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ABSTRACT

Fresh coriander is highly perishable vegetable with a short shelf life. This research was
investigated for the postharvest management and postharvest practice for extending fresh
coriander shelf-life. This research was conducted under collaboration with S. T. V. factory whom
provided the raw material, logistics and postharvest treatment facility. Fresh coriander was
harvested by farmers in Ratchaburi province and nearby areas then transported to the S. T. V.
factory within 4 hours. The raw material specifications were set based on appearance criteria such
as colour (green), defects (no yellow or decay leaf) and trunk length (25-30 cm.). Then the
coriander within defined specification was firstly rinsed with tap water, then soil from the root
was washed manually and thoroughly while yellow leaf and decay leaf were removed. The
cleaned coriander was left to drain prior packing. The coriander was usually packed for
exportation into 2 types; namely wholesale and retail coriander. The wholesale coriander was
packed in a foam box approximately 12 kg/box. The retail coriander was packed in a perforated
high density polyethylene bag (HDPE) 50 g/bag, then the coriander 160 bags was packed in a
foam box (8 kg/box) before transported to Republic of Singapore and Federation of Malaysia.

The shelf life of coriander under different storage temperatures was assessed. Fresh
coriander with root (approximately 25-30 cm. in length) was washed with tap water, removed soil
from root and trimmed unwanted part. Then, it was packed in a perforated HDPE bag; size 15%38
cm, approximately 50 g/bag and covered with tape sealed. Coriander was monitored into 2 types;
namely (1) Coriander was packed in individual perforated HDPE bag 50g/bag, 160 bag were put
in a foam box (8 kg/box), The box was sealed with adhesive tape and stored at 5 and 7°C, (2)
Coriander was packed in similar individual perforated HDPE bag but without secondary container

and stored in the same warehouse at 5, 7 and 10°C. The shelf life of coriander packed in a



®)

perforated HDPE bag during storage in a foam box at 5 and 7°C was 16 and 14 days, respectively.
While, the shelf life of coriander that was packed in a perforated HDPE bag at 5, 7 and 10°C was
14, 10 and 6 days, respectively. Weight loss, carbon dioxide content, ethylene content and yellow
leaf of coriander in all treatments had significantly increased during storage (p<0.05). These
changes were in agreement with a decrease in chlorophyll content, oxygen content and sensory
evaluation score (p<0.05). Under both packing conditions, the storage temperature at 5°C was the
best condition for shelf life extension, as indicated by the sensory evaluation score not less than 3
marks and yellow leaf less than 25%. At the end of storage, weight loss and ethylene content of
coriander packed in a perforated HDPE bag in a foam box were 6.47% and 3.612 ul/kg.h FW,
respectively. While, weight loss and ethylene content of coriander packed in a perforated HDPE
bag were 7.05% and 4.518 pl/kg.h FW, respectively.

In addition, in order to extend the shelf life of coriander, the experiments either coriander
packed in a PE bag during storage in a foam box or coriander packed in a PE bag during storage
at 5°C were done by using 2 types of PE bag (LDPE bag and HDPE bag) in combination with
ethylene absorber at various concentrations (0%, 1.5% and 3% by coriander weight). Coriander
was monitored into 2 types; namely (1) Coriander was packed in in a foam box at 5°C and (2)
Coriander was packed in individual PE bag but without secondary container and stored at 5°C.
Under both conditions, the coriander that was packed in a HDPE bag with 3% ethylene absorber
is the best condition for shelf life extension. The shelf life of coriander during storage in a foam
box at 5°C and coriander packed in individual bag but without secondary container and stored at
5°C were 20 and 18 days, respectively. The yellow leaf, weight loss and ethylene content of
coriander during storage in a foam box were 15.50%, 5.34% and 0.127 ppm, respectively at the
end of storage. While, yellow leaf, weight loss and ethylene content of coriander that was packed
in individual bag without secondary container during storage were 15.55%, 5.49% and 0.218
ppm, respectively. In all storage conditions with adding ethylene absorber had lower ethylene

content than the ones without ethylene absorber.
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Table 1 Nutritional value of 100 grams fresh leaves of coriander

Composition Value* Value** Value*** Value**** Value*##**
(%) (%) (%) (%) (%)
Protein 2.6 2.0 2.0 33 2.7
Fat 0.1 0.3 - 0.6 0.6
Carbohydrate 7.3 5.8 4.0 6.5 8.1
Mineral - - - 1.7 -
Calcium - 0.047 0.091 - 0.167
Phosphorus 0.080 0.033 - - 0.122
Iron 0.0045 0.0073 - - 0.0032
Sodium - - 0.045 - -
Potassium - - 0.037 - -
Vitamin A - - - - 6800 UI
Vitamin B1 0.00011 0.00005 - - 0.00012
Vitamin B2 0.00015 0.00009 - - 0.00032
Vitamin B3 0.0013 - - - 0.00016
Vitamin C 0.058 0.052 - - 0.193
Fiber - 1.1 3.0 - 1.1
Moisture - 91.1 - 87.9 86.8
Energy 37 Kcal 34 Kcal 32 Kcal - 40 Kcal

Source: * Junprayoun (1998)
** Byreau of Nutrition (2001)
*** Hongwiwat and Hongwiwat (2009)
*kk Peter (2004)

*kskk Thanakom (1975)
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Table 2 Maximum residue limit for pesticide in coriander

Maximum residue limit for pesticide; MRL

Pesticide
(mg/kg)
2, 4-D 0.05
Carbemdazim / benomyl 3
Deltamethrin 0.5
Dithiocarbamates 10
Profenofos 0.05
Phosalone 0.5
Malathion 3
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Figure 2 Pathway of chlorophyll degradation

Sourse: Adapted from Aiamla-or ef al (2012)

aaa . a 9 { 9

2. URN381n13WeNT (Bleaching) TaslindiuazonFaudIunNgIv0dnIeUIUNT

o a o a I ] a as A ~ A A
daneadvenas Isiaa o19nanatetade 5y gavgil loniau minlasuuilasiesninag
@ a A o a a Aaan a o A a 4
11nM357 navesnsaounidnnnfaloa msnalgnseioendadursooianaaineou lu]
a 4 @ a 4 a v A A a @
Aae lsaaaa lagmsdalgalvesnas 15Haao19naA1n9981Re) WiemaInales 199e

390NU (Funamoto ef al., 2003)



13

= 4
3.3.2 ua lsNuoea

= < I o Ay 14 o A o
Llﬂii‘ﬂuat’lﬂ Lﬂua’]ﬁﬂﬁgﬂﬂﬂqﬁiﬂﬁﬂ'ﬁﬂﬂu‘ﬂqﬂﬂﬂﬁ'} UATUDU 40 DEHIDY

() ]

] A A dAn ¥ ' Y ) A s

Lﬂuﬁ’]ﬁﬂuﬂﬁﬂ‘ﬂqua3a‘]ﬂu']l>!ﬂa$a']ﬂllﬂﬂcluuhlllu HAZAINSANY YUY ’azfﬂ@m aanognn
A a A s 3 9 ~ o @ A A 9 A A

Wﬁf]ulﬂlf’)‘ﬂa@&‘ﬂﬂﬁ Lﬂu@]u Llﬂiﬁ‘ﬂuﬂﬂﬂiﬂﬂﬂ?qﬂﬂguﬁlﬁa@\i ay !Lagﬂ'ml]ﬁllﬂﬂaluw%‘l]"N

wiia ldun ualsnu vauInlad vazlaladlu Hudu ualsnudaindullsiaiu o B

= <

E
gnulaswiluiaiiu old lusrmevesaunazdad doulalntusazusuIniladiulid

A v 1 @ Y v a J I o [
AMANIARING (Gross, 1987) Turnwa ldinvzlina Isiunazusu Inadidluesnlsznovog

L)

Ao uagnaiedvesnas Islaauaiis 1 iednwa liidhgszosys1nw aae lsladaaroda

U

o Y 3 a Y an a
Fueaunlsfivesasalsing Idimiu 95w #3wiis, 2549)

Y
c%

o J ~ I A [ =~ = ¥ 9y A
ﬂ1§t’fﬂlﬂ51$1’illﬂiiﬂu@ﬂﬂ UUYUADULAAIAININN 3 Iﬂﬂﬂﬁ?ﬁ@\?@]u f® Acetyl
Y
CoA 3 Twana 0gluziued Mevalonic acid WA49INUUIZIAAYAT1 Decarboxylate 1Ay
. ,
Dehydrate &1 Isopentenyl pyrophosphate (IPP) waz loTyues Ao Dimethyl pyrophosphate g
Y 4 1 kS a v W 1 IS Y A
ﬂﬁgﬂﬂﬂﬂﬂﬂﬂ'ﬁﬂﬂu 5 9¥AoU G]’E]i]1ﬂ‘Ll‘Lli]$Lﬂﬂﬂ15Fl]‘]Jﬂuig'Vf'ﬂxillﬁ]ICMiJ’E]ihlﬂﬁ'liIlllﬁQa‘ﬂ
ldQ! A = Y J
Gl,‘ﬂﬂJuﬁllu fA® Geranyl pyrophosphate ¥9152N0UAWAITUDU 10 DZADN LAY Isopentenyl
9
pyrophosphate qﬂﬁ’w%"lﬁ’ Geranyl geranyl pyrophosphate (GGPP, C,)) 1ad91nUUILINANT

uiuves GGPP 2 Tuana 18 Phytoene (C,,) Heazlaowiulalatlu uazunlsiuoss wiia

ﬁuq @o 1 (Gross, 1987)

3.4 MINanENAY
as I 4 A a =y A I 9 [P= =Y A A < 9 YR~
onawilueed luunysiameintaouziumes Tuid Jnawaniios sauilu

a A J 4 = A 1 v
’(,’fﬁ’é)u‘ﬂiElﬂ‘i%!ﬂ‘i/]llﬁiﬂ‘iﬂ1iﬂﬂu MgﬁiﬂNLﬂMﬂﬂ CH2=CH2 mmammiﬂizmﬂ"lﬂmmu

1 9 1

1 A Y o Jaa a [ A < Aas 1
AN 511@\‘11/‘15]5[1@\‘118 MINLaNINanoUI1NNINADNTWAUIVDINY T%m"lﬂm%amz"lﬂm
A

A ! =}

[ d' A an 9 g A a YA
DATINIIAOUANINVIINYHIDTIUUDINY maqmmemaummsaﬂszﬂummﬂanﬂ%uﬂim

o dy Y A an 9 Y a ' Y
oasimsmelagaiuld lulvimendauawisanszquldinanmsngaiivesly naznszqu

[

Y a v 49@‘ o a an a 1 a 1 o 49! (Y
‘lﬁtﬂﬂﬂ”liﬁc;ﬂllﬂliflﬁllu ’(’W]'i”lfﬂﬁNﬁ@][i’)‘ﬂal!clUWa@WﬁLmagsﬁu@i]&Mﬂ@Nﬂlﬂlu@gﬂ‘u‘ﬂ’ﬂi]fJ
1 9 1 o o < A a 4 [ a
A9 llﬂll,ﬂ NWUT §1NTITINUVLINYIY U HU 452 NOUVDINITOONFLIU LAY
4 o = a I 9 a Y an a
ﬂ?iﬂﬂullﬂﬂﬂﬂllcﬁﬂ(luﬂiifnﬂ1ﬂ HAZANIZANUATIAYDINAAND 1 UAY (TN ATNIUY,

2549; Ay umm’ﬁasa, 2540; Yang and Hoffman, 1984)



14

Acetyl CoA
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<«——__~ Isopentenyl-pyrophosphate
Geranyl-pyrophosphate

Famesyl-pyrophosphate
Geranyl-geranyl-pyrophosphate

Phytoene
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Tetraterpene

l

Carotenoid

Figure 3 Carotenoid synthesis

Source: Seymour ef al. (1993)
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receptors are bind onto the receptors. molecule acts signal is sent
) ) to the cell, and
embedded in like a key, the ethylene
the cell. “unlocking” the molecule
receptor. releases.

Figure 4 Mechanism of ethylene

Source: Blankenship (2001)
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ATP C 2
A (0)
PP, +P, 2

CH,-S -CH,-CH,-CH-COO’ 4
| | CH,-S-Ribose

+

Ado NH,
Ade
(SAM)

Fruit ripening N\ CH,-S-Ado
Flower senescence
Physical wounding AVG
o > ) < AOA
Chilling injury
Drought stress
Flooding J
HC +NH3 HC NH-CO-CH,-COO'
N/ N
C — C
/N / N\
H,C COO H,C CoO’
(ACC) (MACC)
0, Anaerobiosis
Ripening Uncouplers
: C02+
Temp > 35°C
CH,=CH,

Free radical scavenger

Figure 5 Ethylene synthesis

Source: Yang and Hoffman (1984)
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Table 3 Water vapour transmission and gas permeability of plastic films

Water vapour Gas permeability (cmS/mz.day)
Films transmission Carbon
5 Oxygen Nitrogen
(g/m’".day) dioxide
Low Density Polyethylene (LDPE) 16-24 7,100-7,800 2,800 42,000
High Density Polyethylene (HDPE) 7-10 2,100-2,900 650 7,600
Polypropylene (PP) 6-12 2,000-3,000 400-680 8,000-10,000
Polyvinyl Chloride (PVC) 15-40 500-30,000  300-10,000 1,500-46,000
Polystyrene (PS) 100-125 100-125 800 18,000

Source: Kongcharenekert and Kongcharenekert (2001)
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Figure 6 Fresh coriander after harvest
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Figure 7 Fresh coriander (A) and the preparation steps before storage under 7°C (B-C)
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Figure 8 Washing steps of coriander
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Figure 9 Preparation steps for the wholesale packed-coriander
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Figure 10 Preparation steps for the retail packed-coriander
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Table 5 Sensory evaluation score of coriander packed in a perforated polyethylene bag during storage in a foam box under different temperatures

Sensory evaluation score (Scale 1-5)

Storage time

Color Appearance Overall quality
(dayS) 0o (4] 0 (4] 0o (4]
5°C 7°C 5°C 7°C 5°C 7°C
0 5.00+0.00" ™ 5.00+£0.00" ™ 5.00+£0.00"™° 5.00+0.00" ™ 5.00+0.00" ™ 5.00+0.00" ™
2 5.00+0.00™ ™ 5.00+£0.00" ™ 5.00+£0.00" ™ 5.00+0.00™ ™ 5.00£0.00" ™ 5.00+0.00" ™
4 4.90+0.32"" 4.70£0.48""° 5.00+£0.00" ™ 5.00+0.00"™ 5.00£0.00" ™ 5.00+0.00" ™
6 4.40£0.52>™ 4.30+0.48""" 4.70+0.48""° 4.50£0.53"™ 4.60£0.52™" 4.40£0.52™"
8 4.10+0.57"" 3.80+0.42°" 4.30+0.48"" 4.00+0.00°" 4.10+0.32°" 3.90+0.32°"
10 3.50+0.53°" 3.30+0.48"" 3.90+0.32°" 3.60+0.52"" 3.80+0.42°"" 3.40+0.52""
12 3.30+£0.48°™ 3.20+£0.42°™ 3.80+0.42°" 3.50+0.53"" 3.70+0.48"" 3.20+£0.42""
14 3.10£0.32°™ 3.00£0.47""" 3.60+0.52°" 3.20+0.42°"" 3.30+0.48°" 3.10£0.32"
16 3.00+0.00" " 2.50+0.53"" 3.40+0.52%" 3.10£0.32"" 3.20+0.42°" 2.80+0.42°"
18 2.60+0.52° 3.20+0.42° 2.80+0.42"

Note: - Means with different small letters in the same column are significantly different (p<0.05).

- Means with different capital letters in the same row in each attribute are significantly different (p<0.05).

- NS is non-significantly different (p>0.05).
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er | The2“day

Figure 11 Coriander packed in a perforated polyethylene bag during storage in a foam box under different temperatures
Note: The end of storage life of coriander during storage in a foam box under 5°C is on the 16" day.

The end of storage life of coriander during storage in a foam box under 7°C is on the 14" day.
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Figure 12 Weight loss in coriander packed in a perforated polyethylene bag during storage in a

foam box under different temperatures
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Figure 13 Percentage of decay leaf (A) and yellow leaf (B) of coriander packed in a perforated

polyethylene bag during storage in a foam box under different temperatures
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Figure 14 Lightness (A), greenness (B) and yellowness (C) of coriander packed in a perforated

polyethylene bag during storage in a foam box under different temperatures
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Figure 15 Hue angle (A) and chroma value (B) of coriander packed in a perforated polyethylene

bag during storage in a foam box under different temperatures
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Figure 16 Carbon dioxide (A) and oxygen content (B) of coriander packed in a perforated

polyethylene bag during storage in a foam box under different temperatures
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Figure 18 Chlorophyll a (A), chlorophyll b (B) and total chlorophyll (C) of coriander packed in a
perforated polyethylene bag during storage in a foam box under different

temperatures



62

30
25
20
15
——5°C

10 = 7°C

Carotenoid content (mg/100g FW)

0 2 4 6 8 10 12 14 16

Storage time (days)

Figure 19 Carotenoid content of coriander packed in a perforated polyethylene bag during

storage in a foam box under different temperatures
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Figure 21 Weight loss in coriander packed in a perforated polyethylene bag during storage under

different temperatures



Table 6 Sensory evaluation score of coriander packed in a perforated polyethylene bag during storage under different temperatures

67

Storage time

Sensory evaluation score (Scale 1-5)

Color Appearance Overall quality
(s 5°C 7°C 10°C 5°C 7°C 10°C 5°C 7°C 10°C

0 5.00£0.00" ™ 5.00£0.00"™  5.00+0.00™°  5.0040.00*™°  5.00£0.00"™ 5.00+0.00"™  5.00£0.00"™  5.00£0.00"™  5.00+0.00" "
2 4.78+0.44%"  4.67+0.50""  4.67+0.50""  4.89+0.33""  4.78+0.44" 4.67+0.50C 4.78+0.44™" 4.56+0.53""  4.56+0.53""
4 42240.44"™  4.1140.60"™°  4.11£0.33"™°  4.44+0.53™"  4.2240.67°  4.2240.67"°  4.44+0.53™"  4.22+0.83"°  4.11+0.78"°
6 3.8940.33%"  3.7840.44°°  3.00£0.50°C  4.1140.60"  4.00£0.71°*"  3.56+0.53°"  4.00£0.50°"  3.78+0.44°*"  3.4440.53°¢
8 3.5640.53""  3.56+0.53°"  2.7840.44°"  3.7840.44°"  3.7840.44°"  3.1120.78°"  3.6740.50" 3.56+0.53°" 2.9940.33"°
10 3.33£0.50°"  3.00+0.71"° 3.56+0.53%"  3.44+0.53"° 3.56+0.53""  3.44+0.53"°

12 3.2240.44°"  2.67+0.50"" 3.4440.53°"  3.33+0.71°" 3.33+0.50""  2.98+0.50""

14 3.00£0.50°" 3.33+0.71° 3.2240.44"

16 2.78+0.44' 3.2240.67° 2.98+0.60°

Note: - Means with different small letters in the same column are significantly difference (p<0.05).

- Means with different capital letters in the same row in each attribute are significantly difference (p<0.05).

- NS is non-significantly difference (p>0.05).



Figure 22 Coriander packed in a perforated polyethylene bag during storage under different temperature
Note: The end of storage life of coriander during storage under 5°C is on the 14" day.
The end of storage life of coriander during storage under 7°C is on the 10" day.

The end of storage life of coriander during storage under 10°C is on the 6" day.
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Figure 23 Percentage of decay leaf (A) and yellow leaf (B) of coriander packed in a perforated

polyethylene bag during storage under different temperatures
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Figure 24 Lightness (A), greenness (B) and yellowness (C) of coriander packed in a perforated
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Figure 25 Hue angle (A) and chroma value (B) of coriander packed in a perforated polyethylene

bag during storage under different temperatures
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Figure 26 Carbon dioxide (A) and oxygen content (B) of coriander packed in a perforated

polyethylene bag during storage under different temperatures
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Figure 30 Chlorophyllase (A), Mg-dechelatase (B) and pheophytinase activity (C) of coriander

packed in a perforated polyethylene bag during storage under different temperatures
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Table 7 Sensory evaluation score on color of coriander packed in different packaging with different concentrations of ethylene absorber (EA) during

storage in a foam box at 5°C

Sensory evaluation score on color (Scale 1-5)

Storage time

ow density polyethylene igh density polyethylene

Low density polyethylene (LDPE) High density polyethylene (HDPE)

(days)

0% EA 1.5% EA 3% EA 0% EA 1.5% EA 3% EA

0 5.00+0.00" ™ 5.00+0.00" ™ 5.00+0.00" ™ 5.00+0.00" ™ 5.00+0.00" ™ 5.00+0.00" ™
2 4.90+0.32" ™° 5.00+0.00" ™ 5.00+0.00" ™ 5.00+0.00" ™ 5.00+0.00" ™ 5.00+0.00" ™
4 4.70+0.48™ " 4.90+0.32" " 5.00+£0.00" " 4.90+0.32" ** 5.00+0.00" * 5.00+0.00" "
6 4.40+0.52"® 4.60+£0.42" *® 4.90+0.32" " 4.70+0.48" 4.80+0.42" "® 5.00+0.00" *
8 4.10£0.57°¢ 4.30+0.53"" 4.70+0.48" " 4.40+0.53"" 4.70+0.48" " 4.80+0.42""
10 3.50+0.53"¢ 4.10£0.32°" 4.30+0.48""" 4.00+0.00°" 4.40+0.52""" 4.60+0.52""
12 3.00+0.00° ¢ 3.30+0.52"" 3.70+0.48°"" 3.50+0.53"" 3.70+0.48°"" 4.00£0.00°"
14 2.70+0.48"€ 3.10+0.48" " 3.30+0.48"" 3.30+0.48" 3.40+0.52"" 3.80+0.42°"
16 3.00+0.00° 3.10+0.32° 3.00£0.00° 3.20+0.42° 3.50+0.53"
18 2.80+0.42° 3.00+0.00" 2.70+0.48" 3.00+0.00° 3.20+0.42%
20 2.80+0.42° 2.80+0.42" 3.0040.00°
22 2.90+0.32°

Note: - Means with different small letters in the same column are significantly difference (p<0.05).
- Means with different capital letters in the same row are significantly difference (p<0.05).

- NS is non-significantly difference (p>0.05).
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Table 8 Sensory evaluation score on appearance of coriander packed in different packaging with different concentrations of ethylene absorber (EA) during

storage in a foam box at 5°C

Sensory evaluation score on appearance (Scale 1-5)

Storage time
Low density polyethylene (LDPE)

High density polyethylene (HDPE)

(days)
0% EA 1.5% EA 3% EA 0% EA 1.5% EA 3% EA

0 5.00+£0.00" ™ 5.00+£0.00" ™ 5.00£0.00" ™ 5.00+0.00" ™ 5.00+£0.00" ™ 5.00+0.00" ™
2 4.80+0.42"" 5.00+0.00" * 5.00+0.00"" 5.00+0.00" " 5.00+0.00" " 5.00+0.00" "
4 4.50+0.53"" 4.80+0.42"" 4.90+0.32"" 5.00+0.00" " 5.00+0.00" " 5.00+0.00""
6 4.00+0.00° € 4.50+0.53"" 4.70+0.48""° 4.70+£0.32""° 4.90+0.32"" 5.00+0.00""
8 3.60+0.52" € 4.30+0.48™"° 4.50+0.53""° 4.20+0.57"" 4.80+0.32"" 4.90+0.32""
10 3.10+£0.32% ¢ 4.00+0.00"" 4.50+0.53""° 4.00+0.00"" 4.40+0.52""° 4.60+0.52""
12 3.00+0.00™ " 3.60+0.52° € 3.80+0.42° " 3.60+0.52° ¢ 4.00+0.00"" 4.20+0.42°"
14 2.60+0.48%" 3.10£0.42"¢ 3.50+0.52°" 3.40+£0.52°*"° 3.70+0.48° " 4.00+0.00""
16 3.00+0.00" 3.40+0.52" 3.30+0.48" 3.50+0.53° 3.80+0.42"
18 2.7040.48° 3.20+0.48° 3.10£0.57° 3.40+0.52° 3.50+0.53°
20 2.80+0.42° 3.20+0.42° 3.40+0.52°"
22 3.20+0.42°

Note: - Means with different small letters in the same column are significantly difference (p<0.05).
- Means with different capital letters in the same row are significantly difference (p<0.05).

- NS is non-significantly difference (p>0.05).



Table 9 Sensory evaluation score on overall quality of coriander packed in different packaging with different concentrations of ethylene absorber (EA)

during storage in a foam box at 5°C

Sensory evaluation score on overall quality (Scale 1-5)

Storage time

Low density polyethylene (LDPE) High density polyethylene (HDPE)

(days)
0% EA 1.5% EA 3% EA 0% EA 1.5% EA 3% EA

0 5.00+£0.00" ™ 5.00+£0.00" ™ 5.00£0.00" ™ 5.00+0.00" ™ 5.00+£0.00" ™ 5.00+0.00" ™
2 4.80+0.32"" 5.00+0.00"" 5.00+0.00"" 5.00+0.00" " 5.00+0.00" " 5.00+0.00" "
4 4.60+0.48"" 4.90+0.32"" 5.00+0.00"" 4.90+0.32"" 5.00+0.00" " 5.00+0.00""
6 4.50+0.53"" 4.80+0.42""° 4.90+0.32"" 4.80+0.42""° 4.90+0.32"" 5.00+0.00""
8 4.00+0.00" 4.30+0.52"" 4.70+0.48" " 4.60+0.52""° 4.70+0.48"™ " 4.90+0.32""
10 3.50+0.52" € 4.00+0.00" " 4.40+0.52""° 4.10£0.57°" 4.40+0.52""° 4.70+0.48""
12 3.00+0.00" 3.50+0.48"° 3.70+0.42°"° 3.60+0.52° " 3.80+0.42°"" 4.00+0.00" "
14 2.70+0.42%" 3.20+0.48°€ 3.40+0.52°" 3.40+£0.52°*"° 3.60+0.52° " 3.90+0.32""
16 3.00+0.00" 3.30+0.52° 3.00£0.00" 3.40+0.52" 3.6040.52°
18 2.80+0.42° 3.20+0.42° 2.80+0.63° 3.30+0.48° 3.40+0.52¢
20 2.90+0.32° 2.90+0.57 3.30+0.48°
22 2.90+0.32°

Note: - Means with different small letters in the same column are significantly difference (p<0.05).

- Means with different capital letters in the same row are significantly difference (p<0.05).

- NS is non-significantly difference (p>0.05).
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0% EA

1.5% EA

3% EA

er
Fre!! coriander

Figure 31 Coriander packed in a low density polyethylene bag (LDPE) with different concentrations of ethylene absorber (EA) during storage in a foam

box under 5°C

Note: The end of storage life of coriander packed in a LDPE bag with 0% EA is on the 12" day.

The end of storage life of coriander packed in a LDPE bag with 1.5% EA is on the 16" day.

The end of storage life of coriander packed in a LDPE bag with 3% EA is on the 18" day.
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- ’ !
\
Fresh coriander . : i . ot day i » :

e 16" day

3% EA

Figure 32 Coriander packed in a high density polyethylene bag (HDPE) with different concentrations of ethylene absorber (EA) during storage in a foam

box under 5°C
Note: The end of storage life of coriander packed in a HDPE bag with 0% EA is on the 16" day.

The end of storage life of coriander packed in a HDPE bag with 1.5% EA is on the 18" day.

The end of storage life of coriander packed in a HDPE bag with 3% EA is on the 20" day.
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Figure 33 Weight loss in coriander packed in different packaging with different concentrations of

ethylene absorber (EA) during storage in a foam box at 5°C
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Figure 34 Percentage of decay leaf (A) and yellow leaf (B) of coriander packed in different

packaging with different concentrations of ethylene absorber (EA) during storage in a

foam box at 5°C
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Figure 35 Lightness (A), greenness (B) and yellowness (C) of coriander packed in different
packaging with different concentrations of ethylene absorber (EA) during storage in a

foam box at 5°C
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Figure 36 Hue angle (A) and chroma value (B) of coriander packed in different packaging with

different concentrations of ethylene absorber (EA) during storage in a foam box at 5°C
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Figure 37 Carbon dioxide (A) and oxygen (B) of coriander packed in different packaging with
different concentrations of ethylene absorber (EA) during storage in a foam box at

5°C
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Figure 38 Ethylene concentration of coriander packed in different packaging with different

concentrations of ethylene absorber (EA) during storage in a foam box at 5°C
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different packaging with different concentrations of ethylene absorber (EA) during

storage in a foam box at 5°C
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Figure 41 Chlorophyllase (A), Mg-dechelatase (B) and pheophytinase activity (C) of coriander
packed in different packaging with different concentrations of ethylene absorber (EA)

during storage in a foam box at 5°C
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Table 10 Sensory evaluation score on color of coriander packed in different packaging with different concentrations of ethylene absorber (EA) during

storage at 5°C

Sensory evaluation score on color (Scale 1-5)

Storage time

Low density polyethylene (LDPE) High density polyethylene (HDPE)
(days) 0% EA 1.5% EA 3% EA 0% EA 1.5% EA 3% EA
0 5.00+0.00" ™ 5.00+0.00" ™ 5.00+0.00" ™ 5.00+0.00" ™ 5.000.00" ™ 5.00+0.00" ™
2 4.90+0.32"™° 5.00+0.00" ™ 5.00+0.00" ™ 5.00+0.00" ™ 5.00£0.00" ™ 5.00+0.00" ™
4 4.40£0.52"° 4.8040.42" " 4.90+0.32"" 4.70+0.48" " 4.80£0.42" " 5.00+0.00""
6 4.10£0.57"" 4.500.53" " 4.7040.48"" 4.50£0.53" " 4.7040.48"" 4.80+0.42""
8 3.5040.53%¢ 4.10£0.32™" 4.3020.48™ " 4.10+0.57"" 4.400.52" " 4.60+0.52™"
10 3.00+0.00" € 3.60£0.52°"" 3.70+£0.48" " 3.50+0.53°" 3.700.48%"" 4.00+0.00"
12 2.60+0.52%" 3.30+£0.48°“ € 3.50+0.53%" 3.30+£0.48°€ 3.40+0.524" 3.80+0.42°""
14 3.00+0.00d 3.30+0.48" 3.00+0.00" 3.20+0.42° 3.50+0.53"
16 2.70+0.48¢ 3.00+0.00° 2.60+0.52° 3.00:£0.00° 3.20+0.42°
18 2.70+0.48° 2.70+0.48' 3.000.00°
20 2.78+0.46°

Note: - Means with different small letters in the same column are significantly difference (p<0.05).
- Means with different capital letters in the same row are significantly difference (p<0.05).

- NS is non-significantly difference (p>0.05).
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Table 11 Sensory evaluation score on appearance of coriander packed in different packaging with different concentrations of ethylene absorber (EA) during

storage at 5°C

Sensory evaluation score on appearance (Scale 1-5)

Storage time

(days) Low density polyethylene (LDPE) High density polyethylene (HDPE)
0% EA 1.5% EA 3% EA 0% EA 1.5% EA 3% EA

0 5.00+0.00" ™ 5.00+0.00" ™ 5.00+0.00" ™ 5.00+0.00" ™ 5.000.00" ™ 5.00+0.00" ™
2 4.80+0.42"" 4.90+0.32""" 5.00£0.00"" 5.00+0.00"" 5.00£0.00"" 5.00+0.00""
4 4.50£0.53" € 4.80+0.42"" 4.80+0.42"" 4.90+0.32""* 4.90+0.32""" 5.00+0.00""
6 4.2040.63"° 4.700.48"" 4.700.48"" 4.60+0.52"" 4.70£0.32"" 4.90+0.32""
8 3.60+0.52°*" 4.3040.48™ " 4.500.53""" 4.10£0.57"€ 4.400.52""° 4.60+0.52""
10 3.10£0.32*" 3.80+0.42°" 3.80+0.42b"" 3.60+0.52°¢ 4.0040.00 " 4.2040.42>"
12 2.80+0.42%" 3.30+£0.48°“ € 3.50+0.53™ "¢ 3.40+£0.52°*€ 3.70+0.48°"" 4.0040.00™"
14 3.10+0.32" 3.30+0.48° 3.20+0.42° 3.50+0.53° 3.80+0.42°
16 2.90-+0.32" 3.20+0.42° 3.10+0.57" 3.30+0.48" 3.50+0.53%
18 2.90-+0.32° 3.20+0.42° 3.40+0.52"
20 3.3040.48°

Note: - Means with different small letters in the same column are significantly difference (p<0.05).
- Means with different capital letters in the same row are significantly difference (p<0.05).

- NS is non-significantly difference (p>0.05).
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Table 12 Sensory evaluation score on overall quality of coriander packed in different packaging with different concentrations of ethylene absorber (EA)

during storage at 5°C

Sensory evaluation score on overall quality (Scale 1-5)

Storage time

(days) Low density polyethylene (LDPE) High density polyethylene (HDPE)
0% EA 1.5% EA 3% EA 0% EA 1.5% EA 3% EA

0 5.00+0.00" ™ 5.00+0.00" ™ 5.00+0.00" ™ 5.00+0.00" ™ 5.000.00" ™ 5.00+0.00" ™
2 4.90+0.32"™° 5.00+0.00" ™ 5.00+0.00" ™ 5.00+0.00" ™ 5.00£0.00" ™ 5.00+0.00" ™
4 4.50+0.53"¢ 4.80+0.42"" 4.90+0.32"* 4.80+0.42"" 4.90+0.32""" 5.00+0.00""
6 4.2040.42 € 4.600.52""° 4.700.48"" 4.60+0.52™"° 4.700.48"" 4.90+0.32""
8 3.6040.52%¢ 4.2040.42°" 4.4040.52" " 4.10£0.57"" 4.400.52" " 4.700.48™"
10 3.10£0.32*" 3.700.48" " 3.80+0.42%" 3.60+£0.52°* € 3.80+0.42%" 4.00+0.00"
12 2.70+0.48%" 3.30+£0.48 € 3.40+0.52° ™ 3.40+0.52" 3.50+0.53°"" 3.90+0.32°""
14 3.10+0.32° 3.20+0.42" 3.10+0.32° 3.40+0.52" 3.60+0.52"
16 2.7040.48° 3.20+0.42° 2.8040.63° 3.20+0.42° 3.30+0.48"
18 2.80+0.42° 2.90+0.57° 3.20+0.42°
20 2.90+0.32°

Note: - Means with different small letters in the same column are significantly difference (p<0.05).
- Means with different capital letters in the same row are significantly difference (p<0.05).

- NS is non-significantly difference (p>0.05).
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Figure 42 Coriander packed in a low density polyethylene bag (LDPE) with different concentrations of ethylene absorber (EA) during storage under 5°C
Note: The end of storage life of coriander packed in a LDPE bag with 0% EA is on the 10" day.

The end of storage life of coriander packed in a LDPE bag with 1.5% EA is on the 14" day.

The end of storage life of coriander packed in a LDPE bag with 3% EA is on the 16" day.
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Figure 43 Coriander packed in a high dens1ty polyethylene bag (HDPE) with different concentrations of ethylene absorber (EA) during storage under 5°C

Note: The end of storage life of coriander packed in a HDPE bag with 0% EA is on the 14" day.

The end of storage life of coriander packed in a HDPE bag with 1.5% EA is on the 16" day.

The end of storage life of coriander packed in a HDPE bag with 3% EA is on the 18" day.
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Figure 44 Weight loss in coriander packed in different packaging with different concentrations of

ethylene absorber (EA) during storage at 5°C
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Figure 45 Percentage of decay leaf (A) and yellow leaf (B) of coriander packed in different

packaging with different concentrations of ethylene absorber (EA) during storage at

5°C
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Figure 46 Lightness (A), greenness (B) and yellowness (C) of coriander packed in different

packaging with different concentrations of ethylene absorber (EA) during storage at 5°
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Figure 47 Hue angle (A) and chroma value (B) of coriander packed in different packaging with

different concentrations of ethylene absorber (EA) during storage at 5°C
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different concentrations of ethylene absorber (EA) during storage at 5°C
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Figure 50 Chlorophyll a (A), chlorophyll b (B) and total chlorophyll (C) of coriander packed in

different packaging with different concentrations of ethylene absorber (EA) during

storage at 5°C
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Figure 51 Carotenoid content of coriander packed in different packaging with different

concentrations of ethylene absorber (EA) during storage at 5°C
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Figure 52 Chlorophyllase (A), Mg-dechelatase (B) and pheophytinase activity (C) of coriander
packed in different packaging with different concentrations of ethylene absorber (EA)

during storage at 5°C
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1 2 < ° Aa = A aa . A Aaa
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10,000 50T Hommgdl 4 essuwaFod wiu 15 it mdanlafis ududuazneu 13
1AY Acetone 131103 10 Hadans 1Hunauiiauliaznouazate 1&idlu Crude chlorophyll
(Chlorophyll acetone solution) 1911314151 Substrate  TumsTins1zvinanss o lassl
Chlorophyllase 11503993 UTUVDY Chlorophyll a Tawii1li amnsganauuaad
ANUEINAL 661.6 1Az 644.8 W TUAT LENIIAILIBMIAUEUT U Chiorophyll a
MNgATHITHTUYE Chlorophyll Fanuarunduduves Chlorophyll a Euduiiiy 750
Iylasniu/daaans  niniwnlfuldianunduduues Chlorophyll a iy 500

TuTasnsu/aianans d1e Acetone

Chlorophyll (lulasnsu/idagans) = 11.24 A, -2.04 A

661.6 664.8

422 M3A3EN Chlorophyllide 11Ty Substrate TumsInszsinonssueulas]
Mg-dechelatase (Kaewsuksang et al., 2011)
1 Crude enzyme i 1801040 4.3.1 151183 0.5 Tadans winl§ATerd Trioon-X
100 ANNtuYUiovaz 1.44 151105 0.1 ia@an3 1AY Chlorophyll acetone solution (Ve 4.2.1)
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YN 1AenN151AN Acetone 131105 2 Ha@aAT HBNAIUVDI Chlorophyllide a 90NN
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[ 1] v
FINVITANUYUYUVB Chlorophyllide a Fudwmny 120 lulasnduiladans vniuin
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a ] A g a da d
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@ A aa = Aa aa Yy 9 4
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(Schelbert et al., 2009)
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' v 9
151105 15 Haaaas aulddnunguugll 0 osriwaFed U 1 52109 HEI9INTUNTBIAIY

a =
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4.4 m3Yanonssuen e
4.4.1 anysaueu Il Chlorophyllase (Amir-Shapira et al., 1987)
111 Crude enzyme ﬁbl,@gfinﬂsﬁl’a 43.1 Y5105 0.5 Uadans mv‘hﬂﬁﬁ?mﬁ’u Triton-X
100 AN YU oY 1.44 153105 0.1 Tadans AN Chlorophyll acetone solution (Vo 4.2.1)
anusudu 500 fadniw/iaddns 151as 0.2 iadaAT uaziAy Phosphate buffer Mio% 7.5 7

a =

anudud 10 HadTuars 13uas 0.5 Taddns tufiguygil 25 esrsaiFod wiu 60 und
nyal s 1aensiay Acetone 131193 2 UaAAAT HINEIUYDI Chlorophyllide ©DNIIN
Chlorophyll IagM3iAy Hexane UY51105 2 Haaans ThauuesansazatsyuaaNSaanig
@ﬂﬂﬁuumﬁmmanﬂﬁ'u 667 w1Tuwas ihamsganauuaanmuIamninssueula
Tagfieuf A Coefficient 84 Chlorophyllide=76.79 mM/cm 1A83181UA AT TNV IRY Toy3]

Chlorophyllase Ty Unit/ mg Protein

4.4.2 Han3saen sl Mg-dechelatase (7A111a39910 Suzuki and Shioi, 2002)

o A a a J a aa
111 Phosphate buffer it0% 7.5 AAMNYY 10 Fad luars YSuas 1.5 Hadans i

a2 Y 9 Y

1{A301M D Crude enzyme 1189190 4.3.1 151105 0.4 Hadaas uaz Chlorophyllide 114

1INt 422 151195 0.5 Hadaas JanINsganauLEainNueINaL 535 W1 Tuwas W
o a 4 =\ [ ' . .

nsganauuaaAIuInInenIsueu Tl Taeifisun a1 Coefficient Y03 Pheophobide=

50.16 mM/cm 18318911090 350v000 U 53] Mg-dechelatase 1111178 Unit/mg protein

4.4.3 Pan3sueu a3l Pheophytinase (AAL11)ad91n Schelber et al., 2009)
111 Crude enzyme N11891090 4.3.2 151105 0.5 Tadans w11 §as ey Tris-HCI
oy 8 AU 50 Had Twans 151185 0.5 Tadans uaz Pheophytin Y3113 0.2 Haaans

uguunl 25 AT W1 30 WA vigal Ao Tagmsan Acetone 151105 2

e.

1aaans LeNdIUYDY Pheophobide  ©0n1N Pheophytin ~ 1A8N151AN Hexane 151105 2
9 1 [

Hadaas MdImMvoIdsaza1eyuaNNIAAINIgANALIAINAINEIAAY 535 W1 Tuwas 1

1 o a 4 v ! . .

mmsganauuaanmuIaInanssuou sl Tasfeunun Coefficient Y84 Pheophobide =

50.16 mM/em 1a83189147 905 50U0 U 93] Pheophytinase 11411178 Unit/mg Protein
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4.5 mauanzivSinalsfiv (Bradford, 1976)
4.5.1 M3A3eNaI5aza18 Coomasie blue
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9 9 Aa a 4 A Aaa . 9 Yy 9
ANUANTY 50 Uaaluairs USuias 50 Haaaas uag Triton X-100 ANNANTUS08AL 0.12
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[ . a Aaa ] Y Y o g}/ Qy 9 S o A d‘ d‘
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aza181u Phosphate buffer (W% 7.0) 31103 25 Hadaas IadluansazareTusAwdudu 100
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Y Y o ¥ v o A ! v v a
LUNVUANE %']ﬂuuu']ﬂﬂﬁi']\‘]ﬂﬁ']wll'Wlﬁg1u§$ﬁ31ﬂﬂ1ﬂ1§ﬂﬂﬂﬂullﬁ\3@f’)ﬂ'ﬂll!ﬂlllslluiﬂﬁWL!
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Appendix Figure 3 Standard curve of protein bovin serum albumin
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Appendix Figure 4 Guildline chart for sensory evaluation score (Likert scale) of coriander
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Appendix Figure 5 Temperature monitoring within a foam box at different positions during

storage coriander

Appendix Figure 6 Coriander in a foam box with ice on top during storage at 5°C



Appendix Table 2 Temperature mornitoring within a foam box at different positions during

storage coriander under different temperatures
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Storage Storage temperature/ Positions (1-5)
time 5°C 7°C

(days) 1 2 3 4 5 1 2 3 4 5
0 3.8 3.8 3.7 3.8 3.9 3.9 3.8 3.7 3.8 3.9
2 3.8 3.8 3.7 3.8 3.9 39 3.9 3.8 3.9 3.9
4 3.9 3.9 3.8 3.8 3.9 3.9 3.9 3.8 4.0 3.9
6 4.0 4.0 3.8 4.0 4.0 4.1 42 4.0 42 4.1
8 4.3 4.2 4.0 4.2 4.1 4.5 43 4.2 44 4.5
10 4.5 43 4.2 4.4 4.4 5.1 4.9 4.8 5.0 4.9
12 4.8 4.9 4.4 4.8 4.9 5.0 5.1 5.0 5.0 4.9
14 4.8 4.9 4.8 5.0 4.9 5.5 5.3 5.2 5.5 5.4
16 5.0 4.9 5.0 5.0 4.9 - - - - -

Appendix Table 3 Temperature and relative humidity in a foam box during storage coriander

under different temperatures

Storage temperature

Storage time 5°C 7°C
(days) Temperature Relative humidity Temperature Relative humidity
9] (%) (0 (%)
0 3.840.1 89 3.840.1 89
2 3.840.1 90 3.94+0.0 90
4 3.940.1 90 3.940.1 89
6 4.0+0.1 90 4.140.1 90
8 4.2+0.1 89 4.4+0.1 89
10 4.4+0.1 91 4.9+0.1 90
12 4.8+0.2 90 5.040.1 90
14 4.9+0.1 89 5.440.1 91
16 5.04£0.1 91 - -
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Appendix Table 4 Temperature and relative humidity in a warehuose during storage coriander

under different temperatures

Storage temperature

Storage time 5°C 7°C
(days) Temperature Relative humidity Temperature Relative humidity
(‘0 (%) (C) (%)
0 5.0 85 7.0 85
2 5.3 86 7.2 85
4 5.0 85 7.3 86
6 5.1 85 7.1 86
8 5.2 85 7.2 85
10 49 85 7.4 86
12 4.8 86 6.8 85
14 52 85 7.0 86
16 5.0 86 - -

Appendix Table 5 Temperature and relative humidity in a warechuose during storage coriander

under different temperatures

Storage temperature

Storage N N N
. 5C 7C 10C
time
Temperature Relative Temperature Relative Temperature Relative
(a9 (‘C) humidity (%) (‘c) humidity (%) ‘c) humidity (%)
0 5.0 85 7.0 85 10.0 85
2 5.3 86 7.2 85 10.2 85
4 5.0 85 7.3 86 9.8 85
6 5.1 85 7.1 86 10.2 85
8 52 85 7.2 85 - -
10 4.9 85 7.4 86 - -
12 4.8 86 - - - -
14 5.2 85 - - - -
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