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Development of Functional Additives and Packaging Paper
for Prolonging Freshness of Cut Flowers
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ABSTRACT

To prolong freshness and to reduce a decay rate of cut flowers during storage and distribution, a new
packaging paper was developed with grapefruit seed extracts(GFSE) as a natural microorganism
control agent. The GFSE was fractionated in order to identify antibiotic fractions by HPLC equipped
with C18-reverse phase column chromatography. Among the active fractions, three ones were identi-
fied as 1-chloro-2-methyl-benzene (o-toluene), N, N-dimethyl-benzenemethaneamine, and 1-[2-(2-eth-
ylethoxy)ethoxy]-4-(1,1,3,3- tetra methyl)-benzene, while the other three remained unidentified. The
GFSE-added paper displayed an effective inhibitory activity against putrefactive bacteria and fungi
which were involved in the decay of flowers. Despite excellent antimicrobial acts of the GFSE-treat-
ed packaging paper, it was not possible to prevent the cut flowers from being dehydrated during stor-
age, which led to the reduction of their fresh weight. However, additional treatment for giving water-
repellency property to the GFSE-treated paper decreased a reduction rate of the fresh weight up to
around 50% compared to the only GFSE-treated one.
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(a) Carton box

Fig. 1. A carton box for cut-roses packaging.
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(b) Cut-roses packed in the carton box

Fig. 2. (a) Particle size distribution and (b) SEM image of GFSE powder.
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Fig. 3. Separation of an active fraction from
GFSE by C18 reverse phase HPLC: Active
fractions were eluted by increasing the
concentration of acetonitrille(0-100%) and
monitored absorbance at 254 nm.
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Fig. 4. Gas chromatogram of the active frac-
tion(GF,) isolated from GFSE.
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Table 1. Inhibitory effect of GFSE on growth of Enterobacter pyrinus

Fractions Absorbance at 660nm Relative growth (%)

None 2.50 100

GFSE 0.03 1.2
Hydrophobic fraction 0.02 0.8
Hydrophilic fraction 2.03 81
GF, 2.50 100

GF, 2.53 101

GF, 2.45 98

GF, 0.02 0.8

GF; 1.25 50




0%(—1), 2%(—2), 6%(—3), 10%(—4), 14%(5) &
18%(—6)E <n|3itt GFSEZ} 6% o)A H7te 24
AR)(0—6) FHO R g BAL Vel ol A
o J_};és*a —/F AlJ_ 61——?— §:ML0_ GFSEP—]
% |4 & it
GF o]-&4 AL
a5 *JOH @36‘}04 xx 47

A
9 f%}in“é ‘%‘JH off 7}os}

L AL oujstn, 3
GFSES] A7V Waeahs 9Ra amyol 9g

< A A& 4= 9l

Fig. 62 35 & BAFY Wi} £330 o
3t= T 9ol (Fusarium sp.)® A E(Candida
albicans)©ll thet gtHE Kol gk Fig. 5ollA]
E 4= gl%o] Fgoje} aRE PR E GFSE A7t

(a) Escherichia coli

Y A7HA 3 2 4x) A 37

o] 675E FHAL Hol/] AEste] Arterel 371
of bl By mlAEe] FALE eAsks SEE A
£ A BAY 4 93k 2 500 2 GFSES 7
A7) s oMol Aeloka i GRSt o]
A v L BAAA TR AT AR
9 mshie, GRSEL el BAA ol2h 2
S st} el Hel Aow AlRHgY,

flo -Q

3.4 GFSEZt F7tel =%
X

Axlo| MEQ

GFSE7F Aelel 24 HA|7F 2 dst Aol o
g AEfAES B7sH7] fste] 70471 44

(c) Staphylococcus epidermidis

(d) Bacillus cereus

Fig. 5. Inhibitory effect of GFSE-treated packaging paper on microbes: 1. GFSE 0%, 2. GFSE 2%, 3.
GFSE 6%. 4. GFSE 10%. 5. GFSE 14%. and 6. GFSE 18 %.
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(a) Fusarium sp (b) Candida albicans

Fig. 6. Inhibitory effect of GFSE-treated packaging paper on fungi and enzyme: 1. GFSE 0%, 2.
GFSE 2%, 3. GFSE 6%, 4. GFSE 10%, 5. GFSE 14%, and 6. GFSE 18%.
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(a) Cut roses right after harvest

after 48 hours storage

Fig. 10. Effect of sizing on freshness of cut roses.
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