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Abstract 

Vitamin C or ascorbic acid is an essential nutrient and important water-soluble antioxidant that 

plays a vital role in combating reactive oxygen species and maintaining human health. Ananas 

comosus (L.) Merr. is a tropical fruit which is famous for its nutritional, antioxidant content and 

therapeutic properties. Manipur in India is well known for the cultivation of two different 

cultivars of pineapple namely Queen and Kew which differ in fruit size, sweetness, texture and 

fruit quality. Depending on the cultivar of pineapple, growing conditions, maturity level, location 

and environmental factors, and post-harvest condition, vitamin C content in pineapple may vary. 

The study focuses on the determination and evaluation of vitamin C content in Queen and Kew 

varieties of pineapple grown in Manipur. The quantification of Vitamin C was done by reverse-

phase HPLC method. The analyses show that the two cultivars have variations in vitamin C 

concentration. Vitamin C (ascorbic acid) acts as a potential antioxidant and protects human cells 

from reactive oxygen species. Moreover, evaluating vitamin C content in different cultivars of 

pineapple can give insightful information about the fruit quality, nutritional improvement and 

selection of high quality cultivars. Quantification of vitamin C content in Queen and Kew 

varieties of pineapple by Reverse-phase HPLC method showed that ripe pineapple contains 

higher vitamin C levels (ranging from 141.7 to 143.2 PPM) than unripe pineapple (131.3 to 

135.5 PPM). Among the two different varieties of pineapple, the core part of ripe Kew variety 

showed the highest vitamin C content.  

Keywords: Ananas comosus, vitamin C, reverse-phase HPLC, ripe, unripe, Queen, Kew 

pineapple 

Introduction 

Pineapple  (Ananas comosus (L.)Merr.) is an important horticultural crop cultivated in Manipur 

which contributes to the state’s agricultural economy, nutritional security, rural livelihood and 
cultural identity. The climatic conditions, suitable soil and adequate rainfall of Manipur provide  

favourable environmental conditions for pineapple cultivation. Queen and Kew varieties of 

pineapple are cultivated in Manipur. Pineapple contains bioactive compounds, vitamin C, 

organic acids, minerals, dietary fibers and antioxidant compounds [1].  Vitamin C is important 



for its natural defence mechanism and immune support and it can function as antioxidant [2]. 

Overall, the estimation of vitamin C content in pineapple signifies the natural sources of 

antioxidants and essential nutrients. Large quantities of peel, core, crown, leaves and stalk 

generated during cultivation and consumption that can be utilized for composting, fiber 

extraction, animal feed, extraction of bioactive compounds, and production of value-added 

products like cellulose [3]. Utilization of such wastes can reduce environmental problems and in 

return, it can create additional economic opportunities for farmers and small-scale industries [4]. 

Pineapple contributes to the agricultural sector and promotes cultural identity of Manipur. 

Promoting improved practices of pineapple cultivation, post-harvest management, processing 

facilities and scientific research can further increase the pineapple’s contribution to the economy 
of Manipur [5]. It is an important link between agriculture, rural livelihood, nutrition and 

sustainability of resource utilization [6]. 

Method 

Reverse-phase HPLC  method for determination of  Vitamin C from  Queen 

and Kew varieties of pineapple  

A Reverse-Phase High-Performance Liquid Chromatography (RP-HPLC) method developed by 

Csaba Horvath(1970)  for determining of Vitamin C from Queen and Kew varieties of pineapple 

quantifies the vitamin  in extracted pineapple sample by passing through a non-polar column [7]. 

It is followed by isocratic elution on a C18 column with UV detection at 254nm. It then measures 

the concentration against a calibration curve [8]. 

a. Reagents and solvents 

HPLC-grade water, methanol, and acetonitrile were used as solvents. 1-hexanesulfonic acid 

sodium salt which is an ion-pairing agent and orthophosphoric acid were used as reagents. 3% 

metaphosphoric acid which is a weak acidic solution was used to prevent oxidation of vitamin C. 

For mobile phase, 0.1% aqueous orthophosphoric acid and methanol were used and PH  was 

adjusted between 2.2 - 2.8 to suppress ionization. 

b. Sample Preparation 

 The core part of ripe and unripe Queen and Kew varieties of pineapple were taken out, weighed 

and extracted in methanol extraction solution using a sonicator. The supernatants were passed 

through 0.45 µm membrane syringe filter and loaded to the HPLC vials. 

c. Conditions 

Column should be C18 or C 8 reverse-phase column and size of particle must be 5 µm and 

temperature of the column should range from 20ºC - 30ºC. Injection Volume can hold from 10 



µL to 20 µL and flow rate should be from 0.7 to 1.0mL/min . The detection of UV/Vis was 

measured at 243nm to 255nm.[9] 

d. Calibration of Standard Solution 

 A stock solution of L-ascorbic acid was prepared as standard solution in the mobile phase. 

The standard solution and pineapple sample were injected and elution of vitamin C was 

observed at a retention time after 4 minutes.[10] 

• The Calibration equation : y=mx+c 

where, x = concentration of compound in the injected extract 

            y = peak area 

            m = slope 

             c = intercept 

e. Calculation 

 The concentration of the peak areas obtained from  pineapple samples were compared 

with the standard curve of pure L-ascorbic acid. The concentration in the pineapple 

sample was calculated by taking the dilution factor, extraction volume and weight of 

pineapple sample.[11] 

Compound concentration = C×V×DF / W 

Where: 

C = concentration obtained from calibration curve 

V = final volume of extract 

DF = dilution factor 

W = sample extract 

 

Results and Discussion 

Reverse-phase HPLC  method for determination of  Vitamin C from the core 

of  ripe and unripe Queen and Kew varieties of pineapple  

 The Reverse phase HPLC analysis gave a chromatogram which comprised of a distinct peak 

corresponding to ascorbic acid. Using the authentic and standard ascorbic acid, the retention time 

was established. The peak area of the vitamin C increased with the increasing concentration of 

the ascorbic acid standard. The vitamin C content of ripe and unripe Queen and Kew varieties 

were calculated from the calibration curve.  

 



 

Table1: Vitamin C Content in the core part of ripe and unripe Queen and Kew varieties of 

pineapple  

 

 

Table2: Calibration results of Vitamin C 

Sl. 

no 

Sample Code 

(Pineapple ) 

Site 

(Manipur) 

Status Amount 

(ppm) 

Amount in 1 

mg of extract 

1 Queen Core  Andro Ripe 141.747 28. 2 µg 

2 Queen Core  Andro Unripe 135.452 27.0 µg 

3 Kew Core Waithou Chiru Ripe 143.156 28.6 µg 

4 Kew Core  Waithou Chiru Unripe 131.341 26.2 µg 



 

 

 Fig1: Chromatogram of the standard vitamin C  

 



 

Fig2: Peak of Vitamin C at Lamda max 243 

 

 

 

Fig3: 3D field of Vitamin C Detection at 210 nm. 

 



 

Fig4: Calibration details of Vitamin C 

 

 

Fig5: Chromatogram showing peak of vitamin C against retention time. 



 

 Table3: Quantification of Vitamin C and pineapple sample using RP-HPLC  

 

 

Table4: Calibration details of vitamin C and pineapple sample 



 

Fig6: RP-HPLC chromatogram of vitamin C and its calibration curve  

The different concentrations of vitamin C at 150-350PPM shows the Vitamin C peak at 4.693 

retention time.  Kew pineapple has 143.156 PPM while Queen pineapple has 141.747 PPM of 

vitamin C. The reverse phase HPLC quantification indicates that the core of ripe pineapple 

contains higher vitamin C levels (ranging from 141.7 to 143.2 PPM) than the core of unripe stage 

of pineapple (131.3 to 135.5 PPM). The core part of ripe Kew variety from Waithou Chiru site 

shows higher vitamin C than the core part of ripe Queen variety. This suggests that for maximum 

nutritional benefit regarding vitamin C, the fruit should be harvested and consumed at the ripe 

stage.  

Conclusion:  

Pineapple is an economically important fruit which is valued for its potential health benefits and 

nutritional content [12]. Among the nutrients, vitamin C which is chemically known as L-

ascorbic acid acts as antioxidant that prevents biological molecules from oxidative damage [13]. 

The concentration of vitamin C is influenced by factors such as fruit maturity, storage 

temperature, exposure to heat, light, etc [14]. Vitamin C content in pineapple increases as the 

level of the ripeness increases. Several analytical methods have been employed for the 

determination of vitamin C such as spectrophotometry, titration method and chromatography 

techniques [15]. Out of these techniques, RR-HPLC is used as advanced separation technique 

that separates ascorbic acid from other constituents before quantification [16]. 



Reverse-phase HPLC provides a reliable result for identifying the chemical profile of pineapple. 

It is a powerful analytical method for characterization of pineapple since it gives information on 

identification, efficient separation and quantification of chemical constituents [17]. It can be used 

to compare two different cultivars of pineapple such as Queen and Kew variety and investigate 

vitamin C and many other phytochemicals present. For vitamin C content, RP-HPLC methods 

using C18 columns with aqueous phosphoric acid as mobile phase and UV detection at 245nm 

has been done to determine ascorbic acid content in Queen and Kew varieties of pineapple. The 

acid addition to the mobile phase can improve the peak shape and chromatographic behavior for 

many compounds like phenol.  High or moderate vitamin C content in pineapple is influenced by 

maturity of the fruit, cultivar and parts of the fruit [18]. So, Queen and Kew variety of pineapple 

exhibit different chromatographic behavioral and peak slope even when they analyzed under the 

same condition. The two different varieties of pineapple at different stages of ripeness show 

substantial variations of vitamin C concentrations which depends on the maturity and early phase 

of the fruit sample, growing conditions, genotype, environmental factors and also in extraction 

conditions[19]. Reverse-phase HPLC provides a detailed chemical profile of pineapple and 

identified its nutritional value, quality assessment, antioxidant properties [20]. Pineapple has a 

valuable source of vitamin C, minerals and bioactive compounds which is accounted to its high 

quality content [21]. Consumption of pineapple can contribute to the improvement of human 

health, economic growth and a sustainable development[22]. 
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