Tropical Animal Health and Production (2025) 57:394
https://doi.org/10.1007/s11250-025-04642-x

REGULAR ARTICLES ——

®

Check for
updates

Milk-based supplementation in wet and dry feed forms: effects on
growth performance, histomorphology, survivability, and economic
outcomes in goslings

Seda Iflazoglu Mutlu' - Pinar Tatli Seven' - Ulku Gulcihan Simsek? - Zeki Erisir? - Yasin Baykalir® -
Mehmet Hanifi Yalgin* - Muhsin Mutlu®

Received: 18 March 2025 / Accepted: 2 September 2025 / Published online: 26 September 2025
© The Author(s), under exclusive licence to Springer Nature B.V. 2025

Abstract

This study investigated the effects of supplementing starter diets for goslings with milk powder (MP), milk replacer
(MR), and whey powder (WP) in two different forms (dry and wet) on growth performance, survivability, intestinal
histomorphology, and economic evaluation. Early nutrition is critical in goslings, yet limited research has addressed
how milk-based supplements influence gut development and economic outcomes in this species. Therefore, a total of
192 one-day-old goslings were randomly assigned to eight groups in a 2 x4 factorial experimental design involving two
feed forms (dry, wet) and four additive treatments (0%, MP-4%, MR-4%, and WP-4%). The experiment lasted 70 days.
Feed form significantly affected the feed conversion ratio, with better efficiency in the dry group (P<0.001), while body
weight, body weight gain, and feed intake were not significantly influenced by either feed form or additive (P>0.05).
Villus length, villus width, and crypt depth were greater in the dry feed groups, whereas lamina muscularis thickness
was higher in the wet groups (P<0.001). Among the additives, the WP groups had the highest villus length and lamina
muscularis thickness, and the MR groups showed the highest villus width and crypt depth values (P<0.001). The most
favorable economic outcome was observed in the Dry-WP group, which had the lowest carcass cost at 16.00 TL per kg,
compared to TL18.63 TL in the highest-cost group (Wet-MR). Goslings in all supplemented groups (dry-MR, dry-WP,
wet-MP, wet-MR, and wet-WP) exhibited a 100% survival rate throughout the trial, while slightly lower survival (95.83%)
was recorded in the control groups (P>0.05). In conclusion, although milk-based supplementation did not significantly
affect overall performance, it enhanced gut morphology and survivability. These findings suggest that WP, especially in
dry form, may facilitate gastrointestinal development, enhance nutrient absorption and improve economic efficiency during
the critical first three weeks of the early growth phase in goslings.
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strong disease resistance, ease of breeding, short production
cycles, and high return on investment, making them highly
suitable for commercial farming (Wang et al. 2025). In recent
years, goose production methods have significantly shifted
from traditional water-based farming to fully enclosed, dry
farming systems. As herbivorous birds that thrive in diverse
environments and produce high-quality meat, geese are
highly influenced by feed nutrient composition, which plays
a crucial role in poultry production performance (Zhang et
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al. 2024). Despite the rapid expansion of the goose farming
industry, research on digestive physiology and feed utiliza-
tion remains insufficient, highlighting the need for further
scientific studies to ensure sustainable development (Wang
et al. 2025).

Proper nutrition during the early post-hatch period is
critical for chick health and long-term productivity. Timely
access to feed and water is essential for day-old chicks, as
delayed nutrient intake can impair growth performance and
reduce breast meat quality (Abd El-Azeem et al. 2024). For
optimal feed utilization efficiency in poultry, newly hatched
chicks must complete their digestive system development
as quickly as possible and require a high level of nutrients,
particularly during the first 7-10 days of life (Ebling et al.
2015). Furthermore, early post-hatch nutrition facilitates
gastrointestinal development, improves nutrient absorp-
tion, and directly impacts final body weight, highlighting
the importance of feed composition and digestibility during
this period (Kamanli and Durmus 2014; Abd El-Azeem et
al. 2024). A study reported that chicks fed highly digestible
pre-starter diets achieved an average body weight increase
from 160 to 170 g to up to 200 g by day 7 (Leeson 2008).

Animal protein is a nutrient-rich energy source that plays
a crucial role in the growth and development of animals.
Compared to plant-based proteins, animal proteins contain
all essential amino acids, making them a complete pro-
tein source. Milk replacers (MR) are dried milk powders
(MP) with high protein content and a rich amino acid pro-
file. MR is a feed alternative to milk, typically produced
by supplementing by-products derived from processed milk
with animal and plant-based fat sources, vitamins, and min-
erals, containing 20—24% crude protein (Kose and Sehu
2020). In particular, MP is used as a protein supplement in
broiler feed and contains a specific type of protein called
casein (Ata and Al-Massad, 2015). Whey is a significant
by-product of the cheese industry, and its alternative use is
valuable both environmentally and economically. Its high
lactose and protein content make it a potential ingredient in
poultry nutrition. Findings indicate that dried whey powder
(WP) supports broiler growth and improves feed conversion
(Pineda-Quiroga et al. 2018).

Szczurek et al. (2013) reported that WP not only acts
as a growth promoter in broilers but also has the ability
to induce significant metabolic changes along the intesti-
nal tract and contains certain organic acids such as citric
and lactic acid. Ashour et al. (2019) conducted a study in
which they supplemented broiler diets with WP protein
concentrate (0%, 0.15%, 0.20%, and 0.25%) and found an
improvement in broiler performance. Similarly, Zarei et al.
(2018) determined that the addition of 4% WP altered intes-
tinal morphology, thereby enhancing broiler performance.
Pineda-Quiroga et al. (2018) found that WP, due to its high
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mineral digestibility and ability to increase feed intake,
accelerates broiler growth. In broiler chickens, supplemen-
tation with acidified WP and yeast extract has been shown to
significantly increase villus height and mucosal thickness,
thereby improving intestinal morphology (Kermanshahi
et al. 2017). These findings suggest that milk-based addi-
tives may positively influence intestinal development across
different animal species. Although these effects have been
well-documented in broilers, it can be postulated that simi-
lar mechanisms may also operate in goslings, thereby sup-
porting the use of WP and other milk-derived additives not
only for economic purposes but also based on physiological
rationale.

In a study using MP in broilers, a group supplemented
with 0.5% MP for 35 days exhibited greater body weight
gain and improved feed conversion efficiency (Ata and Al-
Massad, 2015). Recent studies have examined the effects of
dietary nutrient levels and feed form on intestinal develop-
ment in geese. For example, moderate dietary calcium and
crude protein (CP) (0.96% Ca and 14.5-18.5% CP) in Jiang-
nan White goslings significantly improved villus height,
crypt depth, and digestive enzyme activity compared to
lower or higher levels (Chen et al. 2025). Moreover, feeding
fermented roughage to goslings positively enhanced intesti-
nal histomorphology (Xi et al. 2020). Compared to broilers
and ducks, geese exhibit lower ileal amino acid digestibility
rates, with values around 63%, as opposed to approximately
73% in broilers and 43—-61% in ducks (Jamroz et al. 2002).
These species-specific differences in intestinal digestion
capacity suggest that geese may respond differently to milk-
derived feed additives, such as whey or milk proteins, due
to reduced efficiency in protein absorption. These goose-
specific findings support the feasibility of using milk-based
additives like MP, MR, and WP to target similar improve-
ments in gut structure, bridging insights between poultry
and waterfowl nutrition. However, no studies have been
found investigating these feed additives’ effects on gos-
lings’ growth performance. Moreover, limited research has
addressed the specific effects of these additives on intestinal
histomorphology and economic outcomes in goslings, high-
lighting a critical gap in current knowledge.

This study aims to evaluate the effects of WP, which has
been reported to enhance performance and survival rates in
broilers, along with MP, whose positive effects have been
noted in a limited number of studies, and MR, whose impact
on poultry performance has not been previously investi-
gated, on the growth performance and meat quality charac-
teristics of goslings. While there is insufficient information
in the literature regarding the use of these feed additives
in geese, observations from traditional farmers suggesting
that the addition of milk to gosling diets improves growth
performance have highlighted the need for further research
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on alternative feed additives. Considering the high cost and
contamination risk of milk, WP, MR, and MP are proposed
as more practical alternatives under field conditions. There-
fore, this study aims to incorporate these additives into
gosling diets in different forms and assess their effects on
growth performance, intestinal development, survivability,
and economic outcomes.

Materials and methods
Diet, experimental animals and design

A total of 192 goslings were used in the study. The experi-
mental animals were selected from healthy goslings hatched
from eggs obtained from breeding geese housed at the farm
where the study was conducted. Within the first 24 h post-
hatching, the goslings underwent general health checks and
were individually weighed. Health certificates were avail-
able for all animals sourced from the facility. The birds were
housed in an enclosed shelter equipped with wooden pens
measuring 1% 1.5 m, under a photoperiod of 23 h of light
and 1 h of darkness. These goslings were allocated into 8
groups, each consisting of 4 replicates with 6 individuals
per replicate.

The sample size for the study was determined via a
post hoc power analysis using G*Power software (version
3.1.9.2). The parameters used in the analysis included a
Type 1 error rate (a) of 0.05, statistical power (1 — ) of
0.85, and effect size (Cohen’s f) of 0.295. Based on these
criteria, it was calculated that a total of 192 animals (24 per
group) would be sufficient to detect statistically significant
differences (Cohen 1988; Faul et al. 2007). The initial body
weights of all groups were balanced, and the goslings were
raised in closed coops under intensive rearing conditions.
Goslings were randomly distributed into groups according
to a 2 x4 factorial design, with two feed forms, dry and wet,
and four additive treatments, including no additive (0%),
4% MP, 4% MR, and 4% WP in the first 3-week period
(Cesari et al. 2014; Zarei et al. 2018). The supplementation
was limited to the first three weeks to focus on the critical
early growth phase, during which intestinal development
and immune programming are most sensitive to dietary
modulation. This timing reflects both the heightened physi-
ological responsiveness of goslings and the practical feed-
ing strategies often applied during the brooding period.

The 4% inclusion rate was determined based on previ-
ous studies in broilers, where similar levels of milk-derived
additives resulted in improved intestinal morphology and
performance (Cesari et al. 2014; Zarei et al. 2018). Due
to the lack of data in goslings, this level was adopted as a
reference point for evaluating early developmental effects.

During the first 3-week period, the starter diet of goslings
was supplemented with MP, MR, and WP. The feed addi-
tives were categorized into three groups: MP, MR, and WP
each incorporated at a level of 4% (i.e., 40 g of additive per
1000 g of feed). For additives administered in liquid form,
MP, MR, and WP were dissolved in an equal amount of
water. The resulting solutions were sprayed uniformly onto
the compound feed and mixed thoroughly. To prevent spoil-
age, liquid additives were added to the feed daily, and all
prepared feed was offered to the goslings immediately with-
out storage. Groups fed wet feed received freshly prepared
diets daily, whereas dry feed was provided directly to the
goslings without any additional processing.

The animals were fed a diet containing 20% CP and
2900 kcal/kg of metabolizable energy (ME) during the first
to fourth weeks and 15% CP and 3000 kcal’kg ME from
the fifth to tenth weeks (NRC 1994). The experiment lasted
for a total of 10 weeks. The analysis of the diet was con-
ducted according to the methods described by AOAC and
NRC (NRC 1994; AOAC 2006). Diet and water were con-
tinuously available to all animals throughout the trial. The
composition and crude nutrient contents of the diets are pre-
sented in Table 1.

Implementation of the experiment and
monitoring of growth performance

Determination of body weight and body weight
change

Initial body weights of the animals were determined using
a scale with 1 g sensitivity on the first day of the study. The
male goslings (a total of 192), whose initial body weights
were equalized, were divided into subgroups of four and fat-
tened in 1 x 1.5 m? wooden compartments within a closed
shelter. They were weighed at 15-day intervals over 10
weeks.

Determination of feed intake

In the groups that received wet feeding for the first 3 weeks,
feed was weighed daily and the remaining feed was weighed
and taken daily. However, no correction was made for mois-
ture loss due to evaporation from the wet feed during the
feeding period. As a result, feed intake was calculated based
on gross feed disappearance in 15-day periods, without
accounting for potential water loss.
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Determination of feed conversion ratio

Feed conversion ratios were determined by dividing the
average amount of feed consumed by the animals in two
weighing intervals since the beginning of the trial by the
average body weight gains determined in these two weigh-
ing intervals.

Determination of survival capacity

Subgroups within each group were monitored throughout
the trial, and daily death numbers were recorded to deter-
mine survival capacity.

Carrying out the slaughtering process of the
animals and taking tissue samples

In order to evaluate histomorphological analyses, a total of
48 geese were slaughtered at the end of the growth period,
6 geese from each group close to the group average. The
geese were left hungry in the evening before slaughtering
and slaughtered in the early morning.

Histomorphological analyses

The intestines of the slaughtered animals were separated
from the ileum sections, and their weights and lengths were
measured while empty. Tissue samples taken from the ileum
were fixed with 10% buffered formaldehyde. Fixed samples
were dehydrated using increasing alcohol concentrations
(70%, 80%, 90% and 100%). After dehydration, the sam-
ples were subjected to a clarification process with xylol. At
the end of the clearing process, tissue samples were blocked
in paraffin and made ready for sectioning. 4—-6 um thick sec-
tions were taken from each prepared block and placed on
slides. Ileum samples placed on slides were stained with
hematoxylin-eosin staining method (Uni et al. 1999, 2003).
Microscopic evaluations were performed at 10X magnifi-
cation. Samples taken from the ileum of each animal were
measured using the image analysis system for villus length,
villus width, crypt depth, and lamina muscularis mucosa
thickness. Villus length was determined by measuring from
the tip of the villus to the villus-crypt junction, and villus
width was determined by measuring from the middle region
of the villus (Thompson and Applegat 2006). Crypt depth
was determined by measuring the depth between adjacent
villi (Awad et al. 2011). Photographs of the tissues were
taken with a digital camera microscope. The photographs
were taken using an image processing and analysis program
to measure villus length, villus width, crypt depth and lam-
ina muscularis mucosa thickness. To ensure reproducibility
and account for intra-individual variation, three independent

measurements were taken from the ileum section of each
animal.

Economic evaluation

Feed cost was calculated for one kg carcass production. In
the study, other expenses except feed costs were kept con-
stant for all groups.

Statistical analyses

The obtained data were analyzed using the General Linear
Model (GLM). Prior to analysis, data were checked for nor-
mality using the Shapiro-Wilk test and for homogeneity of
variances using Levene’s test; all assumptions were met.
Based on the GLM results, the Tukey multiple comparison
test was employed to identify which group contributed to
the significant differences in the features (additive groups).
For further analysis, Tukey’s test was applied again to inves-
tigate which combinations of feed form and additive groups
were responsible for the significant interactions. Survival
rates were analyzed using the Chi-square test. All statistical
analyses were conducted within a 95% confidence level, as
part of the GLM framework. All data were processed using
the SPSS 22 software. The statistical significance was set at
P<0.05, and the results are presented as means with stan-
dard error of the mean (SEM).

Results
Growth performance

The average body weights of the experimental groups are
presented in Table 2. As shown in Table 2, the effects of feed
form and additives on body weight were not statistically sig-
nificant (P>0.05). The interaction between feed form and
additives significantly affected body weight at weeks 8 and
10 (P<0.05). It was observed that the MP, MR, and WP
groups exhibited higher body weights in dry feeding com-
pared to the control group. In wet feeding, the body weights
of the control group were significantly higher than those of
the groups supplemented with MP, MR, and WP (P<0.05).
The difference between the average body weights of the MP,
MR, and WP groups in both feed forms was insignificant
(P>0.05).

The interaction between feed form and additives signifi-
cantly affected the body weight gain of geese throughout the
10-week growth period (Table 3; P<0.05). When the body
weight gain in the dry feeding groups was compared to the
control group during the 0- 10th weeks, it was observed that
the MP, MR, and WP groups exhibited higher body weight
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Table 2 Effects of feed form and additives on body weight (g)

Weeks
0 2 4 6 8 10
Wet 106 843 2403 3080 3710 4016
Dry 106 828 2305 3007 3613 3949
P 0.994 0.533 0.108 0.394 0.346 0.530
n? 0.001 0.016 0.104 0.030 0.037 0.017
Control 106 831 2367 2988 3655 3977
MP 106 861 2374 3059 3684 4021
MR 106 833 2378 3118 3683 3994
WP 106 818 2298 3008 3626 3937
P 1.000 0.632 0.743 0.706 0.973 0.954
n? 0.001 0.068 0.049 0.055 0.009 0.014
Dry Control 106 834 2309 2837 3457° 3756°
MP 106 837 2392 3112 3737° 4058*
MR 106 865 2545 3280 38922 4190°
WP 106 836 2367 3092 3755° 4063°
Wet Control 106 828 2426 3139 38534 41984
MP 106 884 2356 3007 36308 39858
MR 106 801 2211 2956 34748 37998
WP 106 800 2228 2925 34978 38128
FFxA 1.000 0.394 0.076 0.087 0.048 0.050
n? 0.001 0.115 0.245 0.236 0.276 0.269
SEM 4.19 24.3 61.1 88.3 105 110

Control: basal diet without additive supplementation; MP: milk powder; MR: milk replacer; WP: whey powder; Dry: dry feed form; Wet: wet
feed form; FF: feed form; A: additives; n* partial eta squared (effect size); SEM: standard error of means. * %A B: Differences between means
with different letters in the same column are significant. % °: It refers to the interaction between additive and dry feed groups. “ B: It refers to the
interaction between additive and wet feed groups

Table 3 Effects of feed form and additives on body weight gain (g)

Weeks
0-2 2-4 4-6 6-8 810 0-10
Wet 52.6 111 483 45.0 27.8 55.2
Dry 51.6 105 50.1 433 30.4 54.7
P 0.528 0.108 0.634 0.712 0.453 0.763
7 0.017 0.104 0.010 0.006 0.024 0.004
Control 51.8 109 443 47.6 293 55.2
MP 53.8 108 48.9 44.6 30.6 55.5
MR 51.9 110 52.8 403 27.8 545
WP 50.8 105 50.7 44.1 28.7 54.8
P 0.625 0.800 0.408 0.719 0.951 0.968
7 0.069 0.040 0.112 0.053 0.014 0.010
Dry Control 52.0 105 37.7 44.2 27.1 51.6°
MP 522 111 51.4 44.7 29.1 55.7%
MR 54.2 119 52.5 43.6 27.0 56.9%
WP 52.1 109 51.7 474 27.9 56.7
Wet Control 51.5 114 50.9 50.9 31.4 58.8"
MP 55.5 105 46.4 44.5 322 5520
MR 49.7 100 53.2 36.9 28.6 52.08
WP 495 102 49.7 40.8 29.5 52.98
FFxA 0.387 0.076 0.325 0.675 0.991 0.044
7 0.116 0.245 0.132 0.061 0.004 0.281
SEM 1.71 3.71 3.77 4.64 3.62 1.61

Control: basal diet without additive supplementation; MP: milk powder; MR: milk replacer; WP: whey powder; Dry: dry feed form; Wet: wet
feed form; FF: feed form; A: additives; n?: partial eta squared (effect size); SEM: standard error of means. * A, B: Differences between means
with different letters in the same column are significant. >°: It refers to the interaction between additive and dry feed groups. * B: It refers to the
interaction between additive and wet feed groups
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gains than the control group. In contrast, the highest body
weight gains in the wet feeding groups were recorded in the
control and MP groups (P<0.05).

As presented in Table 4, the average feed intake of
the experimental groups revealed that the effects of both
feed form and additives were not statistically significant
(P>0.05). Although feed intake in the wet group increased
by 1.9% compared to the dry group, this difference was
found to be statistically insignificant (P>0.05).

Based on the feed form, the feed conversion ratio during
the 0-10 week growth period was found to be significant,
with values of 3.16 for the dry group and 3.97 for the wet
group, respectively (Table 5; P<0.001). The differences
between groups in terms of feed conversion ratio were not
statistically significant. The addition of additives (MP, MR,
and WP) to the ration, as well as the interaction between
feed form and additives, did not affect the feed conversion
ratio (Table 5; P>0.05).

Survivability

The effects of feed form and additives on the survivabil-
ity of geese are presented in Table 6; Fig. 1. The highest
survival rate was observed in dry-MR, dry-WP, wet-MP,
wet-MR, and wet-WP groups, with 100% survival. A sur-
vival rate of 95.83% was determined in the dry-control,

Table 4 Effects of feed form and additives on feed intake (g)

dry-MP, and wet-control groups. Statistically, no significant
differences were observed during any week of the 10-week
growth period or in the overall analysis, neither in terms of
feed form, additives, nor the feed form-additive interaction
(P>0.05).

Histomorphological measurements

Statistically significant differences were observed between
the dry and wet feeding groups regarding villus length, vil-
lus width, crypt depth, and lamina muscularis thickness
(Table 7; Figs. 2 and 4; P<0.001). Villus length (1049 pm),
villus width (75.9 pm), and crypt depth (227 pm) values
were observed to be higher in the dry group compared to
the wet group (920 pm, 54.5 pm, and 216 pm, respectively).
Conversely, the lamina muscularis thickness was higher in
the wet group (92.4 pum) than in the dry group (69.2 pum).
There was no significant difference between the dry (12.9 g
and 5.69 mm) and wet groups (13.2 g and 6.28 mm) in terms
of ileum weight and ileum length values (P>0.05).

When the supplementation groups (Control, MP, MR,
and WP) were examined, the lowest villus length value was
observed in the control group. The difference between the
MP group and the control group was not statistically sig-
nificant (Table 7; Fig. 4; P>0.05). The values for the MR
and WP groups were found to be similar, with no significant

Weeks
0-2 2-4 4-6 6-8 8-10 0-10
Wet 74.1 199 211 209 182 174
Dry 74.7 212 250 206 176 177
P 0.660 0.002 0.002 0.741 0.437 0.528
n? 0.012 0.348 0.325 0.005 0.025 0.017
Control 76.9 207 228 213 181 177
MP 73.1 207 228 207 183 176
MR 74.3 208 233 204 173 179
WP 73.3 200 233 206 179 170
P 0.179 0.400 0.984 0.871 0.757 0.595
7 0.257 0.113 0.006 0.029 0.047 0.074
Dry Control 77.1 204 200 208 183 172
MP 71.0 206 214 209 188 174
MR 76.0 192° 220 215 185 180
WP 72.3 194° 211 205 172 170
Wet Control 76.8 2108 257 219 179 182
MP 75.2 2088 242 206 178 178
MR 72.7 2244 246 194 161 179
WP 74.2 2068 254 206 187 170
FFxA 0.245 0.036 0.760 0.574 0.265 0.858
7 0.223 0.294 0.047 0.078 0.150 0.031
SEM 1.35 3.80 11.84 8.59 6.97 3.69

Control: basal diet without additive supplementation; MP: milk powder; MR: milk replacer; WP: whey powder; Dry: dry feed form; Wet: wet
feed form; FF: feed form; A: additives; n2 partial eta squared (effect size); SEM: standard error of means. * > B: Differences between means
with different letters in the same column are significant. > °: It refers to the interaction between additive and dry feed groups. * B: It refers to the

interaction between additive and wet feed groups
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Table 5 Effects of feed form and additives on feed conversion ratio (g feed/g gain)

Weeks
0-2 2-4 4-6 6-8 8-10 0-10
Wet 1.43 1.92 4.59 4.81 6.78 3.16
Dry 1.48 1.59 5.13 5.31 6.43 3.97
P 0.391 0.001 0.145 0.392 0.611 0.001
n? 0.046 0.564 0.086 0.031 0.011 0.630
Control 1.54 1.75 5.53 4.80 6.70 3.61
MP 1.38 1.77 4.79 4.96 6.34 3.51
MR 1.45 1.74 4.46 5.41 6.92 3.69
WP 1.46 1.74 4.66 5.08 6.45 3.47
P 0.272 0.984 0.203 0.889 0.933 0.605
n? 0.211 0.006 0.171 0.025 0.018 0.073
Dry Control 1.52 2.01 5.72 4.87 7.05 3.35
MP 1.40 1.89 421 5.07 6.53 3.13
MR 1.40 1.88 4.28 4.97 6.35 3.18
WP 1.41 1.89 4.14 4.36 6.71 2.99
Wet Control 1.56 1.50 5.35 4.73 6.35 3.88
MP 1.36 1.66 5.36 4.86 6.15 3.87
MR 1.49 1.61 4.65 5.86 7.00 4.20
WP 1.51 1.59 5.18 5.81 6.20 3.95
FFxA 0.775 0.330 0.433 0.682 0.976 0.526
n? 0.065 0.131 0.106 0.059 0.008 0.087
SEM 0.06 0.06 0.38 0.59 0.72 0.13

Control: basal diet without additive supplementation; MP: milk powder; MR: milk replacer; WP: whey powder; Dry: dry feed form; Wet: wet
feed form; FF: feed form; A: additives; n* partial eta squared (effect size); SEM: standard error of means

Table 6 Chi-square analysis table for groups’ survivability rate (%)

Groups Survivability (%) sd X2 P
Control-Dry 95.83 7 5.079 0.650
MP-Dry 95.83

MR-Dry 100

WP-Dry 100

Control-Wet 95.83

MP-Wet 100

MR-Wet 100

WP-Wet 100

Control: basal diet without additive supplementation; MP: milk powder; MR: milk replacer; WP: whey powder; Dry: dry feed form; Wet: wet

feed form. sd: degrees of freedom; X?: chi-square value

difference between them (P>0.05). However, when com-
pared with the control group, villus length values in the
MR and WP groups were significantly higher than those
in the control group (P<0.001). Additionally, interactions
between feed form and additive groups on villus length
were found to be statistically significant (P<0.001).

The highest villus width was observed in the control
group, and no significant difference was found between the
MR and control groups (Table 7; Fig. 4; P>0.05). While
there was no difference in villus width values between the
MP and WP groups (P>0.05), the difference between the
control group and these two groups was significant, favor-
ing the control group (P<0.001). Interactions between feed
form and supplement groups in terms of villus width were
statistically significant (P<0.001).
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The MR group had the highest crypt value, and no sig-
nificant difference was found between the MR and control
groups (Table 7; Fig. 4; P>0.05). There was no significant
difference in crypt depth between the MP and WP groups
(P>0.05), but both groups had lower values than the con-
trol group, with the difference being significant (P<0.001).
Interactions between crypt depth values among the groups
were statistically significant (P<0.001).

When examining the lamina muscularis muscle thickness
values, it was observed that the highest value was in the WP
group, with no significant difference between the WP and
control groups. While the difference between the MP and
WP groups was insignificant, both groups showed a signifi-
cant difference when compared to the control group, favor-
ing the control group. Interactions between the groups were
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Fig. 1 Effects of feed form and additives on survivability rate (%).
Control: basal diet without additive supplementation; MP: milk pow-
der; MR: milk replacer; WP: whey powder; Dry: dry feed form; Wet:
wet feed form

Table 7 Effects of feed form and additives on ileum histomorphology

also found to be statistically significant (Table 7; Fig. 4;
P<0.001).

No significant differences were found between the con-
trol, MP, MR, and WP groups regarding ileum weight and
length values. Additionally, interactions between the groups
for both ileum weight and length were not statistically sig-
nificant (Table 7; Fig. 4; P>0.05).

Economic evaluation

Since all groups were raised under equivalent conditions,
the cost of 1 kg of carcass was calculated based on the vari-
able feed cost, with other expenses held constant. The net
profit for each group was calculated by subtracting the car-
cass sales revenue from the total cost, including the price
of 1 kg of carcass. The average cost of 1 kg of carcass was
determined to be 16.86 TL in the dry groups and 17.53 TL
in the wet groups. At the end of the trial, the cost per kg of
carcass in the dry groups was found to be 17.12 TL, 17.03
TL, 17.31 TL, and 16.00 TL in the control, MP, MR, and WP
groups, respectively.

The cost of 1 kg of carcass in the Wet-control, Wet-MP,
Wet-MR, and Wet-WP groups was determined to be 16.70
TL, 17.53 TL, 18.63 TL, and 17.25 TL, respectively. Upon
examining the economic analysis of the trial groups (Fig. 3),

Villus Length Villus Width Crypt Depth Lamina Muscularis  Ileum Weight Ileum
(um) (pm) (um) (pm) (&) Length
(mm)
Dry 1049 75.9 227 69.2 12.9 5.69
Wet 920 54.5 216 92.4 13.2 6.28
P 0.001 0.001 0.001 0.001 0.682 0.117
7 0.985 0.963 0.652 0.896 0.004 0.060
Control 932b 82.42 227° 92.5° 13.3 5.91
MP 994 56.6" 190° 55.4° 13.5 5.91
MR 10012 73.9% 2712 64.1° 122 5.51
WP 1012° 48.0° 197° 1112 13.1 6.62
P 0.001 0.001 0.001 0.001 0.421 0.220
n? 0.939 0.977 0.985 0.969 0.067 0.103
Dry Control 926° 86.6° 190° 92,5 12.4 5.67
MP 988P 60.5" 175° 55.5° 12.9 5.35
MR 1136 1042 205 73.2 12.3 4.97
WP 11482 52.4> 3372 55.6" 14.0 6.77
Wet Control 9378 78.14 2644 92.6¢ 14.2 6.15
MP 10004 52.68 2058 5528 14.1 6.47
MR 865 43.68 2058 55.18 12.0 6.05
WP 877¢ 43.68 1908 1664 12.3 6.47
FFxA P 0.001 0.001 0.001 0.001 0.177 0.503
7 0.988 0.967 0.990 0.977 0.115 0.056
SEM 2.62 0.69 1.27 1.29 0.62 0.39

Control: basal diet without additive supplementation; MP: milk powder; MR: milk replacer; WP: whey powder; Dry: dry feed form; Wet: wet
feed form; FF: feed form; A: additives; n%: partial eta squared (effect size); SEM: standard error of means. * bA.BC. Differences between means
with different letters in the same column are significant. ®°: It refers to the interaction between additive and dry feed groups. * B It refers to

the interaction between additive and wet feed gruops
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Fig.2 A cross-section of the
goose ileum (Hematoxylin &
Eosin staining, 10X). (1: Villus
length; 2: Villus width; 3: Lamina
muscularis muscle thickness; 4:
Crypt depth)

e
g

the highest cost was observed in the Wet-MR group (18.63
TL), while the lowest cost was found in the Dry-WP group
(16.00 TL).

Discussion

The goose, as a herbivorous species, exhibits high adapt-
ability to diverse environments and produces quality meat.
Poultry growth performance is influenced by factors such as
breed, feed nutrient composition, and feeding management.
Among these, feed nutrient content plays a critical role in
determining production performance under similar rear-
ing conditions (Zhang et al. 2024). In recent years, goose
farming has developed rapidly, but research in areas such as
digestive physiology and feed allocation has lagged behind
this progress (Wang et al. 2025). Early post-hatch nutri-
tion is essentialfor growth performance, feed efficiency,
and overall productivity in poultry. During the first week,
rapid gastrointestinal development, especially in the small
intestine, is essential for nutrient absorption. Feed depriva-
tion during this period adversely affects villus morphology,
thereby limiting nutrient uptake and growth (Abd El-Azeem
et al. 2024). The care and nutrition of chicks during the first
few days post-hatch significantly impact the flock’s final
body weight, making the form, digestibility, and nutrient
content of the feed during this period crucial (Kamanlt and
Durmus 2014).
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Growth performance

Dry feed is the most common method used to feed animals.
However, in recent years, wet feed has been recognized as
an important factor in enhancing animal productivity (Liu
et al. 2019). De Lange et al. (2012) reported enhanced
growth performance and feed utilization in pigs fed wet
feed. Broiler chickens tend to prefer a wet diet when given
the choice between wet and dry feed (Sampath and Ata-
pattu 2007). Previous studies have shown that wet feeding
improves dry matter intake, daily weight gain, and feed uti-
lization in broiler chickens (Atapattu and Sudusinghe 2013;
Tabeidian et al. 2015; Afsharmanesh et al. 2016). In support
of these findings, Emadinia et al. (2014) reported that there
was no statistically significant difference in body weight,
body weight gain, feed intake, or feed conversion ratio
between the wet feed and dry feed groups in their study on
broiler chickens. In a study conducted with Muscovy ducks,
it was reported that the wet feed form did not affect the feed
conversion ratio (Farghly et al. 2018). Akinola et al. (2015)
noted that broiler chickens fed wet feed had higher body
weight and body weight gain compared to those fed dry
feed; however, no difference was found between the groups
in terms of feed intake and feed utilization. Consistent with
these studies, the effects of wet and dry feed forms on aver-
age body weight, body weight gain, and feed intake in gos-
lings during the initial period (0-3 weeks) were found to
be statistically insignificant in this study. Although several
studies in broilers have shown that feed form can influence
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Fig. 3 Effects of feed form and dietary additives on ileum histomor-
phological parameters. a, b: Different lowercase letters within the
same feed form indicate statistically significant differences among
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actions (P<0.001). No significant differences were found for ileum
weight and length (P>0.05). Control: basal diet without additive sup-
plementation; MP: milk powder; MR: milk replacer; WP: whey pow-
der; Dry: dry feed form; Wet: wet feed form
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Fig. 4 Effects of feed form and dietary additives on (A) feed cost per
kg of carcass (TL/kg) and (B) net profit per treatment group (TL).
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(P<0.001 for A; P<0.05 for B); lowercase letters indicate significant

growth performance, the lack of a significant effect in the
present study may be attributed to physiological differences
between species. Geese, as herbivorous waterfowl, possess
aunique gastrointestinal structure and slower metabolic rate
compared to broilers, which may reduce their responsive-
ness to feed form variations. Additionally, the controlled
housing and sanitary conditions provided during the experi-
ment may have minimized environmental stressors and
helped maintain uniform growth across all groups (Liu et al.
2010; Zhang et al. 2024). Liu et al. (2019) reported that in
28- to 70-day-old geese, no statistical difference was found
between the wet and dry feed groups in terms of body weight
and body weight gain. However, a statistically significant
difference was observed in average daily feed intake and
feed conversion ratio. It has been suggested that this may be
due to the ability of wet feeds to reduce digestive viscosity,
thereby enabling digestive enzymes to better penetrate the
feed, as well as their higher palatability. Therefore, further
research is needed to elucidate the effects of feed forms on
the performance of various poultry species.

Although feed form and additive treatments alone did
not significantly affect body weight, body weight gain, or
feed intake, their interaction yielded statistically significant
effects on body weight and weight gain, particularly in the
later stages of the trial. In the dry feed groups, MP, MR, and
WP supplementation appeared to enhance both body weight
and weight gain compared to the control group, while in
the wet feed groups, this trend was reversed. Although the
additive treatments did not yield statistically significant
main effects on growth performance, the presence of signifi-
cant interactions suggests that the influence of these addi-
tives may depend on the feed form, particularly favoring
dry feeding conditions. Geese may require longer adapta-
tion periods for morphological improvements to reflect in
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differences among dry-fed groups (P<0.001 for A; P<0.05 for B).
Control: basal diet without additive supplementation; MP: milk pow-
der; MR: milk replacer; WP: whey powder; Dry: dry feed form; Wet:
wet feed form

measurable weight gains, unlike broilers. This difference
may be attributed to their slower growth rate, delayed meta-
bolic responses, and potential age-dependent sensitivity to
dietary interventions (Liu et al. 2010). Moreover, the trial
duration may not have been sufficient to capture long-term
performance benefits derived from intestinal development.
This interaction may be indicative of enhanced nutri-
ent availability or digestive efficiency when additives are
administered with dry feed. These findings imply that the
effectiveness of milk-based additives is context-dependent
and highlights the importance of considering feed form in
future dietary strategies for goslings. However, it has been
noted that in the present study, no correction was applied
for potential moisture loss due to evaporation in wet feed
groups. This may have led to a slight overestimation of
feed intake and may have influenced the interpretation of
feed conversion and economic outcomes. Although all wet
feeds were freshly prepared and offered daily, some degree
of evaporation likely occurred. When body weight, body
weight gain, feed intake, and feed conversion ratio were
analyzed, it was observed that the addition of MP, MR, and
WP to the diets of goslings during the initial period (0-3
weeks) had no statistically significant effect on these param-
eters. Whey is a by-product obtained during the production
of casein from curd cheese or milk (Tsiouris et al. 2019).
Tsiouris et al. (2019) conducted a study in which 1% WP
was added to the diet of broiler chickens and found that
whey supplementation did not affect performance. Our find-
ings align with those reported by Tsiouris et al. (2019). Con-
versely, Zarei et al. (2018) reported that adding 4% WP to
broiler diets enhanced the performance of broiler chickens.
Similarly, Mehri et al. (2004) reported that the addition of
4% WP to broiler diets improved feed utilization. In another
study, the supplementation of 2% WP and probiotics was
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observed to promote body weight gain in broiler chickens
during days 0-21 (Rastad et al. 2008). Similarly, Ashour et
al. (2019) demonstrated that broiler performance improved
when WP concentrate (0%, 0.15%, 0.20%, and 0.25%) was
added to the diet of broiler chickens in their study. In a study,
Calik and Ergiin (2015) incorporated lactulose, a prebiotic
derived from lactose, into broiler chicken diets at concentra-
tions of 0.4% and 0.6% and reported a significant perfor-
mance improvement. It has been reported that both the level
and form of whey supplementation have a significant impact
on the performance of broiler chickens (Cheeke 2005; Ker-
manshahi and Rostami 2006). Pineda-Quiroga et al. (2018)
concluded that whey positively influences the growth per-
formance of broilers due to its high mineral digestibility, its
ability to enhance feed intake. It has also been emphasized
that the positive effects of whey are attributed to its low-
dose usage, its rich content of proteins, vitamins, and min-
erals, its growth-promoting properties, and the utilization of
lactose as a fermentation substrate by intestinal lactic acid
bacteria (Pineda-Quiroga et al. 2018).

Survivability

In a study investigating the use of MP in broiler chickens,
the group supplemented with 0.5% MP for 35 days dem-
onstrated higher body weight gain and an improved feed
conversion ratio compared to the control group. However,
no significant difference was observed in feed intake (Ata
and Al-Masad 2015). Similarly, Akdemir et al. (2018)
supplemented the diets of 1-day-old Japanese quails with
colostrum powder at levels of 2.5% and 5% for 42 days and
reported that it significantly increased body weight, body
weight gain, feed intake, and feed utilization efficiency. Pre-
vious studies have demonstrated that dietary supplementa-
tion with colostrum powder can have a positive impact on
performance (Qureshi et al. 2004; King et al. 2005). Baran
et al. (2017) supplemented the diets of 10-day-old Japanese
quails with 2% and 4% liquid colostrum for 32 days. As a
result, they observed that the experimental groups exhibited
higher final body weight, body weight gain, feed intake, and
feed conversion ratios compared to the control group (Baran
et al. 2017). It has been reported that colostrum supplemen-
tation significantly enhances the beneficial microfiora in the
digestive system of animals and improves feed palatability,
thereby promoting better digestion and nutrient absorp-
tion (Akdemir et al. 2018). Conversely, Cesari et al. (2014)
reported that the addition of L. acidophilus and fat-free MP
to the diets of laying hens did not influence performance or
production parameters but significantly improved egg qual-
ity. In the present study, geese in the dry-MP group exhibited
significantly higher body weight gain compared to those in
the dry-control group.

MR is an alternative to milk, formulated by combining
animal- and plant-based proteins and fats in specific propor-
tions, typically containing 20-24% protein. Feeding with
MR has been shown to produce results comparable to or
better than those achieved with milk (Kdse and Sehu 2020).
It has been determined that feeding calves with MR contain-
ing up to 89% has a positive effect on growth rates. Body
weight and body weight gain were higher in the Dry-MR
group compared to the control group. However, there is a
limited number of studies available that compare our data
on MP and MR. The roles of WP, MP, and MR in poultry
nutrition remain unclear, and further research is needed to
elucidate their roles in goose nutrition.

No significant difference was observed between the wet
and dry experimental groups in terms of survival rates. Mor-
tality during the study period was noted to occur predomi-
nantly in the initial phase. Consistent with these findings,
Akinola et al. (2015) reported that providing wet or dry feed
to broiler chickens over a 56-day period had no effect on the
mortality rate. Although geese are hardy birds, the mortal-
ity rate was reported to be 8.74% in one study and 13%
in another study (Demir and Aksu Elmali1 2012; Demir et
al. 2013). This observation has been attributed to breeders’
inability to provide appropriate care and feeding conditions
for goslings, as well as the reliance on traditional methods
in goose breeding (Demir et al. 2013). Furthermore, provid-
ing careful management and proper feeding during the first
three weeks, a critical period when goslings are particularly
vulnerable, can significantly impact the success of goose
rearing in later stages (Swatland 1994). Although the dif-
ferences in survival rates were not statistically significant,
the complete absence of mortality in several supplemented
groups—including dry-MR, dry-WP, wet-MP, wet-MR, and
wet-WP—is noteworthy. This pattern may suggest a poten-
tial protective effect of milk-derived additives during the
critical early life period. Additionally, the controlled and
hygienic experimental conditions likely contributed to the
overall low mortality across groups. Further studies with
larger cohorts are warranted to determine whether these
supplements confer real biological benefits in terms of sur-
vivability under commercial or less controlled conditions.

Histomorphological measurements

In this study, structural features and associated parameters,
including villus length, villus width, crypt depth, lamina
muscularis thickness, ileum weight, and ileum length, were
examined. The primary objective of analyzing these struc-
tures and parameters was to evaluate how the type of feed
provided to animals, as well as its form (dry or wet), influ-
ences feed utilization. The small intestine, as a vital com-
ponent of the digestive system, plays a crucial role in the
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overall physiological processes of the body. The small intes-
tine plays a critical role in fulfilling the energy and struc-
tural needs of the organism. Consequently, any alterations
in the morphological structure of the small intestine can
significantly impact its functional capacity. Anatomically,
the small intestine is divided into three distinct sections:
the duodenum, jejunum, and ileum, each of which performs
specialized functions (Swatland 1994; Wickramasuriya et
al. 2022).

In this study, the ileum section of the small intestine was
specifically examined. Generally, the primary functions of
the ileum include the absorption of vitamin B,,, bile salts,
and nutrients that remain undigested and unabsorbed in the
jejunum. Additionally, the ileum is thought to play a sig-
nificant role in the digestion and absorption of starch in
fast-growing broilers. Accordingly, there is a positive cor-
relation between the length and weight of the ileum and its
functional efficiency in these processes (Swatland 1994;
Svihus 2014). The structures known as villi, located in the
small intestine, are ciliary-like formations that facilitate the
absorption of nutrients into the bloodstream. These exten-
sions enable the absorption of nutrients in their ground
form, transferring their beneficial components to the circu-
latory system. Villi significantly increase the inner surface
area of the small intestine, thereby enhancing the absorption
capacity for digested materials. Furthermore, greater vil-
lus length and width are associated with a higher density of
goblet cells. An increased number of goblet cells contributes
to the secretion of more mucus, which aids in the lubrica-
tion and protection of the intestinal mucosa (Fontaine et al.
1996; Uni et al. 1999). Therefore, greater villus length and
width can be regarded as favorable characteristics, as they
enhance the adhesion and absorption surface area, promote
the secretion of mucus for the protection and lubrication of
the intestinal mucosa, and contribute to improved feed utili-
zation in animals (Dellmann 1992; Swatland 1994).

Crypts are structures where epithelial cell proliferation
takes place, and their development has a direct influence
on villus formation and the absorptive surface area of the
intestine (Parker et al. 2017). Additionally, crypts serve as
the primary site for the production of goblet cells, which
are essential for protecting the small intestinal epithelium
and lubricating the intestinal surface. Paneth cells, located
at the base of the crypts, secrete zinc and lysozyme, as well
as substances with antibacterial and antifungal proper-
ties into the intestinal lumen, thereby playing a vital role
in maintaining intestinal flora. As a result, crypt depth is
positively associated with these functions, and greater crypt
depth is considered a desirable trait (Swatland 1994; Wal-
laeys et al. 2023). Another critical process in the small intes-
tine is motility, which refers to the movement of intestinal
content toward the large intestine. The lamina muscularis
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contributes significantly to this process, as its muscle thick-
ness is directly proportional to its positive impact on motil-
ity (Wickramasuriya et al. 2022; Tybinka 2023).

The villi and crypts of the intestinal mucosa are key
indicators of gut health. Increased villus height and width
enhance the absorptive surface, improving growth perfor-
mance. Crypts form through epithelial cell proliferation
and directly influence villus development and absorption
capacity (Wickramasuriya et al. 2022; Tybinka 2023). One
of the key factors contributing to profitability in the poul-
try industry is the efficient digestion of feed by animals.
Consequently, numerous breeding and feed additive trials
are conducted to enhance the digestive capacity of poultry
feed materials (Sell-Kubiak et al. 2017). The efficiency of
feed digestion is closely associated with the anatomical and
physiological structures of the digestive tract (de Verdal
et al. 2011). It has also been reported that the digestive
tract and its capacity for digestion are strongly correlated
in broiler chickens (Metzler-Zebeli et al. 2018). However,
studies on the histological structure of the digestive tract in
geese are limited. Existing research primarily focuses on
comparing the digestive tract across different goose breeds
and examining intestinal morphology (Kushch et al. 2019;
Liu et al. 2010). The primary segments involved in diges-
tion and absorption in the intestine are the duodenum and
jejunum, while the ileum functions primarily as a reservoir.
Studies have shown that the diameter of the jejunum varies
across different goose breeds, whereas no significant differ-
ences have been observed in the ileum (Kushch et al. 2019).

Unlike the study by Kushch et al. (2019), the present
study examined the effect of feed form (dry and wet) on
intestinal morphology. It was observed that the length and
width of the intestinal segments were generally greater in the
groups fed dry feed. This may indicate that feed digestion is
more efficient with wetted rations. In contrast, when feeds
are provided in dry form, they are subjected to increased
enzymatic activity within the digestive tract, which may
contribute to an expansion in both intestinal length and
width due to enhanced intestinal activity (Yamauchi and
Tarachi 2000; Maneewan and Yamauchi 2004). It can be
inferred that intestinal weight is positively associated with
increases in intestinal length and width. However, some
studies have reported that intestinal weight can vary even
among individuals of the same breed (Sklan 2001). How-
ever, a study conducted by Akinola et al. (2015) on broiler
chickens found that different feed forms (dry and wet) did
not influence ileum morphology.

Jazi et al. (2020) reported that a 40 g/kg inclusion of WP
did not affect the villus height or crypt depth in the duode-
num, jejunum, and ileum of quails. In contrast, a study con-
ducted in broiler chickens with 0.4% and 0.6% lactulose,
a prebiotic derived from lactose, found that lactulose had
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a positive effect on small intestine morphology (Calik and
Ergiin, 2015). A study observed that adding 4% WP to the
diet of broiler chickens for 42 days resulted in an increase
in villus height, crypt depth, and the villus height/crypt
depth ratio (Zarei et al. 2018). In accordance with these
studies, the findings also demonstrated that WP supplemen-
tation increased villus length. The reduced villus length
observed in the control and MP groups suggests a poten-
tial decrease in nutrient absorption. These findings suggest
that the digestive and absorptive functions in young gos-
lings may benefit from such interventions during the early
growth phase. Previous studies have demonstrated that
moderate dietary calcium and protein levels can improve
growth performance and intestinal health in goslings by
enhancing intestinal morphology and stimulating diges-
tive enzyme activity (Chen et al. 2025). Similarly, dietary
supplementation with propolis and bee pollen have been
shown to increase villus height, crypt depth, and villus-to-
crypt ratio, which expand the absorptive surface area of the
small intestine and contribute to improved nutrient utiliza-
tion and gut barrier function (Teng and Kim 2018; Prakatur
et al. 2019). In the present study, the WP groups—particu-
larly when provided in dry form—exhibited significantly
greater villus height and lamina muscularis thickness, while
the MR groups had the highest villus width and crypt depth
values. These morphological enhancements suggest that
early dietary supplementation with milk-derived additives
may positively influence the functional development of the
small intestine, even though no direct improvements were
observed in growth performance parameters within the
study period. This may reflect improved feed utilization
efficiency, likely driven by the enhanced gut morphology—
particularly in groups supplemented with WP and MR in dry
form (Calik and Ergiin 2015; Zarei et al. 2018). Increased
villus height and deeper crypts are typically associated
with improved absorptive capacity and epithelial renewal.
However, such microstructural advantages may not always
result in immediate growth responses, especially in geese,
which exhibit slower developmental dynamics compared
to broilers (Wickramasuriya et al. 2022; Tybinka 2023).
Further studies extending beyond early growth phases are
needed to fully understand the performance implications of
these morphological changes. These findings suggest that
improved intestinal morphology, particularly increased vil-
lus and crypt dimensions, may not always translate into
enhanced growth performance within a short experimental
window. This disconnect could be attributed to factors such
as the relatively short supplementation duration, the high
baseline husbandry standards, or the possibility that struc-
tural improvements require more time to impact measur-
able performance indicators. Further studies with extended
feeding periods or additional physiological markers are

needed to clarify the relationship between gut morphology
and performance outcomes in goslings. Although no signifi-
cant changes in performance were observed during the trial
period, the increases in villus height and crypt depth may
reflect improved absorptive efficiency and epithelial regen-
eration capacity. These structural advantages, if sustained,
could contribute to better nutrient utilization and growth
performance in longer-term feeding trials.

The villus length, villus width, and crypt depth values
obtained in this study are consistent with or greater than val-
ues previously reported in poultry studies, particularly those
conducted in broilers and ducks (Calik and Ergiin 2015;
Zarei et al. 2018; Jazi et al. 2020). In general, longer villi
and deeper crypts are associated with improved absorp-
tive capacity and enhanced epithelial turnover, respec-
tively (Wickramasuriya et al. 2022; Tybinka 2023). These
findings suggest that the observed structural improvements
in intestinal morphology, especially in groups supplemented
with WP and MR, could support better digestive efficiency,
even if such benefits were not immediately reflected in
performance parameters during the trial. Although mor-
phological improvements were observed with certain feed
additives, these changes did not always correspond with
performance gains (Jazi et al. 2020). Therefore, it becomes
important to also evaluate how such interventions align with
economic efficiency, particularly under practical production
conditions.

Economic evaluation

Proper care and nutrition should be provided during the
first three weeks as goslings are highly sensitive during this
period. Any reduction in the cost of goslings may adversely
impact the success of raising geese in subsequent stages
(Cilavdaroglu et al. 2020). However, interventions made to
the diet should also be evaluated economically. Therefore,
in addition to the positive effects that may occur due to the
use of additives, the costs should also be investigated. It has
been determined that breeders give vitamin-mineral prepa-
rations to chicks to increase their body resistance and that
the total vitamin-mineral and medicine cost is an average
of 84.64 TL/goose per farm per year. It has been observed
that this medicine application made by breeders is done
because of the high mortality rate in goose chicks (Demir
et al. 2013).

At the commencement of the trial (May 2021), the price
of 1 kg of feed was 3.5 TL ($0.42), the cost of 1 kg of MP
was 33.48 TL ($4.01), the price of 1 kg of MR was 20 TL
($2.40), and the price of 1 kg of WP was 7.29 TL ($0.87).
The average cost of 1 kg of carcass was determined to be
16.86 TL for the dry group and 17.53 TL for the wet group.
This result shows that wet feeding causes geese to waste
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feed, and wet feeding causes losses. The best economic
result was obtained in the Dry-WP group; losses were in
the dry and wet MR groups, and the worst was in the wet-
MR group. Economic analysis revealed that wet feeding
increased carcass cost due to higher feed wastage, while dry
feeding—particularly with WP supplementation—yielded
the most favorable cost outcomes. Given the variability in
market prices of feed ingredients, future studies may con-
sider incorporating sensitivity analyses to evaluate how
fluctuations in the costs of MP, MR, and WP could influ-
ence economic performance. This approach would enhance
the robustness of economic conclusions and broaden their
practical relevance. Moreover, although cost-effectiveness
per unit of histological improvement or survivability was
not directly quantified in the present study, the concurrent
improvements in gut morphology and 100% survival rates
observed in some supplemented groups suggest a potential
return on investment. Integrating biological benefits with
economic metrics may offer more comprehensive insights
for optimizing gosling feeding strategies under commercial
production conditions. Economically, the dry-WP group
demonstrated the lowest carcass cost, despite no significant
differences in body weight. This may reflect improved feed
utilization efficiency, likely driven by the enhanced gut mor-
phology, which may reduce nutrient wastage and support
better nutrient absorption. Therefore, aligning biological
improvements with economic outcomes underscores the
potential practical value of such additives in commercial
gosling production.

Conclusion

In this study, the use of different feed forms and additives
in the diet resulted in varying outcomes. The composition
of the feed form, the dosage of additives, the administration
duration, housing conditions, and environmental factors are
key considerations for future research. The effectiveness of
additives is influenced by factors such as the correct dos-
age, timing of administration, and method of incorporation;
therefore, it is suggested that the effects of these factors
should be examined in greater detail. In this study, it was
determined that the addition of MP, MR, and WP to the
diet did not affect performance parameters but improved
intestinal morphology. Furthermore, it was concluded that
the diet form and additives had a significant impact during
the first three weeks of the goslings’ sensitive period. This
discrepancy between morphological and performance out-
comes indicates that improvements in gut structure may not
immediately translate into measurable growth advantages.
While WP supplementation in dry form yielded favorable
economic outcomes and supported intestinal development,
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further research is necessary to evaluate the long-term bio-
logical and practical impacts of such interventions. These
findings underscore the value of early intestinal develop-
ment as a foundation for long-term physiological resilience
in goslings. Although the current study did not observe
immediate performance gains, the improved gut morphol-
ogy—mparticularly in WP and MR groups—may enhance
nutrient utilization efficiency and health status in later stages
of growth. Future studies with extended durations are rec-
ommended to explore the biological mechanisms and poten-
tial carry-over effects of these early-life dietary strategies.
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