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2- Total acid (TA)
3- Technology Index (TI)
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Table 1- Weight loss and juice percentage of Noushin and Shahin mandarin fruits at harvesting time and during common
and cold storages

(%) o9 lals 8,las sy
(G9s) oyl o Weight loss Juice percentage
Storage period (%) (%)
(day) Syora Hll w5 Syore Hll a3
Common S. Cold S. Common S. Cold S.
Oy (S5
Noushin mandarin
0 0.00 b* 0b 36.11a 36.11 ab
20 7.36 a 6.47 a 38.49 a 3473 b
40 6.99 a 5.68 a 38.40 a 37.86 a
60 7.36 a 5.85 a 36.68 a 38.66 a
oals (S5
Shahin mandarin
0 0.00 d* 0.00d 49.85 a 49.85a
20 400c 345¢ 51.87 a 4751 a
40 427b 5.16 a 47.16 a 51.37 a
60 5.11 a 459 b 48.74 a 48.62 a
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*Values in the same column for each variable and variety having different letters are significantly different (p<0.05) based on Tukey
test
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Table 2- Amount of easy peeling of Noushin and shahin mandarins at harvesting time and during commn and cold storage

ol (S,U Oy (N,U
Shahin mandarin Noushin mandarin

sa) o bl e J9oxe ,! ABd Jyoxe )l Al
Storage period c s Cold S c s Cold S
(day) ommon S. old S. ommon S. old S.

0 2.2+0.35* 2.2+0.35 1 1

20 2.5+0.00 1.17 £0.29 1 1

40 1.25+0.25 15+£05 1 1

60 158 £0.14 1.33+0.14 1 1

Chi-square 7.96 6.54 - -

Sig 0.047 0.09 - -

*Mean + Sd
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Table 3- Amount of L*, a*, b*indices in Noushin and Shahin mandarins at harvesting time and during common and cold

storage
(595) to,Wl o L* ar b*
Storage period Sgoro )Ll SB pw Sgoro )Ll GBS Sgoro )Ll AL
(day) Common S. Cold S. Common S. Cold S. Common S. Cold S.
g (5L
Noushin mandarin
0 64.24 a* 64.24 a 16.77 b 16.77 a 72.72 a 72.72 a
20 66.36 a 66.29 a 18.57 ab 15.99 a 74.18 a 74.17 a
40 64.05 a 65.74 a 218a 18.71 a 74.35 a 73.36 a
60 63.35 a 64.23 a 22.36 a 20.25 a 73.62 a 75 a
ool (5L
Shahin mandarin
0 60.24 a* 60.24 a 31.82b 31.82a 64.21 a 64.21 a
20 58.52 a 59.23 a 31.73b 33.50 a 63.03 a 66.55 a
40 57.26 a 62.44 a 34.04 a 34.10 a 62.00 a 64.60 a
60 58.18 a 57.93 a 34.99 a 32.15a 64.62 a 61.61 a
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*Values in the same column for each variable and variety having different letters are significantly different (p<0.05) based on Tukey

test
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Table 4- Amount of Chroma, hue and CCI indices in Noushin and Shahin mandarins at harvesting time and during common
and cold storage

(395) 13,1 e Chroma hue CClI
Storage period ooyl A2 9oyl A2 s Fgexe , bl W3
(day) Common S. Cold S. Common S. Cold S. Common S. Cold S.
Oy (S50
Noushin mandarin
0 74.69 a 7469 a 7714 a 77.14 a 354 b 354 a
20 7649 a 7599 a 7595 a 7790 a 3.78 ab 324 a
40 7751 a 7563 a 73.67 a 7555 a 46 ab 392 a
60 66.84 a 76.64 a 7347 a 7468 a 472 a 421 a
oels ()L
Shahin mandarin
0 7167 a 7167 a 641 a 64.10 a 823 a 823 a
20 7057 a 7453 a 63.17 a 63.27 a 866 a 851 a
40 70.75 a 73.14 a 6151 a 6221 a 9.67 a 848 a
60 735 a 6951 a 6155 a 6235 a 933 a 9.11 a
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*Values in the same column for each variable and variety having different letters are significantly different (p<0.05) based on Tukey

test
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Table 5- Amount of TSS, TA and TSS:TA indices in Noushin and Shahin mandarins at harvesting time and during common
and cold storage

TSS TA .
(39)¢ gt )bl e (%) (%) TSS:TA
Stor&zg; p)eriod Syore ;! PHECYOW Sgexe 5Ll PHEEYOW Sgore ! &85 yaw
Y Common S. Cold S. Common S. Cold S. Common S. Cold S.
Oy (N,
Noushin mandarin
0 1153 b 1153 b 057 a 057 a 2043 ¢ 2043 ¢
20 1271 a 12.29 ab 053 a 056 a 24.01 bc 22.08 bc
40 13.07 a 11.89 ab 048 a 0.47 ab 2764 b 2573 b
60 13.06 a 1272 a 034 b 041 b 39.64 a 31.04 a
oals (S50
Shahin mandarin
0 1262 b 1262 ¢ 142 a 142 a 9.00 ¢ 9.00 ¢
20 1260 b 1360 b 116 b 123 ab 1096 b 1131 b
40 13.12 ab 13.87 ab 120 b 113 b 1111 b 1256 ab
60 1432 a 1461 a 108 b 109 b 1334 a 13.62 a

)15 o b () gime Cglis (S5 g0l 5l ookl b duoyd gy Jloin] o 10 o8 9 oy (gl oglite g pn gyl slo pSilie gt o 0 *
*Values in the same column for each variable and variety having different letters are significantly different (p<0.05) based on Tukey
test
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Table 6- Amount of EC, pH and T1 in Noushin and Shahin mandarins at harvesting time and during common
and cold storage

(595) 813,11 o (e Sl pH SIPFS oatld
’;: Sl . EC (ms.cm) TI (%)
ora(%zg)e”o Joore bl A Jeere )Ll Ao (Joere Ll A2
Common S. Cold S. Common S. Cold S. Common S. Cold S.
Oebgs (S5L
Noushin mandarin
0 218 b* 218 b 440 d 440 c 416 b 416 b
20 213 b 220 b 460 c 447 ¢ 488 a 426 b
40 248 a 228 b 487 b 478 b 502 a 450 ab
60 251 a 274 a 551 a 533 a 479 a 492 a
omls ()b
Shahin mandarin
0 213 b* 213 a 369 b 369 b 6.29 ab 6.29 b
20 217 ab 207 a 399 a 437 a 6.53 ab 6.46 b
40 244 a 227 a 374 b 376 b 6.15 b 709 a
60 240 ab 228 a 3.82 ab 380 b 6.96 a 709 a

) o b (o) gime cglis (S5 yg0j] 5l ookl b doys g Jlein! glaws 53 b3 g Cuduo i sl Coglisio Gy (gl slo Sl (gt o 3 *
*Values in the same column for each variable and variety having different letters are significantly different (p<0.05)
based on Tukey test

W3 9 Jgoxe )Ll 45 (G )leS (b (3l g (gl (b (SS,U Ol (i -V Jgsa
Table 7- Losses amount of Noushin and Shahin mandarins during common and cold storage

(72) crmigh dgme Oilasls
Noushin fruit losses

(595) 512,W1 o

(72) cr s pgme Oyl
Shahin fruit losses

Storage period (day)

Common S. Jgexe ;L1 Cold S. 6lddpw  Common S. Jgoxo ,L5l Cold S. aild pw
20 6.00 a* 208 a 000 b 000 a
40 459 A 516 a 215 ab 107 a
60 577 A 538 a 508 a 251 a

L) o b ()b gime cglis (S5 yg0j] 5 ookl b by g Jlein] gaws j3 Coglise gy (gl (slopuSilie (ygim ya 0%
*Values in the same column for each variable having different letters are significantly different (p<0.05) based on Tukey test

W5 pw 9 (Jgome Hlil )3 ()13,)LT (Ll 45 (ualid 9 gl S (KU (g S 0o )3 9 Gl A Jg
Table 8- Skin disorder index and percentage of Noushin and Shahin mandarins at the end of common and cold storage

o) Sl gy gy 4 G Sy & ao s
Variety Storage type Skin disorder index Rind disorder percent
Osds (5,6 Common S.  Jsesxs Ll 0.01+0.01* 1.33+1.15
Noushin mandarin Cold S. x5y 0.05 £0.05 4.67 £4.16
oeals S5,k Common S. Jsass Ll 3.74 +5.93 26.19 £11.1
Shahin mandarin Cold S. x5 23+243 18.09 £ 1.65
*Mean * Sd
£ 05 (solos & Aty OUS po (L8 ClaS 5 Jlade s ooyl 0930 JS J3d () jue

(VY) cwl wglao Lanogre (651055 Loyl s g cudily loj o8,
J5i) 392 Fsane 1l I a8 o0 55 (12l pljee iz o

bis 1) 8 VL o (olod (A5 L delge 5 6yt My
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Table 9- Amount of total phenol and vitamin C in Noushin and Shahin mandarins at harvesting time and during common and
cold storage

Cawgy JS Jid Cuigs JS Jid Cligs C ool
(595) oty e Peel phenolics (mg.gtFW) Pulp phenolics (mg.g*FwW) Pulp vitamin C (mg.100g*FW)
Storage period (day) Sgoro ,Ll 3 s Sgoro HLl PHEN Yo Sgoro ,Ll PHEYo
Common S. Cold S. Common S. Cold S. Common S. Cold S.
Osdy (Kb
Noushin mandarin
0 046 a 033 a 034 a 038 a 2533 a 30.00 a
20 047 a 032 b 031 a 036 b 23.67 a 2467 a
40 034 b 0.18 ¢ 030 a 033 ¢ 15.33 ab 21.00 ab
60 023 b 0.13 d 022 b 0.27 d 933 b 1433 b
oels (S50
Shahin mandarin
0 041 a 041 a 0.153 b 0153 b 58.30 a 583 a
20 037 a 039 a 0.143 d 0.148 ¢ 66.55 a 58.05 a
40 0.40 a 036 a 0.147 ¢ 0.17 a 63.80 a 69.8 a
60 0.38 a 035 a 0.163 a 0.153 b 7180 a 5855 a

)b o b () gme cglis (S5 ygeil 5l ookl b doyd gy Jloin] aaws )3 03 g cudo o (gl gliste g o gl (slo Sk oygian o 0¥
*Values in the same column for each variable and variety having different letters are significantly different (p<0.05) based on Tukey
test

aS Cowl bl (S50 0gu0 CdsS 0 & pelig liae 09
ol 03l 035 39 2,5 Voo 43 p)S due VY dgas b OA

090 Culi g8 9 Cn gy (aeus) ST a5
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1- Escarpa et al
2- P-vinylguaiacol
3- P-vinylphenol
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Table 10- Peel and pulp antioxidant capacity of Noushin and Shahin mandarins at harvesting time and during common and
cold storage

(1) oy (a1 b () s (sl 551 b
(390) 5519, W1 e Peel antioxidant capacity (%) Pulp antioxidant capacity (%)
Storage period (day) S Ll Y E oW S Ll &l pw
Common S. Cold S. Common S. Cold S.
Oy (SO
Noushin mandarin
0 7735 a* 7268 a 6951 a 56.58 b
20 75 a 70.75 ab 67.04 a 6181 a
40 65.62 a 68.02 b 53.01 b 48.77 ¢
60 462 b 4797 ¢ 409 ¢ 4062 d
ool (S5)b
Shahin mandarin
0 29.84 b* 2984 ¢ 3876 b 38.76 a
20 4518 ab 58.74 a 4566 a 4031 a
40 52.26 ab 4987 b 42.09 ab 4426 a
60 5541 a 62.15 a 3954 b 4147 a

)15 w2 b o)l sime olis (S5 9050 5l ookl b doys iy Jlein] pdaw )3 b3 9 o b (gly ciglisa Cgys (hld (ola y,Siko gt ya 0*
*Values in the same column for each variable and variety having different letters are significantly different (p<0.05) based on Tukey
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Table 11- Results of Sensory evaluation of Noushin and Shahin mandarins at harvesting time and during common and cold

storage
. Cawgy b Cwigs ,alb e o2k by
&3, e
: Peel appearance Pulp appearance Aroma Flavor Off-flavor
(39,) ! S Sl Sl Sl
Storage PHES PHITES PHIES PHIES FHIES
period «:‘9“"" .3)&-’ LJ]W Q)M t.?‘w 3)M ‘.f‘w a)M LAM b)M
(day) Common ColdS.  common ©0ldS.  common  ColdS. Common ColdS.  common  ColdS.
s. s. . s. s.
O (S5b
Noushin mandarin
0 7331 733  733% 733+ 633t 633+ 11 11 133+ 133+
2.08 2.08 058 0.58 153 153 0.58 0.58
6.33+ 6.67 + 733+ 533+ 567+ 6.67 + 767+ 133+
20 0.58 [ 0.58 0.58 115 0.58 153 058  2*¥000 45
467+ 667+ 467+ 533+ 533+ 333+
40 5+l 641 0.58 0.58 115 115 0.58 Tl 0.58 2+l
333+ 333+ 5.67 + 333+ 6.67 + 433+
60 0.58 61 0.58 05g  4*000 5000 0.58 115 115 31
Chi-square 718 1.39 8.79 72 404 263 8.46 46 857 72
Sig 0.066 071 0.03 0.07 0.26 0.45 0.037 02 0.036 0.066
ol ()0
Shahin mandarin
711+ 889¢ 889+ 689t  689¢% 622+ 622+
0 711219 1.9 0.93 0.93 0.93 0.93 2.05 205 ¥4 2£194
20 767+ L., Bz 856+ 741+ 756+ 6.33+ 7.56 + 144+ 122+
0.71 o7+ 0.73 1.01 1.05 0.88 158 1.01 1.01 0.44
767 + 7.44 744+ 767+ 633+ 644+ 6.56 + 178 178+
40 132 +1.13 1.24 1.22 0.87 073 867%£05  ygg +0.97 1.39
444+ 633+ 567+ 578+ 411+ 444+ 511+ 378+
60 188 212 158 222 161 1.81 183 533+2 456+24 543
Chi-square 11.89 438 16.68 18.96 16.82 1567 478 1151 142 1134
Sig 0.008 022 0.001 0.000 0.001 0.001 0.19 0.009 0.003 0.01
* Mean + Sd

AlEd w9 (Jgoxe JLl )3 (5N (b (bl g (nigh (NjU SBog o0 (ows (2L, - YY) Jgaa ol
Continued Table 11- Results of Sensory evaluation of Noushin and Shahin mandarins at harvesting time and during cold and common

storage
g (5L
Noushin mandarin
(395) 8,13, 1 oo e s Kl o oird
’;’ SIH p Sweetness Sourness Bitterness Acceptance
tor?ggs)erlo oo )l wWbopw  Jeere bl albaaw daeme il Al Jgeme bl ailda s
Common S. Cold S. Common S. Cold S. Common S. Cold S. Common S. Cold S.
0 8+ 1* 8+1 1.33+0.58 1.33+0.58 1+0.00 1+0.00 7 +£0.00 7+0.00
20 8.33 +0.58 8.33+0.58 1+0.00 1+0.00 1.67 +£1.15 1+0.00 6+1 6.67 +0.58
40 8.33 +0.58 8+0.00 1+0.00 1.33+0.58 3.33+058 1.67+1.15 4.67+ 0.58 6+1
60 8.33 +0.58 8.33 +0.58 1+0.00 1.33+0.58 4+1 2+1 2.33+1.53 6+1
Chi-square 3 2 3 1.29 7.17 3.8 8.46 4.5
Sig 0.39 0.57 0.392 0.73 0.067 0.28 0.037 0.21
oald (S5
Shahin mandarin
0 5.33+1.94 533+1.94 322+198 3.22+1.99 1+0.00 1+0.00 6.56+1.59 6.56 +1.59
20 6.78 +0.83 6.56+2.18 2.11+1.96 1.78 +0.83 1.11+033 167+166 6.67+122 7.11+1.17
40 6.22+2.17 6.33+2.12 144+073 167+0.71 1.33+071 133+0.71 6.22+0.67 6.22+0.97
60 4,89 +2.03 4,78 +1.86 189+136 1.56+0.88 2+0.87 2+0.71 3.89 +1.27 4,67 £1.94
Chi-square 5.57 7.99 5.32 9.38 11.49 10.68 14,57 15.83
Sig 0.13 0.05 0.15 0.02 0.009 0.01 0.002 0.001

*Mean + Sd
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Introduction: According to a breeding program that was carried out in Citrus and Subtropical Fruits
Research Center, Noushin (C. reticulata cv Clementine x C. sinensis cv. Salustiana) and Shahin (C. reticulata cv
Clementine x C. sinensis cv. Hamlin) mandarins were released by using crossing method in 20-year program. In
general, mandarins do not have the ability of being kept in common or cold storage for long time compared to
oranges. The main problem is the change of fruit taste during storage, therefore, it is an attracted subject for
researchers. Furthermore, storage temperature plays an important role in the quality of the taste of mandarins.
The new released mandarins, which hve not been yet studied completely for their storability, need to be
evaluated. Therefore, the aim of this study was to investigate fruit physico-chemical and sensory characteristics
of Noushin and Shahin varieties in common and cold storages for two years.

Materials and Methods: In this study, fruits of Noshin and Shahin mandarins were harvested at seasonal
harvesting time and then placed in could storage (5 °C and 85% RH) and common storage (7-10 °C and 60-70
%RH) based on completely randomized design with three replications for 60 days every year. Fruits on days 0
(at harvesting time), 20, 40 and 60 of storage were sampled. Various physico-chemical and sensory
characteristics were evaluated including iuice percentage, weight loss, peel color indices (L*, a*, b*, hue angle,
chroma and CCl), total soluble solid (TSS), titratable acidity (TA), technological index (T1), skin disorder index
(SDI), pH, electrical conductivity (EC), total phenolic, ascorbic acid, antioxidant capacity and sensory
parameters during experiment. Statistical analysis of the data was performed using statistical software MSTAT-
C. Analysis of variance combined in a randomized complete design (two years) with three replications for each
variety.

Results and Discussion: The results showed that the amount of fruit weight loss and juice percentage did not
show significant changes during storage. The ranges of weight loss in Noushin and Shahin varieties were 7-8%
and 3.45-5.1%, respectively. Generally, peeling in Shahin was harder than Noushin but it gradually decreased
until the end of storage. With the exception of citrus color index (CCI) in Noushin that was high at the beginning
of storage, other color indices had no significant differences according to the type of variety and storage. Totally,
TSS: TA ratio increased during storage depending on the type of storage, so that the ratio was higher (Noushin
with 39.64 and Shahin with 13.34) in common storage than cold storage (Noushin with 31.04 and Shahin with
13.62) at the end of storage. Amount of electrical conductivity (EC) and technological index (TI) increased
significantly in both varieties and storages. Shahin variety with 3.74 and 26.19% was so sensitive to rind
disorder index and rind disorder percentage, respectively. Phenolic compounds in both varieties declined during
both cold and common storages. The amount of reduction depends on the type of mandarin, with Shahin
showing higher decline than Noushin variety. Besides, the content of ascorbic acid and antioxidant capacity in
both peel and pulp showed a decreasing pattern with the passing of harvesting time during storage. According to
sensory analysis, Noushin fruit can be stored in common storage for 20 days and in cold storage for 40 days.
Moreover, results revealed that Shahin fruits did not have storability more than 40 days in common and cold
storages.

Conclusion: Generally, Noushin variety was sensitive to low moisture of the storage and fruits lost extra
moisture during storage. Since Noshin was an early ripening variety, TSS: TA ratio increased rapidly at the end
of storage. Although Noushin had the lowest ascorbic acid content but its fruit antioxidant capacity was higher
than shahin at the end of storage. On contrast, Shahin was a mid-ripening variety with higher ascorbic acid
content. On the other hand, shahin peel was so sensitive to skin disorder index (SDI), therefor it should not be
maintained in low moisture and temperature storage. Based on sensory analysis and physicochemical
measurements, Noushin can be stored for 20 days and shahin for 40 days in common and cold storage. Finally,
we found that Noushin and Shahin cannot be maintained in storage longer than other mandarins.
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