Chapter 4

Result and discussion

4.1 Fil_ldilig a goo& qualitjr orange juice from orange fruit produced locaily in
Chiang Mai |

| Orange varieties that were stﬁdied-in this research were Keaw Wan Prae and

3 Sa1 ‘.Na'm_phung. After producing orange juices, the two orange varieties were different

- m their taste and color based on a direct obserVatidn; The Keaw Wan Prae orange jﬁcc

7-ha‘d only _sourA'taste and the juice had a y;ellow to orange color, whercas the Sai

' Namphung orange juice had sour and sweet taste with more orange color than the other

orange juice.

- 4.1.1 Physical measurement of orange juices from Keaw Wan Prae and Sai
Namphung varieties

The results of physical measurement of different varieties of orange juices were
displayed in Table 4.1. From this Table it showed that both orange varieties did not
significantly produce different orange juice yields after extraction processes. However,
these orange juices were significantly different in other physical properties, including
b* value, cloudiness of the juice and viscosity parameter.

For color measurement, Table 4.1 displayed that the L and a* values of Keaw
Wan Prae and Sai Namphung orange juices were nof significantly different, which
meant that the lightness and redness of both orange juices were similar. However, the
b* value for the 2 orange juices was significantly different. The b* value of Sai
Namphung orange juice was higher than that of Keaw Wan Prae orange juice. This
result was confirmed the result of the direct observation for the orange juices (please,

see above explanation) and it could be seen from the picture in Appendix A Fig. A3.
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At the same time, the result of the color measurement was affected by the
carotenoid content in the orange juices. Carotenoids are yellow, orange and red
pigments that present in many commonly eaten fruits and vegetables (Holden erf al.,
1999). As the content of carotenoid was higher, the intensity of the color would also be
higher. However, the result of this section found that the Keaw Wan Prae orange juice
that had lower b* value, had a higher carotenoid content than that of the Sai
Namphung orange juice (Table 4.6). The contradiction effect of caroténoid that was
L fm‘iﬁd in ltlhis s,eé:_tibn-show,éd 'thét other factors might havé'higher contribution to the
.fesﬁlt 6f the 0610r méaisilfement These féc_tbr would include the nipeness period and

climate conditions during growing of the orange fruit (Ingallinera ez af., 2004).

Table 4.1 The physical characteristics of Keaw Wan Prae and Sai Namphung orange

juices
-Phjsical measurement O Orénge varieties
| Keaw Wan Prae -Sai Namphung

1. .Color

© - L value 41.82+1.20" 41.04+1.20°

- a* value 5.81+0.98" 7.09+0.58"

- b*value 29.43+0.31° 31.030.56"
2. Cloudiness (%T) . 154442.16" 21.7240.35°
3. Viscosity (cps) 2.114:0.03° 4.9210.06"
4. Extraction (%) 32.05:305° 31.62+1.66"

*) Values within a row followed by different letters were significantly different (P < 0.05)

Cloud stability is an important quality parameter for orange juice. Loss of this
parameter can be due to the activity of pectinesterase (PE) enzyme (Ingallinera ef al.,

2005). In this study, the cloud stability was measured based on light transmission (%T)
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using a spectrophotometer at 640 nm. The result showed that the Sai Namphung—
orange juice was significantly higher in the cloudiness measurement compared to that
of the Keaw Wan Prae orange juice. At the same tﬁne,- a measurement in the PE
enzyme showed that the Keaw Wan Prac orange juice was significantly contained
higher conéentration of the enzyme than that of the Sai Namphung orange juice (pleasé,
~ refer to Table 4.2). Since the measurement of cloudiness of the orange juices was
carried out for fresh orange juices, the cloudiness values in this section might not be
| 'directly correlated with the amount of the PE e_hzyme. There was a possibility that the
cloudiness measurement was more correlated with the ‘sugar contént of the orange
juicé, since the reducing sugar of the Sai Namphung orange juice was significantly
lower than that of the Keaw Wan Prae orange juice (Table 4.2). Moreover, the Keaw
Wan Prae orange juice had higher values of Total Soluble Solid, Total Solid, invert
sugar and total sugar compared to those of the Sai Namphung orange juice (Table 4.2).
Viscosity is'an impoi'tant parameter for orange juice because this property has a
potential ilﬁpact on the sensory quality of the juice, such as mouthful. The viscos_ity of
an orange juice is related to the quantity and consistency of the juice pulp (Farnworth
et al., 2001). In this study, the result showed that the viscosity of Sai Namphung
orange Juice was significantly higher than that of the Keaw Wan Prae orange juice
(Table 4.1). This result might be correlated with the result of fiber measurement
{please, refer to Table 4.2), in which the Sai Namphung orange juice contained higher

fiber content than that of the Keaw Wan Prae orange juice.

4.1.2 Chemical measurement of orange juices from Keaw Wan Prae and Sai
Namphung varieties

The chemical measurement of Keaw Wan Prae and Sai Namphung orange
juices can be seen in Table 4.2. From 14 different analyses, it showed that both orange

juices were not significantly different in the term of pH, Total Soluble Solid (TSS),
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moisture content, total solid, invert sugar, total sugar, protein and fiber values.
Whereas the values of total titrable acidity, reducing sugar, fat, ash, carbohydrate and

PE enzyme were significantly different for these orange juices.

Table 4.2 The chemical properties of Keaw Wan Prae and Sai Namphung orange juices

Chemical measurement | Ora_nge varieties
, Keaw Wan Prae | Sai Nampl_l_ling
LpH 44120077 | 4.460.04°
2. Total Soluble Solid (TSS) 12.67+0.64° 11932007
CRrix) |

3. Total titrable acidity 0.6320.06" _ 0.49+0.05"

(% citric acid) | |
4. Moisture (%) 87.61+0.65" 88.2240.19"

5. Total Solid (TS) (%) 12.39:40.65" 11.78+0.19"

6. Reducing sugar (%) _ 5.56+0.23° 3.9240.36"
7. Invert sugar (%) 9.17+0.47" 9.05+0.53"

1 8. Total sugar (%) . 8.99+0.46" T 8.79+0.53"
9. Protein content (%) 0.74+0.08" 0.77i0:05a
10. Fat content (%) 0.63+0.06° 0.3620.08"
11. Ash content (%) , 0.3120.02° 0.98::0.05"
12. Carbohydrate (%) 10.62+0.60" 9.421+0.31°
13. PE enzyme (PMEu/g.s.s) 1.1740.14° 0.65+0.12°
14. Fiber 0.09+0.04* 0.24+0.10"

*) Values within a row followed by different leiters were significantly different (P = 0.05)

The results of total titrable acidity showed that Keaw Wan Prae orange juice

was significantly contained more citric acid than that of Sai Namphung orange juice.
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Thls result was correlated with the taste of the juice, in which a sour taste could be
detected in the Keaw Wan Prae orange juice more than that in the Sai Namphung
orange juice. For the contents of reducing sugar, fat, carbohydrate and PE enzyme, the
Keaw Wan Prae oremge Juice also had higher quantity than those in the Sai Namphung
orange juice. In the other hand, the Sai Namphung orange juice significantly centaiﬁed
more ash content compared to that in the Keaw Wan Prae orange juice.

Beside these anaiyses, the orange juice samples of Keaw Wan Pra_e and Sai.
Namphung-were also analysed for their flavour compos'ition‘ using acombmat{onof
Gas Chromatography and Mass Spectophotometer (GC-MS). The results for tlns
measurement were disp-layed in Tables 4.3 and 4.4 for Keaw Wan Pree and. Sai
Namphung orange juices, respectively. The overall results showed that the Keaw Wan
Prae orange juice had 21 flavour components, including 4 alcohols, 1 ester, 1 al_dehyde,
13 terpene hydrocarbons and 2 unknown compounds (Table 4.3). Whercas ﬁ1e Sai
Namphung orange juice was richer with flavour compounds, that had 26 identified
chemical compounds, including 6 alcohols, 5 esters, 14 terpene hydrocarbons and 1
unknown compound (Table 4.4).

From the alcohol group, the important flavour components in the Keew Wan
Prae and Sai Namphung orange juices were ethanol, linalool and o-terpineol. The
presence of ethanol gave an alcoholic note in both orange juices. The ethanol content
in the Keaw Wan Prae and Sai Namphung orange juices were 0.69 and 4.02%,
respectively. This ethanol content rises in ripening fruit as it is augmented by the
action of microorganisms which use sugars present in fruit as a source of energy
(Sanchez, 2004). Therefore, the result of the flavour measurement was related to the
levels of reducing sugar and the numbers of microorganism in the orange juice
samples. The analysis results showed that the Sai Namphung orange juice significantly
had lower reducing sugar content and higher number of microorganisms compared to

those in the Keaw Wan Prae orange juice (Table 4.2 and 4.5). Therefore, it could be
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concluded that the presence of microorganisms in the Sai Namphung orange juice

played an important role in reducing the level of reducing sugar and increasing the

amount of ethanol in the juice. For another flavour component, linalool, it makes a

positive contribution to orange flavour in combination with several other orange

volatiles. Beside that, the component also has a floral-woody odour with a faintly

* Table 4.3 Flavour components of Keaw Wan Prae orange juice

‘Component

‘Retention time -\(mi:i) -

% of total

Alcohols
Ethanol
Linalool
Terpinene-4-ol

a-Terpineol

Esters

Ethyl acetate

Aldehyde
Hexanal

Terpene hydrocarbons
Ethylallene or isoprene
«-Pinene

Camphene

Sabinene

1.61
9.46
11.44
11.72

2.01

3.41

1.72
5.89
6.15
6.63

0.69
0.70
0.03
0.05

0.07

0.05

0.10
1.32
0.03
0.07
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Table 4.3 (continued) Flavour components of Keaw Wan Prae orange juice

Component

Retention time (min)

% of total

g-Pinene

ﬁ-Myi‘céne

1-Phellandrene

o-Terpinene

Camphogen

d-Limonene

Trans- B-Ocimene or 1,3,7~Octatriﬁe
y-Terpinene | |
o-Terpinolene

Unknown

no.1

no.2

6.72
7.00
7.32
7.6 1
7.68
7.96
8.30
8.57
9.31

240
4.00

0.76
3.02
0.08
0.07
0.08

92.00
0.14
0.40

013

0.20
0.02

Table 4.4 Flavour components in Sai Namphung orange juice

Component

Retention time (min)

% of total

Alcohols

Ethanol
3-Methyl-1-butanol
2-Methyl-1-butanol
Linalool
Terpinenc-4-ol

a-Terpineol

1.62
2.80
2.84
9.46
11.44
1172

4.02
0.11
0.05
0.56
0.04
0.05
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Table 4.4 (Continued) Flavour components in Sai Namphung orange juice

Component Retention time (min) % of total
Esfers‘
Ethyl acetate 2.01 0.36
Ethyl propionate 2.60 0.16
Ethyl isobutyrate or Ethyl isobutanate 3.05 0.05
Ethyl butyrate or Ethyl butanoate 3.49 0.06
{ Ethyl 2-methyl butanoate 4.20 0.17
Terpene hydrocarbons |
Ethylallene or isoprene 1.72 ‘ 0.19
a-Thujene 5.74 0.06
a-Pinene 5.89 0.97
Camphene 6.15 0.02
Sabinene 6.63 0.30
B-Pinene 6.72 2.61
| B-Myrcene 7.00 3.59
1-Phellandrene 7.31 0.08
«-Terpinene 7.60 0.09
Camphogen 7.68 0.05
d-Limonene 7.98 85.58
Trans- §-Ocimene or 1,3,7-Octatrine 3.30 0.24
y-Terpinene 8.57 0.34
x-Terpinolene 931 0.11
Unknown
no.1 2.40 0.15
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citrusy-note (Selli ef al., 2004). The GC-MS results showed that the Keaw Wan Prae
orange juice had a higher content of linalool compared to the Sai Namphung orange
juice' (Tables 4.3 and 4.4). Another flavour compound of e-terpineol is generally
considered to make a negative contribution to orange flavour and the increase in its
amount is one of the more consistent findings in aged and heat-abused orange juice
products (Selli et al., 2004). Since the Keaw Wan Prae and. Sai Namphung orange
jﬁices that were analyzed by‘the GC-MS in this secﬁon were prepared from fresh
. orange jﬁices, the amount of a-terpineol in both orange Juices were low and closed to
each other (Tables 4.3 and 4.4). |
Ethyl acetate was the main ester component ﬂlat was presént in the Keaw Wan
Prae and Sai Namphung orange juices. Beside this compound, the Sai Namphung
orange juice also had other 4 ester components that were presence at lower amounts
tﬁan ethyl acetate (Table 4.4). The presence of ethyl acetate was positively correlated
with off-flavour and the presence of an after taste in the juice (Namutebi, 1998). Since
~ the amount of ethyl acetate was 5 times higher in. the Sai Namphung orange juice
compéred to that in the Keaw Wan Prae orange juice, there was a possibility that off-
flavour and an after taste could be detected easier in the Sai Namphung orange juice
compared to those in the Keaw Wan Prae orange juice.
The variety of terpene hydrocarbon components in the Sai Namphung orange
Juice was higher by 1 compound compared to the terpene hydrocarbons in the Keaw
Wan Prac orange juice, which had 13 compounds. However, the main terpene
hydrocarbons that were present in both orange juices were g-Myrcene, d-limonene and
y-Terpinene. The amount of d-limonene in the orange juice samples represented as the
main flavour compound with a contribution of 92.0 and 85.6% in the Keaw Wan Prae
and Sai Namphung orange juices, respectively. D-Limonene has a weak, citrus-like
aroma and is considered as one of the major contributors to orange flavour (Selli ef al.,

2004). According to Jia et al. (1999), d-limonene is the most important flavour for



orange juice quality. The compound B-Myrcene is the second most abundant terpene
hydrocarbons in both orange juices. This finding was similar to the report for other
orange juices (Selli et al., 2004). The compound had an “almost citrusy” and a “sweet-
balsamin-herbaceous” taste at levels below 10 ppm (Selli et al., 2004). For y-Terpinene
that- was present at 0.34-0.40% in both orange juices, the flavour compound 1s a
component of orange peel oil and is slightly bitter-hierbaceous, but becomes pleasant
and citrusy at .concentrations below 40 ppm (Selli et al., 2004). |
Be_si_des alcbhol, ester and terpene hydrocarbon _compounds, the Keaw Wan
Prae orahge Juice 'cont-aine.d-an aldehyde compound that was identified as hexanal.
-Hexanal has a strong; penetrating, fatty-green and grassy unripe fruit odour
(Leffingwell, 1999). |

4.1.3 Microbiological measurement of orange juices from Keaw Wan Prae and
Sai Namphung varieties

The number of microorganisms in orange juices is an important quality
parameter for orange juices because the presence of thesé organisms can significantly
affect the shelf life of the juices, particularly for the fresh orange juice. The result for
the mjcrobiolbgical analyses of Keaw Wan Prac and Sai Namphung orange juices was
arranged in Table 4.5. The collected data showed that the Sai Namphung orange juice
significantly contained higher amounts of microbial population compared to that in the
Keaw Wan Prae orange juice. The presence of a high number of microorganisms in the
Sat Namphung orange juice affected the chemical and flavour characteristics of the
juice. Data from chemical analyses showed that the Sai Namphung orange juice
contained higher levels of ethanol flavour and lower levels of reducing $ugar content
compared to those in the Keaw Wan Prae orange juice. There was a high possibility
that the microorganisms in the Sai Namphung orange juice used the sugar in the

orange juice and produced ethanol flavour as suggested by Sanchez et al. (2004). In
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addition, the chemical analyses showed that the Keaw Wan Prae orange juice had a
higher titrable acidity compared to that of the Sai Namphung orange juice (Table 4.2).
The higher level of citric acid or lower pH values might responsible to a lower number
of microorganisms in the Keaw Wan Prae orange juice, since the low pH or high

acidity inhibits microorganism growth (Pandell, 1999).

Table 4.5 Microbiolbgical_ analyses of Keaw Wan Prae and Sai Namphung orange -

juiceg -
Microbiological analysis ~ Orange varieties
, 7 Keaw Wan Prae . Sai Namphung
1. TPC (log CFU/ml) o 2.8340.18" 6.31+0.38
2. Yeast and Mold (log CFU/m) 3.2040.13° 3.62+0.22"

*) Values within a row followed by different Ietters were significantly different (P < 0.05)

‘4.17.4 Nutritional measurement of different orange juices from Keaw Wan Prae
and Sai Namphung varieties

The nutritional analysis of orange juice samples was carried out for vitamin C
and carotenoid contents. The result for the analyses was exhibited in Table 4.6.

VVita:mjn C or ascorbic acid is one of the most important vitamins found in
citrus juices, including orange juice. Although different varieties of orange will
present different levels of vitamin C content, other factors, such as ripening processes
and levels of citﬁc acid can also affect the content of this vitamin in orange juices
(Nagy, 1980). From Table 4.6, it was shown clearly that the Keaw Wan Prae orange
juice was significantly contained more vitamin C compared to that in the Sai
Namphung orange juice. The Keaw Wan Prae orange juice had a vitamin C content of
30.71 + 8.13 mg/100 ml orange juice, which was almost 3 times higher than that in the

Sai Namphung orange juice. Since Nagy (1980) reported that the content of vitamin C
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was stabilized byra higher level of citric acid, a measurement of total titrabic acidity of
the Keaw Wan Prae orange juice supported this report. The Keaw Wan Prae orange
Juice had a citric acid levé;l of 0.63 + 0.06%, which was significantly higher than that

in the Sai Namphung orange juice (Table 4.2).

Table 4.6 Vitamin.C and carotenoid contents of Keaw Wan Prae and Sai Namphung

orange juices '
Nuﬁ*itional 'n;é'a'sr‘:rement : ~ Orange Varfierties' 7
| | Keaw Wan Praé - . Sﬁi Namphung |
1. Vitamin C (mg/100ml) 307148137 1083167
2. Carotenoid content (pg/ml) 6.610.61° 4.08+0.39°

*) Values within a row followed by different letters were significantly different (P < 0.05)

The presence of carotenoids in orange juices affects the color and the
nutritional value of the juices (Bull et al., 2004). From Table 4.6, it could be seen that
the Keaw Wan Prae orange juice was significantly contained more carotenoids than
that in the Sai Namphung orange juice. The carotenoid contents of the Keaw Wan Prae
and Sai Namphung orange juices were 6.61 + 0.61 and 4.08 + 0.39 pg/ml, respectively.
Another report showed that the carotenoid content of Florida orange juice was 3.0 +

1.4 pg/ml (Gardner et al., 2000).

From different analyses that were carried out for the orange juice samples of
Keaw Wan Prac and Sai Namphung, it could be concluded that both orange juices
were not significantly different in the terms of pH, moisture content, invert sugar, total
sugar, protein, L value (lightness), a* value (redness), total soluble solid, total solid
and percent extraction. The Keaw Wan Prac orange juice were significantly contained

higher citric acid, reducing sugar, fat, carbohydrate, PE enzyme, vitamin C and
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carotenoid compared to those in the Sai Namphung orange juice. At the same tizne the
Sai Namphung orange juice significantly had higher b* value (yellowness), cloudiness
value, viscosity value, ash content, fiber content and microbial counts, mncluding
bacteria, yeast and mold, compared to those in the Keaw Wan Prae orange- juice.
Identification of ﬂaw}or components in the Sai Namphung orange jnice also showed
that the juice contained a higher number of flavour compounds that those in the Keaw
. Wan Prae orange juice. S1nce the Sai. Na.mphung orange Jjuice contained higher flavour
components and the production of the fresh orange in the market i is 1ncreasmg, there s
a p0351b1hty to produce a fresh Sal Namphung orange Jmce w1th ‘an addmon of a food
grade acid or other antimicrobial compounds to decrease the microbial load in the juice

and a fortification of vitamin C to increase the nutritional value of the final product.

Although the Sai Namphung orange juice was superior in the term of flavour
compound compared to the Keaw Wan Prae orange juice, the later orange juice had
better nutritional and microbial values. Therefore, the Keaw Wan Prag orange Jmce

was chosen to be further studied in the next experiment,

4.2 The effects of sugar and salt additions on the quality of fresh orange juice
during chilled storage

In this section, Keaw Wan Prae orange was used as a raw material source
because of its nutritional and microbiological qualitics. The orange was purchased
from a local market and processed as orange juices. Into these orange juices, 3
different sugar concentrations, mcluding 0, 2.5 and 5% (w/-v), and 3 levels of salt
additions, which were 0, 0.05 and 0.1% (w/v), were added. The purpose of this addition
was to evaluated the effects of sugar and salt on the quality of fresh orange juice

during storage at refrigerated/chilled temperature (4-6°C). The addition of sugar and
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salt was done by some orange juice seller/consumers to improve/adjust the taste of the

orange juice.

'4.2.1 Physical characteristics of Keaw Wan Prae orange juice during chilled

storage as affected by sugar and salt additions

4.2.1.1 Color of the orange juice

- Orange juice sampies were _méjasured for their color ‘bas_édl on L, a* and b*
values. The results of this measurement We’ré exhib_itéd m Flg 4.1 - 4.3. In general,
these figures showed that these color values of oraﬂge juice samples were changed
during storage at refrigerated temperature. The L and b* values of the orange juice
samples were found to be increased during the storage time, while the a* value was
decreased (Appendix E, Tables 1.1-1.3). This finding indicated that the lightness and
~ yellowness of orange juice samples were increased,_wheréas the r¢dneés’ of the juice
was decreased during storage at refrigerated temperature. This result was similar to the
observation of Choi et al. (2002).

Comparing different orange juice treatments with the control orange juice (no
addition of salt and sugar) at different storage times, the result did not show any
specific pattern for each color value (Appendix E, Tables 1.1-1.3). However, when
these treatments were grouping depending on the concentrations of salt or sugar only
(Tables 4.7 and 4.8), some general discussion could be made. For example, the b*
value was more affected by the presence of sugar more than by the presence of salt.
The orange juice samples added with sugar both at 2.5 and 5.0% ("/.) would have
higher b* value compared to those in the no-added sugar orange juice samples (Table
4.7). The L and 2* values were not significantly affected by the presence of salt and

sugar (Appendix E, Tables 3.1 and 3.2).
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42.00

| Storage time (day)

O control
@ 0.05%salt

O 0.1%salt

0 2.5%sugar
B 2.5%*0.05%
02.5%%0.1%
m 5%sugar

0 5%*0.05%

m5%*0.1%

Fig. 4.1 The result of L value of orange juice during chilled storage as affected by

sugar and salt additions

[~ |
0.00 -
2001 ] contm
@ 0.05%salt
-4.00 0 0.1%salt
t_'l:: 0O 2.5%sugar
; -6.00 - H 2.5%*0.05%
5,00 02.5%*0.1%
= ® 5%sugar
-10.00 | 0 5%*0.05%
W 5%*0.1%
-12.00 J—

Storage time (day)

|

Fig. 4.2 The result of a* value of orange juice during chilled storage as affected by

sugar and salt additions
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i

| Storage tlme (day) I

|

Fig. 4.3 The result of b* value of orange juice during chilled storage as affected by

sugar and salt additions

Good color of orange juice means that the juice has a yellow—orange color that
is bright and typical of the freshly extracted juice of oranges and is free from browning
due to scorching, oxidation, caramelization or other causes (USDA, 1972).

The results of the color measurement were calculated further as a browning
value to have a more understanding about the effect of sugar and salt additions on the
color of orange juice. The calculation results for the browning value were displayed in
Fig. 4.4, Tables 4.9 and 4.10. Fig. 4.4 showed that the browning value of orange juice
was increased during the storage time, which was a result that was similar to the report
of Koca et al. (2003). Since the control was used as a reference and had a zero
browning value, the addition of sugar in orange juices was found to significantly
increase the browning value of the Juice compared to that of the no-added sugar orange
Juices (Table 4.9). Koca ef al. (2003) reported that non-enzymatic browning could
happen in citrus juices due to the reactions of sugar and amino acids. In this research,
data also showed that an addition of 0.05% (w/v) salt was significantly increased the

browning value compared to the 0.1% (") salt (Table 4.10),
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According to Lee (1992), he reported that citrus browning is unique to the
typical Maillard-type browning. However, since citrus fruits have significant amounts
of ascorbic acid, the ascorbic acid would be mainly oxidized due to the Maillard
reaction compounds. The results of this experiment supported this report because as
the browning value of orange juice increased (Fig. 4.4), the content of vitamin C in the
juice was reduced (Fig. 4.13).

Another color parameter that was calculated from the L, a* and b* values was
total color difference (AE*) value, which could be seen in Fig. 4.5, Tables 4.11 and
4.12. The AE* value used the L, a* and b* values of the control orange juice at 0 day
storage as a reference value. The result of the AE* value calculation showed that this
value was increased during refrigerated storage. This result was similar to the
observation of Choi ez al. (2002). At 0 day, the presence of sugar and/or salt increased
the AE* value of orange juice treatments (Fig. 4.5, Appendix E, Table 3.5). However
during the storage time, it was only the addition of sugar and 0.05% ("/,) salt that

significantly affected the AE* value of orange juice (Table 4.11 and 4. 12).

16.00 ——
14.00 0 control
@ 0.05%salt
12.00
0 0.1%salt
10.00 - 0 2.5%sugar
8.00 - B 2.5%*0.05%

Browning
value

025%*0.1%
® 5%sugar
0 5%*0.05%
B 5%*0.1%

6.00 -
4.00 1
2.00

0.00

Storage time (day)

L

Fig. 4.4 The result of browning value of orange juice during chilled storage as affected

by sugar and salt additions



Table 4.9 The browning value of orange juice during chilled storage as affected by

sugar addition
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Storage time (day)

no added sugar

2.5% ("/) sugar

5% (wfv) sugar

0
3
6
9
12
15

A 21193\
1.93+0.99"
3.50+0.63"
3.11+0.38°
4_04&‘993
4.19+1.07

b

4.662.58
5.1743.01°
6.86+3.70"
6.67+3.67"
8.13+3.02"

8.15+2.88"

4514247

b

5.7543.00
6.15+3.80°

5.8643.66°

7.5242.98°

7.58+3.05

*) Values within a row followed by different letters were significantly different (P < 0.05)

Table 4.10 The browning value of orange juice during chilled storage as affected by

salt addition

Storage time (day) | no added salt 0.05% (/) salt | 0.10% ("/,) salt
0 1.82+1.58" 6.1542.28° 3.4240.28"
3 2.78+1.71° 6.7243.83" 3.35+0.80°
6 4.40+1.50° 8.4343.99" 3.68+0.35"
9 4.12+1.34° 7.94+4.32" 3.58+0.14"
12 5.07+2.82" 8.90+3.79" 5.73+1.18"
15 5.1142.28° 9.00+3.62° 5.81+1.12°

*) Values within a row followed by different letters were significantly different (P < 0.05)
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Fig. 4.5 The result of total color difference (AE*) value of orange juice during chilled

storage as affected by sugar and salt additions

Table 4.11 The total color difference (AE*) value of orange juice during chilled

storage as affected by sugar addition

*) Values within a row followed by different letters were significantly different (P < 0.05)

Storage time (day) no added sugar | 2.5% (/) sugar | 5% (/) sugar
0 Day 2.7742.42% 5.07+2.28" 4.56£2.45"
3 Day 2.79+1.82° 5.49+2.94° 5.8243.05°
6 Day 4.44+1 45° 7.15+3.57" 6.3143.98"
9 Day 4.17+1.39° 6.9543.53° 6.02+3.83°
12 Day 4.91+1.28" 8.2542.96" 7.7242.94"
15 Day 5.86+1.87" 8.91+2.80" 8.39+2.97°
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Table 4.12 The total color difference (AE*) value of orange juice during chilled

storage as affected by salt addition

Storage time (day) | no added salt | 0.05% (w/v) salt 0.1% (wlv) salt
0 2.18+1.97"" 6.3142.12 3.9240.46°
3 3.03+1.83° 7.00+3.61" 4.06+0.69°
6 4.69+1.63° 8.77+3.77° 4.43+1 34"
9 4.40+1.51° 8.34+3.99" 4.39+1.17"
12 537+2.18° 9.2123.29" 6.29+1.01°
15 6.20+2.72° 10.1242.59" 6.85+0.87"

*) Values within a row followed by different letters were significantly different (P < 0.05)

4.2.1.2 Cloud stability

Cloud stability has traditionally been considered as an important quality para-
meter for citrus juices (Parish, 1998). In this study, measurement of cloud stability was
based on light transmission (%T) using a spectrophotometer at a wavelength of 640
nm. If the result measurement of %T was high, it meant that an orange juice loss its
cloud stability. The results for the cloud measurement of different orange juice
treatments showed that %T values of the orange juice samples were increased during
storage (Appendix E, Table 1.6 and Fig. 4.6). This result indicated that all the orange
juice samples decreased in their cloud stabilities during storage. Bayindirli ez al. (2006)
reported that fresh orange juice usually losses its cloud within a few days under
refrigerated storage. The cloud loss is mainly due to demethylated pectin interaction
with calcium ions, causing a precipitation and as a result a clear serum layer is formed.
Since demethylated pectin was correlated with an enzyme activity, a measurement of

PE enzyme in this study showed that the PE enzyme activity in the orange juice
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samples was increased during the storage (Fig. 4.8). The cloud stability result found in

this research was similar to the findings of Parish (1998) and Bayindirli ef al. (2006).

O control ‘

E 2.5%sugar |
| o 5%sugar

Cloudiness (%T)
|

0 3 6 15

Storage time (day)

Fig 4.6 The result of cloud measurement (%T) for orange juice during chilled storage

as affected by sugar addition

Looking more details on the effect of sugar and salt additions on the cloud
measurement of the orange juice samples revealed that only the sugar addition that had
a significant effect on the orange juice cloudiness (Appendix E, Table 3.6 and Fig. 4.6).
An addition of 5% (w/v) sugar was found to be significantly reduced the %T or
increased the cloudiness of the orange juice samples at the beginning of the storage
period (Fig. 4.6). There was a possibility that at high sugar concentration, the sugar
was not fully dissolved in orange juices, especially when the sugar was added at room
temperature and stirred manually. The undissolved sugar formed particle suspension
that reduced the transmission of the spectrophotometer light. However, this effect was
disappered on the 12" day of storage, which indicated that the particle suspension

formed by the sugar was reduced due to more dissolved sugar in the solution.
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4.2.1.3 Viscosity

The measurement of viscosity of orange juice samples during chilled storage
was displayed in Fig. 4.7. In general, the viscosity of the juice samples was reduced
during storage. Factors that affect the viscosity values are temperature and soluble
solids content (Leslaw and Teresa, 2003). The amount of soluble solid content in the
orange juice samples was increased as different sugar and/or salt levels were added
(Fig. 4.7). However, it was only orange juice samples with sugar addition that showed
significantly different viscosity values compared to the no-added sugar orange juice at
the beginning of the storage time (Table 4.13). During the storage time, especially at
the end of this period, the addition of different sugar concentrations did not affect the
viscosity measurement anymore. This result might correlate with the amount of
reducing sugar. Although the amount of total soluble solids in the orange juice samples
did not change significantly during the storage time (Appendix E, Table 1.9), the

amount of reducing sugar was reduced at the end of 15 days storage (Appendix E,

-—0—- coﬁtrol
—m— 0.05%salt
0.1%salt
—»— 2.5%sugar
—%— 2.5%*0.05%
—e—2.5%*0.1%
—+— 5%sugar
——5%*0.05% |
‘ : | . : : ‘ | 5%70.1%
0 2 4 6 8 10 12 14 (-] D S
| Storage time (day) |

Viscosity (cps)

Fig. 4.7 The viscosity measurement of orange juice during chilled storage as affected

by sugar and salt additions
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Table 4.13  The result of viscosity measurement (cps) of orange juice during chilled

storage as affected by sugar addition

Storage time (day) | no added sugar | 2.5% sugar ("/,) | 5% sugar 1)
0 Day 2.60+0.34" 2.98+0.36" 2.88+0.06™
7 Day 2.34+0.21° 2.64+0.30° 2.60+0.14°
15 Day 2.11+0.14° 2.23+0.34" 2.29+0.21°

*) Values within a row followed by different letters were significantly different (P < 0.05)

Table 1.13 and Fig. 4.9). The low availability of reducing sugar at the end of the
storage time might affect the measurement of viscosity to be not significantly different

between different sugar treatments.

4.2.2 Chemical characteristics of Keaw Wan Prae orange juice during chilled

storage as affected by sugar and salt additions

The chemical analyses that were carried out during storage of orange juice
samples were moisture content, total solid, TSS, total titrable acidity, pH values,
reducing sugar and PE enzymes. Among these analyses, it was only the measurement
of pH values that showed a significant decrease during 15 days storage at refrigerated
temperature (Appéndix E, Table 1.8). For the other analyses, the statistical calculation
showed that the storage time did not give a significant effect for different orange juice
treatments (Appendix E, Table 1.9-1.14). Although the statistical results showed that
the amount of reducing sugar and PE enzyme activity were not significantly different,
the actual measurement of these parameters indicated that the activity of PE enzyme

was increased during storage (Fig. 4.8), whereas a decrease in the amounts of reducing
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sugar in orange juice samples was noted (Fig. 4.9). The reduction for the pH values
and reducing sugar could be due to microorganism activities in the orange juice
samples as the enumeration of these microorganisms was significantly increased
(Section 4.2.3). At the same time the amount of reducing sugar was affected by the
chemical reactions that occurred slowly in the orange juice samples, particularly
Maillard reaction (Lee, 1992; Koca ef al., 2003).

In general, the addition of sugar, salt and their interactions did not significantly
affect different chemical characteristics of orange juices (Appendix E, Table 3.8-3.14).
However, some individual cases could be observed, for example a higher moisture
content in the sugar added orange juice was found compared to those in the no-added
orange juices (Appendix E, Table 3.11).

The analysis of PE enzyme also showed that the enzyme activities were
significantly affected by the sugar addition, particularly at the end of 15 days storage at
refrigerated temperature (Appendix E, Table 1.14 and Fig. 4.8). This data confirmed

the report of Ingallinera et al. (2005) who wrote that PE enzyme is inhibited by high
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Storage time (day)

J.
Fig. 4.8 The result of PE enzyme activity (PMEu/g.s.s) of orange juice during chilled

storage as affected by sugar addition
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Fig. 4.9 The result of reducing sugar (%) of orange juice during chilled storage as

affected by sugar and salt additions

sugar concentrations. At the beginning of the storage time, the activity of PE enzyme
in orange juice samples were low, therefore the effect of sugar addition could not be
significantly detected. However during the storage time, the PE enzyme in the control
orange juices had higher activities, which showed its differences with the sugar-added
orange juices. The addition of 5% (w/v) sugar in orange juices did not significantly
displayed a lower enzyme activity compared to that of the 2.5% (/) sugar orange
juices (Fig. 4.8).

4.2.3 Microbiological characteristics of Keaw Wan Prae orange juice during

chilled storage as affected by sugar and salt additions

During storage at refrigerated temperature, orange juice samples were analyzed
for their microorganism contents by doing Total Plate Count, enumeration of lactic
acid bacteria and enumeration of yeast and mold. The analyses of Total Plate Count

and lactic acid bacteria were done every 3 days during the storage time, while the
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microbial load of yeasts and mold was monitored at the beginning and at the end of the
storage time. The results of these enumerations were displayed in F 1g.4.10 —4.12 and
Tables 4.14 — 4.19. From the Fig. 4.10 — 4.12, it showed clearly that the number of
microorganisms in the orange juice samples was significantly increased during the
storage period. Although the study did not do a sensory evaluation, from a personal
observation, it could be seen that some of the orange juice samples showed signs of
spoilage after 12 days of storage. This observation meant that spoilage of orange juice
could be detected when the total number of microorganisms in the juice was around
3.54 log CFU/ml.

Doing statistical analyses to the microbiological data revealed that the
presence of sugar and salt in fresh orange juices could significantly affect the growth
of microorganisms in the juices. Although the presence of different sugar concen-
trations did not significantly affected the results of Total Plate Count at the beginning
of the storage time, the addition of 2.5% (W/V) sugar significantly caused more
microorganisms to be detected in the orange juice samples after 15 days at chilled
temperature (Table 4.14). Sugar affected the results of Total Plate Count because the
presence of sugar increased the availability of disaccharide in the orange juice. At 0
day, the microorganisms in the orange juice were not in a growth state, therefore the
presence of different sugar concentrations did not significantly affect the result of
Total Plate Count. However, at the end of the storage time, the orange juice with 2.5%
(w/v) sugar had the highest value of reducing sugar compared to those of the other
treatments (Appendix E, Table 3.13). This higher sugar availability might give a better
support for the growth of microorganisms in the orange juice, causing the orange juice
treatment to have the highest value of Total Plate Count. In contradiction, the addition
of salt in the orange juice was significantly decreased the number of total
microorganisms at the commencement of the storage period. However, after 9 days

storage at chilled temperature, the presence of 0.05 and 0.1% (*/,) salt was found to
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significantly increase the number of total microorganisms in the orange juice samples
(Table 4.15). The presence of salt was affected the Total Plate Count results at O day
because salt has been well recognized to be an antimicrobial compound for general
bacteria (Parish, 2006). However, some microorganisms, such as lactic acid bacteria,
can tolerate the presence of salt. These microorganisms are normally used in fermented
products, including sauerkraut, kimchi and pickled cucumber (Adam and Moss, 2000).
Therefore, there was a high possibility that the finding of Total Plate Count was
mainly affected by the growth of lactic acid bacteria in the salt-added orange juice.
The results of lactic acid bacteria enumeration supported this possibility (Table 4.17).

For the interaction between salt and sugar, the statistical analysis showed that
at the beginning of the storage period, the orange juice samples with 5% ("/,) sugar
and 0.05% (w/v) salt was significantly contained a lower number of Total Plate Count
compared to that of the control 6range juice. However, at the end of the storage time,
there was not any significant differences between different orange juice treatments in
the term of Total Plate Count (Appendix E, Table 3.15).

The presence of sugar in orange juice did not significantly affect the number of
lactic acid bacteria at 0 day storage. However, during storage period at chilled
temperature, the presence of sugar significantly reduced the number of lactic acid
bacteria, particularly after the orange juice samples were stored for 12 days (Table
4.16). This result indicated that the nutrient content of the no-added sugar orange juice
was sufficient to support the growth of lactic acid bacteria causing the number of the
bacteria in the no-added sugar orange juice samples to be higher than that in the sugar-
added orange juices. The reduction in the number of lactic acid bacteria in the sugar-
added orange juices did not correlate with the production of lactic acid by the
microorganisms, since the pH values of the sugar-added orange juices were found to
be not significantly different than those in the no-added sugar orange juices at the end

of the storage period (Appendix E, Table 3.8).
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Fig. 4.10 The result of Total Plate Count of orange juice during chilled storage as

affected by sugar and salt additions
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Fig. 4.11 The result of lactic acid bacteria measurement in orange juice during chilled

storage as affected by sugar and salt additions

A slight different result to the sugar data was the result of the salt addition in
orange juice samples against lactic acid bacteria. The salt addition in the orange juices
was found to be significantly induced the growth of lactic acid bacteria during storage

at chilled temperature, particularly for the orange juice samples with 0.1% (*/,) salt
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(Table 4.17). This result was consistent with the data of the Total Plate Count (Table
4.15). The explanation for this finding could be seen in the discussion of Total Plate

Count results.
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Fig. 4.12 The result of yeast and mold of orange juice during chilled storage as

affected by sugar and salt additions

Table 4.14 The result of Total Plate Count (log CFU/ml) of orange juice during chilled

storage as affected by sugar addition

Storage time (day) | no added sugar | 2.5% (/) sugar | 5% ("/,) sugar
0 2.40+0.22"" 2.39+0.12° 2.34+0.27"
3 2.48+0.20" 2.68+0.29" 2.55+0.26°
6 2.90+0.05° 2.66+0.44° 2.67+0.23"
9 3.10+0.23" 3.08+0.50" 2.83+0.28°
12 3.53+0.25™ 3.65+0.56" 3.45+0.48"
15 4.28+0.12° 4.81+0.39" 4.38+0.34"

*) Values within a row followed by different letters were significantly different (P £0.05)




Table 4.15 The result of Total Plate Count (log CFU/ml) of orange juice during chilled

storage as affected by salt addition

Sterage time (day) no added salt 0.05% (w/v) salt 0.1% (w/v) salt
0 2.54+0.06"" 2.29+0.24° 2.30+£0.14°
3 2.58+0.18"" 2.65+0.12° 2.49+0.39°
6 2.73+0.22*° 2.84+0.39° 2.66+0.28°
9 2.83+0.31° 3.13+0.51" 3.0440.16"
12 3.18+0.24° 3.65+0.29" 3.80+0.42°
15 4.1940.18"  4.61£043" 4.68+031°

*) Values within a row followed by different letters were significantly different (P <0.05)

Table 4.16 The result of lactic acid bacteria (log CFU/ml) of orange juice during

chilled storage as affected by sugar addition

Storage time (day) | no added sugar 2.5% ("/)) sugar 5% (/) sugar
0 2.09+0.12%" 2.14+0.10° 2.104+0.36"
3 1.3340.48" 1.59+0.88° 2.33+035°
6 2.0140.35" 2.45+0.38" 2.08+0.84"
9 2.39+0.22° 2.59+0.19° 2.06£1.16"
12 3.030.09° 2.67+0.02 2.52+0.94"
15 3.50+0.07" 3.34+0.44° 2.83+1.10°

*) Values within a row followed by different letters were significantly different (P<0.05)
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Table 4.17 The result of lactic acid bacteria (log CFU/ml) of orange juice during

chilled storage as affected by salt addition

Storage time (day) | noaddedsalt | 0.05% ("/)salt | 0.1% ("/) salt
0 2.2240.13" 2.03+0.30° 2.0940.15°
3 1.68+0.84 1.80+0.71° 1.77+0.85"
6 2.18+0.36" 2.08+0.86" 2.28+0.50"
9 2.49+0.13" 2.03+1.09" 2.51+0.45"
12 2.68+0.30° 2.50+0.76" 3.0540.43°
15 2.98+0.61" 3.11+0.94° 3.59+0.45"

*) Values within a row followed by different letters were significantly different (P<0.05)

Table 4.18 The result of yeast and mold (log CFU/ml) of orange juice during chilled

storage as affected by sugar addition

Storage time (day)

no added sugar

2.5% (w/v) sugar

5% (w/v) sugar

0 Day

15 day

2.37+0.24""
4.93+0.66

2.40+0.07"
4.40+1.11°

2.09+0.09°
4.21+0.49"

*) Values within a row followed by different letters were significantly different (P<0.05)

Table 4.19 The result of yeast and mold (log CFU/ml) of orange juice during chilled

storage as affected by salt addition

Storage time

no added salt

0.05% (/) salt

0.1% (/) salt

0 Day
15 day

2.33+005
4.28+1.08"

2.34+0.31°

4.79+0.95°

2.19+0.12°
4.46+ 026"

*) Values within a row followed by different letters were significantly different (P<0.05)
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For the presence of yeast and mold in orange juice samples, the data showed a
similarity with the results of lactic acid bacteria. Tables 4.18 and 4.19 displayed that
the presence of sugar was significantly reduced the number of yeast and mold in the
orange juices, whereas the presence of salt was found to significantly increase the
number of yeast and mold in the orange juices. Although the reduction in the number
of lactic acid bacteria, yeast and mold in the presence of sugar could not be explained
easily, the possibility of higher intensity of Maillard reaction in these juice samples
could not be ruled out. Table 4.9 showed clearly that in the presence of sugar in the
orange juice samples, the browning value of the samples was almost double than that
in the no-added sugar orange juice. There was a possibility that chemical compounds
formed during the Maillard reaction could give a negative effect in supporting the
growth of some microorganism. A further study in this area would be needed to

confirm this possibility.

4.2.4 Nutritive values of Keaw Wan Prae orange juice during chilled storage as

affected by sugar and salt additions

4.2.4.1 Vitamin C content

The content of vitamin C in orange juice samples was monitored every 3 days
during 15 days storage at refrigerated temperature and the results were exhibited in Fig.
4.13 and Tables 4.20 — 4.21. The Fig. 4.13 showed clearly that the content of vitamin
C in the juice samples was significantly decreased during the storage period. This
result was expected as the presence of vitamin C could be affected by the presence of
oxygen and the method to handle and store the orange juice (Nagy, 1980). Reports
from Bull et al. (2004), Choi et al. (2002) and Zanoni et al. (2004) also showed a

similarity to the finding of this study.
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Beside the storage time, the presence of salt and sugar was also significantly
affected the vitamin C content in the orange juice samples (Tables 4.20 and 4.21).
Sugar at concentrations of 2.5 and 5% (W/v) was found to reduce the content of vitamin
C at the beginning of the storage time. However after 9 and 12 days of storage, the
presence of 2.5 and 5% (w/v) sugar, respectively, in the orange juice samples could
significantly maintain more vitamin C contents compared to the no-added sugar orange
juice samples (Table 4.20). There was a possibility that a higher value of vitamin C in
the sugar — added orange juice was due to the highest value of vitamin C found in the
orange juice sample with 2.5% ("/) sugar (Appendix E, Table 3.18). This result
indicated that the presence of salt gave a more significant effect in the reduction of the
vitamin C content compared to the presence of sugar. Therefore, the content of vitamin
C was higher in the sugar-added orange juice samples compared to the control orange

juice samples at the end of the storage time.
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Fig. 4.13 The result of vitamin C content in orange juice during chilled storage as

affected by sugar and salt additions



Table 4.20 The result of vitamin C content (mg/100ml) of orange juice during chilled

storage as affected by sugar addition

Storage time (day) | no added sugar | 2.5% (w/v) sugar 5% (w/v) sugar
| 0 28 48+2.55™ 27.38+5.65" 27.85+3.28°
3 29.16+3.20° 28.1245.92° 27.8543.02°
6 27.63+2.52° 28.12+5.86" 27.98+2.29°
9 25.19+1.64° 28.15+5.31° 25.54+4.36°
12 22.94+1.53° 26.64+4.98" 24.66+5.30°
15 22.33+1.58" 23.73+4.69° 22.7443.82°

*) Values within a row followed by different letters were significantly different (P<0.05)

Table 4.21 The result of vitamin C content (mg/100ml) of orange juice during chilled

storage as affected by salt addition

Storage time (day) no added salt 0.05% (w/v) salt 0.1% (w/v) salt
0 30.8142.48" 28.7842.26" 24.12+1.85°
3 31.5542.49" 29.4142.10° 24.17+1.45°
6 30.32+3.63° 28.94+1.76" 24.47+1.32°
9 28.50+4.92" 27.63+0.95° 22.74%1.91°
12 26.83+5.52° 25.8242.26° 21.59+2.61°
15 25.19+3.50° 23.90+1.53 19.73+1.29°

*) Values within a row followed by different letters were significantly different (P<0.05)

For the addition of salt in orange juice, this addition was shown to significantly
bring a negative effect to the content of vitamin C in the orange juices (Table 4.21).
Throughout the storage time, the salt-added orange juice samples had lower vitamin C
contents compared to the no-added sugar control orange juice. There was a possibility

that the vitamin C in the salt — added orange juice was more oxidized by the presence
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of NaCl. The presence of NaCl could act as a catalyst as the presence of metal ions,

such as Fe'~ and Cu'" (Gregory 111, 1996).

4.2.4.2 Carotenoid content

Different to the vitamin C analysis, the analysis of carotenoid was carried out
weekly during 15 days storage at chilled temperature. The result of this analysis could
be seen in Table 4.22 and Appendix E, Table 1.19. In general, the content of
carotenoid was shown to be increased during the storage period (Appendix E, Table
1.19). This result was contradicted to the previous results of Sanchez-Moreno et al.
(2003) and Cortés et al. (2006). This contradiction could be due to the efféct of storing
the orange juice samples at frozen temperature. There was a possibility that keeping
longer at freezing condition of the 0 day orange juice samples could damage the

carotenoid compound in the samples and cause a lower measurement result than it

should be.

Table 4.22 The result of carotenoid content (pug/ml) of orange juice during chilled

storage as affected by sugar addition

Storage time (day) no added sugar 2.5% (w/v) sugar | 5% (w/v) sugar
0 4.55+0.07" 5254021 5.89+0.09°
7 5.96+0.08" 5.69+0.12° 5.57+0.11°
15 6.23+0.11° 5.84+0.07" 5.91+0.05"

*) Values within a row followed by different letters were significantly different (P<0.05)

Analyzing the effect of salt and sugar additions to the orange juice samples, it
was shown that only sugar that significantly affected the presence of carotenoid in the
orange juices at the beginning of the storage time (Table 4.22). There was a possibility

that this result was correlated with the viscosity of the orange juice samples, since the
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addition of sugar caused a higher viscosity value of the sample compared to that of the
no-added sugar orange juices (Table 4.13). The amount of carotenoid content in the
sugar-added orange juice was lower than that in the no-added orange juice sample at
the end of storage at chilled temperature. For the salt addition, the compound was
found to be not significantly affected the content of carotenoid in the orange juice
samples. At the same time, the interaction of salt and sugar was also not given a

significant effect on the carotenoid content in the orange juice during 15 days storage.

From different analyses that were conducted to the Keaw Wan Prae orange
juice samples, it could be concluded that the addition of salt and sugar affected the
physical, chemical, microbiological and nutritional ¢haracteristics of the orange juice.
However among these values, the important parameters that affected the quality of the
orange juice during storage at refrigerated temperature were the microbiological and
nutritive parameters of the juice. Since the microbiological results showed that the
addition of 5% (W/v) sugar produced an orange juice with lower Total Plate Count and
lactic acid bacteria together with higher amount of vitamin C compared to those in the
no-added sugar orange juice, this concentration of sugar was selected to be studied
further in the next section. Although the addition of 2.5% (W/V) sugar could
significantly maintain a higher content of vitamin C compared to that in the 5% ")
sugar, this sugar concentration was not be chosen because at this concentration, the
number of lactic acid bacteria and Total Plate Count was higher than those in the 5%
(W/V) sugar. No salt addition was also selected because the present of salt caused more
microorganisms to be detected in the orange juice samples and the content of the

vitamin C was lower in the salt-added orange juices.
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4.3 The effects of orange juice sac addition and pH values on the quality of fresh
orange juice during chilled storage

In this section, all of the orange juice samples were added with 5% ("/,) sugar
and varied for the content of orange juice sac, which was either 0 or 3% (w/v) orange
Juice sac, and pH values of 3.0, 3.5 and 4.0. The variation of orange juice sac was
studied because some commercial orange juices were added with orange juice sac to
improve their sensory characteristics and to represent juices similar to the fresh orange
juice. To understand the effect of orange juice sac on the quality of fresh orange juice
during storage at chilled temperature, orange juice sacs from a commercial orange
Juice were separated and added to the fresh orange juice variety Keaw Wan Prae
prepared in the laboratorium. By doing this, the orange juice sac used during the
experiment was not the orange juice sac of Keaw Wan Prae orange, but it was from a
commercial orange juice. Beside the orange juice sac, pH values were also being
investigated in this section. This factor was studied because the pH of orange juice can
affect the number of microorganisms in the juice and changes in the orange juice
quality during storage at refrigerated temperature. Working with orange also showed
that the pH of orange juices was strongly affected by the production period of the
orange. The initial pH value of orange juice samples in this section was 3.0. This initial
pH value was differed from the orange juice pH values reported in the section 4.1
because of differences in the experimental times. In each of the experimental section, a
batch of orange fruit was bought from a local market. There was a possibility that the
sections 4.1 and 4.3 used different maturity stages of orange fruit, since the harvesting
maturity stage affected titratable acidity and pH value of fruits (Chiesa, 1996). To alter
the pH values of the juice sample, the samples were added with 0.5 N sodium

hydroxide.
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4.3.1 Physical characteristics of Keaw Wan Prae orange juice during chilled

storage as affected by orange juice sacs and pH values

4.3.1.1 Color of orange juice

The color parameter of orange juice samples was evaluated from L value, a*
value, b* value, total color difference (AE*) and browning value. In general, the values
from all of these measurement and calculation were not significantly affected by the
storage period (Appendix E, Tables 2.2-2.6).

Analyzing more details about the effect of orange juice sac and pH values on
the color of orange juice, it was found that the addition of 3% (w/v) orange juice sac did
not affect AE*, L, a*, b* and browning values (Appendix E, Table 4.2-4.6). However,
the browning value was affected by pH values at the beginning of the storage time
(Table 4.23). From Table 4.23, it could be seen that at 0 day, orange juices at a pH
value of 3.0 significantly had a lower browning value than those of the orange juices
with other pH values. This result might be affected by the presence of furfural because
this compound was reported to be the main product degradation in juices with pH
values below 4.0. Furfural was then passed a polymerization reaction to become an
active aldehyde. The last compound might combine with amino acids and contribute to
the browning reaction in the fruit juice (Koca et al., 2003). In addition, Eren (1998)
also reported that an increase in the browning reaction is highly occurred at higher pH
values. This can happen because at lower pH values, the amounts of unpronated amino
groups are less. Since a larger percentage of the amino acids is in the unpronated form
at higher pH values, at this condition more moles of amino acid can react with

reducing sugars.



Table 4.23 The result of browning value of orange juice during chilled storage as
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affected by different pH values

Storage time (day) pH 3 pH 3.5 pH 4
0 1.72 +3.49™ 4.6+3.04" 431 +3.46°
3 - 4.53+2.64" 4.93+2.10° 6.10 +3.01°
6 3.82+2.72° 4.66 +2.85 3.98 +2.44°
9 5.16 + 1.46" 5.53 +2.58" 4.95+2.20°
12 5.14+2.01° 4.82+3.28" 4.86+3.63"
15 4.16 £2.64" 4.45+2.29" 3.83 +2.38"

*) Values within a row followed by different letters were significantly different (P < 0.05)

4.3.1.2 Cloud stability of orange juice

The result of the cloud stability measurement of orange juice was displayed in
Fig. 4.14 and Tables 4.24-4.25. From the Figure, it was showed clearly that the %T of
the orange juice samples was significantly increased during storage at chilled
temperature (Appendix E, Table 2.7). This result was similar to the previous result in
the section 4.2.1.2. Both of these results showed that the cloudiness of orange juice
would be reduced during refrigerated storage.

The presence of 3% (/) orange juice sac in orange juices was shown to
significantly affect the cloudiness of the orange juices (Table 4.24). It could be seen
from this Table that the cloudiness of orange Jjuices with orange juice sacs was
generally lower than those of the orange juices without orange juice sac. There was a
possibility that the orange juice sac contained PE enzyme, causing the orange juice
samples with orange juice sac contained more PE enzyme than of the orange juice
without orange juice sac (Appendix E, Table 4.14. However, differences in the
cloudiness parameter were only significant from the beginning of the storage period up

to 9 days storage at refrigerated temperature. Physico—chemical and microbiological
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changes in orange juices caused different orange juice sac treatments in the orange

juice samples to be not significantly different at the end of the storage time.
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Fig. 4.14 The result of cloud stability of orange juice during chilled storage as affected

by orange juice sac and pH levels

Table 4.24 The result of cloud stability (%T) of orange juice during chilled storage as

affected by an addition of orange juice sac

Storage time (day) | No added orange juice sac | Added 3% ("/,) orange juice sac
0 0.56 + 0.04" 0.51 +0.22"
3 0.43 +0.07" 0.77 + 0.57°
6 0.53 +0.17" 1.47+0.88"
9 1.00 +0.33" 1.56 + 0.87°
12 4.10£2.74° 423 +1.94"
15 5.16 +3.09° 5.67+1.19"

*) Values within a row followed by different letters were significantly different (P < 0.05)




Table 4.25 The result of cloud stability (%T) of orange juice during chilled storage as
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affected by different pH values

Storage time (day) pH3 pH 3.5 pH 4
0 035+0.027 | 037+0.05° 0.57 +0.25°
3/ 0.41£0.08 | 043£0.09° | 096 0.62"
6 0.58 £0.18° 1.07 +0.69° 1.34+1.10°
9 0.95 +0.47" 1.23+0.63° 1.67 +0.86°
12 3.43 +2.82° 3.49 +3.00° 558+ 1.82°
15 5.97 +0.81° 3.81+2.77 6.46+2.17"

*) Values within a row followed by different letters were significantly different (P < 0.05)

For the effect of pH values on the cloudiness of orange juice samples (Table
4.25), it could be noticed that at pH 4.0, the orange juice samples would generally have
lower cloud stability compared to those of the orange juices at pH values of 3.0 and 3.5.
The reduction in the cloud stability was less occurred in the orange juice at a pH value
of 3.5, eventhough the orange juice sample at a pH of 3.0 had significantly the highest
cloud stability in the middle of the storage period (the 6" and 9" days). A higher cloud
stability at lower pH values could be due to an inactivation of PE enzyme at lower
temperatures at lower pH values as reported by Sun ef al. (2006). The formation of
cloud was significantly reduced in the orange juice at a pH value of 3.0 at the end of
the storage time, causing the orange juice samples to be not significantly different in
the term of cloud stability with the orange juice samples at a pH value of 4.0. The
cloud formation that was occurred at low storage temperature for lower pH values was
also reported by Alklint (2003). Therefore, the best orange juice sample in the term of
cloud stability would be present in the orange juice samples at a pH value of 3.5 and

without addition of orange juice sacs (Fig. 4.14).
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4.3.1.3 Viscosity of orange juice

Viscosity of orange juice samples was mainly affected by different pH values
and storage time (Fig. 4.15 and Table 4.26). The presence and absence of orange juice
sac did not significantly affect the viscosity of the orange juice samples (Appendix E,
Table 4.1). During the storage period at chilled temperature, the viscosity of orange
Juice samples was decreased (Appendix E, Table 2.1), as previously been showed in
the section 4.2.1.3. There was a possibility that the viscosity reduction in this section
was correlated with the amount of reducing sugar since the amount of reducing sugar

was also decreased during the storage time (Fig. 4.18).
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Fig. 4.15 The result of viscosity of orange juice during chilled storage as affected by

orange juice sac and pH levels
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Table 4.26 The result of viscosity (cps) of orange juice during chilled storage as

affected by different pH values

Storage time (day) pH3 pH 3.5 pH 4
0 6.56 +0.38"" 5.86 + 0.69° 5.74+0.78"
7 6.83 + 0.86" 6.40 + 0.64" 6.52 +1.03"
15 6.05+£0.99" | 5344078 4.88+0.50"

*) Values within a row followed by different letters were significantly different (P < 0.05)

Significant reduction in the viscosity value was also occurred in the'orange
Juice samples at a pH value of 4.0 at the end of the storage time (Table 4.26). There
was not any apparent reason for this reduction, since the amount of reducing sugar in
the orange juice samples at a pH value of 4.0 was significantly higher than that in the
orange juice samples at a pH value of 3.0 at the end of the storage time (Table 4.32). A
further investigation might be needed to have a better understanding about the

relationship between pH values and viscosity of orange juices.

4.3.2 Chemical characteristics of Keaw Wan Prae orange juice during chilled

storage as affected by orange juice sacs and pH values

The chemical characteristics of orange juice samples during storage at
refrigerated temperature were monitored through the analyses of pH value, total
titrable acidity, PE enzyme activity, moisture content, total solid, total soluble solid
(TSS), reducing sugar and fiber content. From all of these analyses, it was only the pH
values that were significantly be affected during the storage time (Fig. 4.16 and
Appendix E, Table 2.8). Whereas, values of total titrable acidity and PE enzyme of the

orange juice samples were not significantly be affected by the storage time (Appendix
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E, Table 2.10-2.14). Values of moisture content and reducing sugar of the orange juice
samples were found to be slightly reduced only at the end of the storage compared to
the beginning of the storage period (Fig. 4.17-4.18 and Appendix E, Tables 2.11 and
2.13). At the same time, the measurements of total solid, TSS and fiber content of the
orange juice samples showed increasing values at the end of the storage time (Fig.
4.19-4.20 and Appendix E, Tables 2.9, 1.12 and 2.15). The increasing values of the
fiber content in the orange juice samples during storage could be affected from the cell
wall of microorganisms because the microbial cell walls contain peptidoglycan, a
polymer of N-acetyl glucosamine, N-acetyl muramic acid and amino acids
(Anonymous, 2006b).

For the effect of orange juice sacs addition on different chemical measurements
of orange juice samples, it was found that by the presence 3% ("/,) orange juice sacs,
the values of moisture content and fiber content were increased compared to those of
the orange juices without addition of orange juice sacs (Tables 4.27 and 4.28). On the
other hand, the presence of 3% ("/,) orange juice sacs did not significantly affect the
other chemical parameters of the orange juice (Appendix E, Tables 4.8 - 4.10, 4.12 -
4.14).

Beside the orange juice sac, chemical values of orange juice samples were also
significantly being affected by different pH values of orange juices, particularly for the
values of total titrable acidity, moisture content, total solid, TSS and reducing sugar
(Tables 4.29 — 4.32). In general, orange juices at a pH value of 3.0 significantly had
higher total titrable acidity and moisture content values compared to those of the
orange juices at higher pH values (Tables 4.29 and 4.30). At the same time, the pH 3.0
orange juices had lower values of total solid, TSS (significant throughout the storage
time) and reducing sugar (significant at the end of the storage time) compared to those
of the other orange juices (Tables 4.31 and 4.32). The lower values of TSS and

reducing sugar of the orange juices at a pH value of 3.0 could be due to a higher rate of
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Maillard reaction occurred at higher pH values (section 4.3.1.1, Eren (1998) and Koca
et al., 2003).
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Fig. 4.16 The result of pH of orange juice during chilled storage as affected by orange

Juice sac and pH levels

[ O 0%*pH3

: : - |B@ 0%*pH3.5
@ ‘ 0 0%*pH4
- B 1 E| | [@3% *pH3

Moisture content (%)

6
Storage time (day)

9

12

15

3 B 3%*pH 3.5

O 3%*pH4

Fig. 4.17 The result of moisture content of orange juice during chilled storage as

affected by orange juice sac and pH levels
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Fig. 4.18 The result of reducing sugar of orange juice during chilled storage as affected
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Fig. 4.19 The result of TSS of orange juice during chilled storage as affected by

orange juice sac and pH levels
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Fig. 4.20 The result of fiber content of orange juice during chilled storage as affected

by orange juice sac and pH levels

Table 4.27 The result of moisture content (%) of orange juice during chilled storage as

affected by orange juice sac

Storage time (day) | No added orange juice sac | Added 3% ("/)) orange juice sac
0 83.68+0.52"" 83.86+0.42"
3 83.53£0.59° 83.92+0.41°
6 84.12+0.71° 84.22+0.81°
9 84.32+ 0.50" 83.89+0.19°
12 83.41+ 0.48" 83.44+ 0.36"
15 83.45+0.51" 83.60+ 0.71"

*) Values within a row followed by different letters were significantly different (P < 0.05)
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Table 4.28 The result of fiber content (%) of orange juice during chilled storage as

affected by orange juice sac

Storage time (day) | No added orange juice sac | Added 3% (w/v) orange juice sac
0 0.42+0.11" 0.49+0.11°
7 0.46+0.12° 0.60+0.10"
15 0.53+0.11° 0.74+ 0.18°

*) Values within a row followed by different letters were significantly different (P < 0.05)

Table 4.29 The result of total titrable acidity (%) of orange juice during chilled storage

as affected by different pH values

Storage time (day) pH 3 pH 3.5 pH 4
0 0.3340.01”" 0.2840.01° 0.23+0.01°
3 0.33+0.02° 0.28+0.01° 0.24+0.01°
6 0.32+0.02° 0.30+0.02° 0.24+0.01°
9 0.32+0.01° 0.28+0.02° 0.22+0.01°
12 0.3240.01° 0.29+0.02" 0.23+0.01°
15 0.33+0.01° 0.29+0.01° 0.24+ 0.02°

*) Values within a row followed by different letters were significantly different (P < 0.05)




Table 4.30 The result of moisture content (%) of orange juice during chilled storage as

affected by different pH values

Storage time (day) pH3 pH3.5 pH 4
0 8431 +0.26 83.61 +0.19° 8339+ 031"
4 84.15 +0.30" 83.55 +0.29° 83.47 £ 0.68°
6 84.74 + 0.47° 84.25 +0.78" 83.51 £0.35°
9 84.85+ 023" 84.20 + 0.36" 83.81+0.16°
12 83.87 + 0.24° 83.37 +0.30° 83.04 +0.13°
15 84.19 + 0.49° 83.40 +0.26 82.99 +0.22°

*) Values within a row followed by different letters were significantly different (P < 0.05)

Table 4.31 The result of total soluble solids (TSS) (DBrix) of orange juice during

chilled storage as affected by different pH values

Storage time (day) pH3 pH 3.5 pH 4
0 15.69 + 0.26" 16.39 +0.19° 16.61 +0.31°
3 15.85 + 0.30" 16.45+0.29" 16.53 +0.68°
6 15.26 £ 0.47" 15.75 +0.78" 16.49 £0.35°
9 15.16 + 0.23° 15.80 +0.36" 16.19 £0.16°
12 16.14 + 0.24" 16.63 + 0.30" 16.96 + 0.13°
15 15.81 +0.49° 16.60 + 0.26" 17.01 £0.22°

*) Values within a row followed by different letters were significantly different (P < 0.05)
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Table 4.32 The results of reducing sugar (%) of orange juice during chilled storage as

affected by different pH values

Storage time (day) pH3 pH 3.5 pH4
0 5.66 £0.30" 5.66 + 0.29° 5.79 + 0.22°
3 4.44 +0.32° 4.83+021° 4.17+0.69°
6 5.48 £0.56" 5.89 +0.47" 6.03 + 0.83°
9 5.24 £ 0.65" 5.72 £ 0.43° 5.79 + 0.28"
12 5.08 £ 0.63" 5.40 £ 0.46" 5.50 +0.24°
15 4.63 +0.47" 4.99+0.30° 5.14 + 0.44°

*) Values within a row followed by different letters were significantly different (P < 0.05)

4.3.3 Microbiological characteristics of Keaw Wan Prae orange juice during

chilled storage as affected by orange juice sacs and pH values

4.3.3.1 Total Plate Count

The first analysis to monitor the microbial content of orange juice samples was
carried out based on Total Plate Count. This analysis was used to monitor the total
microorganisms that were present in orange juice, including bacteria, yeast and mold.
The analysis result for the count was shown in Fig. 4.21 and Tables 4.33 — 4.34. Fig.
4.21 and Appendix E, Table 2.16 showed clearly that the number of total micro-
organisms in the orange juice samples was increased significantly throughout the
storage period. This result was similar to the previous result in the section 4.2.3,
confirming that microorganisms would have a significant contribution in the spoilage

of fresh orange juice during refrigerated storage.
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Analyzing more details about the effect of pH values on the microbial quality
of orange juice, the data showed that the orange juice samples at a pH value of 3 had
lower microbial counts than those of the other orange juices in the middle of the
storage time (3rd to 9" days of storage) (Table 4.33). Since bacteria are grow faster at
pH values of 6.0-8.0 (Adams and Moss, 2000), this data confirmed that at lower pH
values, microorganisms, particularly bacteria, would need a longer time to adapt
themselves with acid environments. However, once this adaptation period was over,
the microorganisms could grow quicker. Therefore at the end of the storage time,
different pH values of orange juice samples did not affect significantly the result of
Total Plate Count. In addition, Worobo and Padilla-Zakour (1998) reported that pH is
a critical factor for microbial growth. If the minimum pH for specific microorganism
is known, it is possible to design or adjust food products to control pathogens and

extend the product’s shelf-life.
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Fig. 4.21 The result of Total Plate Count of orange juice during chilled storage as

affected by orange juice sac and pH levels
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Table 4.33 The result of Total Plate Count (log CFU/ml) of orange Jjuice during chilled

storage as affected by different pH values

Storage time (day) pH3 pH 3.5 pH 4
0 1.37 £0.09"” 1.39 + 0.26" 1.40 £ 0.45°
3 1.68 +0.40° 1.93 +0.24" 2.01 +0.15°
6 2.12 +0.08° 2.65+0.25 2.69+0.18°
9 3.58 +0.08" 3.74 +0.07° 3.86 4 0.05°
12 4.22+0.50° 423 +031° 4.34+0.23"
15 4.65+0.6" 4.76 £ 0.05" 4.92 +0.44°

*) Values within a row followed by different letters were significantly different (P < 0.05)

Table 4.34 The result of Total Plate Count (log CFU/ml) of orange juice during chilled

storage as affected by orange juice sacs

Storage time (day)

No added orange juice sac

Added 3% (/) orange juice sac

0
5
6
9
24

15

1.15+0.15"
1.64 +0.25"
2.58 +0.38"
3.89 +0.05°
3.96 +0.16"
4.67+0.13"

1.62 +0.20°
204 0.07°
2.39+0.23"
3.69 +0.14°
b

4.57+0.13

4.88 + 0.35°

*) Values within a row followed by different letters were significantly different (P < 0.05)

Beside pH values, orange juice samples were also significantly affected by the

presence of orange juice sacs. In Table 4.34, it could be seen that orange juice samples

that contained 3% (w/v) orange juice sac significantly had higher numbers of micro-

organism than those of the orange juice samples without orange juice sac at the
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beginning of the storage time. However, during the storage time the microorganisms in
the orange juice samples without orange juice sacs could grow faster, making both
‘:-treatments to be not significantly different at the end of the storage time. A higher
microbial load in the orange juice samples with orange juice sacs could be due to a
contamination during the process of the orange juice sac addition and/or letting the
orange juice samples longer at room temperature, which gave an opportunity for the
microorganisms to grow. For the interaction between pH values and orange juice sac,
the Total Plate Count result showed that the orange juice samples with 3% (w/v) orange
juice sac and had a pH value of 4 had higher microbial loads compared to that of the
orange juice samples at a pH value of 3 and without the presence of orange juice sac

throughout the storage time (Appendix E, Table 4.16).

4.3.3.2 Lactic acid bacteria count

The result of lactic acid bacteria measurement in orange juice samples was
shown a similarity to the result of Total Plate Count. During storage at chilled
temperature, the ﬁumber of lactic acid bacteria in the orange juice samples was shown
to be significantly increased (Fig. 4.22 and Appendix E, Table 2.17). In general, the
increase of lactic acid bacteria count in this section was higher than the previous
section of 4.2.3. In the section 4.2.3, the data showed that the number of lactic acid
bacteria was increased from 2.11 log CFU/ml to 3.22 log CFU/ml, whereas this section
found an increase from 1.24 log CFU/ml to 3.89 log CFU/ml. This result might
indicate that the growth of lactic acid bacteria was affected more by the presence of
orange juice sacs and pH values compared to the presence of salt and sugar.

The effect of orange juice sacs and pH values on the lactic acid bacteria of
orange juices was shown to have similar patterns as these factors did to the Total Plate
Count. Orange juice samples at a pH value of 4 were shown to be significantly

different in the number of lactic acid bacteria compared to those in the other orange



90

Juice samples only at the beginning of the storage time which was on the 3" and 6"
days of storage (Table 4.35). Adams and Moss (2000) reported that lactobacilli and
acetic acid bacteria grow faster at a pH range of 5.0-6.0. Since the optimum growth pH
of these bacteria was lower than general bacteria, the bacteria could do a quicker
adaptation time in orange juices, which was 3 days earlier than the result of the Total
Plate Count. On the other hand, the presence of 3% ("/ ) orange juice sacs in orange
Juices caused the orange juice samples to have significantly higher number of lactic
acid bacteria compared to those in the orange juice samples without orange juice sacs
throughout the storage period (Table 4.36). A similar explanation as for the Total Plate
Count result could be seen in the section 4.3.3.1. For the interaction between orange
juice sac and pH value, the lactic acid bacteria measurement showed that the bacteria
was not significantly be affected by this interaction throughout the storage period

(Appendix E, Table 4.17).

450
= 4.00 |
: T
2 350 - % o
3] 5.00 e 0 0%*pH3
§ ] = B0%*pH3.5
g ! B 0 0%*pH4
3 - I 03% *pH3
i) N i 3% pH 35|
g 7[ @ 3% pH4
o _ I8 ) | L
° :
5 | L
0 3 6 9 12
Storage time (day)
L

Fig. 4.22 The result of lactic acid bacteria of orange juice during chilled storage as

affected by orange juice sac and pH levels
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Table 4.35 The result of lactic acid bacteria (log CFU/ml) of orange juice during

chilled storage as affected by different pH values

Storage time (day) pH3 pH3.5 pH 4
0 130+ 0.17" 1.19 +0.08° 1.24+0.19"
3 1.67 +£0.25° 1.69 +0.13° 1.81+0.12°
6 2.37+0.19° 2.40 +0.23° 2.61+0.20°
9 3.13 + 0.46" 3.01 £0.18° 3.10+0.29°
12 3.57 +0.34" 3.53+0.37" 3.69+0.18"
15 3.88 + 0.09" 3.88 +0.22° 3.92+0.17°

*) Values within a row followed by different letters were significantly different (P < 0.05)

Table 4.36 The result of lactic acid bacteria (log CFU/ml) of orange juice during

chilled storage as affected by orange juice sacs

Storage time (day) | No added orange juice sac | Added 3% (w/v) orange juice sac
0 1.15 +0.09" 1.33+0.15°
3 1.66+0.17" 1.80 £0.17°
6 2.30+0.14° 2.62+0.17°
9 2.87+0.11° 3.30 £0.30"
12 3.36+0.24° 3.83 +0.08"
15 3.77+0.11° 4.02 £0.10°

*) Values within a row followed by different letters were significantly different (P < 0.05)

4.3.3.3 Yeast and mold count
The measurement of yeast and mold was carried out at the beginning and at the
end of the storage period. The yeast and mold enumeration showed that these micro-

organisms were significantly increased during storage at chilled temperature (Fig. 4.23,
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Appendix E, Table 2.17). At higher pH values of orange juice samples, the number of
the yeast and mold was significantly higher than those of the orange juice samples at a
pH value of 3.0 (Table 4.37). This result confirmed the report that wrote yeast has an
optimum growth pH of 4.5 to 6.0 and fungi has an optimum growth pH of 3.5 — 4.0
(Adams and Moss, 2000). At the same time, the presence of 3% (*/.) orange juice sac
in orange juices caused the orange juice samples to have significantly higher number
of yeast and mold compared to those of the orange juice samples without orange juice
sacs at the end of the storage period (Table 4.38). For the interaction between orange
Juice sacs and pH values, Table 4.18 in Appendix E showed that the orange Juice
samples without any addition of orange juice sac and a pH value of 3.0 significantly
contained the lowest number of yeast and mold compared to those of the other orange
juice treatments at the beginning of the storage period. However, at the end of the
storage period, orange juice samples at a pH value of 3.0 either with or without 3% "7,
orange juice sac significantly had lower numbers of yeast and mold compared to those
of the orange juices with pH values of 3.5 and 4.0. This finding indicated that the pH
value may have a more significant contribution to the growth of yeast and mold in
orange juices compared to the presence of orange juice sac. In addition, it could be
noted that the increase in the number of yeast and mold in this section (Fig. 4.23) was
lower than that of the section 4.2.3 (Fig. 4.12). This result might reflect that the growth
of yeast and mold in orange juices could be affected more by the presence of salt and

sugar compared to the presence of orange juice sacs and different initial pH values.

As an overall, it could be concluded that microorganisms could grow in fresh
orange juice at a pH value range of 3.0 to 4.0 during refrigerated storage. At higher pH
values of orange juices, the microorganisms could grow faster compared to the
presence of these microorganisms in the orange juices that had a low pH value. The

presence of orange juice sacs in the fresh orange juice would increase the initial



93

microbial load of the juice and give a positive impact in supporting the growth of some

microorganisms.
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Fig. 4.23 The result of yeast and mold of orange juice during chilled storage as

affected by orange juice sac and pH levels

Table 4.37 The result of yeast and mold (log CFU/ml) of orange juice during chilled

storage as affected by different pH values

Storage time (day) pH 3 pH 3.5 pH 4
0 1.54 + 0.09"” 2.02+0.11° 2.08+0.12°
15 2.61 +0.05" 2.91+0.14° 3.29+0.18°

*) Values within a row followed by different letters were significantly different (P < 0.05)
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Table 4.38 The result of yeast and mold (log CFU/ml) of orange juice during chilled

storage as affected by orange juice sacs

Storage time (day) | No added orange juice sac | Added 3% (w/v) orange juice sac

0 1.93+0.34"" 1.83+0.18°
15 2.85+0.22" 3.0 0.37°

*) Values within a row followed by different letters were significantly different (P < 0.05)

4.3.4 Nutritional values of Keaw Wan Prae orange juice during chilled storage as

affected by orange juice sacs and pH values

4.3.4.1 Vitamin C content

The result of vitamin C of orange juices was displayed in Fig. 4.24 and Tables
4.39 and 4.40. From the Figure and Appendix E, Table 2.19, it showed that the vitamin
C content in the orange juices was significantly reduced during refrigerated storage for
15 days. Factors of pH values and orange juice sacs were found to significantly affect
the retention of the vitamin. As the pH values of orange juice were higher the retention
of the vitamin C in the juice was found to be significantly lower (Table 4.39).

At the end of the storage time, the best vitamin C retention was shown to be
present in the orange juice at a pH value of 3.0. Bull er al. (2004) reported that
degradation of ascorbic acid in orange juice could be due to the pH of the Juice and the
amount of oxygen dissolved in the juiée. In addition, a better vitamin C retention could
be achieved in the presence of higher concentrations of citric acid (Nagy, 1980). The
vitamin C retention would also be significantly higher in the orange juices without

orange juice sacs (Table 4.40).
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orange juice sac and pH levels

Table 4.39 The result of vitamin C (mg/100ml) of orange juice during chilled storage

as affected by different pH values

Day pH 3 pH 3.5 pH 4
0 31.43+£1.317 | 31.59+1.01° 29.73 +0.32°
3 29.94 +1.28° 30.72 £1.26° 28.90 + 0.49"
6 29.57 +0.99° 30.17 + 1.50° 28.30 +0.64°
9 29.38 +0.97° 29.42 + 1.08° 26.43 +0.65"
12 29.03 +0.92" 28.74 +0.82° 25.60 £ 0.59"
15 28.67 +1.33° 27.64 +0.94" 23.56 +0.32°

*) Values within a row followed by different letters were significantly different (P < 0.05)
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Table 4.40 The result of vitamin C (mg/100ml) of orange juice during chilled storage

as affected by orange juice sacs

Storage time (day) | No added orange juice sac | Added 3% (w/v) orange juice sac
0 31.51 +1.49% 30.33 +0.60"
3 30.56 +1.32° 29.15 +0.75°
6 30.10 + 1.29° 28.59 +0.83"
9 29.03 + 1.78" 27.89 128"
12 28.22 £2.01° 2737+ 147
15 N0 077 25.93 +1.98°

*) Values within a row followed by different letters were significantly different (P < 0.05)

4.3.4.2. Carotenoid content

Carotenoids are quality indicators for orange juice as they contribute both to
the color and the nutritive value of the juice (Bull ez al, 2004). For the color
measurement, the section 4.3.1.1 had shown that the L, a* and b* values of the orange
Juices were not significantly affected by storage at chilled temperature. A similar result
was also displayed in this section. Fig. 4.25 and Appendix E, Table 2.20 showed that
the carotenoid content of orange juices was not significantly affected during the
storage period, eventhough the carotenoid values were reduced. This result confirmed
the previous result by Bull ef al. (2004), who reported that the f-carotene content in
fresh, high pressure processed and heat treated orange juices did not significantly
decrease during storage at 4 and i6'c. Furthermore, the carotenoid content in the
orange juice was not significantly affected by orange juice sacs and pH values

(Appendix E, Table 4.20).
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Chapter 5

Conclusion

From the first experiment, it could be concluded that Keaw Wan Prae orange

juices had a better microbial and nutritional content than those of Sai Namphung

- orange juices. The total microorganism of the Keaw Wan Prae orange juices was 2.83

+0.18 log CFU/ml and the vitamin C and carotenoid contents of the juices were 30.71
+ 8.13 mg/100ml and 6.61+0.61 pg/ml, respectively.

A study about the effects of sugar and salt addition on the quality of Keaw Wan
Prae fresh oraﬁge juices during storage at chilled temperature showed that an addition
of 5% (w/v) sugar produced the best quality of orange juices based on the
microbiological and nutritional assessment. The amounts 6_f total microorganisms and
lactic acid in the orange juices were 4.38 + 0.34 log CFU/ml and 2.83 + 1.10 log
CFU/ml, respectively, at the end of storage time. In addition, the orange juice had a
vitamin C content of 22.74 + 3.82 mg/100 ml after 15 days at refrigerated storage. The
presence of salt in the orange juices contributed to higher microbial counts and lower
vitamin C contents.

In the last experiment section, the result data showed that Keaw Wan Prae
fresh orange juices had a better quality at a pH value of 3.0 and without any addition of
orange juice sacs. Applying this condition, the fresh orange juice had a total microbial
load of 4.51 +: 0.08 log CFU/ml and a vitamin C content of 29.77 + 0.10 mg/100 ml at
the end of 15 day storage at chilled temperature.

Result from this study concluded that an addition of 5% (*/) sugar could
improve the microbial quality of fresh orange juice compared to that in the no-added

sugar orange juices. For orange juices that had pH values more than 3.5, reduction in
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the orange juice pH value to be 3.0 by adding food gréde acids could also improve the

qualities of the juice during refrigerated storage.
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Appendix A

Picture of orange and orange juice
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Fig. A1 Fruit and juice of Keaw Wan Prae orange

Fig. A2 Fruit and juice of Sai Namphung orange
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Fig. A3 A color comparison between Keaw Wan Prae orange juice (left)

and Sai Namphung orange juice (right)



Appendix B

Orange juice processing
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Steps in the orange juice process

Oranges

|

- Cleaning

l

Take orange into warm water at 80°C for 2 min

1

Cut orange half segment

,1

Extracting by juice extractor

l

Filter residue by a cleaned cloth
Optional: addition of salt,
} sugar or orange juice sacs;

change pH value

A\ 4

Fill into _clea.ned botiles

|

Store orange juice in refrigerator at chilled temperature



Appendix C

Physical, chemical, microbiological and nutritional

analyses
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1. Physical method
1.1 Color analysis

CIE L, a* and b* values were measured with a colorimeter {Chrometer,
Minolta CR-300, Japan). Samples of juice were prepared by pouring 30 m! of orange
juice into a white plastic cup.

L value = a lightness factor with a value range of 0-100 %.
a* and b* value = chromaticity co.ordinates, with a value range from (-) 60 to (+) 60.
Total color difference (A E*) was calculated using a formula of : (A L'+ Aa¥+A
b**)"” (Lee and Coates, 1999). |
'Browning index was calculated from {(C_- Cm)2 + {(Cyt_ Cw)2]”2 (Suklampoo, 2003).

C,, = a* value of samples.

C,, = a* value of control.

C,,=b* value of samples.

C,,=b* value of control.

1.2 Cloud loss analysis (Famworth et al., 2001)
Cloudiness of orange juice samples was determined by measuring %

transmittance (%T) in a spectrophotometer at a wavelength of 640 nm.

1.3 Viscosity analysis

Viscosity of orange juice was measured using a viscometer. An amount of 8 ml
orange juice was poured into a 100 cylinder and placed in the correct position under
the viscometer equipment. The orange juice sample was measured using a viscometer

speed at 200 rpm. Measurements were conducted at room temperature.
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1.4 Yield analysis
The yield of orange juice was measured based on a formula:

% yield = weight of orange juice  x100

weight of orange fruit

2. Chemical method
2.1 Total Titratable Acidity analysis (AQAC, 2000)

Pipette 10 ml orange juice sample into a flask and dilute the sample with
distilled water. Then pipette 10 ml diluted solution sample into another flask. Drop
phenopthalein 2-3 drops and titrate the samplc with 0.1 M NaOH until sample reach
the end point (sample solution became pink that was persisted for 30 s).

% Citric acid = ml of 0.1 M NaOH x 0.1 x 0.007 x 100

weight of sample

2.2 Moisture and Total solid analysis (AOAC, 2000)

Heated an empty moisture dish in a hot air oven about 20-30 min. Cool in a
desiccator and weigh the dish. Into the cooled and weighed dish (provided with cover),
previously heated to 100 £ 3°C, accurately weigh 2 g of orange juice sample. Uncover
the dish and dry the dish with its cover and contents for 3 h in an oven provided with
opening for ventilation and maintained at 100 + 3°C. Cover the dish while it is still in
the oven, transfer to a desiccator, and weigh the dish soon after it reached a room
temperature. Dry the sample again for several times until the sample has a constant

weight.
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% moisture content = Loss in the sample weight during drying x 100

Initial weight of the sample

% total solid = 100 - % moisture content

2.3 Sugar analysis (AOAC, 2000)

2.3.1 Reducing sugar

Transfer 15 ml of orange juice sample into a 100 volumetric flask and adjust to
100 ml with deionized water. Add 5 ml of Carrez I and II sulotions. Shake and adjust
to 200 ml with distilled water. Put aside the mixed solution for precipitation about 20
min and filter the solution with 2 Whatman filter paper no. 4. Pour the solﬁtion filtrate
into a 50 ml burette and pipette 5 ml of Fehling solution no. 1 and 2 into-a flask.
Heat the Fehling solution on a hot plate and add one drop of methylene blue indicator.
Titrate the Fehling solution With the filtrate solution in the burette until the Fehling

solution has a color of orange—red.

2.3.2 Inversion sugar

Pipette 50 ml of filtrate solution from the previous determination into a
volumetric flask. Add 10 ml of 6.34 N hydrochloric acid. Place the volumetric flask in
a water bath at 70°C for 10 min and cool immediately. Make the mixture solution
neutral with 5 N NaOH and adjust to 100 ml with water. Do fitration following the
procedure of reducing sugar.

% sucrose (S) = % different between D, and D, x 0.95

% total sugar= D, + S
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D, = % Reducing sugar

D, = % Inversion sugar

2.4 Protein analysis (AOAC, 2000)

Place weighed sample (15 ml) in a digestion flask. Add 8 g catalyst mixture
and 20 ml H,SO,. Place the flask in an inclined position in a digestion machine and
heat the machine gently until frothing ceases. Continue boil briskly until the solution
clears (~ 2 h).

'Cool, add distilled water to dilute the mixture solution and pour into a distilling
flask. Add 400 ml H,0 (ammonia-free water) and a few Zn granules to prevent
bumping. Immediately immerse a condenser tip into a receiver that contains 50 mi of
2% boric acid solution in a 500 ml flask and 5-7 drops indicator. Add 75 m! of 50%
sodium hydroxide using a funnel into the distilling equipment. Rotate the distilling
flask to mix the contents thoroughly; then heat until all NH, has been distilled (= 150
ml distillate). Remove the receiver, wash the tip of .the condenser and titrate excess
standard acid in distillate with 0.05 M H,SO,. Do blank determination to correct any
nitrogen content in reagents.

%N = (V,- V) x N.H,SO, x 1.4007

W
V, = ml of standard acid for sample titration
V,, = ml of standard acid for blank titration
N.H,SO, = normality acid

W = weight of sample (g)

%Protein = %N x factor (factor value = 6.25)
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2.5 Fat analysis (AOAC, 2000)

Weigh sample (0.5-1.0 g) and place into a separated funnel. Add 10 ml water
and shake. Add 1.25 ml ammonia solution, 10 ml ethyl alcohol and 25 ml diethyl ether,
close with 2 stopper and shake vigorously for 1 min. Carefully release the pressure of
the funnel. Add 25 ml petroleum ether, close the stopper and shake vigorously for 1
min. Carefully release the pressure. Let stand until an upper liquid is practically clear
(~ 30 min). Pour the upper clear solution into a previously weighed beaker. Take the
beaker to stand in a hood until diethy! ether and petroleum are evaporated and place
the beaker in a hot air oven (T =102 + 20(3) for 2 h. Cool in a desiccator and weigh the
sample.

%Fat content = (W, - W,) x 100

Wl
W, = Weight of sample
W, = Weight of beaker and fat

W, = Weight of beaker

2.6 Ash analysis (AOAC, 2000)

Weigh 3-5 g sample into an ashing dish that has been heated, cooled in a
desicator, and weighed soon after reaching room temperature. Before ashing the
sample, heat the sample on a bunchen Jamp until no more black smoke appeared. Then
ash the sample in a muffle furnace at 550°C until light gray ash results or until it
reaches a constant weight. Cool in a desicator and weigh soon after reaching room

temperature.

% Ash= Weight of ash x 100

Weight of sample
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2.7 Fiber analysis (AQAC, 2000)

Weigh 5 g sample into a 500 ml beakér. ‘Transfer 1.25 M sulfuric acid (200 ml)
into the beaker. Boil the sample solution on a hot plate for 30 min. Filter the sample
solution using a Whatman paper no. 4 until it dries by applying a vacuum pump and
wash the residue with boiling water until the sample does not have acid (do a test using
a litmus paper). Place 200 ml of 1.25% NaOH into a beaker and boil the beaker on a
hot plate. Wash the residue on the filter paper with distilled water. Boil the sample
again on the hot plate for 30 min. Filter the sample using a Whatman paper no. 4 and
wash the residue with boiling water. Transfer the filter paper with the sample residue
into a crucible and dry at 102 & 2°C for 3 h. Cool in a desicator and weigh. Then ash
the residu_e for2 h at SSQ + IOOC, cool in the desicator, and weigh.

% Crude fiber = (W, - W, + W, ) + (W, - W, ) (100 - %H.O - %fat)
4 3 2 5 3 2

W,

W, = Weight of sample

- W, = Weight of filter paper

W, = Weight of cruciblp

W, = Weight of crucible + filter paper + sample after drying
W, = Weight of crucible + ash

%H,0 = Moisture content of sample

%fat = Fat of sample

2.8 Carbohydrate content (AOAC, 2000)
Carbohydrate content was determined by measuring the difference of the
original sample minus the moisture, protein, crude fat and mineral contents calculated

at the same moisture level.
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2.9 Pectin esterase (PE) activity

Quantitative measurement of PE was based on a method reported by Bull et al.
(2004). The orange juice sample was mixed properly by inverting the bottle several
times and 5 ml of the juice was transferred into 50 ml of a 1% pectin substrate solution
in 0.2 M sodium chloride. The sample was titrated to pH 7.5 with 0.2 N NaCH. Then
0.05 N NaOH was titrated into the sample to maintain the sample pH at 7.5 for 30 min.
The volume of 0.05 N NaOH consumed during this time was recorded. The PE activity
expressed as PE units (PEU) per gram soluble solids was calculated by using the
formula:

PEU/g.s.s.=  ml NaOH x normality of NaOH

Weight of sample x 30 min x “Brix/100

2.10 Flavor analysis

The flavor components of orange juice samples Gas Chromatography — Mass
Spectrophotometer (GC-MS) were identified. For this portion of the work, a GC 6890
Agilent Technologies equipped with a 30 m x 0.25 mm ID column and 0.25 pm film
thickness was used. The GC was linked to a Hewlett Packard Model 5973 (EI} mass
spectrometry detector. The initial oven temperature was maintained at 50°C for 1 min.
It was then raised at 10°C/min to 70°C. After that, it increased to 140°C at a rate of
5°C/min and maintained at 140°C for 11 min. Finally it increased to 220°C at a rate of
10°C/min without a final hold time. The injection port and ionizing source were kept at
230°C, and the transfer line was kept at 230°C. Helium was used as a carrier gas and
the flow through the column was maintained at 1.0 ml/min. Identification of the
components was done by comparison of mass spectra and retention time data with

those of authentic compounds supplement with standard mass spectra.
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3. Microbiological analysis

3.1 Total Plate Counts. The number of total microorganisms were enumerated
using a pour plate method on Orange Serum Agar. Incubation was performed at 35°C
for 48 h (Jia et al., 1999).

3.2 Total yeast and moulds were enumerated on Potato Dextrose Agar
acidified to pH 3.5 with 10% tartaric acid by a pour plating technique. The incubation
for total yeast and mold counts was done at 22°C for 5 days (Jia et al , 1999).

3.3 Lactic acid bacteria were enumerated on de Man Rogosa Sharpe {(MRS)
agar. The incubation for lactic acid bacteria counts was done anaerobically at 35°C for

3 days (de Man et al., 1960).

4. Nutritional analysis
4.1 Vitamin C content (AQAC, 2000)

Pipette 50 ml sample into a 100 ml volumetric flask. Add 25 ml of 0.4% oxalic
acid and dilute with distilled water. Then pipette 10 ml of the diluted sample into a 125
mi flask. Titrate this sample with an indophenol standard solution. At the end point, an
excess unreduced dye will produce a rose pink color in solution.

A similar procedure as above is done for 0.05 g of vitamin C standard.

1 ml of vitamin C standard 1 ml had a vitamin C content of 0.2 mg

10 ml of vitamin C standard 10 ml had a vitamin C content 0.2 x 10 =2 mg

If 2 mg of vitamin C used an indophenol standard solution of a  ml, then
the sample that used a b ml indophenol standard solution would have a vitamin C

contentof: = _2xb mg
a
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Since the initial sample volume was 50 ml then for 100 ml of orange juice sample, the

sample would confained vitamin C of: 2 x b x 100 mg/100 ml
ax50

4.2 Carotenoid content (AOAC, 2000)

4.2.1 Make a standard curve of carotenoid

Place a 0.0005 g of standard beta-carotene (f—carotene) into a beaker. Dilute
the standard B—carotene with 2.5 ml chloroform. Pour the 8—carotene solution into a 50
ml volumetric flask and adjust the volume with hexane. Pipette 5 ml of the standard
solution into a 50 ml volumetric flask and adjust the volume with hexane. Then pipette
1,2,3,4,5,6,7, 8 and 9 ml of the standgrd solution into 10 ml volumetric flasks and
adjust with a 10% acetone in hexane solution. Take the solution that has the highest
concentration of B—carotene solution to find the highest absorbance using a wavelength
range between 400-500 nm in a spectrophotometer. Use 10% acetone in hexane as a
blank. Choose the wavelength that shows the highest absorbance and measure the
absorbance of the other solutions (1, 2, 3, 4, 5, 6, 7 and 8 ml). Make a standard curve
between the concentrations of the standard $-carotene solution and the absorbance

values.

4.2.2 Determination of carotenoid in sample

Weigh 5 g sample and place the sample into a flask. Add 100 ml of 10%
acetone in hexane, stir for 10 min and filter using a funnel and Whatman paper no. 4.
Pour the clear solution into a separate funnel and pour 100 ml distilled water into the
separate funnel to separate acetone from the solution. Shake the funnel and pour the
acetone in water into a beaker. Filter the carotenoid in hexane solution and place the
carotenoid in hexane solution in a hood to evaporate the hexane from carotenoid. Then

dilute the dry carotenoid with 10% acetone in hexane solution in a 50 ml volumetric
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flask. Measure the absorbance of the sample solution with a spectrophotometer at 450
nm (Use 10% acetone in hexane as a blank). Calculate the carotenoid content in orange

juice using the f—carotene standard curve (Fig. C1).

From standard curve

y =1.2808x — 0.0072
y = absorbance value of carotenoid.
X = carotenoid content {ppm).

Take the x value from the standard curve equation to find the carotenoid
contént in the orange juice sample.

Calculation to find carotenoid content

1000 ml of a dilute solution has carotenoid = x mg.

(x/1000) x 50 mg.

I!

50 ml of a dilute solution has carotenoid

Carotenoid content from 5 g sample

5 g orange juice has carotenoid Z mg.

lg orange juice has carotenoid = z/5 mg.

1.2

1 s
0.8 /

0.6 / y=12808x-00072
0.4 / rR:=0.9908

. /

0 T T T T T ¥ T 1

Absorbance

0.0 0.1 0.2 03 04 0.3 0.6 0.7 0.8 0.9

B-carotent concentration (ml)

Fig. C1 The standard curve of B — carotene in 10% acetone in hexane solution



Appendix D

Gas Chromatography-Mass Spectrophotometer

analysis
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Fig. D1 The chromatogram of flavour components in Keaw Wan Prae fresh orange
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Table D1 The retention time and percentage of peak area of flavour components in

Keaw Wan Prae fresh orange juice

9.465
11.43¢

11.7258

first max 155;

scan

‘scan

129
155
226
3271

571 .

716
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1244
1360
" 1384
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PK  peak . corr. CorY.
scan TY height area % max.
BV 277330 3593799 ° 0.75%
PV 2 49569 502632 0.10%
BV 31554 367508  0.08%
BV .2 35279 1054750 - 0.22%
BB 4 16429 237729  0.05%
BB-2 - 8477 105807 0.02%
BE 398216 6910297 ° 1.44%
BB 3 7965 152184: 0.03%
BV 2 18974 . 348737 0:07%
VB 213607 3966350 0.82%
BB 819494 15811572  3.29%
BB 2 17316  -432512. 0.09%
BV.5 15212 355802  0,07%
VB 2 15373 A15184  0.09%
BV 10574484 481065447 100.00%:
VB 3 23142 . 744378  0.15%
BV 2 103014 = 2099966 . 0.44%
PV 4 31260 669758  ©.14%
PB 2 152839 3658152 0.76%
BB & 6687 135896  0.03%
BB 6 10558 283599 0.06%
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