STUDIES ON PROTEIN FORTIFIED GUAVA FRUIT LEATHER ROLLUPS


Abstract
A laboratory experiment was conducted with an objective to standardize the preparation protocol for protein-enriched guava leather rollups with Lalith variety and to assess their biochemical and organoleptic qualitiesat three-month intervals under ambient storage conditions at College of Horticulture, Dr. YSR Horticultural University. The experiment was laid out in a FCRD design with three replications comprising eight treatment combinations with two factors, such as sweeteners (palmyra jaggery or sugar) and protein sources (whey, soya, cashew or almond) at 5% concentration. Ripe guavas of Lalit variety were processed into pulp, sweetened, fortified with proteins, then dried, rolled and packed in polyethylene covers. Among biochemical parameters, treatment combination of sugar + tray drying + whey protein (B2C1) recorded the highest titratable acidity (1.35-1.83%), reducing sugars (24.85-26.65%), microbial count (3.07x103-4.75x103cfu/g) with increased trend during the storage period while total sugars (49.12-47.80%) showed a decreased trend. Non-reducing sugars (14.81-11.87%) recorded highest with sugar + tray drying + soya protein (B2C2). The maximum pectin content was observed with the treatment palmyra jaggery + tray drying + whey protein (B1C1) (3.42-3.39%) and fiber content (5.03 to 4.69%). The organoleptic properties, such as colour and appearance (8.80-8.43) recorded the highest scores with combination of sugar + tray drying + whey protein whereas highest texture scores (8.23-7.60) were recorded in the palmyra jaggery + tray drying + whey protein (B1C1) treatment combination.
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1. Introduction
Guava (Psidium guajava), belonging to the family Myrtaceae, is a widely cultivated fruit across tropical and subtropical regions of the world. Its adaptability to diverse agro-climatic conditions, resilience, ease of cultivation and high profitability make it an increasingly preferred choice crop among growers. Nutritionally, guava is a powerhouse which is rich in antioxidants, vitamins C and A, lycopene and essential minerals such as calcium, manganese, phosphorus, iron and potassium. Being low in calories yet high in dietary fibre, it serves as an excellent addition to a healthy diet. Its exceptionally high vitamin C content plays a vital role in neutralizing free radicals and reducing oxidative stress, thereby lowering the risk of various degenerative diseases. Despite these benefits, the commercial potential of fresh guava is constrained by its short shelf life of just 6–8 days. This perishability limits effective marketing and often results in substantial post-harvest losses, with farmers losing nearly 20–25% of their produce due to spoilage and damage (Nidhi and Mathew, 2016).
To extend the availability of guava and stabilize market prices during glut seasons, processing the fruit into a range of value-added products has become essential. Among these, the preparation of fruit leather is regarded as one of the most effective preservation methods for ripe guava (Natalia et al., (15)). In this process, the natural structure of the fruit is broken down through pureeing and then restructured into dehydrated sugar–acid–pectin gels, commonly known as “fruit leathers.” These products are attractive, colorful, and pliable sheets with a distinctive chewy texture, making them highly appealing to consumers and a growing focus of research and innovation.
In recent decades, food fortification has gained significant attention as an effective strategy to improve the nutritional quality of foods by adding essential nutrients that are either absent or diminished during processing. Guava bars, a widely consumed processed product prepared from guava, are naturally rich in vitamins and minerals but remains deficient in protein. To address this limitation, the present study explores protein enrichment through the incorporation of diverse protein sources. These include soya flour, containing approximately 55% protein; whey protein, a pure, natural byproduct of cheese production recognized for its superior biological value compared to most other natural proteins; and nutrient-dense nuts such as cashew and almond, which enhances protein content contribute additional health-promoting properties.
2. Material and Methods
Fully matured, ripened fruits of the Lalit variety of guava were obtained from farmers’ fields of Chinthalapudi, Eluru district, Andhra Pradesh. Sugars including cane sugar, jaggery, palmyra jaggery and honey were procured from the local market. Protein sources utilized in the experiment comprised whey protein, soya flour, cashew and almond from local markets.
List 1 : Treatment Combinations
	1. 
	B₁C₁    - Palmyra jaggery + Tray drying + Whey protein (5 %)

	2.
	B₁C₂   - Palmyra jaggery + Tray drying + Soya Protein (5 %)

	3.
	B₁C₃   -  Palmyra jaggery + Tray drying + Cashew (5 %)

	4.
	B₁C₄    - Palmyra jaggery + Tray drying + Almond (5 %)

	5.
	B₂C₁    - Sugar + Tray drying + Whey protein (5 %)

	6.
	B₂C₂    -  Sugar + Tray drying + Soya Protein (5 %)

	7.
	B₂C₃    -  Sugar + Tray drying + Cashew (5 %)

	8.
	B₂C₄    -  Sugar + Tray drying + Almond (5 %)


2.1 Procedure for Preparation of Protein Enriched Guava Leather Rollups
The standard method for making guava leather roll-ups was outlined by Bisen and Verma (4).
2.1.1 Preparation of fruit pulp
The fruit pulp was prepared by homogenizing the slices in a mixer, followed by straining the mixture or pulp.
2.1.2 Pre-treatments
The TSS of the pulp were measured using a refractometer and adjusted to 30° Brix by adding various sugar sources. Acidity level was standardized to 0.3% through the addition of citric acid. Potassium metabisulphite was added at a concentration of 0.1% as a preservative. Subsequently, protein sources viz., whey, soy, cashew or almond were added at a concentration of 5%, based on the respective treatment combinations.
2.1.3 Heating
The pulp was heated at 85 °C for 20 minutes with continuous stirring over low heat to prevent charring and to ensure uniform consistency.
2.1.4 Dehydration, Packing and storage
The protein enriched leather rollups were dried using tray drier until the final moisture content reached 15–20%. The dried fruit bars were sliced into rectangular pieces and then rolled. The rolls were packaged in polypropylene wrappers and stored under ambient conditions.
2.2 Biochemical Analysis
Biochemical parameters such as titratable acidity, total sugars, reducing sugars, non-reducing sugars, fibre and pectin content were analyzed using the standard protocols outlined by Ranganna (18). Microbial count was enumerated using the method described by Harrigan and McCance (7).
2.3 Organoleptic Evaluation
Guava leather rollups prepared from fresh fruit were evaluated for sensory attributes such as colour and appearance, texture were assessed after 90 days of storage by a panel of six evaluators using the hedonic rating test given by Ranganna (19). Samples with mean scores of ≥5 on a 9-point scale were considered acceptable.
3. Results and Discussion
3.1 Biochemical Changes During Storage of Protein Enriched Guava Leather Rollups
3.1.1 Titrable Acidity (%)
Titrable acidity (%) of protein enriched guava leather rollups were analysed at 0, 30, 60, 90 days of ambient storage, as shown in Table 1. A significant increase in the mean titratable acidity was observed across different treatment combinations, rising from 1.18% to 1.68% from day 1 to 90 days after storage.
Among different protein sources and Lalit variety with sucrose treatment combinations, the highest titratable acidity (1.35%, 1.60% and 1.83% respectively at 30, 60 and 90 days after storage) was  recorded in treatment combination of Lalit + sugar + tray drying fortified with whey protein (B2C1) and lowest titratable acidity (1.08%, 1.34% and 1.54% respectively at 30, 60 and 90 days after storage) was recorded in treatment combination of palmyra jaggery + tray drying supplemented with almond (B1C4). 
The increase in titratable acidity during storage is mainly attributed to the hydrolysis of polysaccharides into simple sugars that further convert into organic acids. Similar increases in acidity were reported by Ekanayake and Bandara (6), mango leather by Effah et al. (5) and Bisen and Verma (4) on guava and papaya based mixed fruit bar.
3.1.2 Reducing Sugars (%)
The influence of various protein sources exhibited a significant effect on reducing sugar content in protein-enriched fruit leather rollups, as represented in Table 2. Mean reducing sugar levels among treatment combinations increased progressively from 22.58% to 24.66% after 90 days of ambient storage from day 1.
Significant differences were noticed with reducing sugar content. The highest reducing sugar content (24.85%, 25.67% and 26.65% at 30, 60 and 90 days after storage respectively) was obtained in treatment combination of Lalit + sugar + tray drying treated with whey protein (B2C1) and lowest reducing sugars content was observed in treatment combination of Lalit + palmyra jaggery + tray drying treated with almond (B1C4) at 30 days (21.39%), 60 days (21.79%) and 90 days (22.33%). 
The progressive increase in reducing sugar content during storage can be ascribed to polysaccharide hydrolysis and the conversion of non-reducing to reducing sugars, along with contributions from Maillard reaction intermediates. The significantly higher reducing sugar levels observed in treatment with sugar + tray drying with whey protein (B2C1) may be due to the stability and faster hydrolysis of sucrose, coupled with the synergistic effect of whey protein in retaining sugars (Sharma et al., (20)). Additionally, the presence of Sulphur dioxide which typically inhibits the carbonyl group of reducing sugars. Conversely, the lower reducing sugar content in treatment with palmyra jaggery + tray drying with almond protein (B1C4) might be attributed to the matrix-forming nature of almond protein, which could limit sugar release during storage. Similar trend has been recorded in papaya toffee and leather by Attri et al. (1) and guava leather Majid et al. (11). 
3.1.3 Non-Reducing Sugars (%)
Non-reducing sugar content of protein-enriched fruit leather rollups, influenced by various protein and sugar sources was evaluated at 0, 30, 60, and 90 days of ambient storage and documented in Table 3. A gradual decline in mean non-reducing sugars was observed, decreasing from initial day (13.60%) to 90 days of storage (9.68%).
A significant interaction was observed between protein sources and the Lalit variety with different sucrose combinations. The highest non-reducing sugar content (14.81 %, 13.54% and 11.87% at 30, 60 and 90 days of storage respectively) was recorded in treatment with sugar + tray drying supplemented with soya protein (B2C2). The lowest (10.86 %, 9.05% and 8.15% at corresponding intervals) was observed in treatment with palmyra jaggery + tray drying fortified with almond (B1C4).
Non-reducing sugar content decreased with prolonged storage might be due to the soya protein forming a protective matrix around sucrose molecules, reducing their exposure to hydrolytic reactions and thereby slowing down the inversion of sucrose into reducing sugars during storage. These findings align with those reported Khan and Zubairi (8) in guava-chiku blended fruit leathers.
3.1.4 Total sugars (%)
Data pertained to total sugars content of protein enriched fruit leather roll- ups were significantly influenced by different protein sources and sugars were presented in the Table 4. The mean total sugars among different treatment combinations were decreased gradually from 46.60% on initial day to 45.06% at 90 days after storage.
The maximum total sugar content (49.12%, 48.85%, 48.30%  and 47.80% at 0, 30, 60 and 90 days of storage respectively) was observed in the treatment combination of Lalit + sugar + tray drying + whey protein (B2C1) while, the minimum total sugar content (43.88%, 43.07%,  42.64%  and 42.13 % at 0, 30, 60 and 90 days of storage respectively) was noticed in treatment combination of Lalit + palmyra jaggery + tray drying + almond (B1C4).
A gradual decline in total sugar content during the storage period might be due to the utilization of sugars in Millard reaction and increased reducing sugars from acid hydrolysis causing inversion of total and non-reducing sugars. Similar findings were reported by Parekh et al. (17) and Bhalerao et al. (3) in mango fruit bars.
3.1.5 Fibre content (%)
Data pertained to fibre content of protein enriched fruit leather roll-ups as influenced by different protein sources was found to be significant and presented in the Table 5. The maximum fibre content (5.03%, 4.91 %, 4.79% and 4.69% respectively at 0, 30, 60 and 90 days of storage) was observed in treatment combination of Lalit + sugar + tray drying fortified with almond (B2C4) and minimum fibre content (3.57%, 3.45 %, 3.31% and 3.22% respectively at 0, 30, 60 and 90 days of storage) was noticed in treatment combination of Lalit + palmyra jaggery + tray drying fortified with whey protein (B1C1).
The decline in fibre content during storage might be due to the hydrolysis of polysaccharides like starch, cellulose and pectin into soluble sugars and in addition to that almonds are naturally rich in dietary fibre, particularly insoluble fibre. The incorporation of almond likely contributed additional bulk and structural carbohydrates, thereby increasing the overall fibre percentage of the product compared to other treatments Similar observations were recorded by Kuchi et al. (9) in guava jelly bar and Basha et al. (2) in guava leather.
3.1.6 Pectin content (%)
Data pertaining to pectin content of protein enriched fruit leather roll-ups as affected by different protein sources at 0, 30, 60 and 90 days of storage in ambient conditions was presented in the Table 6. The pectin content was found to be non-significant with protein and sucrose sources at initial and 30 days after storage. At 60 and 90 days after storage, highest pectin content was observed in treatment combination of palmyra jaggery + tray drying fortified with whey protein (B1C1) at 60 days (3.42%) and 90 days (3.39%) and lowest pectin content was noticed in treatment combination of Lalit + sugar + tray drying treated with almond (B2C4) at 60 days (1.93%) and 90 days (1.83%).
With the period of storage, pectin content was decreased, it might be due to degradation of pectic substances into simpler compounds such as pectic acid and uronic acid under acidic conditions and prolonged storage. The presence of palmyra jaggery, being more hygroscopic and mineral-rich than refined sugar, could have accelerated pectin solubilization, while whey protein might have interacted with pectin molecules, altering their stability. The results are in consonance with Kumar et al. (10) in processed products of guava.
 3.1.7 Microbial count (cfu/g)
Microbial count (cfu/g) of protein-enriched fruit leather rollups, influenced by different protein sources, is presented in Table 7. Initial microbial count was nil, likely due to the addition of potassium metabisulfite and thermal processing. At 60 and 90 days after storage, the highest microbial count was obtained in treatment combination of sugar + tray drying + whey protein (B2C1) at 60 days (3.07 x 103 cfu/g) and 90 days (4.75 x 103 cfu/g) while, lowest microbial count was observed in Lalit + palmyra jaggery + tray drying + almond (B1C4) at 60 days (1.36 x 103 cfu/g) and 90 days (1.96 x 103 cfu/g).
As per WHO guidelines, mould growth should be less than 1 × 104cfu/g. However, the growth of mould was within the acceptable limit, far below the danger count at 30 and 60 days after storage. However, the presence of sugar and whey protein created a nutrient-rich medium that may support limited microbial proliferation during extended storage. Similar observations were reported earlier by Manimegalai et al. (12) in jack fruit bar and Sreemathi et al. (21) in sapota-papaya bar.
3.2 Changes in Sensory Quality of Protein Enriched Guava Leather Rollups During Storage
3.2.1 Colour and appearance
Colour and appearance is the key factor in consumer acceptance, were evaluated for protein-enriched fruit leather rollups (Table 8). The highest colour score value observed in treatment combination of (B2C1) Lalit + sugar + tray drying + whey protein 8.80, 8.63 and 8.43 respectively at 30, 60 and 90 days after storage and lowest were noticed in (B1C4) Lalit + palmyra jaggery + tray drying + almond (7.10, 6.93 and 6.60 at 30, 60 and 90 days after storage respectively). Good colour and appearance during the initial storage was recorded which might be due to the stabilizing effect of sugar in retaining natural pigments and the role of whey protein in providing a smooth, glossy surface. The decline in colour score over storage is attributed to Maillard browning, amino groups of whey protein and ascorbic acid oxidation, which lead to pigment darkening. Similar results were observed by Narayana et al. (14) in banana fruit bar.
3.2.2 Texture
As the storage period progressed, a slight change in texture of guava leather roll-ups was observed over the storage period, might be due to moisture absorption during sensory evaluation (Table 9). The highest texture score (8.23, 8.10, 7.83 and 7.60 at 30, 60 and 90 days of storage respectively) was observed in treatment combination of Lalit + palmyra jaggery + tray drying + whey protein (B1C1) whereas the lowest texture score (6.76, 6.50, 6.33 and 6.23 respectively) was obtained in treatment combination of Lalit + sugar + tray drying + almond (B2C4). The fruit bars containing whey protein isolate has shown soft texture throughout storage period which might be due to the formation of continuous matrix of protein and sugars and supported by the binding nature of jaggery and the structural stability imparted by whey protein. Similar results were in line with Nadeem et al. (13) in date fruit bars.







   Table 1. Effect of different protein sources on titratable acidity (%) of protein enriched guava leather rollups

	[bookmark: _Hlk198826131]Treatment
	0th day of storage
	30th day of storage

	
	C1
	C2
	C3
	C4
	Mean B
	C1
	C2
	C3
	C4
	Mean B

	B1
	1.16 (1.47)*
	1.14 (1.46)
	1.10 (1.45)
	1.03 (1.43)
	1.11 (1.45)
	1.21 (1.49)
	1.19 (1.48)
	1.15 (1.47)
	1.08 (1.44)
	1.16 (1.47)

	B2
	1.30 (1.52)
	1.27 (1.51)
	1.23 (1.49)
	1.20 (1.48)
	1.25 (1.50)
	1.35 (1.53)
	1.32 (1.52)
	1.28 (1.51)
	1.25 (1.50)
	1.30 (1.52)

	Mean C
	1.23 (1.49)
	1.21 (1.48)
	1.17 (1.47)
	1.12 (1.45)
	1.18 (1.48)
	1.28 (1.51)
	1.25 (1.50)
	1.22 (1.49)
	1.17 (1.47)
	1.23 (1.50)

	Treatment
	60th day of storage
	90th day of storage

	
	C1
	C2
	C3
	C4
	Mean B
	C1
	C2
	C3
	C4
	Mean B

	B1
	1.46 (1.57)
	1.44 (1.56)
	1.42 (1.56)
	1.34 (1.53)
	1.42 (1.55)
	1.65 (1.63)
	1.63 (1.62)
	1.58 (1.60)
	1.54 (1.59)
	1.60 (1.61)

	B2
	1.60 (1.61)
	1.56 (1.60)
	1.53 (1.59)
	1.48 (1.58)
	1.54 (1.59)
	1.83 (1.68)
	1.77 (1.66)
	1.72 (1.65)
	1.67 (1.63)
	1.75 (1.66)

	Mean C
	1.53 (1.59)
	1.50 (1.58)
	1.48 (1.57)
	1.41 (1.55)
	1.48 (1.57)
	1.74 (1.66)
	1.70 (1.64)
	1.65 (1.63)
	1.61 (1.61)
	1.68 (1.64)



  Table 2. Effect of different protein sources on reducing sugars (%) of protein enriched guava leather rollups.
	Treatment
	0th day of storage
	30th day of storage

	
	C1
	C2
	C3
	C4
	Mean B
	C1
	C2
	C3
	C4
	Mean B

	B1
	22.54 (4.85)*
	21.77 (4.77)
	21.07 (4.70)
	20.87 (4.68)
	21.56 (4.75)
	23.38 (4.94)
	22.40 (4.84)
	21.67 (4.76)
	21.39 (4.73)
	22.21 (4.82)

	B2
	24.07 (5.01)
	23.83 (4.98)
	23.53 (4.95)
	22.98 (4.90)
	23.60 (4.96)
	24.85 (5.08)
	24.58 (5.06)
	24.27 (5.03)
	23.69 (4.97)
	24.35 (5.03)

	Mean C
	23.30 (4.93)
	22.80 (4.88)
	22.30 (4.82)
	21.93 (4.79)
	22.58 (4.86)
	24.12 (5.01)
	23.49 (4.95)
	22.97 (4.89)
	22.54 (4.85)
	23.28 (4.92)

	Treatment
	60th day of storage
	90th day of storage

	
	C1
	C2
	C3
	C4
	Mean B
	C1
	C2
	C3
	C4
	Mean B

	B1
	24.25 (5.02)
	23.21 (4.92)
	22.31 (4.83)
	21.79 (4.77)
	22.89 (4.89)
	24.80 (5.08)
	23.85 (4.98)
	22.94 (4.89)
	22.33 (4.83)
	23.48 (4.95)

	B2
	25.67 (5.16)
	25.31 (5.13)
	24.83 (5.08)
	24.36 (5.04)
	25.04 (5.10)
	26.65 (5.26)
	26.09 (5.20)
	25.52 (5.15)
	25.05 (5.10)
	25.83 (5.18)

	Mean C
	24.96 (5.09)
	24.26 (5.02)
	23.57 (4.96)
	23.08 (4.91)
	23.96 (5.00)
	25.73 (5.17)
	24.97 (5.10)
	24.23 (5.02)
	23.69 (4.97)
	24.66 (5.06)


  Table 3. Effect of different protein sources on non-reducing sugars (%) of protein enriched guava leather rollups.
	Treatment
	0th day of storage
	30th day of storage

	
	C1
	C2
	C3
	C4
	Mean B
	C1
	C2
	C3
	C4
	Mean B

	B1
	12.80 (3.71)*
	13.55 (3.81)
	12.08 (3.62)
	11.90 (3.59)
	12.58 (3.68)
	11.41 (3.52)
	12.13 (3.62)
	11.05 (3.47)
	10.86 (3.44)
	11.36 (3.52)

	B2
	14.84 (3.98)
	15.11 (4.01)
	14.53 (3.94)
	14.04 (3.88)
	14.63 (3.95)
	13.77 (3.84)
	14.81 (3.98)
	13.27 (3.78)
	12.75 (3.71)
	13.65 (3.83)

	Mean C
	13.82 (3.84)
	14.33 (3.91)
	13.31 (3.78)
	12.97 (3.74)
	13.60 (3.82)
	12.59 (3.68)
	13.47 (3.80)
	12.16 (3.62)
	11.81 (3.58)
	12.50 (3.68)

	[bookmark: _Hlk198827852]Treatment
	60th day of storage
	90th day of storage

	
	C1
	C2
	C3
	C4
	Mean B
	C1
	C2
	C3
	C4
	Mean B

	B1
	10.29 (3.36)
	10.91 (3.45)
	10.00 (3.32)
	9.05 (3.17)
	10.06 (3.32)
	8.87 (3.14)
	9.43 (3.23)
	8.49 (3.08)
	8.15 (3.02)
	8.73 (3.12)

	B2
	12.53 (3.68)
	13.54 (3.81)
	12.07 (3.62)
	11.56 (3.54)
	12.43 (3.66)
	10.43 (3.38)
	11.87 (3.59)
	10.33 (3.37)
	9.87 (3.30)
	10.63 (3.41)

	Mean C
	11.41 (3.52)
	12.22 (3.63)
	11.03 (3.47)
	10.31 (3.36)
	11.24 (3.49)
	9.65 (3.26)
	10.65 (3.41)
	9.41 (3.22)
	9.01 (3.16)
	9.68 (3.26)


 Table 4. Effect of different protein sources on total sugars (%) of protein enriched guava leather rollups.
	Treatment
	0th day of storage
	30th day of storage

	
	C1
	C2
	C3
	C4
	Mean B
	C1
	C2
	C3
	C4
	Mean B

	B1
	46.54
	45.79
	44.08
	43.88
	45.07
	45.97
	45.26
	43.52
	43.07
	44.45

	B2
	49.12
	48.82
	47.55
	47.04
	48.13
	48.85
	48.27
	47.02
	46.53
	47.67

	Mean C
	47.83
	47.31
	45.82
	45.46
	46.60
	47.41
	46.76
	45.27
	44.80
	46.06

	Treatment
	60th day of storage
	90th day of storage

	
	C1
	C2
	C3
	C4
	Mean B
	C1
	C2
	C3
	C4
	Mean B

	B1
	45.53
	44.79
	43.12
	42.64
	44.02
	45.01
	44.25
	42.60
	42.13
	43.50

	B2
	48.30
	47.81
	46.56
	46.13
	47.20
	47.80
	47.23
	45.94
	45.55
	46.63

	Mean C
	46.91
	46.30
	44.84
	44.39
	45.61
	46.40
	45.74
	44.27
	43.84
	45.06


  Table 5. Effect of different protein sources on fibre content (%) of protein enriched guava leather rollups
	Treatment
	0th day of storage
	30th day of storage

	
	C1
	C2
	C3
	C4
	Mean B
	C1
	C2
	C3
	C4
	Mean B

	B1
	3.57 (2.14)*
	4.02 (2.24)
	4.40 (2.32)
	4.90 (2.43)
	4.22 (2.28)
	3.45 (2.11)
	3.89 (2.21)
	4.29 (2.30)
	4.77 (2.40)
	4.10 (2.26)

	B2
	3.82 (2.20)
	4.22 (2.28)
	4.60 (2.37)
	5.03 (2.46)
	4.42 (2.32)
	3.69 (2.17)
	4.09 (2.26)
	4.46 (2.34)
	4.91 (2.43)
	4.29 (2.30)

	Mean C
	3.70 (2.17)
	4.12 (2.26)
	4.50 (2.34)
	4.96 (2.44)
	4.32 (2.30)
	3.57 (2.14)
	3.99 (2.23)
	4.38 (2.32)
	4.84 (2.42)
	4.20 (2.28)

	Treatment
	60th day of storage
	90th day of storage

	
	C1
	C2
	C3
	C4
	Mean B
	C1
	C2
	C3
	C4
	Mean B

	B1
	3.31 (2.08)
	3.76 (2.18)
	4.16 (2.27)
	4.65 (2.38)
	3.97 (2.23)
	3.22 (2.05)
	3.67 (2.16)
	4.07 (2.25)
	4.55 (2.36)
	3.87 (2.21)

	B2
	3.56 (2.14)
	3.98 (2.23)
	4.34 (2.31)
	4.79 (2.41)
	4.17 (2.27)
	3.47 (2.11)
	3.87 (2.21)
	4.25 (2.29)
	4.69 (2.38)
	4.07 (2.25)

	Mean C
	3.44 (2.11)
	3.87 (2.21)
	4.25 (2.29)
	4.72 (2.39)
	4.07 (2.25)
	3.34 (2.08)
	3.77 (2.18)
	4.16 (2.27)
	4.62 (2.37)
	3.97 (2.23)



Table 6. Effect of different protein sources on pectin content (%) of protein enriched guava leather rollups.
	Treatment
	0th day of storage
	30th day of storage

	
	C1
	C2
	C3
	C4
	Mean B
	C1
	C2
	C3
	C4
	Mean B

	B1
	3.60 (2.14)*
	3.40 (2.10)
	3.13 (2.03)
	2.92 (1.98)
	3.26 (2.06)
	3.47 (2.11)
	3.26 (2.06)
	3.01(2.00)
	2.80 (1.95)
	3.13 (2.03)

	B2
	2.72 (1.93)
	2.57 (1.89)
	2.37 (1.84)
	2.12 (1.77)
	2.45 (1.86)
	2.61 (1.90)
	2.46 (1.86)
	2.24 (1.80)
	2.00 (1.73)
	2.33 (1.82)

	Mean C
	3.16 (2.04)
	2.98 (1.99)
	2.75 (1.93)
	2.52 (1.87)
	2.86 (1.96)
	3.04 (2.01)
	2.86 (1.96)
	2.62 (1.90)
	2.40 (1.84)
	2.73 (1.92)

	Treatment
	60th day of storage
	90th day of storage

	
	C1
	C2
	C3
	C4
	Mean B
	C1
	C2
	C3
	C4
	Mean B

	B1
	3.42 (2.10)
	3.19 (2.05)
	2.94 (1.98)
	2.83 (1.96)
	3.09 (2.02)
	3.39 (2.09)
	3.09 (2.02)
	2.84 (1.96)
	2.73 (1.93)
	3.01 (2.00)

	B2
	2.55 (1.88)
	2.39 (1.84)
	2.17 (1.78)
	1.93 (1.71)
	2.26 (1.80)
	2.45 (1.86)
	2.29 (1.81)
	2.07 (1.75)
	1.83 (1.68)
	2.16 (1.78)

	Mean C
	2.98 (1.99)
	2.79 (1.94)
	2.56 (1.88)
	2.38 (1.83)
	2.68 (1.91)
	2.92 (1.98)
	2.69 (1.92)
	2.46 (1.86)
	2.28 (1.81)
	2.58 (1.89)


  Table 7. Effect of different protein sources on microbial count x 103(cfu/g) of protein enriched guava leather rollups.
	Treatment
	0th day of storage
	30th day of storage

	
	C1
	C2
	C3
	C4
	Mean B
	C1
	C2
	C3
	C4
	Mean B

	B1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	B2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Mean C
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Treatment
	60th day of storage
	90th day of storage

	
	C1
	C2
	C3
	C4
	Mean B
	C1
	C2
	C3
	C4
	Mean B

	B1
	2.07
	1.86
	1.57
	1.36
	1.72
	2.97
	2.57
	2.27
	1.96
	2.44

	B2
	3.07
	2.87
	2.57
	2.36
	2.72
	4.75
	4.17
	3.70
	3.40
	4.01

	Mean C
	2.57
	2.37
	2.07
	1.86
	2.22
	3.87
	3.36
	2.98
	2.68
	3.22


Table 8. Effect of different protein sources on colour and appearance of protein enriched guava leather rollups.
	[bookmark: _Hlk198831465]Treatment
	0th day of storage
	30th day of storage

	
	C1
	C2
	C3
	C4
	Mean B
	C1
	C2
	C3
	C4
	Mean B

	B1
	8.60
	8.17
	7.50
	7.30
	7.89
	8.40
	8.00
	7.27
	7.10
	7.69

	B2
	8.90
	8.37
	7.97
	7.60
	8.21
	8.80
	8.17
	7.77
	7.40
	8.03

	Mean C
	8.75
	8.27
	7.73
	7.45
	8.05
	8.60
	8.08
	7.52
	7.25
	7.86

	Treatment
	60th day of storage
	90th day of storage

	
	C1
	C2
	C3
	C4
	Mean B
	C1
	C2
	C3
	C4
	Mean B

	B1
	8.20
	7.87
	7.07
	6.93
	7.52
	8.03
	7.70
	6.90
	6.60
	7.31

	B2
	8.63
	8.03
	7.60
	7.26
	7.88
	8.43
	7.87
	7.40
	7.07
	7.69

	Mean C
	8.42
	7.95
	7.33
	7.10
	7.70
	8.23
	7.78
	7.15
	6.83
	7.50


 Table 9. Effect of different protein sources on texture of protein enriched guava leather rollups.
	Treatment
	0th day of storage
	30th day of storage

	
	C1
	C2
	C3
	C4
	Mean B
	C1
	C2
	C3
	C4
	Mean B

	B1
	8.23
	7.86
	7.47
	7.30
	7.72
	8.10
	7.70
	7.27
	7.06
	7.53

	B2
	8.06
	7.67
	6.93
	6.76
	7.36
	7.87
	7.50
	6.73
	6.50
	7.15

	Mean C
	8.15
	7.76
	7.20
	7.03
	7.54
	7.98
	7.60
	7.00
	6.78
	7.34

	Treatment
	60th day of storage
	90th day of storage

	
	C1
	C2
	C3
	C4
	Mean B
	C1
	C2
	C3
	C4
	Mean B

	B1
	7.83
	7.43
	7.07
	6.86
	7.30
	7.60
	7.23
	6.86
	6.67
	7.09

	B2
	7.63
	7.26
	6.53
	6.33
	6.94
	7.43
	7.07
	6.40
	6.23
	6.78

	Mean C
	7.73
	7.35
	6.80
	6.60
	7.12
	7.52
	7.15
	6.63
	6.45
	6.94



Conclusion: 
The present study on guava-based (var. Lalith), protein-enriched fruit leather rollups concluded that the treatment combination of Lalit + sugar + tray drying + whey protein (B2C1) yielded the best biochemical and organoleptic attributes including titratable acidity, reducing sugars, microbial count, colour and appearance whereas treatment combination of palmyra jaggery + tray drying + whey protein (B1C1) exhibited superior texture, pectin and fibre content. Overall, good quality, protein rich and high acceptability of the guava leather rollups was observed with whey protein concentrate.

Ethical statement
 	The study does not include any false data

[bookmark: _GoBack]Declaration of competing interest:
 The authors declare no competing financial interests or personal relationships that could influence the research presented in this paper.

Highlights
1. Standardization of protein-enriched guava leather rollups was successfully conducted using Lalit variety guavas with different protein sources.
2. Ripe guavas of Lalit variety were processed into pulp, sweetened, fortified with proteins, then dried, rolled and packed in polyethylene covers.
3. Whey protein powder was found significantly superior in terms of biochemical and organoleptic properties.
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