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Fortification of Sugarcane Juice with Aloe vera Ginger Lemon Extract: A Study on its Nutritional, Functional and Sensory Properties



ABSTRACT
Aims: The primary aim of the study is to develop a sugarcane beverage with high medicinal and antioxidant property whose quality has been enhanced with the addition of aloe vera ginger and lemon extract. 
Study design: Completely Randomized Design
Place and Duration of Study: The study was carried out at the Agricultural Research Station, Thiruvalla, Kerala Agricultural University, during January 2020 to April 2020.
Methodology: For finding out the perfect combination of sugarcane juice with aloe vera extract, various treatments were carried out. The formulation was preserved using microwave pasteurization and potassium metabisulphite. After these treatments sugarcane juice was packed in PET bottles. Samples were analyzed for physio - chemical, microbial and sensory parameters at an interval of 7 days over refrigerated storage upto 5 weeks.
Results: This study developed a functional beverage by fortifying sugarcane juice with Aloe vera extract (5%), ginger (0.5%), and lemon juice (1%) to enhance its nutritional profile, shelf life and sensory acceptability. Among different combinations, treatment T12 (5% aloe vera extract ,1% lemon juice and 0.5% ginger extract in sugarcane juice) was found to be the best with a stable brix of 17.667, pH of 4.567, brix:acid ratio of 116.230, vitamin C content of 38.75 and microbial stability (< 2.4 × 10³ CFU/mL). Results indicated that the fortified sugarcane juice with Aloe vera extract retained optimal quality parameters and sensory evaluation confirmed superior acceptability in colour, taste and overall preference. 
Conclusion: This study presents a viable method to produce a shelf-stable, high-quality, nutrient-rich, fortified sugarcane beverage with potential commercial and health applications.
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1.INTRODUCTION
Sugarcane juice is obtained from the Noble cane, Saccharum officinarum L., which belongs to the Poaceae family. Sugarcane is a dollar-earning crop that sustains millions of livelihoods, making it a significant contributor to the global economy (Tamilchelvan et al., 2025). Sugarcane juice is a nutritionally and therapeutically significant beverage, particularly in India, the world’s second-largest sugarcane producer after Brazil. According to the Indian Ministry of Agriculture and Farmers’ Welfare (2024), India produced 494 million metric tons (MMT) of sugarcane in 2023–2024 with an average yield of 72.3 tons/ha. In India, sugarcane juice is historically drunk as a ready-to-drink product, both urban and rural locations. Sugarcane juice is available during the greater part of the year throughout the country and the delicious drink enjoys wide popularity in view of its characteristic flavour, pleasing taste and refreshing tingle. It is an excellent substitute for soft drinks and energizes the body instantly, as it is rich in carbohydrates with no simple sugars (Yadav and Solomon, 2006). Sugarcane juice has long been utilized as a primary medicinal ingredient in India, particularly in Ayurveda (Singh et al., 2015). The biochemical profile of the juice includes 12–16% sucrose, 0.4–0.6% reducing sugars, minerals, vitamins and a spectrum of polyphenols contributing to its antioxidant capacity (Dhansu et al., 2023; Chen et al., 2024). Low glycemic index and high potassium support its use in diabetic and hypertensive diets (Ellis et al., 2016). Pharmacological studies attribute its bioactivity, viz., antibacterial, anti-inflammatory and hepatoprotective effects (Chinnadurai 2017; Ali et al. 2021; Singh et al., 2023). 
Research in the field of food technology and nutritional sciences, has paved the way for the development of novel functional beverages. In the modern era, people are more health conscious and beverages which provide extra benefits beyond the basics are preferred (Boghani et al., 2012). The demand for functional beverages is expected to propel the growth of the Indian sugarcane juice market at 5.73 % compound annual growth rate (CAGR) during 2025- to 2033 (IMARC, 2024). Blended and fortified beverages are an alternative for the development of novel products enriched with taste and nutrition as well as medicinal properties. Fortification with functional ingredients enhances nutraceutical properties, including immunomodulation and probiotic synergy. Recent studies highlight the potential of natural additives like Aloe vera, ginger and citrus to improve stability and functionality in beverages. Aloe vera juice offers an incredibly rich combination of vitamins, minerals and trace elements and can be blended with different fruit juices. Aloe vera gel possesses antimicrobial, antioxidant properties and the ability to extend shelf life, so it can be considered as a natural and safe alternative to artificial preservatives (Sharma and Sharma, 2021; Iannitti et al., 2024). Aloe vera gel, rich in acemannan and polyphenols, extends shelf life by inhibiting microbial growth and lipid oxidation (Ahlawat et al., 2021). Citric acid can act as a chelating agent, contributing to the stabilization of food color, aroma and texture (Li et al., 2024). 
Although raw sugarcane juice has nutritional and medicinal benefits, it is typically challenging to preserve. The primary issues are spontaneous fermentation, enzymatic browning and heat sensitivity. Shelf life is shortened by microbial fermentation and enzymatic browning, mainly by polyphenol oxidase activity (Sao and Singh, 2019; Vu et al., 2020). We can only keep sugarcane juice in the refrigerator for eight hours without adding chemicals and not more than a week with chemicals (Jha et al., 2023).
The exquisite flavour of the juice is adversely affected by traditional heat processing (Jha et al., 2023). Hence, the fermentation process in sugarcane juice needs to be managed using certain preservation methods and recent advances advocate for hurdle technology, which combines mild heat, citric acid and natural antimicrobials to prolong stability (Garud et al. 2018; Hithamani et al. 2018). Microwave-assisted heating has been reported to be effective in polyphenol oxidase inactivation and thereby reducing microbial load, while preserving phytochemicals also (Zia et al., 2019; Martins et al., 2021; Nowak et al., 2024). A three-minute microwave treatment can extend the sugarcane juice's shelf life (Pradhan, 2019). Sugarcane juice's safety and quality can be maintained with preservatives and microwave pasteurization (Shakoor et al.,2025). Application of antimicrobial preservatives increase shelf life in sugarcane juice seems to be a promising strategy (Kaavya et al., 2019). Chemical preservatives function to prevent microbial growth and metabolism, while microwave heating can permeate and damage microbial cells (Adulvitayakorn et al., 2020). KMS (Potassium Metabisulphite) at 150 ppm was advocated for various fruit juice treatments by Gupta and Sharma (2022). The sugarcane juice beverage containing potassium metabisulphite and citric acid exhibited negligible alterations in sensory characteristics when stored at ambient temperature and in refrigeration (Chauhan et al., 2002).

2.MATERIALS AND METHODS 
The study was carried out at the Agricultural Research Station, Thiruvalla, Pathanamthitta, Kerala Agricultural University. Sugarcane var. ‘Madhuri’, developed at the station, was selected for this study. ‘Madhuri’ is a popular choice for cultivation, having a sweet taste, sturdy stalks and resistance to red rot disease. Fresh, healthy and disease-free stems of sugarcane are washed, peeled and pressed in a mill to extract the juice. Aloe vera, ginger and lemons were sourced locally. Various treatments were carried out to find out the perfect combination of sugarcane juice with Aloe vera extract. Appropriate quantities of pasteurized sugarcane juice were taken and mixed with different concentrations of Aloe vera extract, ranging from 4 to 7 % by checking its acceptability. Microwave pasteurization for 1 minute along with 150 ppm KMS (FSSAI, 2023 standards), was applied for the reduction of microbial load. For improving flavour and taste of the drink, 0.5 % of ginger and 1 % of lemon juice were included as treatment for the sensory evaluation study. Table 1 lists the treatments showing different blends of sugarcane juice and extracts. Experiments are laid out in Completely Randomized Design.

Table 1. Different treatment combinations under study
	T1: Sugarcane juice+4% Aloe vera juice+ KMS

	T2: Sugarcane juice+5% Aloe vera juice+ KMS

	T3: Sugarcane juice+6% Aloe vera juice+ KMS

	T4: Sugarcane juice+7% Aloe vera juice+ KMS

	T5: Sugarcane juice+ KMS

	T6: Sugarcane juice+4% Aloe vera juice+ 0.5% Ginger extract+ 1% Lemon juice

	T7: Sugarcane juice+5% Aloe vera juice+ 0.5% Ginger extract+ 1% Lemon juice

	T8: Sugarcane juice+6% Aloe vera juice+ 0.5% Ginger extract+ 1% Lemon juice

	T9: Sugarcane juice+7% Aloe vera juice+ 0.5% Ginger extract+ 1% Lemon juice

	T10: Sugarcane juice+ 0.5% Ginger extract+ 1% Lemon juice

	T11: Sugarcane juice+4% Aloe vera juice+ 0.5% Ginger extract+ 1% Lemon juice+ KMS 

	T12: Sugarcane juice+5% Aloe vera juice+ 0.5% Ginger extract+ 1% Lemon juice+ KMS

	T13: Sugarcane juice+6% Aloe vera juice+ 0.5% Ginger extract+ 1% Lemon juice+ KMS

	T14: Sugarcane juice+7% Aloe vera juice+ 0.5% Ginger extract+ 1% Lemon juice+ KMS

	T15: Sugarcane juice+ 0.5% Ginger extract+ 1% Lemon juice+ KMS 



All the treatments were stored in airtight sterilized PET bottles and refrigerated at 4°C ± 1°C.PET bottles are resistant, light weight, recyclable and economically affordable. During this time, it underwent comprehensive analysis at weekly intervals to evaluate various physio-chemical, microbial and sensory attributes. Sensory analysis with the help of a 9-point hedonic scale (Larmond, 1991) ranging from “extremely disliked” (1) to “extremely liked” (9) was carried out for varying attributes like appearance, taste, smell, sweetness and overall acceptability. The sugarcane juice samples were analysed for total soluble solids, pH, titratable acidity and brix: acid ratio by the methods described by Ranganna (1995). Vitamin C content was analysed by AOAC method (2005) and microbiological analysis was done by Total Plate Count using Plate Count Agar (ISO 4833-1:2022) at 37°C for 48 hr. The statistical analysis of the data was done using an analysis of variance (ANOVA).

3. RESULTS AND DISCUSSION
3.1 Physio -chemical analysis of juice
Physio-chemical properties of sugarcane juice under different treatments were studied at weekly interval up to 5 weeks. The results of Total Soluble Solids (TSS), titratable acidity, pH are presented in Fig. 1,2,3,4. 
3.1.1 Total soluble solids
A general decrease in total soluble solids (TSS) was noted in fruit juices during storage (Bhupinder et al.,1991). Treatments T11 to T15, particularly T12, showed minimal degradation due to the synergistic effect of lime juice and KMS. Reduction of total soluble solids and total sugars of sugarcane juice during storage was limited by the microwave pasteurization and the addition of lime juice. Citric acid in lime juice acted as a natural preservative and helped in the restriction of degradation of total soluble solids. These observations are in agreement with the findings of Rani and Thakur (2020). The highest sweetness is observed in T12 which maintained an equal taste of sugarcane and Aloe vera. T12 exhibited an initial and final brix value of 17.667 and 17.2 respectively, which is attributed to Aloe vera’s polysaccharides stabilizing sugars. As the storage period increased, sugarcane juice's TSS dropped (Krishnakumar and Devadas 2006; Manikantan et al. 2017). The treatment T2 (without ginger and lemon) has shown a drastic reduction in brix readings.  



[bookmark: _Hlk202177073]Fig.1.Change in total soluble solids (Brix) of sugarcane juice during storage

3.1.2 Titratable acidity
The titratable acidity of sugarcane juice directly influences the taste, flavor and overall quality of the juice over time. Acidity increased during storage of sugarcane juice (Bhupinder et al., 1991). The primary reason for the increased acidity and decreased pH during storage is the metabolic activity of microorganisms present in the juice. These microbes produce organic acids as byproducts, leading to the observed changes. Addition of potassium metabisulfite to juice restricted microbial activity during storage, resulting in less increase in acidity of T12. Lime juice works well as a natural biopreservative in a mixture of fruit juices, controlling pH fluctuations and inhibiting microbial development (Oladipo and Emmanuel, 2020). The efficacy of potassium metabisulfite as a microbial inhibitor in food preservation has been documented in several (Chauhan et al., 2002).   T12 was found on par with T4 and T11. T10 (sugarcane juice+ 0.5% ginger extract+ 1% lemon juice) showed the maximum increase in titrable acidity. 

Fig.2.Change in titrable acidity of sugarcane juice during storage

3.1.3 pH
During storage, the pH of the sugarcane juice will drop due to microbial action. Addition of potassium metabisulfite to juice restricted microbial activity during storage, resulted in less reduction in pH of T12. T12 was on par with T15 and T11  and was found significantly different from other treatments. 

Fig 3. Change in pH of sugarcane juice during storage

3.1.4 Brix: acid ratio
	The Brix: acid ratio is a pivotal indicator of sensory quality, reflecting the balance between sweetness and acidity. T12 exhibited the most favourable brix: acid ratio, reflecting in the superior taste scores which can be attributed to the sugarcane–Aloe vera synergy (Gupta and Sharma, 2022; Rani and Thakur, 2020). Addition of citric acid along with KMS improves microbiological stability and prolongs shelf life. A study by Ali et al. (2021) reported that sugarcane juice treated with 100–150 ppm KMS maintained stable pH and titratable acidity levels over a 90-day storage period, effectively preserving the brix: acid ratio and sensory attributes. Monitoring the brix: acid ratio and other quality parameters like pH and titratable acidity, is essential for assessing the shelf life and overall quality of fruit juice 


Fig 4. Change in brix: acid ratio of sugarcane juice during storage

3.1.5 Vitamin C 
	Treatments T2, T5 and T12, which revealed different outcomes for other parameters were selected for vitamin C estimation (Table 2.). T5 was taken as control. The treatment T5 shows a  very low nearly null quantity of vitamin C. Vitamin C content declined progressively, but the loss was significantly slower in KMS treated samples. Treatment T12 showed significantly higher vitamin C content compared to the control throughout the storage. Furthermore, the vitamin C levels showed only less variation, suggesting a degree of stability (Table 3). This stability is attributed to the combined antioxidant action of Aloe vera extract and lemon juice present in the sample, which likely protected the vitamin C from degradation. Microwave pasteurization for one minute preserved 15% more vitamin C than thermal processing (Martins et al., 2021). The marked decrease in vitamin C in T2 highlights the need for careful selection of preservation techniques to maintain the nutritional value of sugarcane juice during storage. These findings are crucial for developing effective strategies to produce nutrient-rich and shelf-stable sugarcane juice products. 
Table 2. Scores of vitamin C under best treatments (mg/100g)
	Treatments
	Day 1
	Day 7
	Day 14
	Day 21
	Day 28

	T2
	32.5
	30.51
	28.3
	26.5
	25

	T5
	0.625
	0.60
	0.57
	0.55
	0.51

	T12
	38.75
	35.12
	34.51
	32.9
	31.52



3.2 Sensory analysis of the juice
	The sensory analysis of juices fortified or preserved with natural extracts may be regarded as the most crucial component (Yu et al., 2018). The juice under different treatments was awarded sensory scores ranging from 1to 9 using a hedonic scale for colour, taste, smell, sweetness and overall acceptability by the panelists. The individual scores are given in the Fig. 5 to 8.	
3.2.1 Color/appearance
Colour is a crucial visual indicator, describing whether the alterations induced by any treatment are desirable or not (Mukhtar et al., 2022). Fresh sugarcane juice appeared olive green and showed clear signs of degreening during processing and storage. The colour of sugarcane juice is influenced by the presence of phenolic compounds, which in turn influences consumer acceptability (Bomdespacho et al., 2018). All treatments exhibited a decline in color scores over time; however, T12 showed the least reduction, maintaining a score of 8.6 on the first day. The addition of lime juice resulted in a bleaching effect of the juice, hence making treatments from T6 to T15 more appealing. 

[image: ]
Fig.5.Change in colour of sugarcane juice during storage

3.2.2 Taste/ flavour
Treatment T12 recorded the lowest reduction in sensory scores for taste. Taste scores declined across all treatments during storage. This decrease could be due to the loss of volatile aromatic substances responsible for taste and due to decrease in pH of the juice as it become more acidic (Reddy et al., 2014). Sugarcane juice fortified with Aloe vera lemon ginger extract not only improve the flavor but also act as a natural antimicrobial agent and hence assist the added preservatives.

[image: ]
Fig.6.Change in taste of sugarcane juice during storage

3.2.3 Smell / odour
	 This decrease could be due to the high level of acid that reacts with the product and results in an unpleasant volatile odour and this could be due to the slight fermentation of juice and gas production (Reddy et al., 2014). Treatment T7 and T12 recorded a lower reduction in scores. Microwave pasteurization, addition of lime juice and potassium metabisulfite had prevented changes in smell in the treatment T12. 

[image: ]
Fig.7.Change in smell of sugarcane juice during storage

3.2.4 Sweetness
Results in the Fig.8 reveal that there was a considerable reduction in sensory scores for sweetness with the advancement of the storage period. Initially, treatments T2 and T12 recorded the highest scores 8.6 and 9, respectively, for sweetness but the treatment T12 only retained the highest score during the storage period. 
[image: ]
Fig.8.Change in sweetness of sugarcane juice during storage

3.2.5 Overall acceptability
After conducting sensory analysis using a 9-point hedonic scale, T12 was found to be the best. The treatment T12 was found to be acceptable till the end of the study. Panelists noted a balance of sweetness and refreshing citrus aroma with Aloe vera infusion, aligning with trends in functional beverages. T12 scored highest in overall acceptability (8.6/9), with citrus aroma and ginger masking Aloe vera’s bitterness. The higher level of extract (>5%) might increase the acidity and flavour become stringent (Ajayi et al. 2019). Here the concentration of Aloe vera fixed at 5 % (T12) was found to be superior to other Aloe vera concentrations. Ascorbic acid and Aloe vera flavonoids reduced oxidation. Treatment T12 is significantly more effective in maintaining the overall sensory acceptability of sugarcane juice during storage compared to the other treatments, including the control (T5). The combination of these natural extracts and KMS appears to have a synergistic effect in preserving the desirable sensory characteristics of the juice. The stability in individual sensory attributes likely contributed to the sustained high overall acceptability scores observed for this treatment. Variation in overall acceptability during the storage perod is given in rador diagram (Fig.9). 
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Fig 9. Change in overall acceptability of sugarcane juice during storage period

3.3 Microbial quality
The total plate count (TPC) of treatments T5, T2 and T12 were conducted during the study and is depicted in Table 3. The treatment T12 recorded the highest score in sensory evaluation and also exhibited much microbial stability. TPC was 1.2 × 10³ CFU/mL (day 1) and 2.4 × 10³ CFU/mL (day 28) respectively which was below FSSAI’s safe limit (10⁴ CFU/mL). Microwave heat treatment likely played a crucial role in inactivating biochemical processes within the fresh juice (Adulvitayakorn et al., 2020). Aloe vera gel, rich in acemannan and polyphenols, extends shelf life by inhibiting microbial growth and lipid oxidation (Ahlawat et al., 2011). Ginger (6-gingerol) and lemon (citric acid/ascorbic acid) synergistically enhance antimicrobial activity and sensory appeal (Shukla et al., 2007).

Table 3. Scores for Total Plate Count
	Treatments
	Day 7
	Day 14
	Day 21
	Day 28
	Day 35

	T2
	1.2x103
	2.4x103
	2.7x103
	3x103
	4.2x103

	T5
	3x103
	3.6x103
	4x103
	5x103
	6x103

	T12
	1x103
	2x103
	2.4x103
	2.7x103
	3.6x103



Sulphitation with potassium metabisulphite and acidification with citric acid, combined with pasteurization showed the best results for extending shelf life under refrigeration. This was in confirmation with the findings of Dhansu et al. (2023). The citric acid in the lime juice gave a preservative action and inhibited the growth of microorganisms during storage. Synergy between citric acid (lemon) and KMS suppressed 99% of spoilage microbes (Shukla et al., 2007; Aneja et al., 2021).  Chauhan et al. (2002) similarly reported that adding citric acid (lemon juice) along with 150 ppm KMS virtually halted microbial growth in sugarcane juice. The highest stability in total soluble solids was demonstrated by preservative and microwave pasteurization combinations (Shakoor et al., 2025). Low temperature storage combined with natural preservatives was found to be an effective way of preservation with acceptable sensory qualities (Ramachandran et al., 2017). The combination of natural antimicrobials with microwave pasteurization proved effective in reducing microbial load while preserving the sensory attributes of the juice. Microwave treatment offers rapid heating, minimizing nutrient loss compared to conventional pasteurization methods.​ The microbiological analysis, in conjunction with the physio-chemical and sensory evaluations, demonstrates the effectiveness of the preservation protocol employed in Treatment T12 (microwave pasteurization combined with Aloe vera extract, lemon juice, ginger extract and potassium metabisulphite) in maintaining the quality and extending the potential shelf life of sugarcane juice. The synergistic antimicrobial action of citric acid from lemon juice, the broad-spectrum inhibition of KMS, and potentially other bioactive compounds in Aloe vera and ginger extracts contributed to the significant reduction in microbial growth. This microbiological stability, in turn, helped preserve the nutritional (vitamin C), physio-chemical and sensory attributes of the juice, resulting in high overall acceptability even after a considerable storage period.
4.CONCLUSION
Among different combinations, T12, 5% Aloe vera extract, 1% lemon juice and 0.5% ginger extract in sugarcane juice was found to be the best, with good keeping quality with a stable brix, titratable acidity, brix: acid ratio, vitamin C content. In summary, the integration of Aloe vera extract, lemon juice, ginger extract and KMS, coupled with microwave pasteurization, significantly enhances the sensory stability of sugarcane juice during refrigerated storage. This combination effectively mitigates common degradation issues such as browning, off-flavors and sweetness loss, thereby extending the product's shelf life and consumer acceptability, thus addressing the challenges posed by its rapid deterioration. This protocol will be very useful for the introduction of a new value-added product to the market, which pays more attention to the consumer’s health rather than just being a general refreshment drink. Fortification with   Aloe vera extract makes it a healthy drink instead of a simple refreshment juice. Ginger extract and lemon juice were added to enhance the taste, smell and hence induce a pleasing flavour to the product. Besides the health benefits and medicinal value of ginger and lemon juice, they act as natural antimicrobials also. So it can be concluded that ginger-flavoured Aloe sugarcane drink can be called a ‘healthy drink’ or an ‘energy drink’, which can be consumed by people of all ages. This study highlights the potential of developing value-added bottled sugarcane juice products with enhanced health benefits and extended shelf life, catering to consumer demands for both quality and safety.
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BRIX : ACID
DAY 1	T1	T2	 T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	222.94800000000001	227.27199999999999	171.56800000000001	158.87800000000001	128.07499999999999	129.07499999999999	118.881	116.438	113.736	123.503	110.74299999999999	116.23	110.389	101.40300000000002	120.56699999999999	DAY 7	T1	T2	 T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	204.81900000000002	186.17	168.303	157.31700000000001	198.505	115.646	113.736	104.938	97.866	116.782	112.22	116.23	108.28	101.40300000000002	119.718	DAY14	T1	T2	 T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	197.67399999999998	157.495	154.43100000000001	142.65200000000004	190.21699999999998	107.59399999999999	106.53700000000002	95.374999999999986	92.593999999999994	104.93600000000002	109.651	116.23	98.265000000000001	90.738	100.40300000000002	DAY21	T1	T2	 T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	187.03300000000002	177.083	152.90800000000004	135.75	182.62700000000001	103.90700000000002	95.374999999999986	92.912999999999997	91.16	100	107.142	116.23	95.787000000000006	90.236999999999995	99.801999999999992	DAY28	T1	T2	 T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	175.34300000000002	168.38100000000031	139.83000000000001	130.66399999999999	161.904	91.757999999999996	87.342000000000013	87.912000000000006	88.286000000000001	87.260999999999996	106.05800000000001	116.23	106.15900000000001	96.807999999999993	115.021	DAY35	T1	T2	 T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	160.12700000000001	146.78800000000001	129.626	114.65900000000001	151.648	90.735000000000014	85.561000000000007	85.561000000000007	85.962999999999994	83.756	106.05800000000001	115.131	87.342000000000013	84.210000000000022	95.807999999999993	Treatments
BRIX
DAY1	T1	 T2	 T3	 T4	 T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	17.167000000000005	17.5	17.167000000000005	17	17.667000000000005	17.167000000000005	17	17	16.832999999999988	17.167000000000005	16.832999999999988	17.667000000000005	17	16.832999999999988	17	DAY7	T1	 T2	 T3	 T4	 T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	17	17.5	17.167000000000005	16.832999999999988	17.667000000000005	17	16.832999999999988	17	16.832999999999988	17.167000000000005	16.832999999999988	17.667000000000005	17	16.832999999999988	17	DAY14	T1	 T2	 T3	 T4	 T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	17	17.167000000000005	16.832999999999988	16.832999999999988	17.5	17	16.832999999999988	16.5	16.667000000000005	17	16.667000000000005	17.667000000000005	17	16.332999999999988	16.667000000000005	DAY21	T1	 T2	 T3	 T4	 T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	16.832999999999988	17	16.667000000000005	16.832999999999988	17.167000000000005	16.832999999999988	16.5	16.167000000000005	16.5	17	16.5	17.667000000000005	16.667000000000005	16.332999999999988	16.667000000000005	DAY28	T1	 T2	 T3	 T4	 T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	16.832999999999988	16.332999999999988	16.5	16.332999999999988	17	16.332999999999988	16.332999999999988	16	16.332999999999988	16.667000000000005	16.332999999999988	17.667000000000005	16.667000000000005	16.167000000000005	16.332999999999988	DAY35	T1	 T2	 T3	 T4	 T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	16.332999999999988	16	16.332999999999988	16.167000000000005	16.832999999999988	16.332999999999988	16	16	16.332999999999988	16.5	16.332999999999988	17.5	16.332999999999988	16	16	TITRATABLE ACIDITY
DAY 1	T1	 T2	 T3	 T4	 T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	7.6999999999999999E-2	7.6999999999999999E-2	0.10199999999999998	0.10700000000000012	8.1000000000000003E-2	0.13300000000000001	0.14300000000000004	0.14600000000000021	0.14800000000000021	0.13900000000000001	0.14300000000000004	0.15200000000000041	0.15400000000000041	0.16600000000000001	0.14100000000000001	DAY 7	T1	 T2	 T3	 T4	 T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	8.3000000000000046E-2	9.4000000000000028E-2	0.10199999999999998	0.10700000000000012	8.9000000000000065E-2	0.14700000000000021	0.14800000000000021	0.16200000000000001	0.17200000000000001	0.14700000000000021	0.15000000000000024	0.15200000000000041	0.15700000000000044	0.16600000000000001	0.14200000000000004	DAY 14	T1	 T2	 T3	 T4	 T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	8.6000000000000021E-2	9.4000000000000028E-2	0.10900000000000012	0.11799999999999998	9.2000000000000026E-2	0.15800000000000067	0.16200000000000001	0.17300000000000001	0.18000000000000024	0.16200000000000001	0.15200000000000041	0.15200000000000041	0.17300000000000001	0.18000000000000024	0.16600000000000001	DAY 21	T1	 T2	 T3	 T4	 T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	9.0000000000000024E-2	9.6000000000000002E-2	0.10900000000000012	0.12400000000000012	9.4000000000000028E-2	0.16200000000000001	0.17300000000000001	0.17400000000000004	0.18100000000000024	0.17	0.15400000000000041	0.15200000000000041	0.17400000000000004	0.18100000000000024	0.16700000000000001	DAY 28	T1	 T2	 T3	 T4	 T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	9.6000000000000002E-2	9.7000000000000003E-2	0.11799999999999998	0.125	0.10500000000000002	0.17800000000000021	0.18700000000000044	0.18200000000000024	0.18500000000000041	0.191	0.15400000000000041	0.15200000000000041	0.15700000000000044	0.16700000000000001	0.14200000000000004	DAY 35	T1	 T2	 T3	 T4	 T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	0.10199999999999998	0.10900000000000012	0.126	0.14100000000000001	0.111	0.18000000000000024	0.18700000000000044	0.18700000000000044	0.19	0.19700000000000001	0.15400000000000041	0.15200000000000041	0.18700000000000044	0.19	0.16700000000000001	Treatments
pH
DAY 1	T1	 T2	 T3	 T4	 T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	5.8	5.8	5.7	5.7	5.7669999999999995	4.633	4.7	4.7329999999999997	4.8	4.7	4.5669999999999975	4.5	4.7	4.8	4.6669999999999945	DAY 7	T1	 T2	 T3	 T4	 T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	5.7	5.7	5.6	5.6	5.633	4.5999999999999996	4.633	4.6669999999999945	4.7669999999999995	4.6669999999999945	4.5330000000000004	4.5	4.7669999999999995	4.7669999999999995	4.6669999999999945	DAY 14	T1	 T2	 T3	 T4	 T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	5.6	5.6	5.5	5.5	5.5	4.5669999999999975	4.5669999999999975	4.633	4.7	4.633	4.5	4.5	4.7329999999999997	4.6669999999999945	4.633	DAY 21	T1	 T2	 T3	 T4	 T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	5.4669999999999996	5.5	5.4	5.4	5.4	4.3	4.3	4.3330000000000002	4.3	4.4000000000000004	4.4669999999999996	4.5	4.7	4.633	4.633	DAY 28	T1	 T2	 T3	 T4	 T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	5.3669999999999956	5.4	5.3	5.3	5.3	4.2329999999999997	4.2329999999999997	4.2669999999999995	4.2	4.2669999999999995	4.4000000000000004	4.5	4.6669999999999945	4.633	4.5669999999999975	DAY 35	T1	 T2	 T3	 T4	 T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	5.3	5.3330000000000002	5.1669999999999945	5.2	5.2	4.0999999999999996	4.133	4.1669999999999945	4.1669999999999945	4.1669999999999945	4.3669999999999956	4.4669999999999996	4.633	4.633	4.5999999999999996	Treatments
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