
I The freezing of mango slices 
(Mangifera indica var. Kensington) 

I 'Kensington' mango slices were frozen with sucrose syrup, with dry sucrose and without sugar 
addition, using blast freezing at -30TC, and still air freezing at -18°C. According to taste panel 
assessment, slices frozen in syrup were best. A syrup strength of 200 g/L was sufficient to 
produce a high quality product. The blast-frozen slices had a higher texture score than the still 
air-frozen slices. 

m e  annual production of 'Kensington' mangoes (Mangi/era 
jndca !par. Kensingbn) in Queensland, currently at 3100 t, is 
mpctcd to rise lo 31 000 t by 1996 (Luxton 1981). Currently. 
20% of the cmp is processed as puke (Bradley, pers. commun.) 
and this proponion is likely to remain constant. Frozen mango 
slices may well find a good market, utilising the expffted 
increased production. 

Mango slices have been frozen in syrup, with dry sugar, and 
without sugar addition. Om and Miller (1955) compared the 
freezing quality nf 19 Hawaiian mango varieties in sucrose syrup 
(200-350 g/L), with dry sucrose, and as pu*e, with and without 
added ascorbic acid. The syrup packs had the best quality, with 
203 g/L being preferred lo higher concentrations, although the 
ratio of fruil to syrup was not reported. Ascorbic acid addition 
did not affect quality. Leverington (1957) compared 
'Kensington' mangoes frozen in a hcavy sucrose syrup (500 g/L) 
with a 2:l ratio of  fruit to syrup, in dry sucrose (?I), and as 
mango purfe with added sugar and gelati=. All products were 
found to be attractive. Gorgatti Netto, Bleinroth & Lazzarini 
(1973) rroze 'Haden' mango slices in sucrose and glucose syrups 
(250-450 d L ) ,  with a fruit to syrup ratio of 2:I. Syrup 
concentration had no effect, but sucrobe was preferred to glucose, 
and ealcium chloridc addition (700 mg/L) marginally improved 
quality. Brekke el a/. (1975) froze five Hawaiian mango varieties 
in sucrose syrup (350 g/L), wit11 dry sucrose, and as puke. The 
syrup packs had the best flavour, but tertural differences between 
the syrup and. dry sugar packs were only slighL Cookc el a/. 
(1976)reponed thal 'Alphonso' mango s l i m  frozen in 400 g/L 
sucrose s y r u ~  had a better flavour than those fmzen in 200 g/L ~. 
syrup. 

Several rnaneo freezine methods have been recotled. In 
comoarine o l a t e u f m i n t . - a i r - ~ a s t  freezine and 'oolvnhase - c ~ ~~~ 

~~ - -~ ~~ 

free&, kvenngton (167) noted thal [he last mclhod resu.ted 
in the best appcarancennd lestutr Co>ke rral (1976) comp:rml 
domestic deep freezing, air-blast freezing, and cryogenic freezing, 
and found quality was unaffected by freezing rite. 

Despite these studies, information about the optimum 
freezing technique for 'Kensington' mangoes is incomplete. No 
recenlrcsearch an Queenrland fruit has been published. The aim 
of this work was to study the effect of pack style, syrup 
concentration and freezing method on the sensory quahty of 
frozen 'Kensington' mango slices. 

Materials and methods 
Harvesting 
Unripe 'Kensington' mangoes were harvested at weekly intelvals 
over 2 seasons (December 1980, and November and December 
1981) fiom the Bawen Horticulrural Research Station in north 

Queensland. Packed in cardboard canons the fruit were 
transpotled by rail to the laboratory in Brisbane. 
Ripening 

The Fruit was dipped in the fungicide Benomyl (I g/L) at 
52'C for 5 min to prevent anthracnose development(Muirhead 
1976) and then ripened in an ethylene gar atmosphere (100 pL/ 
L) (30°C, 90% relative humidity) according to Bradley and 
Scudamore-Smith (pers. camrnun.). Ripeness was judged 
subjectively by assessing softness of individual fruit twice daily. 
Ripe fruit were removed and stored a t  30°C until processed. 
Pack stylec and syrup concentration 

The fru~t were wsrhal and the broad s1d2s (checks) cul from 
I11r ,ccd *rth 0 skom knife, s l ~ r r d  lonn~tud~mllv (20 mm width) 
and peel removed. Fruit were packedln three Gyles: as slices in 
sucrose syrups, slices with dry sugar, and as individually quick- 
frozen (IQF) slices. 

Slices in syrups were packaged in rectangular PVC trays (500 
g capacity). Fruit fill weights for the syrup packs were 313 g and 
400 g to give 5:3 and 4:1 f r u ~ t  to syrup ratios respectively. 
Sufficient sucrose syrup (300 gJL in the 1980 trial, and 100,200, 
300 or 400 g/L in 1981) was added lo give a total fill weight of  
500 g Thc fruit to syrup ratin was constant a t  5:3 in the 1981 
exoeriment. 

The dry-sugar packs (500 g 611 weight) were prepared from 
f ~ i t  slices gently mixed with sugar in the ratio 7:1 or 15:L. 
IOU rlilms -=- ------ 

IQF slices were frozcn without sugar or syrup addilion on 
wire mesh tray% before packaging in  PVC trays. Packs wcre 
closed with PVC lids. 
Freezing methods . 

Fruit were frozen in both still and moving air. The slices in  
syrups and slices with dry sugar were frozen aftel packaging, 
while IQF slices werc frozcn before packaging Still freezing was 
carried out at -18°C for 2 h (IQF packs) and 7 h (all other packs). 
Blast-frcezing was carried out in a pilot-scale crossdrafi blast 
freezer (-30°C. air velocity 5 m/sec). The residence times were 20 
min (IQF packs) and 1 h (all other packs). The sampler were 
transferred to a room a t  -18°C and stored for 3 months before 
assessment. 

Statistical designs 
Optinzal pack style 
T h ~ s  experiment was designed as a randomised block layout 
comorlslna 10 treatments reolicated over 3 harvest times. The 
trw;mcnts-were parlitioned'lactor~all) uolh 5 pack rt!lrs (5:3 
syrup, 4 1  syrup, 7:l d o - s u u r ,  15.1 o r ) - s ~ g a r a n d  IQO, and 2 
frco!ng nl:.lhods (st111 boczlng 31 -18'C and blasl-frezzind at 
-?n3c,  -" -,. 
Optimal syrup concentration 

This experiment was also a randamised block layout w ~ t h  8 
treatments replicated over 4 harvest times. The treatments were 
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partitioned as a factorial of 4 syrup concentrations (100,200, 300 Table 1. Scores* oitheefffft of pack styleon frozen mango 
and 400 g sugarjL) and 2 freezing methods (still-freezing at slices 
-18°C and blast-freezing at -30°C). 
Orgmnoleptic assessmeah General 

PadiStylo Appmmnce Flavour Textme acceptability 
The frozen slices were thawed overnight at 5'C and 

evaluated for appearance, flavour, texture and genela1 Slicer insyrup 
c5:q acceptability. A taste panel of 15 adults selected from laboratory Slices,nsymp 1.4a 6 . l h  5.9ac 6.0ab 

staff rated the samples on a 9-point hedonic scale, where I = (41) 6.6ab 6.3ac 6.4a 6.3a 
dislike extremely, 5 = neither like nor dislike, and 9 = like Slicer with sumr 
extremely. The panelists were familiar with taste panel (7:l) . 4.3~ 6.7ab 5.6k 5.7ab 
Cechniques but were not trained in mango quality assessment. At S1iceswlLhsugar 

(15:l) 4.lc 6.8a 5 . 3 ~  
each session, 4 samples (served at ambient temperature) were r ~ ~ ~ l i ~ ~ ~  

55b 
6.0b 5.3d 6.Iab 5 4 b  

evaluated by the panel. Taste panel data were interpreted by Standard ermr 0.3 0.2 0.2 02 
analysis of variance, followed by least significant difference 
testing at the P40.05 level. *MennxoresqllS~neIisIs 

M ~ n r ~ l I a v e d h ~ o r a m m a n  ld!0r0reno(rign;ficonllydflerenr ( ~ c 0 . 0 5 )  

Results 
There wen! no s~gnificanl intencrions ktwcen fnrzing method 
and pack styleor freezine mclhodsnd syrupconcentralion. Main 
effects only have been tabulated. 
Effeet of pack style 

Mean scores for the various pack styles are shown in Table I .  
Genernl acceplobilily 

The 4:l syrup pack received a higher general acceptability 
score than the dry-sugar and IQF packs (PiO.05). 
Appearance 

The syrup packs and IQF packs received significantly higher 
scores (PiO.05) than the dry sugar packs for appearance. 
Flavour 

The dry-sugar packs and syrup packs recc~ved significantly 
higher flavour scores (Pi0.05)  than the IQF pack. 
T G u n  

The 4 1  syrup pack was scored significantly above the dry- 
sugar packs (Pi0.05)  for texture. The IQF pack also received a 
higher texture score than thc 15:l dry-sugar pack (PiO.05). 
Effect of freezing method 

Taste panel means for freezing methods are shown in Table 2. 
General &eptabilify and qppmrance 

Freezing method. did not significantly affect general 
acceptability and appearance s w x s .  
Flavour 

The flavour scores of treatments frozen in still air were 
significantly higher (P40.05) than the blast frown packs in I981 
but not in 1980. 
Terrure 

The texture swres of the blast-frozen packs were 
significantly higher than those of the still-frozen samples 
(PiO.05). 
Effect of syrup concentration 

Taste panel means for the various sugar syrup concentra- 
tions are shown in Table 3. 
General acceplabilily, Jlavour and texture 

The 100 g/L syrup treatment received significantly lower 
flavour, texture and general acceptability scores (P40.05) than 
the other syrup treatments 
Appearancz 

Syrup strength had no significant effect on appearance scores 
(PiO.05). 

Discussion and conclusions 
The results indicate that mango slices frozen in syrup yielded a 
product of higher general acceprability than slices packcd with 
dry-sugarand IQFslices. Thisagrees with the findings ofOrr and 
Miller (1955), Leverington (1957) and Brekke et a/. (1975). The 
results also show that lOOg/L syrup concentration is too low, 
2W g/L is satisfactory and 300 and 4M)g/L give no improve- 
ment on 200 g/L syrup. These findings agree with earlier work 
(Orr & Miller 1955) but differ from the results of Cooke el al. 
(1976) who reponed a flavour preference for 400g/L SYNP 
concentration. The discrepancy is possibly due to varietal or 
ripeness d~fferences or  varying taste panel preference. 

The dry-sugar paeks had a ragged slice apparance 
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use of the effect of mixing the slices with sugar 
ys~cal damage and osmotic changes. O n  and Miller 

,ported a similar finding and concluded that osmotic 
responsible for the inferior ap-nu: of fruit frozen 

sugar. The ratio of  fruit slices to syrup a r  sugar was not 
have any effect on quality in this work, although O n  

erse textural changes with a high rate 
compared to lower ratios (8;l and 
low flavour score which may have 

the lack of cover syrup prptcction. Woodroof and 
d out that packing frult + s p u p  excludes air, 
effects on mlour, flavour and texture. 

Fmzlng methods aKected texture and flavour scores, 
although the magnitude of the differences was small. The overall 
efect on general a a x p i a h ~ l ~ t y  was not significant. This is in 
general agreement with the findings of Cooke el a[. (1976). The 

1 higher flavour scores of the still-frozen packs (in the 1981 trial) 
!. ,,,ay have been due to better equilibratian of the fruit with the 
' during the slow freezing. Overall, this work indicates that 

~ u m s l a n d  'Kensington' mango slices should be frozen as slices 
in sucrose syrup (200 gjL) for optimum Sensory quality and that 
Jti~l-freezing and blast-freezing are equally acceptable. 
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