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MEXKIYHAPO/HAS SKCIIEPTH3A
KAYECTBA - I/10/I00BOILLHOW MPOAYKLIUH
HAYYHO-UCJIEJJOBATE/IbCKOE OBPA30BAHUE /
INTERNATIONAL QUALITY EXPERTISE —
FRUIT AND VEGETABLE PRODUCTS,

SCIENTIFIC RESEARCH.
KOHTEWHEP/AM/TIPAIIEII /
CONTAINER/TRUCK/TRAILER LO0ER0
I'PY3// CARGO CBEXKAS EXEBHKA [/
FRESH BLAKBERRY
IIJIOMBA / SEAL Ne OTCYCTBVET
JATYHK / SENSOR Ne

CMR /INVOICE / TPAHCIIOPTHAA
HAKJIATHAA // TH Ne 4, om 15-07-2023
CMR /INVOICE / BILL OF LADING

JATA ITIPOH3BOJICTBA / 15-07-2023 -
PRODUCTION DATE

M3I'OTOBUTEJBL/OTIIPABUTED //
MANUFACTURER/SENDER

HOJYYATEJID - 3AKA3ZYHK /
RECIPIENT - CUSTOMER

JATA HHCITEKTIHH /

DATE OF INSPECTION 18-07-2023

BPEM HHCIIEKITH / HAYAJIO /
OKOHYAHMUE //
INSPECTION TIME / START / END

21:00/722:40

Mockoesckaa oonacms 2. /lonconpyonustii
MECTO ITPOBEJIEHHUA HHCIHEKITNH // ya. FOxcuas o1/
PLACE OF INSPECTION Moscow region Dolgoprudny

Yuzhnaya str., dl




BnIAH IIpOoBeAeHbBI CAEAYIOIIHE 3KcliepTHEIe pabGoTsel/ The following works were carried out:

e IIpousBenéH ocmoTp rpysa / Inspect the good;
o Ilpou3BeneHa 3KCHepTH3a KadecTBa rpy3a / Quality expertise of the cargo;

¢ VYcTaHOBAe€HHe IPHYHH H XapaKTep NoBpeXneHuii. / Determine the causes and origins
of the damage.

1. PEBVABTATEI OKCIIEPTH3EI / Result of examination:
1:1: OcmorTp rpysa [/ Inspection of the cargo.

18/07/2023 21:30:32

18/07/2023 21:30:39
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1.2. Temnepamypa nynenst 6bLna ommeuera e npedenax /
The pulp temperature was noted in the range of: + 17,0 C
Cpedussa memnepamypa tC: + 16,2/ + 159/ +153/ + 17,9 /+17,5/+17,1 /+17,8C
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1.3. Taapmanckuii cuér rpysa / Tally of the cargo:

Pesynemamul 3Kcnepmussl npedcmaenenst ¢ mabnuue /
The results of the examination are presented in the table.

EUHEP / AM/TIPHILEII /

CONTAINER / AM / TRAILER

-?mmun BBIT'PYIREH
DECLARED | UPLOADED

rPY3 /| CARGO
3ASBAEHLIA BEC EPYTTO /

THE DECLARED GROSS WEIGHT
3AFGBAEHLIH BEC HETTO /
UNLOADED GROSS WEIGHT

PALLET

IMAAAET /

THE DECLARED NET WEIGHT

BBITPYIKEHLIN BEC BPYTTO /

PACKAGES
VIIAKOBOK /
PACKAGES

MAAAET /
PALLET
VIIAKOBOK /

UNLOADED NET WEIGHT

BBII'PYXEHBINA BEC HETTO /

CPEOHSAAtC /
AVERAGE

2
CBEXXAA
EXEBHKA
P / = - » " x = "
490 R 0 0 0 3700 +17,0
PK BLAKBERR
790 Y
- - - - - 0 0 0 - - - - -
OFIIE | E}KEBHEA / ” _ _ _ - - -
B SLARRERRY g g g 3700 7.0
HTOro:

CocrogHHe (PPYKTOB ObIAC OIIPEIEACHO B COOTBETCTBHH c TpeboBanuaMmu/ The condition of fruits was

1.4. 3xcnepmusa xauecmea 2py3a / Quality expertise of the cargo:

ascertained in accordance with the requirements of:
UNECE Cragnapra — UNECE FFV-57/ UNECE Standard - UNECE FFV-57

Cranmapramu OCED, Mexnynaponaeim Memopaunymom XKernesckoi Kousermmn 3EK OOH, AO, MATATS.

The condition of the fruit was determined in accordance with the requirements of the Delta Fruit Specification
OCED standards by the International Memorandum of the Geneva Convention of the UNECE, FAO, [AEA.

I'aapa KpecThAnckoro (pepmepckoro) xozniicrea Memumes Dpnect Mapaenosuy
O TH- 3172 lUZ0002 2591, MEH- 10408225033 agpec: PecnySrass Kpuie, Baxuncagaicsndi p-on, © Henewmonopoamsoe, wi [wesena, . 72

Kpecreanckum (depmepeknm) xozafictsom Memumien 9.M. 15 mona 2023
rona 6w ocyiecraacH ¢Gop ypoxasa exepukM obuiuM Becom 3 500 kr, KOTOPEIA
BIOCASIACTBHNE OB OXAaXKASH A0 TemMnepartypsl +3 “C u nepenad noil peaiusauHio
I JKecrron C.C.(MHH 920154276077, OI' PHHII 317920400001092).

Temneparypa ansa TpancnopTapoeku: +3/+4 °C.

Cpox roamoct: 10 aueii npu remneparype +3/48 “C.

I'napa KX /Memmmen .M./
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O6pas1pl Tpy3a 6bIAH 0TOGpaHbl SKCIIEPTOM B COOTBETCTBHH C mpaBHAaMH «Commission Regulations
(EEC) No. 1148/2001dd. 12.06.01 /
The samples of cargo were taken by our Surveyor in accordance with Commission Regulations (EEC) No.

1148/2001 dd. 12.06.01.

1.5. Pesynemamut uHCcneKyuu npedcmaenenst e mabnuue Huwke /

The results of the inspection are shown in the table below:

KOHTEWHEP/
1A HECOOTBET
NPULIEN / rPy3 / COPT/ KA/INEP / | KATETOPUA Rl CTBUE
CONTAINER / CA'RGD e A st / Np"m“ T kanueea /
AM / TRAILER : - CALIBER | CATEGORY 2ST STANDARD | INCONGRUITY
CATEGORY CALIBER
- 0,0% 0,0% 0,0% 0,0% 100%
CBEAA x
EJXKEBHEKA // ) = 0,0% 0,0% 0,0% 0,0% 0,0%
P 490
PK 790 FRESH
BLAKBERRY
= 0,0% 0,0% 0,0% 0,0% 0,0%
- 0,0% 0,0% 0,0% 0,0% 0,0%
OBLLEE / CPEQHEE 0,0 0,0 0,0 0,0 100,0
utoro /
TOTAL / AVERAGE 0,0% 0,0% 0,0% 0,0% 100%
TOTAL:

1.6. IIAOTHOCTS IINOJA/ THE DENSITY OF THE FRUIT:

OnpeneacHHe (PH3HOAOTHUYECKOT'O COCTOSHHS CIIEAOCTH, IIPOBEEHEI B COOTBETCTBHH TPeGoBaHHAM H
porryckamu PAO/ MATATS MexkayHapoaHoe AreHTCTBO 110 ATOMHOH 3HEprHH - oraeA MHKPOGHOAOTHH.
Determination of the physiological state of ripeness, carried out in accordance with the requirements and

tolerances of the FAO/IAEA International Atomic Energy Agency - Microbiology Department.

10-20% Ripe

30-607% Ripe

Full-ripe

Color
Images

Absorbance

Images

L

Pseudo
Color

Maps

0.903

0.00 1_0;)

(b)

1.301

1.471

Colony Forming Units (log,, (CFU g"))

(d)

2,982

(e)

3.845
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2.0. Mesxdynapoonas FOpucduxuus/ International Jurisdiction:

2KeHeBCKHIT MEMODAHIYM O B3aHMOIIOHHMAHUI IO CEIbCKOX034IICTBeHHbIM CTAHAAPTAM KauecTBa, JOKYMEHT OBLI
o100peH Ha 80-M coBemarnH IcnomHuTeIBHOrC KOMUTeTa 5 oKTA0ps 2015 roga. HacTosnimi MeMOpaHIyM O
B3aHMOIIOHIIMAHHN 3aMeHsAeT I yipa3aaseT JKeHeBcKill npoTokon 1985 roma.

HedTelIbHOCTB 110 pa3paboTKe cTaHJapToB EBpoIelicKkoll 3KOHOMHYeCcKoil koMuccnn Opranmsanun O0be IMHEeHHBIX
Hammi (ESK OOH) ocyniectBiseTcs PaGouell Ipynnoii o cenbCKOX03MICTBeHHEIM CTaHIapTaM KauecTRa,
JleficTRyromlell B COOTBETCTBHH CO CROHM KPYTOM BejleHHs! H pabo4yHMH IpoLe/ypaMH.

ESK OOH coTpyaHngaeT ¢ IpyTHMH MeXKIVHApPOIHEIMH opraHaMi, BKIrouas Komuccuro Kogeke ATMeHTapHyc,
Oprasuzanio S3KOHOMHYeCKOro coTpyaHnuecTBa U pazeurus (OECD), EBponetickuii coro3 (EC) u BTO.

Opranuzanun O6penHeHHBIX Harmil ceABCKOX03sICTBEHHBIE H HUOTEXHOAOTHUYECKHE
arabopatropun PAO/MATATI, KoTOpBIE IPOBOALAT IIPAKAALHBIE H aJaIlTUBHBIE HAYIHO-
HCCAEIOBATEALCKIE U OIBITHO-KOHCTPYKTOPCKHe paboTHL U pa3pabalblBaloT CTaHAapIhl,
[IPOTOKOABLI, PYKOBOJCTBA, O0ydeHIe U CIIeIaAl3HPOBaHHEIe YCAYTH.

NEPEYEHb 'OCYJAPCTB - YJIEHOB E3K: ABcTpusd, MoHako, Azep6aiimxaH, Hunepsanabl, AnGaHus,
Hopgeeruw, AHioppa, [loabiia, Apmenus, [lopTyranus, benapycs, Pecny6iuka MosazoBa, benbrus,
Poccuiickan Pepepanuus, bonrapus, Pymeinusa, bocuus u lepuerosuna, Can-MapuHo, BeiBillas 1orociaBckas,
Pecny6sinka Cepbus, Makegonus, CioBakusd, Beurpus, Cnoeenus, I'epmanus, CoefuHeHHoe KopoJsieBCTRO,
['penus, Benuko6putanuu u CeBepHoit Upnanauy, Mpy3va, Jlanud, CoeguHeHHble lllTaThl AMepukH, H3pauis,
TagxukucraH, Hpnangusa, TypkMenucTtas, Henanaus, Typuua, Menanus, Ya6ekucras, Mtanus, YkparHa,
Kazaxcran, @unnsaupus, Kanapga, @®panuus, Kunp, Xopeatus, Keipreizcras, YepHoropus, JlatBus, Yenickas
Pecny6uika, JIuTBa, llIBeiinapus, JluxteHm e , [liBenus, JliokceMGypr, IcToHUA, ManbTa.

Geneva Memorandum of Understanding on Agricultural Quality Standards, the document was approved at
the 80th meeting of the Executive Committee on 5 October 2015. This memorandum of understanding
replaces and abrogates the 1985 Geneva Protocol.

The standard-setting activities of the United Nations Economic Commission for Europe (UNECE) are carried
out by the Working Party on Agricultural Quality Standards, acting in accordance with its terms of reference
and working procedures.

The UNECE cooperates with other international bodies, including the Codex Alimentarius Commission, the
Organisation for Economic Co-operation and Development (OECD), the European Union (EU) and the WTO.
United Nations agricultural and biotechnology laboratories of FAO / IAEA, which conduct applied and
adaptive research and development and develop standards, protocols, guidelines, training and specialized
services.

LIST OF STATES - ECE: Austria, Monaco, Azerbaijan, the Netherlands, Albania, Norway, Andorra,
Poland, Armenia, Portugal, Belarus, Republic of Moldova, Belgium, Russian Federation, Bulgaria,
Romania, Bosnia and Herzegovina, San Marino, Former Yugoslav, Republic of Serbia, Macedonia,
Slovakia, Hungary, Slovenia, Germany, United Kingdom, Greece, great Britain and Northern Ireland,
Georgia, Denmark, United States of America, Israel, Tajikistan, Ireland, Turkmenistan, Iceland, Turkey,
Spain, Uzbekistan, Italy, Ukraine, Kazakhstan, Finland, Canada, France, Cyprus, Croatia, Kyrgyzstan,
Montenegro, Latvia, Czech Republic, Lithuania, Switzerland, Liechtenstein, Sweden, Luxembourg, Estonia,
Malta.

2.1. lonoxcernua u oonycku Mesxcoynapoonsix Cmanoapmos, éxodans cmandapmet u oonycku EBPA393C /
Provisions and tolerances of International Standards, including EURASEC standards and tolerances:
Crangapt ESK OOH FFV-57 kacaloluicH cOBITA H KOHTPOJIA TOBAPHOI'0 KayeCcTBa MAIHHEI eKeBHKH /
EBPA3DCTOCT 33915-2016/

IIpaBoBEIE cTaHIAPTHI, HIMEIOIIIE MEXAYHAPOAHYEO I BHYTPEHHEIO FOPHCANKINIIO ABIAIOTCA OCHOBHBIMH TPAKTaTaMI
B MOJIOXKEHILAX II0 JOITYCKY KauecTBa IUIOICOBONTHOI TP OyKITHIL

Cranpaptel ESK OOH - TecHO UMIIIEMeHTHPOBAHEI B IoCyJapCTBeHHEBIe CTaHAAPTH PO 110 100 0BOMTHON
TPOAYKIINH, TakK e BHeApeHsl B cTaHaapTel EBPA3DC.

The UNECE FFV-57 Standard concerning the marketing and quality control of /

EURASEC GOST 33915-216 /

Legal - standards having international and domestic jurisdiction are the main treatises in the provisions on
the admission of the quality of fruit and vegetable products.

The UNECE standards are closely implemented in the state standards of the Russian Federation for fruit and
vegetable products, also implemented in the EURASEC standards

13 1
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3.0 PA3BSICHEHHSI H KOMEHTAPHH - OIIEHKH KAYECTBA ITAOOBOIITHOM IIPOAYKIIHH —
BKCIIEPTA NIO - SURVEY EXPERTS (HAYYHO-HCAEJOBATEABCKOE OBEPA3SOBAHHE)
HA OCHOBE MEXJAYHAPOIHOI'O HAYYHOI'O COOEIIECTBA:
3.0 EXPLANATIONS AND COMMENTS - ASSESSMENTS OF THE QUALITY OF FRUIT AND VEGETABLE
PRODUCTS — EXPERT NIO — SURVEY EXPERTS (SCIENTIFIC AND RESEARCH EDUCATION)
BASED ON THE INTERNATIONAL SCIENTIFIC COMMUNITY:

BLACKBERRY CHEMISTRY

Summer may now be past its peak, but blackberry season is now fast approaching. In this
graphic we briefly look at the compounds that give blackberries their purple-black colour.
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BLACKBERRY

Scientific Name:
Family:

Rubus spp.
Rosaceae
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Quality Characteristics

North and South America. However, blackberries

grown in specific regions of the world result mainly
from species native to that region. The blackberry is a fruit
formed by the aggregation of several smaller fruits, called
drupelets. The drupelets are all attached to a receptacle,
which is the fibrous central core of the fruit that may be
greenish-white or purple. Unlike raspberries, where the
receptacle separates from the berry and leaves a hollow core,
the drupelets of blackberries remain attached to the recep-
tacle, with the receptacle abscising from the plant during
harvest. Blackberries are red to brown-red; are hard when
they are immature; and turn black, shiny, and soft when they
ripen. The ripe fruit is soft and juicy and has a very dark-
purplish color with a smooth, fragile skin (Perkins-Veazie
2004). Because eating quality does not improve after harvest,
blackberries should be harvested at the shiny-black stage,
when the fruit attains a glossy fully black color, appears and
feels turgid, and is easily detached from the plant (Mitcham
ct al. 2006; Perkins-Veazic et al. 1993b). When harvested,
partially colored, blackberries are fairly astringent owing to
their high acid and phenolic content. Although the prefera-
ble color for fresh market is glossy black (Daubeny 1996),
some cultivars retain acidity and astringency well into ripe-
ness and should be harvested at the dull-black color stage
so they will be edible (Perkins-Veazie 2006a).

Blackberry cultivars also vary in texture and composi-
tion. For example, ‘Navaho' blackberries are firmer, have a
tougher skin, and are similar to ‘Shawnee’ in color and
anthocyanin content. ‘Arapaho’ blackberries are lower in
anthocyanin content than ‘Cheyenne,” ‘Shawnee,” or
‘Choctaw’ cultivars, and consequently were considered by
some to be the most suitable cultivar for the fresh market
(Clark and Moore 1990; Perkins-Veazie et al. 1993a, 1997).
‘Thomnfree,” ‘Loch Ness,” and ‘Chester Thornless™ were
considered the most important semi-erect types of raspberry
cultivars produced worldwide. whereas ‘Brazos' and
‘Marion’ were the most common erect and trailing types.
Erect and semi-erect raspberry cultivars are usually grown
for fresh marker and trailing cultivars for processing (Strik
et al. 2007).

Biackbcrrics are widely grown in Asia, Europe, and

——
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Overall, fruit quality attributes such as good flavor and
color, optimum soluble solids and acidity combined with
firm fruit texture and good skin strength, and good drupelets
coherence and resistance to decay are the best requirements
for a good quality blackberry with an extended postharvest
life (Daubeny 1996).

Soluble solids and total sugar contents, pH, and volatile
production increase from the red unripe to the dull-black
overnpe stages, whereas acidity decreases sharply as black-
berries ripen (Perkins-Veazie et al. 2000a; Siriwoharn ct al.
2004). Changes in acidity during blackberry ripening are,
however, more accentuated than changes in the soluble
solids content of the fruit. Depending on the cultivar, soluble
solids content increased from approximately 4-15.7% until
the black color stage. and then increased to approximately
10-18% between the ripe and dull-black stages, whereas
acidity decreased from approximately 2-3% in unripe fruit
to 1% or less in shiny-black stages (Pantelidis et al. 2006;
Perkins-Veazie et al. 2000; Reyes-Carmona et al. 2005;
Siriwoharn et al. 2004; Stanisavljevié¢ 1999). Total sugar
content increased from 200 p/g fruit dry weight in red fruit
to 600 p/g fruit dry weight in black fruit (Perkins-Veazie
et al. 2000). In general. blackberries contain about 5-6%
total sugars, of which 1-5% is sucrose, 44-48% 1s glu-
cose, and 47-49% is fructose (Perkins-Veazie et al
1999a,1999b).

Anthocyanins, mainly cyanidin-3-glucoside, are first
detected in green-red fruit, with the greatest increase in
content occurring between the mottled and shiny-black
stages of ripeness (Fan-Chiang and Wrolstad 2005; Perkins-
Veazie et al. 2000). Anthocyanin content of blackberries is
highly correlated with the color of the fruit, and the higher
the anthocyanin content the deeper the color of the fruit
(Perkins-Veazie et al. 1993a). Depending on the blackberry
cultivar and maturity stage at harvest, as the fruit ripens,
anthocyanin content significantly increased from 69.9 or
74.7 mg per 100 g in unripe fruitto 164 or 317 mg per 100 g
fruit fresh weight in overripe fruit (Siriwoharn et al. 2004).
At the ripe stage, the anthocyanin content of “Chester Thorn-
less,” ‘Hull Thomless,” and ‘Triple Crown' blackberry cul-
tivars was 153.3, 171.6, and 133.5 mg cyanidin-3-glucoside
per 100 g fruit fresh weight, respectively (Wang and Lin
2000). Besides cultivar variations and maturity of the fruit,

139
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COLOR ATLAS OF POSTHARVEST QUALITY OF FRUITS AND VEGETABLES

anthocyanin content of blackberries also varies depending
on the season of harvest and production area (Clark et al.
2002; Connor et al. 2005a; Fan-Chiang and Wrolstad 2005;
Naumann and Wittenburg 1980; Pantelidis et al. 2006;
Perkins-Veazie et al. 1993a; Reyes-Carmona et al. 2005).
For example, anthocyanin content of blackberries grown in
New Zealand ranged from 66.0 to 167.8 mg per 100 g fruit,
whereas the anthocyanin content of blackberries grown in
the United States ranged from 58.3 to 363.1 mg per 100 g
fruit (Clark et al. 2002: Connor et al. 2005a; Fan-Chiang and
Wrolstad 2005; Perkins-Veazie et al. 1993a;). Other differ-
ent blackberry species grown in France, Chile, Greece, and
Mexico contained on average 143.0, 141.5, 139.8, and
70.3 mg of total anthocyanin per 100 g of fruit, respectively
(Fan-Chiang and Wrolstad 2005: Pantelidis et al. 2006).
Total phenolic content of blackberries also varies depending
on the species, cultivar, fruit maturity, season, and arca of
production. Total phenolic content did not increase much
during ripening from the unripe to ripe stage (975-903 mg
per 100 g fruit fresh weight), but a significant increase was
observed from the ripe to the overripe stage (903-1,541 mg
per 100 g fruit fresh weight) (Siriwoharn et al. 2004). Total
phenolic content of blackberries grown in New Zealand and
the United States ranged from 292.2to 1.058.1 mgper 100 g
fruit, respectively (Cho et al. 2005; Clark et al. 2002; Connor
et al. 2005a). Depending on the cultivar, blackberries grown
in Greece had a total phenolic content that ranged from
1,703 to 2.349 mg per 100 g fruit fresh weight (Pantelidis
et al. 2006).

Because of their generous content of anthocyanins and
phenolic contents in addition to other antioxidant com-
pounds, blackberries are ranked among the fruits with the
highest antioxidant capacity. However, like anthocyanin and
phenolic contents. antioxidant capacity (defined as oxygen
radical absorption capacity or as ferric-reducing antioxidant
power) of the fruit also varies depending of the cultivar and
maturity of the fruit, environmental conditions during
growth, season of harvest, and production area (Connor
et al. 2005a, 2005b; Pantelidis et al. 2006; Reyes-Carmona
et al. 2005; Siriwoharn et al. 2004; Wang and Lin 2000).
For example, antioxidant activity of blackberries grown in
New Zealand ranged from 56.6 to 66.3 pmol/g fruit, whereas
antioxidant activity content of blackberries grown in the
United States ranged from 65.5 to 71.8 pmol/g fruit (Connor
et al. 2005a, 2005b). Antioxidant activity increases as the
fruit ripens and attains a maximum in the overripe stage
(Siriwoham et al. 2004). Blackberry fruit contains onaverage
88% water, 9.6% carbohydrates, 1.4% proteins, and 5%
fiber (USDA 2006), 11-28 mg of vitamin C, and minor
amounts of other vitamms per 100 g of fresh fruit (Agar ct
al. 1997; Hansen and Waldo 1944; Pantelidis et al. 2006;
USDA 2006).

Optimum Postharvest Handling Conditions

To obtain the maximum postharvest life, blackberries should
be promptly cooled within 4 hours after harvest to 5°C.

—
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Subsequently they should be stored as close as possible to
0°C and with 90-95% relative humidity. Under such condi-
tions a postharvest life of 5-14 days is expected (Mitcham
et al, 2006; Perkins-Veazie 2004a).

Temperature Effects on Quality

The rapid loss of blackberry quality after harvest contributes
to the limited availability or to the poor quality of the fruit
in the fresh market. Because of the lack of suitable cooling
facilities and sometimes lack of knowledge about fruit
requirements, blackberries are often handled under inade-
quate temperatures that may be as high as 10°C (Perkins-
Veazie et al. 1999a). Exposure to temperatures above 0°C
results in a rapid loss of fruit quality such as undesirable
olor changes, softening, shriveling, and compositional
changes, and thus decreased acceptability for sale. When
stored continuously at 2°C, blackberry maximum storage
life was about 10 days for ‘Navaho,” 7 days for “Arapaho,’
and 4 days for ‘Choctaw’ and ‘Shawnee’ blackberries.
Holding blackberries at 5°C reduced the storage life to §, 3,
and 2 days for ‘Navaho,” ‘Arapaho,’ and ‘Choctaw’ and
‘Shawnee,” respectively. This represents half the storage life
at 2°C (Perkins-Veazie et al. 1999a).

In general, the severity and incidence of decay in black-
berries increases as the temperature and length of storage
increases. For example, the percentage of decayed fruit after
7 days at 5°C was at least two times higher than in fruit
stored for 7 days at 2°C, and the percentage of decayed fruit
held 7 days at 10°C was three times higher than that of
fruit held at 5°C for the same period (Perkins-Veazie et al.
1999a). After 7 days of storage, 4, 7, and 29% of ‘Shawnee’
blackberries were decayed after storage at 2, 5, or 10°C,
respectively. Blackberries stored for 21 days at 2°C were
less decayed (approximately 9%) than fruit stored for 7 days
at 10°C (approximately 13%) (Perkins-Veazie et al. 1999a).
Likewise, the percentage of leaky fruit increases with storage
time and temperature. After 21 days at 2°C, 14 days at 5°C,
and 7 days at 10°C, approximately 50% of the fruit was
leaky and 33-36% of the fruit was unmarketable (Perkins-
Veazie et al. 1999a). Botrytis cinerea was the main cause of
infection in 20% of the blackberry fruit stored for 12 days
at 2°C., whereas Rhizopus stolonifer caused some decay in
the scar area of the fruit (Barth et al. 1995). *‘Navaho’ black-
berries stored or shipped for 4 days between —0.5 and 1°C,
held for 7 days at 20°C upon arrival, and then transferred to
20°C for 2 additional days showed significantly higher decay
(14 and 43%, respectively) when compared to fruit that was
mot transferred to higher temperature (6 and 2%, respec-
tively) (Perkins-Veazie et al. 1997). Thercfore, holding
blackberries for only 1 or 2 days at 20°C resulted in increased
growth of gray mold (Perkins-Veazie 2004a; Perkins-Veazie
et al. 1997). Holding ‘Marion’ blackberries at 0 or 5°C
delayed the development of mold for 7 days, whereas berries
held at 10 or 25°C developed mold after 48 hours of storage.
Mold incidence was 5% when the fruit was held at 0°C, but
increased to 22 and 79% when fruit was stored at 10 and
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20°C, respectively (Varseveld and Richardson 1980).
Holding blackberries for 2 days at 20°C following storage
at 2 or 5°C increased the incidence of decay in ‘Navaho'
and ‘Shawnee’ fruit, Thus, after 21 days at 2°C, 28-73% of
the fruit transferred for 2 additional days at 20°C was
decayed, whereas, depending on the cultivar, 68-95% and
14-66% of the fruit was leaky or soft, respectively (Perkins-
Veazie et al. 1999b). Decay and percentage of leaky fruit
mncreased during storage at 2°C, and after 14 days 20-33%
of the fruit was decayed, whereas 39-50% of the fruit was
leaky (Perkins-Veazie and Collins 2002). Leaky fruit results
from pathological or physiological breakdown, or both,
when the fruit drupelets begin to leak fluid to the exterior
(Mitcham et al. 2006).

Blackberry firmness also decreases with increasing tem-
perature and duration of storage. For example, the percent-
age of firm *Shawnee’ blackberries decreased during storage,
regardless of the storage temperature, from 41.9 to 29.2%
after 7 and 21 days at 2°C, respectively. However, decrease
in the percentage of fimn fruit was higher at 5 and 10°C than
at 2°C (Perkins-Veazie et al. 1999a).

Blackberries are very vulnerable to water loss, which
results in fruit shriveling and loss of gloss (Mitcham et al,
2006). However, no changes in the coloration of the fruit
were reported during storage. In fact, changes in color were
negligible when *Navaho’ blackbemies were stored at 2°C
for 2 weeks (Perkins-Veazie et al. 2000), and although hue
angle of blackberries stored at 2°C increased after 2 days of
storage, it decreased gradually by 12 days (Barth et al.
1995). Conversely, loss of moisture seems to have a signifi-
cant effect on fruit shriveling and loss of gloss (Mitcham et
al. 2006). Weight loss among different blackberry cultivars
stored at 2°C ranged from 0.8 to 3.3% after 7 days and was
mfluenced by cultivars and color stage (Perkins-Veazie
et al. 1996). Higher temperatures, above the optimum rec-
ommended for blackberries, combined with extended storage
periods result in higher weight losses as a result of loss of
moisture from the fruit, For example, weight loss of black-
berries stored at 2°C increased from approximately 2.5%
after 7 days to 6% after 21 days. whereas blackberries stored
at 5 and 10°C showed a reduction of approximately 3 and

% on the mitial weight after 7 days of storage (Perkins-
Veazie et al. 1999a).

In blackberries grown in Brazil, initial weight of the fruit
was reduced by 7.91% and 14.83% when stored for 12 days
at 2 and 20°C, respectively (Antunes et al. 2003). After 3
and 7 days at 2°C, ‘Navaho," ‘Choctaw,’ ‘Cheyenne,’ and
‘Shawnee” fruit lost on average 1.8 and 3% of their initial
weight, respectively (Perkins-Veazie etal. 1993b). ‘Chester’
and ‘Navaho' blackberries showed the highest weight loss
reported, and after a 3-week storage period at 3 £ 2°C fruit
had lost 22% and 49% of its initial weight, respectively
(Basiouny 1995). ‘Marion’ blackberries stored for only 4
days at 10 and 20°C showed weight losses of 1.8 and 3.8%,
respectively, whereas fruit stored for 10 days at 0°C reached
only a maximum weight loss of 0.6% (Varseveld and Rich-
ardson 1980). ‘Navaho' blackberries stored or shipped for 4
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days at temperatures between —0.5 and 1°C, held for 7 days
at 20°C upon arrival, and then transferred to 20°C for 2
additional days showed significantly higher weight loss (4.7
and 6.5%, respectively) when compared to fruit handled
likewise but not transferred to 20°C (2.9 and 2.6%, respec-
tively) (Perkins-Veazie et al. 1997). Holding blackberry
fruit for 2 days at 20°C following storage at 2 or 5°C resulted
in additional weight loss of 0.5% to 2.5%, respectively
(Perkins-Veazie et al. 1999b).

Temperature has a major effect on the compositional
changes of blackberries during storage. For example, soluble
solids content of blackberries fluctuated, whereas acidity
declined, and pH and soluble solids content-to-acidity ratio
increased during storage at 2, 5, or 10°C. The desirable
increase in soluble solids content-to-acidity ratio was most
likely the result of a decrease in acidity rather than an
increase in the soluble solids content of the fruit (Perkins-
Veazie et al. 1999a, 1999b). Soluble solids and acid contents
of ‘Navaho' and ‘Chester’ blackberries declined during
storage at 3 * 2°C, resulting in fruits with unpleasant taste
and unmarketable qualities after 3 weeks of storage
(Basiouny 1995). A 53% reduction in the soluble solids
content of blackberries was reported after storage for 12
days at 20°C, whereas no significant changes were observed
in fruit stored continuously at 2°C (Antunes et al. 2003;
Perkins-Veazie and Collins 2002). Total sugar content of
blackberries stored at 2°C decreased by 22.6% during
storage compared to initial values, and although sucrose and
fructose contents declined slightly during storage, glucose
content of the fruit increased (Perkins-Veazie et al. 1999a,
1999b).

Total ascorbic acid content of blackberries decreased
from an initial value at harvest of about 80 mg to about
40 mg per 100 g fresh weight after 12 days of storage at
20°C, whereas fruit stored at 2°C lost 51% less ascorbic acid
content compared to fruit stored at 20°C (Antunes et al.
2003).

Anthocyanin content of blackberries stored at 2, 5. or
10°C increased during storage (Perkins-Veazie etal. 1999a).
Although anthocyanin content of blackberries stored at 2°C
remained stable throughout 12 days of storage (Barth et al.
1995), after 7 days at 10°C it increased by 48 or 86%,
depending on the cultivar (Perkins-Veazie et al. 1999a).
Anthocyanin increased by approximately 33% in ‘Navaho’
blackberries when held for 21 days at 2°C, and by 60 and
85% when fruit was held for 14 and 7 days at 5 or 10°C,
respectively (Perkins-Veazie et al. 1999a). Storage tempera-
ture has a major effect on anthocyanin accumulation, as
higher temperatures scem to stimulate the synthesis of the
pigment. Although anthocyanin content of blackberries
tends to increase during storage, when blackberries were
stored for 3 weeks at 3 £ 2°C total anthocyanin content
decreased. most likely owing to aging of the fruit (Basiouny
1995) and to changes in pH of the juice and color of the
fruit.

Total phenolic content of ‘Arapaho’ and ‘Shawnee’
blackberries stored for 7 days at 2°C significantly increased,
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but anthocyanin content and antioxidant activity decreased
compared to initial values in fresh fruit. Following 2 addi-
tional days at 20°C the antioxidant activity of blackberries
increased, most likely because of anthocyanin synthesis or
increased availability of free anthocyanins in fruit stored at
warmer temperatures, but was still lower compared to initial
values in fresh fruit. Antioxidant activity, mecasured as
oxygen radical absorbance capacity (ORAC), did not
increase after storage of blackberries at 2°C (Perkins-Veazie

et al. 1999b; Perkins-Veazie and Kalt 2002).

Time and Temperature Effects on the Visual
Quality of ‘Chester Thornless’ Blackberries

The ‘Chester Thornless' blackberries shown in Figures 3.1—
3.5 were harvested at the shiny-black stage, but not overripe,
from a commercial operation in Saint-Augustine-de-
Desmaurs, Quebec, Canada, during the summer season (i.e.,
September). Promptly after harvest, fresh blackberries were
stored at five different temperatures (0.5 £ 0.5°C, 5.0 £
0.2°C, 10.0 £04°C, 15.0 £ 0.2°C, and 20.0 £ 0.2°C) and
with 95-98% relative humidity.

Visual quality of *Chester Thornless’ blackberries deteri-
orates during storage. In addition, the rate and type of deteri-
oration is greatly affected by storage temperature. Although
no visual changes in the black coloration of the fruit are
noticeable during storage, berries show a significant reduc-
tion in their glossy appearance as storage progress, with the
rate of loss increased with temperature (Figures 3.1-3.5).

Blackberries stored at 0°C maintain an acceptable appear-
ance during 4 days. After 4 days, the fruit shows increased
loss of glossiness, and the drupelets appear shriveled and
dry. After 18 days at 0°C the fruit appears dry, shriveled,
and dull in color (Figure 3.1).

——

18

When blackberries are stored at 5°C. loss of gloss and
dull color develop much faster than at 0°C. After only 2
days the fruit appears dry and dull, and some of the fruit
drupelets are dry and brown. Dryness and drupelet-
browning increase as the storage time increases, and after
10-11 days decay is also evident at the stem-end of the fruit
(Figure 3.2).

At 10°C, visual changes are faster than at 0 or 5°C, and
after only 1 day ‘Chester Thornless’ blackberries appear dull
in color, although not yet shriveled. After 8 days some
drupelet discoloration develops at the stem-end. The drupe-
lets appear reddish and leaky, and after 9-10 days mold
growth is evident at the stem-end of the fruit (Figure 3.3).

The major changes in blackberries stored at 15°C are loss
of glossiness and development of a dry appearance of the
drupelets after | day (Figure 2.4). Although in this particular
case no other visual changes are observed during storage,
decay may eventually develop in blackberries stored at this
temperature.

Blackberries stored at 20°C have a very dry appearance
and dull color after only 1 day. and some of the drupelets at
the cquatorial part of the fruit show mold growth after 34
days of storage (Figure 3.5). Overall, changes in glossiness,
shriveling, discoloration, dry appearance. and decay are the
major visual quality changes that limit the postharvest life
of blackberry fruit. During storage, blackberries lose their
glossy dark color and become dull. In addition, the higher
the storage temperature the faster these changes occur.
‘Chester Thornless’ blackbernes stored at 0°C maintain a
better visual quality for longer periods (4 days), when com-
pared to fruit stored at higher temperatures. Blackberries
stored at 5, 10, 15, and 20°C maintain an acceptable appear-
ance during approximately 1 or 2 days, but afterward quality
of the fruit deteriorates rapidly.
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OnTuMaabHbIE YCIOBHS MOCJIEY0OPOTHOMH 00padoTKHI
OnTHMankHbBIe YCIOBHA ITOCTeyOopoYHOI 00paboTKH
Yro6k1 00eceunTh MaKCHMAIBHEII IIOC/IeyOOpOUHBII CPOK XpaHeHH s, eXKeBHKY cleIyeT
ObICTPO OXJTAUTH B TedeHue 4 yacoB nocie cbopa jo 5°C.
BrocnecTBHH HX ClleyeT XPaHUTE KaKk MOKHO OIke K
TeMieparype 0°C 1 IpH OTHOCHTENHHOI BIaKHOCTH Bo3ayxa 90-95%. IIpH Takux ycIOBHAX
OXKIIaeTcs, YTO IIoclleyOOpOUHEIIT IepHo cocTaBuT 5-14 mHeil (Mitcham
et al., 2006: Perkins-Veazie, 2004a).

Bausinue TEMIEPATYPhbl HA KAY€CTBO
Brgane TeMIepaTyphl Ha KauecTBO
BricTpas nmoTepsa kKauecTBa eKeBIKH IIOcTe cOopa ypokas CIocoOCTBYeT OrpaHHYeHHOI JOCTYIIHOCTH IIIH HIBKOMY
KauecTBY IJIOIOBHA CBeXKeM pBIHKe. I13-3a OTCYTCTBHS MOAXOOANNX XOIOAIUIBHEIX
YCTaHORBOK, a HHOT/Ia 1 HeJocTaTka 3HaHHIT 0 TpeGoRaHMAX K (PPYKTaM, esKeBHKY UacTo o6pabaThiBAOT TIPH
HeaJleKBaTHBIX TeMIlepaTypax, KoTophle MOryT JocTuraTth 10°C (Perkins-Busn u jp., 1999a).
BozpeiicTBre TeMIepaTyp Bbie 0°C IpHBOANT K OBICTPOII II0Tepe KadyecTRa IIJI0JI0B,
TaKHX KaK HeelarellbHoe H3MeHeHIe I[BeTa, pa3MArdeHie, CMOpIIIBaHIe U I3MeHeHIe COCTaBa.
H3MEHEHIA 1, CIeI0BaTeIbHO, CHIDKEHIE IPHEMIIEMOCTH U IPOJaXKI.
IIpn mocToSHHOM XpaHeHHH IIpH TeMiepaType 2°C MakCcHMaTbLHEII CPOK XpaHeHHs ekeBHKH ‘HaBaxo’ cocTaBusan
oxono 10 gHeil, "Apanaxo" - 7 nHeli, a exxeBUKH "YokTo" 11 "IIloHN" - 4 nHA.
Brinep:kka exeBHKH IpH TeMIieparype 5°C cokpaTila CPOK XpaHeHus 1o 5, 3 i 2 aHeidt and coptoB "Haraxo",
"Apamaxo" n "HokTo", a Takxke‘IlloHN", COOTBETCTBEHHO. 3TO COCTABIAET IIOJIOBHHY CPOKa XpaHeHIs
npu Temrepatype 2°C (Perkins-Veazie et al., 1999a).
B menoM, TSOKeCTh U YacTOTa THIEHHs eXeBIKH BO3pacTaeT C IIOBBIIeHNeM TeMIIepaTypsl U P OI0IKUTEIEHOCTH
XpaHeHHA yBemunsaeTca. HampnMep, IpoleHTHOe COIEpiKaHNe 3aTHHBIINX IUIOI0B IIOCie
7 nueii pu 5°C Oblo 1O MeHEBIIIEH Mepe B /IRa pa3a BbIIe, 9eM ¥ GPYKTOB, XpaHHBIIHXCA B TeueHne 7 AHeil pu 2°C,
a IIPOLICHT PazxI0KUBIIHXCH INIOA0R, BEIASPKaHHEIX 7 AHell npu 10°C, ObUI B TPH paza BHINIE, UeM ¥
(hpyKTOB, BHIIepxKaHHBIX TIpH 5°C B TeueHne Toro xe neprosa (Perkins-Veazie et al..1999a). Tocne 7 nHeil XpaHeHHA
4, 71 29% aroj exxeBHKH ‘ Shawnee’ HCIOPTIITHCE ITOCIE XpaHEeHIA TpH Temireparype 2, 5 mm 10°C
COOTBETCTBEHHO. SToJbl eXKeBHKI, XPAaHHBIIHECsH B TeueHHe 21 JHs NpH TeMiepaType 2°C, moABepIIuch
MeHBIIeMY Pa3lI0KeHHI0 (IPHMepHO Ha 9% ), ueM IDIOMBI, XpaHUBIIIECS B TeueHIe 7 qHell
pn Temmnepatype 10°C (mpubamsnrensHo 13%) (Perkins-Veazie et al., 1999a).
AHaNOTHYHEIM 00pa30M, IPOLIEHT NPOTeKMHX (PYKTOB YBelIHIHBACTCS C
yBelYyeHHeM BpeMeHII XpaHeH!s I TeMIiepaTypsl. Yepes 21 nens npu Temueparype 2°C, 14 nHell IpH TeMuepaType
5°C u 7 gHeit mpu TemmepaTtype 10°C npiumepHo 50% IDIODOB CTAIN CYXHMI, @ 33-36% - HeIIPUT OHBIMH 171
npojaxu (ITepxurc-Busn u ap., 1999a). Botrytis cinerea 6511 0CHOBHOI IpHUTHOIM 3apaxenna 20% IU1010B
e/KeBHKI, XpaHHBIIHXCA B TeueHHe 12 nHell npu TemnepaTtype 10°C, B To Bpemsa kak Rhizopus stolonifer BerzeBan
HeKOTOpoe THHeHHe B 00racTH pyouoe Ha mwiojaax (Barth et al., 1995). Exxeruka ‘Hapaxo’
XpaHHITCA ITH OTTpy KaeTcA B TeueHHe 4 THell mpu Temmepatype ot -0,5 no 1°C,
BBIIepyKHBaeTCs B TeueHHe 7 AHeI Ipu TeMmnepaType 20°C no mNpHOBITHH, a 3aTeM IIepeHOCHTCS B
20°C B TeueHNe 2 JONONHATENLHBIX JHEH II0KA3a/H 3HAUHTENNEHO OoJlee BEICOKYH CTelleHb THHEHIA
(14 m 43% cOOTBETCTBEHHO) ITO CPaBHEHIIO ¢ (PYKTaMH, KOTOPHIe He To/Bepraniick Gomee BRICOKOI TeMmepaType
(6 1 2% cooTBeTcTBeHHO). (I1epkuHc-Bu3n u ap., 1997).

Clle10oBaTEIbHO, BEIICPKHBAHHE €2KeBHKH Bcero 1 HiH 2 qHs npH TeMuepatype 20°C IpHBOIHI0 K YCHICHHIO
pocTta cepoii mneceHu (Perkins-Veazie 2004a; Perkins-Veazieet al., 1997). Belgep:kuBanue exxeBukHd "MapuoH"
npu Temneparype 0 win 5°C 3agep:KHBaJjI0 pa3BUTHeE ILIeCEHH Ha 7 JHell, Torga KaK AroJbl
NPH XpaHeHHH IpH Temnepatype 10 mwin 25°C nociie 48 yacoB xpaHeHHd 00pa3yeTcd IJIECEHb.
3a00.,1eBaEMOCTh ILIIECEHBIO COCTABIAIA 5%, Korga PpPYKIBI XpaHHIHCE NpH 0°C, HO
YBeJIHUHBanach 10 22 1 79%, korjga Qppykrel xpaHuianck npu 10 u 20°C coorBercrBeHHo (BapceBelb] n
Pugapacon, 1980).

BrijepikiBaHHe eXKeBIKI B TeueHHe 2 AHeH NpH TeMiepatype 20°C moclie XpaHeHHs IIpH TeMilepaType 2 mm 5°C
VBeIHYIBAJI0 BePOSTHOCTE I'HHUeHNs 1710108 ‘Haraxo’n ‘Illomn’. Takum obpa3zoM, ocie 21 JHS IpH TeMIlepaType
2°C 28-73% noJ0B, IlepeHeCeHHBIX elle Ha 2 1HA IpH TemmepaType 20°C, noIBeprich
THHEHHIO, TOT/1a KaK, B 3aBHCHMOCTH OT copTa, 68-95% 1 14-66% 11710/10B OBLTH ABIPABBIMH HIIH MATKHMH
cooTBeTcTBeHHO (IlepkuHCc-Bnzn 1 Ap., 1999b). I'HileHNe I IPOIIEHTHOE COAep:KaHNe HeIIPHTOAHEIX IUI0/I0B
YBeIIHYNBaIaCh IPH XpaHeHUH [pu Temieparype 2°C, u uepe3 14 nxeit 20-33%

TLJTIO/I0B OPTILINCH, TOT1a Kak 39-50% 1wtonoB Osimm aeipsapeiMu (Perkins-Veazie and Collins, 2002).
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3ar"us 10108, BO3HHKAET B Pe3yJbTaTe NaTOJOTHUECKOr0 I (GH3HOJOTHYECKOr 0 pa3spyUIeHIs, HIH H
TOI0, H IPYroro, KOraa H3 IJI0J0BbIX HAYHHAET BRITEKATh :KHAKOCTL HApY:KY (MutueM u ap., 2006).
ITpo4HOCTH eXeBHKH TaKKe CHIDKAeTCA ¢ [IOBBIIIeHIeM TeMIlepaTyphl H IPOAOJKITeIHOCTH XpaHeHus. Hanpumep,
IIPOLIeHTHOE coJiepKaHIie TBepIoll exeBUKH ‘Shawnee’ cHU3HNIOCH BO BpeMs XpaHeHII,

He3aBHCHMO OT TeMIlepaTyphl XpaHeHHd, ¢ 41,9 1o 29.2%uepe3 7 1 21 meHs npi TeMieparype 2°C COOTBeTCTBEHHO.

OnHaKO CHIDKeHHe MIPOLeHTHOIO COoepKaHI TBep IbIX IUTOJ0B OBIIO BhIIIe IIPH 5 1 10°C, ueM
upu 2°C (Perkins-Veazie et al., 1999a).

ExeBHKa 0YeHb YA3BHMA K II0Tepe BOAbL, YTO NPHBOJHT K CMOPIIMBAHUIO ILT0A0B H moTepe 0.1ecka (Mitcham

et al. 2006). OgHaKo BO BpeMd XpaHeHHA He CO00MIAI0CE 0 KAKHX-THO0 H3MEHEeHHAX B OKpacKe ILIOJIOB

. GakTHUeCKH, N3MeHeHNs B [[BeTe ORI He3HAUNTeTEHBIMIL, KOT/1a ejxeBHKa "Haraxo" XpaHN1ack IpH TeMIlepaType

2°C B TeueHne 2 Henenb (Perkins-Veazie et al., 2000), 1 xoTs
YTOII OKpaIIHBaHHUA eKeBHKI, XpaHAmelica IpH TemiepaType 2°C, yBenU4mics nocie 2 JHell XpaHeH! .
TIpH XpaHeHHH OH [IOCTelleHHO YMeHEIancs Ha 12 auedi (Barth et al. 1995).
H rHaobopoT, moTeps BIAarll, MO-BHIANMOMY
, OKa3bIBaeT 3HAUNTeIbHOe BIHAHNE HAa CMOPIIIBaHIe ILTOI0B 1 ToTepto Omecka (Mitcham etal., 2006). IToTeps
MacCHl ¥ pa3IMYHbIX COPTOB eXXKeBHKIH, XpaHAIHXcsa IpH TeMuepatype 2°C, coctaenana ot 0,8 1o 3,3% uepe3 7 gHelt
1 3aBHCeIA 0T copTa H cTaaum okpack (Perkins-Veazieet al., 1996).

Bo.1ee BbICOKHE TeMIIEPATYPHI, IPEBLIIAIOIIHE ONTHMAJbHBIE, PEKOMEHI0BAHHbIE 1A €;KeBHKH, B COMeTAaHHH
€ JTHTEJIBHBIMH CPOKaMH XpaHeHHd NPHBOAAT K 0oJblIel MoTepe Beca B pe3yJbTaTe IOTEPH BJIara U3
ILIOOB.

Hamnpumep, noteps Beca exeBUKI, XpaHaeiics npu TeMieparype 2°C, yBelnHInIachk puMepHo ¢ 2,5%
uepe3 7 aHeil 10 6% depe3 21 JieHb, B TO BpeMs Kak eXeBHKa, XpaHAIIAaAcS IIpH TeMItepaTtype 5 i 10°C, mokaszaia
CHIDKeHHe IIpHMepHO Ha 3 1 4% OT mepBOHAUANLHOTO Beca Ioclie 7 fAHell XxpaHeHus (Perkins-Buzn u ap., 1999a).
V esxeBHKH, BEIpallleHHOII B B paz1imiin, HauanbsHEII Bec INIOJOB CHIDKAICA Ha 7,91% u 14,83% npu XpaHeHUH B
TedeHne 12 mHeit mpu Temmeparype 2 u 20°C cooTBeTcTBeHHO (Antunes et al., 2003).

Yepes 3 u 7 greil npu TeMmnepatype 2°C "HaBaxo’, ‘Hoxto", "maiieHH" i [Imossr "Illorn" moTepsamu B cpeHeM 1,8 1
3% 0T cBROero IepROHAUANIEHOIC Beca cOOTBeTcTBeHHO (Perkins-Veazie et al., 1993b). Exernka coproB "Yecrep"
u "Haraxo" noka3zana HanOoJIbIIYH IOTEPH Beca, 0 KOTOPOI coodManock, i noclie 3-HejleJbHOT0 XpPaHeHHs IpH
Temmeparype 3 + 2°C mwioasl oTepann 22% 1 49% oT cBOero IepBoHAYalbHOIO Beca COOTBETCTBEHHO
(bacuynu, 1995). Exepnka "MapuoHn" XpaHHTCS Beero 4 yaca JHH IpH TeMmepaType 10 i 20°C mokazanH I0Tepro
Beca Ha 1,8 u 3,8% cOOTBeTCTBEHHO, B TO BpeM:d KaK (PYKTHL, XpaHAmMuecs B TeyeHHe 10 nHell mpu TeMueparype 0°C,
JIOCTHTJIH MaKCHMabHOIl IToTepn Beca Tumib Ha 0,6% (BapcceBensa n Piraapacon1980).

Exenuka ‘HaBaxo’, XpaHHBINIAsCA WIIH OTIIpaBIeHHAs B TeueHHe 4 AHell Ipn TeMmepatype ot -0,5 go 1°C,
BBIJIep;KaHHAA B TeueHIe 7 JHell IpH Temiteparype 20°C 1o IpHOBITHIL, a 3aTeM [IepeHeceHHas [IpH TeMIlepaType
20°C eme Ha 2 J{HS, [T0Ka3alia 3HAUUTENHHO O0BIIYIO IoTepro Beca (4,7 1 6,5% COOTBETCTBEHHO) 110 CPaBHEHHIO C
00paboTaHHEIMU (DpYKTaMII aHaJIOTHYIHO, HO He MepeHOoCHTCs TIpl TemmepaType 20°C (2,9 u 2,6% COOTBETCTBEHHO)
(Ilepxusc-Buzn u ap., 1997).

Jepika B pykax exeBIKY XpaHeHHe IIJIOA0B B TeueHre 2 AHell Ipu TeMiepaType 20°C roclie XpaHeHHA [IPH
TemmepaType 2 win 5°C mpHBeNo K J0MOJHATEIbHOI moTepe Beca Ha 0,5-2,5% COOTBETCTBEHHO
(ITepxuHC-Busu u jp., 1999b).

Temuepatypa oKka3bpIBaeT CYIleCTBEHHOE BIHSAHHE HA
H3MeHEeHHE COCTAaBa e/KeBHKH B Nponecce xpaHeHus. Hanpamep,
colaep:KaHHe PacTBOPHMBIX CYXHX BeIlleCTB B €:KeBHKE K0.1€0a70Ch, B TO BpeMA KaK KHCJI0THOCTh
CHH:KaJach, a pH H COOTHOIIIeHHe cofePAKaHHA PACTBOPHMBIX CYXHX BellleCTB K KHCJIOTHOCTH
YBEJIHUYHBAIHNCH IIPH XPAHeHHH NIPH TeMIepartype 2, 5 mwan 10°C.

JKemaeMoe yBemueHNe COOTHOIIEHIS CONep/KaHNIs PaCTBOPIMBIX CYXHX BeNeCTB K KIUCIOTHOCTH,

CKOopee Bcero, ObLIO pe3yabTaToM CHIDKEHHA KICIOTHOCTIL, a He YBEIIUeHHA cOoep KaHId pacTBOPHMbIX CYXIX
BemecTB Bo (ppykTax ([lepkuHc-Buzm 1 ap., 1999a, 1999b).

CojlepKaHue paACTBOPHMBIX CYXHX BellleCTB U KHCIOT B exeBHKe "Hagaxo" u "HecTep" CHH3WIIOCE B TeUeHUe
XpaHeHIe IpH TeMIeparype 3 + 2°C NpHBOANT K IOIYYEHHIO IITI00B ¢ HENIPHATHRIM BKYCOM
H HeIpHTO/IHBEIMH UL IIPOJaKH KadecTBaMH IocTie 3 Heflenh XpaHeHns (bacuyHi, 1995).

Coo01anock 0 CHIDKeHNIH COJlepKaHII PaCTBOPUMBIX CYXIX BeIllecTB B eXKeBHKe Ha 53%
nocie XpaHeHNA B TedeHne 12 mgHeil mpu TeMmepatype 20°C, B TO
BpeMs Kak Bo (pyKTax, HelIpephIBHO XpaHHBIIHXCA IpH TeMmepaType 2°C, cyllecTBeHHBIX H3MeHeHHUII He
Habmromanock (Antunes et al., 2003; Ilepkurc-Buzu n Kommiaz, 2002).

Obmiee cojepxaHue caxapaB exXeBHKe, XpaHsanielics Ipu TemuepaTtype 2°C, 3a BpeMsi XpaHeHH s CHH3WIOCE Ha 22,6%
10 CpaBHEHUIO C HCXOJHBIMH 3HAUSHHAMH, I XOTA coiepikaHIle caxapo3bl H HPYKTO3bI IPH XpaHeHHI HECKOIIBKO

CHII3MJIOCE, CO/IepiKaHIe TIIOKO3EI coflepkanie GpyKkToB yBenuiwioch (Perkins-Veazie et al., 1999a,1999b).

r—



SURVEY REPORT N2006799/1-18-07

Ob1ee coxepxaHie aCKOPOUHOBOII KUCIOTH B e3XeBHKe CHH3ILIOCh
C TIepBOHAYANBHOTO 3HAUESHIA IIpH cOope ypoxkad mprumepHo Ha 80 Mr 110 mpuMepHo 40 MT Ha 100 T cBexkero Beca
nocie 12 aHeil XpaHeHus IpH Temmeparype 20°C, B To BpeMs Kak (GPYKTHI, XpaHATHecs IIpH TeMIeparype 2°C,
TIOTepsH Ha 51% MeHbIIe coflepiKaHNs acKOPOIHOBOIL KICIOTE 10 CPABHEHIIIO ¢ (PPYKTAMIL, XPAHSIIIIMIICS IIPH
temuepatype 20°C (Antunes et al.2003).

Bausanue BpEMEHH H TeMIIepaTyphbl Ha BH3YAJILHO€ KaY1€CTBO.
KauecTBo exeBukn "Yectep Oe3 mumoB"ExxeBnka "YecTep 6e3 mHIoOB", Moka3aHHas HA pUCYHKax 3.1—
3,5 6pumr coOpans! B OecTANe-4epHOIT cTafInl, HO He Iepe3peBIINMIL, ¢ KOMMEpPUeCKOoTo peanpuaTia B CeHT-
OractuH-1e--JecMayp, KeeGek, Kanaza, B TeueHIle neTHeTr0 ce30Ha (T.e.B ceHTAOpe).

Cpa3zy 1ociie c6opa ypoxkKas CREKYH eXeBHKY XPaHUIH MIPH IATH pa3IHyHbX TemnepaTypax (0,5 £ 0,5°C, 5,0 =
0,2°C, 10,0 £ 0,4°C, 15,0 = 0,2°C u 20,0 £+ 0,2°C) unpu 0THOCHTEIFHOI BIaKHOCTH BO3IyXa 95-98%.
BiuzyansHele KauecTBa exkeBHKH "YecTep Oe3 MHIOB" YXYAMIAIOTCS BO BpeMs XpaHeHIs.

Kpome TOr0, Ha CKOPOCTE H TUII [IOPYHE 2HAUNTEeIHOII CTelleHH BIHAeT TeMIIepaTypa XpaHeHHs.

XoT4 Bo BpeMs XpaHeHH: BH3yalbHbIX H3MeHeHHUII B 4epPHOIH OKpacKe III0JI0B He 3aMeTHO, [T0 Mepe XpaHeHHA AT O/bI
3aMeTHO TepAIOT CBOI ITIAHIICBEII BHENHHII BUI, [IPHYEM CKOPOCTH IIOTEePH YBEINYHBACTCA ¢ IIOBBIIICHHEM
TeMIIepaTypsl (pHc. 3.1-3.5).

ExeBliKa, XpaHsmasncs npu temneparype 0°C, coxpaHser mpHeMIeMbIll BHeNTH il
BHJ B TedeHHe 4 1Heil. Yepe3 4 HA IUI0AH 3aMeTHO TePSOT TIAHIIeBUTOCTD, @ KOCTAHKH KaXYTCA CMOPIIEHHBIMI U
cyxoil. Yepez 18 aneil pu TemepaType 0°C IUIOABI CTAHOBATCA CYXHMH, CMOPIIe HHBIMI
H TYCKIIOro IBeTa (puc. 3.1).

IIpn xpaHeHHN eXeBHKI IpH TeMiepaType 5°C noTeps Oiecka i
TYCKJIBII IIBeT pa3BHBAIOTCA ropaszio OnicTpee, deM Ipu 0°C. Beero dyepes 21HA 06l KXKYTCA CYXHMH U TYCKIBIMIL,
a HeKOTOpble KOCTAHKHI CYXHMH H KOPHUHeBBIMH. CYXOCTh Il IOTEMHEHHE
KOCTSHOK YREIIMYHRAKTCA 110 MEPE YBEIHMUYEHHA CPOKa XPaHeHHs, a I1ocie
uyepe3 10-11 gHell THHeHIIe TakXKe IPOABIAETCS Ha KOHIIE TLI0IOH KK
(Puc. 3.2).

IIpu Temmeparype 10°C BH3yalbHBIE H3MeHeHHS MPOHCXOAAT ObIcTpee, yeM npu 0 i 5°C, u
Bcero yepes 1 neHb exeBuka '"Iectep 0e3 muUNoB" npuodperaeT TYCKIBIM
IBET, XOTH ele He cMopuIHIack. Yepes 8 queii HeKoTOpbBIE
OolecnpeynBaHHEe KOCTAHKH Pa3BHBAECTCH HA KoHIle cTedad. KocTHHKH
KaXKYTCH KPACHOBATHIMH H IBIPHBBLIMH, a yepes 9-10 yHeii
HA II0J0HOKKe CTAHOBHTCH 3aMETeH POCT ILIeceHH (pHC. 3.3).

OCHOBHEIMH H3MeHeHISIMH B eXXeBHKe, XpaHslieiica Opl TeMneparype 15°C, ABI4r0TCA MOTeps
TIISHITeBHTOCTI 1 IIOABIEHNe CYXUX ceMsH uepe3 1 AeHs (puc. 3.4). XoT4 B JaHHOM KOHKPETHOM
cllyuae HUKaKIX JPYTHX BH3YalIbHBIX H3MEeHEeHHI BO BpeMs XpaHeHHs He HabIIroaeTcs,

B eXKeBIHKe, XpaHAleiicA IPH TaKoll TeMIlepaType, cO BpeMeHeM MoKeT pa3BHThcA THICHIE

ExeBHKA, XpaHANasAcd IPH TeMnepaType 20°C, HMeeT 04eHb CYX0ii BH]
H TYCKJIBIH IIBET BCero 4epes 1 eHb, a Ha HEKOTOPBIX YYacTKax B
IKBATOPHAILHOI YaCTH ILTI0AA ATOALI MOSAB/IAETCH IUIeCeHb Iocie 3-4
JAHeil XpaHeHHs (puc. 3.5).

B memnom, H3MeHeHH B TIIIHIIEBUTOCTH,

CMOpIIHBaHUI, 00eCIIBeUIBAHNH, CYXOCTH 1 THHEHHH ABIIAI0TCA
OCHOBHBIMH H3MEHEHIAMH BH3YaIBHOI'O KauecTBa, KOTOphIe OIPaHHYHBAKOT II0C/IeyOOpOUHBIH CPOK
XpaHeHus IUI0JIOB exeBHKI. Bo BpeMs XpaHeHIq exXeBHKa TepsAeT CBOIl
ITIAHIIEBBII TeMHBIH IIBET I CTAaHOBUTCA TyckiIoil. KpoMe Toro, 4eM BbIIIe
TeMIIepaTypa XpaHeHH:, TeM ObICTpee IPOHCXOAAT STH H3MEeHEeHN .

Exepnka "UecTep Ge3 muIor", XxpaHsmasics IpH Temieparype 0°C, coxpaHser
Tydllee BI3yallbHOE KauecTBO pu Gomee ATHTENEHOM XpaHEHIN! (4 THs ) 10 CpaBHEHUIO
¢ hpyKTamu, XpaHANIHMIICA IPH Oosee BEICOKIX TeMIIepaTypax.

E:XeBHKA
, XpaHfAIIagcsa OpH TemmepaTtype 5, 10, 15 u 20°C, coxpaHfeT npHeMIeMblil BHeIITHHIT
BH/| IPHMEPHO B TedyeHHe 1-2 qHeil, HO mociie 3TOro Ka4ecTBo
ILIOOB OBICTPO YXYAIIAETCH.
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day 2

day 0 ay day 4 day 6 day 8

day 10 day 12 day 18

Figure 3.1. Appearance of ‘Chester’ blackberry stored for 18 days at 0°C. The frult maintains an acceptable appearance during 4 days, but after that time the
frult drupelets start to show signs of shriveling and loss of glossiness. After 18 days the blackberry appears dull, dry, and shriveled.

day 0 day 2 day 4 day 6 day 8

day 10 day 11

Figure 3.2. Appearance of ‘Chester’ blackberry stored for 11 days at 5°C. The fruit maintains an acceptable appearance during 2 days, but at that time the
blackberry drupelets stan to show minor signs of browning, shriveling, and loss of glossiness. After 10 days decay develops, and after 11 days the blackbery s
decayed and leaky.
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day o day 1 day2 day 3 day 4 day 5

day 6 day7 day 8 day 9 day 10
Figure 3.3. Appearance of 'Chester’ blackberry stored for 10 days at 10°C. The frutt maintalns an acceptable appearance during 2 days, but at that time the
frult drupelets start 1o show minor signs of shiveling and loss of glossiness. After B days decay develops, and after 10 days mycelium 1s fully developed.

day0 day 1 day 2 day5s

Figure 3.4. Appearance of 'Chester’ blackberry stored for 5 days at 15°C. The fruit maintains an acceptable appearance during Z days, but after that time
dnspelets are shriveled, and the blackberry appears dull and leaky.

day 1 day 2 day 4

Figure 3.5. Appearance of 'Chester’ blackberry stored for 4 days at 20°C. The frult maintains an acceptable appearance during 1 day, but at that time the fruit
druspelets start to show signs of shriveling and loss of glossiness. After 3 days, decay develops on blackberry surface
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EXKEBHUKA IINIOTOBAA NJIN CEPAA THWID (Rubus spp.) /
Blackberry (Rubus spp.)-Fruit Rot

ExeBuka (Rubus spp.)-IlnogoBasi HiIH cepasi THHIb.

IccneoRaHne, mpoRefeHHOe B 2015 rofdy, MoKazano, 4To OOIBIIHHCTRO H20JATOR ABISIOTCS Botrytis
cinerea TPUOKOM.
3TOT rpHOOK pacIpoCTpaHeH IIOBCeMECTHO H IIOpakaeT MHOKECTBO Pa3IHYHbIX (DPYKTOBBIX H JCKOPATHBHBIX
KYJIbTYP.

BuiaxkHag cpeja nieanbHa UM cllopoo0pa3oBaHI U paclpoCTpaHeHUs 3Toro rpudka.
BraxHas morofa HelocpeICTBEHHO Iepe ] I BO BpeMA [[BeTeHIA BaskHa I pa3BUTILI OOTe3HIH.
Bce gacTH 1BeTKa 04eHb BOCIPHHMYHBEL. HaganbHoe 3apaskeHIle IBeTOB MOKeT OBITh CKPBITHIM, TaK UTO TPHOOK
HAXOJHUTCA B COCTOSHIINI IIOKOA JI0 CO3peBaHIs IUI0J0B. KOHIeHTpaIs cIiop B BO3yXe MOBBIIIaeTcs U ocTaeTcs
TIOBBIIIEHHOIT BO BpeMs 1 Iocie cbopa ypoxasi.

ITnooBas THILTE MOKeT OBITH Ooliee pacIIpoCcTpaHeHa Ha IMONAX C IOABECHBIMH CHCTEMaMI OPOIIeHNA IIH TaM,
TZie IJIoZBI Iepe3peBaloT B MONIEBBIX YCIOBHAX Al MeXaHHUecKoro cbopa ypoxas.
IInozoBas rHIIIG Yalle BCTpedaeTcs y "BeuHO3eleHbIX" COPTOoB.
XopomHii IpeHaK BO3AyXa MeX/Iy PacTeHILIMH H MeKTy pAZaMH BakeH A1 ObICTPOTO BBICYIIHBAHIL IIJIOJI0B H
JHUCTBBI IIOCTIE JOKS HIIH IIOIHBA.
Cumuronms! / IIpn TENEHNN IUIOIOB HA IOBePXHOCTH OOBIYHO IIOABISETCS CEPHII IPHOOK.
I'HuIble II0B! MOTYT MyMU(UIPOBATHCA H 0CTaBAThCA IPHKPEIUIEHHBIMI K COCYITy.
I'prOOK MOXKET IopaKaTh CTaperomiie IICThA U BBI3bIBATh HH(QEKIIH TPOCTHHKA.
Ha mroGoli 3apa:keHHOH 9acTH pacTeHId MOTYT Pa3BHTbCA HeOONbIINe YepHble CTPYKTYPHI, Iepe3NMOBAaBIIIIe
(ckneponun).
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4.0 IIOAPOBHBIE $0TO 3KCIIEPTH3EI - AET'PAHPYIOIIETO I'PY3A/CBEXAS EXXEBHKA /
4.0 DETAILED PHOTOS OF THE EXPERTISE - DEGRADING CARGO/FRESH BLAKBERRY.
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5.0. BAKAIOYEHHE / CONCLUSION:

JaHHas MocTaBAdgeMasi HapTHA — HE COOTBeTCTBYeT KaTeropHH mepBoro Kaacca —
CO 3HAYHTEABHBIM IpeBEINIeHHEeM NpoleHTa GpaRa KaTeropux OTxox.

Tagoro KadecTBa H COCTOSHHA ToBap/rpy3 EzxxeBHEa cBexkas - He MOKeT GBITE peasH30BaH B
TOProOBEBIX CeTHX, NepeGopKa He 3¢ eKTHBHA H He IeaecoobpasHa, TaK KaK, AerpaaHpyHOIiHe
COCTOAAHHS Ha KOHEYHBIX CTAAHIX pPa3AOKe HHS.

BeIcOKafA TeMIepaTypa aKTHBHPOBAaAa NPOIleCC OKHCACHHA ATOABI.

Beimre B JarHOoM OT4eTe mo KavecTBY Ha cTp 20-24, mompo6GHO ONMHCEIBAIOTCH MEXAYHAPOIHBIMH
HHCTHTYTaMH HCCA€OBAaHHA HA Pa3HBIX TEMII€PATYPHBIX AHANA30HAX C ONpPEeAEeA€HHBIM
NPOLIEHTOM BAaXKHOCTH B aTMocdepe.
PexoMeHZZOBaHHAaA TeMmeparypa nepeso3rgH 0 / +3C, TemmnepaTypa xpanenuns 0/ +2,0C.
IIpu Temneparype 0 /+3 — Arona ezxeBHKH eCTeCTBEHHBIM IIyTe€M BBOAHTCA B aHaOHO3HOe —
CIAlIee COCTOAHHE, 3aMEAAAA IMPOIECCEI ABIXAaHHA - CA€ZCTBEHHO 3aMEJASIOT MPOIECCHI
OKHCA€HHS C BBLAEA€HHEM YTA€KHCAOIO rasa.

TarHM 06pasoM c coGArOleHHeM TeMIIepaTyPHEIX PEXXHMOB IIPOAA€BAIOTCA H KOHTPOAHpPYeTCH
OIITHMaAEBHOE COCTOAHHE KadeCcTBa ArOMbI.

JerpaaupyromnisHe coCTOAHHA GepyT cTapT NpH TeMmepaType oT +5C /Ho ymepeno Gea moTepH
TOBapHOro H BEyCOBOI'O KadecTBa.

Temmepatypa + 10C /BaHSIeT 3HAYHTEABHO Ha CKOPOCTE H OKHCA€HHE SATOABI €JKEBHKH C
oTepeH TOBAPHOI'O KAaYE€CTBA.

TemmepaTtypa + 15C /ABageTca SHAa4YHTEABHBIM COCTOSHHEM YCKOPEHHS IIPOLIECCOB OKHCACHHS.

H3 xoaa H3 pe3yALTATOB DKCIEPTHSIEI, A TAKMHE HAYIHOIO AHAAHS3A H Pe3yALTATOR
MHOTOEEKTOPHEIX PasBEPHYTHIX HCCAeNOBaHHIH MeXAyHapoAHoro coobmecTBa — C yBe peHHOCTEIO
MOIKHO 3aKAIYHTE YTO HapyllIeHHe TeMIIepaTyPHOIro peXXHMa IIpH IepeBo3Ke Goaee 48yacoB ¢
Temmnepatypoii ot +10 C.

Ha 3ToM yKa3bIBaeT IIHKA IIPOTPECCHH CEPOH HAH IAOAOBOH IHHAH, TO €CTh 3HAYHTEABHOE
HaAH4YHe IIPH OIPOBeAeHHH 3KCIIePTH3EI, CHABHBIH OCTpEIH 3amax rasoe/GpoxeHHs, 3a6poaHBHIas
MArKafd TEaHb AroAbI, CHABHOE BEITeKaHHA COKAa-YTO YKa3blBaeT Ha Pa3pEIE KACTOK C BEITEKaHHEM
COKOM B MeX-KA€TOYHOEe IIPOCTPaHCTEO.

This delivered batch does not correspond to the First class Category -
with a significant excess of the percentage of Waste category defects.

Such a quality and condition of the product / cargo is fresh Blackberry - it cannot be sold in
retail chains, the bulkhead is not effective and is not advisable, since the degrading states are at
the final stages of decomposition.

The high temperature activated the oxidation process of the berry.
Above in this Quality Report on pages 20-24, international institutes describe in detail studies at
different temperature ranges with a certain percentage of humidity in the atmosphere.
Recommended transport temperature O / +3C, storage temperature 0/ +2.0C.
At a temperature of O /+3 - blackberry berry is naturally introduced into an anabiotic — dormant
state, slowing down the processes of respiration - consequently slowing down the processes of
oxidation with the release of carbon dioxide.

Thus, in compliance with temperature conditions, the optimal state of berry quality is prolonged
and controlled.

The degraded states start at a temperature of + 5C / but moderate without loss of commercial
and taste quality.

The temperature of + 10C / significantly affects the speed and oxidation of blackberry berries
with loss of marketable quality.

Temperature + 15C [ is a significant state of acceleration of oxidation processes.

Based on the results of the Examination, as well as scientific analysis and the results of multi-
vector extensive research by the international community, it can be concluded with confidence
that a violation of the temperature regime during transportation of more than 48 hours with a
temperature of +10 C.

This is indicated by the cycle of progression of gray or fruit rot, that is, a significant presence
during the examination, a strong pungent smell of gases / fermentation, fermented soft tissue of
the berry, strong leakage of juice-which indicates a rupture of cells with juice flowing into the
inter-cellular space.
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OcmoTpeHnHbie 06pasuer GpyKTOE 1-ro copTa GBIAH OIpeAeAeHEI I BEIABACHEI 10 KAYECTBY H AOMyCcKaM
BeIlne B TaGanue (1.5) - no KaTeropuam:
1-a Kateropusa/2-a Kateropus /He Crannapt Kateropus/Otxon KaTeropnsa.

B a3T0ii ke TabAHIIe YRASBIBAEeTCA B NPOILCHTHOM COOTHOUICHHH (paKTHUIECKOE COCTOSHIE rpy3a.
OKcHepTH3a COOTBeTCcTBYeT Hopmam Cranzapta ESK OOH FFV-57 (Head IV ‘PROVISIONS CONCERNING
TOLERANCES’, Chapter (A) ‘Quality Tolerances’, Section (ii) ‘Class I’) [lonyckH 110 KauecTBY, BEIABEACHHBIC B
XoZe SKCIEPTH3EI - COOTBETCTBYIOT 1-ii KaTeropun, 3a HCKAIOUEHHEM OBOIIEcH OTHECEHHBIX K IIOHHKCHHEIM

KaTeropHAM H K OTXOAY.

Onpenesenne (hHIHOAOTHYECKOTO COCTOSHHSA IIPOBEAEHEI B COOTBETCTEHH TpPpeGOBaHHAM H
nonyckam Cranzapra UNECE FFV / MATATD MexayHapoaHoe ATeHTCTBO 110 ATOMHOH DHepruu -
oTaeA MHRpoGHOAOTHH.

The examined fruit samples of the 1st grade were identified and identified by guality and tolerances

above in Table (1.5) - by category:
1st Category/2nd Category /Non-Standard Category/Waste Category.
In the same table, the actual condition of the cargo is indicated as a percentage.
The examination complies with the norms of the EEC Standard OO0 FFV-22 (Head IV ‘PROVISIONS
CONCERNING TOLERANCES’, Chapter (A) ‘Quality Tolerances’, Section (ii) ‘Class I') The quality folerances
identified during the examination correspond to the 1st category, with the exception of vegetables classified in reduced
categories and to I'm leaving.

The determination of the physiological state was carried out in accordance with the requirements and tolerances of the
UNECE FFV /IAEA International Atomic Energy Agency - Microbiology Department.

S.1. OcHOoBHBIEe neheKThI NapTHH OTME4YEeHbI B Tabanne Humxe /
Main defects of the shipment marked in the table below.

PPYRTHI CO CAeAYIOIIHMH OedeKTaMu GLIAH OTHeceHBI Ko 20ii KaTeropun /

Fruits with the following defects were attributed to the 2nd Category:

/

PPYKTEI CO cAeAyOMUMH OedekTamu 6b1an oTHeceHEI-Huxke 2-if xaTeropuun/He Crarnmapt/

Fruits with the following defects were attributed to the Lower than 2nd Category:

3HaulTeNnbHOe YBidaHIe TKaHeil OBEPXHOCTH IUI010B KIyOHHKH ¢ He3HAUHTEIbHBIM pa3MATUCHIEeM. /
Significant withering of strawberry fruit surface tissues with slight softening.

PPYKTHI CO CAeAYIOIIHMH AedekTaMu OLIAH OTHeCeHbI K oTX0oay [

Fruits with the following defects were attributed to the loss:

3arnus / IlmogoBas rTHIIL WIH cepasd IieceHs Boirytis cinerea, 3a0poIHBIITHE AT0AB], 3arHUBIIHE ATOEI.
Fruit rot or gray mold Bofrytis cinerea Fermented berries, Rotten berries.

6.0. IPUYHHA YIIIEPBA / CAUSE AND ORIGIN OF THE DAMAGE:

OCHOBBIBaACH Ha IIpHpofe 00HAPYKEeHHBIX Je(eKToB I ()aKTOB IPHHUMAA BO BHIMaHUEe COCTOSHHE I'py3a,
HaTITdIle JaHHBIX Je(ekToB B BHAe, [L1010BOM THILTI IIH cepoil INIeceHH ¢ pa3MATYeHHeM H Jerpajanuei
TKaHell -rpy3 CBexas ExeBHKa IIOIYJIUT B MOMEHT, TPaHCIIOPTHPOBKH I'Py3a IPH HECOOTBETCTBHHI
TeMIIEPaTYPHBIX PEKHIMOB.

TeMmeparypa OpH OTKPEITHH aM oT + 15,3 no +17,8 C / uTo ARIAeTCS 3HAUNTENLHEIM HapyIIeHIeM IIpH
TPAHCIOPTHPOBKE I'Py3a — CBEXKad eXKEBHKA.
BoaureneMm am roc HoMep P490PK 790, He OBUIN IIpe I0CcTaBIIeHE! TeMIlepaTypHEIe JaHHEIEe ¢ IpHOopa

pe[b-YCTaHOBKH. HPII 3aIIpoce TAaKOBEIX JaHHBIX BOAHTEIIb COCIANICA Ha HEHCIIPABHOCTE 060])}7)10]331-11151.
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BHJIEO — MATEPBAJI 110 CCBLIKE:
https://cloud.mail.ru/public/GGUy/7V87N1xgJ

7.0. PASMEP, YIIEPFA /| EXTENT OF THE DAMAGE:

Pasmep yiep6a MoxKeT GBITH YCTAHOBAEH, OCHOBBLIBASICEH Ha JTOKYMEHTAX, TIO/ITBEPKAAIOIITHX
TIpoIa¥ky MIPUTOHOTO TPy34a,
¥ yTHAM3AIIUU TPYy3a, OTHECEHHOTO K OTXO/Y.
The extent of the loss could be determined basing on the documents confirming sale results of the
salable part of the cargo and
annihilation of the cargo attributed to the Loss cargo.

MEI ocTaBageM 3a coboil paBo Ha U3JaHUE MOMIOAHEHHA K JaHHOMY OTYETY B OTHOIIECHHH
pasMepa yuiepba, ecan rmoTpebyercs,
Ha OCHOBAHUM COOTBETCTBYIOIINX JOKYMEHTOB ITOATBEPKIAIOIIIE Pe3YABTaThl XPaHEHUS 1
POIAXKMN.
We reserve the right to issue an Addendum to this report regarding the amount of damage, if
necessary, based

on the relevant documents confirming the results of storage and sale.

Otyer usnau Ge3 MpeaB3ATOCTH K CTOPOHAM.
Carried out without prejudice and is for the benefit of whom it may concern.

MEZKIYHAPOIHBIH 3KCIIEPT / INTERNATIONAL EXPERT:

MA3YP H.A. IOIIIHCE /

Mecto Ilegaru / Place of Printing

Otyer nuznax: / Report issued: 19-07-2023
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8.0. IIPH IMPOBHAEHHH 3KCIIEPTH3bI BBIAH IPHMEHEHBI CTAHIAPTEI H HAYYHLIE TPAKTATBI H3
MEXXKIYHAPOIHBIX YHHBEPCHTETOB / DURING THE EXAMINATION, STANDARDS AND SCIENTIFIC
TREATISES FROM INTERNATIONAL UNIVERSITIES:

HANDBOOK OF [P Gotoramasor rostmanvest
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e el Quality of Fruits
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0 | % M a n a g em en.l, Maria Cecilia do Na;cimento Nunes
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COOeS

1 ounons rosmamest ooy senes @
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Delayed Senescence and
Marketability Index Preservation of
Blackberry Fruit by Preharvest
Application of Chitosan and Salicylic
Acid

Joel Ernesto Martinez-Camacho, Ramén Gerardo Guevara-Gonzalez,
Enrique Rico-Garcia, Erik Gustavo Tovar-Pérez and Irineo Torres-Pacheco”

C.A. Biosystems Engingering, Autonomous University of Queritaro, Quamtaro, Mexico

Blackberry fruits are appreciated as a source of nutrients and compounds related to
benefit human health. However, they are highly perishable and very susceptible to decay
factors. Current methods to improve and maintain blackberry quality are limited in use
because of the fruit's fragile physical properties. Regarding these properties, it has been
reported that the activities of certain enzymes are linked to senescence and fruit softening
processes. This study was aimed to assess the effect of salicylic acid (SA) and chitosan
(COS) as preharvest treatments on the physiology related to improving fruit conservation
and preserving the marketability index of blackberry fruit. The preharvest treatments were
foliar sprayed on blackberry plants at different concentrations. The activities of enzymes
superoxide dismutase (SOD), catalase (CAT), phenylalanine ammonia-lyase (PAL), and
polygalacturonase (PG) were measured. Total soluble solids (TSS), titratable acidity (TA),
TSS/TA ratio, and marketability index (MI) were analyzed after 144 h of storage. The
application of 3 mM of SA and 0.25% of COS treatments preserved the M of blackberries
by reducing leakage, red drupelet reversion (RDR), and mycelium presence in the fruit.
SA application increased SOD, CAT, and PAL activities. Our results also showed that SA
and COS preharvest treatments modified the activity of the cell wall degrading enzyme
PG, which might play a role in improving the shelf life and resistance to decay factors
of blackberry fruit without any significant effects on physicochemical properties like TSS,
TA, and the TSS/TA ratio.

Keywords: elicitor, shelf-life, chitosan, salicylic acid, Rubus sp.

1. INTRODUCTION

Blackberries (Rubus sp.) are aggregate fruits formed by multiple arranged drupelets (IHummer,
2017). In recent decades, blackberries have become highly popular worldwide, mainly due to their
distinctive taste, nutritional properties, and high content of compounds that provide beneficial
effects to human health (Zlotek et al., 2014). However, their thin skin cause leakage and accelerated
decay and also make them susceptible to mechanical damage, which can reduce their shelf life
(Junqueira-Gongalves et al,, 2016). In addition to their fragile nature, blackberries are susceptible
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Figure 1. Gray mold produced by Botrytis cinerea in blackberries.

Pathogen isolation

The infected fruit was taken to the Plant
Biotechnology Laboratory of the Universidad Tecnologica
de Pereira. Small slices of the diseased tissue were
acquired from the fruits that had the greatest sporulation,
and four fragments of the tissue were placed in the petri
dishes with potato dextrose agar (PDA) and incubated at
23°C in the dark. All samples were streak seeded until
the sporulation of the fungus was achieved. Finally, the
monosporic cultures of each of the isolates were carried out
following the methodology proposed by CASTELLANOS
etal. (2011) with slight modifications.

Identification and morphological
characterization

The isolates were identified on the basis of their
phenotypic characteristics, such as appearance and
coloration of the mycelium along with the microscopic
observations of conidiophores and conidia, which
corresponded to the previously reported descriptions
(CROUS etal. 2009; ELLIS, 1971) in the case of Botrytis
cinerea. The isolates, previously visualized by optical
microscopy, were observed by using a FEI brand scanning
electron microscope of Quanta 250 model (Thermo Fisher
Scientific).

The in vitro growth rate was determined by
transferring a disc of fungal material with a defined
diameter (5 mm). Thereafter, ten replications of each
of the isolates were prepared in which daily mycelium
growth (horizontal and vertical) was recorded. These
measurements were carried out until the total surface of the
petri dish (92 mm) was covered by the fungus. The average
growth rates of each of the growths were determined for
the purpose of statistical analyses.

To define the type of mycelium, three aspects were
defined after 20 days of fungus growth: sparse mycelium
(0), erumpent mycelium (1), and mycelium with mass
growth (2) (MARTINEZ et al. 2003).

The distribution of the sclerotia of each of the
isolates was observed on the 20th day after inoculation in
a PDA medium. A total of ten petri dishes were selected
for each isolation. These petri dishes were classified based
on the types of distribution suggested by (TANOVIC et
al. 2009), with some modifications: (E1) sclerotia only on
the edge. (E2) sclerotia arranged radially, (E3) large and
wregularly distributed sclerotia, (E4) numerous small and
scattered sclerotia, and (E5) without sclerotia. In terms of
size, for each isolation, five petri dishes were selected and
ten sclerotia from each one were chosen at random. Each
of them were measured, and the data were subsequently
averaged for the respective statistical analyses.

On the 20th day after seeding, the mycelium colors
of each of the isolates were evaluated. For this purpose,
the RAL color chart (SANHUEZA, 2012) was employed
as a reference, and a number was assigned to each isolate
according to its color and intensity.

Genetic characterization

DNA extraction

The mycelium from each of the isolates was
extracted after 20 days of growth in the PDA medium by
using the commercial Plant DNeasy Mini Kit (QIAGEN)

after following the manufacturer’s instructions.

Sample characterization with microsatellite
(SSR) markers

Genetic characterization with microsatellite
molecular markers was performed via PCR amplification
of DNA samples from each of the isolates. As previously
reported by Fournier et al. (2002). nine microsatellites
primers were used for this purpose.

The amplification reactions were prepared ina final
volume of 12.5 pL with 0.3 uM of each of the primers, 15
pM of each ANTP, 1 X of reaction buffer (10 mM of Tris
HCI, 50 mM of KCI), 1 U of Taq polymerase, and 2 mM
of MgCl2 and 10 ng/uL of DNA. A 32-cycle touchdown
PCR program was performed with denaturation at 95°C

—
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Results and discussion

In total, 50 isolates were identified as B. cinerea
based on the macroscopic and microscopic phenotypic
characteristics, such as conidiophores and hyaline
conidia, long and abundant gray mycelium, branched
conidiophores with rounded apical cells in clusters,
colorless or gray, unicellular and with the presence
of ovoid conidia. Conidiophores and conidia clusters
resembled a bunch of grapes, which was described in
previous studies (AGRIOS, 2005; CROUS, 2009; ELLIS,
1971) (Figure 2). Table 1 presents the collection sites and a
summary of the morphological, molecular, and pathogenic
characteristics.

B. cinerea is a species, which shows a great
variability in itsmorphology, sporulation intensity, mycelial
growth, enzymatic production, fungicide resistance, along
with great genetic diversity (CHARDONNET et al. 2000;
LEROUX et al. 2004).

Morphological characterization

In total, 58.7% of the isolates reported sparse
mycelium, 39.1% of them reported erumpent mycelium,
and 2.2% showed mass growth (Table 1) (Figure 3).

It was possible to observe the three types of
mycelial appearance described by Martinez et al. (2003)
in the 50 isolates, which correspond to short, aerial, and
cottony mycelium. Xiec et al. (2016) along with other
authors have reported only two types of appearances:
woolly and mass mycelial in bean and mustard crops in
China. Other authors, such as Nuiiez et al. (2013), have
only reported a cottony appearance in B. cinerea isolates
in the cucumber crops from Mexico.

Figure 2. Branched conidiophores with rounded apical cells in clusters of Botrvtis cinerea. Image seen with a scanning

electron microscope

Figure 3. Type of mycelium growth observed in the isolates of Botrvtis cinerea. A. Sparse mycelium; B. Erumpent

mycelium; C. Mass growth

r—
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OPEN - Unique Symmetry-Breaking
Phenomenon during the Self-
assembly of Macroions Elucidated

s by Simulation

is ine: 3 5t 2 e, " z
Pitilshotmnic: 40 Aupet 018 Zhuonan Liu, Tianbo Liu & Mesfin Tsige ()

Various soluble hydrophilic macroions can self-assemble into hollow, spherical, monolayered
supramolecular "blackberry”-type structures, despite their like-charged nature. However, how the

© 3-D symmetrical macroions prefer to form 2-D monolayers in bulk solution, especially for the highly
symmetrical “Keplerate” polyoxometalates and functionalized Cg, macroions has been a mystery.
Through molecular dynamics simulations, using a model specifically designed for macroions in solution,
the mechanism of this intriguing symmetry-breaking process is found to be related to the apparently
asymmetric charge distribution on the surface of macroions in the equatorial belt area (the area which
can be effectively involved in the counterion-mediated attraction). As a result, the electric field lines
around macroions during the self-assembly process clearly show that the symmetry-breaking happens
at the dimer level effectively defining the plane of the self-assembly. These findings are expected to
contribute to our fundamental knowledge of complex solution systems that are found in many fields
from materials science to biological phenomena.

Hydrophilic macroions possess fascinating solution behaviors. Such large ions cannot be described by either
. Debye-Hiickel theory' for simple ions (due to their large sizes) or the DLVO theory™ for colloids because they
still form thermodynamically stable solutions and the van der Waals (VDW) forces are very weak. Recent studies
indicate that the like-charged macroions can strongly attract with each other when carrying moderate amount
of charges, leading to the reversible formation of thermodynamically stable, hollow, spherical, and monolayered
“blackberry™-type structures in polar solvents’™, Vairous macroions (1-6-nm size) are found to do so, such as

inorganic metal-oxide molecular clusters*"?, polyhedral oligomeric silsesquioxane', functionalized fullerenes”,

dendrimers'*"”, metal-organic nanocages'*', bio-macromolecules and small nanoparticles™* (Fig. 1). The
blackberry structure formation has been confirmed to be due to the counterion-mediated attraction'-”. When the

- macroions have inhomogeneous surface charge distribution, tubular shaped assemblies have been observed™,
Simulations have provided several important information in understanding the diffusion of macroions in solu-
tion and the distribution of water molecules and counterions around them*-.

Qur recent simulation study agrees with the hypothesis that the attraction between the like-charged mac-
roions comes mainly from electrostatic interactions mediated by their counterions™. The VDW interaction is
also contributing to the attractive forces, but we found the magnitude of this interaction to be about two orders
of magnitude smaller than the electrostatic interaction for 2.5-nm-size spherical macroions®. Further investiga-
tions have discovered the chaotic nature of the electrostatic forces among macroions and their counterions, which
dramatically decelerates the formation of self-assembled structures and makes the process more statistically
dependent. The effect of macroionic charge density was also studied, which showed how the interactions between
macroions as well as the dynamics of both macroions and counterions are dependent on the charge density™>.

The most intriguing remaining question is why the macroions assemble into hollow, spherical structures? Many
types of macroions, such as the Keplerates™*', Cy, and some nanocages, are structurally isotropic, which is dif-
ferent from the structurally-anisotropic surfactants. To form the hollow, spherical blackberry structure, the mac-
roions need to have stronger intermolecular attraction along certain directions in a homogeneous bulk solution.

Department of Polymer Science, University of Akron, Akron, OH, 44325, USA. Correspondence and requests for
materials should be addressed to T.L. (email: tiu@uakron.edu) or M.T. (email: mtsige @uakron.edu)
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Macroions

c

Figure 1. Coarse-graining of various macroions that form blackberry structures. (a) Examples of different
kinds of macroions, including inorganic metal-oxide molecular clusters (1,2)%", metal-organic nanocages
(3)"-!, functionalized fullerenes (4)", cyclodextrins (5)'* and dendrimers (6)". (b) A typical blackberry
structure self-assembled from metal-oxide molecular clusters (al), which is a monolayer hollow sphere. (¢) A
coarse-grained model designed for general spherical macroions. In this model, the cyan beads have only VDW
interactions while the yellow beads have both VDW and electrostatic interactions.

That means, a symmetry-breaking process should take place, but how that happens is still a major mystery. In
addition, the effect of macroionic size on their self-assembly behavior is also unclear.

Results and Discussion

The effect of macroionic size on their self-assembly behavior has not been explored through simulation so far, to
the best of our knowledge, probably due to the huge computational cost when trying to simulate macroions by
all-atom molecular dynamics approaches. To overcome this difficulty, our coarse-grained model that has been
used in a previous study*® is expanded to macroions with different sizes. The original CG model was designed
to study the sourcc of attraction between macroions in solution and the gencral scli-assembly behaviors of
various types of macroions, thus each macroion is represented by a hollow spherical structure which has both
charged and uncharged beads on the surface, to mimic the structure of the well-studied 2.5-nm-size spherical
“Keplerate” metal-oxide molecular cluster {Mo,,Fe} . The counterions and solvents used with this model are
also coarse-grained (the details are described in supporting information). Because of the simplicity and flexibility
of this CG model, it can be easily expanded to macroions with different sizes and charge distributions, and simu-
lations of larger macroions (up to 10 nm) using these types of CG models are accessible.

In order to study the effect of the macroionic size on their self-assembly behaviors, CG models of macroions
with four different sizes from 2.5-10 nm were created (Fig. S1), and four systems were built accordingly. All
species were initially randomly distributed in solution, followed by equilibration for >200ns. The visualization
of simulation results is shown in Fig. 2a-c. Regardless of the size difference, each of the four types of macroions
forms into one large aggregate, indicating that either electrostatic or VDW forces drives the self-assembly process.

Further investigation was performed by varying the charge density (0-0.16 C/cm?) on each type of macroion,
in order to understand the role of the electrostatic interaction in the assembly process. Interestingly, for macroions
>7.5nm in size with low charge densities, a great tendency to aggregate was found. The macroion-macroion
radial distribution function (RDF) was then calculated for each system (an example is shown in Fig. S2 with
detailed discussion). The number of nearest neighbors is then calculated by integrating the area under the first
two peaks observed in the RDF calculations, leading to a full-spectrum comparison of the charge density and
size effect on the self-assembly of macroions (Fig. 2d). Several intriguing features are observed from this com-
parison: first, as the size of the uncharged macromolecules increases, larger assemblies tend to form, indicating
that the strength of the VDW interactions between macroions correlate with their sizes; secondly, increasing the
charge density of macroions always has a positive effect on the tendency of forming assemblies, implying that in
all cases the electrostatic forces are attractive. However, as the macroionic size increases, the electrostatic attrac-
tion between macroions diminishes, and may even become repulsive as predicted by the DLVO theory of large
colloids. This observation supports the experimental results that the electrostatic interaction is responsible for
the blackberry structure formation of macroions, and is dominant when the macroionic size is less than ~10nm.
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