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Progressive Freeze Concentration with Partial ice melting and 

Non-thermal pasteurization for Liquid foods 

Jahapu Appuhamillage Erandya Chathurangi Jayawardena 

ABSTRACT 

Concentration is a major unit operation in the beverage industry to reduce packaging, 

transportation and storage cost and to improve the stability of products. Evaporation, 

membrane concentration and freeze concentration (FC) are major concentration 

methods. Freeze concentration (FC) is the most suitable method for liquid concentration 

over other methods since FC operates below 0 
º
C. Suspension freeze-concentration 

(SFC) and progressive freeze-concentration (PFC) are the available FC methods and 

SFC is a complex and expensive method compared to PFC. PFC is a novel FC technique 

relatively simple and a feasible. The limitation of PFC is lower product yield and to 

overcome the problem, the partial ice-melting technique can be used. Emerging non-

thermal pasteurization techniques are applied as substitutions to thermal processes in 

order to maintain the microbial safety and quality of the liquids. The main objective of 

this study is to develop PFC and partial ice melting as a novel high-quality liquid food 

concentration method and exploring a non-thermal pasteurization method to preserve 

liquid food products made using PFC. A lab-scale PFC set up was constructed and it 

mainly consisted of a cooling bath, cylindrical sample vessel equipped with a stirrer. 

The set up was optimized to agitator speed of 290 rpm and dipping speed of 1.3 cm h
-1

 

to collect the maximum achievable concentration of liquids. Coconut (Cocos nucifera) 

water, pineapple (Ananas comosus) juice, tomato (Solanum lycopersicum) juice, star 

fruit (Averrhoa carambola) juice, jew plum/ambarella (Spondias dulcis) juice, and 

nasnaran (Citrus madurensis) juice were selected by exploring their applicability to PFC 



 

xix 

 

and all the liquids were concentrated by PFC up to 8.5 °, 14.5°, 6.1°, 13.5°, 8.8°, and 

8.5° Brix from the initial concentration of 3.5°, 12.1°, 3.4°, 6.4°,7.2°, and 5.7° Brix 

respectively. Coconut water achieved the highest yield (73.56 %), concentration ratio 

(2.42) and the lowest ice phase concentration (0.7°).  The partial melting method was 

applied to recover the initial ice fractions with high solute concentrations to improve the 

yield. The concentration properties of PFC liquids were compared with rotary 

evaporated (RE) liquids. RE products achieved the highest yield, highest concentration, 

and the lowest Vitamin-C content compared with PFC products. The flavor profiles of 

original liquid and reconstituted PFC and RE concentrates were analyzed and PFC 

achieved the highest flavor quality with minimal damage to the flavor profile. Coconut 

water was selected as the best liquid to develop a  PFC ready to drink product. To find 

out the best preservation method; the properties of a treated product by UV-C radiation 

(33 kJ L
-1

) and ultrasonication (20kHz, 30 min) were compared with thermal 

pasteurization (85 °C for 10 min and sterilized at 121 
0
C, 30min). Analyzing the results 

of TSS, pH, conductivity, and microbial reduction level and deterioration factor of 

Vitamin-C content, UV-C light was selected as the best pasteurization method for PFC 

coconut water.  The UV treated PFC coconut water product was microbiologically safe 

within 9 weeks of storage period at 4 °C ±1 °C temperature. The developed product 

contains 91% moisture, 2.5 % total sugar, 0.002 % of fat, 0.19 % of protein, 1.4 mg/100 

g of vitamin-C with 269.53 mg/100 mL of total minerals content.  

Keywords: Progressive freeze concentration (PFC), Partial ice melting, Liquid food 

concentration, UV-C radiation, Rotary evaporation 


