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ABSTRACT

Recently, processing of tropical fruits has started in many
countries. This trend has caused an upswing in the fruit
industries in the fruit-growing countries, which endeavor to
promote and improve production, to be competitive in both
domestic demand and export markets. However, limited studies
are available regarding the processing of certain fruits viz. cape
gooseberry and sweet lemon. Cape gooseberry and sweet lemon
juice were processed at different temperatures (50, 60, 70 and
80 °C and different times (15, 30, 45 and 60 min), and
evaluated for quality components and sensorial properties. The
fruits were heated, and pressed; then the juice was cold
stabilized, filtered and pasteurized. The samples showed an
increase in pH and a decrease in titratable acidity. Total soluble
solids increased until 70 °C then decreased when 80°C was
reached. Significant differences were mostly observed between
processing temperatures than between processing times.
Increasing processing temperature enhances the total phenolics,
total anthocyanin, and % radical scavenging activity of the
juices until 70°C but declined when the temperature reached
80°C . Sensory evaluation showed that the preferred time—
temperature combination for processing cape gooseberry and
sweet lemon juice is between 60 and 70°C for 30—45 min.
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INTRODUCTION

Today, the demand for high-quality and nutritious foods by the health conscious consumers is
increasing, and so fruit juices nowadays have become very popular products. Fruit production
worldwide is estimated to be over 360 million metric tons, the tropical countries producing less
than half, and studies have shown that international markets exist for many of tropical fruits.
During the last decades, the processing of tropical fruits started in many countries. This trend has
caused an upswing in the fruit industries of the fruit-growing countries, which endeavor to
promote production, to be competitive in both domestic demand and export markets (Askar
1998; Ramadan and Mdorsel 2007). Cape gooseberry (Physalis peruviana) is one of the most
promising tropical fruits. It has been grown in California, South Africa, India, New Zealand,
Australia and Egypt. So far, however, it has nowhere become a major crop (McCain 1993). It is
somewhat tomato-like in flavor and appearance, although the taste (sweet and sour) is much
richer with a hint of tropical luxuriance. In addition to having a future as fresh fruit, the exotic
fruit can be enjoyed in many ways as an interesting ingredient in salads, cooked dishes, dessert,
juice, jam, natural snack, and preserves (Ramadan and Morsel 2003; Ramadan et al., 2008).
Many medicinal properties have been attributed to the cape gooseberry, including antiasthmatic,
diuretic, antiseptic, strengthener for the optic nerve, treatment of throat affections and
elimination of intestinal parasites, amoebas as well as albumin from kidneys (McCain 1993;
Ramadan and Morsel 2003, 2009). Cape gooseberry can be a very interesting candidate for the
processing of new functional foods and drinks. The yield of the juice is extremely high and
the juice is a rich source of sugars as well as water- and fat-soluble bioactive. The preparation of
new drinks based on the cape gooseberry could greatly extend the distribution and marketing of

this delicious fruit.

Citrus fruits are an important part of the human diet because of their nutritional value,
antioxidant activity, and high consumption. Citrus fruits including sweet lemon (Citrus limetta)
are rich in vitamin C and also contain large amounts of phytochemicals such as carotenoids and
phenolic compounds (Heber and Lu 2002; Vinson et al., 2002; Xu et al., 2008). These bioactive
compounds have antioxidant activities and are beneficial for human health. Dietary phenolic
compounds of citrus fruits mainly include flavonoids and phenolic acids. Recent studies have

shown that phenolic compounds are helpful in preventing chronic and degenerative diseases,
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such as cardiovascular diseases, stroke and certain forms of cancer (Attaway 1994; Klimczak et
al., 2007). It opens a new area for further studies on phenolic compounds of citrus fruits.
However, limited studies on changes of phenolic components as well as other antioxidant

parameters during processing of sweet lemon are available.

The aims of this study are to determine the effects of processing time and temperature on the
properties of Cape gooseberry and sweet lemon juice and to optimize the processing time and

temperature necessary to have high-quality juices from Cape gooseberry and sweet lemon fruits.
MATERIALS AND METHODS

Cape gooseberry and sweet lemon were obtained from a local market in Allahabad city for the
production of juices. The fruits were destemmed, washed and crushed, and heated at different
temperatures such as 50, 60, 70 and 80 °C for 15, 30, 45 and 60 min. The samples were then
pressed while hot and filtered using cheesecloth. The juice samples were held overnight at -5 °C
for cold stabilization. The juice samples after the cold stabilization process were then filtered
using Whatman No. 2 filter paper, pasteurized and analyzed. The results of the analyses were

expressed as means that correspond to the three analytical replicates.
Chemical Analyses

The pH of the processed Cape gooseberry and sweet lemon juice were measured using the pH
meter (Metrohm, Switzerland). The Total Soluble Solids (°Brix) were measured using a hand
refractometer (Erma, Japan). Titratable acidity was measured by adding 10 mL of juice samples
to 100 mL of distilled water and titrating with 0.1 N sodium hydroxide to an endpoint of pH 8.2
(Haight and Gump, 1995). The results were expressed as g citric acid/100 mL.

Color Measurement

The color of the processed Camp bell grape juice was determined using an X-rite colorimeter.
The values obtained were expressed as L* (lightness), a* (green to red) and b* (blue to yellow)
values. These values were used to calculate the total colour difference, which indicates the

intensity or color saturation and hue angle (h = arctan[b/a]).
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Sensory Evaluation

The sensory evaluation of the Cape gooseberry and sweet lemon juice samples was conducted at
the Centre of Food Technology, University of Allahabad, Allahabad, India. The juice samples
were presented in glasses with three-digit codes. The trained judges scored each attribute such as
color, aroma, taste and overall acceptability on a 9-point hedonic scale in which 1 denotes dislike

extremely and 9 denotes like extremely (Bergara-Almeida et al., 2002).
Total Phenolics Analysis

The total phenolic content was determined by the Folin—Ciocalteu method (Singleton and Rossi,
1965) that was previously modified (Yildirim et al., 2005) to reduce the assay volume. To 3.90
mL of H,O, 0.1 mL of the sample (10% v/v grape juice) was added followed by 0.5 mL of
Folin—Ciocalteu reagent. After 3-6 min, 0.5 mL of saturated sodium carbonate (20 g of Na,COg3
in 100 mL of H,O; Merck) was added. After 30 min of vigorous mixing with a vortex mixer, a
reading was taken at 725 nm (UVspectrophotometer, Thermoscientific, Japan). The results were
expressed as gallic acid equivalents using a calibration curve with gallic acid (Sigma-Aldrich

Chemical Co., Taufkirchen, Germany) as the standard (mg/L).
Free Radical Scavenging Method

The antioxidant activity of Campbell grape juice samples was measured in terms of hydrogen-
donating or radical scavenging ability, using the stable radical, 1,1-diphenyl-2-picrylhydrazyl
(DPPH) (Brand-Williams et al., 1995). One mL diluted sample (10% v/v grape juice) was placed
in a test tube and 4 mL of 6 x 10™ mol/L ethanolic solution of DPPH (Sigma-Aldrich Chemical
Co., Taufkirchen, Germany) was added. The mixture was shaken vigorously for 40 s and then
absorbance measurements commenced immediately. The decrease in absorbance at 517 nm was
determined with spectrophotometer (UV spectrophotometer, Thermoscientific, Japan). Ethanol
was used to zero the spectrophotometer. The absorbance of the DPPH radical ethanolic solution
was measured daily. All evaluations were made in triplicate. The % DPPH radical scavenging

activity of the sample was calculated according to Blois (1958).
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Total Flavonoid Analysis

Total flavonoid concentrations were determined using procedures outlined by Zhishen et al.
(1999). One mL of diluted grape juice (1 mL juice/ 5 mL distilled H20) was placed in a 10 mL
flask. Four mL distilled water was added then 0.3 mL of NaNO2 (5 g/100 mL distilled water)
was also added. After 5 min, 0.3 mL of AICI; (10 g/ 100 mL distilled H20) was added. After
another 6 min, 2 mL of 1 N NaOH was added then the solution was diluted to a total volume of
10 mL with distilled water. The absorbance of the solution was measured at 510 nm and

flavonoid concentration was determined by using a catechin calibration curve.
Statistical Analysis

Analysis of variance and Duncan’s multiple range tests were performed using the SPSSS
program to determine the differences among the processed Cape gooseberry and sweet lemon
juice samples. The level of significance was set at P < 0.05.

RESULTS AND DISCUSSION

The effects of processing time and temperature on physicochemical and color properties of Cape
gooseberry and sweet lemon juice are shown in Tables 1 and 2. There is a significant difference

in physicochemical properties of juice samples at different processing temperature and time.

Heating the cape gooseberries at a different time and temperature affected the physicochemical
properties of the juice in all heating times. Mostly, significant differences are observed in juice
samples heated for 30- 45 min at a higher temperature. There is an increasing trend in pH and a
decreasing trend in titrable acidity in all processing times and temperatures. The total soluble
solids increased until 70°C but decreased when the temperature was increased to 80°C in all
heating times (Table 1). Heating tends to increase the total soluble solids of the cape gooseberry
juice but at 80°C for 60 min total soluble solids declined, which suggest that very high
processing time and temperature may have a detrimental effect on the total soluble solids of the
cape gooseberry juice, which is line with the study made by Flora (1979), who found that high
temperature tends to lower the total soluble solids of grape juice. Similarly in sweet lemon juice
also pH showed an increasing trend whereas titrable acidity showed a decreasing trend in all
processing times and temperatures. The TSS increased until 60°C at decreased when the
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temperature was further increased to 70°C and 80°C in all heating times. The tannin content

was significantly reduced in both the fruits with increasing time and temperature (Table 1).

The L* and a* colour values of cape gooseberry juice gradually increased with time and
temperature up to 70°C but on further heating to 80°C, the values decreased (Table 2). The b*
colour values showed an increasing trend on heating up to 7°C for 15-45 min but on heating for
60 min the colour values showed a decline. The b* colour value was highest at a temperature of
70°C for 45 min. The total colour difference (AE) showed an increasing trend in all processing
times and temperatures. It was found highest in Cape gooseberry samples heated at 80°C for 15
min (33.83+0.41). In sweet lemon juice samples the L* colour values showed an increasing trend
whereas a* values or redness of the juice showed a decreasing trend in all processing times and
temperatures. The b* colour values increased on heating up to 7°C for 45 min resulting in the
gradual browning of the juice (Table 2). The total colour difference (AE) was highest on heating
the sweet lemon samples at 8°C for 60 min (44.04+0.62). These observations are in line with the
study made by Morris et al. (1986), as they reported that high extraction temperatures (99C) in
Concord juice resulted in a better color initially than the juice extracted at 60°C . Furthermore,
Flora (1979) observed that total heat input had a greater effect on color changes and processing,
and storage time—-temperature had the greatest influence on color deterioration. The result of this
study emphasizes that higher processing temperature and longer processing time had an

influence on the color changes of the cape gooseberry and sweet lemon juice samples.9*

Table 3 illustrates the changes in bioactive compound and % radical scavenging activity that
occurred in cape gooseberry and sweet lemon juice samples processed at different temperatures
and different times. This study showed that at the lower processing temperature (50°C ) and
processing time (15 min), there is a lower content of bioactive compound and a lower % radical
scavenging activity.

Heating the fruits viz. cape gooseberry and sweet lemon until 70°C in all processing times
before pressing increased the bioactive components and % radical scavenging activity of both the
juice samples but declined when 80°C is reached. The result emphasizes that total phenolics,
total flavonoids, and % radical scavenging activity showed the same increasing trend until 80°C

but a decrease was observed in the values at 80°C in all processing times. The greatest decrease
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in bioactive components was shown in juice samples heated at 80°C for 60 min. This result is in
accordance with the study made by Su and Silva (2006) who reported that antioxidant activity is
highly correlated to anthocyanin and total phenolics, and that free radical scavenging activity is
greatly influenced by the phenolic composition of the sample; thus all the bioactive compounds
of cape gooseberry and sweet lemon juice similarly increased at high temperatures and at high
heating times, then similarly decreased at a very high processing time and temperature (8°C for
60 min). Total flavonoids were found higher when cape gooseberry and sweet lemon fruits were
heated at 70 — 80°C for 15 to 45 min and declined on heating further for 60 min. These
observations are in line with the study made by Morris et al. (1986), as they reported that high
extraction temperatures (99°C ) in Concord juice resulted in a better color initially than the juice
extracted at 60°C. Furthermore, Flora (1979) observed that total heat input had a greater effect
on color changes and processing, and storage time—temperature had the greatest influence on
color deterioration. The result of this study emphasizes that higher processing temperature and

longer processing time had an influence on the color changes of the juice samples.

The ascorbic acid content showed a gradually decreasing trend at all processing times and
temperatures in both cape gooseberry and sweet lemon juice samples. The cape gooseberry juice
samples heated at 70°C for 15 min contained the highest total phenolics and total flavonoids of
14.33+0.38 mg/100ml and 3.61+0.30 mg/100ml, respectively. Similarly, the sweet lemon juice
samples heated at 70°C for 15 min contained the highest total phenolics and total flavonoids of
29.81+3.74 mg/100ml and 7.99+0.25 mg/100ml, respectively. The cape gooseberry and sweet
lemon samples heated at 70°C for 60 min contained the highest % radical scavenging activity of
78.60+1.28% and 82.75+1.82%. The samples heated at 50, 60 and 70°C for 15 to 30 min showed
higher levels of bioactive compounds than samples heated for 45 and 60 min. The results also
demonstrated that there is a decrease in the total phenolics content and total flavonoid content at
a higher temperature (80°C ) while % radical scavenging activities showed a gradual decrease
from 70 to 80°C at higher processing times (45 min—60 min), which suggest that heating the
fruits at 50, 60 and 70°C for 15 - 30 min may enhance the extraction of the bioactive compounds
from the fruits but prolonged heating time combined with a very high temperature had a harmful

effect on the bioactive compounds of the juice.
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In a study made by Flora (1977) and Sistrunk and Morris (1982) it was reported that increase in
extraction temperature increases color, acidity and phenolic compounds in the juice as the color
component that can be found in skins and phenols are higher in seeds and skins. Indeed, heating
IS necessary to obtain the bioactive compounds from fruits but very high heating temperatures for
a long time may lead to detrimental effects on the quality of the juice. The results of the present
study are related to the findings of Hamma and Nawar (1991) and Larrauri et al. (1997) who
reported that there is a decomposition of phenolic compounds and loss of antioxidant activity at
high temperatures. It was also observed that thermal treatments applied to peach, apple and
pomegranate juice can affect the phenolic composition of these juices (Hernandez et al. 1997;
Alper et al. 2005).

Table 4 illustrates the preferences of the panelists on the cape gooseberry and sweet lemon juice
samples. Statistical tests indicated that all sensory attributes of the juice samples tended to be
significantly influenced by processing time. The mean scores of cape gooseberry juice for overall
acceptability revealed a significant difference in samples processed between 70 — 80°C at higher
processing times. Ratings for colour (7.10-7.68), aroma (7.08-7.72) and taste (6.95-7.60) of cape
gooseberry juice samples showed to be in the range of “moderately like” to “like very much”
preferences category, respectively. The juice heated for at 70°C for 45 min showed the highest
preference score for all sensory attributes. It was also found out that the juice heated at 50°C for

15 min received the lowest preference score in overall acceptability.

Similarly, for sweet lemon juice the values for colour (6.85-7.41), aroma (7.05-7.90) and taste
(6.42-7.33) showed to be in the range of “moderately like” to “like very much” preferences
category, respectively. The juice heated for at 60°C for 30 min showed the highest preference
score for all sensory attributes. It was also found out that the juice heated at 80°C for 60 min
received the lowest preference score in overall acceptability. This study also demonstrated that
the preferred time—temperature combination of processing cape gooseberry juice and sweet
lemon juice is between 60 and 70°C for 30 to 45 min based on overall acceptability. The results
suggest that the cape gooseberry and sweet lemon juices processed at low temperatures such as
60°C and at very high temperatures as 90°C in all heating times were the least preferred by the
panelists. Huckleberry et al. (1990) reported that heat-processed juice was preferred especially in

the red cultivar grapes but long heating periods at high temperatures impart an undesirable
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cooked and astringent flavor (Joslyn et al., 1929); thus, to preserve the quality of the juice,

extensive extraction temperature must be avoided (Sistrunk and Morris 1982).
CONCLUSION

Processing time and temperature showed changes in quality components of the cape gooseberry
and sweet lemon juice. Lower processing temperature and time is not enough to extract higher
bioactive compounds and did not impart good sensory evaluation scores whereas very high
processing temperatures and times were detrimental to the quality components of the juices.
Thus, it can be concluded from this study that cape gooseberry and sweet lemon juice should be
processed at 60-70°C for 30-45 min. At this time-temperature combination juice with higher

bioactive compounds and better sensory attributes can be obtained.
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TABLE 1. THE PHYSICOCHEMICAL PROPERTIES OF CAPE GOOSEBERRY AND
SWEET LEMON JUICE PROCESSED AT DIFFERENT TIMES AND TEMPERATURES

The results are expressed as the means * standard deviation of the means (n=3).

Temperat pH Acidity (as % citric acid) TS5 ("Brix) Tannins (%)

ure 15 30 % 60 5 30 & 60 15 30 % 60 15 30 4 60

min min min min mn min  mn min mn  min min min mn mn mn min

Cape 50°C 347 357 341  34% 154 161 166 177 1060 1137 1180 1083 215 217 208 2.04
goos 20.04  2026% 008* 20.14* 0.3 1016 20.13% 009" 2020° 025 2020° 021 =020 2007 2003 0.04

e ETY E A c D E dC daD & A
beny - 60°C 365 367 361 366 211 168 159 159 1190 1263 1263 1324 202 193 186 188
Juice 005%™ 20.06% 007" 20.06% 006 :017° 20.06* 20.06° 0.10° 015" £ £025° 001 2003 20.03 20.01
A ol E A A A E 015® ¢ < & A A

70°C 368 367 364 364 464 249 142 154 1217 1227 1223 1200 193 191 188 1.84
20.05% 20.05% 009" 2005% =008 :043° 2006* 2009% 2029° 035" 047% 2p53° 001 =001 =003 =20.03

A D c E c C A o e B A

80°C 368 368 368 38 780 833 949 1023 1097 1097 1140 1083 074 068 062 067
206" £0.10% 006" 20.15% 2009 2032 2016 20137 2031° 078 =1.10% 2015 004 001 003 0.04

A E E E A i) aB a4 &

Swe  50°C 414 422 420 38 064 068 102 115 712 750 754 733 231 203 201 192
et 20078 2006 010 20124 £0.13 008 2013 £0.13P 0082 050° 0.50€ 0.58= 033 0.02 0.01 =0.01

1EII10 a4 E A C B o B & cA
n 60°C 428 421 485 431 067 070 109 187 1050 1147 1073 1028 203 169 163 162
juice 10062 20058 005D 2005%€ 2011 0072 2006 011D 030 0458 £025C 0267 003 008 2002 2015
E A b E CB D A o tE b bA

70°C 404 406 404 432 115 277 370 241 1040 1027 1057 1120 185 171 166 1.0
10172 20.05%  007% 20058 2003 20012 0060 0108 020 202° 06T 202° 01° 001 0.04 =0.03

A a4 C CB CA CD D BC BB bA

80°C 380 418 380 429 227 426 562 274 887 903 920 924 080 056 052 035
1005% 20118 0058 20060 20.1° 0420 022D 0.01F 0150 0150 026¥ 026 004 0.01 20.03 0.04

C CA C A E C i a8 i ah

Values followed by different letters within the same column are significantly different at P <

0.05.

Within a row, numbers followed by different uppercase letter(s) are significantly different at P <

0.05.
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TABLE 2. THE COLOUR PROPERTIES OF CAPE GOOSEBERRY AND SWEET LEMON
JUICE PROCESSED AT DIFFERENT TIMES AND TEMPERATURES

) Te I - W TarThia i
T T I T L L R A R T G
mn_ mn  mn mn mn mn mn mn mn mn MmN mn mn mn WD mnmn o mn o mnmn
Cape 5°C 2705 2611 272 1330 300 591 721 778 793 849 929 917 101 097 093 087 2808 2863 264 2809
goose 0257 235 2300 D7 H3E 1 H1F 028 DI 226 DD DI DB I I DY 085 03B DEFE 1T
bemy c B A A B c D ELN B Eil E D c B bA ELN B c ELY
juce 60 2893 2857 2683 2805 361 90 92 936 1043 1008 1023 971 085 084 085 08 318 316 3015 319
C 2035 =014 =018 D3 =008 066 026 DT 2074 032 045 2025 D0 H3F D0 02 045 060 24T 019
B 1B [ A B c D | B iD T4 B A 1B EEN | A 2]
00200 2041 77 131 93 94 99 1035 1051 1081 1125 981 085 085 081 08 333 N7 310 N7
C 20210 =014 =033 018! =024 20510 418 16 081 206 =051 =065 D08 H0F D0F 005 20 I 05 03
D B [ A A B C s ac i) A B A A EEN o B A &
30 3160 3031 3050 2870 624 7 776 776 1033 1079 1062 1013 103 095 094 092 3By BN B2 34
¢ 018 02 68 DU 1P 2 2P 033 018 055 08 029 D1 D01 00X 008 041 07 68 203
il [ A A B B B & & [ LEY b B B A LM B c bA
Sweet 50 2654 2720 2880 3136 24 174 15T 141 560 592 609 585 116 128 132 134 2723 2797 2947 3193
lmon € % % 038 18 20150 D560 D4 012 2025 DU 010 DI 006F 01T DM 2D 23R DIE 2
jIJiCE 03224 (geE (22X D I C B A bA i EN 1B ELY i B ELY c 025
i
60 3420 3847 3022 8L 07703 ) 133 565 610 698 564 143 148 144 133 3468 3895 3085 3023
C = & = Q11 0115 2006 02 =18 028 064 024 029 D12 3 0 18 06 058 DL A1
0358 (5408 sl C B A c I bA B [ # 1B C B bA bA B b |
0 3520 3852 4021 3981 066 017 082 050 636 764 789 686 147 155 147 148 3582 3027 4090 4040
C = = = 023 006 008 DIP 008 034 028 015 051 2025 DUE H2F 007 041 D4 D4E 237
0254 D.ﬁlw D.HCD [ C A D B A dc iy iz} A A [=% A B D [
30 3885 4203 4200 4363 005 Q6 0312 038 55T 622 613 602 156 154 150 150 3025 4238 4244 4404
C = & = Q418 008 06¢ DG 0B 031 034 =054 047 D31 D26F 007 008 034 20280 H2E 26
01284 € g0 C C D B A ELN & | & i A EEN da C B i
The results are expressed as the means * standard deviation of the means (n=3).
Values followed by different letters within the same column are significantly different at P <

0.05.

Within a row, numbers followed by different uppercase letter(s) are significantly different at P <

0.05.
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TABLE 3. THE ANTIOXIDANT ACTIVITY PARAMETERS OF CAPE GOOSEBERRY
AND SWEET LEMON JUICE PROCESSED AT DIFFERENT TIMES AND
TEMPERATURES
Temper ASCOREIC ACID TPC DPPH FLAVONOIDS
e I’min  Mmin 45mi G60min  13min m 45min  60mi 1%min  0mi 45mi 60mi 15mi I0min  45min  60mi
n in I i i n n n
2016 2753 2384 2148 1187 108 937 8§78 1016 2436 3815 3514 0460 100 3200 336
50°C z037T =115 =091 =051+¢ 2068 1 =023 200 2030 =135 2208 2062 2053 024EF 011 =160
CEPQE_M_’“bm c & D 04 jta TE WD i I c &
¥ ez 5ac' '
2662 2487 22357 2009 11938 101 931 885 380 4119 4190 3887 206 213 245 21
60°C = =0.8° 007™4 202P° 2 005 202 2059 2035 2301 2042 2023 004F 02F =028
052F C€ =183 € =07 L GE  <E A A < =
[} gaB
2025 2057 2018 1903 1433 133 1312 1260 6547 7860 7362 721 361 3l 0 289
M0°C =09E =038 =116 =016 =038 6 0438 204 20514 =02 =128 =182 2030 0364 02T H3°
A A [ =D'.| Gcﬁ di -4 -} -1} A [:.r\
jcB
1342 1115 1002 938 1156 114 981 862 4781 4306 3169 2078 313 303 208 246
80°C  =104¢ 21040 =176 20392 046 T HIPE 209 L7860 135 2179 72 015 H041F 15 2041
B 2 c =03 qza ﬁcC 2B 24 -+ B b
{6
4027 4744 45351 4530 2076 201 1973 1882 5184 5781 5324 4526 0438 097 134 147
50°C =1.03F =173 =073 =095 =227¢0 2 =878 209 =185 £33 2100 =145 =011 =008 =020 =022
B da [ 13 o4 jaC az A EEY [ aC
g€
3367 3247 3213 29935 1966 182 1345 1436 63.81] 7920 7888 7125 183 142 36 271
60°C = z1.4F =102 2106 4 IR 212 213% 206 2098 2042 2024 026T 02° =051
Swest lemon 61 B =108 e e - e
Juice [} jaB
2081 2784 2757 2361 2081 278 2737 2360 6273 B80Sl 8235 6925 333 432 410 331
M0°C =371 =070 =241 =14 4 22415 227 207204 09 =159 =182 2025 =0390F 045 =6
B B L7 217 Tea g @ B da B Ca
:CB
2023 2278 1948 19025 2133 210 2082 1845 3307 6324 6114 3845 218 36l 29 1.86
80°C  =090°° 2137 =143 1374 =093 4 106 211 2127 14 2188 2028 2224 1870 2P 2032
B 2 B =00 i ij |+ BB [ c 2
B

The results are expressed as the means * standard deviation of the means (n=3).

Values followed by different letters within the same column are significantly different at P <

0.05.

Within a row, numbers followed by different uppercase letter(s) are significantly different at P <

0.05.
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TABLE 4. AVERAGE SCORES OF SENSORY EVALUATION OF CAPE GOOSEBERRY

AND SWEET LEMON

JUICE PROCESSED AT DIFFERENT TIMES AND

TEMPERATURES
J Temperature Cape gooseberry juice Sweet lemon juice
15 min 30 min 45 min 60 min 15 min 30 min 45 min 60 min
Colour 50°C 7102085 71520228 723020 720=025C 720=065%F 727=023%C 7200248 7.08z024%
60°C 72520458 7280748 T39x0.54C 737=0.69F 741075 741015 73820398 7.18:0.19=
70°C 7482052 759x0458 TA82045€ 73920268 734x026F 73520918 7322075 738051
g0°C 7122023 71420258 71520748 71120545 72320150 7.182042€ 70420928 6851094
Aroma 50°C 7.08£025% 71940138 73320890 728£039L 752:0.78F 7.6220.66C 7.6520.78C 73440354
60°C 72420122 73420188 74520410 73820.16% 75620258 79020290 7§42025C 7454012
70°C 7.532026% 76320968 T7.72£085€ 75620249 744:084C 735z016% 7462069 7120350
80°C 7.1820.14% T212065% 7382026% 72520.77F 721:096% 7.18x024% 7.08x041% 7.05x042%
Taste 50°C 6.9520.67* 7.0520.248 7172013 71620.59¢ 7202042 7.142046% 7.112039% 6.8620.36%
60°C 7182048 7.232025% 7322041 73020.67¢ 7.18z0.71F 7.3320.18% 731x0.18% 9.952064%
70°C 7442041% 75620618 TH0=075C 7354=061% T711x036% 72020822 687=026% 65620190
g0°C 72320212 73120818 745086 7242019 68820560 6.720.12€ 66120318 64220 82
Overall 50°C 7.0520.53% 708044 T28x036C 7.15x031F T73620.19F 74820352 72T046% 7002026
acceptabiliy 0o 7192054 73020842 T38x064C 732x051%F T452086% 7.64=028C 77220512 72820188
70°C 74820842 76120526 TATH0.240 7552098% 7210358 725x0.16% 7.4220.94€ 71520 54%
g0°C 720x081% 728x029% 7332089€ 72620268 6.94x081F 68820578 7112011 6870269

The results are expressed as the means + standard deviation of the means (n=3).

Values followed by different letters within the same column are significantly different at P <

0.05.

Within a row, numbers followed by a different uppercase letter(s) are significantly different at P

< 0.05.
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