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Important of postharvest technology of

papaya fruit for exporting

Shu-Jung Chang and Ching-Chang Shiesh

SUMMARY

The fruits harvested in March occurred heat injury and abnormal ripening
after vapor heat treatment. Hydrocooling with 1°C cold water caused scald
in peel of papaya fruit after vapor heat treatment, and with 27°C water
caused severe decay. After vapor heat treatment, the fruits were stored
at 15°C, 18°C, 21°C, and 24°C, respectively. Increasing the storage
temperature decreased the time of softening. The incidence of decay was
higher when the fruit was held at higher temperature. Hot-water immersion
could decrease the rate of decay. Complete ripening occurred after 56 hours
at 30°C, 84 hours at 25°C, Tdays at 20°C, and 10 days at 15°C, respectively.
Ripening temperature at or over 33°Ccaused abnormal ripening, as poor
coloring and hard pulp. The fruits ripened at 30°C for 24 hours were
transported at 1°C, 3°C, 6°C, 9°C, 12°C, and 15°C, respectively, for 7 days
and there was no significantly different in fruit quality among the
transportation temperature from 3°C to 15°C, but faster softening was

occurred in higher temperature.
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TRIEEBE (K1) REBRELEACHAHRASBAE L8 REL aMER
K BrAREBENIRGEE -  READMIRK > BrHFREEAwHRBE d&
HARHNERS  FRTESERALHRE REAZRFARERYRBRESLS
MERRBELZR - ARARKYT & AHRE%A RE > RA Tk B
AREZRAF F%k -

kL ABRREH RCTHRA T RARELHAZ GRS EANRERAH
b REABEGBE -
Table 1. Effects of vapor heat treatment on the peel color, firmness, and total soluble
solid(TSS) of ‘Tainung No.2’ papaya fruits stored at 12°C for 7 days and then
ripened with CaC; at 30°C for 3 days.

Peel color’ Firmness TSS
Treatments o
L a* b* C H N) (°Brix)
Control 559a* 89a 453a 462a 79.0b 23.8b 84a

Vapor heat(lot 1) 53.6a 43b 399b 402a 83.7a 36.8a 82a
Vapor heat(lot2) 52.0a 54b 39.1b 396a 820a 33.1a 8.6a

“ Mean separation within column by Duncan’s multiple range test at p=<0.05.
Y L= lightness; C= chroma, (a’ + b%)"%; H= hue angle, tan™ (b/a).

(=) A#BAHKBH R FAARETZEZILE

BEABREEZRFNAGIRKBHEANRERAORE - F THAET
ZRBPAKIE  AYE B AR FAER] o R 0CARAKESS 16 548 RCBE
2 30C »2TCARAS 1O s RBERFZE 30T - RELACFHKZI X
#oREBELAERCHEHABRELZRE (CAREARESHEMAR HEARS
B A ET o 2TCAKRALE  ARTIMBRERABERY 2 g - RAREZ
RNBECRBELZE RABRESREEZAT M ICRARESEERSA (X
2) 0CHAREEA A% HRFE AR 2TCRAREHF 60% B R%H B %
W ALPT R R IR R RN A B EAE OIUT -
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Table 2. Effects of hydrocooling temperature on the peel color, pulp color, total soluble
solid(TSS), and stem-end rot of ‘Tainung No.2’ papaya fruits after ripened
with CaC; at 30°C for 3 days.

Hydrocooling Peel color” Pulp color” TSS  Stem-end Peel’
temperature L C H L C H (Brix) rot(%) scald
0°C 619a* 55.1a 724a 47.0a 52.8a 47.6a 108a 40.0 +
27°C 626a 57.8a 70.0b 49.0a 51.8a 49.4a 10.0b 60.0 —
“ L= lightness; C= chroma, (a”+ b*)"”*; H= hue angle, tan” (b/a)

¥ + = serious scald on peel surface; — = no scald symptom.

* Mean separation within column by Duncan’s multiple range test at 5% level.

(Z) WEEBAEH SR-% SANARTSEZIVE

AL ORFEZBE  FEELHRZ SRR FARARE  ARS
FEBET BMERTSERATERSEE BRAEANRTARRESL > B
FAREBERB REBERBRAFABERSBEQAROMEE (£3) WAE
BE HERLS eHARBORET @15 18 R2ICHAT X214 RAR
B 196. AN BRR R A S B RILIF R - R 24CHA T X% > RAR T &1L -
R 24. 8N BTk T R AR & RIDE A R R H K 7% 69 8 B sk 30 8 18°C
P B EE 100% - £RAR%RY & 0 BEMZRERRET °

FREBEN2ICTER2 R REBERRTREABLERSARER
5% (R3)  RARETFTRBRRITABELSHAURE QKNG ES 25 KT
FHARABIATRY  ARAFENREL LG I5CHBELE A OBRERE Y
A23® 196.4N; 18CH A > A T MRETAE HAL® 196. 4N 21°Coridd » # 4
PBRTREHAEB 196. 4N 24CoridE > A SR T AE HA218 196. 4N & 15~
18 Z2ICHALEEL MERBELE » & UCHALWERE » BEBRIK
9. 4Brix - B BLERNBZ A ERESARBARAFBRABMBHER - £
RRRKT @ BEMIREEALE -
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Table 3. Effects of storage temperature on the peel color, firmness, total soluble

solid(TSS), and decay of ‘Tainung No.2’ papaya fruit treated with vapor

heat.
Storage temperature Peel color” Firmness TSS  Decay’
(C) L C H ™) (°Brix) (%)
Storage for 7 days
15 41.0¢* 163c¢c 913a >1964 ND 15.0
18 46.2b 258b 89.1a >1964 ND  100.0
21 394c¢ 164c 915a >1964 ND 36.8
24 632a 549a 735b 24.8 9.8 35.0
Rewarmed at 23+3°C for 2 days following storage
15 439¢ 23.7¢ 87.0a 525a 102a 44.4
18 58.1a 459a 79.7b 302b 10.0ab 100.0
21 479 b 294b 87.7a 58.8a 10.1a 30.0
24 594 a 510a 70.8c¢c 21.0c 94b 1000

* L= lightness; C= chroma, (a*+ b")"*; H= hue angle, tan™ (b/a).
¥ Anthracnose and stem-end rot.
* Mean separation within column by Duncan’s multiple range test at 5% level.

(@) BHREH GR-K FAARTLEABHMZIYE
HRERAREIBATARET  RURBSRELZRTHREL M
o EARANREAABREBGARBERFTRESL (R4) $REAREHH
Rfgp wEOSATERERE TRZIRT  HHARGERERLBETRY > 3
PRGEREZRETTHERBsE > 4o 50.0C FTAS 40 24869 KRE - 52.5°C FA2
i@ 10 4eey R ~ 55. 0C TARB 5 néEwyR#® ~57.56C R 60.0CF 44 BE
HEIRRB LEE - ARKBERE » F T R R A& L 24 57.5C-16min »
60. 0°C-5min 2 & 60.0°C-10min RI3EHABRBH B ALK >34 411 44.1
B 383 AMpsREal iy Ranil CAREBEHREYHH RE
CEBCRZFBETHAMGEZRE-FTRZRE CHA5H7.5C-15min~60. 0°C-5min
A 60.0°C-10min K32 £ ABBHRBEAIK 255 23.6-25.3 & 18.0 £
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Table 4. Effect of hot-water treatment on the peel color, firmness, total soluble solid(TSS),
and decay of ‘Tainung No.2’ papaya.

Hot-water treatment L* c H* Firmness TSS Decay’
Temperature Duration Sdays” 7days 5days 7days S5days 7days (N)  (Brix) (%)
25.0C Omin 52.1 544 332 381 853 782 25.0 9.6  80.0
50.0°C 10min 509 526 334 374 849 751 29.4 10.0  25.0

20min 559 55.1 360 424 854 757 30.0 10.0 100
30min 49.6 51.0 326 36.7 847 763 29.8 97 364
40min 49.8 50.6 33.7 369 851 76.0 29.8 94 778
50min 489 51.7 319 365 859 778 323 10.1 18.2

52.5C 3min 574 612 426 495 82.1 738 25.0 9.9 30.0
S5min 60.8 62.6 465 525 794 718 25.0 10.3 0.0

10min 544 553 404 43.1 838 764 29.7 9.2 0.0

I5min 509 512 373 393 825 724 29.9 10.1 222

20min  54.7 563 41.7 453 794 71.6 23.3 10.4 8.3

55.0C Imin 557 59.1 41.0 483 843 769 21.8 10.0  50.0
3min 57.0 58.0 429 46.1 79.6 709 21.5 10.3 0.0

Smin 57.8 589 441 474 80.7 729 19.2 10.4 11.1

10min 584 628 449 53.0 859 769 19.2 10.1 0.0

15min  60.1 614 462 498 79.6 72.0 214 10.5 0.0

57.5°C Imin 604 629 448 51.0 83.6 752 20.3 10.5 0.0
3min 56.1 579 398 452 83.0 755 26.9 9.9 9.1

5min 564 580 39.0 429 819 738 22.8 10.6 0.0

10min 49.1 504 30.1 333 834 750 29.8 10.7 0.0

I5min 413 41.1 222 236 803 73.1 32.4 10.5 10.0

60.0°C 30sec 565 602 40.1 474 844 759 27.6 10.8 0.0
Imin 474 508 274 328 850 77.7 35.2 10.7  41.7

3min 53.1 556 359 401 842 77.1 29.8 10.7 0.0

Smin 399 441 192 253 754 774 34.9 9.8 18.2

10min 37.7 383 168 18.0 72.0 66.5 35.8 10.5 0.0

LSD(0.05) 544 570 7.52 852 399 451 4.59 0.64

“Day at 23+3°C.
¥ Anthracnose and stem-end rot evolved at the 5+2 days.
* L= lightness; C= chroma, (a®+ b%)"? H= hue angle, tan™ (b/a).
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Table 5. Effects of ripening temperature on the peel color, firmness, and total soluble

solid(TSS) of ‘Tainung No.2’ papaya treated with Ethrel after vapor heat
treatment and then ripened at various temperature for 7 days.

Ripening Peel color™ Firmness  TSS
temperature(C) L a* b* C H (N) (*Brix)
CK* 55.9 a 89a 453a 462a 79.0d 234c¢ 84a
15 392 ¢ -1.6d 279b 28.0b 92.8a >1964" 82a
18 39.8¢ -23d 28.0b 28.1b 945a >1964 89a
20 46.4b 04c 312b 314b 892D 80.7 a 86a
22 463 b 05¢ 308b 307b 89.1b 51.6b 86a
25 56.0a 58b 46.1a 465a 82.7¢ 293¢ 84a

“ The firmness are over 196.4N.

¥ Means separation within column by Duncan’s multiple range test at p <0.05.
* The control fruits were ripened with CaC, at 30°C for 3 days.

¥ L= lightness; C= chroma, (a”+ b®)"*; H= hue angle, tan™'(b/a).
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Table 6. Changes in peel color, pulp color, firmness, and total soluble solid(TSS) of
‘Tainung No.2’ papaya fruits during ripening treatment with CaC, at 30°C.

Time(hr) Peel color” Pulp color” Firmness TS?
L C H L C H ™) ("Brix)
0 40.8d 21.0e 949a ND ND ND >196.4 7.8b
8 43.1cd 26.0d 954a ND ND ND >196.4 8.2 ab
16 448c 292d 925ab ND ND ND 66.5 a 8.3 ab
24 503b 353c 90.7bc 553a 41.8e 59.3ab 345b 91a
32 50.7b 36.2c¢c 88.0cd ND ND ND 33.1b 7.8b
40 548a 423b 859d 557a 44.1d 613a 235¢ 9.0a
48 569a 45.1ab 85.7d 51.6b 455c¢ 588D 243 ¢ 8.7 ab
56 55.0a 44.0ab 8l.1e 55.4a 462bc 59.5ab 242c¢ 8.4 ab
64 578a 484a 774e 54.1a 482a 595ab 22.7c¢ 8.7 ab
72 57.1a 484a 775e 554a 475ab 593ab 19.6¢ 8.5ab

* L= lightness; C= chroma, (a”+ b®)""*; H= hue angle, tan”'(b/a).
Y Mean separation within column by Duncan’s multiple range test at p < 0.05.
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Table 7. Changes in peel color, pulp color, firmness, and total soluble solid(TSS) of
‘Tainung No.2’ papaya fruits during ripening treatment with CaC, at 25°C.

. Peel color” Pulp color’ Firmness  TSS
Time(hr) .
L C H L C H N)  (Brix)
0 39.2¢" 219e 973a 56.5b 340e 493bc >1964 7.5bc
12 413e 244e¢ 955a 60.1a 340e¢ 51.7ab 130.8a 7.9ab
24 447d 288d 924b 52.7d 41.1c 48.6¢ 352b 8.1la
36 453d 29.7d 91.7b 550bc 383d 52.1a 26.6c  7.7abc
48 495¢c 364c¢ 91.0b 53.1cd 413¢c 523a 22.1cd 74c
60 527b 419b 88.1c¢ 52.5de 432bc 52.0a 187d 74c¢
72 55.1a 449b 849d 53.5cd 444b 525a 122¢ 7.5bc
84 575a 488a 79.4e¢ 508e 47.1a 512ab 11.8e 79ab

“ Mean separation within column by Duncan’s multiple range test at p=<0.05.
Y L= lightness; C= chroma, (a’+ b%)"%; H= hue angle, tan”'(b/a).
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Table 8. Changes in peel color, pulp color, firmness, and total soluble solid(TSS) of
‘Tainung No.2’ papaya fruits during ripening treatment with CaC, at 20°C.

Time Peel color Pulp color’ Firmness TSS
(days) L C H L C H N) (°Brix)
377¢ 20.1g 959a 546a 373e¢ 492e¢  >1964 85b
40.7f 245f 924b 52.1bc 41.5d 49.5de 509a 89a
447e 313e 895c¢ 52.7b 432d 50.6bcde 199b 83bc
49.7d 39.0d 857d 504cd 457c¢c 503cde 162c 83bc
51.6d 40.7d 85.8d 50.7cd 47.4abc 509bcd 14.5¢d 83 bc
55.1bc 47.0c 825e¢ 50.8cd 47.0bc 529a 13.5cd 8.0bcd
539c 445c¢ 829e 50.7cd 47.1bc S51.9abc 128d 7.6d
569b 503b 81.8e 50.4cd 48.1ab 51.6abc 13.4cd 8.0 bcd
8 59.7a 542a 769f 49.6d 493a 523ab 12.1d 8.0cd

“ Mean separation within column by Duncan’s multiple range test at p=<0.05.
Y L= lightness; C= chroma, (a’+ b%)"%; H= hue angle, tan”'(b/a).
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Table 9. Changes in peel color, pulp color, firmness, and total soluble solid(TSS) of
‘Tainung No.2’ papaya fruits during ripening treatment with CaC, at 15°C.

Time Peel color Pulp color’ Firmness TSS
(days) L C H L C H (N)  (‘Brix)
0 369 189g 91.6a 548a 42.6d 4777b >1964 8.3bc
1 388e 26.4f 893b 522bc 47.1c¢ 485b 320a 8.7b
2 41.6d 324e¢ 869c 53.1b 46.6¢ 51.1a 159b 095a
4 449¢ 378d 86.2c¢ 523bc 49.6b 512a 11.5¢ 8.6bc
6
8

458¢c 382d 84.0d 50.7cd 50.7ab 50.7a 12.2bc 8.4bc

493b 424c¢ 83.1d 50.1d 50.1b 50.5a 12.5bc 8.4bc
10 505b 46.1b 82.8d 509cd 51.0ab 513a 12.1bc 8.0c
12 557a 50.1a 74.8e 50.8cd 52.7a 51.8a 12.8bc 8.6bc

“ Mean separation within column by Duncan’s multiple range test at p=0.05.
Y L= lightness; C= chroma, (a”+ b*)"?; H= hue angle, tan™(b/a).
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Fig. 1. The relationship between storage temperature and ripening time.

Ripening time were the days needed for fruit to reach a H value of 80.
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Table 10. Effects of ripening temperature on the peel color, pulp color, firmness, and

total soluble solid(TSS) of ‘Tainung No.2’ papaya fruits ripened with CaC,

for 24hr.
Ripening Peel color Pulp color” Firmness TSS
temperature('C) L C H L C H (N)  (‘Brix)
30 503a" 353a 90.7a 552b 41.8a 59.3a 345b 9.la
33 463b 294b 905a 548b 405a 59.5a 456a 84b
36 489ab 332ab 93.0a 540b 424a 59.7a 456a 8.1b
39 49.2ab 348a 925a 550b 43.0a 60.6a 526a 79b
42 47.8ab 31.8ab 93.0a 629a 357b 60.5a >1964 88a

“Mean separation within column by Duncan’s multiple range test at p=<0.05.
¥ L= lightness; C= chroma, (a’+ b®)""%; H= hue angle, tan™'(b/a).
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Table 11. Effects of ripening time before storage on the peel color, firmness, total
soluble solid(TSS), and decay of ‘Tainung No.2’ after storage.

Ripening time*(hr) Peel color” Firmness TS.S Decay’
L C H N) ("Brix) (%)
Stored at 1°C for 7 days
24 399b% 29.6b 86.9a >196.4 ND 0.0
36 363b 269b 83.7a >196.4 ND 25.0
48 459a 408a 84.2a 54.2 9.0 41.2
Rewarmed at 23+3°C for 2 days following storage
24 438c 225c¢ 90.6a >1964 ND 42.9
36 46.8b 30.2b 85.8b 80.1a 11.1a 52.6
48 57.2a 414a 8l2c¢ 28.6b 11.1a 35.7

* L= lightness; C= chroma, (a®+ b%)"*; H= hue angle, tan” (b/a).

¥ Anthracnose and stem-end rots.

* Fruits were ripened with CaC, at 29+1°C.

" Mean separation within period by Duncan’s multiple range test at 5% level.

125



& 12 MRBEHEICTERBM 24 I ERIVERANTR T RIR
REBAE - RERBEZIGE -
Table 12. Effects of storage temperature on the peel color, firmness, and total soluble

solid(TSS) of ‘Tainung No.2’ papaya fruits ripened with CaC, at 30°C for 24
hours.

Storage Peel color’ Firmness TSS
temperature('C) L a* b* C H N) (*Brix)
After ripened at 30°C for 24 hours

452¢* -1.7¢ 30.70c¢ 30.8c 929a 32.1b 8.0ab

After 7 days storage
1 41.0d 12ab 335c 33.6c 885bc 435a 79b
3 458c -04bc 402b 403b 90.7ab 26.8c¢ 79b
6 46.5bc -03bc 43.0ab 43.1ab 90.8ab 26.0c 7.8b
9 489ab 0.6bc 44.8ab 449ab 89.5bc 24.8cd 83a
12 492ab 1.0b 453a 455a 89.1bc 227d 79b
15 515a 32a 426ab 429ab 86.4c 193¢ 79b

Rewarmed at 24+1°C for 3 days following storage
1 498c 4.1b 376d 379c¢c 84.0b 219b 7.9 ab
3 51.7bc 3.4b 39.5cd 398c¢ 853D 16.6cd 76D
6 530b 3.4b 41.6bc 42.0bc 85.8b 18.4c¢ 7.9 ab
9 542b 50b 434bc 439b 84.1b 18.0cd 7.8ab
12 540b 4.6b 439ab 442b 845D 17.6cd 79ab
15 567a 88a 473a 483a 796¢ 155d 7.7 ab

* Mean separation within column by Duncan’s multiple range test at p=0.05.
Y L= lightness; C= chroma, (a®+ b*)"?; H= hue angle, tan™ (b/a).
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Table 13. Effects of storage temperature on the pulp color of ‘Tainung No.2” papaya
fruits ripened with CaC, at 30°C for 24 hours.

Storage temperature Pulp color’
(C) L a* b* C H
After ripened at 30°C for 24 hours
54.1 a" 25.6¢ 30.8¢ 40.1¢ 50.5a

After 7 days storage
1 499 ¢ 255¢ 31.2de 403c¢ 50.6a
3 523ab  26.8bc  32.0de 41.8c¢ 502a
6 52.8ab  265bc  326cd 42.1bc 51.0a
9 520b 28.6ab 33.6bc 44.1ab 49.6a
12 51.7b 28.0ab 34.6ab 445a 510a
15 51.6b 294 a 357a 46.3 a 50.5a

Rewarmed at 24+1°C for 3 days following storage
1 49.1d 27.8b 31.3d 419de 484c
3 520bc 285D 32.7¢ 434cd 49.0bc
6 519bc  29.1ab 348ab 454ab  50.1ab
9 514bc  29.0ab 33.7bc 44.7bc  48.9bc
12 52.5b 28.8ab 353a 45.6ab  50.8a
15 50.8 ¢ 30.5a 36.0a 472 a 49.7 abe

“Mean separation within column by Duncan’s multiple range test at p=<0.05.
Y L= lightness; C= chroma, (a’+ b®)"%; H= hue angle, tan™(b/a).
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