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EFFECTS OF HONEY SOLUTION FED IN OVO ON GROWTH PERFORMANCE, GUT MORPHOLOGY AND ENZYME ACTIVITIES OF TURKEY POULTS


ABSTRACT
This study was designed to examine the effects of in ovo feeding of honey on livability and growth of turkey poults. 	Comment by İseven: The abstract should be given as a single paragraph.
In a complete randomized design, three hundred viable pre-incubated 24-day eggs were randomly administered in ovo: (1). Un-injected, 1.5 mL each of (2). distilled water, (3). 5% glucose, (4). 1% honey and (5). 5% honey in six replicates of 10 eggs each. After hatching, poults were weighed and transferred into floor pens for four weeks. Hatchability, Livability, Average Daily Feed Intake (g/poult/day), Average Daily Weight Gain (g/poult/day) and Feed Conversion Ratio were calculated. Pancreatic amylase activities (U/L), villus height (µm), crypt depth (µm) and epithelial height (µm) were measured using standard procedures. Data were analyzed using descriptive statistics and ANOVA. Hatchability reduced from 48.3±10.0% to 18.3± 6.24% as honey concentration increased. Livability was depressed to 69.0±.13.01% and 70.8±12.93% with the administration of honey when compared to the un-injected control. The average daily feed intake (28.18 g/poult) and feed conversion ratio (3.58) for 5% honey group were higher than other group treatments. Pancreatic amylase activities increased to 48400 U/L in 5% honey group compared to the distilled water group (7400 U/L). In ovo feeding of honey reduced hatchability and poult livability.
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1.	INTRODUCTION
In mammals, the developing fetus receives a continuous supply of plasma glucose through the maternal blood (James and Khashayar, 2013), which serves as an energy source for growth and maturation. In contrast, during the development phase, the poult embryo relies solely on nutrients present in the egg, unlike mammalian embryos that receive maternal nourishment. Prior to the egg being laid, the hen completes the transfer of nutrients to the embryo, ensuring that the egg contains all necessary components for development and maturation. Exchanges of oxygen, carbon dioxide and water vapor occur with the external environment. The albumen (87% water and 11% protein) and yolk (50% water, 17% protein, 32% fat and 1% carbohydrate) of domestic chicken eggs are where nutrients are kept (Sayas-Barbera et al., 2022). As a result, the embryo's diet is predominantly composed of fat and protein, with little to no carbohydrate content. Despite the low quantities of carbohydrates, glucose is an essential energy source for the development and maturation of the embryo. Additionally, sugars play crucial roles in the synthesis of glycoproteins, glycolipids, as well as in energy production.
Embryonic mortality in poultry often arises from the depletion of glycogen, a cellular energy source, during the final incubation period. Consequently, protein from the muscle acts as a substitute source of energy, impairing tissue growth and hastening mortality. As the embryos progress through the hatching process, the glycogen stores are rapidly exhausted (Lu et al., 2007) especially in turkeys. Although simple sugars have been previously injected in ovo to augment inherent amniotic nutrients, a complex mixture of different nutrients, such as honey, could present necessary metabolites to growing embryo. 
Honey, known for its high sugar content, as well as its vitamins, minerals, antioxidants and specific amino acids (Rasheed and Soltan, 2004; Lachman, 2007; Sampath et al., 2010), shows promise in enhancing the nutrients available to support the growth of developing turkey embryo. Honey comprises various sugars including disaccharides such as maltose, isomaltose, turanose, panose and sucrose. Around 4 to 5% of honey is made up of fructo oligosaccharides, which have probiotic properties (Ezz et al., 2006). The second most important ingredient in honey is water (18%), likewise 0.57% of honey is made up of organic acids, including gluconic acid, which is created during the enzymatic breakdown of glucose. These organic acids help to make honey acidic and give it its characteristic flavour (Abedi et al., 2021). 	Comment by İseven: Or Rashed
Based on the foregoing, it was proposed that administering honey solution "in ovo" (inside the egg) can enhance intestinal development in the embryo and hatchling, also improve hatchability for the survivability of commercial turkey production. However, reports of its use in turkey in ovo are scant. Therefore, the effects of in ovo feeding of honey on the livability and growth of turkey poults were investigated. It was hypothesized that in ovo injection of honey will improve the development of intestinal morphology, digestive enzyme activities and growth of turkey poults
2.	MATERIALS AND METHODS
2.1	Quantification of sugar in honey and In ovo procedure
The experimental protocol used in this study was approved by the Research Ethics Committee at the Teaching and Research Farm (RECTRF), University of Ibadan, Ibadan. A total of 300 fertile Nicholas unsexed turkey eggs with comparable weights (60g) were obtained from a well-established hatchery located in Ibadan, Nigeria. Honey sourced from reputable Bee farmers from Southwest, Nigeria was analyzed for sugar concentration using high performance liquid chromatography (HPLC) (Table 1). A mobile phase consisting of a mixture of 75% acetonitrile and 25% distilled water was prepared in a 1-liter volume. The freshly prepared mobile phase underwent filtration and degassing through a 0.45µm polytetrafluoroethylene (PTFE) membrane filter using vacuum filtration.
A stock solution that had an approximate concentration of 8g/L was prepared to make the standard solutions. The desired standard concentrations were then achieved using aliquots from this solution. In order to create calibration standards, exact amounts of the standards were precisely weighed, and then deionized water was gradually added to the standard volumetric flask until the required volume was obtained. For the sample preparation, approximately 2.5g of the sample was precisely weighed and added to the standard volumetric flask, which was then filled up to the 500mL mark. All sample solutions underwent filtration and degassing using cellulose-acetate membrane filters. Syringe filters were attached to the syringes before injecting the solutions into the column.
Methanol and Acetonitrile of HPLC grade, standards of fructose, glucose and sucrose were purchased from a reputable source. A 5% solution of honey was prepared by diluting it with acetonitrile in a 1:1 volume ratio, followed by centrifugation for 1 minute. The sugar standards were dissolved in a mixture of acetonitrile and water (1:1, v/v) at a concentration of 2 mg/mL. Analysis was carried out using HPLC according to the method described by Swallow and Low (1990). Each standard was injected individually, and both the standard mixture and the honey sample were supplemented with each sugar individually to validate their identification. Quantification was achieved by comparing peak heights with the sugar standards. The results were reported as a percentage of grams for each sugar 	Comment by İseven: Pay attention to the spaces in the yellow areas.!
[bookmark: _Toc136353933]Table 1: Sugar profile of two selected honey samples
	Honey/Sugar Components (mg/100g)
	Honey sample A
	Honey sample B
	Class

	Hydroxymethylfurfural
	6.08 x 10-7
	6.08 x 10-7
	Disaccharide

	Ribose
	3.02 x 10-7
	3.02 x 10-7
	Monosaccharide

	Xylose
	7.64 x 10-5
	7.66 x 10-5
	Monosaccharide

	Arabinose
	1.06 x 10-4
	1.06 x 10-4
	Monosaccharide

	Rhamnose
	8.59 x 10-6
	8.60 x 10-6
	Monosaccharide

	Fructose
	3.84 x 104
	3.84 x 104
	Monosaccharide

	Glucose
	3.70 x 104
	3.73 x 104
	Monosaccharide

	Maltose
	1.06 x 103
	1.09 x 103
	Disaccharide

	Galactose
	2.46 x 103
	2.46 x 103
	Monosaccharide

	Sucrose
	8.87 x 102
	8.29 x 102
	Disaccharide

	Total
	7.98 x 104
	8.01 x 104
	




Sample B honey was used for the in-ovo procedure because of its slightly elevated glucose and maltose content. Eggs were set in a multistage Jamesway incubator and incubated at temperature of 37.5 ℃ and 55% relative humidity. On the 24th day of incubation, the eggs were individually weighed and randomly distributed into their designated experimental groups in a completely randomized design. Each group consisted of 60 eggs and included the following treatments: an un-injected control group (Negative Control -NC), a distilled water-injected control group (Positive Control -PC), PC + 5% glucose solution group (PCG5), PC + 1% honey solution group (PCH1), and PC + 5% honey solution group (PCH5). Each treatment group was replicated six times and had ten eggs per replicate (experimental unit). The in ovo technique was conducted at a commercial hatchery in Ibadan, Southwest Nigeria. The location of the amnion of each egg was identified, and a hole was drilled using a 23-gauge needle. Then, 1.5 mL of either glucose or honey solutions (1% and 5% concentrations) were administered into the amnion using a 23-gauge needle, inserted to a depth of approximately 15 mm. The in ovo procedure was carried out as described by Uni and Ferket (2003), with distilled water used as a diluent. Isopropyl alcohol-laden cotton wool was used to disinfect the injection site, which was then sealed with cellophane tape before the eggs were moved to hatching trays. After hatching, the one-day old turkey poults were transferred to the experimental units of the University of Ibadan Teaching and Research Farm, Ibadan, Nigeria.	Comment by İseven: It should be italic
[bookmark: _Toc134548015][bookmark: _Toc134795975][bookmark: _Toc136353649]2.2	Management of the birds
Within 24-hour hatching window, the poults from the five treatment groups were tagged and allocated to pens corresponding to their treatments (the same design used pre hatch was continued post hatch) in a completely randomized design. A total of 30 floor pens were used for this study. The poults were fed commercial turkey diets formulated according to the recommendations of National Research Council (NRC 1994) (Table 2). The poults were reared for four weeks (4) on wood shavings with all nutritional, health and management practices adhered to. 
Table 2: Gross composition of experimental diet for turkey poults	Comment by İseven: Arial 11?
	Ingredients % as fed
	Composition

	Corn
	42.00

	Soybean Meal
	52.00

	Fish Meal
	2.00

	Dicalcium phosphate
	1.50

	Premixes
	0.25

	Limestone
	1.40

	DL-Methionine
	0.50

	L-Lysine
	0.10

	Sodium Chloride
	0.25

	Total
	100.00

	Calculated nutrients
	

	Crude protein g/kg
	280.10

	Energy ME, kcal/kg
	2830.20

	Fat  g/kg
	36.75

	Crude fibre g/kg
	41.70

	Calcium g/kg
	11.03

	Total phosphorus  g/kg
	4.78

	Non-phytate P, g/kg
	5.00

	Methionine g/kg
	5.27

	Lysine g/kg
	16.37

	
	


Composition of Vitamins/kg diet:A-12,000i.u D3-3000,i.u E-30mg K3-2.5mg B1-2mg B2-2.5mg Niacin-40mg Calpan 10mg B6-3.5mg B12-0.02mg Folic Acid-1mg Biotin-0.08mg Antioxidant-125mg. Composition of Mineral/kg diet: Sodium chloride-10mg Potassium chloride-62.5mg Sodium bicarbonate-37.5mg Sodium Acid Phosphate-10mg Sodium Citrate-81.25mg Calcium Lactate-21.25mg Lactose-312.5mg

2.3	Data collection
At the end of incubation, hatchability was determined and expressed as the percentage of hatched poults relative to the number of fertile eggs set. The individual weight of hatched chicks was recorded. Livability was expressed as a percentage of the population of each replicate at the end of the first week compared to the number of poults allocated to each pen.
[bookmark: _Toc134548022][bookmark: _Toc134795981][bookmark: _Toc136353655]2.4	Performance indices. 
After placement in experimental pens, weights were recorded weekly for feed given, feed left as well as weekly weights. These values were used to compute the average daily feed intake (ADFI), average daily weight gain (ADWG) and feed conversion ratio (FCR).
[bookmark: _Toc134548018][bookmark: _Toc134795977][bookmark: _Toc136353651]2.5	Tissue sampling and analysis 
Poults were randomly sampled, with six poults from each group (one poult per replicate, 6 poults per treatment group) sampled at hatch, and at 21 day post-hatch The jejunum (from the end of the duodenum to the meckel diverticulum) and ileum (from the mickel diverticulum to the ileo-caecal-colic junction) were detached and gradually flushed with 150 mmoL of NaCl/L to remove the contents of the intestine. The intestine was then weighed and stored at -80oC for enzyme analysis. Tissue samples of jejunum and ileum were also obtained and secured in 4% neutral-buffered formalin solution for histology. Histomorphometric measurements were done according to a method prescribed by Smirnov et al., (2006). 
[bookmark: _Toc134548020][bookmark: _Toc134795979][bookmark: _Toc136353653]2.6	Amylase determination
The activity of amylase was measured by homogenizing pancreas sample with 2 mLs of saline water over ice-cold crucible, it was then emptied and rinsed with 2 mLs saline water inside plain test tubes. Samples were then centrifuged at the speed of 13,800 rpm for 20 minutes, then decanted. A 20 x 2.5 mLs amylase substrate was used to measure enzyme activity. The mixture incubated at room temperature (25ºC) and read after 1, 2, 3, 4, 5 minutes at A405 nm, and the average Abs / minute from the readings was determined (Dahlqvist, 1962).
Calculations:
	
Vt: Total volume of reaction mixture
Vs: Sample volume
L:  Cuvette light path
€:  Extinction of molar coefficient of p-Nitrophenol, 8.500
[bookmark: _Toc134548021][bookmark: _Toc134795980][bookmark: _Toc136353654]2.7	Disaccharides determination. 
The internal biopsy specimen was accurately measured and moved into a homogenizing pestle 0.9% sodium chloride was added and kept in crushed ice for 10 minutes. It was then homogenized for 2 minutes at low speed (200-300 rpm) while the homogenizer was still immersed in the crushed ice.
Sample: 10 µl diluted mucosal homogenate was immersed into a water bath at 37ºC for 10 minutes. 10 µl substrate buffer solution was added, mixed and incubated at 37ºC for 60 minutes. The reaction was stopped by adding 300 µl of TRIS-glucose oxidase reagent, mixed and incubated at 37ºC for 30 minutes for development of color. And read at 405 nm.
Blanks: the mixture was done the same way as the sample and read at 405 nm
Standard series: Standard glucose solution containing 0-10 µl of glucose per 20 µl was mixed with 300 µl of TRIS-glucose oxidase reagent and incubated at 37ºC for 30 minutes for color development and read at 405 nm
Calculations:
	
Where: a = Amount of glucose
	F = Dilution factor
	n = Disaccharide with a glucose unit
[bookmark: _Toc134548023][bookmark: _Toc134795982][bookmark: _Toc136353657]
2.8	Statistical analysis 
Data obtained were analyzed using general linear models procedures for ANOVA (SAS, 2013). Duncan’s Multiple Range Test was used to separate the means at P = .05.




3. RESULTS AND DISCUSSION
3.1 Growth performance of turkey poults fed honey in ovo
The results of feeding honey solution in ovo on performance of turkey poults for four weeks post hatch are shown (Table 3). The hatching and the final weights of the treatment groups were not significantly different (P = .05). Significant difference (P = .05) was observed for average daily feed intake with the highest value recorded in PC + 5% honey (PCH5) (28.18 g/poult), similar to the value obtained in PC + 1% honey (PCH1) (27.22 g/poult). Values obtained for average daily weight gain were not significantly different, ranging from 7.81 to 8.77 g/poult. FCR increased significantly (P = .05) with the in ovo treatment, from 2.56 in the control to 3.58 in the PCH5 group. In ovo treatments also significantly decreased (P = .05) hatchability, from 80.00% in the control to 18.34% in PCH5 group. Livability percentage decreased significantly (P = .05) across the treatment groups ranging from 100% in the NC to 69% in PCH1 group. 
[bookmark: _Toc136353934]Table 3: Effects of feeding honey in ovo on performance of turkey poults
	Treatment 
	NC
	PC 
	PCG5 
	PCH1 
	PCH5
	SEM 
	P-value 

	Hatching weight (g/poult) 
	50.73
	47.37
	47.39
	50.35
	49.42
	0.68
	0.35

	Final weight (g/poult) 
	296.32
	266.93
	277.31
	284.90
	268.00
	5.51
	0.48

	ADFI (g/poult)
	22.24b
	22.79b
	22.81b
	27.22ab
	28.18a
	0.83
	0.05

	ADWG (g/poult)
	8.77
	7.91
	8.21
	8.38
	7.81
	0.18
	0.53

	FCR 
	2.56c
	2.90bc
	2.81bc
	3.28ab
	3.58a
	0.11
	0.02

	Hatchability (%) 
	80.00a
	63.34ab
	55.00b
	48.33b
	18.34c
	5.33
	0.00

	Livability (%) (7d)
	100.00a
	74.28b
	91.31a
	69.00b
	70.84b
	3.22
	0.00


a,b,c - The same row with different superscripts is significant (P =.05). ADFI-Average Daily Feed Intake. ADWG-Average Daily Weight Gain. SEM- Standard error of mean. NC-Negative control. PC –Positive control. PCG5- Positive control + 5% glucose. PCH1-Positive control + 1% honey. PCH5-Positive control + 5% honey	Comment by İseven: FCR should be added.
In this study, in ovo feeding generally suppressed performance of turkey poults, in ovo feeding of honey did not affect hatching weight, final weights and average daily weight gain (ADWG) among the various treatments groups but increased average daily feed intake (ADFI) and feed conversion ratio (FCR) of the poults. Similar results were reported by Kadam et al. (2008), who observed an improvement in FCR until day 7 post hatch. Additionally, Hegazi et al. (2013) documented an increase in body weight when broiler chicks were administered 10% honey in drinking water post hatch. 
Increase in feed intake observed in this study without a corresponding increase in body weight gain especially in the PCH5 group may suggest that in ovo feeding of honey might have caused an abnormal level of blood glucose balance. In instances of hyperglycemia, the cells are unable to receive glucose from the bloodstream due to insufficient insulin or insulin resistance which can also be linked to the role of dietary methionine (Adejumo et al. 2021). Consequently, the body cannot effectively convert the ingested feed into energy. This lack of energy leads to increased hunger, potentially causing the bird to consume more feed without converting it into substantial differences in initial and final weight, Uni and Ferket (2003) and Shafey et al. (2012) reported that providing carbohydrate to late term embryos increase hatching weight which were sustained till day 25 when the experiment was terminated.
Uni and Ferket (2004) proposed significant potential in integrating early feeding and in ovo feeding strategies. Tahmasebi et al. (2015) reported that in ovo supplementation of amino acids positively affected the performance of broiler chicks, leading to increased feed intake and body weight throughout the experiment. Similarly, Kornasio et al. (2009) noted a long-term supportive influence of in ovo feeding on body weight. However, Salmanzadeh et al. (2011) found no sustained effect post hatch when administering glucose in ovo, while Asa et al. (2022) reported enhanced physical characteristics and post hatch growth with in ovo treatment.
Moran (2019) stated that carbohydrates can supply glucose which is essential for development and the hatching process, therefore the choice of honey in this study. Honey was also found to contain certain vitamins and minerals which can encourage the growth of immune, digestive, and skeletal systems of chickens. In the current study, in ovo treatments reduced hatchability and livability percentage in poults that received honey, the stability of the internal environment of the embryo might have been altered and this might have exceeded the concentration gradient. Increase in the concentration of honey can equally increase osmolarity and disrupt the homeostasis of the egg internal environment and cause the embryo to drown, the effect can also be transferred post hatch. 
Uni and Ferket, (2003) describes a preferred nutrient composition for in ovo feeding as to contain at least one protein, peptide, amino acid, or carbohydrate which are all present in honey and/ or an enteric modulator which can be hydroxylmethylbutyrate HMB, organic zinc complex, lecithin, glutamine or glutamate. Honey has the prospect to provide the necessary metabolites to the developing embryo but from the results, the effects were not additive, and the nutrient composition of honey lacks an activator e.g HMB –an enteric modulator that can control the motility of the fluids across the cells of the gastrointestinal tract after in ovo administration. Salmanzadeh et al. (2011) conducted an in ovo experiment with L-threonine alone and without an enteric modulator also reported lower percent hatch in in ovo treated groups than the control.  McGruder et al. (2011) recorded no detrimental effects on broiler hatchability or post hatch performance when stimulant-Theophylline solutions were used alone or in combination while Song et al. 2022 reported that dietary supplementation of honeycomb improved performance in yellow bantam broilers. 

[bookmark: _Toc136353938]3.2	Gut histomorphometric measurements of turkey poults fed honey in ovo 
The results of feeding honey in ovo on histomorphometry of jejunum and ileum of turkey poults at day 1 were as shown (Table 4). In ovo feeding significantly reduced (P =.05) jejunal epithelial height, the least values were recorded in the PC and PCG5 group (34.92 µm and 40.96 µm, respectively) and similar to value obtained in PCH1 (57.24 µm). The in ovo treatments significantly decreased (P = 0.05) the crypt depth, with similar values obtained for PC, PCG5, PCH1 and PCH5 (91.63 µm, 94.68 µm, 100.47 µm and 100.49 µm, respectively), which were significantly lower compared to NC (126.83 µm). In ovo treatments were also observed to reduce villus height, with the least values recorded in PC and PCG5 groups (275.79 µm and 275.80 µm respectively). The villus height/crypt ratio also followed a similar trend as observed in the villus height, for PC and PCG5 (3.11 and 2.91, respectively). Values obtained for goblet cell density were not significantly different from each other and ranged from 0.01 to 0.05 mm2 .
Values obtained for ileal epithelial height and crypt depth showed no significant difference. On day 1, significant difference (P = .05) was observed in values obtained for villus height with the highest value recorded for PCG5 (759.79 µm). The ratios of villus height to crypt depth also showed significant differences (P =.05), with the highest value recorded for PCH1 (5.13) and PCG5 (5.55) group.  No significant difference was observed for goblet cell density and it ranged between 0.03 mm2 and 0.05 mm2.	Comment by İseven: Bold text?

[bookmark: _Toc136353939]Table 4: Effects of feeding honey in ovo on histomorphometry of jejunum and ileum of turkey poults (day 1)
	Treatment 
	NC
	PC 
	PCG5 
	PCH1 
	PCH5 
	SEM 
	P-value 

	Jejunum
	
	
	
	
	
	
	

	EH (µm)
	110.13a
	34.92c
	40.96c
	57.24bc
	63.39b
	4.68
	0.00

	CD (µm) 
	126.83a
	91.63b
	94.68b
	100.47b
	100.49b
	3.79
	0.02

	VH (µm)
	776.37a
	275.79c
	275.80c
	490.61b
	490.62b
	33.73
	0.00

	VH/C D
	6.18a
	3.11c
	2.91c
	4.79b
	4.79b
	0.22
	0.00

	GCD mm2
	0.01
	0.03
	0.05
	0.03
	0.02
	0.00
	0.06

	Ileum
	
	
	
	
	
	
	

	EH (µm) 
	45.07
	41.09
	48.79
	42.37
	48.47
	1.73
	0.53

	CD (µm) 
	139.90
	101.42
	142.07
	138.55
	143.26
	7.96
	0.42

	VH (µm) 
	381.67c
	301.73c
	759.79a
	508.98b
	368.33c
	28.41
	0.00

	V H/C D 
	2.71b
	2.97b
	5.55a
	5.13a
	3.17b
	0.27
	0.00

	GCD mm2 
	0.03
	0.03
	0.05
	0.04
	0.03
	0.01
	0.63


a,b,c - The same row with different superscripts are significant (P = 0.5). SEM- Standard error of mean. EH- Epitelial height. CD- Crypt depth. VH- Villus height. VH/CD- Villus height/Crypt depth ratio. GCD- Goblet cell density
3.2.1	Histomorphometry of jejunum and ileum of turkey poults (day 21)
[bookmark: _Toc136353942]The result of feeding honey in ovo on histomorphometry of jejunum and ileum of turkey poults at day 21 were as shown (Table 5). In ovo feeding of turkey poults with 1% honey solution (PCH1) and (PCG5) 5% glucose significantly reduced (P =.05) jejunal epithelial height to 75.95 µm and 65.50 µm respectively compared to the other treatment groups. Values obtained for jejunal crypt depth measurement at day 21 were also significant different (P =.05) with the lowest values recorded in PCG5 (65.59 µm) and the highest value recorded in PCH5 group (166.52 µm). Jejunal villus height (831.75 µm) was significantly increased (P = .05) with in ovo treatment of 5% honey (PCH5) at day 21 compared to other treatments. Villus height to crypt depth ratio was significantly increased (P = .05) with PCG5 (8.16) compared to other treatments. Goblet cell density was also significantly reduced (P = .05) with PCG5 (0.02 µm) and PCH1 (0.02 µm) at day 21 compared to other treatment groups. 
Significant differences (P = .05) were observed at day 21 for ileum of poults that received in ovo treatments with the highest ileal epithelial height (101.32 µm) recorded in PCH1 while the least epithelial height (43.09 µm) was observed in the un-injected control (NC). Significantly higher values were obtained for crypt depth in PC group (171.03 µm), PCG5 (151.03 µm) and PCH1 (161.64 µm) compared to other groups. Highest villus height was recorded in PC treatment (927.36 µm) and PCG5 (838.51 µm) while the least values were recorded in the NC group (319.59 µm) and PCH5 (302.35 µm) compared to other treatments. The ratio of villus height to crypt depth were also significantly different (P = .05) from each other with the highest values recorded in PC (5.56) and PCG5 (5.59) compared to other groups. No significant difference was recorded for goblet cell density. 
[bookmark: _Toc136353941]Table 5: Effects of feeding honey in ovo on histomorphometry of jejunum and ileum of turkey poults (day 21)
	Treatment 
	NC
	PC 
	PCG5 
	PCH1 
	PCH5 
	SEM 
	P-value 

	E H (µm)
	100.18a 
	107.74a 
	65.50b 
	75.95b 
	107.06a 
	3.45 
	0.00 

	C D (µm) 
	118.48b 
	118.46b 
	65.59c 
	132.91b 
	166.52a 
	6.52 
	0.00 

	V H (µm)
	400.96b 
	400.38b 
	513.55b 
	559.34b 
	831.75a 
	30.91 
	0.00 

	V H/C D
	3.45b 
	3.45b 
	8.16a 
	5.26b 
	5.40b 
	0.35 
	0.00 

	GCD mm2 
	0.04a 
	0.04a 
	0.02b 
	0.02b 
	0.04a 
	0.01 
	0.02 

	Ileum
	
	
	
	
	
	
	

	E H (µm)
	43.09c
	80.38b
	83.45b
	101.32a
	71.06b
	3.18
	0.00

	C D (µm) 
	101.65b
	171.03a
	151.03a
	161.64a
	117.50b
	5.54
	0.00

	V H (µm) 
	319.59c
	927.36a
	838.51a
	591.91b
	302.35c
	41.43
	0.00

	V H/C D 
	3.30b
	5.56a
	5.59a
	3.86b
	2.83b
	0.25
	0.00

	GCD mm2 
	0.03
	0.03
	0.03
	0.03
	0.02
	0.01
	0.87


a,b,c - The same row with different superscripts are significant (P =.05). SEM- Standard error of mean. EH- Epitelial height. CD- Crypt depth. VH- Villus height. VH/CD- Villus height/Crypt depth ratio. GCD- Goblet cell density. NC-Negative control. PC –Positive control. PCG5- Positive control + 5% glucose. PCH1-Positive control + 1% honey. PCH5-Positive control + 5% honey

Prior to hatching, the amniotic fluid is consumed by the late-term embryo (Kim et al., 2020), allowing the in ovo injected nutrients to be processed and absorbed by the enteric tissues, where they can be used or stored as energy. In ovo feeding has been considered as a potential approach to overcome growth limitations during embryonic development by enhancing gut growth and functionality (Uni and Ferket, 2004). However, the evaluation of jejunal histomorphology at hatch and day 21 indicated that in ovo feeding of a honey solution resulted in reduced crypt depth, epithelial height, and goblet cell density in the jejunum, except for villus height and VH/CD ratio, which only increased with the administration of 5% honey and 5% glucose, respectively, on day 21. Observations from the current study revealed that feeding honey solutions holds the potential to enhance the absorptive capacity of the jejunum of young poults during the post hatch development. Gao et al. (2017) fed amino acid in ovo and observed an increased weight of the jejunum. Also, ovo feeding with threonine positively affects the VH/CD, crypt depth and villus height in the jejunum of broilers at hatch. Tahmasebi et al. (2015) reported an increase in duodenal villus height and crypt depth but decreased jejunal villus height when amino acid was fed in ovo,
Ileal assessment at hatch in the current study also showed no significant difference for epithelial height and crypt depth and goblet cell density for in ovo fed poults until day 21 when a significant increase was observed in all the parameters except for goblet cell density. Maintaining a normal intestinal morphology is crucial for efficient nutrient digestion (Yao et al., 2012). Increased villus height in turkeys indicates improved growth and an increased quantity of epithelial cells, which enhances overall turkey growth (Foye et al., 2006). Moreover, increased villus height signifies accelerated protein synthesis due to enhanced proliferation of epithelial cells, which plays a crucial role in the development of the gastrointestinal tract  (GIT). The enlargement of villus height expands the surface area of the GIT for effective nutrient digestion and absorption, as studies have shown that structures with higher villus height and lower crypt depth are more suited for these processes (Shafey et al., 2012). In this study, PC + 1% honey (PCH1) increased ileal villus height when observed on day 1 and 21 suggesting that 1% honey can supply the optimum amount of nutrient needed for enhanced functionality of the small intestine. Intestinal villi serve as unique functional and structural components involved in immune defense, digestion, secretion, absorption, and luminal sensing in the small intestine (Furuya and Furuya, 2013). Tako et al. (2004) stated that the injection of external nutrients into the amnion enhanced GIT development by increasing the villi size and the intestinal capacity to digest disaccharidases. 
According to Smirnov et al. (2006), the in ovo administration of carbohydrates increased the amount of villi in the jejunum both on the day of hatching and three days thereafter. They reported that the in ovo injection of carbohydrates into eggs resulted in an elevated ratio of goblet cells which produce acidic mucin and an increased expression of mucin mRNA in the intestinal goblet cells of broilers. 

3.3	Enzymes activities of turkey poults post hatch.
The result of feeding honey in ovo on enzyme activities of turkey poults is as shown (Table 6). The least (7400 u/L) and highest (48400 u/L) values obtained for the activities of pancreatic amylase were observed in PC and PCH5 groups respectively although similar values were recorded in other treatment groups. Activities of the enzyme jejunum maltase and sucrase showed no significant difference, ranging from 275.45 mg/dL to 286.23 mg/dL and 132.88 mg/dL to 280.41 mg/dL respectively. The least value of 141.12 mg/dL recorded for ileum maltase was observed in PCG5, values obtained for ileum sucrase were significantly different and the least value was recorded in PCH5 and PCG5 groups, 98.42 mg/dL and 125.33 mg/dL respectively.
[bookmark: _Toc136353936]Table 6: Effects of feeding honey in ovo on enzymes activities of turkey poults post hatch (21d)
	Treatment 
	NC
	PC 
	PCG5 
	PCH1 
	PCH5 
	SEM 
	P-value 

	P A (U/L) 
	17600 
	7400
	37600
	30800
	48400
	5492.99
	0.11

	J M (mg/dL) 
	283.63
	277.64
	286.23
	285.03
	275.45
	2.01
	0.37

	J S (mg/dL) 
	132.88
	280.41
	221.62
	216.62
	240.54
	28.00
	0.63

	I M (mg/dL) 
	232.93
	244.11
	141.12
	219.16
	234.13
	13.34
	0.06

	I S (mg/dL) 
	162.39a
	175.00a
	125.33b
	152.93a
	98.42b
	22.41
	0.87


a,b,c - The same row with different superscripts are significant (P =.05). SEM- Standard error of mean. PA- Pancreatic amylase, JM- Jejunum Maltase, JS- Jejunum sucrase, IM- Ileum maltase, IS- Ileum sucrase. . NC-Negative control. PC –Positive control. PCG5- Positive control + 5% glucose. PCH1-Positive control + 1% honey. PCH5-Positive control + 5% honey

In this study, the values obtained for the activities of pancreatic amylase, jejunum maltase and sucrase when honey solution was fed in ovo were not significantly different across the treatment groups. Findings in this study showed that during the prenatal stage, the digestive system of the developing embryo were immature to digest and utilize dietary nutrients. Uni and Ferket (2013) reported that young avians are known to have a lower digestive enzyme activity. Sucrase-isomaltase is active in the final digestion of disaccharides. Physiological maturation of the GIT involves the increased production of pancreatic and intestinal enzymes (Ravindran and Abdollahi, 2021). Kadam et al. (2008) also reported no significant effect when certain amino acids were fed in ovo, on the digestive enzyme activities in broiler chickens. 
Honey was described as containing certain enzymes including amylase (Karabagias et al. 2014) that improve energy utilization. Aderibigbe et al. (2020) indicated that the growth phase of birds may affect their response to exogenous amylase. As the age of turkey increases, gut parameters such as surface area expand, allowing for enhanced nutrient absorption and so, leading to improved energy use efficiency (Makanju et al., 2023). The greatest maltase activity occurs in the jejunum and followed by the ileum, in the current study, the activity of ileal maltase was reduced only when 5% glucose was fed in ovo. The brush border membrane of the jejunum contains certain disaccharidases, sucrase hydrolyses sucrose into glucose and fructose to complete the digestion process (Viswanathan and Rao, 2023), consequently improved the utilization of dietary nutrient as revealed in the feed conversion ratio. Certain effects of glucose could also be masked due to the functions of the glucosensors found along the gastrointestinal tract which communicates the hypothalamus for the maintenance of glucose homeostasis. 



CONCLUSIONS AND RECOMMENDATIONS
1. A preferred nutrient composition for in ovo feeding was described to contain at least one protein, peptide, amino acid or carbohydrate which are all present in honey and an enteric modulator like hydroxymethylbutyrate (HMB), organic zinc complex, lecithin, glutamine or glutamate. 
2. The effects of honey’s potential to provide the necessary metabolites to the growing embryo were not evident, and the nutrient composition lacks an activator –an enteric modulator that can control the motility of the fluids across the cells of the gastrointestinal tract after in ovo administration. 
3. Further studies should therefore explore adding an enteric modulator like HMB, organic zinc complex, lecithin or glutamine to honey composition for enhanced nutrient utilization and livability in turkey poults.
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