5 35 week
Antibody titers against NDV (logy) o ¥Y 30 314 319 0,03 0.2
42week
) : (iaa 1O 2.80° 2.66° 2,540 0.041 0.001
(log 2) 13V giil aule (ool T 25 35 week
Antibody titers against Al (log) o ¥Y 247 554 550 0.033 0.568
42week

3l e (P<e/+0) f3 inn B3] el gylel Llod jmlil 5l Sy o o Coslisie g > b laySiLs)

@ e ojlac 05, p SIS ¥ elon 4 4l oy g2 Sl o)l 5 )3 £ TS ¥ ol 4 4l oy calds o
"Mean with different superscript letters in each effect are statistically significant (p<0.05).

2 Newcastle disease virus
3 Avian influenza

4 Control treatment, control treatment plus 2 kg/ton barley malt extract, control treatment plus 4 kg/ton barley malt extract

oylas bod JoSo (glayless b duslie )3 sald jlod > (egalinl
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1- Villus height

2- Villus height:crypt depth ratio
3- Villi width

4- Crypt depth
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Table 9- Effect of different levels of barley malt extract on morphology of jejunum'

P
Treatments?
b GleSASY e SRS T SEM  P-value
control 2 kg/ton 4 kg/ton

ndib 687.83>  713.83° 741.83° 10.867  0.0001
Villi height (pm)
n o2 137.167 139333 131.167 2.344 0.07
Villi width (um)
S Goe 112167 112333 114.150 6.22 0.64
Crypt depth (pm)
S Gos & jn s o 6.150° 7.417° 8.330° 0.150 0.0001
VH:CD?
hoale 4Y 13 177.667°  150.333>  137.833¢ 13.44 0.0001
Muscular layer (um)
pral Y 3 37.5000  42.000°  43.667° 3.61 0.0006
Epithelial layer (um)
i ol 0.352 0.296 0.385 0.0054  0.0906

Villi surface area (mm?)

a2l o (P<e/-8) I ime ST el (g el Blood 51l 3l Sy o 53 oglizie g o by sla e Siks)
g cloo)las 055 p S5LS ¥ oljon b o g o ojlas (553 £ S5LS ¥ olon 4 a0y wals Jlog
"Mean with different superscript letters in each effect are statistically significant (p<0.05).
2Control treatment, control treatment plus 2 kg/ton barley malt extract, control treatment plus 4 kg/ton
barley malt extract
3villus height:crypt depth ratio
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Introduction: Several studies have been performed in order to improve feed utilization and reduce the feed
costs. For this purpose, various additives have been used to improve the health and production performance of
poultry. Barley malt extract is one of the additives that has recently been introduced for using in domestic animal

feeds. Barley malt extract is produced from barley grains through a process called the malting. Malting is the
process of cereal grains germination that have been dried. The germination starts by soaking

barley grains in water. The malting process make changes in barley, which involves the alteration and
degradation of phenolic compounds and the production of Maillard reaction products, which have a significant
effect on the antioxidant content of malt. Malt is known as a natural source of antioxidants, B vitamins and
minerals such as iron, zinc, calcium, magnesium and phosphorus. Malt extract is available in both powder and
liquid forms, the liquid form of that is thick syrup and has been used extensively for several applications, such as
brewing, baking, food flavoring or as an appetizer. The results of previous study showed that adding malt extract
to the broiler diet can improve performance of broiler as well as villus width and villi surface area. However,
based on our literature review there is no data available to evaluate the effect of adding barley malt extract on the
performance of laying hens. Therefore, the aim of this study is to evaluate the effects of adding different levels
of barley malt extract to the diet on performance, egg quality, immune response and intestinal morphology of
laying hens during 29 to 46 weeks of age.

Materials and Methods: In this study, 432 Hyline W36 laying hens were used in a completely randomized
design with three treatments and six replicates of 24 birds each, for 18 weeks. The experimental treatments
included 0, 0.2 and 0.4% barley malt extract levels. Feed intake, feed conversion ratio, egg production, egg mass,
egg weight, shell thickness and strength, shell weight and internal quality CHARACTERISTICS of eggs were
evaluated during the experiment. In addition, antibody titers against sheep red blood cells (SRBC), Newcastle
and influenza viruses were measured two times at specific intervals after the respective vaccinations. At the end
of the experimental period after slaughter, 2-cm segment was separated from the jejunal region anterior to
Meckel’s diverticulum. Tissue samples were evaluated for the villus height, villus width, crypt depth, villus
height:crypt depth ratio (VH:CD), villus surface area, muscular layer and epithelial layer.

Results and Discussion: The results showed that although percentage of egg production, egg weight and egg
mass were not affected by the experimental treatments, but adding malt extract numerically showed better egg
production persistency at the end of experimental period. Also feed conversion ratio and feed intake in the laying
hens at 28 to 46 weeks of age (peak production and post-peak) were not affected by the experimental treatments.
Egg shell thickness (P<0.001), haugh unit(HU) index and yolk height (P<0.01) were affected by experimental
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treatments, briefly treatments supplemented with malt extract showed higher egg quality for mentioned criteria
as compared to the control group. Furthermore the treatments supplemented with barley malt extract numerically
increased eggshell strength (P=0.076). Total antibody concentration against SRBC and Immunoglobulin G (IgG)
increased in the treatments supplemented with 0.2 and 0.4% barley malt extract during the primary period (p <
0.05). Antibody productions were not affected against the Newcastle viruses. In the first period of the
experimental treatment antibody production were affected against influenza viruses; briefly, the highest antibody
production was related to those birds that fed with the control diet. In addition, the results show that
supplementation of barley malt extract in the diet can increase the villi height, villi height to crypt depth ratio
and villi surface area. Villus width, crypt depth and muscular and epithelial layer were not influenced by adding
barley malt extract to the laying hen diet.

Conclusion: The results of this study showed that adding barley malt extract to the diet of laying hen may
improve egg quality and antibodies production against SRBC. Furthermore, barley malt extract may increase the
villus height, villus height: crypt depth ratio and villi surface area, and consequently improve the digestive
capacity of laying hens.

Keywords: Barley malt extract, Inmune system, Intestinal Histology, Laying hens, Performance



