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Nutritional Evaluation of Guava (Psidium guajava) Leaves as a Sustainable Feed Resource for Livestock
ABSTRACT
The increasing livestock population in India has led to a significant feed deficit, highlighting the need for alternative feed resources. Guava (Psidium guajava) leaves, which are rich in essential nutrients, offer a potential non-conventional feed resource. This study evaluates the proximate composition, mineral profile, and amino acid content of guava leaves to determine their nutritional suitability for livestock. The analysis revealed a high organic matter content (93.31%) and a moderate crude protein level (12.7%), indicating their potential as a protein source. Additionally, guava leaves contain substantial levels of essential minerals such as calcium (166.93 ppm), potassium (126.3 ppm), and iron (241.81 ppm), which are vital for animal health. The amino acid profile further supports the nutritional benefits, with high concentrations of glutamic acid (1.002%) and aspartic acid (0.96%). Although the leaves have high lignin and AIA levels which may reduce digestibility, guava leaves still present a promising sustainable feed alternative, especially in regions with abundant guava biomass. Therefore, guava leaves can be utilized as a sustainable feed resource in ruminant feeding systems, provided proper processing methods are applied to mitigate fiber limitations.
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[bookmark: _GoBack]INTRODUCTION
India holds the top position globally in terms of total livestock population. The latest data shows that there has been an increase of 4.6% in livestock since the last census undertaken in 2012 [11]. Nonetheless, this rise has not resulted in more feeds or fodders thereby causing a deficit in essential resources for animals. Total area under fodder cultivation is around 8.4 mha (5.23%) which is almost static for the past two decades [8]. At present, India faces a net deficit of 35.6% green fodder (GF), 10.95% dry crop residues and 44% concentrate feeds, The deficit may further rise due to consistent growth of livestock population at the rate of 1.23% in near future [10]. The situation worsens mostly in rainfall deficit states viz. Gujarat, Rajasthan, Karnataka, Madhya Pradesh, Andhra Pradesh, and Maharashtra. To secure the wellbeing and productivity of herds, it is important to address this problem. Ways to solve it encompass better feed production methods, use of non-conventional feed resources to ensure sustainable animal production.one such way is use of tree leaves as feed resource for animals.
Guava (Psidium guajava) is a small tropical tree that grows up to 35 feet tall; it is widely grown for its fruit in tropics. It is a member of the Myrtaceae family, with about 133 genera and more than 3800 species [15]. Guava leaves contain high levels of Vitamin C, Iron, Calcium, and phosphorous [21]. The antioxidants in the guava foliage include essential oils, polysaccharides, pectin’s, minerals, vitamins, triterpenoid acid enzymes and alkaloids, steroids, glycosides, tannins, flavonoids and saponins, which can have potential use in functional feeds to improve the health of animals [24,14]. Thomas et al;2017 [21] reported 16.8 mg protein/100g and 8 mg amino acids/100g in guava leaves as estimated according to Lowry’s and ninhydrin methods, respectively. The higher concentrations of Mg, Na, S, Mn, and B in guava leaves makes them a highly suitable choice for human nutrition and also as an animal feed to prevent micronutrient deficiency [1]. Guava is one of the important commercial fruits in India. It is the fourth most important fruit after mango, banana and citrus. The area under guava cultivation in India increased by 227.6% from 94 thousand ha. in 1991-92 to 308.1 thousand ha. in 2020-21 whereas the production increased by 318.18% from 11 lakh tones to 46 lakh tonnes. Major guava producing states include Uttar Pradesh, Bihar, West Bengal, Maharashtra, Chhattisgarh, Tamil Nadu, Karnataka, Madhya Pradesh, Gujarat and Andhra Pradesh [10]. 
MATERIALS AND METHODS
Fresh guava (Psidium guajava) leaves were collected from the vicinity of the College of Veterinary Science, Rajendranagar, Telangana. Healthy leaves were hand-picked from branches representing all four directions of the tree to ensure representative sampling. The leaves were thoroughly washed with clean water to remove dust and dried under direct sunlight. Once dried, the leaves were ground using a laboratory mill and sieved through a 1 mm mesh to obtain a fine powder for analysis. All analyses were carried out in the Animal Nutrition Laboratory of the College of Veterinary Science, Rajendranagar.
The proximate composition of the guava leaves was determined using the standard methods outlined by the Association of Official Analytical Chemists [2]. Moisture content was measured by drying the sample at 1050C in a hot air oven to a constant weight. Dry matter (DM) content was determined based on moisture loss. Ash content was measured after igniting sample in a muffle furnace at 550 °C for 4 hours (h). Crude protein (CP) (N × 6.25) was determined by Kjeldahl method and the values were expressed as nitrogen x 6.25. Ether extract (crude fat) was determined via Soxhlet extraction. Crude fiber was determined using standard AOAC (2) protocols. Nitrogen free extract (NFE) was calculated as: NFE (%) = 100 – (crude protein + crude fiber + ether extract + ash + moisture)
Neutral detergent fiber (NDF), acid detergent fiber (ADF), and acid detergent lignin (ADL) were measured using the methods described by Van Soest et al. (1991) [23]. Acid insoluble ash (AIA) was determined by the method of Van Keulen and Young (1997) [22] The results are presented in Table 1. 
Mineral analysis was done using ICP-OES (Inductively coupled plasma-optical emission spectroscopy) [12]. One gram (1 g) of the dried, powdered sample was taken in a microwave digestion vessel. To this, 9 mL of HNO₃ and 1 mL of H₂O₂ were added, and the sample was digested following the standard protocol. After digestion, the vessel was allowed to cool to room temperature. The digested solution was then filtered through Whatman filter paper No. 42, and the filtrate was transferred to a 100 mL volumetric flask and diluted to volume with Millipore water. Standard solutions of the elements were prepared by diluting a stock standard solution (1000 µg/g) with 1% HNO₃, the results are presented in Table 2.
The amino acid composition of the guava leaf samples was determined using high-performance liquid chromatography (HPLC) following acid hydrolysis and pre-column derivatization. Approximately 0.1 g of dried, powdered sample was transferred into hydrolysis tubes containing 5 mL of 6 N HCl. To prevent the oxidative degradation of sulphur-containing amino acids, the tubes were flushed with nitrogen gas before being sealed and incubated at 110 °C for 22 h [13]. After cooling to room temperature, hydrolysates were diluted with distilled water, filtered through a 0.45 μm membrane filter, and derivatized using the AccQ-Fluor™ Reagent Kit (Waters Corporation, USA), as per the manufacturer’s instructions. The derivatized amino acids were separated on a Waters Nova-Pak C18 column (4 μm, 3.9 × 150 mm) maintained at 37 °C, using a binary gradient of AccQ-Tag buffer and acetonitrile as the mobile phase. Detection was performed at 254 nm using a UV detector. The chromatographic run time was ~ 35 min. Quantification was carried out by comparing retention times and peak areas with those of standard amino acid mixtures analysed under identical conditions [4]

	Table 1:  Proximate analysis and van soest analysis of the guava leaves

	Parameter 
	Values (%)

	Dry matter 
	91.03

	Moisture 
	8.97

	Organic matter 
	93.31

	Crude Protein 
	12.70

	Crude Fat 
	2.5

	Crude Fiber 
	17.485

	Total Ash 
	6.68

	Nitrogen Free Extract 
	51.67

	NDF 
	56.08

	ADF 
	44.72

	ADL
	38.38

	AIA
	2.225




















	Table 2: Mineral profile of Leaf samples

	Mineral
	Conc.(ppm)

	Cu
	21.48

	Fe
	241.81

	Zn
	24.33

	Mn
	42.43

	Co
	0.55

	Cr
	12.43

	Li
	2.61

	Se
	1.35

	Ca
	166.93

	P
	12.24

	S
	35.13

	Mn
	38.32

	K
	126.3

	Pb
	3.35

	Cd
	0.05

	As
	0.8

	Ni
	7.5

	B
	46.88



















	

	Table 3 : Amino acid analysis /total contents after hydrolysis of protein

	Parameter
	Content (% as is)
	Content (%)*

	Dry matter
	89.99
	

	CP
	10.3
	10.07

	Methionine
	0.206
	0.201

	Cystine
	0.1
	0.098

	Methionine + Cystine
	0.306
	0.299

	Lysine
	0.589
	0.576

	Threonine
	0.439
	0.429

	Arginine
	0.551
	0.539

	Isoleucine
	0.443
	0.433

	Leucine
	0.839
	0.82

	Valine
	0.549
	0.537

	Histidine
	0.23
	0.225

	Phenylalanine
	0.546
	0.534

	Glycine
	0.527
	0.515

	Serine
	0.433
	0.423

	Proline
	0.54
	0.528

	Alanine
	0.577
	0.564

	Aspartic acid
	0.96
	0.939

	Glutamic acid
	1.002
	0.98

	* DMS: Figures standardized to a dry matter content of 88%















RESULTS AND DISCUSSION:
Proximate Analysis:
The proximate analysis of guava leaves revealed a high organic matter content (93.31%) and a moderate crude protein level (12.7%). These findings align with previous studies, which have reported similar protein levels in guava leaves [9,7]. The high nitrogen-free extract (61.49%) suggests that guava leaves are a rich source of carbohydrates, making them a potential energy source for livestock. However, the crude fiber content (17.49%) is moderate, which may limit their use as a primary feed resource but makes them suitable as a supplementary feed ingredient. The low crude fat content (2.5%) is consistent with the low-fat nature of guava leaves, as reported by Ghani et al; (2016) [6]. The high carbohydrate and moderate protein content make guava leaves a promising energy and protein supplement for livestock, particularly in regions where conventional feed resources are scarce [16]. But the Van Soest analysis shows that guava leaves have high NDF, ADF and ADL content, which indicates limited digestibility for livestock. However, ruminants may partially overcome these limitations due to their rumen fermentation capacity. The high lignin content (ADL) content acts as a barrier to microbial fermentation, suggesting the need for processing to improve digestibility 
Mineral Profile:
The mineral analysis indicated that guava leaves are rich in essential minerals such as calcium (166.93 ppm), potassium (126.3 ppm), and iron (241.81 ppm). These minerals are crucial for bone development, muscle function, and haemoglobin synthesis in animals [9,21]. The moderate levels of zinc (24.33 ppm), copper (21.48 ppm), and selenium (1.35 ppm) further enhance the nutritional value of guava leaves, as these micronutrients play vital roles in immune function and antioxidant activity [19]. The low concentrations of toxic minerals like lead (3.35 ppm) and cadmium (0.05 ppm) suggest that guava leaves are safe for animal consumption, as these levels are well below the toxic thresholds for livestock [1].
Amino Acid Profile:
The amino acid analysis revealed that guava leaves contain high levels of glutamic acid (1.002%) and aspartic acid (0.96%), which are important for intestinal health and growth in animals [5]. Leucine (0.839%), known for its role in muscle growth and milk production, was also present in significant amounts [18]. Moderate levels of lysine (0.589%), arginine (0.551%), and proline (0.54%) further support the potential of guava leaves as a feed resource for improving protein synthesis, immune function, and stress tolerance in livestock [17,25]. The low concentrations of methionine (0.206%) and cystine (0.1%) suggest that guava leaves may need to be supplemented with other protein sources to meet the sulphur-containing amino acid requirements of livestock [3].
Comparative Analysis with Other Feed Resources:
When compared to conventional feed resources like alfalfa and soybean meal, guava leaves offer a unique combination of nutrients. While their protein content (12.7%) is lower than that of soybean meal (40-50%), their rich mineral profile and balanced amino acid composition make them a valuable supplement for addressing micronutrient deficiencies in livestock [7,9]. For example, the calcium content in guava leaves (166.93 ppm) is significantly higher than that in alfalfa (15-20 ppm), making them a suitable supplement for improving bone health in animals [1]. Additionally, the widespread availability of guava leaves in tropical regions makes them a cost-effective alternative to traditional feed ingredients, particularly in areas facing feed shortages [8].
CONCLUSION:
The results of this study demonstrate that guava (Psidium guajava) leaves possess a favorable nutritional composition, making them a promising alternative feed resource for livestock. The high organic matter and nitrogen-free extract content suggest that these leaves can contribute to energy supply, while their moderate protein content and rich mineral profile enhance their nutritional value. Given their widespread availability and nutritional benefits, guava leaves could be incorporated into animal diets as a sustainable feed resource However, further research is needed to evaluate their digestibility and potential antinutritional factors, such as tannins and saponins, which may limit their utilization in animal diets. Long-term feeding trials are also necessary to assess the impact of guava leaves on animal health, productivity, and reproductive performance. Future studies should explore the optimal inclusion levels of guava leaves in animal diets and investigate their effects on milk production, weight gain, and metabolic functions. Sustainable harvesting of guava leaves is essential to ensure that there will be long term availability of this biomass without compromising plant health and productivity.
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Graph 1: mineral profile of guava leaves
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graph 2 :AMINO ACID PROFILE
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