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Characteristics of Rice Bran after ‘Heshiko’ Processing

MAKI Shinya*'®, TAKIMOTO Yuya*', TANAKA Takamichi*?
AKIHIRO Takashi*®, TSURUNAGA Yoko* and MATSUMOTO Toshikazu™*?

* 1 Department of Science of Technology Innovation, Nagaoka University of Technology, Nagaoka, Niigata 940—2188
* 2 Tokiwa, Kami, Hyogo 669—6553
* 3 Faculty of Life and Environment Science, Shimane University, Matsue, Shimane 690—8504

* 4  Faculty of Education, Shimane University, Matsue, Shimane

690—8504

To determine the extractive components of ‘Heshiko’ rice bran, a kind of fermented seafood, flesh
mackerel was pickled in rice bran mixture and then evaluated after six months of fermentation.
During the fermentation period, taurine and vitamin A were transferred from the mackerel into the
rice bran since rice bran mixture does not have these compounds. Vitamin B levels in the ‘Heshiko’
rice bran increased, while vitamin E levels remained unchanged and were the same as compared to
the rice bran mixture. Throughout the fermentation process, levels of most of the free amino acids
were significantly increased. Notably, histidine was converted into histamine by microorganisms ;
however, the histamine levels present in 'Heshiko’ rice bran were under the possible allergic reaction
level threshold. The increased levels and profiles of organic acids and amino acids suggested that
these components might contribute to the characteristic taste of 'Heshiko' rice bran.

(Received Jul. 4, 2016 ; Accepted Dec. 5, 2016)

Key words : mackerel in salted rice-bran paste (Heshiko), rice-bran, organic acid, free amino acid, vitamin
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CEEMEL, KBty Iy, Rty I v, G
1%, W7 I BOKEERH S 2 L7,

EBR A&

(1) ‘ALT’ OsiEHE

F /% (Scomber scombrus) 12005 % 72, FIH KR E
1338cm, FHEEIZ600g Th o720 2305 Wk,
L, AKUEBRE L7z, WHEIC LAY o2
RIZR L CE®RI30% 0 &3 % fifi L ¢, fifkEmo
30% DKM %, BRGSO A A, MAKMIZS ok
W 2 ERL 7 HEEE T Lz, 700 BFHRICHEBEO LW
IO B EFED, R amzfkE B, ikl
MDA LHICER S L 912 LTI ZF T A A7
SRS T R8T & & B U 22 JE B UG T 0 UK
ZOSkEE L, BEAO%E L CEEESETBEENTION
RLLE, ZEE - Bk sE72%, fonsz ~LIW %
RN 72 (Fig. 1) WEHIEMESHT 21T £ T, &
HUHE THAERAEZ AT o 720
(2) — RSO3

KAERIE5 g DRF2105C T 5 KR, WMz
B LC, WIRmHOEROMDEDSHB L, KX
5 g DA% 105C T 5 Rz S & 721%, 600C T 2k
BIKILL, B ZWHL, RAEYORERE»SHI L2,
7 R EERIZ0.5g DR EH T VT — Lk
X0, rvy—nEFRE (TKN) 2llEL, &% %
VoS HEAREG. 25  UCHM Lz, TREEARIT

2,0 DRBHIZ ORIV A-A Y ) — VR (2 1 1=
v/v) RWTIREZMIB L, #4285 S-S TREw
DEEIPOHEE L.

A ERAL S NS RO GHHRER P S 2E LG &5
2L D RDY,

(3) EREROMA

#HFK0.5g (FW) (ZMiliQzk 5 mé% hl 2 VortexiZ T 5
ML 720 pH9 ~101C %, 80T, 157 MihniE
L7z, 2IMTHEE, MiliQKTIONIZXAZAT v 7L,
w0 (10,000rpm, 10min, 4C) L7zo L% R
T7H A4 X0.45mE v —ZABEZATFNVIAL TA VT
YTANE — (T ENTT IR THMEBE, 20
FEmEkra~ v 5 74— (AN T2 /09—
#t  LaChrom Elite L-2000> 2 7 &) 2 & D&/ L7,
B A F o ZSHmi g % 748 L 7zZHPLC# 5 & (GL-C610H-
S, 7.8-idx300~mm, HV A 727 /0T —%) %W,
4T VHEBRE— FTOBEL 720 0.1% Y Y ERAKIETR (I
JehiEE 4R ZBEIME LT, 0.5m¢/mindiiE % M
VW, 210mOWLEE, H 5 AREEIZ55T & L7z

(4) KBHE 2 IO

WA 2 g, 0. INfRME % Nz 2%, 30471, 100CT
TR U720 3051, S0CLITFETHHL 72, 4 MEERE S
MUY A E 1neNZ, pHZ4. 5128 b¥ 72, 50mglE
WARA7 75— (FDLME ©4¥ I VB - BEmH)
#INz, ELEHITL0C T 5 R BRI % 1T - 7o BE
FLHE, MQ/K TR % 50ml 2 7 L, #0508 (3,000
rpm, 10C, 104 M) L72% LEiE%ZE R 7% A X0.45um
VO —AREZATNVIATAYT LY 74 VT —
(7 BNy 7y 2 H ) THBMK, 20w % mHEiik s o
<2+ 7574 — (HinA 52770y —1 LaChrom
Elite L-2000> A5 &) 12& Y E®m L7z, BEMHIZX0.2%
) U GmMAFH Y ANK RS M) ASH) %

Fig. 1

Production of ‘Heshiko rice bran’

A: Fill the fish abdominal cavity with the rice bran mixture, as well as the fish’'s surface.
B: The fish layers with rice bran have to overlap alternately.

C: The fermentation process takes place for more than 10 months at ambient temperature.
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AL, B LCT7E b= bMYVZHWY, F5T T Table 1 ‘Heshiko rice bran’ approximate composition
Y MEBIZOWT O TIEBHES%E L, 30551 ICBiK (g/100g F.W.)
V0% B LNV =TIV NE LT, AT A ‘Heshiko rice bran’

I 1Z40C & L, i3 130. 4m¢/min, 260nmo> WL S FE %> Moisture 57.9+0.8
SAKREHEEY I veERLRY, Protein 8. 320.5
(5) lBRME2I>OPR - -

AE0.5¢ 121 %NaCUKB % 1 méfil 2 720 Vortex|Z Lipid 14.7*1.3
T 1o MEER, 3e¥aluo—/¥% ) Vi Ash 13.3%0.7
Tz, KWT60%KOH (w/v) % 1méiliz 7z, 70C Carbohydrate 5 8+0.7

DK T30 M LEZMRL, 105 T & I8 L 7.
307 OMiRSE, L 2ICHIE T TRFEH L 1 %NaClz
15mé, B F V-—n~FH VR (1:9, vv) %
15mein z 5 2 Vortex L 72 3038 (10C, 2, 000rpm
T54H) L, L@EEBULAz. FREICIZS OICEHERT
Fu—n—F% VREEISnN A, FICIKRE 5 Mt %
o720 SHITH ) —EH %17, 3 ROk
FART TG AAZED, Ml E T —F ) -1 7K
L—% —TIl05MHEELL, BEYE 5D X5 ) —
VEMZBRSERY, LiEE2 R 7H 4 X0.45mt v o
—AREIATFNIATAYT LY T4 VEF— (7 FN
Y5y T ) THBEKE, 20 FEmEBAs O~ by
574 — (Hy¥inNA 52 /uay—% LaChrom Elite L
20003 A5 2) 2 & Y ER L7z HPLC# 5 4 (LaChrom
C184. 6mm-i.d. X 250-mm HNA 727 /vy —4%) =M
Wizo BEIMIZTEI=RFU VI X% —)L (60 : 40,
v/v) T, Wi 1 mé/min, &I AMREIF40TE L, 325
m (LF/7—)V), 265mm (Z)VITHILVY7a—)b, I
LANY 7 za—)b), 280nm (a-h T 7 = H—)V) O
FHEPSIREE Y I V2 ER LY,

(6) BT I/ BOA

AE0.5g 12, 8% MY 7 o FEEEKIAT = 5 meil 2
720 Vortex{Z T105 Hi#E#E%, .04 8 (10, 000rpm, 20
min, 4C) L7z LHEZRTH A X0.45umt b 0 — A
REZATFNIATAYTLY T ANT— (T ENVTF
v 7 HE) THBME, 1nlDREHIH L T0.5md Y =
FIVIZ—F V&AM A, VortexiZ TL07 M#H:, &L
B (10,000rpm, 20min, 4C) L 7zo L{HE % B Y B
%, 0.5mMD YT F VI —FVEMZ, Vortex|iZ T1045"
M, @048 (10,000rpm, 20min, 4 C) L 726
N FEBETEES, 2000 DORBRAKICE®E L2 Z DT
LB % A BB 2 AccQ-Tag Ultra Derivatization Kit
(Watersth) #HWCiFE L, BEdghkro~ b7
774 —8BXUH=RDNMH (UPLCXevo TQ MS,
Watersth) #HWCTHM 2475727,

RRERBLUVEE
(1) —fR 2
NLIHE O a oM & 4T > 72 (Tablel)o H
AR BRI L AUE, R o — Bk idk
S EH10.3%, WRHE19.6%, & ¥ /%2 H10.7%, K5

Mean=SE (n=3)

7.9%, RKALWI48.8% L ENTWVD, “~NLIHE DB
KL EEZ KRB ICHANRT, 840 1 oMo THW
fEZR L7z ‘NLIHE OKRGERIIS7.9%TH Y,
KRB LR L TSRS TIN TV, BEERE TR
KRR HS R ICRIBLTERERBEI N,

(2) FHERIH

HRRBE AN 24T o 7285 H, ~L I 1L, AR,
n—HEE, 4 VEREIEAL T o zds, VT
e, anZRiE K SHEICHNS L10fBEEAL
TWie 7T UMR, WEREB X ORI SR i3 E T
NTVRWVE, NLIH OAEFINTVSE I LAUR
N7 (Table2). %E MM T, MBI EMET 52
CICXDAEmSHMLI-EEZ LN, ABERLITbI
TWb I EMRBI N,

(3) kiBME 2 I A

K WCEEICEITNLKENEE Y I VBOGTE
fFolofER, ~LIH T3l 3mgd KB 0414
ZLEENTVBH I EHREINT (Fig.2)s ‘~NL T’
BHABEOREICL > THONIEEBAENO—DOTH D,
FUBBE I IIRIBTEY ¥ 2 U 2 BT BRI T 57,
INE, BERLEFRR G EOMY LI -7V M EHCTD
ONDHEBREMD T WNF TR PR 2 &0
ERIZE Y, ¥¥3I VB, B, T4 7YY, By, HEEEM
BWm+ 2%, K CHEENBESY I VBICZ, B
FBREOBEOBMEXICL>TEY I VB L2 2
ENHERE N, REB XTIV — VEREEDS W E
FICHBEAEFEDONZ, €F I VBAEDZOIZHER

Table 2 Organic acid profile between ‘Heshiko rice
bran’ and ‘rice bran’

(mg/100g F.W.)

organic acid ‘Heshiko rice bran’ ‘rice bran’
Lactic acid 2408.5+195.1 0
Acetic acid 146.32+4.9 0
Citric acid 324.0£9.6 0
Malic acid 1032.3+74.5 90.0+10.7
Succinic acid 2020.8+321.6 245.0+39.0

Mean=SE (n= 3)
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A Vitamin A (Retinol)

B Vitamin B: (Thiamine)

C Vitamin Bz (Riboflavin)
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Fig. 2 Free amino acid and vitamin levels between ‘Heshiko rice bran’ and ‘rice bran mixture’

Vertical bars indicate standard error (n=3)
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ARSI NIz,

(4) BBEME2 I

CREE ICREYI VA (LT ) BRIBEAEE
TNTVHRVD, ANLIH TiddiwEIhTwsZ
LR ENT: (Fig.2)o FETH B DB I T
CEEIZAKIZEEINTVAE Y I VAPEBLTE
EEZ bz, VilRIbEREZ b P Y I VE (-2 7
U —)V) M LKRR, KRB C&EFhTwbfl
(2.0mg/100g )™ & ‘NL ZH off (2.2mg/100g)
DOEALIZIZIZ RV EAIRENT, ARIIEZEENT
WAHEFI VD (R VvITHA NV 7ua—)v VD, 2L
ANY Tzl —)V VD) oW Lz#ER, ‘~LZ
B ICEREEINTYWRNWZ EATRENT.

(5) BT I /B

ANLZH WCRHBLTW EET IV Baa RN
EEITo7 Fig.3)o ~NL I Z2HEESELBRICE
WCARICEENE ) EREET AT I /B TH AGlu
R, HAZHET HAla%k E2)5 ‘NL IR THFICH
MLTWBZ e, AAPLT I RS ‘~NLI
e OICBHMLTEAIEICXY, ~NLIH oMo
BRIZESLTWwWbHEEZ LN,

ALZHE CBRBLTERLZF Y U MAERIC X

of means.
P <0.05 and P<001 by Student’s t-test, respectively.

“**m and “*” indicate a significant difference at

DeRyIVRBEH, TULVF—RaEhHEZT SR
RS D B ATz, BB ANRICE TR TY
5 Y AF T 13485mg/100 g Td o 723, ZEEER T
(72H#B) © ‘~NLZ TI312.2mg/100g & KA § %
EDPHEINTVEY, AKROBAPICHELET S
histidase (EC4.3.1.3) OEHIC L D, FHEBEEICBW
T, BERfarhov2FY iz L, AiRoBECHLE
MW OTEHIC X DA 7 I VAT 5 L M S h
TWBP2, SR TI30.7mg/100g TH o7z A F T
VNS, BRI TEO ‘NL I 12133.3mg/100 g
BHLTETWZ EARENT,
BEBERIZ AL KRN LA AF Y vide
AFIVERBEICED RS I VIR LI ENRALNT
WAY, KEE TIZe 27 I VIERBRHEBRALUTTH Y
BENTwihv, BERMGHES 24 % ~NLZ
B ZWE LS, 1.5mg/100g (n=3) & LKA
BLAZIVEEGALTOWRY, HELEAEDOAERI
RELholz, ERTOr A I Vi%, —#EHIZIZ100
mg/100 g DEZ M2 % LB, RO 259:< %Y,
CLAE LA, B, 828, THZREDIER D bR
LT VUNF—EPELZIESEITILEPMONTVS
A CANLZHE KT LV F—EhE e &k
CTEOLAY I VIIEEINTHW RV EARENT,
Z ) TS, FRE BB RIS S RS
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Fig. 3 Free amino acid levels between ‘Heshiko rice bran’ and ‘rice bran mixture’

Vertical bars indicate standard error (n=3)
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N, FETLLERED S,
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CHBOE®RE L > Tz, 7UV—=AFIFALI2LY A~
LM 283 a2212XD, ki ook
EANL Z ORRENEZ bR b O L D T REE E 2 S
Nb, 551350 20 TREOI T2 i 2 LB
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of means.
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Characteristics of Quality and Processing of Mizu-nasu
(Solanum melongena L.) Eggplant Fruit Based
on a Varietal Comparison
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Eggplant is a frequently eaten vegetable in Japan. A number of cultivars adapted for particular
climatic environments have been developed in various regions of Japan. The Mizu-nasu eggplant, the
fruit of which is mostly used to produce salted pickles, has been cultivated in the Senshu District in
Osaka over time. We compared its chemical components with those of several cultivars (Torikai,
Chikuyo, Kurowashi, Senryo-2, Masumi, and Shiro-nasu) that vary in shape, appearance, and additional
properties to clarify the quality characteristics of Mizu-nasu. Senryo-2, Chikuyo, and Kurowashi had
higher anthocyanin contents than those of Mizu-nasu and Torikai. The peel of every cultivar contained
chlorophyll ; however, the content was highest in Senryo-2. The polyphenol content in the peel was
highest in Kurowashi. Polyphenol oxidase (PPO) activity was highest in Shiro-nasu and lowest in Mizu
-nasu. In addition, the degree of browning was highest in Shiro-nasu and lowest in Mizu-nasu. These
results indicate that Mizu-nasu fruit could be suitable for processing as salted pickles due to low
levels of polyphenol and PPO activity as compared to the other cultivars.

(Received Sep. 5, 2016 ; Accepted Nov. 30, 2016)

Key words : eggplant, quality characteristics, polyphenol, polyphenol oxidase, browning
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Eggplant, a vegetable with a high annual produce salted pickles,

throughout Japan. Nakamura et al.?

promoted by the Ministry of Agriculture,

Eggplants, of Mizu-nasu fruit

bred and

and Fisheries of Japan.

ornamentals, have been varieties are not clear.

which are very popular
investigated
differences in fruit characteristics among several
Mizu-nasu strains. However, the quality characteristics
in comparison with different

including
cultivated for more than 1,200 years across all areas
of Japan. Several eggplant cultivars have been
adapted for specific climatic environments in various
regions. Therefore, unique cultivars of various
shapes, e.g., round, egg-shaped, oblong, long, and
very long, and with various peel colors, such as
purple, green, and white, have been cultivated”.
Mizu-nasu, which has been cultivated for at least
100 years in the Senshu region, Osaka Prefecture,
Japan, has a round, purple fruit with a smooth and

shiny peel. Most of the harvested fruit are used to

Eggplant fruits contain some principal nutrients,
such as lipids and proteins, but abundant polyphenol
compounds, such as anthocyanin and chlorogenic
acid, which are known as functional components®. In
addition to the functional effects, these compounds
exhibit antimutagenic activity. In an analysis of 25
vegetables, Azuma et al.” found that antioxidative
activity is higher in the extract of eggplant that in
except Jew's
mallow (Corchorus olitorius L.) and perilla (Perilla
ocymoides L.). Moreover, the contents of functional

the extracts of other vegetables,

§ Corresponding author, E-mail : yamauchi@yamaguchi-u.ac.jp
Part of this paper was presented at the 62nd annual meeting of the Japan Association of Food Preservation

Scientists, 2013.
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substances, including antioxidants, vary according to
the cultivar and/or growing season, especially the
former. It is thought that the contents of functional
substances could differ among eggplant cultivars.

In contrast, polyphenol compounds are known to
cause browning when eggplant fruit is cut during
processing” or stored at a low temperature” .
Polyphenol oxidase (PPO) and peroxidase, especially
the former, are involved in the browning process.
Varietal differences in chlorogenic acid, a main
polyphenol in eggplant fruit”, have been reported
previously, but the relationships between polyphenol
levels, PPO activity, and browning are not clear for
eggplant cultivars. Accordingly, it is necessary to
clarify the polyphenol compounds and PPO activity
in the tissues of fruits that brown easily.

In this study, we compared several components of
multiple eggplant varieties to clarify the quality
characteristics  of = Mizu-nasu  fruit. = Varietal
differences in the occurrence of browning during

processing were also determined.
Materials and Methods

1. Plant materials

To harvest the fruits of seven cultivars in
autumn, eggplant (Solanum melongena L.) cultivars
Mizu-nasu, Torikai, Chikuyo, Kurowashi, Senryo-2,
Masumi, and Shiro-nasu were sown in horticultural
medium on July 12, 2012. The seedlings were grown
for 2 months and then transplanted in the field in a
plastic-film greenhouse at the Research Institute of
Osaka
Prefecture, Japan. Slow-release fertilizer (N:P:K =

Environment, Agriculture and Fisheries,
12:10:11) was applied to all plants. After anthesis,
300 mg¢ ' p-chlorophenoxyacetic acid was sprayed
on each flower for parthenocarpy. Mizu-nasu fruit,
marketable size in

which were grown to a

November, were harvested at 36 days after anthesis.

Likewise, Torikai was harvested at 29 days, Chikuyo
at 38 days, Kurowashi at 41 days, Senryo-2 at 35
days, Masumi at 41 days, and Shiro-nasu at 36 days
after anthesis. Additionally, to harvest eggplant fruit
in the summer, Mizu-nasu was also cultivated from
February to July, 2012 and harvested at 23 days
after anthesis.

After harvesting, the length, weight, volume,
moisture content, texture, and chemical components
of fruit were measured. All

analyses were

performed using triplicate samples.

2. Assays of specific gravity, moisture content,

and texture

The specific gravity was measured as the ratio of
the weight to the volume of each fruit. An aliquot
of the fruit was dried in an air oven at 105C to
determine the moisture content. The texture of the
fruit peel was evaluated by the cylinder penetration
test using a texturometer (Instron 5542). The peel
tissue was laid on the stage, and then a crosshead
equipped with a cylinder of 5 mm in diameter was

operated at a rate of 20 mm min '. The maximum

force needed to penetrate the peel tissue was
determined.
3. Anthocyanin assay

Fruit peels (2.5 g 3 mm in thickness) were
placed in 20 m¢ of 5 % formic acid overnight and
After

further

anthocyanin  pigments were  extracted.

extraction, the peel tissues  were
homogenized with 5 % formic acid using a mortar
and pestle. The extract was filtered through one
layer of Miracloth (CALBIOCHEM), and the filtrate
was centrifuged at 15,000 X g for 10 min. The
anthocyanin content in the supernatant was
determined spectrophotometrically at 525 nm using
purified nasunin ( delphinidin- 3 - ( p-coumaroylrutin-
oside)-5-glucoside) as a standard.

To determine the major anthocyanin in the peel,
the extract was filtered through a 0.45-um filter
( ADVANTEC) and then analyzed by HPLC.
Anthocyanins were analyzed by HPLC using a
Hitachi L-2130 pump with an automated gradient
controller and a Hitachi L-2450 diode array detector.
Pigments were separated on a LiChrospher C18
column (Merck), 4 X 250 mm, using two solvents, i.
e., solvent A, methanol, and solvent B, 5 % formic
acid (A: 15 %—60 % for 25 min), in a gradient.

', and the injection

The flow rate was 1.0 m¢{ min~
volume was 100 p¢. The identification of anthocyanins
was based on the retention time and the visible
Nasunin and commercially

absorption  spectra.

available delphinidin- 3 -rutinoside® were used as
standards.
4. Assays of polyphenol and chlorophyll

Peels, including flesh (3 mm in thickness), or
whole fruits were used for the polyphenol assay.
Each 2.5-g sample was dipped in 37.5 m¢ of 74 %
in a water bath at 80C for 15 min,

homogenized in 70 % ethanol, and filtered under

ethanol

reduced pressure. The extract was stored at —20C

until analysis. The polyphenol content was
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determined according to the Folin — Ciocalteu
method”. The standard curve was plotted using
chlorogenic acid. For the chlorophyll assay, the peel,
including flesh (3 mm in thickness), was used. The
sample was placed in 20 m¢ of N, N-dimethylfor-
mamide in a refrigerator overnight. The supernatant
was determined spectrophotometrically at 647 nm
and 664 nm according to the methods of Moran®.
5. Enzyme assay

Thirteen grams of flesh tissue were homogenized
in 67 m¢ of cold acetone containing 2 g of PVPP
inhibit the
oxidation of polyphenol compounds. The homogenate
was filtered through filter paper (ADVANTEC),

and the residue was washed twice with cold

and 66 mg of sodium ascorbate to

acetone. Subsequently, 10 m¢ of diethyl ether was
added to remove the acetone. The residues were
completely dried and stored at —80C until analysis.

The acetone powder (0.3g) from flesh tissues
was suspended in 20 m¢ of 0.1 M phosphate buffer
(pH 6.0). The mixture was stirred for 1 h at 0C
and filtered using two layers of Miracloth. The
filtrate was then centrifuged at 15,000 X g at 4C
for 15 min. The supernatant was passed through a
PD-10 Column (GE Healthcare) and the eluent was
used for the enzyme assay.

PPO activity was measured using chlorogenic acid
as the substrate, according to the methods of Lun
and PurtaakpoL'. The reaction mixture consisted of
2.0 m¢ of 0.1 M phosphate buffer (pH 6.0), 0.2 mé of
5 mM
solution.

chlorogenic acid, and 02 mé of enzyme

Activity was determined spectrophoto-
metrically by measuring the increase in absorbance
at 420 nm at 25C. One unit of activity was defined
as an increase in absorbance. The enzyme protein
Bradford’s

content was measured based on

6. Degree of browning

Five grams of flesh were homogenized with 50 mé
of distilled water for 1 min. The homogenate was
filtered through two layers of Miracloth, and the
filtrate was centrifuged at 20,000 X g at 4C for 5
min. The supernatant was held at 30C for 15 min
in a water bath, and the increase in absorbance at
420 nm was measured.
7 . Statistical analyses

Data were analyzed statistically using an analysis
of variance (ANOVA), and significant differences in
means were determined at P <0.05 using Tukey's
multiple range tests implemented in SPSS ver.11.0]
(SPSS Inc.). Significant differences are indicated by
different in the
correlation coefficient analysis was performed using
R (ver.3.3.0 for Windows ;
Statistical Computing).

letters same column. Pearson’s

R Foundation for

Results and Discussion

1. Morphological characteristics of eggplant cultivars

The main morphological and physicochemical
characteristics of the fruit of the seven eggplant
cultivars are summarized in Table 1. Fig. 1 shows
the appearance of the eggplant fruits at harvest. As
is evident in Fig. 1 and Table 1, the peels of the
Torikai,

Chikuyo fruit was dark purple. The peel of the

Mizu-nasu, Senryo-2 , Kurowashi, and
Masumi fruit was green, and that of Shiro-nasu was
white ; the fruit of these cultivars had no purple
pigments. The fruits of Chikuyo, Senryo-2, and Shiro
-nasu were long, while those of Mizu-nasu and
Torikai

cultivars were slightly elongated and the other two

were short, indicating that the former

cultivars were rounded.
The specific gravity of Mizu-nasu was significantly

method". higher than those of the other six cultivars. The
Table 1 Morphological characteristics of eggplant fruit
. . . . e Moisture
. Fruit length  Fruit weight Fruit volume Specific Texture
Cultivar Peel color . content
(mm) (2) (mé) gravity " (N)
(%)

Mizu-nasu Dark purple 98a 153ab 206ab 0.741a 95.2a 8. 6a
Torikai Dark purple 93a 117bc 191ab 0.613b 94. 4ab 16. 3a
Chikuyo Dark purple 194d 93c 148ad 0.634b 94. 5ab 10. 4a
Kurowashi Dark purple 120abc 172a 273bc 0.630bc 94. 2ab 16.4a
Senryo-2 Dark purple 152b 97c 157ad 0.622bc 94. 0ab 13.0a
Masumi Green 132abc 100c 148ad 0. 675bc 94. 3b 18.2a
Shiro-nasu White 156bcd 72¢c 107d 0.676¢ 92.5¢ 12.8a

Different letters in the same column indicate significant differences (P <0.05)
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Fig. 1 Phenotypic characteristics of eggplant fruit at harvest for Senryo-2,
Kurowashi, Chikuyo, Masumi, Shiro-nasu, Torikai, and Mizu-nasu, from left to
right
Table 2 Chemical and biochemical characteristics of eggplant fruit
Anthocyanin Polyphenol Polyphenol Chlorophyll Polyphenol
Cultivar content content™ content™ in content oxidase activity**
in the peel in the peel the whole fruit in the peel in the flesh
(zmol g~ 'FW) (mg g 'FW) (mg g 'FW) (ug g"'FW) (Units mg~'protein)
Mizu-nasu 1.45a 2.21ab 1.73a 26. 1ab 0.19a
Torikai 1.50a 2.18ab 1.73a 19.7c 0. 36abc
Chikuyo 2.83b 2.51a 1.52ab 20. 5¢cd 0. 26ab
Kurowashi 2.41b 3.8l1c 2.25¢ 29. 0ab 0. 33ab
Senryo-2 3.44c 3.17d 1.75a 30. 8a 0. 32ab
Masumi N. D. 1.81b 1.28b 25. 3bd 0.43bc
Shiro-nasu N. D. 2.45a 2.71d 5.0e 0.51c

Different letters in the same column indicate significant differences (P <0.05)

* . Chlorogenic acid equivalent

**:One unit of enzyme activity was the change of 0.1 in absorbance

specific gravities of Torikai, Chikuyo, Kurowashi,
and Senryo-2 were lower than those of the other
cultivars. The moisture content of Mizu-nasu was
also higher than those of the other cultivars,
whereas that of Shiro-nasu was significantly lower.
Goto et al.”” reported that the intercellular space of
the Senryo-2 fruit was larger than that of Chikuyo,
followed, in order, by Mizu-nasu and Kurowashi. We
found that the specific gravity was lowest in Senryo
-2, followed, in order, by Chikuyo and Mizu-nasu.
With the exception of Kurowashi, this pattern
suggests that the size of the intercellular space,
which provides a path for gas molecules, is related
to the specific gravity. Accordingly, the specific
gravity of Mizu-nasu fruit, whose intercellular space
was smaller than those of the other cultivars, was
highest among the cultivars. Moreover, there was
texture

no statistically significant difference in

among the seven cultivars.

In summary, the Mizu-nasu fruit was round with
a dark purple peel. The flesh is expected to be
softer and more compact than that of the other
cultivars owing to the high specific gravity and
moisture content.

2. Chemical

eggplant cultivars

and biochemical components of

Table 2 shows the chemical components of the
eggplant fruits. The anthocyanin contents of Senryo-
2, Chikuyo, and Kurowashi, especially Senryo-2, were
significantly higher than those of Mizu-nasu and
Torikai. had the
highest content, ie., 3.44 umol g' fresh weight

Senryo- 2 fruits, in particular,
(FW). No anthocyanins were detected in the peels
of Masumi and Shiro-nasu.

Nasunin, delphinidin-3- ( p-coumaroylrutinoside ) -5-
glucoside, is a major anthocyanin of eggplants and

,15)

produces a purple peel color' ™. The anthocyanin

contents in the eggplant peels are summarized in
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Table 3 Identification of anthocyanins* extracted from
the peel of eggplant fruit

Retention

Cultivar time (min.) Amax
Mizu-nasu 16. 36 535
Torikai 16.03 535
Chikuyo 16.19 535
Kurowashi 11.81 529
Senryo-2 16. 22 535
Nasunin 16. 48 535
Delphinidin-3- 11.76 529
rutinoside

*Maximum peak of absorbance at 525nm, each cultivar

Table 3.
anthocyanin

detected as a major
Chikuyo, and
Senryo-2, whereas delphinidin-3-rutinoside was detected

Nasunin was
in Mizu-nasu, Torikai,

as a major anthocyanin in Kurowashi by HPLC.

The polyphenol content in the peel was higher in
Kurowashi (3.81 mg g' FW) and Senryo-2 (3.17 mg
g ' FW) than in the other cultivars (1.81~2.51 mg
g ' FW). The polyphenol content in the whole fruit,
however, was highest in Shiro-nasu (2.71 mg g’
FW), suggesting that the polyphenol compounds are
more abundant in the flesh tissue than in the peel
tissue in Shiro-nasu. In the Kurowashi fruit, the
polyphenol content in the whole fruit was also
higher than that in other cultivars, except Shiro-
nasu, suggesting that the polyphenol compounds are
contained in the flesh tissue as well as the peel
Additionally, in five cultivars in which anthocyanins
were present, polyphenol contents in the peels were
higher than those in the whole fruit. In contrast,
the polyphenol content in both the peel and the
whole fruit were very similar in Masumi and Shiro-
nasu, which lacked anthocyanins.

Only due to the
chlorophyll level in the peel. However, in Senryo-2
(30.8 ug ¢! FW), Kurowashi (29.0 g g ' FW), and
Mizu-nasu (26.1 pg g 'FW), especially Senryo-2, the

Masumi fruit were green,

chlorophyll contents was higher than those of other
Additionally, all
cultivars whose surface colors were purple and

eggplant fruit. of the eggplant
white had chlorophyll pigments in the peel tissue.
Moreover, the chlorophyll a/b ratio was almost two
in all of the eggplant cultivars (data not shown).
PPO activity was highest in Shiro-nasu (0.51 Units
mg ' protein) and lowest in Mizu-nasu (0.19 Units
mg ' protein). As is clearly shown in Table 2, the

PPO activity of Mizu-nasu was low, and the

polyphenol content was also low as compared to
those of other cultivars. Most Mizu-nasu fruit are
processed as salted pickles after harvest. Horie and

16)

AnDp0" indicated that the browning of salted pickles
of Mizu-nasu fruit is of little concern owing to the
low chlorogenic acid content, which is a substrate
for browning. It is thought that in Mizu-nasu fruit,
browning during processing could be suppressed
owing to low polyphenol levels and PPO activity.
Furthermore, using Mizu-nasu fruit, the quality
characteristics were compared between the summer
and autumn harvests (data not shown). There were
almost no differences in specific gravity, moisture
content, anthocyanin content, and chlorophyll
content between the summer and autumn. Only the
polyphenol content of the peel in fruit harvested in
autumn, ie., 2.21 mg g ' FW, was significantly higher
than that in fruit harvested in the summer (1.66 mg
g! FW). This difference could be explained by
differences in the period and temperature during
fruit development.

3. Varietal

browning during processing

differences in the occurrence of
In eggplant fruit, flesh browning, which involves
both polyphenol and PPO activity, is known to be a
major problem during processing” and low-
temperature storage”. In Shiro-nasu, Torikai, and
Kurowashi, particularly Shiro-nasu, the degree of
browning was high. In contrast, low browning was
observed in Mizu-nasu, Senryo-2, Masumi, and
Chikuyo, especially Mizu-nasu (data not shown).
Furthermore, as shown in Fig. 2, we detected a
correlation between the degree of browning and the
polyphenol content or between the degree of
browning and PPO activity for the seven cultivars.
The correlation coefficient for the relationship
between polyphenol content and the degree of
browning was 0.724 (n=21), which was statistically
significant according to the Pearson’'s correlation
test (P <005). Additionally, the

coefficient for the relationship between PPO activity

correlation

and the degree of browning was 0.655 (n=21), and
this was also statistically significant according to the
Pearson’s correlation test (P < 0.05). In general,
eggplant browning was attributed to polyphenol and
PPO activity. which
browning was observed, had high polyphenol levels

Shiro - nasu, in extensive

and PPO activity, while Mizu-nasu, in which only
slight browning was observed, had low levels. Thus,
with both high levels of

eggplant cultivars
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Fig. 2 Correlation between the degree of browning and
polyphenol content (A) or polyphenol oxidase activity
(B) of the seven cultivars

* indicates statistically significant by Pearson correlation
test (P < 0.05)

O :Mizu-nasu, @ : Torikai, & : Chikuyo, 4 : Kurowashi,

[J:Senryo-2, Il : Masumi, X :Shiro-nasu, respectively

polyphenol and high PPO activity brown easily
during processing. According to BARBAGALLO et al.”,
calcium citrate or ascorbate treatment inhibits the
browning of eggplant cut into cubes. While such
treatments effectively inhibited browning, consumers

do not prefer using any food additives in processing.

Accordingly, a cultivar that resists browning, such
as Mizu-nasu, may be beneficial for processing.

In conclusion, Mizu-nasu fruit could be suitable for
processing, e.g., to produce salted pickles, owing to
its low level of browning and compact flesh.
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Nondestructive Determination of Components on Texture
of Squash Fruit (Cucurbuta maxima Duch.) using Near Infrared Spectroscopy
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Components, that affected the mealy texture of squash fruit (Cucurbita maxima Duch.), were
measured non-destructively using near infrared spectroscopy, and changes during storage were
investigated. The texture of squash fruit was evaluated by measuring the firmness of steamed squash
fruit mesocarp. Thus, the delimiting firmness was determined to be 1.6 N, which distinguished
mealiness or stickiness. A strong positive correlation coefficient of 0.92 was found between dry matter
content and fruit firmness.

The dry matter content of squash fruit was measured non-destructively by near infrared
spectroscopy, and a calibration model was determined, for practical use. When the dry matter content
of squash fruit measured non-destructively at harvest-time was over 19 %, a mealy texture was
confirmed. In addition, if the dry matter content of squash fruits measured non-destructively before
storage was more than 25 % or 30 %, the fruits could maintain firmness for approximately 30 or 60
days, respectively. The results suggest the possibility of maintaining the mealy texture in squash fruits
after 30 storage days in fruit that has a dry matter content above 25 % at harvest-time.

(Received Jun. 13, 2016; Accepted Dec. 5, 2016)

Key words : squash fruit, near infrared spectroscopy, nondestructive determination, dry matter content, texture
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Fig. 3 Relationships between texture and firmness of
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1 : sticky texture, 2 : slightly sticky texture,
3 . slightly mealy texture, 4 : mealy texture.
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Fig.5 Relationships between starch content of squash
fruit mesocarp and firmness of steamed squash fruit
mesocarp
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Statistical characteristics of calibration and validation sample sets of squash fruit used to develop calibration

Dry matter

Starch

Items
Calibration set

Validation set

Calibration set Validation set

No. of sample 131 100 111 100
Range 9.4—36.3 13.2—34.6 2.1—26.8 6.0—22.6
Mean value 24.2 24.4 14.0 14.0
Standard deviation 6.39 4.53 5.90 3.87

Used units

weight % (flesh weight basis)

weight % (flesh weight basis)

Table 2 Results for calibration and validation of dry matter and starch contents of squash fruit using normalized

2nd derivative spectra

Wavelength selected (nm) SEC  SEP
contents R? o o Bias  RPD
Mook M Mk Moo s %) (%)
Dry matter 854 884 804 902 846 758 732 986 0.95 1.49 1.33 0.32 3.4
Starch 854 884 842 900 0.87 2.14 2.16 0.61 1.8
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Proposal for an Efficient Packaging System for
Preventing Shock-Induced Berry Drop in Grapes
during Transportation and Handling
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In order to develop a packaging system for grape berries that would prevent them from falling
owing to shocks caused during transportation and handling, we investigated the effects of the
direction of the shock on the occurrence of berry drop. To verify this, we conducted a drop test by
using a conventional corrugated fiberboard box employed for transporting grapes in Japan. The results
of the drop test suggested that attenuation of the shock from the bottom of the box was necessary to
prevent the grape berries from dropping. Our results also suggested that in order to reduce the
occurrence of berry drop further, free spaces inside the box needed to be reduced. Based on these
findings, we designed a packaging system that not only attenuates the shock from the bottom of the
box, but also adapts to the different shapes of individual grapes. This was achieved by stacking
several sheets of the cushioning material inside the corrugated fiberboard box. The results of the drop
test obtained using the above-mentioned packaging system confirmed that this setup was effective in
preventing the shock-induced dropping of grape berries. The study also revealed that it was indeed
effective to attenuate the impact caused by the shocks, especially those emanating from the bottom
and the side walls of the box during transportation and handling.

(Received Aug. 18, 2016 ; Accepted Nov. 21, 2016)
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Grape berries sometimes drop off from the pedicel
after the harvest. This called
“berry drop”. Berry drop causes a reduction in the

phenomenon is

commercial value of the grapes, which is why it

is Important to prevent it. Several studies
have established physiological” and microbiological”
factors responsible for berry drop in grapes after
Other studies have concluded that

vibration is an important physical factor contributing

3),4)

the harvest.

to berry drop

Previously, we analyzed the effect of shock on
soft fruits such as cherries”, strawberries® and
tree-ripened mangoes” during transportation, and
concluded that

towards fruit damage. Thus, in case of grapes too,

shock is a contributing factor

it was suggested that shock may be an important
factor causing berry drop during transportation and

handling. However, till date very few studies have
investigated the correlation between the impact of
shock and the subsequent occurrence of berry drop.

Earlier studies attempting to analyze the impact
of  shock
transportation of packaged products showed that

occurring during handling and

shock can not only be experienced in the vertical

#9 By means of

but also in the horizontal direction.
drop tests for packaged grapes, we investigated the
effect of shock direction on berry drop.

Finally, we developed a packaging method to
protect the grape bunches from suffering berry
1"

drop caused by shock. Takano et a suggested
that the rate of berry drop in grapes due to
vibrations reduced, when the free space inside the
packaging box was also reduced maximally.

Therefore, we examined a cushioned layout that

§ Corresponding auther, E-mail : ktz@affrc.go.jp
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adapted itself according to the size and shape of
the grape bunches.

Materials and Methods

1. Grape cultivar used for the drop test

All experiments were carried out with the grape
(Vitis labruscana Bailey X
Vitis vinifera L.). This cultivar has a strong flavor,

cultivar ‘Shine Muscat’

large berry size, crisp flesh texture, high soluble
solid content, low acidity, and berries with edible
skin" .

getting increasingly popular in Japan as well as its

Owing to these factors, ‘Shine Muscat' is

neighboring regions. The grape clusters were
harvested in the orchard of the Horticultural
Experiment  Station of Yamagata Integrated
Agricultural Research Center (Sagae, Yamagata,

Japan) on 9™ October 2015. The number of berries
per bunch and the average weight were calculated
to be 439 = 7.0 and 646.9 £ 88.0 g respectively.
The grapes were wrapped in paper bags, and
05C
temperature and 90% relative humidity for 12-53

placed in a chamber maintained at
days. After the completion of the storage period,
they were enveloped in a 4-mm thick polyethylene
(PE) foam net and transported from the above
mentioned facility to the Food Research Institute,
NARO (Tsukuba, Ibaraki, Japan) in a corrugated
fiberboard box, containing a sheet of PE foam net
(thickness, 5 mm) on the base of the box. The
grapes were transferred to a chamber maintained at
10C temperature and 90% relative humidity for
one day. Thereafter, the grapes were selected on
the basis of uniformity in size, color, and absence of
defects or mechanical damage. These were then
subjected to the drop tests as detailed below.
2. Conditions for packaging and drop test

A sheet of foam net which was made from the
same material as described above in sub-section 1
was laid inside a corrugated fiberboard box. The
interior dimensions of the box were ~210 X 310 X
115 mm. Each bunch of grape was put in a paper
bag and enveloped in the same foam net as
described above in sub-section 1. Two such bunches
were placed in the box (Fig. 1A). The empty
spaces inside the box were filled with foam nets.
The same foam net sheet that was used for lining
the bottom, was also used to fill the free space at
the top of the box. The opening of the box was
then covered with corrugated fiberboard material
same as that of the box itself. The total weight of

Fig. 1

Figure showing (A) Inner and (B)
Outer view of the packaging system used for
the drop test

Where the direction of delivering the shock is
represented along the (a) bottom, (b) top, and (c)
side walls of the box.

the box including the two grape bunches and the
cushioning material was approximately 1.5 kg. This
type of packaging represents the conventional
system for transporting grapes in Japan. This was
therefore, used as the control setup.

The box which contained two bunches of grapes
was dropped once, perpendicularly on the dropping
surface by a drop tester (DTS-50, Shinyei Testing
Machinery Co. Ltd., Tsukuba, Japan). The drop
height was set to 0.6 m according to JIS Z 0200,
which is the Japanese test standard for freight
packaging. The shock incurred due to the drop was
delivered to the bottom, top, and side walls of the
box (Fig. 1B). For assessing the shock incurred
along the top and side walls, the box was placed
upside down or sideways respectively, on a shock
testing table. Tests were carried out in 3-4
replicates per drop condition.

3. Measurement of shock acceleration

A three-dimensional accelerometer (2366W, Showa
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Fig. 2 Setup of the acceleration pick-up and the
dummy sample to adjust the weight for the
drop test

Figure showing (A) Acceleration pick-up attached on
the inner side of the bottom of the box, (B) fixed
clay blocks in the box, and (C) acceleration pick-up
attached on the foam net sheet, where a-e represent
(a) acceleration pick-up, (b) clay blocks, (c) two
sheets of urethane foam to fix the clay blocks, sheet
of (d) urethane foam, and (e) foam net.

Sokki Co. Ltd., k Tokyo, Japan; size, 8.0X%X7.0X5.5
mm; weight, 1.2 g), fixed on an aluminum plate with
a plastic socket, was attached to the bottom surface
of the box from the inside by using a double-sided
tape (Fig. 2A). For performing the measurement,
clay blocks (total weight, ~1.3 kg) were placed in
the plastic trays, instead of the two bunches of
grapes (Fig. 2B). The box was then dropped from
a height of 06 m and the shock
acceleration was experimental

value of
measured. The
conditions for measuring the acceleration pickup
data, 8000
points; filter mode, automatic; trigger level, 2.8% ;

were as follows: sampling rate, 10 ps;
pre-trigger, 30%. These conditions were set using a
shock measurement and analysis system (SMH-12,
Shinyei Testing Machinery Co. Ltd.), connected to

the accelerometer, along with the shock vibration
( SMS-500 M, Shinyei Testing
Ltd.). The box did not
completely perpendicular to the surface of impact,

analysis  software

Machinery Co. drop
as the center of gravity of the box and its
geometric center did not always coincide perfectly.
Thus, the wvalues of shock acceleration in the
horizontal (right-left), horizontal (front-back), and
vertical directions were calculated automatically by
the software. Shock acceleration on the foam net
was measured to evaluate its cushioning potential at
the bottom of the box from the inside. In this case,
the accelerometer was attached to the surface of
the foam net (Fig. 2C). Each drop test was carried
out eight times, so as to ensure a high degree of
replicability.
4. Calculation of the rate of berry drop

The box was opened immediately after landing on
being dropped. First, the number of berries that
had detached from the pedicel (left berries, LB)
was determined. Second, we counted the number of
berries that were still attached to the pedicel (no
left berries, NLB). Finally, we calculated the rate of

berry drop (RBD) (%) by using the following

formula :

RBD=[LB/ (LB+NLB) ] X100 ---weseeeeeeees (1)
5. Design of alternative packaging to prevent
berry drop

We prepared the cushioning sheets by using 10-
mm thick urethane foam, having a density of

* and a pair of holes of

approximately 0.027 g cm”
different sizes. Four sheets, each bearing a pair of
holes, were stacked on top of one another. Next,
two bunches of grapes were wrapped in paper bags
and placed inside the two holes, which were formed
as a result of stacking the sheets (Fig. 3)”. The
paper bags were identical to those described in sub-
section 1. The sheets along with the grapes were
packed in the box described in sub-section 1 and 2.
We hypothesize, that this
represents an improvement over the previous one.

packaging system
At the same time, the combination of sheets could
be varied, according to the differences in the size
grape
Additionally, instead of the foam net, a sheet of

and shape of the individual bunches.
urethane foam, without holes and possessing the
same physical properties as that of the sheet with
the pair of holes, was laid out at the bottom of the
corrugated fiberboard box. In order to evaluate the

ability to attenuate shock, by the sheet of urethane



26 Food Preservation Science VOL.43 NO.1 2017 (26)
Top = L a
B é 5000 i [
O O 54000 | I
5 3000 f b
g * T
& 2000 | ¢
A L
S 1000 |
r % I
B 0
A B C

o0 R 3

Bottom

Fig. 3 improved packaging
preventing grapes from berry drop™

Proposed system for

Figure showing different combinations of the sheets with
two holes, which can be used to adjust to the difference in
the size and shape of the grape bunches.

foam lining the bottom of the box, we measured
the shock acceleration on the surface of the sheet
using the same method as described above in sub-
section 3. The

evaluation method for

drop test conditions and the
determining berry drop

remained the same as described in sub-section 1-3.
Results and Discussion

1. Attenuation of the drop shock caused by

cushioning sheets placed at the bottom of the

box

Without any cushioning sheets present, the value
of shock acceleration near the bottom of the box
was 4361 ms™® (Fig. 4). In contrast, the magnitude
of shock acceleration was attenuated upon using the
foam net and urethane foam sheet (2144.8 ms™* and
1353.4 ms? respectively). Thus, it was evident that
the sheet of urethane foam was more effective in
attenuating the drop shock, followed by the foam
net sheet.
2. Effect of the direction of the shock on the

rate of berry drop

Bruised and / or crushed berries were not
observed under any condition. Using equation (1),
the rate of berry drop for the control setup, where
the shock was delivered to the bottom, top, and
36%, 26%, and 10%

respectively. The rate was highest when the shock

side walls of box was

Fig. 4 Attenuation of the drop shock by cushioning
sheets placed near the bottom of the box

Figure showing shock acceleration ( A ) without the
cushioning sheet, (B) with the foam net sheet, and (C) with
the urethane foam sheet; where a, b, and c¢ represent
significant differences according to Welch's t-test with
Bonferroni correction (Family wise error rate, @ =0.05 ;
number of replicates, n= 8 ).
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Fig. 5 Figure showing the rate of berry drop (%)
varying according to the direction of the shock in
conventional packaging (control setup)

Each value represents the mean of 3—-4 replicates. Error
bars have been omitted because each datum is shown as a
percentage.

was delivered to the bottom of the box (Fig. 5). It
was suggested that the reason for the differences in
berry drop rates after changing the direction of the
shock (bottom and top), was due to the difference
in the direction of the opening of each foam net.
The foam net could not offer adequate cushioning,
when the shock was applied to the bottom of the
packaging. The results indicated that attenuating
the shock from the bottom of the packaging was
necessary to prevent the grape bunches from
suffering berry drop.
3. Evaluation of the performance of the proposed
packaging
Bruised were not

and / or crushed berries

observed under any conditions, including the control
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Fig. 6 TFigure showing the rate of berry drop (%)
varying according to the direction of the shock in
improved packaging

Welch's t-test performed by comparing the values for the
direction of the shock applied with that of the control set
up, suggested significant differences between data at p<<0.01
(indicated as "** and p<0.05 (indicated as "**'). Each
value represents the mean of 3 —4 replicates.

Error bars have been omitted because each datum is shown
as a percentage.

set up. Using equation (1), the rate of berry drop
for the improved packaging, when the shock was
applied to the bottom, top, and side walls of box
was 4%, 12%, and 0% respectively. In each case,
the rate of berry drop was lesser than that for the
control setup (Fig. 6).

The result of the shock acceleration measurement
(Fig. 4) showed that the sheet of urethane foam
offered a higher attenuation of shock than the foam
Thus, it can be concluded that the
improved packaging is

net sheet.
suggested effective in
attenuating the shock from the bottom as well as
from the sides of the box. In this packaging design,
the same foam net that was used in the control
setup was used as a filling material for the empty
space near the top of the box, resulting in lesser
attenuation of the shock from the top, compared to
that from the other two sides.

In this study, we assumed a single shock as the
sole factor causing berry drop in grapes. However,
repetitive

it has Dbeen previously reported that

shocks result in post-harvest damage of fruits.”'"
Considering the above results, our future work will
focus on evaluating the ability of our proposed
packaging system in preventing berry drop owing
or simulated

to repetitive shocks, under actual

transportation and handling conditions.
Conclusion

The results of our drop tests suggested, that in

order to prevent the grape bunches from suffering
berry drop, attenuation of the shock delivered from
the bottom of the packaging was necessary. Our
results also suggested that the free space inside the
packaging needs to be filled, so as to minimize
berry drop. Moreover, cushioned packaging, which
adapts itself to the differences in the shape of the
individual grape bunches should be used. In the
light of these findings, our proposed setup using
stacked cushioning sheets is considered to be an
effective packaging system against berry drop in
grapes, caused by shocks during transportation and
handling.
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