Preharvest application of phenylalanine induces
red color in mango and apple fruit's skin
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Figure S1. Red color evaluation of mango (cv. Shelly) peel. Shelly mango orchards were
sprayed with 0.12% phenylalanine (Phe) or 0.2% prohydrojasmon (PD]), one or two weeks
preharvest. Different letters represent a significant difference (P< 0.05).
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Figure S2. Red color evaluation of apple (cv. Gala) peel. The fruit was treated preharvest with
spraying of 0.12% Phenylalanine and/or 0.2% prohydrojasmon (PDJ). The fruit was evaluated
at 3-time points: at harvest (T0), after cold storage (2 months at 2°C), and shelf life (7 days at
22°C). Different letters represent a significant difference (P< 0.05).
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Figure S3. Quantification of red color parameters in ‘Kent’ mango and ‘Cripps pink’ apples.
The fruit was treated preharvest with spraying of 0.12% Phenylalanine and/or 0.2%
prohydrojasmon (PD]J). Different letters represent significant differences (P< 0.05).
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Figure S4. Effect of one or two weeks preharvest treatment on mango (cv. Shelly) fruit with
0.12% Phenylalanine or 0.2 % PD] after harvest, cold storage (CS), and shelf-life (SL). A.
Antioxidant activity, B. Total phenolic and C. Total flavonoid content was evaluated from
mango peels (cv. Kent). Different letters represent significant differences (P< 0.05).
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Figure S5. Fruit peel fluorescence. ‘Shelly’ mango and ‘Galla” apple orchards were sprayed
with 6mM phenylalanine (Phe) or 0.2% prohydrojasmon (PDJ), one or two weeks preharvest.
Fruit peel fluorescence was measured at the reddest point of ‘Shelly’ mango (A-C) and ‘Galla’
apple (D-F) at harvest, after cold storage (CS), and after shelf life (SL). A, D. Chlorophyll
(SFR_R). B, E. Flavonoids (FLAV). C, F. Anthocyanin (ANTH_RG). Different letters represent
a significant difference (P<0.05).
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Figure S6. Fruit peel fluorescence. ‘Kent” mango and ‘Cripps pink’ apple orchards were
sprayed with 6mM phenylalanine (Phe) or 0.2% prohydrojasmon (PD]J), one or two weeks
preharvest. Fruit peel fluorescence was measured at the reddest point of ‘Kent’ mango (A-C)
and ‘Cripps pink” apple (D-F) at harvest, after cold storage (CS), and after shelf life (SL). A, D.
Chlorophyll (SFR_R). B, E. Flavonoids (FLAV). C, F. Anthocyanin (FER_RG). Different letters
represent statistically significant differences (P<:0.05).
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Figure S7. Chromatogram of mango (cv. Kent) fruit peel extract using HPLC. (A)

Anthocyanins, (B) Flavonols.
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Figure S8. Chromatogram of apple (cv. Cripps pink) fruit peel extract using HPLC. (A)

Anthocyanins, (B) Flavonols, (C) Dihydrochalcones.




Table S1. Effect of preharvest application of phenylalanine on the red color of mango (cv.
'Shelly") fruit (2021).

Red surface (%) Red intensity (index 0-3) Color (hue) a" value SFR_R FLAV ANTH_RG
TO SL TO SL T0 SL T0 SL T0 SL T0 SL T0 SL
Contral 3439 £273¢ 3227=258b | 233+016d 245+017d 67.29+8.38a 3281 £25% 554:198b | 3345:092a 1.13 £ 0.06a 0.36+008a 085+005b | 054+011a 0.33+004c 049 +0.06a
Phe 2w _ - -
0.01% 3589 = 36c | 3641=338b 231+024d 281+014d 7050 +6.42a 31.85+284ab 341=104b | 2814£223a 1152007a 034+005a 093+007b | 065+012a 0.30+0.04c 059+007a
Phe 2w _ _ _ _
0.08% 4328 £348bc | 5875=345a 350+015¢ 433009 17.02+337k 2347 =2 8labc 1888 +148a | 2960+230a | 0.95+0.05abc 033+003a 124+006a | 066=013a 0.70 = 0.06ak 058 +007a
Phe 2w _ _ N - - -
012% 55.57 £3.21ab | 63.17+25la 4422012a 4.80 £0.09ac 22.63:251b 2221+311labc | 2295:£26% | 29192195 0.88 £ 0.05bc 029+001a 125£0.04a | 0.66£0.07a 0.69 £ 0.03ab 0.68 £ 0.06a
Phe 2w _ - - -
024 5813 =263a | 6037249 | 434+013ab 474=011a 21172362k 20.17 £ 3.22bc 2318+202a | 3170£250a 075+004c 027+001a 126+0.04a | 053+007a 075+005a 061 +006a
Flowering
+2w 5730+214a 6376=227a | 411 £013bc 436 +0.08b 2288 +425b 19.62 +2 24¢ 1645+15% | 2848+171a 1.06 £0.03bc 031 +003a 127 +003a 083+00% 0.64+003ab 075+004a
0.12%
Flowering
(Phe 5557=203ab | 6068 =220a | 411 +0.11abe 474x0.10a 2197 £345b 2324 +2 97abc 1753 +137a | 3211£070a 1.01+0.04ab 035+004a 121 +005a 057=01a 054 +005b 0.60+007a
0.12%)
Phe 0.12% | _ _ _ _ _ _ _
o 5729174a 5938=190a | 434+017ab | 459+ 024abc 1978 +3.22b 2523 +1.80abe 1930+166a | 3161+1.10a 0.88+0.03ab 028+002a 128+004a | 062+013a 0.60 = 0.03ak 0.59+008a
wdw




Table S2. Effect of preharvest application of phenylalanine on the red color of mango (cv.
‘Tommy Atkins') fruit.

Red surface (%) Red intensity (index 0-5) Color (hue) a" value SFE_R FLAV ANTH_RG

TO o] SL TO cs 5L T0 5L TO SL TO SL TO SL TO SL
Control 4601+ | 4614« | 4762 = | 194= 336 368+ 2978 = 2514+ | FO1=x 1836+ | 151+ | 065+ | 102+ | 082+ | 060 [ 069+
ontre 1.94b 2.5b 2.18b 0.10d 0.19d 0.12¢ 1227a 7.03a 2.32b 2.26b 0.08a 0.09a 0.05b 0.07a 0.09k 0.05a
Phe 2w 5690+ |5826x | 53952z | 448+ 3= 423+ 11.98 = 1655+ | 9.66= 2102+ | 141+ | 059« | 112+ | 084+ | 070+ [ 083x
0.06% 277a 411a 3.65a 0.12b 0.15be 017 2.48a 1.79%9a | 1.04ab 1.05ab | 0.07ab | 0.08a | 0.06ab | 0.06a | 0.08ab | 0.03a
Phe 2w 64.86= 6389+ | 67069« [ 47 472 479+ 170314 102+ | 1031+ | 2189+ | 143+ | 046+ | 113x [ 063+ | 068z 78+
0.12% 1.65a 293a 1.80a 0.08ab 0.11a 0.08a SR 54a | 0713k 15lab | 0.08ab | 0.04a | 0.04ab | 0.06a | 0.06ab | 0.04a
Phe 2w 6052+ 65+ 6643 | 462+ | 461z 452+ 10,11 = 2143+ | Beb=x 2145+ | 128+ | 062+ | 116 | 091+ | 070+ [073x
0.24% 2.02a 25% 2.44a 0.09b 0.16ab | 0.13ab 2.56a 3.19a | 0.70ab 229k | 0.09ab | 0.0%9a | 0.05ab | 0.09a | 0.07ab | 0.06a
Flowering + 3866 = | 385z | 6024 | 4539x | 455z 462z 2434z 1959+ | 994z 2186+ | 137 | 055« | 117 | 074 | 071 [ 070
2w 0.12% 234a 274a 27a 0.12b 0.14ac | 0.15ab 4.70a 3.1a 1.32ab 2223k | 006ab | 0.14a | 0.02ab | 0.08a | 0.05ab | 0.04a
Flowering 5933+ |6235= 55+ 43+ 3.82% 468+ 11.38 = 1803+ | 1372+ | 2778+ | 128+ | 039+ | 124+ | 082+ | 0.76= | 0.74=
(Phe 0.127%) 1.45a 21%a 2.26a 0.09¢ 0.13d 0.10ab 2.08a 152a 0.85a 1.15a 0.04ab | 0.02a 0.03a 0.07a | 0.05ab | 0.04a
Phe 0.12% 6544+ | 6121= 63+ 484+ | 457 468+ 557« 2534+ | 1093« | 2352+ | 115+ | 045+ | 116x | 07ex | 083z | 080+
Zwidw 1.48a 2.07a 21a 0.05a 0.1ac 0.08a 421a 374a | 0b5lab 1.38ab 0.08b 0.04a | 0.03ab | 0.07a 0.07a 0.04a




Table S3. Effect of preharvest application of phenylalanine on the red color of apple (cv. 'Cripps
pink’) fruit after 3w in CS (2021).

Red surface (%) Red intensity (index 0-5) Color (hue) a” value SFR_R FLAV ANTH_RG
Control 50.53 £ 1.38¢ 2.35£0.08f 39.64328a 25.39 = 1.86d 034001 0.35 £0.04b 0.44 £0.03b
Phe 0.01% 6W 56.18 = 1.70ef 2.54x0.10ef 35.67 + 2.55abc 2830 1.55cd 034:00la 0.50 = 0.03ab 0.51 £0.03ab
Phe 0.01% 4W 58.66 = 1.53cde 291=0.0%c 3212 =2 20abed 3096 = 1.47abed 0.30 £0.01ab 0.44+0.03 ab 052 +0.02ak
Phe 0.01% 2W 58.38 = 1.44de 247 £0.09ef 3608 £227ab 27.80x1.52cd 0.31 =0.01ab 0.38 =0.03ab 0.44 = 0.03b
Phe 6w 0.12% 6040+ 1.32bcde 3.07 £0.09¢ 27.97 £ 1.75bed 33.16 = 1.19abc 0.32£0.01ab 0.53£0.03a 0.60 =0.03a
Phe 4w 0.12% 53.66 + 1.28bcde 3.01£0.10c 32.60 + 2.96abed 31.05 = 1.8%abed 0.30=0.01b 047 £ 0.04ab 0.53 £0.03ak
Phe 2w 0.12% 6778 =12% 3.15 = 0.08bc 2431 +095d 3700+0.6% 028 = 0.01b 0.50 = 0.04ab 0.60 +0.03a
Phe 4=6w 0.12% 67.91=1.0% 347 £0.07a 28.08 = 1.50bed 3430 1.11abc 029 £0.01b 047 =0.03ab 0.58 £0.03a
Phe 2+6w 0.12% 65.16 = 1.40abc 3.40£0.0%a 2538+ 2.16cd 35.28x1.37ab 0.29 £0.01b 0.55£0.03a 0.62 £0.03a
Phe 2+4w 0.12% 63.59+ 1.48abed 3.38 £0.09ab 29.87 + 2.14abed 33.19 = 1.48abc 0.30 £0.01b 0.4420.03ab 0.55+0.02ab
Formulation 1 6W 65.85 +1.30ab 336+ 0.08ab 27.31 £1.01bed 3628 +0.87ab 029 =0.01b 043 =0.03ab 057 =0.02ak
Formulation 1
4w 6327 + 1. 44abed 314 =0.0%bc 3417 £ 2 79abed 3008 = 1.84bcd 0.30 =£0.01ab 046 = 0.04ab 053 = 0.03ak
Formulation 1
2w 6305+ 1.06bcd 272+0.09de 3024 =1 32abed 3243+117abc 0.31 =£0.01ab 042 = 0.03ab 053 = 0.03ak




Table S4. Effect of preharvest application of phenylalanine on the red color of apple (cv.

'Starking Delicious) fruit.

Red surface (%) Red intensity (index 0-5) Color (hue) a* value SFR_R FLAV ANTH_RG

Control 3336+17.16d 196=21.01d 6431 £3.60a 10.80 + 1.50e 0.54=0.01a 0.23 £0.05b 03120.02¢

Phe 4w 0.01% 51.60 £ 22 16¢ 279=115c 46.22 + 3.08bc 18.56 + 1.43¢d 0.56 £0.01a 0.41 £ 0.05ab 0.37 £0.03¢

Phe 2w 0.01% 5630 + 23 46¢ 306=123¢ 4939 = 4 86b 1769 +222¢d 054+=001a 0.38 + 0.05ab 039 +0.03c

Phe 2+4dw 0.01% 4216+ 14.87d 276=0.76c 51.85+£3.01b 1626+ 131de 0.54=0.02a 0.45 £ 0.06ab 0.3420.02¢

Phe 4w 0.12% 8162+1487ab 4.60=0.57ab 344221.72cd 2497 £0.99ab 0.54=0.01a 0.36 +0.05ab 0540020

Phe 2w 0.12% 77.85+10.93b 440 + 0.66b 3525+267b 261 = 1.16ac 059 £0.01a 0.52 £0.05ab 0353=002b

Phe 2+4w 0.12% 8174 +103%ab 470+ 057a 2915=123d 2721+083ab 053 +0.02a 0.46 +0.06ab 0.61+0.02ab

Table S5. Effect of preharvest application of phenylalanine on the red color of apple (cv.
' ' :
Anna') fruit.
Red surface ( Red intensity (index 0-5) Color (hue) a” value SFR_R FLAV ANTH_RG
T0 SL T0 SL T0 SL T0 SL T0 SL TO SL TO SL
Control 2409=284b 3154+533b 170+0.14b 254+028b 68.358 + 4.88a 62524473 7.03+1.69b 12842192 053+001a 052 £0.01a 081+004a 0.65+0.03a 0.30=0.04b 0.37 +0.03b
Phe 4w . - _ - - - -
0129 56.55£244a 70.75 £5.00a 3.33:£0.14a 405=2026a | 36.06=341b 35.73x3.31b 20.10+1.23a 25.01+0.96a 04120.02b 0.38 20.02¢ 076+003a | 0602002a | 0.59:0.04a 0.34+0.03a
Phe 2w _ _ - - =
0124 49.06 = 2.88a 5478 £6.16a 327+0.15a 370=028a 1580+ 178a 2099 +151a 044 =0.01b 0.86=0.04a 067 +0.03a 046+004a 0.56 +0.03a
Phe 2+4w 7 _ _ _ _ _ _ _

0124 5340=264a 64.67 +4.47a 354015 373:025a 39.66 +4.10b 3811 :281b 17.02+145a 2241+1.14a 0.46 £0.02b 043 +0.02bc 0740032 058 +0.03a 052+004a 0540032




Table Sé6. Effect of preharvest application of phenylalanine decay parameters in mango (cv.
Kent, Shelly, and Tommy) fruit.

SER Side decav Total rotten fruit
Cultivar Treatment Index Decay (%) Index Decay (%) Decay (%)
Contral 091=050a 1162 23.28ab 0112003 11362 266ab 2298=322b
1W Phe 005= 003 5412760 13020722 5223762 205223 76zb
2W Phe 04320242 5812291k 0360282 837 £040ab 141823270
1W PDJ 045009 1083210 021+021a 208=208b 12922349
Mango WD) 1572023 1674=081ab 151+021a 1931+193a 3605+ 1492
(cv. Kent), 2020 W PhePD] 048:024a 1762383k 083017 20432412 23.81= 6.3ab
2W Phe=PD] 0422024 556=275h 0280282 833481b
241W Phe+PD] 028025 058+046a 19.60<270ab
2W PDJ +1W Phe 182=018a 19.4122.01ba 0020022 2179+ 38lab
2W Phe +1W PD] 063= 015 3732283 0422019 12.112274ab 194625 66ab
Contral 000=0.00a 556 20.00b 0060032 000+254a 5562291z
1W Phe 002=002a 0.00+2082b 0.00+000a 208+ 0.00a 208208
2W Phe 116=029 256+314a 026+026a 129142562 1547+477a
Mango 1W PDJ 118= 0262 0002630 0000002 117920002 11792263
(ev. Shelly), 2020 W FD] 099:015 0.00= 1553k 0.00=0.002 9.8820.00a 988= 155
W Phe=PD] 0150152 00023032k 000000z 303£000a 3032303
2W Phe=PD] 0302027 19522682k 01420112 534%248 102922572
2H1W PhetPD) 0652034 1462762 0330182 1210%225 141923572
2W PDJ +1W Phe 082+013a 256+197ab 026+026a 1149 +256a 1406+ 084a
2W Phe +1W PD] 022+022a 835+222ab 008+002a 222+20% 1057 +2 36a
Control - - 478 £0.92ab 271+42%
Phe 0.01% 2w - - 430 =0.52ab
Phe 0.06% 2w - - 406 =0.8%9ab
I\{ar\go Phe 0.12% 2w - - 367 =1.02ab 8500 = 7 64ab
(ev. Shelly), 2021 Phe 0.24% 2w - - 40220.74a §2.50 = 6.85ab
Phe 0.12% 2+4w - - 1.62+0.25b 60323170
Phe 0.12% 2w + flower - 454+023a 226 +44%a
Phe 0.12% flower - - 492 +0.92ab §1.53 £ 6.76ab
Control 0.18 =0.13a 716 =3.00a 0.40 = 0.07ab 3473+013a 4076 £5.54a
Phe 0.06% 2W 0.00 = 0.00a 0.00 = 0.00a 0.39 +0.07b 2881 +0.00a 2881+314a
Phe 0.12% 2W 003+003a 313+313a 003 +003¢ 313+003a 625+36la
(ev. T:’::i:, 2091 Phe 024% 2W 005+004a 476+412a 0.15=001d 1508 +004a 1508+079%
Phe 0.12% 2+4W 0.03 £0.05a 5.00=5.00a 0.16 £0.03cd 16.18 £ 0.05a 18.68 + 4.60a
Phe 0.12% Flower+ 2W 0.00 = 0.00a 0.00 = 0.00a 0.14 = 0.08abcd 1429+ 0.00a 1429 +825a
Phe 0.12% Flower 0.00 = 0.00a 0.00 = 0.00a 0.18 £ 0.04ad 1786 + 0.00a 1786 +357a




Table S7. Effect of preharvest application of phenylalanine decay parameters in apple (cv.
Gala, Cripps pink and Starking Delicious) fruit.

cs SL

Cultivar Treatment Index Decay (%) Index Decay (%)
Control 04020132 1485+372a 133+034a 2652+205a
1W Phe 0.37 = 0.06a 889+192a 1.15£0.04a 2134+162a
2W Phe 089 20.15a 1928 +3.60a 162+042a 2379+310a
1W PD] 072=200% 1647 +3.0% 148+0.16a 2690+273a
2W PDJ 0.80 =0.30a 1435 +3.88a 1.83£0.35a 2471 £384a

Apple (cv. Gala), 2020

1W Phe+PDJ 1152033 2367 +561a 209+052a 2854 +9.00a
2W Phe+PD] 061=2012a 19.08+344a 124+028 1918+324a
2+1W PhetPD] 117 z0.14a 2350+7.05a 206+0.10a 2866+192a

2W PDJ +1W Phe 0.65=0.10a 1435+125a 124+011a 2317 +356a

2W Phe +1W PD] 103=2021a 24535+491a 216+044a 3468+493a

Control - 039 +0.04a 949+ 1 71ab
Phe 1W - 0.69+026a 13.06 = 1.68ab

Phe 2W - 0.02+0.01a 208+147¢c

Phe 3W - 0.12+0.0% 3.33=z167bc
Apple ':C“'?gfépps pirk), PDJ IW - 022:001a 5.51 = 1.23abe
PDJ 2W - 017 +0.05a 502 = 0.43bc

PDJ 3W - 0.15+0.05a 5.18x142bc
PhetPD] 2W - 036 +0.06a 6.53+1.18abc

Phe 2W+3W

027 +010a

6.79 +0.93abe

Apple (cv. Starking
Delicious), 2021

Phe IW+3W - - 044 +0.08a 867+ 0.86abc
Control - - 071 +020a 1542 +47a
Phe 2w 0.12% - - 052 £0.06a 8.36+0%9a

Phe 4w 0.12% - - 077+023a 1652+223a

Phe 2+4w 0.12% - - 086 +0.02a 10.87 +0.67a

Phe 2w 0.01%

23701519

Phe 4w 0.01%

19.85+14.30a

Phe 2+4w 0.01% - - 120+0.35a 1360 +5.15a
Formulation 2 2+4W - - 070 +045a 1048 +2 64a
Formulation 1 2+4W - - 144 +0.06a 1795 +1.28a

Formulation 3 2+4W

038 +048a

8.19+5.02a




