
was held in the dump-tank for 5 min; then the tomatoes 

were spray-washed and waxed with a petroleum-based 

commercial tomato wax. Tomatoes were exposed to 500 

ppm ethylene for 3 days to promote color development 

and held at 70°F (21 °C) for 3 weeks to simulate ripening 

and marketing. 

Table 1. Average incidence of bacterial soft rot in tomatoes after 3 

weeks at 70°F (21 °C) as influenced by the temperature and 
bacterial contamination of water in the dump-tank (average from 

5 packinghouses). 

Bacterial 

concn (cells/ml) 

0.0 

3.5 x 102 

7.0 x 102 

1.4 x 103 

2.8 x 103 

Incidence of decays 

60°F 

(15.6°C) 

(%) 

3.6 

8.0 

14.4 

20.4 

16.4 

90°F 

(32.2 °C) 

(%) 

2.8 

13.2 

20.0 

21.6 

27.2 

zDecay incidences at different water temperatures and bacterial concns 

were significant at the 5% and 1% levels, respectively. 

Twice a week, the tomatoes were inspected and the 

decayed fruit removed to prevent secondary infection. Data 

were recorded as percentage of fruit decayed during the 

holding period. 

Results and Discussion 

The incidence of bacterial soft rot in tomatoes exposed 

to contaminated water was higher than in controls, which 

were exposed to uncontaminated tapwater only (Table 1). 

The level of contamination also influenced the incidence 

of soft rot, ranging from 13.2% when tomatoes were exposed 

to 90°F (32.2°C) water contaminated with 3.5 x 102 cells/ 

ml to 27.2% when the bacterial suspension was 8 times as 

high-
Maintaining the dump-tank water at 90°F (32.2°C) did 

not prevent the development of bacterial soft rot. In fact, 

at all levels of water contamination, incidence of soft rot 

was greater at 90°F than at 60°F (Table 1). Also, examina 

tion of tomatoes exposed to 60°F (15.6°C) water revealed 

no skin cracks or other detrimental effects after the 3-week 

holding period. 

These data show that heating the dump-tank water 

above the temp of the tomatoes does not help prevent 

decay and may actually be detrimental if the water is not 

otherwise treated to reduce bacterial contamination. This 

unnecessary heating also increases the cost of operation. 
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Abstract. Kent mango fruits harvested at physiological 

maturity were stored at 8, 10 and 13°C and 85-90% RH for 
10, 16 and 22 days and subsequently transferred to ripening 
at 25C and 85-90% RH. Physiological loss in weight was 

less in fruits stored at lower temp and higher in those stored 
at higher temp. Respiratory trend of refrigerated fruits 
showed an extended predimacteric trough lasting through 
out the storage period until they were transferred to condi 
tions for ripening. Chilling injury of fruits occurred in all 
temp tested regardless of the length of storage, the mani 
festation of the injury being more severe when transferred 
to ripemng conditions. Refrigerated storage prior to ripen 

ing reduced the rate of ripening followed by inhibited 

Proc. Fla. State Hort. Soc. 90: 1977. 

formation of sugars, carotenoids and flavor as corroborated 
by chemical analysis and organoleptic evaluation. It was 

concluded that temp below 13°C were critical in the de 

velopment of chilling injury in Kent mango fruit. 

One of the methods commonly used to extend the 

storage life of fresh fruits and vegetables is to employ 

refrigeration which retards the metabolic processes con 

trolling the post harvest changes in respiration and ripen 

ing. In the case of mango however, there is a controversy 

regarding the benefits of refrigeration in extending the 

storage life. Mango is a highly perishable tropical fruit 

and use of refrigeration to extend its short storage life 

presents serious problems. Movement of fruits to distant 

markets is therefore achieved by costly air transport. 

Cool storage of mangos has been the subject of study 

all over the world since the turn of the century. Seveial 

workers have reported the advantages or disadvantages of 

refrigeration in extending the storage life of mangos 

(2, 8, 10, 16, 19, 23, 24) grown in India and other tropical 

countries. Unfortunately, the existing literature on the re 

frigerated storage of mango cultivars from Florida and 

Mexico is very scanty. The most serious disadvantage of 

refrigeration in extending the storage life of mangos is 

the incidence of chilling injury caused even at the so-

called optimum temp (7, 17). Symptoms of chilling injury 
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Fig. 1. Respiratory pattern of mangos ripened at 25 °C and 85-

90% RH soon after harvest. 

ing the climacteric maximum on the ninth day and sub 

sequently declined at the stage of edible ripeness. In con 

trast, the fruits stored under all the refrigerated tempera 

tures showed an extended trough of preclimacteric mini 

mum lasting throughout the period of storage. Subse 

quently when the fruits were transferred to ripening condi 

tions a rapid increase in respiratory activity occurred. This 

sudden increase in the evolution of CO2 (Figs. 2-4) would 

normally be considered to be the respiratory climacteric 

associated with ripening. However, the increase occurred 

well before the fruits were considered ripe by visual 

examination and chemical analysis (see below) and there 

fore attributable to the effect of the refrigerated storage 

treatments. 

Ripening. The ripening indices of mangos stored at 

different temp for various periods are given in Table 3. 

Fruits which were ripened at 25°C immediately after harvest 

^removed 

13 15 17 19 

Days after harvest 

21 23 25 27 29 

Fig. 3. Respiratory pattern of mangos stored at 10°C and 85-90% 

RH for various periods and then ripened at 25°C. 

showed 82% ripe fruits at the end of 10 days, while those 

stored at 8°C for 10, 16 and 22 days and subsequently 

ripened at 25°C showed only 64, 56 and 52% ripe fruits 

at the end of 16, 24 and 30 days respectively. As the storage 

temp increased there was a slight increase in the per 

centage of ripe fruits. Among all the storage temp, T-7 and 

T-8 showed a maximum of 76% ripe fruits. Generally, 

after removal to conditions of ripening, the refrigerated 

mangos developed chilling injury symptoms, failed to ripen 
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Fig. 2. Respiratory pattern of mangos stored at 8°C and 85-90% 
RH for various periods and then ripened at 25°C, 
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Fig. 4. Respiratory pattern of mangos stored at 13°C and 85-90% 

RH for various periods and then ripened at ?5°C. 
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Table 3. Ripening (%) index of mango 'Kent' stored at different temperatures for various periods and subsequently ripened at 25°C. 

Treatment 

Control 

T-l 

T-2 

T-3 

T-4 

T-5 

T-6 

T-7 

T-8 

T-9 

10 

GF 

9 

71 

70 

66 

days 

1 

9 

29 

30 

34 

R 

82 

0 

C 

0 

14 

GF 

22 

12 

0 

days 

T R 

observation 

50 

52 

24 

28 

36 

76 

16 

GF 

> days 

T 

terminated 

16 

69 

4 

63 

62 

20 

31 

28 

37 

38 

R 

64 

0 

68 

0 

0 

22 

GF 

20 

12 

8 

days 

1 

44 

52 

16 

R 

36 

36 

76 

24 

GF 

8 

54 

8 

52 

35 

days 

T 

28 

46 

32 
48 

65 

R 

56 

0 

60 

0 

0 

28 

GF 

30 

24 

10 

days 

T 

55 

50 

28 

R 

15 

26 

62 

30 

GF 

16 

9 

days 

T 

3? 

34 

R 

5? 

57 

^Average of three replicates of 50 fruits each. GF = green, firm; T = turning; R = ripe. 

uniformly and became over soft resulting in spoilage within 

3-4 days. These ripe fruits were substandard in quality 

compared with those which were ripened directly at 25°C 

and were not suitable for either table use or processing. 

Effect of refrigerated storage on chemical constituents. 

Mango fruits subjected to ripening at 25°C soon after har 

vest showed a well balanced acid : sugar relation (0.18 and 

14.62% respectively) and an excellent external color with a 

bright orange yellow pulp color due to a high concentra 

tion of carotenoids (5560 /Ag/100g). By comparison, 

mangos stored at 8°C for 10, 16 and 22 days before subse 

quent ripening showed higher acidity with significantly 

lower sugars and carotenoid levels and increased Vitamin 

C contents. Similar changes in chemical constituents were 

noted in mangos stored at 10 and 13°C (Tables 4-6). A 

close correlation was observed between the temperature of 
storage and the levels of the measured chemical constituents. 
Thus, the lower the temp and the longer the duration of 
storage, the higher the acidity and the lower the levels of 

sugars and carotenoids. These fruits were dull both ex 
ternally and internally, poor in flavor and in other organo-
leptic qualities. 

Table 4. Changes in chemical constituents in mango 'Kent' during storage for various periods at 8°C; 85-90% RH and subsequently ripened 
at 25 °C; 85-90% RH. 

Conditions of storage and ripening 

Moisture 

(%) 

81.9 

79.7 
81.8 

80.9 

81.6 

81.2 

81.2 
79.5 

Tot. 

acid 

(%) 

0.33 

0.18 

0.49 

0.30 

0.35 

0.30 

0.81 

0.96 

pH 

4.6 

5.2 
4.5 

4.7 
4.6 

4.7 
4.3 

4.2 

Vit. C 

(mg/lOOg) 

18.6 

21.8 

25.1 

76.6 

56.7 
80.0 

60.0 

80.0 

Sugars ( 

Red. 

3.68 

2.76 

3.12 
2.83 

4.93 

3.12 

3.75 

3.19 

%) 

Tot. 

5.24 

14.62 
6.75 

11.45 

6.25 

10.90 

6.20 

8.94 

Carotenoids 

<A*g/100g) 

308 

5560 

557 

2285 

482 

1942 
374 

1428 

Initial analysis (1 day after harvest) 

Same ripened at 25 °C & analyzed after 10 days 

Stored at 8°C & analyzed after 10 days 

Same ripened at 25 °C & analyzed after 6 days 

Stored at 8°C & analyzed after 16 days 

Same ripened at 25 °C & analyzed after 8 days 

Stored at 8°C & analyzed after 22 days 

Same ripened at 25 °C & analyzed after 6 days 

^Analysis of file pulp of mango 'Kent' expressed as averages of four replicates on fresh weight basis. 

Table 5. Changes in chemical constituents^ in mango 'Kent' during storage for various periods at 10°C; 85-90% RH and subsequently ripened 
at 25 C; 85-90% RH. 

Conditions of storage and ripening 

Moisture 

<%) 

81.0 

76.6 

81.6 

79.8 

81.2 
80.1 

Tot. 

acid 

<%) 

0.54 

0.27 
0.40 

0.34 

0.98 

0.68 

PH 

4.4 

4.7 
4.5 

4.6 

4.2 
4.3 

Vit. C 

(mg/lOOg) 

32.4 

102.7 
92.9 

70.0 

65.0 

88.0 

Sugars ( 

Redu. 

3.15 

3.08 

4.90 

3.44 

4.74 

4.23 

Tot. 

7.56 

11.10 

6.85 

10.73 

6.56 

9.35 

Carotenoids 

(Pg/100g) 

631 

2806 

549 

2680 

284 

2113 

Stored at 10°Cj& analyzed after 10 days 

Same ripened at 25 °C & analyzed after 4 days 

Stored at 10°C ,& analyzed after 16 days 

Same ripened at 25°C & analyzed after 8 days 

Stored at 10°C & analyzed after 22 days 

Same ripened at 25 °C 8c analyzed after 6 days 

^Analysis of the pulp of mango 'Kent' expressed as averages of 4 replicates on fresh wt basis. 

Table 6. Changes in chemical constituents^ in mango 'Kent' during storage for various periods at 13°C; 85-90% RH and subsequently ripened 

Conditions of storage and ripening 
Moisture 

Tot, 

acid Vit. C Sugars (%) Carotenoids 
pH 

4.4 

4.5 

4.4 

4.5 

4.1 

4.4 

(mg/lOOg) 

40.6 

72.8 

111.1 

80.0 

60.0 

615.0 

Redu. 

4.36 

4.01 

4.14 

3.13 

4.14 

3.97 

Tot. 

9.25 

12.68 

9.21 

12.32 
8.79 

9.56 

(fig/10C 

1277 

3760 

825 

3195 

390 

2314 

Stored at 13°C & analyzed after 10 days 

Same ripened at 25 °C & analyzed after 4 days 

Stored at 13°C & analyzed after 16 days 

Same ripened at 25 °C & analyzed after 6 days 

Stored at 13°C & analyzed after 22 days 

Same ripened at 25 °C & analysed after 4 days 

81.6 

80.1 

81.8 

79.7 
79.3 

80.9 

0.54 

0.43 

0.54 

0.47 
1.03 

0.55 

^Analysis of the pulp of mango 'Kent' expressed as averages of 4 replicates on fresh wt basis. 
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Chilling injury. Fig. 5 shows graphically the develop 

ment of damage through chilling injury after storage for 

10, 16 and 24 days at each temp. On the tenth day of 

observation, chilling injury to fruits was negligible in all 

of the refrigerated temps. When these fruits were trans 

ferred to ripening conditions, chilling injury symptoms 

developed to a level of almost 50% within 6 days. Mangos 

stored for 16 days at 8, 10 and 13°C and then ripened 

showed, respectively, 76, 74 and 72% chilling injury after 

6 days. Finally, mangos refrigerated at 8, 10 and 13°C 

for 22 days when transferred to ripening showed, re 

spectively, 98, 90 and 85% chilling injury. In other words, 

the incidence of chilling injury increased proportionately 

with a decrease in the temp of storage and an increase in 

the length of the storage period. 

so 

o 

too 

i 

i ioo 

50 

I3*C 

0 10 14 16 22 24 

Days of tor hcrvtit 

Fruits ttortd for 10 days 

Fruits stored for 16 days 

Fruits stored for 22 days 

Fig. 5. Extent of chilling injury in mango fruits stored at different 
temp for varying periods and then ripened at 25 °C. 

Chilling injury in the fruits was observed as greyish 

depressed spots which later coalesced to form black patches 
(Fig. 6). In most cases although the injured areas did not 
penetrate deep into the pulp (Fig. 7) its color was con 
siderably affected. 

Several theories have been proposed for the mechanism 

of chilling injury in fruits and vegetables (5, 6, 14, 15, 19, 

20) and 2 of them are worth mentioning in this context. 

One theory suggests that it is the production of certain 
toxins under critical conditions of storage which on 

accumulation induce irreversible changes in metabolism. 

The other proposes that the physical effect of exposure to 

refrigerated temperatures triggers some abnormal reactions 

which influence adversely protoplasmic consistency and 

cellular or mitochondrial membrane permeability result 

ing in irreparable damage to the ripening mechanism. At 

present, it is not yet clear in mango whether the physical 

effect of exposure to chilling temp preceeds or follows the 

toxin formation and accumulation. 

Proc. Fla. State HorL Soc. 90: 1977. 

Fig. 6. Appearance of chilling injury in cold stored 'Kent' mango 
during ripening at 25 °C. 

Fig. 7. A section of a chill injured 'Kent' mango showing depth 

of tissue damage. 

Clearly then, all of the refrigerated temp chosen here 

resulted in chilling injury to the mangos irrespective of 

the duration of storage. The critical temp was probably 

close to 13 °C. Further experiments are contemplated utiliz 

ing temperatures above 15°C to determine optimum storage 

conditions for enhanced storage life whilst avoiding chilling 

injury. 

Literature Cited 

1. Anon., 1966. Methods of Vitamin Assay. The Association of Vitamin 

Chemists Inc. 3rd Ed. 97 p. 

2. ASHRAE. 1968. Guide and Data Book. Commodity storage re 
quirements. 455 p. 

3. Association of Official Analytical Chemists. 1970. Official Methods 

of Analysis. 11th Ed. Washington, D. C. 

4. Chattpar, H. S., A. K. Mattoo and V. V. Modi. 1971. Biochemical 
studies on chilling injury in mangos. Phytochem. 10:1007-1009. 

5. Fidler, J. C. 1968. Low temperature biology of food stuffs. Ed. J. 

Hawthorne, E. J. Rolfe. Rec. Adv. Fd. Sci. 4:271-283. 

6. , and D. G. Coursey. 1970. Low temperature injury 
in tropical fruits. Trop. Prod. lnst. Conf. Proc. (London). 1969. 103-

7. Fuchs, Y., G. Zauberman, M. Schiffman Nadel, U. Yanko and 
5. Homsky. 1972. Experiments to increase the keeping quality 
of mango fruit. Prelim. Rep. 736. The Volcani Institute of Agri 
cultural Research. Division of Scientific Publications. P.O. Box 
6. Bet Dagan, Israel. 

8. Harding, P. L. and T. T. Hatton, Jr. 1967. Mangos at their best. 
Intl. Symp. Subtrop. Trop. Hort. Proc. 137-146 p. 

9. Hodge, J. E. and H. A. Davis, 1952. Selected methods for 

209 



determining reducing sugars. U.S. Dept. Agr., N.R.R.L., Peoria, 

Illinois. 13 p. 
10. Kirpal Singh, K., N.S. Kapur and P. B. Mathur. 1954. Further 

studies on the cold storage of mangoes. Indian J. Agri. Sci. 24: 

Part II. 137-142. 
11. Lakshminarayana, S., M. Muthu and R. N. Lingiah. 1974. Modi 

fied continuous gas stream method for measuring rates of respira 

tion in fruits and vegetables. Lab. Pract. 23:(12):709-710. 
12. , and H. Subramanyam. 1970. Carbon dioxide injury 

and fermentative decarboxylation in mango fruit at low tempera 

ture storage. /. Fd. Sci. Tech. 7(3):148-152. 
13, t and . 1971. Control of microclimate in cold 

storages for tropical fruits with reference to mango. Climate Con 

trol. 37-40 p. 
14. Lyons, J. M. 1973. Chilling injury in plants. Ann. Rev. Plant 

Physiol. 24:445-456. 
15. Mattoo, A. K. and V. V. Modi. 1970. Biochemical aspects of 

ripening and chilling injury in mango fruit. Trop. Pro. Inst. 

Conf. Proc. (London). 1969. 111-115. 
16. Ruehle, G. D. and R. B. Ledin. 1955. Mango growing in Florida. 

Univ. Fla. Agri. Expt. Sta. Gainesville, Florida. Bull. 475. 
17. Sadasivam, R., S. Muthuswamy, J. S. Sunderaraj and Vinodini 

Vasudevan. 1971. Note on chilling injury in mango (Mangifera 

indica L) fruits in refrigerated storage. Indian J. Agri. Sci. 

41(8):715-716. 

18. Saucedo Veloz, C. and S. Lakshminarayana. 1977. Efectos de 
diferentes temperaturas de almacenamiento en la maduraci6n de 
mangos (Mangifera indica L) :var. Manila. Chapingo. Nueva Epoca. 

No. 3:27-36. 

19. Shill, A. G. 1934. Report of the Marketing Officer, Trinidad. Oct. 

1932-June 1934. 21-24 p. Port of Spain, Govt. Printing Office. 

20. Smith, W. H. 1958. Reduction of low temperature injury to 

stored apples by modulation of environmental conditions. 

Nature. 181:275. 

21. Subramanyam, H., Shantha Krishnamurthy, N. V. Subhadra, 
N. V. N. Moorty and S. Lakshminarayana. 1974. Studies on low 
temperature breakdown in mangos. 27th National Refrigeration 

Congress. Central Food Technological Research Institute, Mysore-

570013, India. 

22. Thomas, P. 1975. Effect of post harvest temperature on quality, 
carotenoids and ascorbic acid content of Alphonso mangos on 

ripening. J. Fd. Sci. 40(4):704-706. 

23. Thompson, A. K. 1971. The storage of mango fruits. Trop. Agri. 

(Trinidad). 48:63-70. 

24. Wardlaw, C. W. and E. R. Leonard. 1936. The storage of West 

Indian mangos. Low Temp. Res. Sta., Imperial Coll. Trop. Agr., 

Trinidad. Memoir 3. 

210 Proc. Fla, State Hort. Soc. 90: 1977. 




