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ABSTRACT (THAI) 
 วรกานต์ ชูตะกูล : การพัฒนาสิ่งบ่งชี้ทางภูมิศาสตร์ของสับปะรดในประเทศไทยด้วยวิธีการทางโคร

มาโทกราฟี. ( DEVELOPMENT OF CHROMATOGRAPHIC METHODS FOR GEOGRAPHICAL 
INDICATION IN THAI PINEAPPLES) อ.ที่ปรึกษาหลัก : รศ. ดร.ธนิษฐ์ ปราณีนรารัตน์ 

  
            สิ่งบ่งชี้ทางภูมิศาสตร์ (geographical indication, GI) หรือเครื่องมือทรัพย์สินทางปัญญาที่

เทียบเคียงกัน มีการใช้งานอย่างแพร่หลายเพื่อระบุถึงลักษณะเฉพาะและเอกลักษณ์ของสินค้าอันมีความเกี่ยวพัน
กับแหล่งผลิต ดังเช่นในกรณีของสินค้าทางการเกษตร สภาพภูมิประเทศ ภูมิอากาศ ปริมาณธาตุอาหารในดินล้วน
ส่งผลต่อคุณลักษณะของสินค้าเหล่านั้น เช่น รสชาติและเนื้อสัมผัส เป็นต้น โดยในงานวิจัยนี้วิธีการทางเคมีได้ถูก
นำมาใช้เพื่อพยายามแยกความแตกต่างของสับปะรดที่มาจากแหล่งเพาะปลูกต่างๆ ซึ่งกระบวนการดังกล่าวสำเร็จ
ได้ด้วยการเก็บข้อมูลสารเคมีกลุ่มแคโรทีนอยด์ (carotenoids) ทั้งหมดในสับปะรดด้วยเทคนิคการแยกวิเคราะห์
สารด้วยของเหลวสมรรถณะสูงที่ตรวจวัดด้วยตัวตรวจวัดหลายความยาวคลื่น  (high-performance liquid 
chromatography with diode array detector, HPLC-DAD) ก่อนที่ข้อมูลทางเคมีนี ้จะถูกประมวลผลด้วย
วิธีการทางคีโมเมทริกซ์ (chemometrics) ในลำดับถัดไป เพื่อจัดจำแนกกลุ่มตัวอย่างสับปะรดตามแหล่งที่มา อีก
ประการที่สำคัญคือ ในการศึกษานี้ได้ถูกออกแบบให้เป็นส่วนหนึ่งของการทดลองในวิชาการเรียนปฏิบัติการด้วย  
โดยในการแยกแคโรทีนอยด์อันเป็นหมายหลักของการทดลองนี้ประกอบด้วยหลากหลายเทคนิค  ได้แก่ คอลัมน์
โครมาโทกราฟี การตรวจวัดสารในช่วงความยาวคลื ่นอัลตร้าไวโอเล็ตจนถึงคลื ่นแสงที ่มองเห็น  (UV-vis 
spectroscopy) โครมาโตกราฟีแบบแผ่นบาง (thin-layer chromatography, TLC) การแยกสารด้วยของเหลว
สมรรถณะสูง (high-performance liquid chromatography, HPLC) การตรวจวัดมวล (mass spectrometry, 
MS) และการวิเคราะห์องค์ประกอบหลัก (principal component analysis, PCA) แต่ในทางกลับกันการทดลอง
ย่อยที่กล่าวมานี้ถูกออกแบบในเป็นการเรียนการสอนแบบโมดูล  (module) ดังนั้นจึงสามารถถูกเพิ่ม ลด หรือ
ปรับปรุงได้ตามความเหมาะสม นั่นทำให้การทลดองนี้มีความเหมาะสมต่อการใช้งานในเหตุการณ์ที่ไม่แน่นอนต่าง 
ๆ เช่น การปิดทำการของมหาวิทยาลัยอันเนื่องมาจากเหตุการณ์การแพร่ระบาดของเชื้อไวรัส COVID-19 เป็นต้น 
ซึ่งในภาพรวมการทดลองที่มีความยืดหยุ่นสูงในแง่การเรียนการสอนนี้เป็นตัวอย่างการทดลองที่ใช้งานได้จริง
สำหรับการชี้ให้เห็นว่าศาสตร์ทางเคมีสามารถช่วยแก้ปัญหาในชีวิตจริงได้อย่างไร  และท้ายที่สุดนี้ การศึกษา
กระบวนการทางคีโมเมทริกซ์เชิงลึกที่เหนือไปกว่าการใช้งานในหลักสูตรการเรียนการสอนก็ได้ถูกศึกษาต่ออีกด้วย 
เพื่อที่กระบวนการที่พัฒนาขึ้นนี้จะสามารถกลายเป็นเครื่องมือที่มีประสิทธิภาพอีกวิธีหนึ่งสำหรับการจัดจำแนก
แหล่งที่มาของสับปะรดไทยได้ 

 
สาขาวิชา เทคโนโลยชีีวภาพ ลายมือชื่อนิสิต ................................................ 
ปีการศึกษา 2565 ลายมือชื่อ อ.ที่ปรึกษาหลัก .............................. 
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ABSTRACT (ENGLISH) 
# # 6370142023 : MAJOR BIOTECHNOLOGY 
KEYWORD: pineapple, carotenoids, geographical indication, chemometrics, high-

performance liquid chromatography, principal components analysis 
 Worakan Chutakool : DEVELOPMENT OF CHROMATOGRAPHIC METHODS FOR 

GEOGRAPHICAL INDICATION IN THAI PINEAPPLES. Advisor: Assoc. Prof. Dr. THANIT 
PRANEENARARAT 

  
            Geographical indication (GI), or its equivalent intellectual property tools, is 

widely used in many countries, including Thailand, to identify specific properties and uniqueness 
of a product that are related to its production origin. In the case of agricultural products, 
geographical location, weather, and soil nutrients affect their properties such as flavor and 
texture. In this study, a chemical method was conducted to attempt to distinguish pineapples 
based on their origins. This was done by collecting chemical profiles from carotenoids by high-
performance liquid chromatography with diode array detector (HPLC-DAD). Thereafter, these 
chemical data were later processed by chemometric analysis to classify pineapples based on 
their origins. Importantly, this study was also designed to be a part of a teaching laboratory. Using 
carotenoid separation as a main goal, column chromatography, thin-layer chromatography (TLC), 
UV−vis spectroscopy, high-performance liquid chromatography (HPLC), mass spectrometry (MS), 
and principal component analysis (PCA) can be included in a cohesive laboratory experiment. 
On the other hand, these activities were also designed to be modular, thus allowing instructors 
to add, remove, or modify the contents in a highly customizable manner. This makes it highly 
versatile and amenable to uncertain situations like unexpected university closure due to COVID-
19 related lockdown. Overall, this laboratory experiment serves as a practical example of how 
chemistry can help solve real-world problems while also allowing high flexibility in teaching 
management. Last but not least, deeper chemometric studies beyond the teaching lab version 
was also conducted – this can be developed further to become an effective tool to classify 
origins of Thai pineapple. 
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CHAPTER I 
INTRODUCTION 

1.1 General information of pineapple and geographical indication  

   Pineapple (Ananas comosus) is one of the tropical fruits that consists 

of high variety of almost 70 cultivars, and their classification is divided into five 

groups based on their spininess, fruit shape and flower colors. This includes 

Spanish, Queen, Cayenne, Pernambuco and Perolera1,2. Thailand is known as a 

leader in global pineapple production2, with two widely planted cultivars, 

including Cayenne (specifically ‘Smooth Cayenne’), and Queen. Nevertheless, 

their representative or commercial names are different depending on their 

planting sources even though they are the same cultivar and have similar 

appearances. For example, while both are smooth Cayenne, Sriracha (Figure 1) 

pineapples are grown in the Chonburi province, while Ban Kha is from the 

Ratchaburi province.  

 

Figure  1 Appearance of Sriracha pineapple3. 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 5 

  According to the large number of pineapples distributed to the market, 

several trading organizations use GI (geographical indication) trade mark as an 

important tool to increase the market value of pineapples. Climate and 

geographical origins clearly affect the quality of plants. Thus, the marker is used 

to refer to the product’s origin and its unique characters such as taste, juiciness, 

and texture. Nowadays, nine Thai pineapples have been registered as GI 

products4 (Table 1).  

Table 1 Registered Thai pineapples as geographical indication products and their 
origins 

Cultivar group GI name Cultivation origin 
Smooth Cayenne Sriracha Chonburi 
 Hauymon Uttaradit 
 Tha Uthane Nakhon Phanom 
 Nanglae Chaing Rai  
 Ban Kha Ratchburi 
 Sri Chiang Mai Nong Khai 

 
Queen Phuket Phuket 
 Trat Si Thong Trat 
 Rayong Golden Rayong 
 Chiangrai Phulae Chiang Rai 

  

  Due to its rich chemical components, chemical profiling can be used as 

a part of product verification. During maturation, the fresh smell comes from 

aromatic chemicals while its shell and flesh change their shade of color 

because of chlorophylls degradation (green shade) and carotenoids production 

(yellow to red shade)1. In the same way, the taste and texture can be 

investigated by fiber, sugars content, organic acids, and vitamins. One of the 

interesting chemicals is antioxidants like vitamin C5,6, flavonoids7, and 
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carotenoids8,9, which can be inspected by chromatographic techniques and 

also by spectroscopic techniques10-14.  

1.2 Previous study of chemical components in pineapples 

  Research using spectroscopy to analyze pineapple is an interesting 

study due to the highly complexed nature of the crude. 1H NMR is used to 

identify metabolites in different tissues (Figure 2). Surprisingly, the researchers 

found that the crown was the part that contained the highest amounts of 

antioxidant compounds15. The found metabolites found only in the crown 

included catechin (20), protocathechuic acid (21), benzoic acid (22), vanillic 

acid (23), and 3-methylglutaric acid (31). 
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Figure  2 1H NMR Spectra of flesh, crown, and peel extracted with three 

ratios of ethanol; blue = 0% ethanol; green = 50% ethanol; and red = 100% 

ethanol. 
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 Tainong No.4 and No.6, which are local Chinese pineapples and hybrids 

of “smooth cayenne” and “Shen wan”, showed distinguished profile of 

aromatic compounds of these pineapples by GC-MS. The samples showed 

different components of volatiles even though they were developed from the 

same parent16. The detail of characteristic odors in these sample is shown in 

Table 2. 

Table 2 Aroma compounds found in pineapples from China16 

Compound 
Tainong 
No. 4 

Tainong 
No.6 

Odor Quality 

3-(Methylthio)propanoic acid methyl 
ester 

+ + Meaty, oniony, fruity  

3-(Methylthio)propanoic acid ethyl 
ester  

+ + Meaty, oniony, 
pineapple-like 

Butanoic acid, 2-methyl-, methyl ester - + Fruity, apple-like 
Butanoic acid, 2-methyl-, ethyl ester - + Fruity 
Hexanoic acid, methyl ester + + Fruity, ester-like 
Hexanoic acid, ethyl ester - + Apple peel-like, fruity 
2,5-Dimethyl-4-hydroxy-3(2H)-
furanone 

+ - Sweet, pineapple and 
caramel-like 

Octanoic acid, methyl ester + + Fruity, citrus-like 
Decanal - +  
δ-Octalactone + - Coconut-like 
Decanoic acid, ethyl ester - +  

 

  In addition, over 60 phenolic compounds were investigated in each part 

of pineapple (Figure 3), i.e., crown, peel, and flesh, by using high-performance 

liquid chromatography with diode array detection and electrospray ionization 

multiple-stage mass spectrometry (HPLC-DAD-ESI-MSn) (Figure 4) and GC-MS17. 

The same research group also obtained their carotenoids profile with HPLC-

DAD-APCI-MSn18.  
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Figure  3 Basic structures of metabolites characterizing pineapple. 

 

 

Figure  4 HPLC-DAD chromatogram (280 nm) of phenolic compounds in a 

methanolic extract from crown (a), peel (b) and pulp (c) tissues. 
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1.3 Carotenoids 

 One interesting class of compounds is carotenoids (Figure 5), the 

yellow-red pigments which relates to color changes of ripping fruits especially 

pineapple. Many structures of the terpenoids are divided into two subclasses 

regarding the presence of oxygen in their chemical structures. First, ‘carotenes’ 

refer to hydrocarbon carotenoids like α-carotene,  

β-carotene, and lycopene. Second, ‘xanthophylls’ or oxy-carotenoids contain 

oxygen atoms in their molecules in the form of alcohol (-OH), ketone (=O), 

and ester (-O-) such as lutein, zeaxanthin, and violaxanthin. The latter is more 

polar than the former14,19,20.       

 

Figure  5 Some of carotenoids structure. 

1.3.1 Extractions  

   The high-water content of fruits is an issue for efficient extraction 

of carotenoids. Besides, thermal-based dehydration methods can cause 

thermal degradation and isomerization of carotenoids. Hence, freeze-

drying is conducted to protect losses of the substances but it significantly 

increases the extraction time and cost. Alternative extraction methods 

have been used (Figure 6) such as atmospheric liquid extraction with 

maceration or liquid-liquid extraction (LLE), Soxhlet extraction (SE), 

microwave-assisted extraction (MAE), ultrasound-assisted extraction (UAE), 
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pressurized liquid extraction (PLE), pulsed electric field (PEF) extraction, 

supercritical fluid extraction (SFE), and enzyme-assisted extraction (EAE)20.  

 
Figure  6 Advantages and disadvantages of various carotenoids 

extraction methods20. 

    

   Herein, LLE is the most preferred method due to the thermal 

sensitivity of carotenoids. (Figure 7) show standard steps of carotenoids 

extraction, which include 1) sample preparation, 2) extraction, 3) 

partitioning, 4) saponification, and 5) chromatographic separation20.   

 
Figure  7 Common steps used in carotenoids extraction from fruits and 

vegetables14. 

1.4 Chemometrics 

  An outstanding tool used to discern the difference of sample groups is 

chemometrics. Clearly, this is useful for food traceability and geographical 
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location classification21. Chemometric analysis combined processed 

chromatographic or spectroscopic data to mathematic patterns22,23. The 

results from techniques such as LC, GC, MS, and UV-vis spectrophotometry 

can be processed with chemometric methods and result in meaningful data 

representations. Among the most important techniques are principal 

component analysis (PCA), self-organizing maps, (SOMs), and linear 

discriminant analysis (LDA).  

  Some examples of chemometric application for pineapples are the 

ripeness monitoring by analyzing aromatic compounds24 (Figure 8), and by 

analyzing total soluble solid25, quality control of processed pineapples26, and 

product developments based on HPLC technique27. Moreover, the analysis 

method can be employed for genetic approach to identify pineapple 

cultivars28,29. 

 

Figure  8 PCA result from flesh, crown and peel parts of pineapple from 

different ripening stages. 
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1.5 Research objective  

  According to the GI registration process of a product as set by the 

Division of Intellectual Property, required data include only physical and 

geographical information such as cultivar, description of physical appearances, 

areas of plantation location, and relations between the planted areas and 

goods production. In the case of pineapples, sugar content (in degree brix unit) 

and percentage of total acid were sometimes declared. This can imply that 

the registration process does not explicitly require chemical data to be 

included. On the other hand, European union intellectual property office 

(EUIPO) stated in protection and control of GIs for agricultural products in the 

EU member that “the product must comply with detailed specifications 

including, at least, the raw materials and the principal physical, chemical, 

microbiological or organoleptic characteristics of the product. Moreover, the 

evidence of the geographical area of production must be provided, together 

with the production method, with all of these elements demonstrating that 

the product originates in the defined geographical area, and that it complies 

with the labelling method” 30. 

   In this study, an alternative method was created for discovering GI in 

Thai pineapples by analyzing chemical profiles obtained from HPLC-DAD using 

chemometrics. The hypothesis is chemometric data can distinguish pineapples 

based on their chemical profiles, which in turn reflect their geographical origins. 

Techniques like principal component analysis (PCA) and linear discriminant 

analysis (LDA) provide visualized and numeric data that can help the 

differentiation without bias. 
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CHAPTER II 
EXPERIMENTAL SECTION 

 

2.1. Materials and chemicals 

  Different types of Thai pineapples, which are Sriracha, Suanpueng, Pattavia,  

Trat Si Thong, Phuket, and Ban Kha, were purchased from local markets for used in 

this study.   

  Chemical reagent and solvent were purchased from Carbo Synth, Carlo Erba, 

RCI Labscan (Thailand) and Merck. All chemicals are listed below: 

- Hexanes (Hex) 

- Acetone  

- Diethyl ether (Et2O) 

- Methanol (MeOH) 

- Ethyl acetate (EtOAc) 

- Silica gel  

- β-Carotene  

- all-trans-Lutein  

- all-trans-Violaxanthin  

- Potassium hydroxide (KOH) 

- Potassium permanganate (KMnO4) reagent for TLC stain 

- Sodium sulfate (NaSO4) 

2.2. Sample extraction 

  200 g of frozen pineapple was blended with a laboratory blender and squeezed 

by using cloth filtration with acetone as a solvent. The liquid extract from manual 

squeezing was collected into a 500-mL beaker. The residue was done this step multiple 

times by repetitively adding new extraction solvent portion. At the end, all solid 

residue stayed in the cloth. 
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  To describe, the cloth containing solid residue was transferred onto a mortar. 

After that, 50-mL chilled acetone was added and the residue was extracted further 

using a pestle to remove as much yellow substance as possible. The resulting solution 

was then poured into the same 500-mL beaker in the previous step. The addition of 

acetone and the extraction process was repeated for two more times. Then, all 

portions of yellow liquids were combined together. 

2.3. Liquid-liquid extraction and saponification 

  All liquid from the previous step was transferred into a separatory funnel and 

liquid-liquid extraction with 100 mL of 10% Et2O/Hex was performed. Subsequently, 

150 mL of 10% KOH in MeOH was added into the flask. The flask is left shaken overnight 

on a magnetic stirrer under dark environment at room temperature. Thereafter, excess 

base in the mixture was neutralized with deionized water until the pH is neutral. The 

evaporated crude was kept in the dark until used.  

 

Scheme 1 Pineapple preparation process 

2.4. Column chromatography 

   Three separate fractions were expected from the following elution program 

through an 8-cm height of silica column. First, column was run with 100% Hex until 

the first visible yellow band is collected. Second, the mobile phase was switched to 

30% EtOAc/Hex and the separation was continued until a new colored fraction is 

collected. Lastly, 50% EtOAc/Hex was used until the last colored fraction is collected. 
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2.4.1. Thin-layer chromatography (TLC) 

 TLC analysis was performed between crude (Cr), standard solution of  

β-carotene (B), first (Fr1), second (Fr2), and the last fractions (Fr3) using 50% EtOAc/Hex 

as a mobile phase. After developed, the TLC plate was taken a photo under different 

conditions: a) ambient light, b) UV light (254 nm), c) UV light (365 nm), and d) ambient 

light after the TLC plate is stained with KMnO4 solution (1.5 g of KMnO4, 10 g of K2CO3, 

and 1.25 mL of 10% NaOH in 200 mL of water).  

2.4.2. Compound identification 

2.4.2.1. UV-vis spectroscopy 

  The solutions of isolated β-carotene fraction, crude, and the 

standard solution of β-carotene were measured for their UV-vis 

properties by a NanoDrop 2000 spectrophotometer (in the range of 

wavelength of 350-600 nm). 

 

2.4.2.2. Mass spectrometry (MS)  

  The model MS/MS experiment was conducted on a Thermo 

Scientific™ TSQ Quantum Ultra with the following parameters: mass 

range = 100-700 m/z; parent ion = 536.8 m/z; positive detection mode; 

flow rate = 15 µL/min; spray voltage = 3000 V; capillary temperature = 

300 °C; collision energy (CE) = 10 V. Thermo Xcalibur software was used 

to process the data. Only isolated β-carotene was studied in this 

experiment. 

 

2.4.2.3. High performance liquid chromatography (HPLC) analysis 

  Certain peaks in HPLC chromatogram were identified with 

standard solutions of carotenoids with the aforementioned HPLC 
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condition. This includes all-trans-lutein and all-trans-violaxanthin. The 

HPLC program was described below. 

2.5. High performance liquid chromatography (HPLC) 

  The pineapple crude was dissolved with 1 mL of acetone and filtered through 
0.45-µm syringe filter into an amber vial and kept in a fridge until analysis.   
  HPLC data were obtained from a Thermo Scientific™ UltiMate™ 3000 UHPLC 
with a diode array detector (detected at 450 nm). The injection volume was 5 µL. The 
column was ZORBAX Eclipses Plus C18 column (4.6 x 50 mm, 3.5 µm), with the 
following time program (Table 3).  
Table 3 HPLC time program for ZORBAX Eclipses Plus C18 column 

Retention 
(min) 

Flow  
(mL/min) 

Percentage of 
9:1 MeOH:H2O 

Percentage of 
EtOAc 

0.00 0.30 100 0 
20.00 0.30 20 80 
20.00 0.50 20 80 
30.00 0.50 15 85 
30.10 0.50 100 0 
35.00 0.50 100 0 

2.6. Chemometric analysis 

  Numerical data obtained from the areas of prominent peaks in HPLC 

chromatograms were used for chemometric analysis. These were converted to relative 

peak areas by taking the ratio between the peak area of interest over that of  

β-carotene. Chemometric analysis in the form of principal component analysis (PCA) 

was then performed by processing and dimensionally reducing data from normalized 

peak areas as explained above. All calculation was done with the MATLAB software.   

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 18 

CHAPTER III 

RESULTS AND DISCUSSION 

 

  Since the development of methods for carotenoids extraction, separation, and 

characterization involve many basic techniques that are commonly learned by 

undergraduate students, one of the main tasks in this study was to design a lab that 

can be directly used for teaching experiments, specifically a laboratory course called 

integrated chemistry laboratory I. The purpose of this class is to allow students to 

utilize various branches of chemistry in solving more realistic problems. Thus, this 

experiment involving pineapples is clearly of relevance. Specifically, pineapple was 

used as a key model to allow for the incorporation of multiple important concepts 

into the laboratory. Using carotenoid separation as a main goal, column 

chromatography, high-performance liquid chromatography (HPLC), mass spectrometry 

(MS), and principal components analysis (PCA) can be induced in a cohesive laboratory 

experiment. The following sections highlight some key points regarding with the 

experiment. 

3.1 Preparation of pineapple extract 

  This experiment commenced with the extraction of carotenoids from 

pineapples. In this case, standard protocol was applied where water and acetone were 

used for extraction. Polarity likely affects the obtained carotenoid profile, which can 

be clearly seen in subsequent HPLC experiment. Also, physical appearance of the 

liquid extracts of different cultivars of pineapples showed some differences (Figure 9). 

This is the first element for a possible introduction of chemometric concept that 

different colors could be due to different carotenoid profiles, which in turn may be 

used for cultivar classification.  
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Figure  9 Photographs of the liquid extracts of three cultivars of pineapples; (Left) 
Sriracha; (Middle) Suanpueng; (Right) Pattavia. 

  The last step in the preparation phase (item 2.3 in chapter II) deals with a 

saponification reaction (Scheme 2). This was required to reduce the complexity of 

chromatograms obtained from subsequent HPLC analysis by removing carotenoid 

esters, chlorophylls, and lipids18,20.  

 

Scheme 2 A representative set of saponification reactions of carotenoid substrates 
commonly found in pineapple. 
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3.2 Column chromatography and thin layer chromatography (TLC)  

  In this study, the crude separation aims to separate colored compounds into 

three groups, which can be well separated from the change in the mobile phase 

composition. Additionally, to allow for connected discussion with HPLC, extensive data 

collection on TLC was performed (Figure 10). Herein, four sets of data for TLC were 

acquired. Apart from colors from ambient light, UV light at different wavelengths was 

used to demonstrate how various compounds can appear under different conditions. 

The concept of chromophore can be introduced when explaining the dark spot in 254 

nm light, while 365 nm is suitable for showing fluorescent compounds present in the 

sample. Also, a well-known TLC staining agent, KMnO4, was used to educate students 

on how reducing properties of carotenoids can be used as a means to detect them in 

TLC analysis. These expanded data sets can be beneficial for deeper analysis on 

structure–property relationships.   

  Mobile phases and stationary phase are related to carotenoids elution. Firstly, 

eluted yellow band (Fr1 in Figure 10) with 100% Hex is a low polar carotenoid, which 

was confirmed to be β-carotene by TLC (Rf = 0.93) and HPLC (Figure 12, bottom.). 

Then, the higher polar compounds were eluted with 30% EtOAc/Hex as the second 

isolated fraction (Fr2 in Figure 10, Rf = 0.79). Finally, the highest polar carotenoid group, 

the third isolated fraction (Fr3 in Figure 10), were eluted with 50% EtOAc/Hex. This 

finding can be compared later with HPLC results, allowing another important point for 

students’ discussion. 
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Figure  10 A set of TLC data (mobile phase = 50% EtOAc/Hex) under four conditions 
including (left to right) white light, 254 nm light, 365 nm light, and KMnO4 staining;  
B = β-carotene standard; Cr = crude mixture; Fr1 = first; Fr2 = second; Fr3 = third 

isolated fraction. 
3.3 UV-vis spectroscopy and HPLC analysis 

  These spectroscopic experiments are an important tool to identify the isolated 

solution with the conventional techniques. Here, nanodrop spectrophotometer was 

used due to little consumption of sample (only 3 µL per analysis), which is suitable 

for the amount of sample obtained in this experiment. UV-vis spectrum (Figure 11) 

demonstrates the similarity in features of spectra of standard of β-carotene solution 

and the first fraction, both of which show the maximum absorption at 450 nm. On the 

other hand, crude spectrum shows some difference, with the lambda max shifting to 

shorter wavelength. Nevertheless, the highest absorbed region is still around 450 nm, 

which match the expected color of yellow in carotenoids. 
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Figure  11 UV-vis spectra obtained from a Nanodrop 2000 spectrophotometer of a 

standard β -carotene solution, crude extract prior to column chromatography, and 

firstly isolated fraction containing β -carotene. 

  HPLC with UV detector or DAD is a standard tool in modern analytical science 

for separation and analysis of samples with some UV–vis absorption. Perhaps what is 

most interesting, in terms of connection to the introductory level of chromatography 

teaching, is the dominance of reversed-phase HPLC in frontier research. With 

hydrocarbon moiety capped on the surface, this type of column leads to an opposite 

elution order where more polar compounds are eluted out first, along with the 

reversed definition of solvent strength (less polar = stronger elution power). 

Importantly, having both normal-phase column chromatography and reversed-phase 

HPLC, i.e., ZORBAX Eclipses Plus C18 column, in the same experiment is a great 

opportunity whereby the concept of chromatography can be discussed in-depth. 

Specifically, the top of Figure 12 shows an HPLC chromatogram for a crude pineapple 

extract where multiple peaks from carotenoids are shown. These major peaks allow 

for some thoughtful discussion regarding with the relationship of the polarities of 

compounds and their elution orders. For instance, β-carotene appeared at about 20.8 

min, which is a relatively long retention time. This corroborates well with its very low 

polarity, hence being retained the most with hydrophobic stationary phase in reversed-

phase HPLC. On the contrary, there is a group of carotenoids whose retention times 
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are significantly shorter than that of β-carotene (Figure 12, top). Comparison with some 

standards and previous literature18 suggests the presence of violaxanthin and lutein 

that were eluted in approximately 8.35 and 11.32 min, respectively. These compounds 

are expected to be more polar than β-carotene based on their functionalities. Hence, 

these data permit the discussion and comparison about the relationship of polarity 

and elution in both normal (column chromatography and TLC) and reversed-phase 

chromatography (HPLC), thereby enhancing the learning experience about 

chromatography. Also, the bottom of Figure 12, which shows a chromatogram after 

column separation, is a good indicator of student’s performance in conducting column 

chromatography. This particular example shows good purification efficiency, whereby 

only β-carotene peak is visible. Not only does this open up discussion about the 

separation efficiency (by comparing the results between the top and the bottom of 

Figure 12) but also it can allow comparison with other techniques, for example, 

comparison with TLC result (Figure 10). All in all, this can be viewed as an opportunity 

for students to gain skills in chromatography. 
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Figure  12 A representative set of HPLC chromatograms of (top) crude extract and 
(bottom) first fraction. 

3.4 Mass spectrometry (MS) 

  Even though undergraduate students are usually not allowed to operate MS 

instruments, an idealized MS spectrum (Figure 13), obtained by a student’s sample, 

can be useful for students’ discussion. This is because MS interpretation is usually a 

learning element in spectroscopic courses focusing on organic chemistry. For example, 

fragmentation pattern causing a loss of m/z 92 is attributed to the loss of toluene 
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(Scheme 3). This can spark many more discussion involving writing arrow-pushing 

mechanism, which is a very important skill in learning organic chemistry.  

 

Figure  13 Idealized MS/MS spectrum of an isolated fraction containing β-carotene 
using a triple quadrupole MS. 

 

Scheme 3 Fragmentation pathway of β-carotene to lose toluene (m/z =92) 
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3.5 Chemometric analysis 

  Chemometrics is a worth-mentioning topic in chemistry that can be 

incorporated as a hands-on activity. This discipline utilizes statistical science to uncover 

meaningful interpretation of multidimensional data, which can then be further 

exploited in a variety of ways. For example, data in the forms of peak area and 

retention time (Rt = 8.3, 8.9, 9.6, 9.9, 11.1, 16.8, and 20.8 min) obtained from HPLC 

analyses of various cultivars of pineapples were processed, dimensionally reduced, 

and presented in a form of PCA (Figure 14). Interestingly, while there was significant 

variability in students’ data due to some human errors, PCA, along with data pre-

processing, was sufficiently robust to still provide decent discrimination among various 

pineapple cultivars. Overall, incorporating chemometrics not only demonstrates the 

power and the robustness of the discipline, but it also serves to connect to a topic of 

wide impact, i.e., geographical indication, which is a form of intellectual properties of 

increasing importance. Thus, this approach can greatly help demonstrate the impact 

and the practicality of chemical sciences to students. 

 

Figure  14 PCA of three cultivars of pineapples created from students’ HPLC data. It 
should be noted that the students were not aware of the difference of obtained 

samples, nor were they introduced to chemometrics in this particular course. Also, 
PC3&4 gave the best outcome, which can be explained by the fact that minor, but 
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more unique compounds are likely responsible for discrimination, as compared to 
major, but more commonplace components. 

3.6 Details about teaching design 

  Table 4 highlights different versions of the teaching laboratory that allows 

instructors to add, remove, or modify the contents in a highly customizable manner. 

This makes this experiment highly versatile and can fit different needs or abrupt 

changes like school closure due to pandemic. Also, it offers hands-on experience on 

pineapple, which helps connect students to real-world usage of chemistry. 

Table 4 Different versions of the experiment 

 

 

Day Activity 
Standard version (This plan is suitable for courses with limited time and/or having 
limited resources especially rotary evaporators. The instruction for students is based 
on this version.) 
1 Sample preparation including pineapple extraction, liquid-liquid 

extraction, and saponification. 
2 Stopping saponification reaction     
3 Column chromatography (using 100% Hex only as a mobile phase), UV, 

and HPLC analysis  
Note: UV, HPLC, and MS analysis are performed by the instructor’s 
team. 

Advanced version (This plan may be applied to students with more experience and 
skills, without significantly increasing the overall required time.) 
1 Exactly the same as the standard version. 
2 Exactly the same as the standard version.  
3 Column chromatography, UV, and HPLC analysis  

Note: UV, HPLC, and MS analysis are performed by the instructor’s 
team. 
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Table 5 Different versions of the experiment (continue) 

 

3.7 Extension of chemometric study 

  To increase the chance of successful classification of more pineapple samples, 

HPLC method was further modified for more detailed separation of carotenoid 

components. Three GIs pineapple were employed as the representative of the big data 

with 45 data points per GI product.  The newly developed HPLC program, a YMC C30 

carotenoid S-3 µm (150 x 4.6 mm) column and the methanol (MeOH)-water-methyl 

diethyl ether (MTBE) system were used as the stationary phase and the mobile phase, 

respectively. The chromatogram shows better separation of carotenoids and now 

about 14 peaks were detected (Figure 15).  

 

The fully integrated version (This plan is enhanced even further with hands-on 
experience on instruments and chemometric analysis.) 
1 Exactly the same as the standard version. 
2 Exactly the same as the standard version.  
3 Column chromatography 
4 UV and HPLC analysis by student  

Note: MS analysis is not allowed to hands-on operation.  
5-6 Chemometric analysis  
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Figure  15 A represent of HPLC chromatogram of pineapple separation by using  

YMC C30 column. 
 

   After the HPLC program was developed, PCA was re-optimized to suit the new 

set of chromatographic data (Figure 15). The two well-known cultivars of Thai 

pineapples that are Queen and Smooth Cayenne were used in this study. PC2 and PC4 

were chosen for the PCA plot (Figure 16) according to correctly classified (CC) values 

(Figure 17). Linear discrimination analysis (LDA) was used to help explain the 

overlapping data points in the PCA plot caused by a large number of samples. LDA 

indicates that Queen and Smooth Cayenne reached approximately 80% of correct 

classification by coupling 4 PCs together (Figure 18). 
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Figure  16 PCA of pineapple cultivars classification. 
 

 

Figure  17 PC Discrimination of Queen and Smooth Cayenne. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 31 

 

Figure  18 Linear discrimination of Queen and Smooth Cayenne. 
 

  To get more insight in the methodology, PCA was also performed on pineapple 

samples based on their geographical locations (Trat Si Thong, Phuket (both as Queen), 

and Ban Kha (Smooth Cayenne)). Figure 19 shows the better PCA projection on PC1-3 

of the representative GI Thai pineapples. As a result, the PCA plot corresponded with 

LDA plot (Figure 20), where it is clear that combining 2 - 3 PCs can already achieve 

about 80% correct classification of these three GIs Thai pineapple. This confirms that 

the improved HPLC protocol may be amenable to the analysis of larger groups of 

samples. 

Figure  19 

PCA plot of three GIs pineapple. 
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Figure  20 Linear discrimination of three GIs pineapple. 
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CHAPTER IV 
CONCLUSION 

   

  To conclude, this study demonstrated that the carotenoids fingerprints, one of 

the dominant elements in pineapples, can be combined with chemometric analysis to 

distinguish their geographical origins. Notably, the relatively short analysis time (35 min) 

in separating carotenoids with C18 column was enough for data processing. Even 

though the developed method cannot completely separate all compounds, but it is 

sufficient to classify the pineapple varieties, i.e., Sriracha, Pattavia, and Suanpueng. 

  Herein, the method for geographical indication was also adapted to a teaching 

laboratory, which centered around the concept of chromatography for pineapples. The 

combination of multiple techniques, such as liquid–liquid extraction, column 

chromatography, and HPLC, along with possible expansion to chemometrics or MS 

allows students to fully appreciate how multiple branches of chemistry are really 

necessary for solving modern real-world challenges. Importantly, while these sub-

experiments appear to be related to each other, the laboratory was designed in such 

a way that they can be easily combined, modified, or removed while maintaining the 

core goal of the experiment. This not only resolves the need for abrupt adjustment in 

the pandemic era but it is also useful in broader terms where core experiments can 

be constantly modified to suit laboratories with different resource availability and 

different levels of students. 

  Moreover, the last developed method to get the intensive carotenoids profile, 

which performed on Trat Si Thong, Phuket, and Ban Kha, confirms that the improved 

HPLC protocol may be amenable to the analysis of larger groups of samples. 
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APPENDIX 
 This study was published as a laboratory experiment article in the title of 

“Characterization of Carotenoids from Pineapples: An Integrated and Modular 

Experiment for Practical Learning of UV−vis Spectroscopy, Chromatography, Mass 

Spectrometry, and Chemometrics” in Journal of Chemical Education since April 5, 

2022. The published article is shown below. 
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