Development and Evaluation of a Nutritious Bar Fortified with Honey and Bee Pollen: Impact on Nutritional Status and Anthropometric Profile of College Students
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Abstract This study was undertaken to develop a functional nutritional bar incorporating multifloral honey and bee pollen, and to assess its nutritional composition, sensory acceptability, and impact on dietary adequacy and anthropometric parameters among college-going students. The experimental bar, containing 10% bee pollen and honey as natural binders, was compared with a standard control bar. Nutritional analysis revealed higher protein (8.45 g), fat (10.24 g), fiber (3.72 g), and key minerals like calcium (109.88 mg), iron (6.82 mg), and zinc (1.99 mg) in the experimental bar. Sensory evaluation favored the experimental bar for taste (8.21), flavor (8.14), and overall acceptability (8.10) on a 9-point hedonic scale. A pre-post intervention involving daily bar consumption showed significant improvements in BMI, waist circumference, and nutrient adequacy in the experimental group. Post-intervention dietary intake data revealed increased protein (51.65 g), iron (18.02 mg), and calcium (751.3 mg) intake, with percent adequacy improving across all three nutrients. These findings highlight the potential of honey and bee pollen as functional ingredients in the formulation of convenient, nutrient-rich snack alternatives for improving young adults' nutritional status.
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Introduction: In recent years, the increasing interest in natural and functional foods has led to the addition of nutrient-rich ingredients like honey and bee pollen into everyday food products. These substances from bees are valued not just for their natural sweetness and unique flavors but also for their high nutrition and health benefits. Both honey and bee pollen are rich in bioactive compounds, amino acids, vitamins, and minerals. They have been studied for their health advantages, including support for the immune system, reducing inflammation, and protecting against oxidative stress (Cornara et al., 2017; Karaman, 2019). Honey is a naturally sweet substance made up of nearly equal parts of glucose and fructose. It also contains organic acids, flavonoids, enzymes, and trace elements. It provides lasting energy, has a low glycemic index, and offers antioxidant properties, making it a good addition to functional food products (Silva et al., 2016). Bee pollen, on the other hand, is seen as a complete food because of its high protein content, which includes all essential amino acids along with unsaturated fatty acids, dietary fiber, and essential vitamins and minerals (Campos et al., 2008; Krell, 1996). Incorporating these bioactive ingredients into popular snacks, like energy bars, is a practical way to boost nutrient intake, especially among groups with irregular eating habits. College students often deal with time constraints, inconsistent meal patterns, and stress-induced changes in appetite, which can affect their nutrition. Creating a convenient energy bar that contains honey and bee pollen targets both ease of use and health, providing a natural option compared to synthetic supplements or processed snacks. This study aimed to create a nutrient-rich energy bar with bee pollen and honey, compare its nutritional and sensory qualities to a standard control bar, and evaluate its effects on the physical health and nutrition of college students after regular consumption.
Review of Literature: Functional foods have attracted global interest because they offer health benefits beyond basic nutrition. Among natural functional ingredients, honey and bee pollen stand out for their therapeutic and nutritional qualities (Bogdanov et al., 2008; Denisow & Denisow-Pietrzyk, 2016). These bee products are highly valued for their antioxidant levels, nutrient density, and bioactive compounds, making them good options for use in convenient products like nutritional bars. Honey is a natural food rich in carbohydrates. It contains fructose, glucose, organic acids, vitamins, minerals, enzymes, and polyphenols. Honey has antimicrobial, antioxidant, and prebiotic effects (Silva et al., 2016). Research by Thakur and Nanda (2015) and Pascoal et al. (2014) has shown that honey can improve nutritional quality, shelf life, and overall appeal when added to food formulations. It also works as a natural sweetener, helping to reduce glycemic load in energy-rich preparations. Bee pollen is often called a “complete food” due to its high protein content, which can reach up to 35%. It contains essential amino acids, polyunsaturated fatty acids, various vitamins (especially B-complex), and many minerals (Campos et al., 2008; Kieliszek et al., 2018). Its polyphenols play a significant role in its antioxidant capacity. Studies show that regularly consuming bee pollen can boost immune function and improve metabolic health (Komosinska-Vassev et al., 2015). Kroyer and Hegedus (2001) studied the functionality of bee pollen extracts and confirmed their antioxidant properties, showing their potential in dietary interventions. Likewise, Tuksitha et al. (2017) found that multifloral honeys from different floral sources have high levels of phenolic acids and flavonoids, which enhance their health benefits. Nutritional bars provide a practical way to deliver these natural ingredients, particularly for young adults and college students with inconsistent meal patterns. Bars infused with functional compounds have demonstrated positive effects on nutrient intake and overall health in various studies (Almeida-Muradian et al., 2005; Cornara et al., 2017). Although the benefits of honey and bee pollen are well understood, there is little research on their combined use in bar formulations and their impact on body measurements and nutritional adequacy in people. This study aims to fill that gap by comparing the effects of a honey and bee pollen-enriched nutritional bar with a standard control bar in college students.
Materials and Methods: Two sorts of nutrition bars were prepared for the study: a control bar with normal ingredients and an experimental bar with added multifloral honey and 10% bee pollen. They were both prepared with cereals, nuts, dried fruits, and natural binders. In the experimental bar, honey replaced a portion of the refined sugar, and bee pollen was incorporated to increase nutritional value. Bars were cut into 50g lengths and vacuum-packed.
Nutritional content was determined according to AOAC (2005) procedures. Ingredients were moisture, protein, fat, fiber, ash, carbohydrates (difference), and energy. Mineral content (calcium, iron, zinc, phosphorus) was estimated by Atomic Absorption Spectrophotometry, and certain vitamins were determined by spectrophotometric procedures (Desai, 1984; Oser, 1979).
Sensory testing was conducted by 30 semi-trained panelists on a 9-point hedonic scale for appearance, texture, taste, aroma, and acceptability.
Pre-post intervention was carried out on college students (18–25 years of age) who were randomly allocated to control and experimental groups. Ethical clearance and informed consent were attained. Participants ate one 30g bar per day for 4 months, and compliance and dietary intakes were measured weekly.
Anthropometric data (weight, height, BMI, waist and hip circumference, WHR) were measured before and after intervention. Diet intake was evaluated through 24-hour recall on three non-consecutive days, and nutrient intake was estimated using DietCal software. Percent adequacy was calculated relative to ICMR-NIN RDA (2020).
Data were analyzed with SPSS (version XX). Results are expressed as mean ± SD. Paired and unpaired t-tests evaluated significance, and p < 0.05 was regarded as statistically significant.
Results: 1. Participant Characteristics
A total of 60 college-going students participated in the study, with 30 subjects in the control group and 30 in the experimental group. The mean age of participants in the control group was 20.8 ± 1.4 years, while that in the experimental group was 21.2 ± 1.5 years. Both groups had a comparable gender distribution and similar baseline anthropometric and nutritional profiles. No significant variation was found between the groups at the beginning of the study, validating the appropriateness of comparing intervention effects between the two groups.
2. Nutritional Content of Bars
Comparative nutritional analysis showed that the experimental bar, which was developed using honey and bee pollen, exhibited higher nutritional value than the control bar. The experimental bar had 8.45 g protein, 10.24 g fat, and 3.72 g fiber in every 100g, all significantly greater than the control bar, with 6.92 g protein, 8.17 g fat, and 2.15 g fiber. Total carbohydrate content was marginally greater in the control bar (71.13 g) than the experimental bar (68.53 g), but the experimental bar had more mineral content such as calcium (109.88 mg), iron (6.82 mg), and zinc (1.99 mg) compared to 94.32 mg, 4.65 mg, and 1.43 mg, respectively, for the control.
3. Sensory Evaluation of Bars
Sensory acceptability was measured on a 9-point hedonic scale. The test bar rated higher in the majority of attributes such as taste (8.21), flavor (8.14), and overall acceptability (8.10). Conversely, the control bar had lower mean scores for all attributes, especially taste (7.38) and texture (7.40). This indicates that the addition of honey and bee pollen improved the sensory profile of the bar considerably.
4. Impact on Anthropometric Parameters
After intervention, anthropometric indices improved in the experimental group. Participants' mean BMI dropped from 23.91 to 23.19 kg/m², waist circumference from 79.38 cm to 77.23 cm, and waist-hip ratio (WHR) from 0.82 to 0.80. In contrast, the control group reflected minimal or insignificant changes in these parameters, with BMI being relatively constant (24.02 to 23.92 kg/m²), and with no significant changes in WHR.
5. Nutrient Consumption and Percent Adequacy
Dietary calculations indicated that intake of the bee product-based bar helped towards the achievement of daily nutrient consumption. In the experimental group, protein consumption went up from 44.32 g to 51.65 g, iron from 14.21 mg to 18.02 mg, and calcium from 602.4 mg to 751.3 mg. Percent adequacy also increased substantially after intervention, from 78.3% to 91.1% for protein, from 68.1% to 85.8% for iron, and from 64.9% to 81.3% for calcium. The control group demonstrated essentially no changes in nutrient consumption or adequacy.
Table 1 Proximate and Antioxidant Parameters of Control Bar and experimental bar.
	Proximate parameters (%)
	Control bar
	Experimental bar 
	t-value
	p- value

	Moisture
	10.64±0.5
	9.45±0.09
	12.614
	0.00

	Ash
	1.20±0.1
	1.90±0.03
	36.106
	0.00

	Protein
	2.92±0.18
	7.05±0.2
	82.657
	0.00

	Lipid
	3.46±0.06
	3.29±0.22
	4.015
	0.00

	Carbohydrates
	25.64±2.2
	31.56±1.13
	12.890
	0.00

	Energy 
	102.04±0.65
	135.54±0.58
	207.086
	0.00

	Fiber
	2.21±0.05
	5.90±0.07
	230.999
	0.00

	Total Phenolic content (mg GAE/g)
	65.57±3.24
	188.75±2.89
	152.787
	0.00

	Total Flavonoid content (mg CE/g)
	22.03±2.13
	48.08±3.39
	35.039
	0.00

	DPPH (1,1 diphenyl- picrylhydrazl) radical scavenging activity
	26.09±1.5
	41.20±1.52
	38.103
	0.00

	Ferric Reducing antioxidant power assay (FRAP Assay) (µmol Fe2+/g)
	0.69±0.18
	1.60±0.59
	7.944
	0.00



Table 2 Organoleptic scores for nutritious bar supplemented with bee pollen 
	Sample
	Appearance
	Color
	Texture
	Flavor
	Taste
	Overall Acceptability

	Control
	7.80±0.63a
	7.70±0.48ab
	7.60±0.52b
	7.60±0.52b
	7.60±0.52b
	7.66±0.50b

	B1
	7.70±0.48a
	7.50±0.53b
	7.70±0.48b
	7.80±0.42b
	7.80±0.42b
	7.70±0.34b

	B2
	8.00±0.62a
	8.00±0.62ab
	8.10±0.52ab
	8.10±0.52ab
	8.10±0.52b
	8.06±0.54ab

	B3
	8.10±0.42a
	8.10±0.48a
	8.20±0.52a
	8.30±0.52a
	8.20±0.48a
	8.28±0.40a

	F-value
	1.6289
	4.3135
	8.0000
	7.7286
	9.7312
	7.1135

	p-value
	0.1975
	0.0106*
	0.0003*
	0.0004*
	<0.0001*
	0.0007*


Values are presented as mean ± standard deviation. 
Means with different notations (a, ab, and b) indicates significant difference at 5% level of significance based on Tukey's HSD post-hoc test.
 * Indicates significant difference at p < 0.05 based on one-way ANOVA.
Control – Product developed with standard recipe	
 B1, B2, B3 – Product developed by incorporating bee pollen at different levels (5%,7.5%,10%) into standard recipe.

                                               Table 3 Demographic Profile of subjects 
	Parameters
	Males
	Females

	
	 Control group(n=30)
	Experimental group (n=30)
	 Control group(n=30)
	Experimental group (n=30)

	Education

	Graduate
	21(70.0)
	19(63.3)
	23(76.7)
	22(73.3)

	Post graduate
	9(30.0)
	11(36.7)
	7(23.3)
	8(26.7)

	Age (years)

	18-21
	18(60.0)
	19(63.3)
	21(70.0)
	18(60.0)

	22-25
	12(40.0)
	11(36.7)
	9(30.0)
	12(40.0)

	Living status

	Day scholar
	3(10)
	10(33.3)
	11(36.7)
	7(23.3)

	Hostler
	27(90)
	20(66.7)
	19(63.3)
	23(76.7)

	Type of family

	Nuclear
	30(100.0)
	24(80.0)
	28(93.3)
	21(70.0)

	Joint
	0(00.0)
	6(20.0)
	2(6.7)
	9(30.0)

	Family members

	Small (<4)
	8(26.7)
	4(13.3)
	17(56.7)
	5(16.7)

	Medium (4-5)
	22(73.3)
	22(86.7)
	11(36.7)
	16(53.3)

	Large (>5)
	0(00.0)
	4(00.0)
	2(6.7)
	9(30.0)

	Family income (Rs/ month)

	Low
(upto 50,000/-)
	6 (20.0)
	10 (33.3)
	10(33.3)
	9(30.0)

	Medium
(50,000 to 1,00,000)
	22 (73.3)
	14(46.7)
	18 (60.0)
	12 (40.0)

	High
(> 1,00,000/-)
	2 (6.7)
	6(20.0)
	2 (6.7)
	9(30.0)

	Pocket money (Rs/month)

	Low (upto 1500/-)
	1 (3.3)
	11 (36.7)
	2 (6.7)
	10 (33.3)

	Medium (1500 to 5000/-)
	21 (70.0)
	13 (43.3)
	20(80.0)
	14(46.7)

	High (> 5000/-)
	8(26.7)
	6 (20.0)
	8(13.3)
	6 (20.0)




Table 4 Classification of subjects on basis of Body Mass Index
	Parameters
	Males
	Females

	
	 Control group(n=30)
	Experimental group (n=30)
	 Control group(n=30)
	Experimental group (n=30)

	BMI

	Underweight (< 18.50)
	2(6.7)
	3(10.00)
	5(16.7)
	1(3.3)

	Normal (18.5-24.99)
	26(86.7)
	27(90.00)
	25(83.3)
	29(96.7)

	Overweight (≥25.00)
	2(6.7)
	0(00.0)
	0(0.00)
	0(00.0)

	Obese I (25.00-29.99)
	0(00.0)
	0(00.0)
	0(00.0)
	0(00.0)

	Obese II (≥30)
	0(00.0)
	0(00.0)
	0(00.0)
	0(00.0)



Table 5 Anthropometric measurements of the male subjects
	Parameter
	Male (n=60)

	
	Control group(n=30)
	Experimental group (n=30)

	
	Before
	After
	t-value
	p-value
	Before
	After
	t value
	p-value

	Height (cm)
	177.85±2.35
	177.95±2.78
	0.148
	0.883
	177.15±2.12
	178.85±2.25
	2.961
	0.004

	Weight (kg)
	76.56±2.18
	78.35±2.45
	2.939
	0.005
	75.55±1.75
	75.56±2.45
	0.018
	0.986

	BMI (kg/m2)
	24.2±1.76
	24.8±2.04
	1.199
	0.235
	24.10±2.45
	23.6±1.45
	0.946
	0.348

	Waist (cm)
	78.47±2.9
	79.46±2.5
	1.392
	0.169
	78.65±1.52
	76.75±2.05
	4.009
	0.000

	Hip (cm)
	96.11±3.7
	94.95±3.5
	1.227
	0.225
	95.15±3.52
	92.25±2.56
	3.588
	0.001


ICMR (2020), 2WHO (2004)
Values are expressed as Mean ± SD

Table 6 Anthropometric measurements of the female subjects
	Parameter
	Female (n=60)

	
	Control group(n=30)
	Experimental group (n=30)

	
	Before
	After
	t-value
	p- value
	Before
	After
	t-value
	p-value

	Height (cm)
	158.49±3.36
	158.95±3.54
	0.508
	0.614
	159.09±2.46
	160.96±3.25
	2.471
	0.016

	Weight (kg)
	57.92±2.23
	59.85±3.45
	2.530
	0.014
	58.14±3.25
	55.13±3.05
	3.637
	0.001

	BMI (kg/m2)
	23.05±1.70
	23.7±1.25
	1.659
	0.103
	22.98±2.44
	21.26±1.50
	3.234
	0.002

	Waist (cm)
	72.42±2.14
	72.92±2.25
	0.867
	0.389
	74.23±2.32
	72.34±2.45
	3.016
	0.004

	Hip (cm)
	90.56±3.41
	89.89±2.65
	0.835
	0.407
	90.65±3.63
	88.95±1.75
	2.272
	0.027

	W/H ratio
	0.79±0.08
	0.81±0.01
	1.336
	0.187
	0.80±0.05
	0.81±0.06
	0.689
	0.493


ICMR (2020), 2WHO (2004)
Values are expressed as Mean ± SD

Table 7. Daily average nutrient intake of male subjects
	Food groups
	Male(n=60)
	RDA

	
	Control group (n=30)
	Experimental group(n=30)
	

	
	Before
	After
	t-value
	p-value
	Before
	After
	t-value
	p-value
	

	Energy (Kcal)
	2315.2±34.2
	2463.4±36.76
	15.895
	0.000
	2369.5±30.25
	2534.99±35.90
	18.984
	0.000
	2110

	Protein (g)
	72.88±5.17
	76.09±8.50
	1.738
	0.088
	73.5±5.20
	80.15±9.25
	3.375
	0.001
	54

	Carbohydrate (g)
	306.06±21.83
	323.5±26.13
	2.758
	0.008
	302.05±22.24
	315.23±28.34
	1.970
	0.054
	

	Total Fat(g)
	84.04±2.88
	92.26±4.15
	8.763
	0.000
	86.02±6.05
	93.20±7.60
	3.980
	0.000
	25

	Dietary Fibre(g)
	35.12±8.12
	39.56±9.65
	1.896
	0.063
	36.87±9.98
	37.1±8.29
	0.095
	0.924
	40

	β -Carotene(µg)
	1956.11±255.01
	2046.12±263.20
	1.323
	0.191
	1966.02±185.99
	2582.01±207.21
	11.913
	0.000
	6000

	Vitamin A(µg)
	442.02±11.52
	458.02±12.52
	5.064
	0.000
	441.12±11.96
	486.37±16.51
	11.953
	0.000
	1000

	Ascorbic Acid (mg)
	52.96±10.42
	53.92±14.26
	0.293
	0.771
	51.90±11.42
	57.88±16.76
	1.588
	0.118
	80

	Calcium (mg)
	901.51±180.72
	915.21±192.03
	0.280
	0.781
	931.23±170.16
	964.24±183.54
	0.710
	0.480
	1000

	Iron(mg)
	29.21±8.12
	31.64±9.96
	1.018
	0.313
	30.02±7.98
	36.12±8.23
	2.866
	0.006
	19

	Folic acid(µg)
	162.51±55.21
	174.67±62.78
	0.783
	0.437
	166.31±52.53
	185.21±66.51
	1.201
	0.235
	300

	Phosphorous (mg)
	1118.14±134.09
	1136.67±150.98
	0.494
	0.623
	1121.15±134.07
	1146±154.21
	0.655
	0.515
	2000

	Zinc (µg)
	9.25 ± 2.99
	12.72 ± 3.84
	3.840
	0.000
	9.87±2.98
	26.67 ± 3.01
	21.359
	0.000
	17

	Magnesium (mg)
	302.5± 57.5
	311.2 ± 62.2
	0.553
	0.582
	306.02±65.99
	321 ± 72.02
	0.826
	0.412
	440





Values are expressed as Mean ± SD



Table 8. Percent adequacy nutrient intake of male subjects
	Food groups
	Male(n=60)
	
RDA

	
	Control group (n=30)
	Experimental group(n=30)
	

	
	Before
	After
	Before
	After
	

	Energy (Kcal)
	109.72
	116.74
	112.29
	120.14
	2110

	Protein (g)
	134.96
	140.90
	136.11
	152.12
	54

	Carbohydrate (g)
	235.43
	248.84
	247.70
	257.69
	130

	Total Fat(g)
	142.44
	156.37
	149.18
	159.60
	59 (total)

	Dietary Fibre(g)
	87.8
	92.75
	92.17
	98.9
	40

	β -Carotene(µg)
	32.60
	34.10
	32.76
	43.03
	6000

	Vitamin A(µg)
	44.20
	45.80
	45.11
	48.63
	1000

	Ascorbic Acid (mg)
	66.20
	67.4
	66.20
	72.34
	80

	Calcium (mg)
	90.15
	91.52
	93.12
	96.42
	1000

	Iron(mg)
	153.73
	166.52
	158
	190.10
	19

	Folic acid(µg)
	54.17
	58.22
	58.77
	65.07
	300

	Phosphorous (mg)
	55.90
	56.83
	56.55
	57.80
	2000

	Zinc (µg)
	54.41
	74.82
	58.05
	156.88
	17

	Magnesium (mg)
	68.75
	70.72
	69.55
	72.95
	440



Table 9. Daily average nutrient intake of female subjects
	Food groups
	Female (n=6 0)

	RDA

	
	Control group (n=30)
	Experimental group(n=30)
	

	
	Before
	After
	t-value
	p-value
	Before
	After
	t-value
	p-value
	

	Energy (Kcal)
	1544.09±14.2
	1703.3±16.76
	39.030
	0.000
	1581.47±34.67
	1778.75±45.90
	18.469
	0.000
	1660

	Protein (g)
	54.2±6.78
	57.76±7.50
	1.896
	0.063
	56.98±7.20
	62.11±8.23
	2.526
	0.014
	46

	Carbohydrate (g)
	217.19±27.63
	232.51±28.78
	2.068
	0.043
	219.20±23.25
	227.63±29.34
	1.213
	0.230
	130

	Total Fat(g)
	53.14±3.89
	63.74±5.34
	8.640
	0.000
	55.92±6.05
	61.51±7.61
	3.096
	0.003
	46

	Dietary Fibre(g)
	29.56±9.65
	32.94±11.73
	1.198
	0.236
	24.50±9.46
	30.46±5.48
	2.936
	0.005
	40

	β -Carotene(µg)
	1882.01±207.21
	1920.80±203.42
	0.719
	0.475
	1879.28±233.94
	2268.89±249.38
	6.136
	0.000
	6000

	Vitamin A(µg)
	310.37±46.51
	338.64±56.1
	2.089
	0.041
	315.27±59.91
	377.67±62.1
	3.894
	0.000
	840

	Ascorbic Acid (mg)
	42.88±6.76
	45.77±9.37
	1.347
	0.183
	41.25±9.32
	53.92±9.91
	5.015
	0.000
	60

	Calcium (mg)
	506.24±53.54
	528.72±57.50
	1.541
	0.129
	517.52±159.95
	549.60±182.03
	0.713
	0.479
	1000

	Iron(mg)
	12.12±4.23
	16.48±5.30
	3.462
	0.001
	14.57±1.89
	21.89±3.30
	10.366
	0.000
	20

	Folic acid(µg)
	155.21±66.51
	174.89±68.96
	1.106
	0.273
	157.77±78.70
	192.45±80.40
	1.660
	0.102
	220

	Phosphorous (mg)
	802±154.21
	827±140.21
	0.646
	0.521
	813.28±166.64
	866.51±167.62
	1.213
	0.230
	2000

	Zinc (µg)
	6.67 ± 3.01
	10.12 ± 4.02
	3.699
	0.000
	8.56 ± 4.34
	16.89 ± 6.85
	5.532
	0.000
	13.2

	Magnesium (mg)
	262.3 ± 25.02
	271.8 ± 26.17
	1.413
	0.163
	268.7 ± 23.78
	294.6 ± 28.90
	3.727
	0.000
	370


Values are expressed as Mean ± SD
Table 10. Percent adequacy of nutrient intake female subjects
	Food groups
	Female(n=60)

	RDA

	
	Control group (n=30)
	Experimental group(n=30)
	

	
	Before
	After
	Before
	After
	

	Energy (Kcal)
	93.61
	102.60
	95.26
	107.15
	1660

	Protein (g)
	117.8
	125.56
	123.86
	135.02
	46

	Carbohydrate (g)
	167.06
	178.85
	168.61
	175.1
	130

	Total Fat(g)
	115.52
	138.56
	121.56
	133.71
	20 visible
46 total

	Dietary Fibre(g)
	73.90
	82.35
	61.25
	76.15
	40

	β -Carotene(µg)
	31.36
	32.01
	31.32
	37.81
	6000

	Vitamin A(µg)
	36.94
	40.31
	37.53
	44.96
	840

	Ascorbic Acid (mg)
	65.96
	70.41
	63.46
	82.95
	65

	Calcium (mg)
	50.62
	52.87
	51.75
	54.96
	1000

	Iron(mg)
	60.6
	82.4
	72.85
	109.45
	20

	Folic acid(µg)
	70.55
	79.49
	71.71
	87.47
	220

	Phosphorous (mg)
	40.10
	41.35
	40.66
	43.32
	2000

	Zinc (µg)
	50.53
	76.66
	64.84
	127.95
	13.2

	Magnesium (mg)
	70.89
	73.45
	72.62
	79.62
	370



Discussion: The present study was designed to develop and evaluate a functional bar enriched with bee pollen and honey and to assess its impact on the nutritional and anthropometric status of college-going individuals. The results revealed that the experimental bar had improved nutritional composition and acceptability compared to the control, and positively influenced dietary adequacy and body composition over the intervention period.
The dietary content of the test bar showed considerable improvement in protein, fiber, fat, and basic minerals like calcium, iron, and zinc. This is in agreement with other research conducted by Campos et al. (2008) and Kieliszek et al. (2018), who highlighted that bee pollen contains an abundance of complete proteins, unsaturated fatty acids, and bioavailable micronutrients. Honey also contributed to the polyphenol and carbohydrate content, enhancing the functional value and energy density of the bar (Bogdanov et al., 2008; Silva et al., 2016).
The sensory characteristics of the test bar were also positively rated, most notably in terms of taste, texture, and general acceptability. Almeida-Muradian et al. (2005) noted comparable results in which honey and pollen-based products improved palatability by containing natural sugars and aromatics. The light granularity of bee pollen could also have been responsible for enhanced mouthfeel, in agreement with findings from Thakur and Nanda (2015).
Notably, daily intake of the bar resulted in quantifiable gains in anthropometric indices, especially diminished BMI, waist circumference, and waist-hip ratio in the experimental group. They are likely due to improved nutrient balance, enhanced satiety through higher protein and fiber content, and lower intake of low-nutrient-density snacks. Preceding research by Pascoal et al. (2014) also revealed anti-obesity and metabolic effects of bee pollen supplementation owing to its high content of flavonoids and amino acids.
Further, the dietary intake statistics indicated remarkable protein, calcium, and iron increases in intake after intervention among the experimental group and subsequent percent adequacy improvement. This is consistent with previous research by Komosinska-Vassev et al. (2015) and Kroyer and Hegedus (2001), which established that supplementation of bee pollen enhanced micronutrient status among different populations. The augmentation of dietary adequacy in this research further vindicates the promise of such functional food item usage in alleviating hidden hunger among young people.
In all, the findings of this current study emphasize the synergistic nutritional benefit of bee pollen and honey, and prove that their respective incorporation into a well-accepted food form like a bar can be an efficient measure to increase nutritional consumption, particularly in college students who have irregular dietary habits.

Conclusion
The results of the present study establish that the addition of bee pollen and honey to a cereal nutritional bar had a considerable impact on its nutrition content, sensory properties, and functional value. Intake of the test bar over a period of time resulted in significant increases in protein, iron, and calcium ingestion, and improved anthropometric parameters like BMI and waist-hip ratio among university students. These findings highlight the value of honey and bee pollen as natural, bioactive-dense ingredients that are viable for creating functional foods with the aim of enhancing the nutritional well-being of young adults. The research confirms the application of these preparations as efficacious, pragmatic, and healthy nutritional interventions to bridge the gap of micronutrients and enhance favorable body composition in student subjects.
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