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Executive Summary

Introduction

Royal Project Foundation has promoted grapes production in highland in
order to increase income for highland people, especially Beauty Seedless variety
because of its quality and high productivity in limited space of highland. In 2013,
there were 124 farmers who were planting grapes, in the total land area of 68 rai.
Total production sold through the royal project foundation retail shop was 21,430
kilograms or 3,411,449 Bahts. Some were sold in cultivation area. The Beauty
seedless grapes were round with approximately 1.2 ¢cm in diameter. The fruit skin is
black and thick and the taste is sweet.

The grapes were sale in retail market through Royal Project Foundation shop.
The harvesting procedures were starting from cutting the whole bunch of grapes,
trimming, cleaning with brush and grading according to product quality. Then the fruit
was packed-in polystyrene tray, 500 grams per tray, and wrapped by stretch film. The
wrapped tray was then placed in corrugated carton before delivery. However, it has
been found that the cost of corrugated carton was high which impacted the sale
price. So- far, there is no study available on the properties of packaging and packing
process such as manual packing ability, space efficiency during delivery, shelf life,

and damage during transportation.

Objectives

1. To study the properties of grapes packaging materials and methods those are
recently used by the Royal Project Foundation.

2. To design the new packaging that improving transportation efficiency, extending
shelf life, reducing damage with optimizing cost.

3. To design label and packaging for sale promation:

Research Methodology
1. Gather and analyze the information on properties and packing process of Royal
Project foundation packages

Packaging materials and methods that the Royal Project foundation (RPF)
used were benchmarked and compared with those in the market. The strength and
weakness of RPF packing materials and packing processes were identified. The scope
of this study included efficiency of space utilization by considering number of
package per standard plastic crate, which is currently used as packaging for truck
transportation of Royal Project Foundation, and the packing operation time that the

operators spent in the packing process were measured.
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In addition, fruit damage during transportation was also studied by performing
vibration test, which simulated the frequency and amplitude of vibration during
transportation according to ASTM D999, in parallel with actual transportation test.
Percentage of fruit damage after transportation was measured right after delivery and
measured again after 7 days storage at 5°C and 2 days at 25°C (total 742 days).

The damages were also determined to identify the shelf life index and shelf
life by packing grapes in various types of packaging and being stored in 2 different
temperatures which were 25°C (the tests were performed on day 0 and day 2) and
5°C (the tests were performed on day 0, day 5 and day 10). The changes of grape’s
quality were measured in terms of weight loss, mold incident, total soluble solid,
total acidity, ascorbic acid content, and consumer acceptance including stem
greenness, fruit freshness, firmness, sweetness, flavor and overall acceptance. The

costs of packaging materials were also calculated.

2. Design the new packaging to solve existing problem

Issues findings from Methodology 1 were analyzed following by the design
and development the new packages in order to eliminate or minimize current
existing issues by considering cost, transportation efficiency and ability to maintain
grapes gualities. Moreover, packaging prototypes were produced and modified in this

initial study.

3. Compare the properties of Royal Project Foundation packages with the new
designed packages

The efficiency of space utilization by considering number of package per
standard plastic crate which is currently used as packaging for transportation of Royal
Project Foundation were studied. Treatments included as follows;

A : Pack egrapes in polystyrene tray, wrapped by stretch film and place in
corrugated carton (Old Royal Project Foundation carton; RPF corrugated carton)

B : Pack grapes in polystyrene tray, wrapped by stretch film and place in new
design corrugated carton

C : Pack grapes in new designed corrugated carton

D : Pack grapes in currently used plastic clamshell (Royal Project Foundation
clamshell; RPF clamshell)

E, F* : Pack grapes in new designed plastic clamshell

G : Pack grapes in polyethylene bag
Remark: *E: Pack grapes in new designed plastic clamshell with holes on the lid. F:

Pack grapes in new designed plastic clamshell without holes on the lid.
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Percent damage of grapes packed in RPF packages was evaluated comparing
with new designed packages using vibration test and actual transportation. The strength
of corrugated carton and plastic clamshell were also tested.

Damage, shelf life index and shelf life of grapes packed in new designed
packaging were evaluated. The package costs were calculated in the same method
as methodology 1. Treatments included as follows;

A, B : Pack grapes in polystyrene tray, wrapped by stretch film

C : Pack grapes in new designed corrugated carton

D : Pack grapes in currently used plastic clamshell (Royal Project Foundation
clamshell; RPF clamshell)

E, F* : Pack erapes in new designed plastic clamshell

G : Pack grapes in polyethylene bag

4. Graphic design of packages and labels to enhance sale promotion

Three graphics were designed for corrugated carton and the packaging
prototypes were made. The graphic explained product detail and drawn consumer
attraction. 8 labels were designed and attached on plastic clamshell lids. All graphic
desiens must be approved by Royal Project Foundation officers prior to consumer
testing. The new graphic design cartons and labels were evaluated by 100
consumers. The best graphic design of carton and label were selected according to

overall satisfaction score.

Study results
1. Gather and analyze the information on properties and packing process of Royal
Project foundation packages

In the past, Beauty Seedless grapes were packed in polystyrene tray wrapped
with polyvinyl chloride (PVC) stretch film and placed in the printed corrugated
carton. Currently, plastic clamshell made from polyethylene terephthalate (PET) was
used. There are various kind of Pro and Con in using these two packaging. Corrugated
carton can be printed and it becomes more beautiful. It can also be stacked during
transportation, environmental friendly and can be used as both retail and shipping
container. However, corrugated carton lost its strength when it was exposed to
humidity. Product packed inside corrugated carton could not be seen unless the box
had the window, which lower box strength. Plastic clamshell is transparent and
cheaper than corrugated carton, but it is weaker. It cannot be stacked on each other,
not provide enough protection of vulnerable produce during transportation, and not
environmental friendly. The size of plastic clamshell, which is currently used, is too

small for the packing of 500 grams of grapes.
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There are three types of packaging that normally used as grapes retail
packages in supermarket and retail fruit stores: 1) plastic bag with zip lock 2)
polystyrene tray wrapped with polyvinyl chloride (PVC) stretch film 3) plastic
clamshell.

2. Design the new packaging to solve existing problem

For RPF corrugated carton, the size was much bigger resulted in high cost and
inefficient space utilization during transportation. The size of both RPF corrugated
canton and RPF plastic clamshell did not fit the standard plastic crate which was a
shipping container causing the product damage. Plastic clamshell was too small for
500 grams grapes which required longer packing operation time and caused product
damage. It could not be stacked which required more space during transportation
and display on the shelf.

In order to mitigate the issues mention earlier, researchers intended to design
packages ‘and making package prototypes either corrugated carton or plastic
clamshell as shown in the pictures below. Smaller corrugated carton could lower the
cost and fit in standard plastic crate. Plastic clamshell was also designed to fit the
standard plastic crate, stronger than RPF plastic clamshell and it was able to stack on

each other. The size of plastic clamshell was also bigger in order to facilitate the

packing operators thus reducing packing operation time.

3. Compare the properties of Royal Project Foundation packages with the new
designed packages
The amount of packages per crate affected the transportation cost. RPF
clamshell (D) had the best space utilization with the 175% efficiency compared with
RPF corrugated carton (A). However, the size of RPF plastic clamshell was too small

resulted in high damage percentage of the grapes during transportation. The new
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designed corrugated carton and clamshell (B, C, E, F) had 150% efficiency in space
utilization, compared with RPF corrugated carton (A).

In terms of packing operation time, plastic bag had the best time efficiency.
Next was new designed clamshell (E, F) in which the packing operators could pack
the same amount of grapes 4 times faster than RPF clamshell due to appropriate
size and ease in lid closing. Treatments using polystyrene tray wrapped with stretch
film also spent a long packing operation time especially in the process of applying
wrapper.

The result from vibration test had shown that the percentage of fruit damage
promptly measured after the test was less than that was measured after storage for 7+2
days. After storing the product for 7+2 days, it was found that the new designed
clamshell (E, F) and the corrugated carton (C) had the smallest damage percentage. The
grapes packed in plastic bag (G) had rotten more than the grapes in other treatments.
Due to vibration caused bruise to the product which could not detect immediately after
vibration and rendered the grapes rotten faster afterward. Using polystyrene tray
wrapped with stretch film (AB) showed slightly better result than plastic bag (G).

The result from truck transportation was also shown in accordance with vibration
test. Grapes packed in plastic bag (G) had the highest damage percentage. Next was
grapes in RPF clamshell in which the damage of fruit was found on the grapes located in
contact with the clamshell especially the top and the bottom of the clamshell due to
compression. New designed clamshell with holes (E) showed the best protection among
all treatments.

In term of strength, it was found that corrugated cartons were much stronger
than plastic clamshell. New designed carton was 12.5% stronger than RPF corrugated
carton. The strength of new designed clamshell was almost twice compared with RPF
clamshell. Box strength could be used to explain why grapes packing in new-designed
clamshell had less damage than that in the RPF clamshell.

Grapes packed in plastic bag (G) and polystyrene tray wrapped with stretch
film (AB) had less weight loss percentage during storage at 25°C and 5°C than those in
clamshell and corrugated carton. However, the water condensation inside the film
surface was found in these packages, which affected product visibility and
accelerated mold growth.

In terms of appearance, the color of grapes stem changed from green to
brown color in 2 days at 25°C. Mold growth was observed on grapes packed in all
types of packaging in day 4, especially in the treatments that had low water
permeation like plastic bag (G) and polystyrene tray wrapped with stretch film (AB).
While stored at 5°C, the color of stem gradually changed from green to brown color
at the slower rate than stored at 25°C. However, the stem browning was faster in the



grapes packed in new-designed corrugated carton (C) and RPF clamshell (D) because
of holes on the packages which allowed water to easily escape. While the stem of
grapes packed in new-designed clamshell (E, F) was still green. Wrapping grapes with
stretch film could slow down the water loss but the water condensation inside the
film was found which caused difficulty in product visibility. Plastic bag (G) was the
best in terms of keeping the stem green. But grapes were found rotten within 6 days
which indicated the end of storage life. At 5°C, mold growth was significantly less
than at 25°C, the mold was first found in grapes packed in new corrugated carton (Q),
RPF clamshell (D) and plastic bag (G) on day 10.

For chemical changes, the total soluble solid of erapes during storage was in
the range of 13.5-15.8. Total acidity was in the range of 0.51-0.75%. Firmness of
grapes packed in new designed corrugated carton and RPF clamshell decreased.
These packages had high opening percentage resulted in higher water loss from fruits
and cause shrivering. Ascorbic acid content of grapes stored at 25°C reduced 41-68%
in 2 days. While, at 5°C, ascorbic acid content reduced 33-57% in 5 days, and 64-84%
in 10 days. Ascorbic acid content of grapes packed in plastic bag (G) was the lowest
due to product rotten.

Regarding to consumer acceptance in terms of stem greenness, fruit
freshness, firmness, sweetness and overall acceptance, it was found that the scores
were decreased in all treatments after keeping the grapes for a longer storage time.
However, the consumer acceptance scores of grapes packed in polystyrene tray
wrapped by stretch film (AB) after stored at 25°C for 2 days were maintained in
firmness, sweetness and overall acceptance which were about the same level as
scores of fresh grapes. Grapes packed in new designed clamshell without holes (F)
had the scores of freshness, firmness, sweetness and overall acceptance as much as
fresh grapes. In addition, grapes packed in plastic bag (G) had the firmness scores as
much as fresh fruit. When comparing 6 types of packaging, it was found that grapes
wrapped with stretch film and packed in new designed clamshell without holes (F)
had higher scores in stem greenness and fruit freshness than other treatments. At
5°C, score at all attributes slightly decreased in all treatments after stored for 5 and
10 days. Grapes packed in polystyrene tray wrapped by stretch film (AB) maintained
the green stem better than other treatments after stored for 10 days while overall
acceptance scores were not significantly different among treatments.

4. Graphic design of packages and labels to enhance sale promotion

From consumer preference on 3 graphics designed on corrugated carton, it
was found that graphic A, which contained badge, gold and black, provided the
brightness to consumer perception and had the highest score (247 points). Sixty two



percents of consumers preferred graphic A the most. Furthermore, the consumer
preference on 8 labels which designed to adhere plastic clamshell lid were studied.
It was found that graphic A, which contained badge, gold and black, provided
brightness to consumer perception as well. Label A got 172 points. Thirty nine
percents of consumer preferred graphic A the most. In addition, the consumers were
asked to choose between RPF corrugated carton and the new design corrugated
carton. It was shown that 100% chose the later because it was more beautiful and
attractive than RPF corrugated carton. In addition, when they asked to choose
between RPF plastic clamshell and new design plastic clamshell, it was found that
95% of them chose the new design plastic clamshell because it is more beautiful
and had a bigger size than RPF plastic clamshell which seemed to be more valuable

compared with its price.

Conclusions
1. New design plastic clamshells (E and F) are the most appropriate for packing
Beauty Seedless grapes because
1.1 The packing operation time of new design plastic clamshell was 4 times faster
than RPF corrugated carton and RPF plastic clamshell due to its appropriate
size and ease to pack.
1.2 The space utilization was 1.5 times more efficient compared with RPF
corrugated carton.
1.3 Less fruit damage was found in new design plastic clamshell with holes (E)
after trasportation and storage due to its strength, stackability and stability.

2. Shelf life evaluation of grapes packed in different packaging types was determined
using the following indicators: mold incident, fruit rot, stem greenness, fruit
freshness and overall acceptance by sensory testing. It was found that
2.1 Grapes stored at 5°C had longer storage life compared with those stored at
room temperature. Cold storage could delay mold growth and fruit rot. In this
experiment, grapes packed in plastic bag had 4 days shelf life due to fruit rot
while grapes packed in other packaging types had 8 days shelf life due to
mold incident.

2.2 At the end of storage, grapes in all packaging types had acceptable scores in
terms of stem greenness, fruit freshness and overall acceptance. Therefore,

mold incident and fruit rot were used to indicate the shelf life.

3. Consumer preference on graphic design
3.1 There were 3 graphics on cartons. Graphic A which contained badge, gold and
black, provided the brightness to consumer perception and had the highest



score (247 points). Sixty two percents of consumers preferred graphic A the
most.

3.2 There were 8 labels which designed to adhere plastic clamshell lid. Graphic A,
which contained badge, gold and black, provided brightness to consumer
perception got 172 points. Thirty nine percents of consumer preferred graphic
A the most.

3.3 Consumers were asked to choose between RPF corrugated carton and the
new design corrugated carton. It was shown that 100% chose the later
because it was more beautiful and attractive than RPF corrugated carton.

3.4 Consumers were asked to choose between RPF plastic clamshell and new
design plastic clamshell, it was found that 95% of them chose the new design
plastic clamshell because it is more beautiful and had a bigger size than RPF

plastic clamshell which seemed to be more valuable compared with its price.

4. The cost-of new designed carton was 20% reduction compared with RPF

corrugated carton. In addition, the cost of new designed plastic clamshell was
12% reduction compared with RPF plastic clamshell.

Recommendations

L.

Grapes should be stored at low temperature (5°C) for the whole chain to lengthen
the shelf life. At 25°C, the loss of vitamin C is faster than at 5°C.

New design plastic clamshell could be an option to be used as retail packaging
and packaging for transportation for Beauty Seedless grapes due to its higher
efficiency in packing operation time, space utilization during transportation,
strength, stack-ability, damaege reduction during transportation and storage with
lower cost.

New design ¢raphic on the corrugated carton or label could be options in the
future due to consumers preferred new design graphic on the corrugated carton
or label.

Next research should be focused on shelf life extension of grapes without using
chemicals or using natural antimicrobial agents to maintain the product safety.
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Abstract

The objectives of this study were (1) to study the properties of grapes
packaging materials and methods those are recently used by the Royal Project
Foundation (RPF) ; corrugated carton and plastic clamshell (2) to design the new
packaging that improving transportation efficiency, extending shelf life, reducing
damage with optimizing cost (3) to design labels and packages for sale promotion.
After evaluated the properties of RPF packages, it was found that there were 3
points need to be improved. First, the size of corrugated carton (F-flute) was much
bigger than the amount of 500 erams grapes. New designed package should be
smaller for cost saving and effective space utilization during shipment. Second,
plastic clamshell was too small for 500 grams grapes. The packing operation time
was much longer than it should be. New designed packages needed to be bigger to
facilitate the packing operators. Also, the size need to be adjusted to fully fit in
plastic crate that RPF used as shipping container to prevent movement during
distribution, thus reduce damage that might be occurred. Third, the strength and
stack-ability of plastic clamshell need to be improved. New design packages needed
to be stronger and can be stacked on each other without damage the fruit. The
performance of new designed packages in terms of space utilization, packing ability
and shelf life were evaluated compared with RPF packages. There were 7
treatments; (A) grapes packed in polystyrene tray wrapped by stretch film and
placed in RPF corrugated carton (B) grapes packed in polystyrene tray wrapped by
stretch film and placed in new designed corrugated carton (C) grapes packed in new
designed corrugated carton (D) grapes packed in RPF plastic clamshell (E) grapes
packed in new designed plastic clamshell with holes (F) grapes packed in new
designed plastic clamshell without holes and (G) grapes packed in plastic bag.

In terms of space utilization, new designed corrugated carton and plastic
clamshell had 1.5 times higher efficiency than RPF corrueated carton. Grapes packed
in new designed plastic clamshell with holes had the least damage percentage. The
packing operation times of plastic bag and new designed clamshell were shortest
which were 10 and 15 seconds, respectively. The packing operation time of new
designed clamshell was 4 times more efficient than packing in RPF plastic clamshell.

During storage at 25°C, grapes packed in polystyrene tray wrapped by stretch
film and those in plastic clamshell without holes had the highest sensory scores in
stem greeness, fruit freshness and overall acceptance which related to weight loss
percentage. Ascorbic acid or vitamin C contents in all treatments decreased 41-68%
after stored for 2 days. In addition, the mold was found in all treatments on day 4.

Therefore, grapes packed in all packaging types studied had 2 days shelf life.
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During storage at 5°C for 10 days, grapes packed in all packaging types had
acceptable scores in stem greeness, fruit freshness, firmness, sweetness, flavor and
overall acceptance which were greater than 2.5 out of 5. Grapes packed in
polystyrene tray wrapped by stretch film had the highest score in stem greeness.
However, the water condensation inside stretch film and plastic bag caused the fruit
rotten. Firmness of grapes packed in new designed corrugated carton and RPF
clamshell decreased. There packages had high opening percentage resulted in higher
water loss from fruits and cause shrivering. Ascorbic acid content in all treatments
decreased 33-57% and 64-84% after stored for 5 and 10 days, respectively.
Reduction rate of ascorbic acid content at 5°C is slower than that at 25°C. Mold was
found in grapes packed in polystyrene tray wrapped by stretch film and new
designed plastic clamshell on day 12 while other treatments were found earlier on
day 10. Grapes packed in all packaging types were found rotten on day 10 except
that packed in plastic bag which found earlier on day 6. Therefore, grapes in all
treatments had 8 days shelf life except that packed in plastic bag which had only 4
days shelf life.

From consumer preference on 3 graphics designed on corrugated carton, it
was found that graphic A, which contained badge, gold and black, provided the
brightness to consumer perception and had the highest score (247 points). Sixty two
percents of consumers liked graphic A the most. Further more, the consumer
preference on 8 labels which designed to adhere plastic clamshell lid were studied.
It was found that eraphic A, which contained badge, gold and black, provided
brightness to consumer perception as well. Label A got 172 points. Thirty nine
percents of consumer preferred graphic A the most. In addition, the consumers were
asked to choose between RPF corrugated carton and new design corrugated carton,
100% chose the later because it was more beautiful and attractive. In addition, when
they asked to choose between RPF plastic clamshell and new design plastic
clamshell, it was found that 95% chose new design plastic clamshell due to it is
more beautiful and had a bigger size which seemed to be more valuable compared

with its price.



