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Removal of Sulfur Dioxide from Dried Grapes before Handling
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Abstract

Dried grapes or raisins are usually treated with sulfur dioxide in high concentrations to prevent enzymatic and non-enzymatic browning
reactions and keep golden yellow color of these dried fruits. Sulfur dioxide and sulfite salts are good food preservatives but have high risk on
human health especially when using in high concentrations. Thus, this work was achieved to remove sulfur dioxide and sulfite salts from over
sulfite raisins before handling in different food industries into lower concentrations by soaking of raisins in water, HO, (1%), citric acid (5%)
and acetic acid (5%) at 30 and 50°C for 15 and 30 minutes. These treatments led to removing high amounts of sulfur dioxide and sulfite salts
from raisins especially with treatment by citric acid (5%) at 50°C for 15 min. Comparatively, soaking of raisins in citric acid (5%) was the
best treatment followed by acetic acid (5%) and H,O, (1%) then water. This work also aimed to desulfurization of raisins with minimal
effects on their constituents e.g., total phenols, tannins, flavonoids and color features. The loss rates of these constituents from raisins
obtained by the soaking treatments in water were lower than those obtained by citric acid (5%) then acetic acid (5%) while the maximum loss
rates of these constituents from raisins were obtained by H,O, because it is oxidizing and bleaching agent. Therefore, this work was achieved
to overcome this problem by using citric acid or acetic acid instead of H,O,.

Keywords: Removal; Sulfur dioxide; Dried grapes; Raisins.

1. Introduction

Raisin varieties depend on the type of grape and appear in a variety of sizes and colors including green, black, brown,
purple, blue, and yellow. Commercial raisins are produced in three steps including pretreatment, drying, and post-drying
processes. Pretreatment is a necessary step in raisin production to ensure the increased rate of water removal during the drying
process. A faster water removal rate decreases the rate of browning and helps to produce more desirable raisins. Drying
methods are sun drying, shade drying, and mechanical drying. Mechanical drying is the best method where it can be done in a
safer and more controlled environment, and rapid drying is guaranteed. One type of mechanical drying is to use microwave
drying. Water molecules in the grapes absorb microwave energy resulting in rapid evaporation [1]. All steps in the production
of raisins are very important in determining the quality of raisins. Sulfur dioxide is applied to raisins after the pretreatment
step and before drying to decrease the rate of browning caused by the reaction between polyphenol oxidase and phenolic
compounds. Sulfur dioxide also helps to preserve flavor and prevent the loss of certain vitamins during the drying process [2].
Dried grapes or raisins are produced in many regions of the world and may be eaten raw or used in cooking, baking, and
brewing. Raisins contain about 15% water, 65% total sugars including glucose, fructose and tiny amount of sucrose, 4.5%
fibers, 3.3% protein, and 0.25% fats. Raisins also contain several minerals and vitamins besides phenolic compounds
including phenolic acids, flavonoids, tannins and others [3].

Dried fruits such as apricots and grapes are usually treated with sulfur dioxide in high concentrations to prevent enzymatic
and non-enzymatic browning reactions and keep golden yellow color of these dried fruits. This treatment also prevents
microbial spoilage during drying and storage, and prolongs shelf life. In the sulfurization process of raisins, either directly the
SO, gas is used or by burning various sulfur salts [4]. The sulfurization process is carried by keeping fresh fruits in a closed
room in the SO, gas atmosphere obtained by burning elementary sulfur. In this application, controlling the SO, amount
absorbed by raisins is difficult. In sulfurization, factors such as temperature, sulfurization time, elementary sulfur amount,
fruits maturity levels, and fruit sizes cause the SO, amount absorbed to differ. For these reasons, the SO, amount in the final
product can reach undesirable levels. Besides, the SO, amount is kept high for preserving the fruit color and storing for a long
time [5, 6].

Sulfur dioxide and sulfite salts as sodium sulfite, sodium bisulfite and sodium meta-bisulfite have been used as food
preservatives in the food industry for centuries, besides acting as anti-browning and antioxidant agents. Sulfur dioxide gas is
more efficient than sulfite salts in the sulfurization process of dried fruits while sulfite salts are usually used in other foods
such as beer, wines, gelatin, sausage and some fruit juices. Sulfite salts are used by certain concentrations such as 70 ppm in
beer, 500 ppm in wines and sausage, and 1000 ppm in gelatin while the concentration of sulfur dioxide in dried fruits is about
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2000 ppm [7].The controlling of SO, amount absorbed by dried fruits during the sulfurization process is difficult thus it can
reach to 6000 ppm [8]. Legally, the maximum limit of SO, concentration is about 2000 mg/kg. Different countries only
allowed to certain amounts of sulfur dioxide in dried apricots and raisins such as 2000 mg/kg in Germany and England, 1000
mg/kg in France and Denmark, 600 mg/kg in Italy and 300 mg/kg in Austria. Legal restrictions and the demand for dried
fruits containing low SO, content have revealed the need to reduce subsequently the SO, content. Various methods have been
tried for desulfurization of dried apricots by dipping these fruits into H,O, with different concentrations at different
temperatures for different times [8, 9, 10, 11, 12].

This work was performed to remove sulfur dioxide from over sulfite dried grapes or raisins which contain much higher
SO, levels (up to 6000 mg/kg) than legal limits (usually 2000 mg/kg) into lower concentrations by soaking of raisins in water,
H,0, (1%), citric acid (5%) and acetic acid (5%) at 30 and 50°C for 15 and 30 minutes. This work also aimed to
desulfurization of raisins with minimal effects on their constituents e.g. total sugars, total phenols, tannins, flavonoids and
color.

2. Materials and Methods
2.1. Materials

Golden yellow raisins (Vitis vinifera L.) were purchased from a local market, Cairo, Egypt. Folin-Ciocalteu reagent, gallic
acid, tannic acid and quercetin were purchased from PioChem Chemical Company, 6 October City, Egypt. All other
chemicals used in this work were of analytical grade.

2.2. Determination of total sulfur dioxide in raisins

Total sulfur dioxide in samples of raisins was determined according to the Monier Williams method. The distillation and
titration of sulfur dioxide from various samples were performed according to [13]. Comparatively, free forms of sulfur dioxide
(molecular SO,, sulfite and bisulfite salts) can be determined by direct titration with iodine solution (0.02 N) in the presence
of starch indicator after grinding the sample in water while total SO, which includes free and bound forms of SO, can be
determined after steam distillation of the sample in the acidic medium of HCI solution (7%) for 6 min then titration of the
distillation product with iodine solution (0.02 N) in the presence of starch indicator.

2.3. Color measurements

After various soaking treatments of raisins in water, H,O, (1%), acetic acid (5%) and citric acid (5%) at 30 and 50°C for 15
and 30 minutes, skin color of raisins was determined in the CIE Lab system by using spectrophotometer (MOM, 100D,
Hungary). In the CIE Lab color space, L* indicates the brightness, ranging from black (0) to white (100), a* ranging from
green (-a) to red (+a), and b* ranging from blue (-b) to yellow (+b) as described by [14].

2.4. Preparation of raisins extracts

Five grams of frozen raisins were ground and extracted twice with 5:1 of ethanol (70%) for 24 hours at room temperature
(25°C), and the samples were filtered after each extraction. Solvent was removed from the combined extracts with a vacuum
rotary evaporator at 40°C to obtain crude extracts. The dried extracts were weighed and stored at —20°C until use [15].
2.5. Determination of total sugars

Total sugars of the dry extracts of raisins were determined by the phenol-sulfuric acid method. Each sample was dissolved
in distilled water to make 100 ml and then 0.5 ml portion of the solution was mixed with 1.0 ml of phenol solution (5%) and
1.0 ml of distilled water for 1 min, 5.0 ml of concentrated H,SO, was then added, shaken for 3 minutes. After settling down
for 30 minutes, the resulting solution was cooled by water for 20 minutes and then measured at 485 nm. Standard curve of
glucose was prepared and the results were expressed as glucose equivalents (g/100g) as described by [16].

2.6. Determination of total phenols

Briefly, total phenols of the dry extracts of raisins were determined by the Folin-Ciocalteu reagent and sodium carbonate
solution (7%). The mixture was incubated at room temperature for 90 min and the absorbance at 760 nm was measured. The
results were expressed as gallic acid equivalents (mg/100 g) as described by [17].

2.7. Determination of total tannins

Briefly, total tannins of the dry extracts of raisins were determined by the Folin-Ciocalteu reagent and sodium carbonate
solution (35%). The mixture was incubated at room temperature for 30 min and the absorbance at 700 nm was measured. The
results were expressed as Tannic acid equivalents (mg/100 g) as described by [18].

2.8. Determination of total flavonoids

Flavonoids of the dry extracts of raisins were determined according to the colorimetric method described by [19]. Briefly,
each sample was mixed with distilled water and subsequently with sodium nitrite solution (10%). After 5 min, aluminum
chloride solution (10%) was added followed by sodium hydroxide solution (1%) to the mixture. Immediately the mixture was
thoroughly mixed and absorbance was then determined at 510 nm. Standard curve of quercetin was prepared and the results
were expressed as quercetin equivalents (mg/100g).

Egypt. J. Chem.68, No. 5 (2025)



REMOVAL OF SULFUR DIOXIDE FROM DRIED GRAPES BEFORE HANDLING.

2.9. Statistical analysis

All data are expressed as means + standard deviation from three replicates. The recorded data were treated statistically
using the one-way analysis of variance (ANOVA). The means were compared by Least Significant Difference test (LSD) at
P<0.05. Statistical analyses were performed using SPSS statistical software (IBM SPSS Statistics, version 20) [20].

3. Results and Discussion

Dried grapes or raisins are usually treated with SO, for inhibiting the enzymatic and non-enzymatic browning reactions
during drying and storage as well as prevention of microbial deterioration. Dried grapes sometimes contain much higher SO,
levels (up to 6000 mg/kg) than legal limits (usually 2000 mg/kg). It is important to note that the acceptable daily intake (ADI)
of sulfites expressed as SO, is very low (0.7 mg/kg) [21, 22, 23, 24]. Thus, it may become necessary to decrease the final SO,
level in dried grapes. Therefore, this work was carried out to remove SO2 from over sulfite dried grapes into lower
concentrations by soaking of raisins in water, H,O, (1%), citric acid (5%) and acetic acid (5%) at 30 and 50°C for 15 and 30
min. This work also aimed to desulfurization of raisins with minimal effects on their constituents e.g., total sugars, total
phenols, tannins, flavonoids and color features. The obtained data were classified into the following items:

Effect of soaking treatments of raisins on total sulfur dioxide content

Table (1) shows the effect of soaking of raisins in water, H,O, (1%), citric acid (5%) and acetic acid (5%) at 30 and 500C
for 15 and 30 minutes on the residual concentration of total sulfur dioxide in these samples of raisins compared to that in the
control samples (untreated raisins). The results showed significant (P<0.05) decreases in the levels of total SO, in the samples
of raisins in all treatments compared to that in the control samples (5828 12 mg/kg). Water treatments at 30°C exhibited
weak potency of SO, removal from raisins as indicated by the highest concentrations of residual SO, in the samples of raisins
either for 15 min (5628 +12 mg/kg) or 30 min (5244 +11 mg/kg). This may be due to that soaking of raisins in water at room
temperature (30°C) led to releasing of free forms only of sulfur dioxide. Free forms of SO2 include molecular SO,, sulfite and
bisulfite salts while combined forms include sulfites attached to acids, sugars, acetaldehyde and polyphenols. Comparatively,
the amounts of combined forms were much more than those of free forms in the dried fruits. Clearly, soaking of raisins in hot
water at 50°C exhibited sharp decrease in the levels of residual SO, in these samples of raisins either for 15 min (3242 +18
mg/kg) or 30 min (3045 +13 mg/kg). It means that soaking of raisins in hot water was more potent than cold water for
removal of SO, from raisins. This may be ascribed to that increasing of soaking temperature led to increase releasing of bound
forms of SO, from raisins. The data also indicate that the amount of residual SO, in the samples of raisins more decreased,
and the efficiency of SO, removal more increased by increasing of soaking temperature from 30°C to 50°C, and increasing of
soaking time from 15 min to 30 min in all treatments as in shown in Table (1). Evidently, the potency of water treatment at
500C was approximately equal the soaking treatments in H,O, (1%) and acetic acid (5%) at 30°C but less than the soaking
treatment in citric acid (5%) at 30°C. It can be noticed that the efficacy of soaking treatment in H,O, (1%) at 500C was
approximately equal the soaking treatment in acetic acid (5%) at 500C but less than the soaking treatments in citric acid (5%)
at the same temperature. Efficiency of SO, removal from raisins by various treatments was in the following order; citric acid
(5%) followed by acetic acid (5%) and hydrogen peroxide (1%) then water. The treatments with citric acid (5%) gave the best
results and the lowest concentrations of residual SO, in the samples of raisins especially at 50°C for 15 and 30 min of soaking
time (1428 £12 and 1409 +11 mg/kg, respectively).

There were no significant (P<0.05) differences in the levels of residual SO, between the soaking treatments in citric acid
(5%) at 50°C for 15 min and 30 min. Thus, the soaking for 15 min was considered the best. It can be observed that the
concentration of residual SO, in the samples of raisins became less than legal limits (usually 2000 mg/kg) and the efficiency
of SO, removal from raisins by these treatments were about 75% which accounted by the following equation:

Efficiency of SO, removal = 100 — [(SO, in the treatment)/(SO; in the control )x100]

Our results are supported by those obtained with [8, 9, 10, 25]. The removal of sulfites from excessively sulfited dried
apricots (over 4000 mg/kg) using H,O, (0.5, 1.0 and 1.5%) at 20, 40 and 60°C for various times was studied by [8] and found
that the removal of SO, from dried apricots increased as H,O, concentration, temperature and time increased, and this increase
ranged from 12 to 66%. The best results observed with H,O, (1%) where the potency of SO, removal from dried apricots
increased from 32% at 20°C to 53% at 40°C and 66% at 60°C for the same time (12 min). The removal of SO, from dried
apricots exposed to hot air flows at 40, 50 and 60°C for various times was studied by [25] and indicate that exposure of dried
apricots to hot air flow was effective in reducing the SO, content where the potency of SO, removal from dried apricots
increased from 34% by exposing to hot air flow at 50°C for 144 hours to 67.6% at 60°C for 100 hours. Using of H,0O, (0.5, 1.0
& 1.5%) to remove SO, from over sulfite dried apricots at 20, 40 & 60°C for various times was examined by [9] and indicate
that removal of SO, increased as H,O, concentration and temperature increased. When using H,0, (1%) at 40°C for 12 min,
SO, content of dried apricots decreased from 4184 to 2138 mg/kg. They also indicate that using H,O, (1%) for 10 min with
increasing temperature resulted in a considerable increase in the removal of SO, from 31% at 20°C, 47% at 40°C to 61% at
60°C. Effect of H,O, used in desulfurization of dried apricots on the antioxidant capacity and phenolic compound content of
the fruit whereas dried apricots were immersed in 0.5, 1.0 and 2% H,0, solutions at 20, 30 and 40°C for 5 min was
investigated by [10] and indicate that H,O, was effective in desulfurizing, by decreasing up to 61% rate the SO, content in
dried apricots.

The above-mentioned data reveals that using H,O, was the official method for desulfurization of dried apricots in most
countries especially in Turkey which supplies about 75% of dried apricots consumed in the world. This work studied the
possibility of using edible organic acids e.g., citric acid and acetic acid to remove SO, from over sulfite dried grapes into
lower concentrations instead of H,O, because it is oxidizing and bleaching agent other than it removes SO, and sulfites from
dried fruits e.g. apricots and grapes by converting them into sulfuric acid which is considered a harmful metallic acid for these
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fruits, and consequently it may diminish their nutritional values and quality features. Our results illustrate that the removal of
SO, from dried grapes by soaking treatments in citric acid (5%) were more efficient than those in H,O, (1%) at 30 and 50°C
for 15 and 30 min while the potency of soaking treatments in acetic acid (5%) was approximately equal to those in HO, (1%)
at the same temperatures for the same times. It can be also noticed that the removal of SO, from dried grapes by soaking
treatments in water exhibited the lowest potency compared to other soaking treatments.

Effect of soaking treatments of raisins on the total sugar content

Data presented in Table (2) reveals the effect of soaking of raisins in water, H,O, (1%), citric acid (5%) and acetic acid
(5%) at 30 and 50°C for 15 and 30 minutes on the total sugars content in these samples of raisins compared to that in the
control samples (untreated raisins). The results indicated slight changes in the total sugar content in the samples of raisins in
all treatments compared to that in the control samples (65.1 £ 0.4 g/100g). The percentage of total sugars in raisins was
recorded by [3] and indicates that raisins are sweet as they consist of about 60% sugar, predominantly fructose and glucose. It
means that soaking treatments of raisins in water and various chemical solutions exhibited weak effects on the total sugar
content in these samples of raisins. This may be attributed to the short time of soaking treatments (15 and 30 min) and
temperatures did not exceed 50°C.

Effect of soaking treatments of raisins on the total phenols content

Table (3) indicates the effect of soaking treatments of raisins in water, H,O, (1%), citric acid (5%) and acetic acid (5%) at
30 and 50°C for 15 and 30 minutes on the total phenols content in these samples of raisins compared to that in the control
samples. The results illustrated significant (P<0.05) decreases in the levels of total phenols in the samples of raisins in all
treatments compared to that in the control samples (250.3 + 3.6 mg/100g). The loss rates of phenols from raisins obtained by
the soaking treatments in water were lower than those obtained by citric acid (5%) then acetic acid (5%) while the maximum
loss rates of phenols from raisins were obtained by H,O, because it is oxidizing agent, and consequently it can oxidize some
phenols. These results are in agreement with those obtained by [10] who reported that soaking treatments of apricots in H,O,
caused a considerable decrease of total phenols and antioxidant capacity in these fruits. They also recorded that the
development and use of methods to preserve the nutritional content of the fruit are important. Therefore, this work was
achieved to overcome this problem by using citric acid instead of H,O,.

Effect of soaking treatments of raisins on the tannins content

Table (4) illustrates the effect of soaking treatments of raisins in water, H,O, (1%), citric acid (5%) and acetic acid (5%) at
30 and 50°C for 15 and 30 minutes on the tannins content in these samples of raisins compared to that in the control samples
(untreated raisins). The results elucidated significant (P<0.05) decreases in the levels of tannins in the samples of raisins in all
treatments compared to that in the control samples (93.2 + 3.3 mg/100g). The loss rates of tannins from raisins obtained by the
soaking treatments in water were lower than those obtained by citric acid (5%) then acetic acid (5%) while the maximum loss
rates of tannins from raisins were obtained by H,O, because it is oxidizing agent, and consequently it can oxidize some
tannins.

Effect of soaking treatments of raisins on the flavonoids content

Table (5) elucidates the effect of soaking treatments of raisins in water, H,O, (1%), citric acid (5%) and acetic acid (5%) at
30 and 50°C for 15 and 30 minutes on the flavonoids content in these samples of raisins compared to that in the control
samples. The results demonstrated significant (P<0.05) decreases in the levels of flavonoids in the samples of raisins in all
treatments compared to that in the control samples (45.3 + 3.5 mg/100g). The loss rates of flavonoids from raisins obtained by
the soaking treatments in water were lower than those obtained by citric acid (5%) then acetic acid (5%) while the maximum
loss rates of flavonoids from raisins were obtained by H,O, because it is oxidizing agent, and consequently it can oxidize
some flavonoids. The data also indicate that the levels of flavonoids in the samples of raisins decreased by increasing of
soaking temperature from 30°C to 50°C, and increasing of soaking time from 15 min to 30 min in all treatments. The most
abundant flavonoids in raisins are quercetin and kaempferol [26].

Effect of soaking treatments of raisins on the color features

The grapes are exposed to sulfur dioxide for 6 to 8 hours, preserving their light color which can range from yellow to light
amber. Figures (1 - 4) reveals the effect of soaking treatments of raisins in water, HO, (1%), citric acid (5%) and acetic acid
(5%) at 30 and 50°C for 15 and 30 minutes on the color features of these samples of raisins compared to that of the control
samples (untreated raisins). The results indicated slight changes in the surface color parameters of raisins in all treatments
compared to those in the control samples (L*, a* & b* were 34.0, 1.88 & 9.73 respectively). It is obvious that the various
soaking treatments of raisins led to increases of the L* values, and decreases of the a* and b* values. The data also indicate
that the changes in the surface color parameters of raisins obtained by the soaking treatments in water were lower than those
obtained by acetic acid (5%) then citric acid (5%) while the maximum changes in the surface color parameters of raisins were
obtained by the soaking treatments in H,0, because it is bleaching agent, and consequently it can decolorize these dried fruits.
Therefore, this work was carried out to overcome this problem by using citric acid instead of H,0O,. These results are in
accordance with those obtained by [8, 9, 25, 27].
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Table 1: Effect of soaking treatments of raisins on sulfur dioxide content (mg/kg)

Treatments 30°C 50°C

15 min 30 min 15 min 30 min
Water 5628 + 127 5244 +11° 3242 + 18° 3045 + 13°
H,0, (1%) 3420 + 14° 3125 £ 15° 2816 + 14¢ 2542 + 18
Citric acid (5%) 2320+ 17¢ 2155 £ 15¢ 1428 +12¢ 1409 £ 11°
Acetic acid 3250 +20° 3128 £22° 2891 + 14¢ 2742 + 18
(5%)

“Sulfur dioxide content in untreated raisins (control) was 5828 +12 mg/kg
"The data are presented as means + SD calculated from three replicates.
“Different letters refer to significant differences at (P<0.05)

Table 2: Effect of soaking treatments of raisins on total sugars content (g/100g)

Treatments 30°C 50°C

15 min 30 min 15 min 30 min
Water 64.6 £0.5% 63.9+04" 62.5+0.3° 622 +0.1°
H,0, (1%) 62.5+0.4° 623 +£0.5° 61.7 £0.3° 61.5+0.2°
Citric acid (5%) 62.3 £0.4° 62.1 £0.2° 60.6 +0.4° 60.0 £0.2°
Acetic acid 62.5 £0.5" 62.3 £0.3° 60.7 +0.4° 60.3 £0.3°
(5%)

“Total sugars content in untreated raisins (control) was 65.1 £+ 0.4 g/100g
"The data are presented as means + SD calculated from three replicates.
“Different letters refer to significant differences at (P<0.05)

Table 3: Effect of soaking treatments of raisins on total phenols content (mg/100g)

Treatments 30°C 50°C

15 min 30 min 15 min 30 min
Water 2453 +5.5° 2402 £4.2° 2259+3.6° 2153 +3.6°
H,0, (1%) 233.8 £5.6° 230.3 +3.3° 2123 £5.1¢ 205.0 +4.5¢
Citric acid (5%)  242.8 £4.3° 2387 +3.4° 220.6 +3.1° 210.7 +5.4°
Acetic acid 234.1 £3.7° 2317 +£5.7° 2157 £5.5° 207.5 +3.3¢
(5%)

“Total phenols content in untreated raisins (control) was 250.3 + 3.6 mg/100g
The data are presented as means + SD calculated from three replicates.
“Different letters refer to significant differences at (P<0.05)

Table 4: Effect of soaking treatments of raisins on tannins content (mg/100g)

Treatments 30°C 50°C

15 min 30 min 15 min 30 min
Water 90.4 +3.5% 88.3 +4.3" 82.6 +3.4% 79.1 +3.3%®
H,0, (1%) 85.6 +4.4° 82.5 +4.6™ 774 +3.6% 733 £3.3°
Citric acid (5%) 88.7 £3.7° 85.7 £4.5° 80.5 +5.3% 774 +4.4%
Acetic acid 86.9 +4.6* 83.8 +5.4% 79.7 £4.7® 75.6 £5.5%
(5%)

“Tannins content in untreated raisins (control) was 93.2 + 3.3 mg/100g
"The data are presented as means + SD calculated from three replicates.
‘Different letters refer to significant differences at (P<0.05)
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Table 5: Effect of soaking treatments of raisins on flavonoids content (mg/100g)

Treatments 30°C 50°C
15 min 30 min 15 min 30 min
Water 443 +£2.4a 425+4.5a 37.7 £3.3ab 353 +2.5b
H,0, (1%) 38.6 +3.7ab 35.5+3.3b 33.3+4.5c 30.0 £3.6¢
Citric acid (5%) 43.8 £3.6a 41.7+4.4a 36.6 £2.6b 33.5+4.4c
Acetic acid 39.6 £4.3ab 37.4 £2.5ab 35.7£5.4b 324 £4.5¢c
(5%)
“Flavonoids content in untreated raisins (control) was 45.3 + 3.5 mg/100g
"The data are presented as means + SD calculated from three replicates.
“Different letters refer to significant differences at (P<0.05)
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Figure 1:Effect of soaking treatments in water on the color featuresof raisins recorded in L* (lightness), +a* (redness) and +b* (yellowness)
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Figure 2: Effect of soaking treatments in H>O, (1%) on the color features of raisins recorded in L* (lightness), +a* (redness) and +b*
(yellowness)
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Figure 3: Effect of soaking treatments in citric acid (5%) on the color featuresof raisins recorded in L* (lightness), +a* (redness) and +b*
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Figure 4: Effect of soaking treatments in acetic acid (5%) on the color features of raisins recorded in L* (lightness), +a* (redness) and +b*

(yellowness)

4. Conclusions

The data reveals that efficiency of SO, removal from raisins by various treatments was in the following order; citric acid
(5%) followed by acetic acid (5%) and H,0, (1%) then water. The treatments with citric acid (5%) gave the best results and
the lowest concentrations of residual SO, in the samples of raisins especially at 50°C for 15 min. This treatment decreased the
levels of residual SO, in the samples of raisins to become less than legal limits and the efficiency of SO, removal from raisins
by this treatment was about 75%. Moreover, the soaking treatment of raisins in citric acid (5%) caused the minimal effects on
the chemical constituents of raisins e.g., total sugars, total phenols, tannins, flavonoids and color features compared to other

treatments.
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