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Effect of Pre-Harvest Calcium Chloride Spraying on Maintaining Fruit
Bioactive Compounds and Antioxidant Capacity of Three Citrus
Cultivarsduring Storage
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Table 1. Effects of citrus trees spraying with different CaCl> concentrations on ascorbic acid
content in fruits peel and pulp during storage.

e S el S Sl S 5y Al S oSl
8599 SHEES . T
Ascorbic acid in pulp Ascorbic acid in peel
skl paealS (mg 100gt FW) (mg 100g* FW)
Storage  Calcium Osenols S50 o O seunals S50 &
duration  chloride ‘Thomson’ ‘Moro”  ‘Page’ ‘Thomson”  ‘Moro’ ‘Page’
(day) ()
0 0 31.3dt 179e  34.8b 54.5¢ 481c  34.8bc
1 36.7bc 45.3bc 50.3a 54.5c 67.1ab 50.3ab
2 32.9cd 38.2cd 52.7a 70.5ab 70.5a 52.7a
4 33.5¢cd 70.5a 52.1a 67.6ab 65.3ab 52.1a
30 0 41.9bc 43.7bc 50.9a 54.5¢ 55.7bc 50.9a
1 58.1a 65.3ab 35.5a 65.3abc 65.9ab 53.5a
2 61.1a 62.9ab 58.7a 32.9bc 65.9ab 58.7a
4 57.5a 70.1a 55.7a 62.9bc 65.3ab S5.7a
60 0 48.1ab 20.9de 31.7c 55.1c 43.1c 3L.7c
1 59.9a 25.1cd 50.3a 74.9a 46.1c 50.3ab
2 57.5a 28.1cd 44.3ab 70.78b 50.3c 44.3ab
4 47.3ab 62.3cd 51.5a 72.5ab 53.3bc 51.5a

tMeans in each column and for each cultivar with the same letters are not significantly different at 1%
level of probability by Tukey’s test.
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Table 2. Effects of citrus trees spraying with different CaCl> concentrations on total phenol
content in fruits peel and pulp during storage.

cn K S J s
Total phenol in Sy JS J b
6039 Ll pulp Total phenol in peel
ookl sl (mgg* FW) (mgg* FW)
Storage  Calcium Ol 980 o Osunals S50 &=
duration chioride ‘Thomson”  ‘Moro’  ‘Page’ ‘Thomson’ ‘Moro’ ‘Page’
(day) )
0 0 0.36i 0.6i 1.17e 2.53c 4.56e 2.69cd
1 0.37h 0.5 1.94a 2.87c 2.96j 2.73¢c
2 0.95d 0.91g 1.84c 3.4b 3.49h 2.65cd
4 0.6f 1.84a 1.87b 3.45b 3.54g 6.79a
30 0 0.55g le 0.51i 2.07d 3.14i 1.93e
1 0.99d 0.95f 0.61] 2.56¢ 4.43f 3.05¢c
2 1.13c 0.78h 0.73f 3.8ab 2.69k 4.65b
4 0.95d 1.04d 1.53d 3.45b 6. 97a 4.65b
60 0 0.2) 1.02d 0.62i 1.4f 5.27b 1.22f
1 1.31a 1.04d 0.52k 3.76ab 4.74d 2.11de
2 1.18b 1.09c 0.79 3.94a 4.87c 3.05c
4 0.82e 1.35b 0.68h 3.94a 4.43f 4.61b

TMeans in each column and for each cultivar with the same letters are not significantly different at 1% of
probability level by Tukey’ s test.
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Table 3. Effect of citrus trees spraying with different CaCl» concentrations on tota flavonoid
content in fruits peel and pulp during storage.

RS b € IS a5 0 Caea gy S 4 5350
) ) Tota flavonoid in pulp Total flavonoid in peel
skl 650 paulS (mg g FW) (mg g* FW)

Storege Calcium Ogeels 050 o Ogerels o5 &=
duration chloride ‘Thomson’ ‘Moro’  ‘Page’ ‘Thomson”  ‘Moro’  ‘Page’
(day) ) d d
0 0 0.77bt 0.30d 0.47f 0.30e 0.44c 0.47g

1 0.84b 0.19% 0.55e 0.38de 0.49b 0.55f
2 0.67c 0.14f 0.86b 0.56ab 0.53a 0.95a
4 1.03a 0.28d 0.95a 0.41cd 0.49b 0.86b
30 0 0.33f 0.10f 0.29g 0.10f 0.30d 0.29i
1 0.43e 0.40c 0.55e 0.29¢ 0.40c 0.58e
2 0.53e 0.40c 0.58e 0.48bc 0.40c 0.68d
4 0.53e 0.50b 0.68d 0.37de 0.60a 0.55f
60 0 0.53e 0.24e 0.02i 0.30e 0.24d 0.02k
1 0.70c 0.35¢c 0.06h 0.49bc 0.28d 0.06j
2 0.57d 0.35¢ 0.33g 0.40cd 0.38c 0.33h
4 0.97a 0.79a 0.82c 0.65a 0.46b 0.82c

t Means in each column and for each cultivar with the same letters are not significantly different at 1% of
probability level by Tukey s test.
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Table 4. Effect of citrus trees spraying with different CaCl> concentrations on flavonoid
compounds in fruits pulp at the end of storage period.

a5 paclS ol 5K Oaa,b O st O s 55 eSS O 5558
Cultivar Calcium (ug Naringin  Hesperidin Neohesperidi Catechin Quercetin
chloride (%) g'Fw) (Mg g'FW)  n(ugg'FW) (ugg'FW)  (ug g'FW)
Osels
Thomson 0 225.1ct 1.2e le 5.9d 1.4e
1 231.6¢ 1.9e 1.3e 18.8c 4.7cd
2 275.7b 7.1c 15.9cde 23.6¢ 3.1de
4 326.6a 4.1d 31.2c 33.7b 3.8cd
IO
Moro 0 50.2de 15.5a 21.8cd 5l1.4a 5.4c
1 33.4¢f 11.7b 52b 10.8d 2.6de
2 22.7f 7c 261.6a 21.2c 4.2cd
4 2.99 0.6e 266.5a 22.3c 4.2cd
==
Page 0 60.9d l.le 14.3de 6.4d 12.1a
1 23.6f 1.6e 19.4cd 5.9d 9.3b
2 17.6fg 1.8e 22.6¢d 6.7d 11.2ab
4 23.6f 2.1de 21.5cd 5.9d 9.3b

tMeans in each column with the same letters are not significantly different at 1% of probability level by
Tukey stest.

O55520L 5 O 520l 85 (i 5B aai 5B (s st o et 55 Jle LS e slaad S50 el

Wpad (slos ilnn LS 5o o ool slaw ) S s sacaa g 5 Ganta s (Y1) W5l GlaeS) BT callas
IV 1 () OV IRNES VL S| Ity RO SCENE SERPRTS T G EXR TS Rty S apen g
S o 53 OB 93y Gal o9 sad (558 Il (a5 M S S iy (0 paelS WK aliins 86
o Jelse S 5 sady Jalse @3, e | LGS 5 ol Hlade dagi,lS 5 (ol Ho el b

¥4


https://dor.isc.ac/dor/20.1001.1.16807154.1397.19.4.1.7
http://journal-irshs.ir/article-1-110-fa.html

[ Downloaded from journal-irshs.ir on 2025-11-06 ]

[ DOR: 20.1001.1.16807154.1397.19.4.1.7 ]

il il dagT ol (5550 5o g0l caeal S5 e sud il lassie 5o OS5 ol s ilay o)
oo ol 4 s andl€ WIS Hlasi b J 5B el (slas sae (a0 Hlalle oS als padidie (GR35 (al 5o
J& L Lo 1y cpau,b Lluie (A) DEl Bosco 5 De Leo .« iass Lo .cdb (il g laslsl oLk
Voo o0 a8k VAIA 1, aisan HliBe 5 /08 sgan ol Jslsenel 4 cud a8, «S JLKaal
Ohie Lol cwds plaalid Juat )l € S oSl Sa a8 5o Cpinas Busad GELIS sslae Sl L
o9 p Sk VY0 G peals Cuain U Slalie udla GiubedT oo sl e Ve o a8 ke YH/A Gas spea
als 4S a3 0 wiidls (63 Llaie 50 Laad, oo was YU (LIS 5 YL Sl S up a S Y-
Shie (Jlie 5 a0 S 5o a8 See (aald) 04/ B (Y cble) YA G sose (Pud pds 09 ekl
Del 5 L0 Liu s sut (i,18 (ShSila) (Ssa a3, 51 5aS GinbedT (nl 53 o0 (S5 a3, 59 s spena
FYY/0 15 g5 ads (Soa JEos 5o Cpasmas Sl (YY) oLKea 5 Rapisarda (yuaaa o5 (A) Bosco
ot Hlule diadin g pdla GlaledT sladtil 51 it sl € wu e GBS SRl e 59 8 S5 S
OIS Ol sladas 3 YL a8 Ve 5 a S e 0/ Slaiie b (A) sSeugs Jo 5 &) g9 Glale)T Lo (S50
Vo 500 B Cptsmaa s ple oS wd el o0 a8 5o el 05 S ag e a8, (SLL L bLSH o
SR solas Jlael “-'*Jgg—}" Oo adb Ko a8 99 5l YL Al WL VY 5 ¥ slajlas Ho solslal
S0 b SRl slaad; 59 S5 Gl Ginaa () el Lt @0 5o Gadspea B S ol sud
i Ll ilesT ol 59 (gus i s50 sLands alds 5 &S Jla 5o (A) Sl ssm s (S35 5 ShSL

8 1S 0 g demlio an b1, 0LS yo a8, cutia o i 5 S Hlals (V) olLKea s WaNG (a3, 5o
oisbeT cpl 59 40T s sal 53 a S s Sle (/OV B i a3, 5o o/ FY G Laady Gl 5o (s S5 S
Ol Slas b ol 558 Hliie (el a8, o Jla 0ol b o sad (BOIS slasluie 31 84S wd saaliie
1t saaliie aalt 5 Lassd e oo (s ,csine o515 gy 59 5 SIS 5550 59 Lol el il 381 asealS
ABTSTJlsaul) jlge gy 4 cougy 9 ol o8 (Slasnas) 0T 2ud 15

93 ookl a5 5 el oley 5o ABTS™ gladlSuul;y (Kuisladl wim s 5050 5l hala sladas

slas e cun gy SaneSI BT el (IS sl il sud suls GLES O Jgua 5o Ciwg 5 e S @il g0
Oled 59 1y (PlasaSI BT il G Sohn @) 4 58 g i S 5l SR Slhe ©osud Hlas 5 sals
aals slassae 5o (ualS cpl 5 oSl (ualS 0T Slaie dasgae oagSS Ha) Fr b Lol aiiils el s
Lot ccdls (malS (g laolih o559 50 5 el L s Hlass (slas sae SlaseaSI BT end b 4S0nl b oo 5ok
L osose pds i S wndlans glo) oo ol sy paedlS (YL lachle Hu o304 aald b olabne ol
b Bl (AVY/YE) a5 (FACIYY) Gommals (slapd)) 4 o 50 (SlaacSI BT s b 78F/FA late
ssad Bia Ko a3 50 0 s V¥ anal€ b Sl Hu ZYA/PA Slaie b g okl (Ll Ho sose ot S, 48,
(0 Jsua)
(ZA2IY) it PhanSl BT ool ¥ aril€ b sud Hlas & geneli a3, cnsy (soloolsl oLl Lo
S gy (Sl BT enllad (@dly 5o odls Glie Hlas 5o) (ZFO/YY) @ s (AYIVE) o0 a3) € o
sLag Sl BT Lia sniasplias Gol 5 ag uloolsl oLl 5 Z80/YY B i Gll Jlad s5la3 slags,

Wendun -y

¥ay


https://dor.isc.ac/dor/20.1001.1.16807154.1397.19.4.1.7
http://journal-irshs.ir/article-1-110-fa.html

[ Downloaded from journal-irshs.ir on 2025-11-06 ]

[ DOR: 20.1001.1.16807154.1397.19.4.1.7 ]

o S LS bl 51 S bl slne 3

o9 i S 4 oy Pl BT eaih Gu s Yb 55 Gt lagiIR ol K WK bl g el
(Y)_\Ju}ua_)l...z.l(@l)sfjwbkjli:# cQJ_}S%;‘u\}J (JJLJGSJ%)CAL}S_)AJ—‘:\MLSLA‘ABJ

.L;_)b_)t..\l‘b_)jd_)dbjf.a @uﬁj@iﬁ
Table 5. Effect of citrus trees spraying with different CaCl2 concentrations on antioxidant
capacity in fruits peel and pulp during storage.

o S JJABTS+ Olge wmyu cuux‘,JABTS*' Olgs b yu
et ABTSradical scavenging (%) in ABTS radical scavenging
ol mndlS Wl K pulp (%) in ped
Store_\ge Cd ci_um Osenals S o Osenals Sose o
duration  chloride Thomson Moro Page Thomson Moro Page
(day) (%)
0 0 53.12bt 56.98b 50c 76.48cd 98.26a  86.63b
1 60.79b 48.84c 65.41b 97.48a 92.73a 92.73ab
2 75.18a 63.66b 63.37b 89.57ab 95.64a 95.06a
4 80.22a 94.48a 73.26a 17.93a 92.44a 96.8a
30 0 13.88d 14.06g 8.5¢ 12.92h 51.78de 20.17h
1 30.26¢ 23.62f 89 56.94f 49.57e 31.67fg
2 21.23c 32.74d 14.33fg 84.66bc 57.97cd 28.22g
4 22.88c 27.97¢f 20.55¢f 80.68cd 64.78c 37.5¢ef
60 0 12.83d 25.66f 21.51e 47.17¢g 57.38cde 41.37de
1 23.84c 24.48f 30.55d 74.17de 60.27¢ 44.8d
2 21.83c 32.47d 31.78d 67.5e 56.79cde  37.41de
4 20.5¢c 39.68d 25.89de 96.3a 82.74b 65.21c

tMeans in each column and for each cultivar with the same letters are not significantly different at 1% of
probability level by Tukey’ s test.
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Iranian Journal of Horticultural Science and Technology 19 (4): 485- 496 (2018)

Effect of Pre-Harvest Calcium Chloride Spraying on Maintaining Fruit
Bioactive Compounds and Antioxidant Capacity of Three Citrus
Cultivarsduring Storage

J. Fatahi Moghadam* and A. Hashempour?

Bioactive components play an important role in human health. In general, bioactive
compounds of fruits decline during storage. Therefore, maintaining fruits bioactive
compounds during storage is very important. In this study, effects of pre-harvest CaCl> sprays
(O, 1, 2, and 4%) at different fruit developmental stages (120, 140, and 160 days after full
bloom) on maintaining fruit quality of three citrus cultivars (Citrus sinensis cvs Thomson,
Moro and Citrus reticulata cv. Page) during storage were investigated. After harvest, fruits
were stored at 5°C and 85% relative humidity for 60 days. Then, some biochemical
characteristics of the fruits peels and pulps were determined at 0, 30, and 60 days of storage.
Results showed that, total ascorbic acid, total phenol, total flavonoid and antioxidant capacity
in peels and pulps of CaCly treated fruits were significantly higher (especially those treated
with 2 and 4 % CaCl») than control in each storage period. Results also showed that naringin
(in “Thomson’), hesperidin (in ‘Thomson’ and ‘Page’), neohesperidin and quercetin (in
“Thomson’ and ‘Moro’) of CaCls treated fruits pulps were higher (especialy those treated
with 2 and 4 % CaCl,) than control. Based on the findings of this study it could be suggested
that 4% CaCl> pre-treatment is a useful strategy to maintain or increase bioactive compounds
and antioxidant capacity of citrus fruits (‘Thomson’, “Moro’, and ‘Page’) during storage.
Keywords: Flavonoid compounds, Hesperidin, Naringin, Neohesperidin, Postharvest.
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