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The present trend where modern housewives have limited time in preparing food and 

also the food industry and services need ingredients in convenience form in order to 

cut down extensive labour, has led to the increase of ready to use food ingredient . 

With this in mind, ready to use shallots (Allium asea/onium) is able to satisfy the 

needs of retail and institutional consumers. Studies on physico-chemical changes, 

microbiological test and sensory evaluation for development of processing 

treatments of shallot puree using mild heat and acidification were carried out. The L 

value (L *) and hue angle (Hab) of shallot puree increased significantly (p<O.05) 

during 8 weeks storage at 5±1 °C (85-95% RH), whilst, the chroma value (C*) 

decreased significantly (p<O.05). Total plate count (TPC) slowly increased during 
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storage period in all samples. The yeast and mould count increased in both acidified 

and control samples, whilst, the increment of coliforms was only detected in control 

sample. However, the mean scores on colour, odour and overall acceptability 

decreased significantly (p<O.OS) during storage period for all samples. Total soluble 

solid (TSS) and pH value slowly decreased during storage period. Sample that was 

acidified + heated could be kept for 8 weeks at S± 1 °C (85-9S% RH) followed by 7 

weeks for acidified sample. The shelf life of less than 2 weeks was obtained for both 

heated and control samples. 

The optimal conditions of modified atmosphere storage were investigated, in order to 

provide a basis for the development of modified atmosphere packs for shallot puree. 

Qualities of shallot puree were tested at different atmospheric condition (with or 

without S, 10, IS and 20 % CO2) and temperatures (S, IS and 2S) ±1 °C by using 

OnylLLDPE and PET /PEl A1IPE as packaging materials. The carbon dioxide content 

in shallot puree packed with OnylLLDPE decreased significantly (p<0.05) for all 

treatments during 12 weeks of storage, whilst the oxygen content increased 

significantly (p<O.OS). The L value (L *) and hue angle (Hat,) showed significant 

(p<0.05) increased in all samples: However, the chroma value (C*) and organoleptic 

evaluation decreased significantly (p<O.OS) throughout the storage period. TPC and 

Lactobacillus spp. count increased slowly during storage period in all samples. 

However, the population of coliform, yeast and mould count and Pseudomonas spp. 

count were undetected in all samples. The pH value and TSS decreased significantly 
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(p<0.05) in shallot puree packed with different carbon dioxide contents and 

packaging materials during storage period. Shallot puree packed in OnyILLDPE 

with 10% carbon dioxide was found to be the best treatment for extending the 

storage life up to 12 weeks at 5±1 °C (85-95% RH). The quality changes of shallot 

puree stored at 10 % C02 and packed in OnylLLDPE was studied in bulk form 

through out storage. There was a significant (p<0.05) increase in the L value (L *) 

and hue angle (Bab) but not in chroma value (C*) (p<O.05) for both treatments. 

There is a highly significant decrease (p<0.05) in sugar (fiuctose, glucose and 

sucrose) content of shallot puree throughout storage, whilst, total sugar showed no 

significant (p>0.05) difference between treatments during storage. Volatile oil of 

shallot puree contained sulphur group as major compounds. TPC and Lactobacillus 

spp. count gradually increased until the end of storage period. 
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Gaya hidup moden di mana para suri rumah yang kesuntukan masa untuk 

menyediakan makanan . dan juga dalam perkhidmatan dan industri makanan yang 

memerlukan bahan atau ramuan dalam bentuk yang mudah disediakan bagi 

mengurangkan pekerja menyebabkan ianya menjadikan faktor penting untuk 

meningkatkan penghasilan ramuan makanan yang sedia digunakan. Dengan 

mengambil kira faktor tersebut, bawang merah yang sedia digunakan adalah 

berupaya untuk memenuhi keperluan pelanggan jualan runcit dan institusi. Kajian 

ke atas perubahan-perubahan fiziko-kimia, ujian mikrobiologikal dan penilaian 

ujirasa bagi pembangunan perlakuan pemprosesan purl bawang merah (Allium 

ascalonium) menggunakan pemanasan sederhana dan pengasidan telah dijalankan. 
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Nilai L (L *) dan hue angle <Hat,) puri bawang menunjukkan peningkatan yang sangat 

bererti (p<0.05) selama 8 minggu penyimpanan pada suhu 5±1 °C (85-95% RH), 

manakala nilai chroma (C*) menurun dengan berkesan (p<0.05). Jumlah kiraan plat 

(TPC) bagi semua sampel telah meningkat secara perlahan-Iahan semasa 

penyimpanan. Kiraan yis dan kulat pula didapati meningkat pada sampel yang diberi 

perlakuan pengasidan dan juga kawalan, manakala peningkatan bakteria kolifom 

semasa penyimpanan hanya dapat dilihat pada sampel kawalan sahaja. Walau 

bagaimanapun, penilaian organoleptik telah menurun dengan sangat bererti (p<0.05) 

semasa tempoh penyimpanan bagi semua sampel. Jumlah pepejal lamt (TSS) dan 

nilai pH pula telah menurun secara perlahan semasa tempoh penyimpanan. Sampel 

yang diberi perlakuan asid + haba boleh disimpan selama 8 minggu pada suhu 5±1 

°C (85-95% RH) dan diikuti selama 7 minggu untuk sampel yang hanya diberi 

perlakuan asid sahaja. Manakala sampel yang diberi perlakuan haba sahaja dan 

sampel kawalan mempunyai tempoh penyimpanan kurang dari 2 minggu. 

Kondisi penYlmpanan atmosfera terubahsuai yang optima telah dikaji untuk 

dijadikan asas terhadap pembangunan pembungkusan puri bawang merah secara 

atmosfera terubahsuai. Kualiti puri bawang merah telah diuji dalam keadaan 

atmosfera (tanpa atau dengan kehadiran kepekatan sebanyak 5, 10, 15 dan 20 peratus 

kandungan gas karbon dioksida) dan suhu (5, 15 dan 25) ±1 °C yang berbeza 

dengan menggunakan OnylLLDPE dan PET/PE/AlIPE sebagai bahan pembungkus. 

Penurunan nilai kandungan gas karbon dioksida menunjukkan perbezaan bererti 
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(p<O.05) dalam puri bawang merah yang dibungkus dalam OnylLLDPE bagi semua 

perlakuan semasa tempoh 12  minggu penyimpanan, manakala nilai kandungan gas 

oksigen pula didapati meningkat dengan sangat bererti (p<O.05). Nilai L (L *) dan 

hue angle (Hat,) pula menunjukkan peningkatan yang sangat bererti (p<O.05) bagi 

semua perlakuan. Walau bagaimanapun, nilai chroma (C*) dan penilaian 

organoleptik menunjukkan penurunan yang sangat bererti (p<O.05) semasa 

penyimpanan. Jumlah kiraan plat (TPC) dan kiraan Lactobacillus spp. meningkat 

secara perlahan semasa penyimpanan bagi semua perlakuan. Walau bagaimanapun, 

bakteria kolifom, kiraan yis dan kulat serta kiraan Pseudomonas spp. tidak dapat 

dikesan pada semua sampel. Kandungan pH dan TSS telah menunjukkan perbezaan 

penurunan yang sangat bererti (p<0.05) dalam puri bawang merah yang dibungkus 

dengan kandungan gas karbon dioksida dan bahan pembungkusan yang berbeza 

semasa tempoh penyimpanan. Puri bawang merah yang dibungkus menggunakan 

komposisis kandungan gas 10010 karbon dioksida dalam OnylLLDPE didapati telah 

memberi kesan perlakuan yang paling baik untuk memanjangkan hayat simpanan 

selama 12  minggu pada suhu 5±1 °C (85-95% RH). Perubahan mutu puri bawang 

merah yang disimpan dalam kandungan 10% karbon dioksida dan dibungkus dalam 

OnylLLDPE telah dikaji dalam bentuk pukal sepanjang penyimpanan. Nilai L (L *) 

dan hue angle (Hab) menunjukkan peningkatan yang sangat bererti (p<O.05) tetapi 

nilai chroma (C*) pula menurun dengan sangat bererti (p<0.05) bagi kedua-dua 

perlakuan semasa penyimpanan. Kandungan gula (fruktosa, glukosa dan sukrosa) 

dalam puri bawang telah menurun dengan sangat bererti (p<0.05) bagi kedua-dua 
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perlakuan, manakala jumlah kandungan gula menunjukkan tiada perbezaan bererti 

(p>O.05) diantara perJakuan semasa penyimpanan. Sebatian minyak meruap di 

dalam puri bawang merah telah menunjukkan bahawa sebahagian besarnya adalah 

terdiri dari kumpulan sulfur. lumlah kiraan plat (TPC) dan kiraan Lactobacillus spp. 

pula meningkat secara perJahan sehingga akhir tempoh penyimpanan. 
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CHAPTER l 

GENERAL INTRODUCTION 

Shallot (Allium ascalonium), the Liliopsida class (Anon, 2004a) is a vegetables 

very similar to the common onion. Generally, shallots produce a reddish brown 

bulb that adds flavour to many dishes. The subtle taste of the shallot makes it 

indispensable in haute cuisine, as well as other dishes. Many gourmet chefs use 

shallots for sauce, stews, gravies and roasts. Cooked shallots have a sweeter taste 

than onions. There are many shallot-based product such as shallot pulp, frozen 

shallots (or chopped shallots) and peeled shallots. It is widely used in French 

cuisine such as Beef Bourguignon. Indeed, shallots are an authentic ingredient of 

many Asian cuisines from Thai soups, red and green curries in Indonesian and fried 

rice dishes such as "nasi goreng" (http://www.ukshallot.comL). 

There are differences in the colour and shape of shallot that may be noticeable, 

depending on the traditional varieties grown. In Asia, the shallots are mainly small 

and round with a reddish colour. However, in France shallots that are preferred are 

those that are more pear-shaped and reddish brown in colour. In the Netherlands 

and Denmark, round, red-brown and yellow shallots are traditionally used 

(http://www.shallot.com/gb/lc.htm). 
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The most important areas of production in the Western world are: France, The 

Netherlands, The United States of America and Great Britain 

(http://www.shallot.com/gb/la.htm). Shallot is grown in large scale in many Asian 

countries such as Indonesia, Philippines, Thailand, Sri Lanka and India. Presently, 

Asia produces more than 50% (14. 6 million tons) of world onion which also 

includes shallot (pathak, 2005). 

Shallot is one of the ingredients used in Malaysian dishes especially among the 

Malay and Indian community. It is added to food not only to impart flavour but 

also to excite the taste buds to a better appreciation of the dishes presented 

(Augusti, 1996). Per capita of shallot consumption was 2.45 kg for household and 

increased when shallot and onion were joined in Allium genus (Lim, 2000). 

Malaysia imports about 2.5 million tons with RM218 million in 2003 from India, 

China, Thailand and Indonesia (Department of Statistic Malaysia, 2004). 

In Malaysia, shallot crop was introduced in 1980 and was successful in producing 

the yield. However, cultivation of this crop commercially in a large-scale was not 

done in this country. Factors such as low price, medium yield and costly 

production compared to imported shallots make it less economic to plant this crop 

(Zarinah, 1999). 
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The present trend where the female population is increasingly entering the 

workplace which will undoubtedly mean that they have limited time in preparing 

food and also the food service industry (such as hotels, restaurants, hospital 

kitchen, catering companies, central kitchens and airports) need ingredients in 

convenience form in order to cut down extensive labour, processing, handling and 

storage, has led to the increase of ready to use food ingredient (Hasimah, 2003). 

With this in mind, ready to use shallots will be able to satisfy the needs of retail and 

institutional consumers. Based on the widely needs of ready to use shallot in food 

service industry, a suitable technique of bulk handling, packaging and storage of 

shallot puree should be studied and introduced to the food producer in order to 

maintain the product quality. 

Therefore, the objectives of this study are: 

1 .  To establish processing treatment in the production of shallot puree. 

2.  To determine changes in the physico-chemical, microbial and 

sensory evaluation of shallot puree packed in different packaging 

materials and gas compositions stored at different temperatures (5 

°C, 15 °C and 25 °C). 

3. To determine the effect of bulk packaging on storage quality of 

shallot puree. 
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Appendix A 

(Sensory evaluation form) 



Name : 

Sample: 

Date : 

SENSORY EVALUATION FORM 
(HEDONIC SCALE TEST) 

Shallot puree 

141 

Kindly you are given several samples of shallot puree. Please evaluate these 
samples according to the score below: 

A. Colour 
5 - acceptable extremely 
4 - acceptable 
3 - neither acceptable nor unacceptable 
2 - unacceptable 
1 - unacceptable extremely 

Sample code 

B. Odour 
5 - acceptable extremely 
4 - acceptable 

Colour 

3 - neither acceptable nor unacceptable 
2 - unacceptable 
1 - unacceptable extremely 

Sample code Odour 



C. Overall acceptability 

5 - acceptable extremely 
4 - acceptable 
3 - neither acceptable nor unacceptable 
2 - unacceptable 
1 - unacceptable extremely 

Sample code Overall acceptability 

Comment: 

Thank you. 
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Appendix B 

(Tables) 



Table 28 
Effects of modified atmosphere packaging (MAP) with different packaging materials on CO2 concentrations (0/0) of shallot 

puree stored at 15:!::1 °C for 4 weeks 

Type of packaging material 

Storage 
period PET /PEl AlIPE Ony/LLDPE 

(week) 

5% C02 1 0% CO2 1 5% CO2 20% CO2 5% C02 10% CO2 1 5% CO2 20% CO2 

0 5 . 1 1:!::0.03� 10. 84±O. l4A 1 5 .03±0.04A 20.87±0.01 A 5 . 1 1±0.03A 1 O. 84±0. 14A 1 5 .03±0.04A 20. 87±0.01 A 

1 5.29:!::0. 01A 1 O.62±0. 1O� 14. 76±0. 0 1�  20. 64±0.02� 3 . 8 1:!::0.08� 7. 1 0±0. 14� 1 1 .2 1±0.0 1�  14.45±0.04lj 

2 5 .04±0.01l: 1 O.25±0.07l: 14.73±0.0Ilj 20. 53±0.02l: 3 . 1 6±0. 1 5l: 5 .70±0.05l: 9.08±0. 1 1l: 1 2.05±0.09l: I 
I 
I 

3 4.8S±0.01u 10 .OS±0.06� 1 4.67±0.03� 20.44±0. 04u 2.77±0.08u 4.73±0.04u 7.43±0.38u 8 .7 1±0.0 1u 

4 4.75±0.04t. 9.90±0.OSu 14 .62±0.0 1 u 20.63±0.01t. 1 .45±0 .01  t. 3 .09±0.04t. 4.49±0.04t. 5 .67±0.02t. 

Means with the same capital letter within a column are not significantly different at 5% level (p<0.05) . 

-
t 



Table 29 
Effects of modified atmosphere packaging (MAP) with different packaging materials on 02 concentrations (%) of shallot 

puree stored at 15%1 °C for 4 weeks 

Storage 
period 

(week) 

0 

1 

2 

3 

4 

5% C02 

2. 1 9±0. 19�a 

2.42±0.04HC 

2. S4±0.01 Ac 

2.25±0.07� 

2.07±O.04l:C 

PETfPE/A1IPE 

1 0% CO2 1 5% CO2 

2. 19±0. 19Jj8 2. 19±0. 1 9�a 

2 .7S±0.01'�D 2.4S±0.00AtlC 

2.4 1±0. 00DO 2. 17±0. 1 3""e 

2. 1 6±0. 1 8HC 2.69±0. 02AD 

2.27±0.03HD 2.3 1±O.04HCD 

Type of packaging material 

OnylLLDPE 

20% CO2 5% C02 1 0% CO2 1 5% CO2 20% CO2 

2. 1 9±0. 1 9�a 2. 19±0. 19ua 2. 1 9±0. 1 9�a 2. 1 9±0. 1 9ua 2. 1 9±0. 19ua 

2.06±0.02l:4 3 .2S±0.OSl:a 3 .3 5±0.0 1  Da 3 .30±0.04l:a 3 .37±0. 12""a 

2.49±0.02ADO 3 .4S±0. 1 1  �D 3 .6 1±0.06DAD 3 .63±0.02Jj8D 3 .74±0.06Da 

2. 74±O. OSAD 3 . S3±O. 1 5Am 3 . 90±O.06Aa 3 . S6±O.07Jj8 3 .95±O.03ADA 

2.3 1 ±0.OSocD 4. 1 1±0. 1 3Aa 4. 1 5±0. 1 1  Aa 4.23±0.051\& 4. 22±0. 091\& 
- - ---- �-- --� 

Means with the same capital letter within a column and same small letter within a row are not significantly different at 5% level 
(p<0.05). 
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Table 30 
Effects of modified atmosphere packaging (MAP) with different packaging materials on COl concentrations (%) of shallot 

puree stored at 25:1:1 °C for 6 days 

Storage 
period PET !PEl Al!PE 
(day) 

5% CO2 10% CO2 1 5% CO2 

0 5 . 1 1±0.03ti 1 0. 84±0. 1 4A 1 5 .03±0.04A 

Type of packaging material 

20% CO2 

20. 87±0.01A 

5% C02 

5 . 1 1±0.03A 

OnylLLDPE 

1 0% CO2 1 5% CO2 20% CO2 

1 0. 84±0. 1 4A 1 5 .03±0.04A 20.87±0.01A 

2 5 . 1 1±0.0 1 " 10 .67±0.02ti 14 .8 1±0.02ti 20. 56±0.06ti 4.88±0.06ti 9.46±0.03ti 1 3 .79±0. 1 3ti 1 8 .30±0.07ti I 

4 5 .08±0.01" 10. 59±0.01  ti 14 .69±0.01l: 20.4 1±0.02l: 4. 1 0±0. 1 1l: 8 .  56±0.02l: 12 .63±0.02l: 16 . 55±0. 14l: 
I 

6 5 .25±0.03A 1 0.53±0 .02ti 14 .55±0.03u 20.36±0.02l: 3 . 74±0.04u 7. l 1 ±O.OSu 1 1 .6±0.03u 1 4.37±0.04u 

Means with the same capital letter within a column are not significantly different at 5% level (p<0.05) . 

-� 0\ 



Table 31 
Effects of modified atmosphere packaging (MAP) with different packaging materials on 02 concentrations (%) of 

shallot puree stored at 2S±1 °c for 6 days 

Storage 
period 
(day) 

5% C02 

0 2 . 1 9±0. 1 9AA 

2 2 .21±0.05AC 

4 2 . 1 2±0.09AD 

6 2 .3 1±0.06AD 

PET /PEl AlIPE 

1 0% CO2 

2. 1 9±0. 1 9AA 

2. 12±0. 0 1  Ac 

2.22±0.03AD 

2 .2 1±0. 00AD 

1 5% CO2 

2 . 1 9±0. 1 9AA 

2. 1 9±0.05Ac 

2.09±0. 06AD 

2.2S±0.02Ab 

Type of packaging material 

OnylLLDPE 

20% CO2 5% C02 1 0% CO2 1 5% CO2 20% CO2 

2. 1 9±0. 1 9AA 2.  1 9±0. 1 9\';a 2. 1 9±0. 1 9\,;a 2. 1 9±0. 1 9\';a 2. 1 9±0. 1 9\,;a 

2.26±0.07Ac 2 .4S±0.04\';ab 2. 50±0. 1 7\,;a 2. 54±0. 1 l  \,;a 2.29±0.06\,;DC 

2.24±0.0I AD 3 . 1 0±0.OSnA 3 . 06±0. 1 9ua 3 .09±O.OSnA 3 .  04±O. 09nA 

2. 1 7±0.03AD 3 . 5 1±O.06AA 3 . 54±O.03AA 3 . 53±0. 16AA 3 .42±O.03AA 

Means with the same capital letter within a column and same small letter within a row are not significantly different at 5% level 
(p<O.05). 

-
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Table 32 
Effects of modified atmosphere packaging (MAP) with different packaging materials on colour acceptability of shallot 

puree stored at 15:1:1 °C for 3 weeks 

Type of packaging material 

Storage 
period PETIPE/AVPE OnylLLDPE 
(week) 

Control 5% C02 10% CO2 1 5% CO2 20% CO2 Control 5% C02 1 0% CO2 1 5% CO2 20% CO2 

0 3 . 88Aa 3 . 88Aa 3 . 88Aa 3 . 88Aa 3 . 88Aa 3 . 88 Al;S\..:a 3 . 88AJ:Sa 3 . 88Aa 3 . 88Aa 3 .88Aa 
:1:0.88 :1:0.88 :1:0.88 :1:0.88 :1:0. 88 :1:0. 88 :1:0.88 :1:0.88 :1:0.88 :1:0.88 

1 3 .44Aa 3 . 68Aa 3 . 76AJ:Sa 3 . 72Aa 3 .36Ha 3 .68Aa 3 .40Ha 3 . 52J\A 3 .40�a 3 .2Sna 
:1:0.82 :1:0. 85 :1:0. 83 :1:0.98 :1:0. 86 :1: 1 .03 :1:0. 7 1  :1: 1 .08 :1:0. 87 :1:1 . 1 0 

2 2 .80noc 3 .08HaOC 3 .44m.;a 3 .40Aa 3 .24HaO 2.64l'C 3 .20HaO 3 .36� 3 .  1 2m.;ao 3 . I4HaO 
:1:0.76 :1:0.74 :1:0.7 1  :1:0.65 :1:0.72 :1:0.95 :1:0.82 :1:0.62 :1:0.83 :1:0.83 

3 2 . 52noc 2.72HaDC 3 . I2l:a 2 .54tiDC 2.48l:OC 2.20l'C 2. 72uOC 2.96HaD 2.68l:&DC 2.60l:&DC 
:1:0.87 :1:0.89 :1:0.73 :1:0.84 :1:1 .04 ±0.76 ±0.84 ±0. 89 :1:0.94 _ L-±0.82 

Means with the same capital letter within a column and same small letter within a row are not significantly different at 5% level 
(p<0.05). 
Note: 5-acceptable extremely; 4-acceptable; 3-neither acceptable nor unacceptable; 2-unacceptable; I-unacceptable extremely. 
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Table 33 
Effects of modified atmosphere packaging (MAP) with different packaging materials on odour acceptability of shallot 

puree stored at 1S±1 °C for 3 weeks 

Storage 
period 
(week) 

0 

1 

2 

3 
- -'-

Control 

3 .92Aa 

±0.8 1  
3 .80AD 

±0.87 
2. 84°OC 

±0. 89 
2.44°ocr 

±0.77 

PET !PEl AlIPE 

5% C02 10% CO2 

3 .92Aa 3 .92Aa 
±0.8 1  ±0.8 1  
3 .44� 3 . 721\ljA 
±0.77 ±0.74 
3 .40mD 3 .521\ljA 

±O.64 ±0.59 
3 .04tsaOC 3 .321:'a 

±0.84 ±O.80 

Type of packaging material 

1 5% CO2 20% CO2 Control 

3 .92Aa 3 .92AA 3 .92AA 

±0. 8 I  ±0.8 1  ±0. 8 1  
3 .521\ljA 3 .68J\A 3 . 76J\A 
± 1 .00 ±0.85 ±0.92 

3 .00.uocoe 2. 88�e 2 .80ooc 

±0.87 ±0.83 ±0.9 1  
2 .76'"''000 2.68JjCQ 2.00"-'t 

±O.76 ±O.90 ±O.7 I  

OnylLLDPE 

5% C02 1 0% CO2 1 5% CO2 20% CO2 

3 .92AA 3 .92AA 3 .92AA 3 .92AA 

±O. 8 1  ±0. 8 1  ±0.8 I  ±0. 8 I  
3 .601\ljA 3 . 741\ljA 3 .48JU:18 3 . S2J\A 
±0.64 ±0.92 ±0.77 ±0.87 

3 .26�ocO 3 .36�oc 3 . 24Jjaoco 2 .64JjC 

±0.83 ±0.70 ±0.72 ±0.99 
2 .60u:oe 3 . 201:'aD 2. 1 6�I 2. 36°ocr I 
±O. 76 ±0. 83 ±O.85  ±0.76 

Means with the same capital letter within a column and same small letter within a row are not significantly different at 5% level 
(p<O.05). 
Note: 5-acceptable extremely; 4-acceptable; 3-neither acceptable nor unacceptable; 2-unacceptable; I-unacceptable extremely. 
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Table 34 
Effects of modified atmosphere packaging (MAP) with different packaging materials on overall acceptability of shallot 

puree stored at 15%1 °C for 3 weeks 

Type of packaging material 

Storage 
period PETIPEI AWE OnylLLDPE 
(week) 

Control 5% C02 1 0% CO2 1 5% CO2 20% CO2 Control 5% CO2 1 0% CO2 1 5% CO2 20% CO2 

0 4.20Aa 4.20Aa 4.20Aa 4.20Aa 4.20Aa 4.20Aa 4.20.'\4 4.20.'\4 4.20.'\4 4.20.'\4 
±0.7 1  ±0.7 1  ±0. 7 1  ±0. 7 1  ±0.7 1  ±0.7 1  ±0.7 1  ±0. 7 1  ±0.7 1  ±0.7 1  

1 3 . 72m 3 .78m 3 .28HA 3 .76m 3 .56m 3 .52m 3 .48m 3 .58m 3 . 52m 3 .44m 
±0. 54 ±0.82 ±O.79 :1:0.78 :1:0.65 ±0. 7 1  :1:0. 77 ±0.76 ±0.87 :1:1 . 00 

2 3 . 00Ub 3 .281,;& 3 .44m 3 .32\;a 3 .20HA 2.  68\;\) 3 .36m 3 .40m 3 .00UlD 3 .36m 
:1:0. 82 :1:0.6 1  ±0.77 :1:0.63 ±0.87 :1:0.94 :1:0.64 ±0.87 :1:0.7 1  ±0.70 

3 1 .681)0 2.20uocO 2.60�1U) 2 .08ucoe 2.48�DC 1 .96uoo 2 .56UDC 2.96\;a 2.32uDCO 2.40�DCO 
:1:0.69 . _ _  :l:O.J§_ ±0.76 :1:0.85 :1:0.69 _ ._±0,72 . :1:0.77 :1:0.79 :1:0. 84 :1:0.9 1  _._- --- -- ------

Means with the same capital letter within a column and same small letter within a row are not significantly different at 5% level 
(p<O.05). 
Note: 5-acceptable extremely; 4-acceptable; 3-neither acceptable nor unacceptable; 2-unacceptable; I-unacceptable extremely. 
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Table 35 
Effects of modified atmosphere packaging (MAP) with different packaging materials on colour acceptability of shallot 

puree stored at 25±1 °C for 4 days 

Type of packaging material 

Storage 
period PETIPE/AlIPE OnylLLDPE 
(day) 

Control 5% CO2 1 0% CO2 1 5% CO2 20% CO2 Control 5% C02 1 0% CO2 1 5% CO2 20% CO2 

0 3 . 88Aa 3 . 88Aa 3 . 88Aa 3 .88Aa 3 . 88Aa 3 .  88AJ:K.:a 3 . 88AHa 3 . 88Aa 3 . 88Aa 3 . 88Aa 

±0.88 ±0.88 ±0.88 ±0.88  ±0.88 ±0.88 ±0. 88 ±0.88 ±0.88 ±0.88 
2 2.96tia 3 .20tia 3 .28tsa 3 .32tsa 2.96tsa 3 . 1 2tsa 3 .28Bi 3 .40Bi 3 . 1 6Ba 3 . 1 2Ba 

±0.89 ±0.96 ±O.97 ±0.94 ±0. 89 ±0.88  ±O. 79 ±0. 8 1  ±0.94 ±0.93 
4 1 .44Ce 1 .96CCd 2.60(.;a 2. 12(.;bC 2.20� 1 . 54UIC 2 .  36(';ab 2. 36(';ab 1 .96(.;bCO 2. I 6(.;abC 

±0.56 ±0.59 ±0.S8 ±0.82 ±0.76 ±0.58  ±0.79 ±0.77 ±0.69 ±0.9 1  
Means with the same capital letter within a column and same small letter within a row are not significantly different at 5% level 
(p<O.OS). 
Note: 5-acceptable extremely� 4-acceptable� 3-neither acceptable nor unacceptable� 2-unacceptable� I-unacceptable extremely. 
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Table 36 
Effects of modified atmosphere packaging (MAP) with different packaging materials on odour acceptability of shallot 

puree stored at 25%1 °C for 4 days 

Type of packaging material 

Storage 
period PET /PEl AlIPE OnylLLDPE 
(day) 

Control 5% C02 10% CO2 1 5% CO2 20% CO2 Control 5% C02 1 0% CO2 1 5% CO2 20% CO2 

0 3 . 92Aa 3 . 92Aa 3 . 92Aa 3 .92Aa 3 . 92Aa 3 .92Aa 3 . 92Aa 3 .92Aa 3 . 92.'\A 3 .92Aa 
±0.8 1  ±O. S l  ±O. S I  ±O. S l  ±O.8 1  ±O.8 1  ±O.S l  ±O.S l  ±O.8 1  ±O. S I  

2 2. 76"oc 3 .0SDaO 3 .36"" 3 .0SDaO 2.70"oc 2.40DC 2.S4DaDC 3 .  1 6J:SaD 2. S4J:SaDC 2. 88J:Saoc 

±O. 88 .±e. 99 ±O. 76 ±O.86 ±O. 98 ±O. 90 ±O. S9 ±O.85 ±O.S9 ±O.7 1  
4 1 . 56U: 1 .S2�oc 1 .961,.;aDC 1 .94�aoc 1 .721,.;DC l . S0�c 2 .08UD 2.32�a 2 . 1 2�ab l . SS�aoc 

±O. 56 ±0.72 ±O. S4 ±0. 8 I  ±O.72 ±O. S8 ±0.S6 ±O.96 ±O. SS ±0.74 
Means with the same capital letter within a column and same small letter within a row are not significantly different at 5% level 
(p<0.05). 
Note: 5-acceptable extremely; 4-acceptable; 3-neither acceptable nor unacceptable; 2-unacceptable; I-unacceptable extremely. 
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Table 37 
Effects of modified atmosphere packaging (MAP) with ditTerent packaging materials on overall acceptability of shallot 

puree stored at 25±1 °C for 4 days 

Type of packaging material 

Storage 
period PETIPE/AlIPE OnylLLDPE 
(day) 

Control 5010 CO2 10% CO2 1 5% CO2 20% CO2 Control 5% CO2 1 0% CO2 1 5% CO2 20% CO2 

0 4 .201\01 4.20Aa 4.201\01 4.201\01 4.201\01 4.201\01 4.20Aa 4.201\01 4 .201\01 4.201\01 
±0.7 1  ±0.7 1  ±0.7 1  :0.7 1  ±0.7 1  ±0.7 1  ±0.7 1  ±0. 7 1  ±0. 7 1  :0.7 1  

2 3 . 00tja 3 .40tsa 3 . 56tsa 3 .28tsa 3 . 1 6tsa 2 .98Ha 3 .48tsa 3 .56Ha 3 .32tsa 3 .40tsa 
±0.87 ±1 .07 ±0.89 :0. 87 ±1 .04 :0.74 :0. 80 :0.90 ±0.67 ±0.96 

4 1 . 58�c 1 .96�aoc 2. 1 8�a 1 .72�DC 2.00� 1 .58� 2.02�aoc 2. 14�aD 1 .78�aDC 1 .78�aoc 
±0.62 :0.73 ±0.76 :0.74 ±0.7 1  ±0.6 1  ±0.7 1  ±0.64 ±0.63 ±0.72 

Means with the same capital letter within a column and same small letter within a row are not significantly different at 5% level 
(p<0.05). 
Note: 5-acceptable extremely; 4-acceptable; 3-neither acceptable nor unacceptable; 2-unacceptable; I-unacceptable extremely. 
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Table 38 
Effects of modified atmosphere packaging (MAP) with different packaging materials on L* value of shallot puree 

stored at 15:f:l °C for 4 weeks 

Type of packaging material 

Storage 
period PETIPE/Al/PE OnylLLDPE 
(week) 

Control 5% C02 10% C02 1 5% CO2 20% CO2 Control 5% C02 10% CO2 1 5% CO2 20% CO2 

0 34.2 1\.:a 34.2 1\.:a 34.21\.:a 34.21ua 34.2 1ua 34.2 1ua 34.21ua 34.2 1\.:a 34.2 1\.:a 34.21 Ha 
:f:0.8 1  :f:0. 8 1  :f:0.8 1  :f:0.8 1  ±0.8 1  ±0.8 1  ±0. 8 1  ±0. 8 1  ±0.8 1  ±0. 8 1  

1 34. l6\,;e 36.22DaO 34.99(,;(1e 35 .3 1\.:� 35 .29'-'� 36. 84,-,a 35 . 89\.:00 34.92UJe 34. 7 1'-'oc 34. 7900e 
±1 .06 ±0.69 ±0.99 ±0.85 ±1 . 1 8 ±0.77 ±0.59 ±0.86 ±0. 89 ±0.64 

2 4 1 . 59J:ia!> 40.961\DC 40.621:i1lO 40.45t1C 42.381\A 42.2908 4 1 . 64DaO 4 1 . 59A80 4 1 .72/UJAD 4 1 .58A80 
±0.62 ±0.93 ±1 .06 ±0.64 ±O.89 ± 1 .29 ±1 . 1 3  ±1 .36 ±1 .25 ± 1 .72 

3 43 .27AA 41 .09ACde 40. 83J:iC(1c 39.82He 4 1 . 37J:iC(1 42.85&1) 4 1 .68JjI)C 40.04JjQe 42. 27AADC 4 1 .421\CO 
± 1 . 09 ± 1 .7 1  ±1 .28 ± 1 . 87 ±1 . 34 ±1 .30 ±1 . 1 9  ±0.99 ± 1 .06 ±2.09 

4 42.3 1 HOOd 41 . 97ACdC 42.44ADC 43 .27AD 40.99He 44.591\A 43 .20AD 4 1 .39J\lJC 41 .08DC 42.68ADC 
± 1 .09 ±1 . 1 5  ±0.94 ± 1 . 1 1  ±0.57 ±0.96 ± 1 . 1 7 ±0.99 ± 1 .29 ±1 .44 

Means with the same capital letter within a column and same small letter within a row are not significantly different at 5% level 
(p<0.05) 
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Table 39 
Effects of modified atmosphere packaging (MAP) with different packaging materials on Hue angle of shallot puree 

stored at 15±1 °C for 4 weeks 

Type of packaging material 

Storage 
period PETIPEI AWE OnylLLDPE 
(week) 

Control 5% C02 10% CO2 1 5% CO2 20% CO2 Control 5% CO2 1 0% CO2 1 5% CO2 20% CO2 

0 28 .351:.a 28.351:.a 28 .35t.a 28 .35r.a 28.3 Sr.a 28.3 Sr.a 28.3Sua 28. 3Sr.a 28.3Sr.a 28 .35t.a 
± 1 . 14 ± 1 . 14 ± 1 . 1 4 ±1 . 14 ±1 . 14 ±1 . 14 ± 1 . 14 ± 1 . 14 ±1 . 14 ± 1 . 1 4 

1 35 . 58uo 35 .78UCQ 37.47uao 36. 5 1  uoco 35 . 55uo 33 .37lJe 36. 771,,;aoo 37 .74ua 36.75uaoo 37.04uaD 
±0. 93 ±1 .06 ±0.9 1  ± 1 .2 1  ±0.55  ± 1 .34 ± 1 .07 ± 1 .35  ±0.99 ±1 .55  

2 47. 1 5Ule1 46.40t,,;CI 46.061,,;1 48.791,,;aD 48.691,,;aoo 49.09(.;a 47. 59Hode 46.74 UlCI 47. 25(';det 47.841,,;000 
±0.68 ±0.8 1  ± 1 . 1 0 ±0.86 ± 1 .79 ±2. 1 9  ± 1 .09 ±0. 86 ± 1 .03 ±0. 83 

3 52.55H<1 55 .05PD 54. 36Hoo 57.00PIL 52.59H<1 50.89Pe 54.79AD 5 1 .02Pe 50.64Pe 53 . 52JjcO 
± 1 . 04 ±0.43 ±0. 59 :0.93 ± 1 .09 :0.61  :2. 89 ±0. 93 :1 . 1 8 ±0.69 

4 59.02AD 59. 1 9AD 58 .22AD 60.35Aa 58.70AD 55 .55ACO S5 .46ACO 56.42AC S4.63Aa 55 . 1 SAa 
±0.46 ±0.86 ±0. 87 :0.68 ±1 .44 ±0.49 :1 . 1 9 ± 1 .29 __ ± 1]5 ___ __ ±0.87 

Means with the same capital letter within a column and same small letter within a row are not significantly different at 5% level 
(p<0.05). 
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Table 40 
Effects of modified atmosphere packaging (MAP) with ditTerent packaging materials on chroma value of shallot puree 

stored at 15±1 °C for 4 weeks 

Type of packaging material 

Storage 
period PETIPEI AWE 
(week) 

Control 5% C02 1 0% CO2 1 5% CO2 20% CO2 Control 

0 1 7.99AA 1 7.99AA 1 7.99AA 1 7.99AA 1 7.99AA 1 7.99AA 
±0.62 ±0.62 ±0. 62 ±0. 62 ±0.62 ±0.62 

1 1 6.01� 1 6.39tlCQ 16. 85n&oc 1 6.06� 16 .7 11:)OC 1 5 . 78l3e 
±0.43 ±0.75 ±0.25 ±0.46 ±0.29 ±0.32 

2 1 6.02ljCQ 1 5 .6 1�UQ 1 5. 77UJ 1 5 .69tjQ 1 5 .98UlO 1 5. 74tjQ 
±O.36 ±O.49 ±0.32 ±0.50 ±0.43 ±0.37 

3 1 5 . 1 4�a 1 5 . 85�aD 1 5 . 57�DC 1 5 . 8 1l:)a1) 1 5 .90�aD 1 5 . 1 9�ca 
±0.34 ±0.30 ±0.3 7 ±0.S9 ±0.S9 ±0.5 1  

4 1 4. 5 81)1) 1 5.28ua 14 .78uD 14. 8 1�D 1 5 .2208 1 5 .37�a 
±O.46 ±O.66 ±0.66 ±0.38 ±0.23 ±0.3 8  

OnylLLDPE 

5% CO2 10% CO2 

1 7.99AA 1 7.99AA 
±O.62 ±O.62 

1 7.25AA 1 7. 08l:)a1) 
±0.35  ±0.40 

1 7. 54AA 16 .  891:)D 
±0.47 ±0.46 

1 5 .55HDC 1 6.08�a 
± 1 . S7 ±0.48 
1 5 .47Ha 1 5 .55ua 
±0.63 ±0.43 

1 5% CO2 

1 7.99AA 
±0.62 

1 7. 1 1Hab 
±0. 52 

1 6.49�1Xl 
±0.49 

1 6.05�ua 
±O.59 

1 5 .6 1  Ua 
±0.6 1  

20% CO2 

1 7 .99AA 
±0.62 

1 6.77HabC 
±0. 54 

1 6.471:)DC 
±0.26 

1 5 . 86�aD 
±0.48 

1 5 .63�a 
±0.42 

Means with the same capital letter within a column and same small letter within a row are not significantly different at 5% level 
(p<O.OS). 
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Table 41 
Effects of modified atmosphere packaging (MAP) with ditTerent packaging materials on L* value of shallot puree 

stored at 25:1 °C for 6 days 

Type of packaging material 

Storage 
period PET /PEl AlIPE OnylLLDPE 
(day) 

Control 5% COl 10% COl 1 5% COl 20% COl Control 5% COl 10% CO2 I S% COl 20% C02 

0 34.21va 34.21,-,a 34.21va 34.21 ,-,a 34.21 va 34 .21,-,a 34.21 va 34 .21va 34 .21,-,a 34.211,;a 
:0. 8 1  ±0.8 1  ±0. 8 1  ±0. 8 1  ±0.8 1  ±0. 8 1  ±0.8 1 ±0. 8 1  ±0. 8 1  ±0. 8 1  

2 37.  1 61,;ocO 37.98tsaD 3S .491,;c 36. 59nca 37 .441,;oc 37.24.1j1.,;oc 3 8.6 11,;a 36.09U1e 38 .  1 5t1aD 3S .09t1e 
±0. 86 ± 1 . 1 7 ±0.66 ±0.85  ± 1 .37 ± 1 .96 ±0.96 ±0.99 ± 1 .43 ±0.88 

4 45. 57t1C<1 46.34AI)C 45.45t1O 47.25Aat> 46.75Ab 47. 87Aa 46. 73t11> 47.68Aa 47. 1 1  AaI> 46.45f\D 
±0.99 ± 1 .07 ±0.76 ±0. 79 ±0.8 1  ±0.74 ±1 .48 ± 1 . 1 1  ±0.46 ±0.76 

6 47.07Aa 46.6SAaI> 46. SSAat> 47 .41  Aa 4S .72t1al> 42. 79A.Da 48.26P.A 45 .S 1 tsaD 47. S2Aa 46.68P.AD 
± 1 . 19  ±1 . 1 4 ±0. 79 ± 1 . 09 ± 1 . 1 8  ± 1 . 02 ±0. 74 .�U� _ ±0.8 1  ±0. S6 - ------

Means with the same capital letter within a column and same small letter within a row are not significantly different at 5% level 
([1<0.05). 
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Table 42 
Effects of modified atmosphere packaging (MAP) with different packaging materials on Hue angle of shallot puree 

stored at 2S±1 °C for 6 days 

Type of packaging material 

Storage 
period PET /PEl AlIPE OnylLLDPE 
(day) 

Control 5% CO2 10% CO2 1 5% CO2 20% CO2 Control 5% CO2 1 0% CO2 1 5% CO2 20% CO2 

0 28, 3sAa 28,3 5Aa 28 ,35Aa 28, 35Aa 28, 35Aa 28,3 5Aa 28,35Aa 28 , 35Aa 28, 35Aa 28,35Aa 
±1 . 14 ±1 . 14 ±1 . 14 ±1 . 14 ±1 . 14 ± 1 . 14 ±1 . 14 ±1 . 14 ± 1 . 1 4  ±1 . 14 

2 49.46\,:a 42.44\,:e 46,33\':00 46,71'"'00 47.46\,:D 46, 82\':00 40,38\,:1 4 1 .  59\,:er 43 ,96\,:0 45 ,99\':c 
±O,92 ±l ,06 ±O, 76 ±O,84 ± 1 . 1 1  ±2,63 ± l .OS ±l ,78 ± 1 . 1 l  ± 1 .35  

4 50, 66tsDC 49,30tsca 53 ,25tsa 50,33tsc 52,35tsaD 53.47tsa 48,27ti<1 53 ,68tsa 50,0 1  tsca 52,26tsaD 
± 1 .52 ± l , 54 ±O,88 ± l ,33  ±1 .39 ± 1 .63 ±1 .49 ±4,38 ±O,92 ±0.72 

6 59, 64ADCO 60,97AA 6 1 .09Aa 59, 97AabC 58,57AQ 59, 67ADCO 6 1 . 08AA 60, 88AA 60. 62AaD 59.43ACO 
±O,8 1  ± 1 . 3S ±O,97 ± 1 . 1 l  ±O,73 ± 1 . 1 3  ±O,89 ±1 .30 ± l ,78 ± 1 . 04 

Means with the same capital letter within a column and same small letter within a row are not significantly different at 5% level 
(p<O,OS). 
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Table 43 
Effects of modified atmosphere packaging (MAP) with different packaging materials on chroma value of shallot puree 

stored at 25±1 °C for 6 days 

Type of packaging material 

Storage 
period PET /PEl AlIPE OnylLLDPE 
(day) 

Control S% C02 10% CO2 1 S% CO2 20% CO2 Control S% C02 1 0% CO2 I S% CO2 20% CO2 

0 1 7.99AA 1 7.99AA 1 7.99AA 1 7.99AA 1 7.99AA 1 7.99AA 17 .99AA 1 7.99AA 1 7.99AA 1 7.99AA 
±0.62 ±0.62 ±0.62 ±0.62 ±0.62 ±0.62 ±0.62 ±0.62 ±0.62 ±0.62 

2 l S . 74tJC(1 1 6.22tl1lD I S .67OO I S .70OO I S .49OO I S . 9 1noca 1 6.22J3aO 1 6. 1 2noc 1 6.S7Ha 1 6.20Hab 
±0.39 ±O. S I  ±O.4S ±0.49 ±0.41  ± 1 .09 ±0.69 ±0. 9 1  ±0. S9 ±0.29 

4 1 4.49nocae I S .3 1  �ae I S .  7 1  J3a0Ca I S .78J3aOC I S . 1 713e I S .99na I S .41  �CQe I S .79�aoc 1 S .89�ao 16.00na 
±0.S4 ±0.24 ±0.22 ±0.42 ±0.55  ±0. S4 ±0. S3 ±0. 29 ±0.4 1  ±0.38 

6 1 4. S2�a I S .27�ao I S .3 1 J3aO l S .24�ao l S .03noca 1 S . l 8noc l S .84�a l S .S4�ao I S .23uao 14 .61�CQ 
±0.39 ±0.40 ±O.4S ±0.48 ±0.67 ±0.29 ±0.41  ±0.26 ±0.38 ±0.3S  

Means with the same capital letter within a column and same small letter within a row are not significantly different at S% level 
(p<O.OS). 
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Table 44 
Effects of modified atmosphere packaging (MAP) with different packaging materials on total plate count (Log CFU got) 

of shallot puree stored at 15±1 °C for 4 weeks 

Type of packaging material 

Storage 
period PETIPE/A1IPE OnylLLDPE 
(week) 

Control 5% C02 10% CO2 1 5% CO2 20% CO2 Control 5% CO2 1 0% CO2 1 5% CO2 20% CO2 

0 2.S7oa 2. S7Ea 2.S7va 2.S7va 2. S7l:a 2.S7va 2.S7va 2.S7va 2.S7va 2. S7va 
±0.0 1  ±0.01  ±0.0 1  ±0.01  ±0.0 1  ±0.01  ±O.O I  ±0.01  ±0.0 1  ±0.01  

1 4. 1 6l:11C 4. 1 l1JC<l 3 .96�e 3 .99�e 4. 091'<1 4.26�a 4.20l:b 3 .99Ce 4.07cd 4. 1 7cbc  
±0.O2 ±0.0 1  ±0.03 ±0.03 ±0.02 ±0.0 1  ±O.OO ±0.05 ±0.03 ±0.01  

2 4. 1 Sl:IICO 4. 16-ud 4. 1 580t 4. 1 1  tJeI 4. 1 5DOe 4.30�a 4.2 1l:b 4. 1 2801  4. 1 ll:1 4. 1 9l.'bc  
±0.0 1  ±O.OO ±0.0 1  ±0.0 1  ±0.02 ±0.0 1  ±0.0 1  ±O.OO ±O.O I  ±0.03 

3 4.23Hc 4.20Hcd 4. 1 7Ac 4.23AC 4.22Ac 4.42tsa 4.32BD 4.24AC 4.2 11!C 4.29HD 
±0.02 ±0.01  ±0.01  ±0.0 1  ±O.OO ±0.02 ±0.02 ±0. 02 ±O.OO ±0. 01  

4 4.3 1 Acd 4.2SAcde 4.23Ade 4.25Aoe 4.24Ade 4.94Aa 4.57AD 4.3 1ACO 4.33Ac 4.54Ab 
±0.0 1  ±0.02 ±0.02 ±0.0 1  ±0.03 ±O.OS ±0.01  ±0.03 ±O.OO ±0.01  

Means with the same capital letter within a column and same small letter within a row are not significantly different at 5% level 
(p<0.05). 
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Table 45 
Effects of modified atmosphere packaging (MAP) with different packaging materials on total plate count (Log CFU g-l) 

of shallot puree stored at 25:1 °C for 6 days 

Type of packaging material 

Storage 
period PET /PEl AlIPE OnylLLDPE 
(day) 

Control 5% CO2 10% CO2 1 5% CO2 20% CO2 Control 5% C02 1 0% CO2 1 5% CO2 20% CO2 

0 2 .87ua 2.87ua 2 .87ua 2. 871,;a 2. 87ua 2.87ua 2 .87ua 2 .87ua 2.87ua 2.87ua 
±0.0 1  ±0.01  ±0.0 1  ±0.01  ±0.0 1  ±O.Ol  ±0.01  ±O.O l  ±0.0 1  ±O.Ol  

2 3 .921,;&OC 3 . 8SI,;C<le 3 .791,;eI 3 .73H1 3 . 8 1�I 4.001,;a 3 .96(';ab 3 .82�I 3 . 8 l(';deI 3 .89(.;bCCl 
±O.O8 ±O.O I  ±0.0 1  ±0.04 ±O.O l  ±0.O4 ±0.02 ±O.OS ±O.O l  ±0.03 

4 4.2 lHDC 4.2 lHDC 4. 1 3  HI 4. 1 7AOC 4. l 9HCO 4.62J:Sa 4.24HD 4. l SHeI 4 .2lHDC 4. 1 9HCO 
±O.OO ±O.O l  ±O.OI  ±O.O l  ±O.O l  ±0.03 ±O.O l  ±0. 0 1  ±O.O l  ±O.O l  

6 4. S4AD 4.28AOe 4. l 8Ai 4.23AI 4.25AlleI S .22AA 4.S8AD 4. 24AeI 4.29All 4 .49AC 
±0.03 ±0.0 1  ±D.OO ±O. O l  ±O.O l  ±0.02 ±O.O l  ±0.03 ±0.0 1  ±0.02 

Means with the same capital letter within a column and same small letter within a row are not significantly different at 5% level 
(p<O.OS). 
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Table 46 
EtTects of modified atmosphere packaging (MAP) with ditTerent packaging materials on Lactobacillus count (Log CFU got) 

of shallot puree stored at 1S±1 °C for 4 weeks 

Type of packaging material 

Storage 
period PET /PEl Al/PE OnylLLDPE 
(week) 

Control 5% C02 10% CO2 1 5% CO2 20% CO2 Control 5% C02 10% CO2 1 5% CO2 20% CO2 

0 2.09ua 2 .09ua 2.09ua 2.09ua 2 .09ua 2 .09�a 2.09J:A 2.09ua 2 .09u 2.09ua 

±O. 1 3  ±O. 1 3  ±0. 1 3  ±O. 1 3  ±O. 1 3  ±O. 1 3  ±0. 1 3  ±O. 1 3  ±O. 1 3  ±O. 1 3  
1 3 .2 1� 3 .0 1  �n 3 . 1 5�I 3 . 39� 3 .43�DC 3 .27uo 3 .09ug 3 .23� 3 .44�o 3 . 5 1 1,,;8 

±O.OI  ±O.O2 ±0.O2 ±O.O l  ±O.O I  ±O.O l  ±O.O3 ±0.O2 ±O.O I  ±0.0 1  
2 3 . 77De 3 . 7 1 Dl 3 .73HI 3 .82HC<1 3 .85HC 3 .89A1> 3 .77�e 3 .79HO.e 3 .92A1> 3 .96� 

±O.OI  ±O.OO ±O.OI  ±O.O l  ±O.Ol  ±O.O2 ±O.O I  ±O.03 ±O.OI  ±O.OI  
3 3 .93A4e 3 .90AC 3 .94ACoe 3 .96ADDCO 3 .99AI'ADC 3.971\DCO 3 .95JjCQ 3 .971\DCO 4 .01 AAD 4.03/Ula 

±O.OO ±O.OO ±O.Ol  ±O. OO ±O.O2 ±O.O3 ±0.0 1  ±O.O3 ±O.O3 ±O.OI  
4 3 .971\0 3 .951\0 4.01ACO 4.05AC 4.07AI>C 3 .97A4 4. 1 6AA 4.0SAC 4.07AI>C 4. 1 3AAO 

±O. O2 ±O.OI  ±O.OI  ±O.O3 ±O.OI  ±O.OO ±O.O2 ±O.O6 ±O.O4 ±O.OI  
Means with the same capital letter within a column and same small letter within a row are not significantly different at 5% level 
(p<O.OS). 
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Table 47 
Effects of modified atmosphere packaging (MAP) with different packaging materials on Lactobacillus count (Log CFU g-l) 

of shallot puree stored at 25:1 °C for 6 days 

Type of packaging material 

Storage 
period PET /PEl AlIPE OnylLLDPE 
(day) 

Control 5% C02 10% CO2 1 5% CO2 20% CO2 Control 5% C02 1 0% CO2 1 5% CO2 20% CO2 

0 2 .09l:a 2.09l:a 2.09l:a 2.09l:a 2 .09l:a 2.09l:a 2 .09ua 2 .09ua 2 .09l:a 2.09l:8 
±0. 1 3  ±0. 1 3  ±0. 1 3  ±0. 1 3  ±0. 1 3  ±0. 1 3  ±0. 1 3  ±0. 1 3  ±0. 1 3  ±0. 1 3  

2 3 .091" 2. 84D') 3 .02Dg 3 . 1 7He 3 . 34DC 3 . 37DOC 2. 97l:n 3 .26Ul 3 .391:SD 3 .43Jj8 
±O.O I  ±0.01  ±0.04 ±O.OO ±O.OI  ±0.0 1  ±0.03 ±O.OO ±0.0 1  ±0.0 1  

4 3 . 581\0 3 .44AS 3 . 5 1Ac1 3 .62ACQ 3 . 7 1All 3 .65ADC 3 .47Hlg 3 . 56DQe 3 .691\&0 3 .74AA 
±0.03 ±0.01  ±O.OO ±0.02 ±0.04 ±0.02 ±0.0 1  ±0. 06 ±0.0 1  ±0.0 1  

6 3 .70AC 3 .56AQ 3 .69AC 3 .77AD 3 . 83Al1 3 .77AD 3 . 68AC 3 .78AD 3 . 8 1AaO 3 . 85AA 
- ±O.OI ±O.03 ±O.QO _ �0.02 _ ±O. OO ±0.0 1  ±O.O2 ±0.03 ±O.Ol  ±0.O2 ------

Means with the same capital letter within a column and same small letter within a row are not significantly different at 5% level 
(p<0.05). 
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Table 48 
Effects of modified atmosphere packaging (MAP) with different packaging materials on coliforms (MPN got) of shallot 

puree stored at 5:1 °C for 12 weeks 

Type of packaging material 

Storage 
period PETIPEI AVPE OnylLLDPE 
(week) 

Control 5% C02 10% CO2 1 5% CO2 20% CO2 Control 5% CO2 10% CO2 1 5% CO2 20% CO2 

0 <3 .0 <3 .0 <3 .0 <3 .0  <3 .0  <3 .0 <3 .0 <3 .0  <3 .0  <3 .0 

2 <3 .0  <3 .0  <3 .0  <3 .0 <3 .0 <3 .0  <3 .0  <3 .0  <3 .0  <3 .0 

4 <3 .0 <3 .0 <3 .0 <3 .0 <3 .0 <3 .0 <3 .0  <3 .0 <3 .0  <3 .0  

6 <3 .0 <3 .0 <3 .0 <3 .0 <3 .0 <3 .0 <3 .0 <3 .0 <3 .0 <3 .0 

8 <3 .0 <3 .0 <3 .0 <3 .0  <3 .0 <3 .0  <3 .0 <3 .0  <3 .0  <3 .0 

1 0  <3 .0  <3 .0  <3 .0  <3 .0  <3 .0  <3 .0  <3 .0  <3 .0  <3 .0  <3 .0  

12  <3 .0 <3 .0 <3 .0 <3 .0 <3 .0  <3 .0 <3 .0  <3 .0 <3 .0  <3 .0 
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Table 49 
Effects of modified atmosphere packaging (MAP) with ditTerent packaging materials on coliforms (MPN got) of shallot 

puree stored at 15::1:1 °C for 4 weeks 

Storage 
period PET /PEl AlIPE 
(week) 

Control 5% C02 10% CO2 

0 <3 .0 <3 .0  <3 .0  

1 <3 .0 <3 .0  <3 .0  

2 <3 .0  <3. 0  <3 .0 

3 <3 .0 <3 .0  <3 .0 

4 <3 .0 <3 .0 <3 .0 
- - - --

Type of packaging material 

1 5% CO2 

<3 .0  

<3 .0  

<3 . 0  

<3 .0 

<3 . 0  
-'---

20% CO2 

<3 .0  

<3 .0  

<3 .0  

<3 .0  

<3 .0  
-- -

Control 

<3 .0  

<3 . 0  

<3 .0  

<3 .0  

<3. 0  
--'---

OnylLLDPE 

5% C02 10% CO2 

<3 .0  <3 .0 

<3 . 0  <3 .0 

<3 .0  <3 .0 

<3 .0  <3 .0  

<3 . 0  <3 .0  
-------L ----- -

1 5% CO2 

<3 . 0  

<3 .0 

<3 .0  

<3 .0  

<3 .0 
---------- --

20% CO2 

<3 .0 

<3 .0  

<3 .0 

<3 .0 

<3 .0 
----------

I 
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Table 50 
Effects of modified atmosphere packaging (MAP) with different packaging materials on coliforms (MPN g-l) of shallot 

puree stored at 25:!:1 °C for 6 days 

Type of packaging material 

Storage 
period PETIPE/AlIPE OnylLLDPE 
(day) 

Control 5% C02 10% CO2 1 5% CO2 20% CO2 Control 5% C02 1 0% CO2 1 5% CO2 20% CO2 

0 <3 .0 <3 .0  <3 .0  <3 .0  <3 . 0  <3 .0 <3 .0 <3 .0 <3 .0  <3 .0 

2 <3 .0 <3 .0 <3 .0 <3 .0 <3 .0 <3 .0 <3 .0 <3 .0  <3 .0  <3 .0 

4 <3 .0 <3 .0 <3 .0  <3 .0  <3 .0 <3 .0  <3 .0  <3 .0  <3 .0  <3 .0  

6 <3 .0  <3 .0  <3 .0  <3 .0  <3 . 0  <3 .0 <3 .0  <3 .0  <3 .0  <3 .0  
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Table 51 
Effects of modified atmosphere packaging (MAP) with different packaging materials on Pseudomonas spp. count 

(CFU got) of shallot puree stored at S±1 °C for 12 weeks 

Type of packaging material 

Storage 
period PET /PEl A1!PE OnylLLDPE 
(week) 

Control 5% C02 1 0% CO2 1 5% CO2 20% CO2 Control 5% CO2 1 0% CO2 1 5% CO2 20% CO2 

0 < 1 .0XlO <l .OXIO <l .OXIO <1 .0XlO <1 .0XlO < 1 .0XIO <1 .0XI O < l .OXIO < 1 . 0XIO <1 .0XIO 

2 < 1 .0XIO  <l .OXIO <l .OXIO < 1 .0XIO <l .OXIO < l . OXIO <l .OXl O < 1 .0XlO  < l .OXIO <1 .0XlO 

4 <l . OX l O  <l . OXIO <l .OXIO  <l .OXIO <l .OXIO  < 1 . 0XIO < l . OXIO < l . OXIO  <l .OXIO <l . OXlO 

6 < 1 . OX 1 0  <l .OXlO <1 .0XIO <1 .0XIO < 1 . 0XlO  < 1 .0XlO < l .  OX 1 0  < 1 . 0XIO  < 1 .0XIO <I .OXIO 

8 < l .OXIO  <l .OXIO <1 .0XIO < 1 .0XIO <1 .0XlO  < 1 .0XIO <l .OXIO < 1 .0XIO  < 1 .0XIO < 1 . 0XlO I 

1 0  < 1 .0XlO <l .OXIO <l .OXIO < 1 .  OX 1 0  <1 .0XIO < 1 .  OX 1 0  < l .OXIO < 1 .0XIO < l .OXlO <I .OXIO 

1 2  < l .OXIO <l .OXIO <1 .0XIO < 1 .0XIO <1 .0XIO  < 1 .0XIO < 1 . 0XIO < 1 .0X I O  < l .OXIO < 1 .0XIO 
-L .� -----
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Table 52 
Effects of modified atmospbere packaging (MAP) witb different packaging materials on Pseudomonas spp. count 

(CFU got) of sballot puree stored at 15:t:l °C for 4 weeks 

Storage 
period 
(week) 

Control 

0 <l . OXlO 

I < 1 .  OX 1 0  

2 <l .OXIO 

3 < l . OXIO 

4 < l .  OX 1 0  

PET /PEl AlIPE 

5% C02 

<l .OXIO  

<l .OXlO 

<l .OXIO  

<l .OXIO  

< l . OXIO  

1 0% CO2 

<l .OXIO 

<1 .0XIO 

<l .OXlO  

<l .OXIO 

<l .OXIO 

Type of packaging material 

OnylLLDPE 

1 5% CO2 20% CO2 Control 5% CO2 1 0% CO2 1 5% CO2 20% CO2 

<l .OX l O  <l .OXlO  <l .OXlO  <l .OXlO <l .OXIO  <l .OXIO  <l .OXIO 

<l .OXIO <1 .0XlO <l .OXlO  <l .OXIO <l .OXIO <l .OXIO  <l .OXIO 

<l .OX I O  <l .OXlO <l .OXIO  <l .OXIO <l .OXlO  <l .OX I O  <l .OXlO 

<l .OX l O  <l .OXlO  <l .OXIO  <l .OXIO <l .OXlO <l .OXIO  <l .OXlO 

<l .OXlO <l .OXIO  <l .OXIO  < l .OXlO <l .OXIO  <l .OX l O  <l .OXIO 

-
0\ 00 



Table 53 
Effects of modified atmosphere packaging (MAP) with different packaging materials on Pseudomonas spp. count 

(CFU g-l) of shallot puree stored at 25:1:1 °C for 6 days 

Type of packaging material 

Storage 
period PET /PEl AlIPE 
(day) 

Control 5% C02 1 0% CO2 1 5% CO2 20% CO2 Control 

0 < 1 . OX 1 0  <l .OXIO <1 .0XIO <l .OXIO <l .OXIO < 1 .0XIO 

2 <l . OXlO <l .OXIO  <l .OXIO <l .OXIO < l . OXlO  <1 . 0XIO  

4 < l . OXIO  <l .OXIO <l .OXIO  < l .OXIO  < 1 .0XIO  < 1 .0XIO 

6 <l .OXIO <l .OXIO < 1 .  OX IO  <1 .0XIO < 1 .0XIO < 1 .0XIO 

OnylLLDPE 

5% CO2 1 0% CO2 

< 1 .0XlO  < 1 .0XIO  

< 1 . 0XlO  <1 .0XIO  

<1 .0XIO  <1 .0XIO 

<l .OXIO < 1 . 0XlO 
---� --

1 5% CO2 

< 1 .  OX 1 0  

< 1 . 0XIO  

<1 .0X I O  

< 1 .0XIO  
------ � -

20% CO2 

< 1 .  OX 1 0  

<1 .0XlO 

< 1 .0XIO  

< l .OXIO 
-

i 

-0\ '0 



Table 54 
Effects of modified atmosphere packaging (MAP) with different packaging materials on yeast and moulds count 

(CFU got) of shallot puree stored at 5±1 °C for 12 weeks 

Storage 
period PET /PEl AlIPE 
(week) 

Control 5% CO2 1 0% CO2 

0 <l .OXIO <l .OXIO <l .OXlO  

2 <l . OXlO <l . OXIO <l .OXlO  

4 < l .OXIO <1 .0XIO <1 . 0X l O  

6 <1 .0XIO <l .OXlO  <l .OXIO  

8 <1 .0XIO <1 .0XIO <l ,OX I O  

1 0  <l . OXlO <l .OXlO <l .OX l O  

1 2  < 1 .  OX 1 0  <l . OXlO  <l .OX I O  
- "---

Type of packaging material 

1 5% CO2 

<l .OXIO  

<1 .0XIO  

<l . OX I O  

<1 . 0XIO 

<l ,OXIO  

<l .OXIO 

<l .OXIO  
--

20% CO2 

<I .OX l O  

< 1 .0X I O  

< 1 .0X I O  

<1 .0X I O  

<l .OX l O  

<l .OX l O  

<l .OX I O  
- ---- -

Control 

<l .OXlO  

<1 .0XIO  

< 1 .0XIO  

<1 .0X I O  

< l .OXIO  

< l . OXIO  

<l .OX I O  
-- -- ---

OnylLLDPE 

5% C02 1 0% CO2 

<l .OX l O  <l .OXIO  

<1 . 0X I O  < 1 .0XIO  

<1 . 0X I O  < 1 .0X I O  

<l . OX l O  < 1 .0XIO 

<l .OX l O  < 1 .0XIO  

<1 .0XIO < 1 . OX 1 0  

<1 . 0X l O  < 1 .  OX 1 0  
�- ------ - ----- -

1 5% CO2 20% CO2 

<l . OXlO  < l .OXIO  

< I .OXIO  < I .OXIO  

< 1 . 0X I O  < I .OXIO  

<1 .0XlO  <1 .0XIO 

<l .OX l O  < 1 .0XlO  

<1 .0XIO < l .OXlO  

< 1 .0XlO  < I .OXIO  
"--- -

I 

.... 
'-l o 



Table 55 
Effects of modified atmosphere packaging (MAP) with ditTerent packaging materials on yeast and moulds count 

(CFU got) of shallot puree stored at 15:1:1 °C for 4 weeks 

Type of packaging material 

Storage 
period PET /PEl AlIPE OnylLLDPE 
(week) 

Control 5% C02 1 0% CO2 1 5% CO2 20% CO2 Control 5% C02 1 0% CO2 1 5% CO2 20% C02 

0 < 1 .0XIO <1 .0XIO <1 .0XIO  <l .OXlO <1 .0X I O  <1 .0X I O  <1 .0XIO  < 1 .0XlO <1 .0XIO  < 1 .0XIO  

I < l .OXIO  <l .OXlO <l .OXlO  <l .OXlO  <l .OX l O  < l .OXlO <l .OX l O  < 1 .0XIO  < l . OXIO  < l .OXIO 

2 <l .OXIO <1 .0XlO <l .OXIO  <l . OXIO <1 . 0X I O  < 1 .0XIO  <l .OXIO  <1 .0XIO  <1 . 0XIO  < l .OXIO 

3 < 1 .  OX 1 0  <l .OXlO <l .OX l O  <l .OXIO  <1 . 0X I O  <l .OX l O  < 1 .0X I O  <l .OXlO  < l . OXIO  <l . OXIO  
I 

4 < 1 .0XIO  < 1 .0XIO < 1 .0XI O  < 1 .0XIO < 1 .0X I O  < 1 .0XIO  < 1 .0X I O  < 1 .0XIO  < 1 .0XIO < 1 .0XIO I 
- - - - -- -� '------ -- ----�--------- - - ----- I 

--..J 
-



Table 56 
Effects of modified atmosphere packaging (MAP) with different packaging materials on yeast and moulds count (CFU g-l) of 

shallot puree stored at 25%1 °C for 6 days 

Type of packaging material 

Storage 
period PET /PEl AlIPE OnylLLDPE 
(day) 

Control 5% CO2 10% CO2 1 5% CO2 20% CO2 Control 5% C02 1 0% CO2 1 5% CO2 20% CO2 

0 <l .OX I 0  <l .OXI0 < l .OXI0  <l .OXIO  <l .OX l O  < l .OX I O  <l .OXIO <1 .0X l O  < 1 .0XI0  <l .OXlO  

2 < l .OX l O  <l .OXlO <l .OXlO  < l .OXlO  <l .OXlO  < l .OXIO < l .OXIO < l .OX l O  <l .OXIO <l .OXIO  

4 <l .OXIO  <l .OXlO <l .OXIO  < l .OXIO <l .OXIO < l .OX I O  < l .OXIO < l .OXIO  < l .OXIO  < l .OXIO  

6 < 1 .  OX 10  <l .OXlO  <l .OXlO  < l .OXIO <l .OXIO  < l .OX I O  < l .OXIO < l .OXIO  <1 . 0XIO <l . OXIO  
- -- - - ---------- -

, 

I 

.... 

tj 



Table 57 
Effects of modified atmosphere packaging (MAP) with different packaging materials on pH value of shallot puree 

stored at 15:t:l °C for 4 weeks 

Type of packaging material 

Storage 
period PETIPE/AlJPE OnylLLDPE 
(week) 

Control 5% C02 1 0% CO2 1 5% CO2 20% CO2 Control 5% CO2 1 0% CO2 1 5% CO2 20% CO2 

0 4 .35AA 4.35AA 4.35AA 4 .35AA 4 .35AH1l 4. 3 SAHIl 4.35AH1l 4.3SAHIl 4.3SAHIl 4.3SAA 
±O.O l  ±O.Ol  ±O.Ol  ±O.Ol  ±O.OI  ±O.Ol  ±O.Ol  ±O.Ol  ±O.Ol  ±O.Ol  

1 4 .36AA 4.36AA 4.36Aa 4.36Aa 4.36Aa 4 .3SAHIl 4.35AH1l 4.37Aa 4.37Aa 4.37Aa 
±O.Ol  ±O.OO ±O.Ol  ±O.OO ±O.OI  ±O.OO ±O.Ol  ±O.Ol  ±O.OO ±O.Ol  

2 4 .36AA 4.36AA 4.36AA 4.37AA 4.36AA 4 .37AA 4.37AA 4.37AA 4.37AA 4.37AA 
±O.OO ±O.Ol  ±D.Ol  ±O.O l  ±O.OO ±O.OO ±O.Ol ±O.Ol  ±O.OO ±O.OO 

3 4 .33J:Sc 4.3 5Aa11 4.3SAaOC 4 .36Aa 4.33�DC 4.35tsaDC 4. 34l:SaDC 4.35Al:Sab 4.35�aDC 4.35AAb 
±O.Ol  ±O.Ol ±D.Ol  ±O.O l  ±O.Ol  ±O.Ol  ±O.Ol  ±O.OO ±O.O l  ±O.Ol  

4 4.29UX1 4. 29HcX1c 4 . 19HcX1c 4.29HGe 4.3 1(';DCIl 4.2� 4.3 1(.;aDC 4.33Ha 4.33(.;a 4 .33HaD 
±O.O l  ±O.OI  ±O.OO ±O. O l  ±O.O l  ±O.Ol  ±O. OO ±O. O l  ±O. O l  ±O.Ol  --

Means with the same capital letter within a column and same small letter within a row are not significantly different at 5% level 
(p<O.05). 

--....l I..W 



Table 58 
Effects of modified atmosphere packaging (MAP) with different packaging materials on pH value of shallot puree 

stored at 2�1 °C for 6 days 

Storage 
period PET /PEl AlIPE 
(day) 

Control 5% C02 1 0% CO2 

0 4.361\& 4.36AA 4.36AA 
±0.01  ±0.0 1  ±O.O I 

2 4 .35& 4.35AH4 4.36AA 
±O.OO ±O.OO ±O.OO 

4 4.33� 4.35D11OC 4. 351\&OC 
±0.02 ±O.O I  ±O.OI  

6 4.32\,;D 4.33\,;D 4.351\& 
±O.OI  _ L-_ ±O.OO ±D.OO - -

Type of packaging material 

1 5% CO2 

4.36AA 
±0.01  

4.34AHaO 
±0.0 1  

4 .35AHabc 
±O.O I  
4.33HD 
±O.O} __ 

20% CO2 Control 

4.36AA 4.36AA 
±D.O l  ±0.01  

4 .35AH4 4.33H«l 
±O.OO ±O.OO 

4.33noc 4.33� 
±O.O I  ±O.O I  
4 .32\,;D 4.33HD 

'--------±O. O_I _ ±O.OI  

5% C02 

4.36AA 
±O.O I  
4 .36AA 
±0.0 1  

4.361\&0 
±O.O I  
4 .361\& 
±O.OO 

OnylLLDPE 

1 0% CO2 1 5% CO2 20% CO2 

4.36AA 4.36AA 4.36AA 
±0.01  ±O.O I  ±0.01  
4 .35AA 4.34AHaO 4.35AH4 
±0.0 1  ±0.0 1  ±O.OO 
4.361\& 4. 34J\DADC 4. 34n1loc 
±O.O I  ±O.O I  ±O.OI  
4.361\& 4 .33HD 4 .33\,;D 
±O.OO ±O.OO ±O.OI  ----- --_._._-

Means with the same capital letter within a column and same small letter within a row are not significantly different at 5% level 
(p<0. 05). 

-....,J � 



Table 59 
Effects of modified atmosphere packaging (MAP) with different packaging materials on total soluble solids content (OBrix) of 

shallot puree stored at 15:1 °C for 4 weeks 

Type of packaging material 

Storage 
period PET /PEl A1IPE OnylLLDPE 
(week) 

Control 5% COz 10% CO2 1 5% CO2 20% COz Control 5% C02 1 0% CO2 1 5% CO2 20% CO2 

0 1 9.60Aa 19.60Aa 1 9.60Alia 19 .60Aa 1 9.60Aa 19.60Aa 1 9.60Aa 1 9.601\& 1 9. 601\& 1 9.601\& 
±O.OO ±O.OO ±a.oo ±0.00 ±O. OO ±0.00 ±O.OO ±0.00 ±O. OO ±O. OO 

1 1 9. 5 51\& 1 9.651\& 1 9.651\A 19. 551\A 1 9. 5SI\A 19 . 55An& 19 . 551\A 1 9. 551\A 1 9.601\A 1 9. 551\A 
±0.07 ±0.07 ±0.07 ±0.07 ±0.07 ±0.07 ±0.07 ±0.07 ±O. OO ±0.07 

2 1 9.651\A 1 9.60AA 19.65AA 1 9.6SI\A 1 9.65AA 1 9.60AA 19 .55AA 1 9.65AA 19 .55AA 1 9. 5SAA 
±0.07 ±a.oo ±0.07 ±0.07 ±O.07 ±O.OO ±0.07 ±0.07 ±0.07 ±0.07 

3 1 9 .60Aa 19 .5SAa 1 9.5SAlia 1 9.6SAa 1 9.60AA 19 .65Aa 1 9.6SAA 1 9.60Aa 19 .65Aa 1 9.65Aa 
±0.07 ±0.07 ±O.07 ±0.07 ±O.OO ±0.07 ±0.07 ±O.OO ±0.07 ±0.07 

4 19 .5SAa 19 .5SAA 19.45AaD 19 .55AA 19 .55AA 19.4SHab 1 9.3500 19 .3500 1 9.35"D 1 9.60AA 
±O.OO ±0.07 ±0.07 ±0.07 ±0.07 ±0.07 ±0. 07 ±0.07 ±0.07 ±O.OO 

Means with the same capital letter within a column and same small letter within a row are not significantly different at 5% level 
(p<O.OS). 

...... -.) Vl 



Table 60 
Effects of modified atmosphere packaging (MAP) with different packaging materials on total soluble solids content (OBrix) of 

shallot puree stored at 25±1 °C for 6 days 

Type of packaging material 

Storage 
period PET /PEl AlIPE OnylLLDPE 
(day) 

Control 5% C02 1 0% CO2 1 5% CO2 20% CO2 Control 5% C02 1 0% CO2 1 5% CO2 20% CO2 

0 19 .60Aa 19 .60Aa 19.60Aa 1 9.60Aa 19 .60Aa 19 .60Aa 1 9.60Aa 1 9.60Aa 1 9. 60Aa 1 9.60Aa 
±O. OO ±O.OO ±O.OO ±O.OO ±O.OO ±O.OO ±O.OO ±O.OO ±O.OO ±O.OO 

2 19 . 55AA 1 9.45m 19.60AA 19 .5SAA 1 9.60AA 1 9. 50Am 1 9. 5SAa 1 9.60Aa 1 9. 5SAa 1 9.4Sm 
±0.07 ±O.O7 ±0.07 ±0.O7 ±O. OO ±0.O7 ±0.07 ±O.OO ±0.07 ±0.07 

4 1 9. 35ttc 1 9.45liOC 1 9.45l:iOC 1 9.60Aa 1 9.55AaO 1 9 .4 SISI,;DC 1 9.55AaD 1 9.60Aa 1 9.60Aa 19.55AlSaD 
±0.O7 ±O.07 ±0.07 ±O. OO ±0.07 ±0.07 ±0.07 ±O.OO ±O.OO ±0.07 

6 1 9.2S\';DC 1 9.55ABa 19.3S(":D 1 9. 60Aa 19.60Aa 19 . 1 5(..:0 19 .60Aa 1 9.45Hab 19 .55Aa 1 9.4SHab 
----------- � - -----_±0.07 ±0.07 ±D.OO ±O.OO ±O.OO ±O. 14 ±O.OO ±0.07 ±0.07 ±0.07 -- -
Means with the same capital letter within a column and same small letter within a row are not significantly different at 5% level 
(p<0.05). 

..-....,J 0'1 



Table 61  
Coliforms, Pseudomonas spp., and yeast and moulds counts of control and 100/0 COl OnylLLDPE packaging of shallot puree 

during storage at 5:1:1 °C for 12 weeks 

Coliforms (MPN gol) Pseudomonas spp. count (CFU gol) Yeast and Moulds count (CFU gol) 

Storage period 
(week) Control 10% CO2 Control 1 0% CO2 Control 10% CO2 

OnylLLDPE OnylLLDPE OnylLLDPE 

0 <3 .0 <3 . 0  <1 .0XIO <1 . OX 10  <1 .0Xl O <1 .0XlO  

2 <3 .0 <3 . 0  <1 .0XIO <l .OXlO  <1 .0XIO  <l . OXIO 

4 <3.0  <3 .0 < 1 .0XIO  <l .OX I O  < l .OXIO  <l .OX I O  

6 <3 .0  <3 .0  < l . OXIO < l .OX I O  <l .OXIO <l .OXIO 

8 <3 .0  <3 . 0  < l .OXIO < l .OX l O  <l .OXlO  <l .OXIO  

10  <3 .0  <3 .0  <1 .0XIO < l . OXlO  <l .OXIO <l .OXlO  

12  <3.0  <3 .0  < 1 .0XlO < l .OX I O  <l .OXlO  < 1 .0XIO 
_._._-- --
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Appendix C 

(Plates) 



Plate 1. Control shallot puree (no treatment). 

Plate 2. Heated shallot puree. 

179 



Plate 3. Acidified shallot puree. 

Plate 4. Acidified + heated shallot puree. 
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Plate 5. Shallot puree packed in OnyfLLDPE after 12 weeks 
storage at 5 °C (Control). 

Plate 6. Shallot puree packed with 10% CO2 in OnyfLLDPE 
after 12 weeks storage at 5 °C. 
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