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ABSTRACT

This study aimed to evaluate the physical quality of the wafer supplement with
different binders and evaluate the performance of laying hens fed the supplement wafer
in drinking water. The rearing stage used 64 Isa Brown chickens raised for 12 weeks.
Stage 1 of the experiment used a 3x4 Completely randomized design (T1: Pollard, T2:
Cassava Flour, T3: Tapioca Flour Waste). Phase two of the study used a completely
randomized design with two treatments x 4 replicates x 8 chickens (PO: without
supplement wafers, P1: supplement wafers). The variables observed were the wafer's
physical quality and Isa Brown's performance. Different adhesives in the manufacture of
wafers produced no significant difference in water content (p>0.05) but significant
differences (p<0.05) in water activity, bulk density, wafer durability index, and total
solubility. Supplementary wafer administration did not affect (p>0.05) feed consumption,
drinking water consumption, Feed Conversion Ratio (FCR), egg weight, and daily egg
production but did affect (p<0.05) chicken mortality. The conclusion is that wafers with
the best physical quality use cassava flour binder, and giving wafer supplements in
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drinking water can reduce mortality.
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Introduction

One of the most important food sources of
animal protein for Indonesian people is eggs.
Consumption of eggs in Indonesia reaches 78.80%, the
figure is much higher than the consumption of meat
and milk, where the respective values are 38.5 and
31.6% (Ariani et al., 2018). Indonesia's egg
consumption will continue to increase in the future.
The average consumption of purebred chicken
eggs for 2018-2021 according to BPS (2022), in
2019 was 2.314 kg per capita per week, in 2020
(2.338 kg per capita per week), and in 2021 (2.448
kg per capita per week). In addition to genetic
factors, environmental factors such as livestock
population (poultry), Ivestock age (months), feed
intake (g/head/day), cage temperature (°C),
humidity (%), vaccinations, and nutrition also affect
egg production (Ratriyanto et al., 2019). Indonesia
is a tropical country with high temperatures and
humidity, especially during the dry season. The
ambient temperature in Central Java ranges from
27-37°C (Ismoyowati et al., 2020). According to the
research results of Suswoyo et al. (2021) the
average temperature and humidity during the day
are 31.91°C and 79.43%, while in the afternoon, it

is 31.35°C and 82.21%. These values converted to
heat stress index values of 168.86 and 170.64.
Heat stress can occur in chickens due to a
mismatch in temperature requirements.

Heat stress is pressure due to temperature
and humidity above normal limits. The comfortable
temperature range for poultry is 18°C to 25°C ( El-
Badry et al., 2009). The impact of heat stress is
predicted to be more distant in the future, because
the average temperature of the earth's surface and
oceans is increasing due to global warming. Kilic
and Simsek (2013) stated that heat stress
significantly reduces productivity due to reduced
feed intake, higher mortality, reduced egg production,
lower eggshell quality, and smaller egg size.

One strategy to increase the efficiency of
laying hens is to add supplements to drinking
water. The Supplements contain the amino acids
DL-Methionine and L-Lysine, \vitamins, and minerals.
These nutritional components are needed by
livestock in the process of metabolism. Add
Supplements on a small scale in drinking water will
make the mixing more homogeneous than mixing
supplements into the feed. It will increase the
efficiency of the feed used.
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Supplements in drinking water for poultry
are usually given in the form of mash, which is
mixed in drinking water with the dosage according
to the recommendations listed on the package.
Which is mixed with the dosage according to the
recommendations stated on the package. This
requires prior weighing which requires tools and is
time-consuming. Making wafers will make it easier
for farmers to provide supplements, with a dose of
1 wafer for 10 liters of drinking water. With the
wafer supplement innovation, giving supplements
to poultry drinking water will be more practical.
Besides being practical, wafershaped supplements
are more durable. Harahap et al. (2021) stated that
the purpose of making wafers is to increase the
durability of feed raw materials.

Making wafers requires another material,
namely a binder. Binders in wafer manufacture so
that the resulting wafer structure is not easily
crushed and solid (Sandi et al., 2016). Impact
resistance, water content, stack density, texture,
and bulk density of wafers are affected by the
binder used (Syahri et al., 2018). Wafers remain
compact due to starch gelatinization due to the
heating process in wafer manufacturing (Purba et
al., 2018). Wafers remain compact due to the
gelatinization of starch caused by the heating
process in making wafers (Purba et al., 2018).
Then the physical quality of the wafer is greatly
influenced by the binder used. This study aimed to
evaluate the physical characteristics of the wafer
supplement with different binders and evaluate the
performance of laying hens fed the supplement
wafer in drinking water.

Materials and Methods

This research consisted of two stages,
making wafer supplements and rearing Isa Brown
chickens. In the first stage research, the materials
used were vitamin and mineral supplements from
PT. Nutricell Pacific South Tangerang, the contains
presented in Table 1. Then the binder consists of
pollard, cassava flour, tapioca flour waste, and
molasses. The material used in the second stage
is the GT-1 layer phase produced by PT. Sinta
Prima Feedmill, and wafer supplements. Sixty-four
Isa Brown chickens aged 20 weeks. The tools used
in stage 1 of the study were digital scales, wafer-
making machines, moisture content testers, aw
meters, wafer durability index, and a series of total
solubility analysis tools. In stage 2 the equipment
used was 8 units of 120 x 45 cm cages equipped
with feed and drinking containers, digital scales,
egg trays, measuring cups, andfans. The composition
of the supplement wafers is presented in Table 2.

Making of supplement wafers

Supplementary wafers are a mixture of
vitamins and minerals with different binders
(pollard, cassava flour, and tapioca flour waste)
and molasses made through a pressure and
heating process, in the form of blocks with a size of
3 x 3 x 1 cm with a weight of 15.38 g. The wafer
constituent materials according to the treatment
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were weighed (Table 2), mixed until homogeneous,
then printed using a hydraulic wafer press machine
with a temperature of 80°C and a pressure of 200-
300 kg/cm? for 10 min (Syahri et al., 2018), then
cooled to room temperature.

Table 1. The content of vitamin-mineral supplements per kg

Content
Vitamin A 6,000,000.00 U
Vitamin E 20,000.00 1U
Vitamin C 50,000.00 mg
Lysine 20,000.00 mg
Methionine 30,000.00 mg
Calcium 9,000.00 mg
Magnesium 7,000.00 mg
Curcuma 25,000.00 mg

Source: Vitamin-mineral packaging.

Table 2. Composition of supplement wafers

Materials T1 (%) T2 (%) T3 (%)
Mineral vitamins 65 65 65
Pollard 30
Cassava flour 30
Tapioca flour waste 30
Molasses 5 5 5
Total 100 100 100

T1: Pollard, T2: Cassava flour, T3: Tapioca flour waste.
Analysis of physical characteristics of
supplement wafers

Water content. Wafer moisture content
was measured using the Grain Moisture Tester
PM-650. The trick, the sample of 60 g poured into
the tool container, press the power button to turn
on the tool, press select, the test code is selected
according to the type of sample, press MEA, then
wait a few seconds the display will change and an
order appears to enter it. Then put it in until the
detector is closed, then the water content value in
percent will appear.

Water activity (WA). Water activity was
measured using a Retronic Aw meter type HP23-
AW-A-SET-40. Retronic HP23-AW-A-SET-40 is a
rapid test tool used to measure the water activity of
feed ingredients. The sample of 30 g pouring into
the measuring cup. The water activity value will
appear.

Wafer durability index (WDI). Wafer
Durability Index (WDI) is measured using a wafer
durability tester equipped with a box and rotary tool.
One wafer (15.38 g) is included in the toolbox.
Press the power button to start the machine. Set
the rotation duration for 5 min and 55 rpm speed.
Then the ratio of the weight of the whole wafer to
the mass of the wafer after playing is calculated by
the formula:

WDI (%) - wafer mass after twisting

whole wafer mass

x 100

Bulk density. A measuring cup that has
been filled with 100 ml of aquadest is filled with 50
g of sample. Changes in water volume are
recorded and calculated using the formula:

Bulk Density (g/cm3) - Sample mass (gram)

Change in aquadest volume (ml)

Total solubility test (Araba and Dale,
1990). Dry the cup and filter paper using the oven
for 1 h. Weigh 5 g of filter paper and sample using
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a digital analytical balance, then put it in an
Erlenmeyer containing 200 mL of distilled water.
Stir for 15 min using a magnetic stirrer until
homogeneous. Then filter using Whatman Number
42 filter paper and a vacuum pump. After that, dry
the sample using an oven for 24 h at 105°C. Weigh
the sample as the final mass. The total solubility
expressed in percent, can be calculated by the
formula % total solubility:
Total Solubility (%) =

Initial mass of ingredients -mass after baking
Initial mass of ingredients

X 100%

From making wafers with 3 treatments in
stage 1 the best results are given to laying hens by
dissolving them in drinking water. A total of 64
laying hens aged 20 wk were kept in battery cages
for 12 wk. Feed and drinking water are given ad-
libitum, given twice a day at 07.00 a.m and at 17.00
p.m.

Performance measurement of laying hens

Feed consumption (g/head/day), obtained
by reducing the amount of feed given with the
remaining feed. Consumption of drinking water
(ml/head/day), result of reducing the water given
with the rest of the drinking water for a day. Feed
conversion ratio (FCR), the ratio between the
amount of feed consumed and the mass of eggs
during the study. Feed Conversion Ratio (FCR)
calculated from the amount of feed consumed to
produce 1 g of eggs so that the FCR of dead
chickens are not counted because they do not
produce eggs. Hen day production (HDP), the
percentage of the ratio between the number of
eggs produced in one group of laying hens during
a day.

Egg weight (g) was weighed every day, then
the average for each treatment and repetition was
calculated. Mortality, the percentage of chickens
that died during the study. Heat stress index, this
variable is observed every day by recording the
temperature and humidity of the cage. According to
Abdullah et al. (2018), heat stress index is
calculated using the formula:

Heat Stress Index = {9/5 x Temperature (°C) + 32}
+ Relative Humidity (%)

Experimental design and data analysis, the
experimental design stage 1 for the physical
characteristics of the supplement wafers used was
a completely randomized design with 3 treatments
and 4 replications. Data were analyzed by analysis
of variance (ANOVA). Data was processed using
the Statistical Package for the Social Sciences
(SPSS 25) software. If the treatment has a
significant effect on the variables, it will be followed
by the Tukey test to find out the differences
between treatments. The experimental design
stage 2 of laying hen performance was a
completely randomized design with 2 treatments x
4 replications x 8 chickens. The treatment
consisted of PO (without adding wafer
supplements) and P1 (adding supplementary
wafers in drinking water). Data were analyzed

using the Independent-sample T Test and and

were processed using SPSS 25 software.
Results and Discussion

Physical characteristics of

wafers

The physical characteristics of wafer
supplements with different binders observed in
phase 1 research were water content, water
activity, wafer durability index (WDI), bulk density,
and total solubility. The average results of the wafer
physical characteristic analysis are in Table 3.

Statistical test results showed that the use
of different binders in the manufacture of
supplemental wafers did not affect (p>0.05) water
content but affected (p<0.05) water activity (WA).
The results of the Tukey test showed that the water
activity of wafers supplemented with cassava
binders was significantly higher than that of pollard
and tapioca flour waste binders. Moisture content
determines feed quality because it is one of the
determinants of shelf life. According to Marbun et
al. (2019), a feed ingredient that contains a lot of
water will cause the feed ingredient to be easily
damaged by decomposing microbes will make it
doesn't last long. The average water content of this
research supplement wafer ranged from 8.65-
8.82%. The water content value of wafer
supplements in this study is safe for storage.
According to Triyanto et al. (2013), water content of
12-14% can suppress microbial activity in wafers.
Wafers will grow mold if the water content is above
14%. In line with the opinion of Miftahudin et al.
(2015) that feed with a moisture content of 12-14%
is not easily moldy or decomposed because the
activity of microorganisms can be suppressed.

Wafer water activity is measured so that the
minimum limit of microorganisms that can grow on
the material is known. The value of water activity
according to Table 3 ranges from 0.47-0.57. The
results of Wati et al. (2020) the water activity value
of wafers with different ingredients and adhesive,
that value of the wafer is directly proportional to the
increase in the concentration of the adhesive. The
water activity in this study was categorized as safe
for storage, supported by the opinion of Winarno
(2007) stated that at aw below 0.7 or with a relative
humidity of 70%, microorganisms cannot grow. The
low value of water activity is affected by the
absorption of water vapor from the air to the wafers
during storage, handling during wafer storage can
also cause changes in the free water content in the
wafers. Each microorganism has a minimum limit
for growth, the lower the water activity of the feed
material the more durable. Kayadoe et al. (2020)
reported that water activity determines the level of
damage because a water activity value of 0.6-0.7
indicates the growth of mold and bacteria at a water
activity of 0.9.

Analysis of variance showed that different
binders for the manufacture of supplement wafers
affected (p<0.05) the wafer durability index, bulk
density, and total solubility of vitamin and mineral
supplement wafers. The adhesive materials used

supplementary
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in the manufacture of wafers can affect the physical
characteristics of the wafers, such as bulk density,
stack density, and wafer impact resistance (Syahri
et al., 2018). Wafer durability index value according
to Table 3 ranges from 54.25-90.75%. The lowest
WDI on wafers with cassava binder. The difference
in WDI value is thought to be because cassava has
a higher binding power than pollard and tapioca
flour waste. Syabhri et al. (2018) stated the benefits
of measuring the wafer durability index to
determine the resistance of the wafer to collisions
during the packaging and tansportaion processes.
The difference in WDI on the wafer is thought to be
due to the amylose content in the adhesive. Starch
consists of amylose and amylopectin. According to
Sistanto et al. (2017), the hardness is caused by
amylose while the stickiness is caused by
amylopectin. In line with the opinion of Hidayat et
al. (2007) high amylose content in starch is less
sticky while the high amylopectin content in starch
is adhesive. The amylose content of cassava flour
is 25.33%, amylopectin is 46.79% (Selian et al.,
2019), the pollard amylose is 25% and amylopectin
is 75% (Arnyke et al., 2014), and tapioca flour
waste amylose is 16% amylopectin is 74%
(Kurniadi, 2010). According to Retnani et al. (2020),
the gelatinization of starch is influenced by the ratio
of amylose and amylopectin in feed ingredients.

According to Table 3, the bulk density of
supplement wafers ranges from 1.05-1.41 g/cm3,
Where the bulk density of wafers with cassava
binder is greater than that of wafers with pollard
and tapioca flour waste binders. According to
Christmas et al. (2022), it is necessary to know the
bulk density for storage which is obtained by
calculating the ratio between the mass and volume
of the material in a measuring cup to which distilled
water is added. Wafer-bulk density is the ratio of
wafer mass to volume. The bulk density value of
this wafer is almost the same as the results
reported by Christmas et al. (2022) which ranges
from 1.12-1.22 g/cm3. The high and low bulk
density of the wafer is influenced by the wafer
density where the wafer density is affected by the
particle size of the wafer constituent material, so
this will affect the volume when the sample is put
into distilled water. The difference in the value of
the bulk density of the wafer is caused by the
composition of the ingredients and the different
chemical compositions. The particle size of the
material which is relatively the same material will
bond with each other resulting in a higher bulk
density (Salam, 2017).

The total solubility value of wafer
supplements according to Table 3 ranges from

83.17-94.97%, where the solubility value of wafers
using cassava flour binder is higher when
compared to wafers using pollard and tapioca flour
waste binders. According to Sari and Hidayat
(2014) solubility is the ability of a chemical
substance to dissolve in a solvent, expressed in the
maximum amount of substance dissolved in a
solvent in equilibrium. The total solubility is different
because of the different types of carbohydrates that
make up each material. The higher the non-starch
polysaccharides in feed, the lower their solubility in
water, because non-starch polysaccharides are
difficult to hydrolyze in water. The crude fiber
contained in the feed also affects the solubility
value. The crude fiber content of cassava flour
(4.18%), pollard (10%), and tapioca flour waste
14% (Lovell, 1989) and (Vidyana et al., 2014). The
best wafer solubility value with cassava flour binder
(T2) was 94.97%.

Selected supplement wafers

The selected wafer supplement with the
best characteristics was the T2 (cassava flour
binder) treatment. The results showed water
content and safe water activity for storage, the best
WDI, the highest bulk density, and the highest
solubility value. These wafers were then used in
phase 2 of the study.

Performance of Isa Brown's chicken

The performance of Isa Brown chickens
aged 20-31 weeks is presented in Table 4. The
provision of vitamin and mineral supplement wafers
did not affect (p>0.05) feed consumption, drinking
water consumption, FCR, hen day production, and
egg weight. However, giving wafer supplements
can reduce mortality.

Feed consumption by adding wafer
supplements to drinking water did not differ from
the control. This shows that giving wafer
supplements in drinking water cannot reduce feed
consumption for Isa brown chickens. This is
presumably because the percentage of binder in
the wafer does not contribute high calories so it
does not reduce feed consumption. The value of
feed consumption according to Table 4 is 100.61
g/head/day and 97.64 g/head/day. This value is low
when compared to the results of Pambuka et al.
(2014) feed consumption by administering probiotics in
drinking water was 119.76-119.96 g/head/day,
115.14 g/head/day (Afikasari et al., 2020). According
to Setiawati et al. (2016), the comfort of chickens
depends on the temperature of the cage, if the
temperature of the cage is too high it will make the
chickens uncomfortable and can reduce their

Table 3. Physical quality of wafers with different binders

Treatment
T1 T2 T3
Water content (%) 8.67+0.95 8.82+0.17 8.65+0.19
Water activity (WA) 0.47+0.022 0.57+0.06° 0.47+0.022
Wafer durability index (%) 90.75+8.612 54.25+11.78° 90.75+10.75%
Bulk density (g/cm?) 1.11+0.532 1.41+0.22° 1.05+0.042
Total solubility (%) 83.17+3.262 94.97+0.26° 85.80+7.18?

ab Different superscripts are on the same line show significantly different (p<0.05).
T1: pollard binder, T2: cassava flour binder, T3: tapioca flour waste binder.
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Table 4. Performance of Isa Brown chicken aged 20-31 weeks with supplementary wafers

Treatment
PO P1
Feed consumption (g/head/day) 100.61+3.96 97.64+5.07
Drinking water consumption (ml/head/day) 387.06+£25.99 384.84+15.71
Feed conversion ratio 2.83+£0.54 2.74+0.60
Hen day production (%) 55.87+10.95 60.45+12.01
Egg weight (g) 63.43+4.19 63.06+£3.13
Mortality (%) 0.11+0.072 0.00+0.00°

ab Different superscripts on the same line indicate significantly different (p<0.05).

PO: without supplement wafers, P1: supplement wafers.

productivity. The low feed consumption in this study
is thought to be due to the high temperature of the
cage which causes the chickens to experience heat
stress and causes increased consumption of
drinking water. According to Ismoyowati et al.
(2020), feed consumption decreased at high house
temperatures because livestock drank more water
to reduce heat stress. When conditions of heat
stress, chickens tend to reduce ration consumption
(Xie et al., 2017). Decreased feed consumption
aims to reduce heatinthe chickenbody. Consumption of
drinking water in this study ranged from 384.06-
387.06 ml/head/day, different from the report by
Pambuka et al. (2014) consumption of drinking
water was lower, namely 26964-27434 mi/head/day.
According ISA (2020) the drinking water
consumption standard for Isa Brown chickens
depends on the temperature of the cage, at 25°C is
230 ml, at 30°C is 320 ml/head/day. ISA (2020)
provides a standard for feed consumption for Asian
Isa Brown chickens, namely 100-115 g/head/day.
If the temperature of the cage is above normal, it
causes heat stress for livestock, which results in a
decrease in feed consumption but an increase in
drinking water consumption.

Feed conversion ratio is an illustration of
feed utilization, namely by calculating the ratio
between the feed consumed to produce eggs in a
certain time unit (Said and Sulmiyati, 2019). FCR
with the addition of wafer supplements in the
drinking water of Isa Brown's chickens was better
(2.74) than without the addition of wafer
supplements (2.83). The content of vitamins and
minerals in supplement wafers dissolved in
drinking water plays a role in reducing stress on
chickens thereby increasing egg production. The
ratio conversion of this study was greater than that
of Sulaiman et al. (2019) at 1.89, where this value
is by the standard ISA (2020) FCR at 31 weeks of
age 1.91. According to Jahejo et al. (2016) during
heat stress, some of the energy that should be
used for production will be diverted to stabilize body
temperature and will have an impact on the high
conversion of rations. According to Hidayat et al.
(2017), an efficient ration can be obtained if the
nutrient content in the ration is balanced such as
the content of protein, minerals, vitamins, energy,
Ca, and P.

The value of hen day production (HDP) in
Table 4 is 55.87% (P0) and 60.45% (P1). HDP with
the addition of supplement wafers in drinking water
was higher than without the addition of
supplemental wafers. That showed that giving
wafer supplements can increase feed utilization in

producing eggs. The content of vitamins (A, C, and
E), minerals (C, Mg), and amino acids (lysine,
methionine, and Curcuma) can maintain livestock
health in conditions of a high heat stress index.
When heat stress occurs due to temperatures
exceeding normal, the addition of antioxidants is
necessary, one of which is vitamin E (Nalilis et al.,
2022). According to Kusumasari et al. (2013),
stress can cause decreased egg production, but
with the addition of antioxidants, it can prevent and
reduce stress, and antioxidant vitamins A and E
play a role in reproduction. Ismail (2012) supports
the opinion that vitamin A can increase the level of
Follicle Stimulating Hormone (FSH), Luteinizing
hormone (LH), and estradiol. In stressful conditions, the
need for vitamins will increase (Widodo, 2019).
This HDP value is low compared to the report by
Sulaiman et al. (2019) that Isa Brown aged 24-28
weeks 90.02-93.93%. Environmental temperatures
above 25°C can increase livestock energy
requirements causing non-optimal livestock
production (Widiawati et al., 2016).

According to Table 4, the egg weight values
without wafers and with the addition of wafers in
drinking water were 63.43 and 63.06 g¢/item,
respectively. Factors that affect egg weight are the
nutritional content of the feed, the age of the
chicken, the strain, the body weight of the chicken,
the time the eggs are produced, and the ambient
temperature. According to Argo et al. (2013) the
higher the feed protein given, the higher the weight
of chicken eggs. Egg weight in this study did not
differ in each treatment because it was given feed
with the same nutrient content. Kusumasari et al.
(2013) stated that the nutrient content of rations
that affect egg weight includes protein and fat. The
egg weight value of the results of this study was
higher when compared to the report by Edi et al.
(2018) namely 58.30-61.65 g/item. According to
the ISA (2020), the standard weight of chicken
eggs aged 20-31 wk ranges from 49.3-61.8 g/item,
eggs weighing 63-73 g were eggs with the Large
class.

Mortality value is the ratio of dead chickens
to the number of chickens kept expressed in
percent. According to Kamaludin et al. (2019), the
success of the livestock business is influenced by
the mortality rate. The addition of wafer supplements
in this study can reduce the mortality rate of Isa
Brown's chicken. This shows that giving wafer
supplements in drinking water can increase the
immunity of chickens. The content of water-soluble
and fat-soluble vitamins in the wafer has a positive
effect on chicken. According to Nailis et al. (2022)
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when experiencing heat stress the immune organs
will experience disturbances in warding off various
pathogens, as the antioxidant vitamin E supports
immunity in chickens and helps chicken health.
Vitamin E can boost immunity and protect the body
from free radicals (Lubis et al., 2015).

Heat stress index (HSI) during maintenance

The heat stress index is a calculation of the
temperature and humidity of the cage. Heat stress
index in chickens is a combination of air
temperature and humidity to calculate the degree
of heat stress in chickens. Heat stress index <150
(comfortable), 150160 (decreased acivty, increased
water consumption, and decreased production),
>160 (heat stress occurred). The heat stress index
is presented in Table 5.

Table 5. Heat Stress Index for 12 weeks of maintenance

Heat Stress Index

Minimum 157.86
Maximum 170.67
Average 163.15+3.37

The optimal temperature and humidity for
chickens are 18-28°C and less than 70% (Joachim
et al., 2011). According to Nailis et al. (2022),
chickens will experience heat stress if the
temperature and humidity exceed normal
conditions, it is necessary to add antioxidants to
overcome the effects of heat stress. According to
Dirgahayu et al. (2016), 25-25°C and 55-65% are
the ideal temperature and humidity for laying hens,
adult chickens are more likely to experience cases
of heat stress. Heat stress is a very important factor
to pay attention to because it can cause an
increase in the mortality rate of chickens (Bayhan
et al., 2013). According to Palupi (2015) at 160
there will be a decrease in feed intake, an increase
in water intake and a decrease in performance, at
165 there will be death and permanent damage to
the lungs and circulatory system, and at 170 there
will be very high mortality. During maintenance, the
average of heat stress index value was 163.15,
which at this value resulted in a decrease in feed
consumption, an increase in drinking water
consumption, reduce hen day production (HDP),
and a high feed conversion ratio.

In further research, it is better to make a
comparison between giving supplements in the
form of mash and wafers. Furthermore, it is
necessary to observe the organs of immunity and
the blood profile of laying hens given the
supplement wafers.

Conclusions

The best physical quality of supplement
wafers is a Wafer with cassava flour binder with a
higher solubility value than pollard and tapioca flour
waste. Giving wafer supplements to Isa Brown did
not affect feed consumption, drinking water
consumption, egg production, egg weight, and
FCR. However, giving wafers can reduce mortality.
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