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Introduction: Large quantities of household food waste have the potential to be used as livestock feed,
thereby supporting sustainable food production systems. Numerous studies have documented the effects of
food waste on animal performance; however, due to regional variations in the composition of household food
waste, its nutritional impacts must be evaluated under specific local conditions. This study was conducted to
investigate the nutritional effects of household waste in northern Iran on fattening performance, apparent
nutrient digestibility, rumen fermentation characteristics, and blood parameters in crossbred male Zel lambs.

Materials and Methods: Twenty crossbred male lambs (3—4 months old; mean body weight 25 + 1.5 kg)
were randomly assigned to a completely randomized design with four treatments and five replicates per
treatment for 70 days. The treatments consisted of dietary inclusion levels of household food waste at 0, 20,
40, and 60%. The total mixed ration (TMR) was formulated using SRNS software. The ratio of forage to
concentrate on experimental diets was 30:70, and different levels of household food waste replaced edible
items in the concentrate part of the diet. Household food waste, which was a mixture of pasta, rice, legumes,
eggs, fruit peels, chicken bones, mixed salad and various vegetables, was collected by school students. Daily
food waste samples were analyzed to determine chemical compositions during the collection period. Given
that chemical composition varied daily, their averages were used to formulate the diet. The lambs were fed
individually and had free access to clean water throughout the period. Dry matter intake (DMI), average
daily gain (ADG), and feed conversion ratio (FCR) were recorded. To determine the concentration of blood
parameters (glucose, triglyceride, cholesterol, blood urea nitrogen and total protein), blood sampling was
performed once at the end of the experimental period, one hour before the morning feeding. Rumen fluid
sampling was performed in the last week of the experimental period, 3 hours after morning feed consumption
using an esophageal catheter, and rumen volatile fatty acids (VFAs: acetic acid, propionic acid, butyric acid,
valeric acid and isovaleric acid) were measured. Nutrient digestibility was determined by the acid-insoluble
ash method. Data was analyzed using the GLM procedure of SAS software (version 9.1). Treatment means
were compared using Duncan’s multiple range test at a significance level of P < 0.05.

Results and Discussion: The chemical composition analysis of household food waste showed that the
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average dry matter content was 89.4%. The mean crude protein (CP), ether extract (EE), neutral detergent
fiber (NDF), acid detergent fiber (ADF), ash, and non-fiber carbohydrates (NFC) were 19.56, 11.91, 25.96,
17.75, 11.43, and 27.14% of dry matter, respectively.With increasing level of food waste in the diet, final
body weight decreased (P < 0.0001), dry matter intake (P = 0.0004) and feed conversion ratio (P < 0.0001)
increased significantly. Also, with increasing level of household food waste in the diet, the apparent
digestibility of dry matter (P = 0.0020), organic matter (P = 0.0006), and ether extract (P = 0.0001) decreased
significantly compared to the control group. In contrast, increasing the dietary level of household food waste
significantly increased the digestibility of neutral detergent fiber (P < 0.0001) and acid detergent fiber (P =
0.0030) compared with the control group. Concentrations of glucose, blood urea nitrogen, total protein and
triglycerides were not affected by the treatments. Higher levels of food waste increased serum cholesterol
concentration (P = 0.0020). Dietary inclusion levels of 40 and 60 % household food waste significantly
decreased ruminal pH (P = 0.0470) and increased total volatile fatty acids (P = 0.0249) and total protozoa
populations (P = 0.0070). Also, the 60% dietary inclusion level of household waste caused a significant
increase in isovaleric acid in the rumen fluid (P = 0.0024).

Conclusion: The results showed that with increasing household food waste inclusion level, WG and FCR up
to a level of 20% were like the control, but higher levels were associated with a significant decrease in WG
(with significant linear and quadratic effects, P < 0.05) and an increase in feed intake. These results indicate
that excessive amounts of household waste in the diet can lead to negative consequences, while moderate
levels may have benefits. Among the evaluated blood parameters, only cholesterol showed significant linear
and quadratic increases, while the other parameters were not affected, indicating the metabolic safety of the
animals at the recommended inclusion levels. Economic analysis showed that partially replacing
conventional feed ingredients with household food waste reduced feed costs per lamb. Therefore, the use of
household food waste up to 20% of the diet, as a cheap and sustainable source, can be considered safe and
economical, while maintaining the performance and health of fattening lambs, but higher levels require
caution in dietary formulation.
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Table 1- Ingredients and chemical composition of the experimental diets
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Ier)r}:diPent Percentage in diet (%)

9 1 2 3 4
2ol 21.0 14.0 7.0 2.0
Barley grain
epah 145 10.0 65 2.0
Corn grain
P g 172 13.0 5.0 1.0
Wheat bran
by oS 105 6.5 55 2.0
Soybean meal
8y Alis 25 25 25 25
Beet pulp
2l Slowy 0.0 200 400 60.0
Household waste
ShyS dS 1.0 0.8 05 0.0
Calcium carbonate
S 0.5 0.4 0.2 0.0
Salt
Sy 1.0 1.0 1.0 05
Bentonite
Y
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Livestock premix
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Sodium bicarbonate
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L . .
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2Every kg of supplement contained 500000 IU vitamin A, 100000 IU vitamin D3, 0.1 g vitamin E, every kg of supplement contained 180
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\Yo e G990 g0 puad Colild 8 Shos o s yo ‘;’bsthMC’hﬂ,ﬂL olyon g Jo Sl

aS b )35 —iweh ,» .(Georganas et al., 2020
Slomg doy3 £+ LV 290 (Ut g (SU) ling: S
9o Ve U0 o b pgy o5 b o wimd o LSis 1y olie
Brennan & ).ed o JSiilyaopn ¥ LY Lo >

.(Browne, 2021

U (ahe Slawy iie slgo bilgy ladllas I (6l

5 S plpisany @it Slay isudl p )9l % slagby,

(Luciano slesls j1,8 awyy 3590 1y pld 5,Shas p 05dlls (slaoly
et al., 2020; Dou et al., 2018)

wlio (o395 U aalllas oyl (gl p i 45155 (gdso dlge polds

2Ly adls g 6)3lie S1m colysin) ) oddisglaen Slowy b

Beckman et al., 2023;) cewl saiplosl L3 sla jingh

kel cpl y3 ods pae (S5 Slown (olowd oS 5 =Y Jodo
Table 2- Chemical composition of household food waste used in this experiment
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Table 3- The effect of different levels of household waste on the performance of lambs in the experimental
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" The averages shown in different latin letters in each row indicate statistically significant differences (P<0.05).

! Treatment 1: control (0% household waste), treatment 2: 20% household waste in concentrate, treatment 3: 40% household waste in
concentrate, treatment 4: 60% household waste in concentrate
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Table 4- The effect of different levels of household waste on the digestibility of feed nutrients
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Parameter (%) 1 ) 3 . géM L s e
Treatment  Linear  Quadratic
Sais odle
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Acid detergent fiber
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*The averages shown in different latin letters in each row indicate statistically significant differences (P<0.05).

1 Treatment 1: control (0% household waste), treatment 2: 20% household waste in concentrate, treatment 3: 40% household
waste in concentrate, treatment 4: 60% household waste in concentrate
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Table 5- The effect of different levels of household waste on the rumen parameters
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Treatment Linear  Quadratic
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. e K -
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Protozoa (x10%ml)
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(mmol/L)
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Acetate/propionate
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“The averages shown in different latin letters in each row indicate statistically significant differences (P<0.05).
! Treatment 1: control (0% household waste), treatment 2: 20% household waste in concentrate, treatment 3: 40% household
waste in concentrate, treatment 4: 60% household waste in concentrate
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Table 6- The effect of different levels of household waste on blood parameters
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*The averages shown in different latin letters in each row indicate statistically significant differences (P<0.05).
1 Treatment 1: control (0% household waste), treatment 2: 20% household waste in concentrate, treatment 3: 40%
household waste in concentrate, treatment 4: 60% household waste in concentrate
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Table 7- Economic analysis of experimental diets (Based on Toman)
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Introduction: Corn (Zea mays L.) ranks alongside wheat and rice as a major staple crop, essential for its
nutritional role and as a primary feed source for livestock. In Iran, forage corn production is pivotal to the
livestock sector, with annual silage demand reaching approximately 15 million tons (Bazri et al., 2021).
Domestic production covers this requirement, but the system faces persistent sustainability challenges.
Nitrogen use efficiency is low, around 29%, compared with a global mean of 33%, and this inefficiency
drives both economic loss and environmental damage through nitrate leaching and water contamination
(Kazemi et al., 2018). Heavy reliance on chemical fertilizers, particularly urea, exacerbates these issues by
endangering groundwater and raising health concerns, including methemoglobinemia and certain cancers
(World Health Organization, 2017; Sidana et al., 2023). Consequently, a transition toward sustainable
practices has been proposed, involving the partial replacement of chemical inputs with organic amendments
such as biochar and manure. These materials have been shown to enhance soil properties and reduce
ecological risks (Gliessman, 2014; Kizilkaya, 2008). Biochar, produced by pyrolyzing plant residues under
oxygen-limited conditions, is highly stable in soil, enhances fertility, and contributes to carbon sequestration
(Darby et al., 2024; Feng et al., 2012). The present study examined forage yield and quality responses when

biochar was combined with fertilizers and amendments, including cattle manure, slurry, and their mixtures.

Materials and Methods: The field experiment was conducted at the experimental station of Ferdowsi
University of Mashhad during the 2021 and 2022 growing seasons. The study site is located in a semi-arid
zone, with a mean annual temperature of 15.7°C and a mean yearly rainfall of 256 mm. A split-plot layout
based on a randomized Complete Block Desigh (RCBD) with three replications was used. Main plots were
biochar (applied or not), and subplots included seven fertilizer treatments: control (C), urea fertilizer (U),
cattle manure (M), slurry (S), and three mixtures (UM, US, MS). Biochar was applied only in the first season
at 20 t/ha, following earlier recommendations (Kabir et al., 2023; Qiu et al., 2024). Fertilizer rates were
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adjusted to nitrogen equivalence: 340 kg/ha urea fertilizer, 50 ton/ha cattle manure, 60.15 mdha slurry.
Slurry was prepared from cattle waste, fermented aerobically with Bacillus, and then sterilized with ozone.
Before sowing, soil, biochar, and slurry samples were analyzed for their physicochemical properties. Corn
was planted with pneumatic seeders at 143,000 plants/ha. Irrigation was applied via a drip tape to maintain a
60% depletion of field capacity. Urea treatments were split into equal applications at the 4-leaf, 6-leaf, and
tasseling stages. Weeds were removed manually, and no pest or disease incidence was recorded. The
indicators studied included corn forage yield and quality characteristics, such as neutral detergent insoluble
fiber (NDF) and acidic detergent insoluble fiber (ADF), which measure the amount of cell wall and
hemicellulose-free cell wall in the forage. Analysis of variance (ANOVA) was performed using SAS v9.1
software, and MS Excel 2019 was used for mathematical calculations and preparing figures. Mean
comparisons were performed using the least significant difference (LSD) test at P < 0.05. An initial

examination of the homogeneity of the error variances between the two years' data was performed using the
Bartlett test. It was found that many traits did not exhibit homogeneity, so the data for each year were
analyzed separately for variance.

Results and Discussion: Biochar combined with fertilizers significantly affected forage yield and quality.
Biochar-amended plots showed improved soil structure and nutrient retention, consistent with earlier
findings of enhanced water-holding capacity and microbial activity (Zhang et al., 2009; Yuniwati, 2018; Liu
et al., 2024). Mixtures of manure and chemical fertilizers, particularly UM and MS, produced higher yields
and improved forage quality traits: acid detergent fiber (ADF), neutral detergent fiber (NDF), total digestible
nutrients (TDN), dry matter intake (DMI), and net energy for lactation (NEL), all critical for livestock
feeding efficiency (Pedersen et al., 2017). Evidence also indicates that manure—slurry combinations support
microbial diversity and nutrient cycling (Zhang et al., 2024; Wang et al., 2024). Biochar’s role in carbon
stabilization and nitrogen retention is highly relevant in Iranian soils with low organic matter. Slurry
provided readily available nitrogen, complementing the slower release from manure, ensuring a steady
nutrient supply. Results indicated that biochar mitigated excess nitrogen, reducing the risk of nitrate
contamination and related health issues (World Health Organization, 2017; Sidana et al., 2023). Some
reports (Darby et al., 2024) noted limited yield effects from biochar alone, but in this experiment, its
integration with amendments clearly enhanced both yield and forage quality. Mixing biochar with fertilizers
thus improves forage corn output, decreases dependence on chemical inputs, and strengthens soil condition.

Conclusion: Integrating biochar with manure and chemical fertilizers improved forage yield and quality
parameters, including ADF, NDF, TDN, DMI, and NEL. Biochar combined with manure and slurry mixtures
reduced dependence on chemical fertilizers while enhancing soil properties. Therefore, integrated biochar
and fertilizer management can be recommended as a sustainable strategy for forage corn production in semi-
arid regions.

Keywords: Acid detergent fiber, Forage quality, Net energy for lactation, Neutral detergent fiber
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Table 2- Amount of nitrogen in fertilizing amendments and amount used (calculated) of each in the experiment
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1- Neutral detergent fiber
2- Acid detergent fiber

3- Total digestible nutrients
4- Dry matter intake

5- Net energy for lactation
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Table 3- ANOVA of corn forage yield under different treatments during the experiment years
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395 % s 6 373771721 83099837
FxA
oo oF bt 24 44893855 44502970
Error
(1) s o 4.9 6.3
CV (%) ' '
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ns, *and **: indicate nonsignificant and significant at the one and five percent probability levels, respectively
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Figure 2- Main effects of biochar (top row) and fertilizer type on corn forage yield in 2021 and 2022
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The letters shown on the horizontal axis are the levels of fertilizer treatments, which include C: for control, M: for Cattle
manure, MS: for dual combination of cattle manure and slurry, S: for slurry, U: for urea chemical fertilizer, UM: for dual
combination of urea and cattle manure, and US: for dual combination of urea and slurry.
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Table 4- ANOVA of corn forage quality characteristics under different treatments during the experiment years

2021 2022
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ns, * and **: superscripts indicate nonsignificant and significant at the one and five percent probability levels, respectively
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Figure 3- ADF in treatments in 2021and biochar x fertilizer interaction in 2022
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The letters shown on the horizontal axis are the levels of fertilizer treatments, which include C: for control, M: for Cattle
manure, MS: for dual combination of cattle manure and slurry, S: for slurry, U: for urea chemical fertilizer, UM: for dual
combination of urea and cattle manure, and US: for dual combination of urea and slurry.
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Figure 4- NDF in treatments in 2021and biochar x fertilizer interaction in 2022
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The letters shown on the horizontal axis are the levels of fertilizer treatments, which include C for control, M for Cattle
manure, MS for dual combination of cattle manure and slurry, S for slurry, U for urea chemical fertilizer, UM for dual
combination of urea and cattle manure, and US for dual combination of urea and slurry.
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Figure 5- NDF in treatments in 2021and biochar x fertilizer interaction in 2022
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The letters shown on the horizontal axis are the levels of fertilizer treatments, which include C: for control, M: for Cattle manure,
MS: for dual combination of cattle manure and slurry, S: for slurry, U: for urea chemical fertilizer, UM: for dual combination of urea
and cattle manure, and US: for dual combination of urea and slurry.
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Introduction: The long-term sustainability and profitability of dairy farms largely depend on the success of
calf and heifer rearing programs. Nutrition is one of the most important pillars of animal husbandry and a
key economic tool for optimizing production systems. Forage consumption by calves promotes rumen
muscular development, stimulates rumination, and increases saliva secretion. Non-forage fiber sources,
which are rich in cell wall components, can be considered alternatives to forages depending on their cost and
availability. Utilizing non-forage fiber sources can help meet the nutritional needs of livestock while also
reducing feed costs and maintaining rumen health. The aim of this study was to investigate the effects of
non-forage fiber sources, including wheat bran and sugar beet pulp, in a starter diet on the performance,
rumen fermentation, and blood parameters of Holstein heifer calves. This study may contribute to a better
understanding of the role of non-forage fiber sources in improving calf health and performance and provide
practical insights for optimizing nutritional strategies in dairy production systems.

Materials and Methods: The experiment was conducted using 24 Holstein heifer calves with an initial body
weight of 37 + 2 kg in a completely randomized design for a period of 90 days. The experimental diets
included: (1) a barley-based starter, (2) a starter containing 15% wheat bran (DM basis) replacing barley, and
(3) a starter containing 13.5% sugar beet pulp (DM basis) as a partial replacement for barley. The diets were
identical in terms of energy content and crude protein content. Daily feed intake was measured and changes
in calf weight were examined. Calves were weighed regularly every 15 days until the end of the
experimental period. Blood samples were taken three hours after feed consumption from the jugular vein at
ages 30, 60, and 90 days. Rumen fluid samples were collected three hours post-feeding using an esophageal
tube at the end of the study (90 days), and urine and fecal pH were measured at the end of the study. Fecal
consistency was evaluated daily throughout the experiment using a scoring scale from 1 to 5. Weaning age
was recorded as an indicator of treatment performance and was defined as the age at which starter intake
reached 900 g per day. Rumination was visually assessed, and the onset of rumination was defined as the age
at which each calf was observed ruminating for three consecutive days; this age was recorded at the end of
the third day.

Authors retain the copyright. This is an open access article distributed under Creative Commons
B Attribution 4.0 International License (CC BY 4.0)
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Results and Discussion: The results indicated that calves fed wheat bran had higher average daily feed
intake and daily weight gain compared with those fed sugar beet pulp. Incorporating non-forage fiber sources
with highly digestible fiber in the diet leads to improvements in intake, health, and productivity. Previous
studies on sugar beet pulp have reported both positive and negative effects on dry matter intake and
performance in cattle and sheep. The rumen pH was influenced by the experimental treatments, with calves
fed wheat bran exhibiting a higher rumen pH compared to the other treatments. Fiber consumption
stimulated rumination and increased saliva secretion, which helped maintain a higher rumen pH.The
treatments did not significantly affect the ruminal ammonia nitrogen concentration in the rumen fluid. The
concentrations of triglycerides and VLDL were significantly lower (P < 0.05) in calves fed the wheat bran
diet compared with the other treatments. were lower in calves fed the wheat bran diet compared with the
other treatments.An increased level of fiber in the diet reduces fat digestion, as these fibers form complexes
with bile salts, disrupting the VLDL reabsorption cycle, which consequently lowers VLDL levels in the
blood. The lower triglyceride concentration in calves fed wheat bran during the post-weaning period
compared to those fed sugar beet pulp may be attributed to higher starter intake during this period. The
differences in final weight among the experimental treatments were significant (P < 0.05), with calves fed
the barley-based starter showing the highest final weight.The differences in final weight among the
experimental treatments were significant. Although there was no significant difference in total feed intake
and feed efficiency among the treatments, the experimental diet containing sugar beet pulp resulted in a
significant reduction in final weight compared to the starter diet containing barley.

Conclusion: The results of this study indicate that the inclusion of wheat bran as a non forage fiber source in
the starter diet has beneficial effects on the health parameters of Holstein heifer calves compared with sugar
beet pulp. These effects include higher feed intake, greater average daily gain compared with calves fed the
sugar beet pulp diet, and improvements in ruminal pH as well as blood metabolites such as triglycerides and
very low density lipoproteins (VLDL).

Keywords: Dairy calves, Rumen fluid, Starter, Sugar beet pulp, Wheat bran
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Table 1- Feed ingredients and nutrient composition of the starter

\L;"?e.tﬁ)'i sl

(32 3) Sy sl Experimental treatments®
Ingredients (percent) Vsl Y e Yol

Treatment 1 Treatment 2 Treatment 3
= 54.5 54.5 54.5
Corn
5 14 - -
Barley
pUS wgaw _ 15 _
Wheat Bran
S ] . - 13.5
Sugar beet pulp
b 285 275 29
Soybean
Yy .
Mineral supplement?
rﬁ_f.»%_ Ao JoSe 1 1 1
Vitamin supplement?
oS el 05 05 05
Calcium carbonate
S 0.5 0.5 0.5
Salt
(P)si"lf;/d)JKK‘) M?L‘*’ dj)ﬂ 3.35 3.28 3.27
ME (Mcal/kg)
(%) ¢ o3 18.8 18.9 18.8
Crude protein (%)
(%) > 0.6 0.6 0.7
Calcium (%)
() 0.6 0.7 0.5
Phosphorus (%)
() 5 osiagd > Jgnels S 12.4 154 15.7

Neutral detergent fiber (%)

2 ab 3Kl w8 e Al o dIV/D Y s g Al (pols pAS Leges 1o)d WO Y e cox aib by kel N les

LS ygalen )3 Ceond Voo (Sgy gabhn 13 Caomndd Yoo oo 53500 ygukie )3 o VIVE (o uio (youkeo 1D Caannd SVB+ + (o gabio )3 Caomid DY+ 2o pn )5 9lS 1o (gl ol
B Osakee 33 Cuond YV v ev s
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! Treatment 1: barley-based starter, Treatment 2: 15% wheat bran replacing barley, Treatment 3: 13.5% sugar beet pulp replacing
barley.
2 Values per kilogram of diet: 5290 parts per millions of copper, 67500 parts per millions of magnesium, 11760 parts per millions of
manganese, 20000 parts per millions of zinc, 100 parts per millions of cobalt, 220000 parts per millions of iodine.

3 Values per kilogram of diet: 3000 parts per million of Monensin, 40 parts per million of organic selenium, 5400 parts per million of
organic copper, 8400 parts per million of organic manganese, 1560 parts per million of organic zinc, 200 parts per million of biotin,
400 parts per million of antioxidants, 1500 international units of vitamin A, 10000 international units of vitamin E, 250000
international units of vitamin D3.
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03,5 (6 Sojlusl iepH 6w ) edlatwl b la T PH g 0 DY b jlodlatul b ode 3g)d g ailjg)y & ygods gedite
5 o el dw (g y0 g 5l ookl b aneSis mlo diges e 395) —iolojl 0,93 31 59, y> (Larson et al., 1977) us b ;)|
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Table 2- The effect of non-forage fiber sources in the starter diet of Holstein calves on performance

N etalel slolos sl
i N Experimental treatments® 5,1kl oo gl
°)9 ) s
Parameter Period Vsl Y les Ve Sk p d)l
Treatment 1 Treatment 2 Treatment 3 SEM “vaiue
TR
SrSn ) U2 0.453 0.427 0.383 0.07 0.80
Before weaning
GofpsSoks) Sygs e SH0 I 2.79% 2.89° 2,420 0.13 0.04
. After weaning
Feed intake (kg/d)
0y93 JS
The whole 1.24 1.25 1.06 0.07 0.17
period
S5 e ) J"’ 0.520 0.533 0.503 0.04 0.84
s Before weaning
e G 1.122 1.10% 0.88° 0.04 0.0005
Usilp55k) After weaning
Weight gain oyg0 JS
)3
(kg/d) The whole 0.72° 0.72° 0.63" 0.03 0.04
period
Shes s s fj‘ b3 2 0.654 0.607 0.604 0.07 0.86
oS okT 55 6L p 5 5kS) Before weaning
(S o S35 8 5l S 0.412 0.301 0.365 0.14 0.39
Feed conversion ratio After weaning
(kg feed/kg weight 0yg> JS
gain) The whole 1.28 1.29 1.33 0.07 0.88
period

9 Al Sl KB juie Al Mo yd WO N Jlas g 4l p 0l S g oyd VO Yl g aib by 5kl 1) Sl

Al o I g oy gty g 53 ol Altio it g (l)ls S iy yn
! Treatment 1: barley-based starter, Treatment 2: 15% wheat bran replacing barley, Treatment 3: 13.5% sugar beet pulp
replacing barley.
2Different letters in the rows indicate significance at the 5% level
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Table 3- The effect of non-forage fiber sources in the starter diet of Holstein calves on blood parameters

" silojl (slales sl e o

o 599 Experimental treatments? skl S ‘

Parameter Day Vsl Y e ¥ les Sl p d)lb
Treatment 1 Treatment 2 Treatment 3 SEM -value
) . 30 77.33 78.77 72.83 3.247 0.45
(dewd 2 pSke) 5595 60 61.33 57.37 51.16 3.816 0.19
Glucose (mg/dL) 90 69.47 67.98 62.08 2.743 0.17
) B ) 30 7431 70.93 68.58 3.715 0.54
(e 3 S ko) Jgyteld 60 65.02 58.08 59.77 3.590 0.40
Cholesterol (mg/dL) 90 69.68 64.87 64.02 2.895 0.33
. P . . 30 41.40 35.19 34.26 2.808 0.17
(e 9 pScdke) S elSis 3 60 29.33 24.25" 30.63¢ 1.826 0.04
Triglycerides (mg/dL) 90 35.36 29.70 32.49 1.695 0.08
B . . 30 10.56 12.42 10.55 0.895 0.25
(diemd 2 pScke) 05> g 03 60 9.19 10.26 9.39 0.514 0.32
Blood urea nitrogen (mg/dL) 90 9.90 11.35 9.95 0.621 0.20
3 e85 k) ol b JB b gy 30 8.28 6.80 6.86 0.535 0.11
) 60 5.86 4.85 5.69 0.334 0.09
()%Juwa a b ab

VLDL (mg/dL) 90 7.07 5.82 6.28 0.319 0.03
) o . 30 2.86 272 2.83 0.115 0.66
(e 2 £5) Ooegel 60 2.84 2.96 2.66 0.199 0.57
Albumin (g/dL) 90 2.85 2.84 2.74 0.106 0.73
) o 30 583 581 5.65 0.215 0.80
(e 2 £5) IS 0 60 5.52 5.64 5.56 0.229 0.93
Total protein (g/dL) 90 5.68 573 5.60 0.151 0.84
‘ o i 30 46.96 51.99 47.16 4.277 0.65
(Hallgn 2>1y) {"““”"”‘*"‘“l"L**“' 60 67.14 68.70 73.08 4.666 0.67
Aspartate aminotransferase (IU) 90 56.88 59.86 60.38 3.072 0.68
At 30 10.69 9.66 10.08 0.811 0.66
f&f;‘:i‘; : r;_)n’o)t";;n)s’ga:: U 60 19.04 17.23 19.56 1.205 0.39
i€ aml (V) 90 14.80 13.54 14.95 0.692 0.31

o dld ol A8y A Ao VY0 Xl g aily (3ol pAS Lugew 2o )3 VO Y jlaws con 4l by kil ) Hles

Al e Hlo e doyd gy g 5D Canl et B> (gl a8 Csdy ja
! Treatment 1: barley-based starter, Treatment 2: 15% wheat bran replacing barley, Treatment 3: 13.5% sugar beet pulp
replacing barley.
2Different letters in the rows indicate significance at the 5% level
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Table 4- The effect of non-forage fiber sources on rumen pH, rumen ammonia nitrogen and urine and feces pH

‘@quj sl
Cdo Experimental treatments® Sibe 5kl (glas o3 gime grbans
Parameter Ve Y e Y s SEM P-value
Treatment 1 Treatment 2 Treatment 3

4eS5 pH

5P 6.43° 6.95% 6.84% 0.12 0.01
Rumen pH
(=) 2 Jyecdhe) a5 (Sligal 09y 16.73 15.07 15.29 0.98 0.45
Rumen ammonia nitrogen (mmol/L)
! PH 8.13 8.21 8.23 0.03 0.20
Urine pH
gs#se PH 6.92 7.09 7.10 0.15 0.64
Fecal pH
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2l o I gime Mo yd iy prlaw 5 Gl Aliio pé gy gl 45 Cady o T
! Treatment 1: barley-based starter, Treatment 2: 15% wheat bran replacing barley, Treatment 3: 13.5% sugar beet pulp replacing
barley.
2 Different letters in the rows indicate significance at the 5% level
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Table 5- The effect of non-forage fiber sources in the starter diet of Holstein calves on feces scores

' ialojl gl jlogs

059 Experimental treatments® ke 3kl (slas S e g
Period Y e Y oles ¥ les SEM P-value

Treatment 1 Treatment 2 Treatment 3
S5t SIS 3.12 3.15 3.88 0.50 0.49
Before weaning
S5 3l 3.12 3.19 3.19 0.06 0.71
After weaning
292 S5 3.12 3.16 3.65 0.34 0.49

The whole period

o dld Sl By Al Ao VY0 Xl g aily (3ol pAS Lugew 2o )3 VO Y e con b by bl ) Hles
b &b )5 a3 50 i b D oo F cawgie ¥ (b Y (b (LS 1) el i 5 ggdde (2D 0y’
L3l ge I3 gme Moy gy prhas j3 3L oo byt By (lyls &S Cndy ya T
! Treatment 1: barley-based starter, Treatment 2: 15% wheat bran replacing barley, Treatment 3: 13.5% sugar beet pulp replacing
barley.

2 Stool scoring was considered as follows: 1: very loose, 2: loose, 3: moderate, 4: hard, 5: very hard.
3 Different letters in the rows indicate significance at the 5% level
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(Rymer & Armstrong, 1989; Rouzbehan et al., 1994;
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Table 6- The effect of non-forage fiber sources in the starter diet of Holstein calves on average birth body weight, time to start
rumination, weaning, and final

ool (glo Lo
030 Experimental treatments? Sbe dyluilinl slas (o) ine prbaws
Period Vsl Y o ¥ lew SEM P-value
Treatment 1 Treatment 2 Treatment 3

(Pfs’l"s) AJ?’ o3 38.64 35.18 36.87 1.18 0.15
Birth weight (kg)

e laSes P R
(p53hS) i £9,3 cloj 0i 42.04 42.46 40.87 0.82 0.34
Weight at the start of rumination (kg)
(p5345) 55 31 i 65.03 65.90 65.30 1.35 0.90
Weaning weight (kg)

SolS) b o
(59k) Sl 039 105.592 102.25%® 94.37° 2.97 0.03

Final weight (kg)
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! Treatment 1: barley-based starter, Treatment 2: 15% wheat bran replacing barley, Treatment 3: 13.5% sugar beet pulp replacing
barley.
2Different letters in the rows indicate significance at the 5% level
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Introduction: The health and integrity of the poultry digestive tract play a vital role in improving
performance, growth rate, and reducing mortality in broiler and layer flocks. A healthy digestive system
improves nutrient digestion and absorption, thereby enhancing overall feed efficiency. The gut immune
system serves as the first line of defense against pathogens. Any impairment of gut function can lead to
weight loss, reduced egg production, and increased susceptibility to disease. Additionally, unfavorable farm
conditions, such as high stocking density or inadequate ventilation, cause stress that weakens the gut immune
response. Intestinal health is widely recognized as a key determinant of overall flock performance.
Therefore, prioritizing digestive tract health is essential not only for maintaining bird welfare but also as an
economic strategy to improve production efficiency.

Materials and Methods: In this study, the effects of a drinking water supplement containing an avian-
derived cytokine (commercially known as CytoGard) were evaluated in broiler chickens for the first time.
There were six treatments: three concentrations of CytoGard including 10, 20, and 80 nanograms of the
active ingredient per liter of drinking water and three control groups were included: non-supplemented
drinking water (Control group), CytoGard without the active cytokine (Cyto0), and a commercial probiotic
PrimaLAC at the recommended dose. The trial was conducted over a 42-day rearing period using 360 Ross
broiler chicks in a completely randomized design consisting of six replicates in each group and 10 chickens
per replicate. Body weight and feed intake were recorded on days 10, 24, and 42. On day 30, blood samples
were collected from the experimental groups for hematological analysis and hemagglutination inhibition (HI)
assays against influenza and Newcastle disease. For sampling, two birds were randomly selected from four
cages per group (a total of 8 birds per group) and humanely euthanized on day 42. lleal and cecal digesta
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were collected for microbial population analysis, and tissue samples from the duodenum, ileum, and jejunum
were obtained for intestinal histopathology.

Results and Discussion: Our results showed that 20 ng/L of the cytokine acted as the optimal dose, reducing
the feed conversion ratio (FCR) by 0.10 during the starter and grower phases and by up to 0.14 during the
finisher phase. During the rearing period, the difference in FCR between this group and the control reached
0.19. Daily weight gain in this group in the starter phase increased by 0.57 g per bird. The weight gain
differences during the grower and finisher phases were 2.94 g and 2.44 g, respectively. Across the entire trial
period, this group exhibited a significant weight increase (4.13 g) compared to the control. Moreover, this
group showed a 2% reduction in mortality during the rearing period compared to the control group. The
concentration of 10 ng/L also resulted in improved FCR, and weight gain relative to the control. However,
the 80 ng/L concentration showed no significant difference from the control in any measured parameter.
Microbiological analysis of ileal and cecal digesta revealed that supplementation with CytoGard at 20 ng/L
significantly reduced the population of the pathogenic bacterium Escherichia coli compared to other
CytoGard-treated and control groups. Furthermore, the count of beneficial Lactobacillus bacteria
significantly increased compared to both the control and the CytoO groups. CytoGard treatment did not cause
any significant changes in hematological parameters or hemagglutination inhibition (HI) antibody titers for
Newcastle and influenza viruses compared to the control group. Histopathological evaluations indicated that
20 ng/L of the cytokine positively affected the intestinal microvilli and increased muscular thickness in the
duodenum, jejunum, and ileum. Villus length and muscular layer thickness in the 20 ng/L group were
significantly increased in the jejunum section compared to the control and CytoO groups.

Conclusion: In conclusion, regular administration of CytoGard as a drinking water supplement at the
optimal concentration during the rearing period led to increased body weight and reduced FCR in broiler
chickens. This supplement also had a significant impact on modulating gut microbial balance and enhancing
villus height and muscular layer thickness. Therefore, CytoGard may serve as a promising approach for
improving gastrointestinal health and reducing production costs in the poultry industry.

Keywords: Cytokine, Gastrointestinal health, Gut microbiota, Histopathology
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Figure 1- Survival rate of broiler chickens under various treatments during 42 days
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Cont.: regular water, Cyto0: CytoGard without active ingredient, Cyto10: 10 ng/L of the active ingredient, Cyto20: 20 ng/L of the

active ingredient, Cyto80: 80 ng/L of the active ingredient, Pro: Commercial probiotic PrimaLac at the recommended dose. The
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Table 3- Effects of the experimental treatments on feed intake, body weight gain and feed conversion ratio in broiler chickens during

1-42 days
ol g 059 - Bgle AroBsle Ve oBgmle A aBsule Sy SEM P value
Cont. Cyto0 Cytol10 Cyto20 Cyto80 Prob.
(p55) alis) Shgs B pae
(9) Feed intake
ol 92 22.87 5821 85.22 7021 09.23 4122 126  0.345
Starter
) 0092 64.78 39.64 66.65 85.63 1166 57.63 2.90 0.438
Grower
@bb 229> 127.61 80.128 37.127 16.123 50.129 78124 578 0.316
Finisher
29> JS . 97.94 2397 88.96 4095 86.96 66.95 3.15 0.221
Total period
(£)5) %l38) 0js Lial38!
Body weight gain(g)
el g 18.05 16.69 18.51 18.62 17.75 17.74 1.58 0.421
Starter
) 009 46.50°  45.87° 48.552 49.442 45.47° 49.44%  1.48 0.041
Grower
“{L“l.“w 62.05 62.98 63.13 64.49 61.60 64.05 2.18 0.315
Finisher
°”°“JS_ 51.78°  52.00P 53.202 55.912 51.37° 55.23¢ 1.61 0.021
Total period
(ST p55kST 39 @Lal p SobS ) Sy Joas oy
FCR(kg weight gain/ kg feed)
N 1.27% 1.29% 1.24% 1.178 1.31P 1.27%  0.04 0.045
Starter
-2 0292 1.39 1.37 1.35 1.29 1.39 1.29 005 0.215
Grower
@_’l"%"w 2.05%® 2.05% 2.02@ 1.912 2.10° 1.952 0.05 0.031
Finisher
°)5>J5_ 1.90° 1.82® 1.82® 1.712 1.89° 1.732 0.04 0.022
Total period
bo)l Wy pasli
EPEF
29 S5 . 252.3>  285.8° 298.27° 333.122 25454 325,01 13.91 0.031
Total period

(P<0.05) wiloxs (5,138 5 e lgicds 2oy iy ) jiaS Jlain] grbaus 13 b uSilee gl aidlyso I ine gl (611> alita et gy b Ly Silio &P
odlo jl jullp 59 Ae CYt080 w0 550 oole 3l yid/p Sl ¥+ :CYL020 w0550 o3lo 5l il p Sl Vo :CYLO10 w0550 odle 9 3,5 gslo :CYIO0 ¢ Jgaxo ol :CONL.

ety 3 b SVl ()b Sgmg s PrO. 0550
wSike 3,5l slas=SEM

ab Means within a row with different superscripts differ significantly (P<0.05). Differences in means were reported as significant at a

probability level of less than 5 percent (p<0.05)

Cont.: regular water, Cyto0: CytoGard without active ingredient, Cyto10: 10 ng/L of the active ingredient, Cyto20: 20 ng/L of the
active ingredient, Cyto80: 80 ng/L of the active ingredient, Pro: commercial probiotic PrimaLac at the recommended dose

SEM =Standard Error of Means
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Figure 2- Changes in daily weight gain and feed conversion ratio FCR during 1-42 days
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Cont.: regular water, Cyto20: 20 ng/L of the active ingredient, Pro: commercial probiotic PrimaLac at the recommended dose

= (Mountzouris et al., 2010; Apajalahti et al., 2004).
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Figure 3- Counts of Escherichia coli in ileal (A) and cecal (B) contents, and Lactobacillus counts in ileal (C) and cecal (D) contents
Cont.: regular water, Cyto0: CytoGard without active ingredient, Cyto10: 10 ng/L of the active ingredient, Cyto20: 20 ng/L of the
active ingredient, Cyto80: 80 ng/L of the active ingredient, Pro: commercial probiotic PrimaLac at the recommended dose. The
Statistical significance differences are indicated by *p < 0.05..meanx SD is given in each column
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Figure 4- Effects of CytoGard on villus length in the duodenum (A), ileum (B), and jejunum (C), and on muscular layer thickness in
the duodenum (E), ileum (F), and jejunum (G) on day 42
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Cont.: Regular water, Cyto0: CytoGard without active ingredient, Cyto10: 10 ng/L of the active ingredient, Cyt020: 20 ng/L of the
active ingredient, Cyto80: 80 ng/L of the active ingredient, Pro: Commercial probiotic PrimalLac at the recommended dose. The
The meanz SD is given in each column. Statistical significance differences are indicated by .mean with SD is given in each column

#p < 0.05, **p < 0.01 and ****p < 0.0001
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Introduction: Wheat bran contains crude fiber, protein, fat, carbohydrates, and minerals (Souci and
Kirchhoff, 2000). The direct inclusion of wheat bran in monogastric diets is limited due to its high fiber
content and anti-nutritional factors such as phytic acid and hemicelluloses (e.g., xylan) (Zhang et al., 2022).
Similarly, the high fiber content and low digestibility of rice bran have restricted its inclusion in poultry diets
(Kras et al., 2013). Microbial fermentation leads to an increase in lactic acid bacteria, a decrease in pH, and
an increase in the organic acid concentration (Canibe and Jensen, 2012). Additionally, these brans contain
anti-nutritional factors such as beta-glucans, trypsin inhibitors, and anti-thiamine factors, which, when
consumed by poultry, reduce nutrient availability and consequently decrease production performance
(Haryati et al., 2015). These anti-nutritional compounds increase digesta viscosity, interfere with the
digestion and absorption of nutrients, and inhibit digestive enzymes such as trypsin, leading to reduced
growth, immunity, and reproductive performance in poultry. Trypsin inhibitors particularly reduce protein
digestion, while beta-glucans increase the viscosity of intestinal contents, impairing nutrient absorption.
Therefore, the presence of these anti-nutritional factors in bran can negatively affect poultry production
performance. It was hypothesized that subjecting wheat bran and rice bran to different fermentation methods
would improve performance, nutrient digestibility, and gastrointestinal tract characteristics of broiler
chickens. Therefore, the main objective of this research was to compare the effects of different fermentation
methods of wheat bran and rice bran on the performance, nutrient digestibility, and gastrointestinal tract of
broiler chickens.

Materials and Methods: This experiment aimed to investigate the effects of different fermentation methods
(Bacillus subtilis, Aspergillus niger, and rumen fluid) on wheat and rice brans and their subsequent impact
on performance and nutrient digestibility of broiler chickens. Fermentation with B. subtilis and A. niger was
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