TEEA Eom Mot Energ Feoln — OL PAN 2010 10 74-3]

HARVEST DATE DETEEMINED BY DIFFERENT METHODS OF
STARCH INDEX EEADINGS
AMND TEXTURE CHANGES DURING APPLE STOEAGE.

Tomasz Guz
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Summiary. The paper presents potertial applicabions of starch index (317 anabesis methods. The remlts of stawch
decomposibonwere used to estimate the ophimal harrest date. Taro different apple calbvars (Melose and Jona-
gold)were used m the stadies | Harvest dates weme deternuved by the rema lts of s arch tests mnterpreted by scarmer
(82, digial carvera (CA4), and visual assessment (VA). &pples were stoved mm TLO chanbers (1,5%002, 2,5%
CO up to 180 days. Fruts were sampled in 30-days ndervals whete elastieity and cohesiverness were evaha-
ated. The best storaze wmlis wemw chserved for the fnts havrested of 51 readings by SC methed . Fesults of
storage fior the frmts harvested by C b read mgs were credible but s g ltlywose thanin 3 C method of 51 mading .
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INTRODUOCTION

Stored fiuits are susceptible to different kind of disorders [Toroala 2005, Tormala 2007]. For
exarnple, apples are protected only frorn sorne of ther by preharvest orchard treatre s [IvleGlasson
2003]. Tt is wery difficult to protect stored organistas such as finits and vege tables due to their hizh
biological activity as well as varidhle conditions of storage. Storage disorders are revealed after
several months of storage and in spite of care fully controlled atmosphere conditions thesy often oc-
cur [Lan 199%]. These disorders are cansed by incorre cfly cormposed storage atrosphere [Palivath
1095] or firuit’s suareptibility to disorders resulting from mappropriate havvest date [Baert 2007]. Tt
iz wery tnportant to determine harvest date by an adeguate method. Traditional methods that rely
on weather observation and cormputation of wegetation period fail in judgrent when the fiuits are
subjected to C& or ULD storage [Toraala 2004]. Once the finits are harvested too late they must
be stored shorfly because of wery high respiration rates. Early harvested fimits are susceptible to
C0, injury [Lrdssah 2008] and superficial scald even when the conditions of storage are optiraal
[Mlorales 2007].

The harvest date of fruits that are subjected to long-termn storage ransthe precisely evaluated
[Tornala 1995, 2004] . This is the main factor that assures excellent guality of cormmodity after stor
age [Felltnan 2003]. There ave many precise methods of estirmation of the fiit’s ripe ness bt some
of thern are too expensive or too complex to be performed in cormon orchards and cold storage
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[Eysiak 199%] . The sirple and inerperstee starvch test which is based on starch decomposition in
fruits (apples and pears) during riperdng process is the only science-based method that is posaible
to be performed in cornenon use. The judsment of its results however leads to uncertain decizion
of harvest because of wide dispersion of scores by control panelists [Peirs 2002, Guz 2006]. It is
suggzested that other irnproved e thods of 51 reading are needed. The resalt of matarity evaluation
shonld be scored in conjunction with storage resilts [Torala 2004). This practice allows to judze
ghout the precision of method used in the experiment. The results of storage are dependent on the
storage conditions. Cmee the storage conditions meet the standards, the judzment should be guite
accurate.

The nze of different stavc h test “reading™ methods shouldbe scoved with the results of storage
alan becanse of lack of the identity patterns to be cormpared with the experimental fiits.

LIATERIALE AND MIETHODS
Towro differe nt apple cultivars were used in the experiment: vk lose and Jonagold.

The choice of apple eultrears was made based on their starch content and distribution and
starch decomposition in the fiaits was ohserved until its total disappearance (Fig. 13

Fiz. 1. The starch decomposition pattemns: & — Meliose, B — Jonagzold

Fruits of the Ivlelrose cultrear (high-starch) and of the Jonagold cultivar (Jow-starch) were
harvested at d-day intervals i late-worring hours. Severage-size apples (7-2 cm) were picked at
a height of about 1.5 rn dbove ground level. The experiment was begun fheee weeks prior to the
calendar harvest time for the fruits. After performing the standard starch test in a solution of 52 1, +
20g EIN000 rd of water and allowing the specirnens to dry; slice s with the “starch pattern™ were cut
and then their images were acquired by roeans of & digital carera (C&). The last stage of specimen
Image acouisition was sranning of the swface of sheared and coloured slices of the apgples (3C7.
Llsn, visual assessmment (VA) of the material was performed (5 jurors), consisting in comparison of
the specitnens with standard tables (Plantpress, Krakdw 2003} and estimation of the walne of the
starch index in the scale from 1 1o 10, Onee the Starch Index was close to the optiroar walues the
harwe st began. Ahout 30 ke of apples of each enltvear were harvested and stored up to 120 daye.
Dlelrose apples are harvested when 51 walue is near 3 whereas Jonagold apples are harvested at 51
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fromm & to 7. The harvested apples were divided into groupe hareested by the indications of three
(CA, 3C and VA) methods,

The fiuits were stored under conditions of controlled atrnosphere (ULC), After the chardber
was closed and sealed, it was filled with nitrogen frorn a generator so as to reduce the level of oy
gen to 5-6%. ULO conditions, 1e. O, concentration was 1,4%, and CO, concentration was 2,.3%.
Those conditions were stabilised by the respiration of fiuits and controlled by ULO ecpuiprnent.
Fruits were sampled in 30-days intervals when 5 kg fiuits were taken from the storage charaber
From the central part of the apple a slice was cut, ahout 15 ram thick, so that the planes of cut-
ting were perpendicnlar to the axis of the fimit Next, using a cylindrical krife with a diseter of
=13, cylindrical core sarples with a height of h=10 rarm were taken. Ayple flesh core sarnples
were subjected to cormpression. Corapression tests were conducted alwave at a constant rate of 50
roreftodt. The coefleient of sarple deformation was 500,

Dring the compression the following parare ters were recorded:

= force reguired to destrosy the sarmple,

= gecton inclivation within the elastic range.

RESULT=

Tdle 1. Starch conterts expressed by starch irdex (51) 1 Meliose apples
by different methods of udzement.

Methed MELEROSE

Harvest date CA 5C VA CAVA SCVA 5C.CA
1 154 117 287 1,7 1,70 0,47
2 192 257 3,84 L 177 0,65
3 303 3,61 441 1% 0,8l 05
4 272 5,43 425 1,53 0,52 0,71
5 380 357 450 1me L3 0,:
& 313 202 453 -1,40 L&l 0,21
7 324 269 4,69 -1,45 -0 0,55
g 335 276 4.5 1,7 L2 0,59
9 196 L2 3,5 -0 2% 0,7
10 519 411 £,40 -1,21 22 -1,
11 457 362 593 1,7 2% 0,35
12 785 718 243 0,58 1,25 0,87
13 654 53 719 0,35 -1,5 -1,51
14 694 550 7,61 0,67 212 144
15 298 831 244 0,46 113 0,87

Mean vahue 4734 357 551 -L17 -L64 -0,48

The stavchde coraposition waswaridhle in Melrose apples. Friits were harve sted just after the
first terrn of starch tests judged by visual assessioent. The 51 walues recetved by other me thods of
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Judgzernent were atlowr lewel The differenees were 0,35 to 1,9 stnaller IS for CL method and 0,9 4o
2,0 soaller for 5O reethod in cormparizon to V& e thod. Froite were also harve sted borthe indication
of the other rne thods. Harvest was performed after 2 = (S e thod) and 3" (A method) terme of
expe e nt. The results of elasticity and cobestveress were shown in Figures 2 and 3.
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Fig. 2. Effect of elastieity changes in Malrose apples harvested
by three methods of 51 evalhation
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Fiz. 5. Effect of cohesiveness changes i Melose apples harvested
by thres methods of 51 evalation
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Lipple harvest performed by the indications obtained by 5C rmethod reslted best in presere-
ing highelasticityand cobesteness ofapple flesh. Cohesiveress was expressed by the foree needed
to destrory the flesh sample. Higher elasticitywalues resulted in preserving more resistance to bnis-
ing dwring transportation and market handling . The brnise susceptbilityof fruits is the main problem
after long-tern storage and shelf life. Its market walue is lowr and has no consarer acceptance.

The results of this experimernt show that the terrn of harve st influenees the elasticity with high
inportance level (e=0,05). Fruits that were harvested too early had the lowest levels of elasticity
iFig. 2.1 and cohestreness (Fig. 3.

The apples that were harvested by the use of computational rethods (SC and Ch4) have
significantly higher elasticity walues in cormparison to those that were harvested by the use of +i-
snal assessnent. The cohestreness of apple flesh was reduced in storage time. This was especially
important by the end of storage. The walues of flds pararmeter were independent of the method of
ST evaluation and termn of harvest.

Fruits of Jonagold culttvar were observed in 9 terrns of experiment during starch decoraposi-
tior. This is a low-starch cultivar so decoraposition happens guicker than in hizh-starch cultrears.

Table 2 Stavch cortdents expressed by stach imd e (510 i Jonagold apples
by different wethods of pdzerment

Jonagald
Method

M tda Ch iC Vi CA-Vi SC-WA SC-Ch
1 551 Ly £,52 -1,01 014 115
2 567 759 7= -1,52 030 132
3 A1l TE1 738 -1,25 025 1,50
4 715 333 215 -052 024 123
5 205 87 e 0,24 01z 40,06
A 227 321 2,72 -0,45 4,51 40,05
7 bl ) 244 2,28 -0,42 0,44 0,06
3 EAIE] 3323 244 -0.41 4,61 4,20
9 Q5E 923 Qa7 -0,42 0,74 0,52

Mean vahe 752 2,10 2,24 -0,7 0,13 0,52

Fruits being in an initial phase of starch disintegration canmot be harvested because of their
lonr wealue for long term storage and susce phibility to many disorders and disesszes.

The harvest itne of the Jonagold apples was perfonmedafier the 1 st ferrn of ST reading by the
use of 5C and VA methods (Tab. 2.) and after the 3 1d term naing ChA method. In those terns of ex-
perirnent the 51 wvalue was 6 which was assarned as the best stage of npeness to harvest and storage.

The results of 51 values were sirnilar at the use of Viand 5C. The difference was only 0,13
of 5T unit taking into account all harvest dates. The values deviations were more distinet in the use
of CA& method where walues were lower, of 0,7 (WAY and 0,58 (SC). This resulted in retardation of
harwvesting the finits where Ch reading method was taken as a harvest indicator. At inatial stages of
harvests the differences betaeen IS values were the highest (over 1,0 510

Harvest delay resulted in low elasticity walues of apple flesh just after 30 daye of storage
(Fiz. 4.
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Fig. 4. Effact of elasticity changes in Jonagold apples harwested
by three methods of 51 evalhabon

The lowestvalues were sustained daring the whole time of storage. Fesults of cohesireness
were farniliar to elasticity curves in Fiz. 5 The differences betreen fiuits harvested by 32 and Vi
e thods wete not statisticall v irportant. After long-tiree storage the cohesireness of apple flesh
was slightly higher after harvest using CA method.

Jonagold
95% Confidence intervals

I Mt 5C

Ikt CA
FH —hm—
Zi i i [ 174 e i bt VA
Honpm pe e [cheal

Fiz. 5. Effect of cohesiveness changzes m Jomazold apples harvestad
by three methods of 31 evahation
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CONCLUSIONE

1. Storage of fruite havvested by ST interpretation of 5C method had the best results for
two apple cultivars.

2. Harvest retardation of Jonagold apples caused by variations of 51 evaluation resulted in
reduction of strength and elasticity in apple flesh.

3. Prematuwe harvvest of Ilelrose fiuits resulted in re duction of strength and elastic ity walue s
through the whole storage period.

4. The differences of 51 inferpretation were smaller in Jonagold apples. The span of waria-
tior was frora 0,13 to 0,71 of 51 walues.

5. The use of seanner for 51 evaluation and determination of harvest date had the best
results in storage effects.
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TERMIN ZBIORT WY ZN ACZONY ROZNVMI METODAMI OCENY INDEKSU
SKROBIOWEGO A ZMIANY TEEITURY JABEEK W CZAZIE
FREECHOWY WANTA,

Steszemende, Praca preedstavna nosliercdd prakiremeg o wykorzystaria metod analitremeh w pterpretaci
mdeknn slochioarego. Winnkl ocery tego testn bybrarvkozystane do podjecia decyzil o shiorze oarcodar. Ba-
daniomm poddane bidy cwroce odmiany Maelvose oras Tonagold. Zhide oaroodar wipkorssrano w oparem o worrild
testn skach ooarezo, ktdry b interpre oo anyar oparem o ocere waokowr g 5 ocerajaeych (OW), analize obram
testn skwbioarego skanerem (SE) craz aparatem cyfioarym (400, Craroce przechoarparane w homoe=s TTLO
[1,5% 2, 24% CON prees 180 dm. Podezss prmechoarmer s, w odstepach 30-dmosrwch ocermanc wlasnoio
mecharierme migsm (elastyrminsid oraz s poistods). W przedstasricerrm els perrmercie dobre wynikd prze-
chowrrwaria owroodwr usyskano poshiguiy sie metody SE (w preypadln cba odrmian cerooder) oras metodsy
W (el dla Jonagolda). Zhide caocder wedhiz wskazai metody 40 dawrad mieco gorsze wymila podezas
przechoarrania ok odmian owrooder.

Showra khuerowe: jablka indeks slych iowry, analiza obram, preechovwnraranie cwootwr



