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Introduction 

 

Tamarind (Tamarindus indica L.) is a tropical fruit that belongs to the Leguminosae family. The value-added products of tamarind 
are leather, concentrated juice, paste, sauce, jelly and candy. Fruit leather is dehydrated fruit-based confectionary dietary product 
which is often eaten as a snack. The experiment was carried out at the laboratory of Food Science and Technology Department, Yezin 
Agricultural University, Nay Pyi Taw from September 2024 to August 2025. The experimental design was 2 × 5 factorial arrangement 
in a randomized complete block design (RCBD) with four replications. The first factor was drying methods of hot air oven drying (at 
70°C) and open sun drying while the second one was different thickening agents of cassava starch, corn starch and carboxymethyl 
cellulose (CMC), respectively. The leather containing neither thickeners nor sugar was treated as control and 60% of sugar was added 
to every treatment except control. Drying time and water activity (aw) were recorded at every two hours while total soluble solid 
(°Brix), total titratable acidity (TTA), pH, color (a*) value and moisture content were weekly collected during the storage. However, 
the data on crude fiber and ascorbic acid were monthly recorded as well as microbial analyses (cfu/g) were recorded at 0 day and 3 
months. 

There were highly significant differences in moisture content, TSS, TTA, pH, ascorbic acid and crude fiber contents of tamarind 
leather. In comparison of drying methods, the hot air oven methods took 8-10 hours to reach water activity of 0.62. However, sun 
drying took 10-20 hours to achieve the same value. There was a decreasing trend in TSS, pH, ascorbic acid, and fiber, while TTA and 
moisture content gradually increased throughout the storage period. The combination of sun drying combined and CMC resulted 
in the highest microbial load whereas hot air oven drying with cassava starch in leather making showed the lowest microbial load. 
This study revealed that cassava starch is the best thickening agent and the hot air oven method is the most efficient drying method 
among the treatments.
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Tamarind (Tamarindus indica L.) is a tropical fruit that belongs 
to the family Leguminosae. It is native to Africa but also it grows in 
India, Pakistan, and many other tropical regions. ‘Tamarind means 
‘date of India and the fruit is a good source of calcium, phosphorus, 
iron and vitamins and also contains small amounts of vitamins A 
and C [1]. In the world, the main production countries of tama-
rind are India, Thailand, Indonesia, Mexico and Nigeria. India is 

the largest producer and exporter of tamarind pulp with 45% of 
tamarind trees are planted only for fruit pulp with the production 
around 300,000 tons annually for food and medicinal value [2].

In Myanmar, 18,615.5 hectares of tamarind were cultivated and 
153,022.77 tons of tamarind were produced [3]. The fruit is mainly 
produced in Mandalay, Sagaing and Magway regions in the central 
dry zones and the harvesting season is only once a year in summer 
especially in April [4].
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Tamarind fruit can be processed into concentrated tamarind 
juice, paste, sauce, candy and jelly. Tamarind paste has many cu-
linary uses including a flavoring for chutneys, curries and the tra-
ditional drink. Tamarind sweet chutney is popular in India as a 
dressing for many snacks. Fruit leather is also called a fruit bar or 
a fruit slab and it is a dehydrated fruit-based confectionary dietary 
product that is often eaten as a snack or dessert. The physicochem-
ical properties of tamarind leather were 16.96 percent moisture 
content, 4.36 percent protein, 1.05 percent crude fat, 73.05 per-
cent carbohydrate, 4.14 percent ash content, 1.92 percent acidity 
(tartaric acid), and a pH value of 3.91, as reported by [5].

Drying is important for removing moisture from a product [6] 
and it is one of the oldest methods of food preservation to extend 
the shelf life with year-round availability. On the other hand, dry-
ing methods significantly effects on the quality characteristics of 
dried fruits including texture, color, nutrient retention, flavor, and 
shelf life. Different drying techniques of sun drying, hot air drying 
and solar drying have distinct impacts due to variations in tem-
perature, exposure to oxygen and drying time. The dried products 
not only extend the storage life but also reduce the volume and 
transportation cost by reducing postharvest losses [7]. Hot air 
drying is an alternative drying method and it can decrease drying 
time and improve the quality of dried product [9]. The sun-dried 
leather resulted in poor quality due to higher moisture content and 
degradation of vitamin C with titratable acidity and a drastic color 
change, which caused browning [7]. Open sun drying is a common 
way to preserve food and is an inexpensive way and cost effective 
to dry it out. However, the product may be spoiled due to dust, dirt, 
fungi, bacteria, and animal [9].

Tamarind leather is a traditional snack and it is extracting the 
pulp, mixing it with sugar or other sweeteners by drying into a 
firm, leathery sheet or roll. The final equilibrium moisture con-
tent of 15-25% with the water activity of 0.65. Once well-dried, 
the leather is packed in semi-transparent aluminum foil packs and 
stored at room temperature for 9 months [10,11]. A thickening 
agent also plays a crucial role in achieving the desired texture, con-
sistency, and shelf stability in leather making. Thickening agents 
can increase the viscosity by binding water and fruit pulp prevent-
ing separation to get the desired texture by creating a smooth, uni-

form consistency when dried. It can extend the shelf life by low-
ering water activity that prevented microbial growth and quality 
development of leather [12]. The common use thickening agents 
are cassava starch, cornstarch, carboxymethylcellulose (CMC), pec-
tin, agar, gelatin, and guar gum. In adding sugar, it is also used as a 
preservative, flavor, color, and bulking agent, and it inhibits micro-
bial growth and spoilage, so it extends the shelf life of leather [13].

Cassava starch is a gluten-free ingredient extracted from the 
cassava root, used for thickening and binding in various applica-
tions [14]. Cornstarch is an important thickener in the production 
of many food products and that has been widely used as a stabilizer 
[15]. Carboxymethylcellulose provides significant viscosity, excel-
lent suspension ability, and clarity by creating a distinct gummy 
texture at excessive levels [16].

Tamarind is a plentiful indigenous fruit in Myanmar and value-
added products from tamarind should be developed. The products 
of tamarind are increasingly profitable for farmers and small-scale 
processors. In Myanmar, there is limited academic information and 
literature on tamarind leather influenced by different drying meth-
ods and thickening agents. Therefore, this study was conducted to 
determine the physico-chemical properties of tamarind leather in-
fluenced by different drying methods and thickening agents and to 
investigate the suitable drying methods and/or thickening agents 
for making tamarind leather.

Materials and Methods
Experimental site and Duration

The experiment was conducted at the laboratory of Food Sci-
ence and Technology Department, Yezin Agricultural University, 
Nay Pyi Taw from June 2024 to September 2025. The experiment 
was carried out in a randomized complete block design (RCBD) 
with a 2 × 5 factorial arrangement for four replications. The first 
factor was types of drying methods (hot air oven drying and open 
sun drying) while the second one was different thickening agents 
including cassava starch, cornstarch, and carboxymethyl cellulose 
(CMC). The leather containing neither thickeners nor sugar was 
treated as control and 60% of sugar was added to every treatment 
except control.
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Procurement of tamarind leather
Raw tamarind was collected from the local market and they 

were soaked in lukewarm water (1:2) for 1 hour. The tamarind 
puree was filtered by sieving to separate the fiber and seed. The 
procedure for tamarind leather making was carried out in several 
stages of ingredients, mixing of ingredients, cooking and drying. 
Firstly, the 5% (w/w) [17] of cassava starch, corn starch, and car-
boxymethyl cellulose were weighed and added according to treat-
ments. And then, 60% of sugar was added according to the treat-
ments except control and 1% salt was added to every treatment. 
The mixture was cooked at low heat until it reached a temperature 
of 70-90°C for 30 minutes, then stirred until the volume was half. 
The heated purees were spread on stainless steel trays and they 
were dried by hot air oven drying (at 70°C) and open sun drying 
(at 25-38°C) with 50-55% RH. The drying processes were done 
to reach the water activity of 0.62 and the final dried leather was 
packed in an aluminum foil pack and then stored at room tempera-
ture up to 3 months.

Data collection
The data on drying hours and water activity were collected at 

every 2 hours and total soluble solid (°Brix), total titratable acid-
ity (TTA%), pH and redness (a*) were weekly collected. However, 
moisture content, ascorbic acid (mg/100), and crude fiber content 
were monthly recorded as well as microbial analysis (cfu/g) was 
also analyzed at day 0 and 3 months. The total soluble solid (°Brix) 
of the tamarind leather sample was measured using a pocket 
digital refractometer (RUDOLPHJ47 automatic, Tokyo, Japan) and 
water activity (aw) was measured by using a pocket water activity 
meter (WA-60A). The total titratable acidity (TTA%) of tamarind 
leather was determined by the acid-base titration method [18] and 
pH was measured using a laboratory pH meter (PHOENIX Instru-
ment, EC-45). The color was measured by using a handheld digital 
Minolta (NR-20XE) to determine the color coordinate redness (a*) 
and the ascorbic acid content (mg/100 g) was determined by the 
titration method [19] as well as moisture content was measured by 
the hot air oven drying method [20]. Crude fiber content of tama-
rind leather was measured by using the Velp Scientific ANKOM 200 
fiber analyzer [18]. The microbial population (cfu/g) was mea-
sured by the serial dilution method [21].

Statistical analysis
All collected data were statistically subjected to analysis of vari-

ance (ANOVA) using Statistix 8.0 version software, and treatment 
means were compared using the least significant difference (LSD) 
test at a 5% level of significance (P ≤ 0.05).

Results and Discussion
Drying time of tamarind leather

Effect of different drying methods and thickening agents on dry-
ing time (hours) of tamarind leather is presented in Figure 1. Dif-
ferent drying methods have varying drying times and properties to 
achieve the final equilibrium moisture content. In the hot air oven 
drying, the control (100% tamarind) was dried for 10 hours to 
reach 0.62 water activity. The combination of tamarind puree and 
sugar dried with the hot air oven method took 8 hours, however, 
adding thickening agents that treatments took 6 hours to achieve 
the same value of 0.62.

In the sun drying, the control (100% tamarind) took 20 hours 
for drying time and the amount of water gradually decreased. The 
combination of tamarind puree, sugar and thickening agents dried 
with this method took 10 hours to reach 0.62 water activity. In con-
trast, the hot air oven drying method, which achieved the shortest 
drying time compared to sun drying method. This might be due to 
the hot air oven maintained constant high temperature inside the 
oven and that may encourage high water loss and a shorter drying 
period. The leather treated by thickening agents were minimized 
the drying time than without thickening agents. This may be due 
to the addition of thickening agent treated on tamarind. The addi-
tion of hydrocolloids (pectin and starch) reduced the drying time 
by half and also reduced the initial moisture content of fruit pulps 
containing hydrocolloids [22].

Moisture content of tamarind leather
Effect of different drying methods and thickening agents on 

moisture content (%) of tamarind leather is presented in (Table 
1). There was highly significant difference on moisture content in 
all treatments by different drying methods and thickening agents. 
Moisture content was slightly increased during the storage days. 
It is similar with the finding of [23], the moisture content of peach 
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Treatment
Moisture content (%)

Day Month
0 1 2 3

Drying Methods (DM)
Oven 12.04 b 12.75 b 13.07 b 14.61 b
Sun 12.55 a 13.38 a 14.44 a 15.22 a

LSD0.05 0.14 0.10 0.05 0.06
Thickening agents (T)

Con. 21.56 a 22.95 a 24.66 a 27.40 a
Sugar 11.20 b 11.66 b 12.74 b 13.56 b
S + Ca 8.13 e 9.01 d 9.13 e 9.94 e

S + Corn 9.62 d 10.03 c 10.23 d 11.01 d
S + CMC 10.95 c 11.67 b 12.02 c 12.67 c
LSD0.05 0.23 0.17 0.08 0.10

Pr > F
DM ** ** ** **

T ** ** ** **
DM × T ** ** ** **

CV% 1.82 1.23 0.58 0.67

Table 1: Effect of different drying methods and thickening agents on moisture content (%) of tamarind leather.

In a column, means followed by the same letters are not significantly different at P < 0.05 by LSD test.

** = highly significant, Con. = control (tamarind only), Sugar = no thickening agent, S = sugar, Ca = cassava starch, Corn = corn starch, 
CMC = carboxymethyl cellulose, 0day = 7hrs after drying

Figure 1: Effect of different drying methods and thickening agents on drying time (hours) of tamarind leather during drying processes.
Con. = control (tamarind only), Sugar = no thickening agent, S = sugar, Ca = cassava starch, Corn = corn starch, CMC = carboxymethyl 

cellulose
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leather increased during the storage period due to high humidity 
in the environment. In comparison of drying methods for tama-
rind leather, the hot air oven drying had lower moisture content 
than sun drying due to the longer exposure to sun resulted to reab-
sorption of moisture [7]. There were decreasing trend in moisture 
content of tamarind leather ranging from 21.56 to 9.94% during 
3 months. The leather without thickening agent (control) was the 
highest moisture content in all treatments. Among the different 
thickening agents, tamarind leather treated by cassava was the 
lowest moisture content. There was interaction between different 
drying methods and thickening agents on moisture content.

Total soluble solid of tamarind leather
The effect of different drying methods and thickening agents on 

the total soluble solid (°Brix) of tamarind leather is presented in 
(Table 2). There was highly significant difference on total soluble 
solid in all treatments by different drying methods and thickening 
agents. Total soluble solid was gradually decreased during storage 

period. The total soluble solid had higher values in hot air oven dry-
ing than that of sun drying. This may be due to shorter time at the 
high temperature reduced microbial growth and sugar degrada-
tion. It is similar with the finding of [7] who reported that the sun 
drying had lower TSS than hot air oven drying method. The reason 
may be the longer time during in the open drying resulted in the 
loss of sugars and acid favored to decrease in TSS. 

The total soluble solid gradually decreased in all treatments 
along the storage period. [24] observed that TSS of guava leather 
was decreasing trend from the initial day of storage to 90 days after 
storage. In this study, total soluble solid in tamarind leather was 
decreasing range from 4.83 to 2.55 % during 3 months storage. In 
the comparison of thickening agents, the total soluble solid was the 
highest TSS (6.69%) in cassava followed by corn starch (6.63%). 
The reason may be due to the addition of starch based thickening 
agents and they retained total soluble solid by water-binding ca-
pacity [25]. There was interaction between drying methods and 
thickening agents on TSS.

Treatment
Total Soluble Solid (°Brix)

Day
0 7 14 21 28 42 56 70 84 91

Drying Methods (DM)

Oven 6.23 a 5.50 a 5.08 a 5.00 a 4.92 a 4.22 3.75 a 3.4 3.12 2.85
Sun 5.19 b 4.71 b 4.63 b 4.51 b 4.43 b 4.31 3.48 b 3.3 3.03 2.81

LSD0.05 0.37 0.31 0.29 0.23 0.28 0.33 0.20 0.39 0.26 0.30
Thickening agents (T)

Con 4.83 b 4.68 c 4.58 ab 4.46 c 4.41 b 3.80 c 3.00 c 2.91 b 2.73 c 2.70
Sugar 5.06 b 4.50 bc 4.93 b 4.71 bc 4.68 ab 4.33 ab 3.96 a 3.91 a 3.34 a 3.04
S + Ca 6.69 a 5.44 ab 5.03 ab 4.50 ab 4.81 ab 4.18 bc 3.79 ab 3.26 b 3.25 ab 2.93

S + Corn 6.63 a 5.61 a 5.13 a 5.10 a 5.04 a 4.70 a 3.64 b 3.38 ab 3.15 ab 2.91
S + CMC 5.33 b 4.79 b 4.61 b 4.51 c 4.44 b 4.31 abc 3.71 ab 3.36 ab 2.89 bc 2.55
LSD0.05 0.58 0.49 0.46 0.37 0.51 0.51 0.32 0.62 0.42 0.48

Pr > F
DM ** ** ** ** ** ns ** ns ns ns

T ** ** ns ** ns ** ** * * ns
DM × T ** ** ** ** ** ** ** ns ns ns

CV% 9.97 9.14 9.29 7.56 9.36 11.77 8.60 17.82 13.32 17.03

Table 2: Effect of different drying methods and thickening agents on total soluble solid (°Brix) of tamarind leather.

In a column, means followed by the same letters are not significantly different at P < 0.05 by LSD test.

ns = non-significant * = significant ** = highly significant, Con. = control (tamarind only), Sugar = no thickening agent, S = sugar, Ca = cas-
sava starch, Corn = corn starch, CMC = carboxymethyl cellulose, 0day = 7hr after drying
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Total titratable acidity of tamarind leather
The effect of different drying methods and thickening agents on 

the total titratable acidity (TTA%) of tamarind leather is presented 
in (Table 3). There was highly significant difference on TTA in all 
treatments by different drying methods and thickening agents. 
Total titratable acidity was gradually increased during the stor-
age period. In drying methods, hot air oven drying had the low-
est TTA% and it was similar to [26] who reported that oven dry-
ing was lower TTA% than that of sun drying. The reasons might 
be removing water simultaneously reduced fruit sugar from the 
products by oxidation of reducing sugar that may increase TTA% 

[27]. The author [28] reported that the increased in titratable acid 
might be due to the breakdown of starch or carbohydrate into ac-
ids. The highest TTA% of only pulp (control) was found 1.73% at 3 
months storage. This finding was similar to [29]. The lowest TTA% 
was observed in all leather treated by thickening agents. This might 
be due to the addition of thickening agent dilute the concentrations 
of TTA%. That means the addition of thickening agent will reduce 
the percentage of titrated acid levels in the tamarind paste [17]. 
There was interaction between thickening agents and drying meth-
ods on TTA %.

Treatment
Total Titratable acidity (%)

Day
0 7 14 21 28 42 56 70 84 91

Drying Methods (DM)

Oven 0.29 b 0.30 b 0.32 b 0.37 b 0.38 b 0.41 b 0.39 b 0.43 b 0.45 b 0.48 b
Sun 0.35 a 0.40 a 0.47 a 0.48 a 0.48 a 0.52 a 0.57 a 0.58 a 0.59 a 0.60 a

LSD0.05 0.05 0.04 0.02 0.03 0.06 0.04 0.06 0.02 0.03 0.09
Thickening agents (T)

Con 1.12 a 1.20 a 1.37 a 1.44 a 1.47 a 1.55 a 1.62 a 1.67 a 1.68 a 1.73 a
Sugar 0.14 b 0.15 b 0.16 b 0.17 bc 0.17 b 0.19 bc 0.24 b 0.26 b 0.28 b 0.28 b
S + Ca 0.12 b 0.13 bc 0.14 bc 0.16 bc 0.19 b 0.22 b 0.22 bc 0.22 c 0.23 c 0.26 b

S + Corn 0.14 b 0.15 b 0.17 b 0.17 bc 0.17b 0.19 bc 0.21 bc 0.21 c 0.22 c 0.23 b
S + CMC 0.08 b 0.08 c 0.11 c 0.14 c 0.14 b 0.14 c 0.15 c 0.16 d 0.19 c 0.20 b
LSD0.05 0.07 0.06 0.04 0.04 0.10 0.06 0.10 0.03 0.05 0.14

Pr > F
DM ** ** ** ** ** ** ** ** ** **

T ** ** ** ** ** ** ** ** ** **
DM × T ns ** ** ** ** ** ** ** ** **

CV% 22.21 16.05 9.29 9.97 9.36 11.77 20.17 6.26 8.97 24.79

Table 3: Effect of different drying methods and thickening agents on total titratable acidity (TTA%) of tamarind leather.

In a column, means followed by the same letters are not significantly different at P < 0.05 by LSD test. 

ns = non-significant ** = highly significant, Con. = control (tamarind only), Sugar = no thickening agent, S = sugar, Ca = cassava starch, 
Corn = corn starch, CMC = carboxymethyl cellulose, 0day = 7hr after drying
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pH of tamarind leather
The effect of different drying method and thickening agents on 

the pH of tamarind leather is presented in (Table 4). There was 
highly significant difference on pH in all treatments by different 
drying methods and thickening agents. In this study, tamarind 
leather dried by hot air oven method was higher pH (lower acidity) 
than sun dried. This may be due to open sun drying, which involves 
prolonged exposure to light and air, potentially leading to partial 
fermentation or enzymatic activity. There were decreasing trend in 
pH during 3 months storage. In this study, pH in tamarind leather 

was decreasing trend ranging from 3.17 to 2.10 at 3 months after 
storage. It was similar to report of [30], the pH of leather fruit must 
be between 2.5 and 4.5 and pH was decreased during storage in 
blended guava-apple leather [31]. The pH of control (100% tama-
rind) was the lowest value among the treatments as well as CMC 
had the highest pH among the thickening agents. This might be due 
to the CMC is a sodium salt of a carboxylic acid (derived from cel-
lulose). There was interaction between different drying methods 
and thickening agents on pH.

Treatment

pH

Day

0 7 14 21 28 42 56 70 84 91

Drying Methods (DM)

Oven 3.63 a 3.43 a 3.30 3.15 3.08 2.91 2.76 a 2.63 a 2.43 a 2.18 a

Sun 3.40 b 3.29 b 3.23 3.14 3.10 2.82 2.39 b 2.25 b 2.15 b 2.04 b

LSD0.05 0.08 0.10 0.09 0.09 0.09 0.17 0.11 0.16 0.14 0.10

Thickening agents (T)

Con 3.17 e 2.93 d 2.64 c 2.36 d 2.30 d 1.98 c 1.56 c 1.54 b 1.51 c 1.41 d

Sugar 3.66 b 3.57 b 3.57 a 3.42 b 3.30 b 3.16 ab 2.70 b 2.53 a 2.33 b 2.10 c

S + Ca 3.33 d 3.34 c 3.27 b 3.19 c 3.15 bc 3.03 ab 2.79 b 2.70 a 2.57 a 2.55 a

S + Corn 3.49 c 3.23 c 3.19 b 3.14 c 3.12 c 2.90 b 2.76 b 2.67 a 2.56 a 2.14 c

S + CMC 3.89 a 3.72 a 3.66 a 3.61 a 3.61 a 3.27 a 3.04 a 2.76 a 2.48 ab 2.36 b

LSD0.05 0.13 0.15 0.14 0.14 0.15 0.27 0.17 0.25 0.23 0.15

Pr>F

DM ** ** ns ns ns ns ** ** ** **

T ** ** ** ** ** ** ** ** ** **

DM × T ** ns ns ns ns ns ** * ns **

CV% 3.69 4.38 4.29 4.57 4.57 9.05 20.17 9.81 9.71 7.07

Table 4: Effect of different drying methods and thickening agents on pH of tamarind leather.

In a column, means followed by the same letters are not significantly different at P < 0.05 by LSD test.

ns = non-significant * = significant ** = highly significant, Con. = control (tamarind only), Sugar = no thickening agent, S = sugar, Ca = cas-
sava starch, Corn = corn starch, CMC = carboxymethyl cellulose, 0day = 7hr after drying 
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Ascorbic acid of tamarind leather
The effect of different drying methods and thickening agents on 

the ascorbic acid (mg/100g) of tamarind leather is presented in 
(Table 5). There was highly significant difference on ascorbic acid 
content in all treatments by different drying methods and thick-
ening agents. Ascorbic acid gradually decreased during 3 months 
storage. Ascorbic acid content of guava mixed fruit leather showed 
significant decrease for increasing storage period and also affected 
by treatments [31]. In this study, oven drying was higher ascorbic 
acid than sun drying. This result observed that the longer the dry-
ing time, the less ascorbic acid. This may be due to temperature in 

Treatment
Ascorbic acid (mg/100g)

Day Month
0 1 2 3

Drying Methods (DM)
Oven 6.15 a 5.65 a 4.70 a 3.78 a
Sun 3.78 b 3.21 b 2.73 b 2.47 b

LSD0.05 0.14 0.15 0.13 0.12
Thickening agents (T)

Con. 7.81 a 6.81 a 5.89 a 4.12 a
Sugar 4.85 c 4.23 c 3.58 c 3.05 c
S + Ca 3.60 d 3.39 d 2.69 d 2.62 d

S + Corn 3.36 e 3.09 e 2.47 e 2.30 e
S + CMC 5.21 b 4.64 b 3.94 b 3.52 b
LSD0.05 0.22 0.24 0.21 0.18

Pr>F
DM ** ** ** **

T ** ** ** **
DM × T ** ** ** **

CV% 4.41 5.33 5.58 5.73

Table 5: Effect of different drying methods and thickening agents on ascorbic acid (mg/100g) of tamarind leather.

In a column, means followed by the same letters are not significantly different at P < 0.05 by LSD test.

* = significant ** = highly significant, Con. = control (tamarind only), Sugar = no thickening agent, S = sugar, Ca = cassava starch, Corn = 
corn starch, CMC = carboxymethyl cellulose, 0day = 7hr after drying

the open sun and light exposure with the oxidation process dur-
ing the drying process. It is similar with the finding of [7]. They 
stated that ascorbic acid of leather samples in oven drying is higher 
than that of sun drying. The pure tamarind leather (control) was 
the highest ascorbic acid due to the absence of sugar and thicken-
ing agents. All the fortified leathers have significant lesser ascorbic 
acid content compared to tamarind pulp [32]. The higher ascorbic 
acid content of tamarind leather treated by CMC was observed fol-
lowed by cassava starch. This might be due to the binding water 
efficiency of CMC was more than others. There was interaction be-
tween different drying methods and thickening agents on ascorbic 
acid content. 
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Crude fiber of tamarind leather
Effect of different drying methods and thickening agents 

on crud fiber (%) of tamarind leather is presented in (Table 6). 
There was highly significant difference on crude fiber content in 
all treatments by different drying methods and thickening agents. 
All treatment showed a continuous decline in crude fiber content 
during 3 months storage while [33] who studied that the crude fi-
ber content of mix-fruit leather was decreasing during the storage 
period. This might be due to the degradation of hemicelluloses and 
other structural polysaccharides during storage. In this study, hot 
air oven drying of tamarind leather was higher crude fiber con-

Treatment Crude fiber (%)
Day Month
0 1 2 3

Drying Methods (DM)
Oven 1.93 a 1.24 a 0.81 a 0.61 a
Sun 1.05 b 0.90 b 0.61 b 0.46 b

LSD0.05 0.28 0.03 0.02 0.02
Thickening agents (T)

Con. 2.76 a 2.45 a 1.42 a 0.90 a
Sugar 0.94 d 0.58 d 0.44 d 0.31 d
S + Ca 1.29 c 0.80 c 0.49 c 0.40 c

S + Corn 0.80 e 0.62 d 0.39 e 0.26 e
S + CMC 1.68 b 0.90 b 0.83 b 0.80 b
LSD0.05 0.04 0.05 0.03 0.04

Pr>F
DM ** ** ** **

T ** ** ** **
DM × T ** ** ** *

CV% 2.89 4.46 4.01 6.40

Table 6: Effect of different drying methods and thickening agents on crude fiber (%) of tamarind leather.
In a column, means followed by the same letters are not significantly different at P < 0.05 by LSD test.

* = significant ** = highly significant, Con. = control (tamarind only), Sugar = no thickening agent, S = sugar, Ca = cassava starch, Corn = 
corn starch, CMC = carboxymethyl cellulose, 0day = 7hrs after drying

tent than sun dried. The reason may be due to the controlled and 
elevated temperature of hot air oven drying, which facilitates rapid 
removal of moisture and minimizes enzymatic and degradation of 
fiber components. The control (100% tamarind pulp) was the high-
est fiber content of 2.67% and the lowest one was 0.80 % in the 
corn starch leather. The increase in tamarind pulps, the more the 
fiber content of tamarind leathers was observed [34]. Among the 
thickening agents, CMC was the higher crude fiber than the cassava 
starch due to CMC is a modified cellulose polymer. There was inter-
action between different drying methods and thickening agents on 
crude fiber.
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Microbial population
Effect of different drying methods and thickening agents on 

microbial population (cfu/g) of tamarind leather is presented in 
(Table 7). The initial microbial analysis at 0 day to 7 days showed 
un-detectable levels of yeast and mold counts in all treatments at 
room temperature while yeast and mold counts were not detected 
in all leathers treated by thickening agents at 3 months storage. 
The authors [30] reported that microbial growth was inhibited by 
moisture content that was less than 15% with low pH. The high-
est total microbial population (cfu/g) was found in dried tamarind 
leather by open sun drying method due to exposure to environ-

Treatment Yeast and mold count (cfu/g)
Drying methods Thickening agents 0 day 3 months

Oven Con. ND 1.6 × 103

Sugar ND ND
S + Ca ND ND

S + Corn ND 5 × 103

S + CMC ND 3.3 × 103

Sun Con. ND 2.1 × 103

Sugar ND 2 × 103

S + Ca ND 2.6 × 103

S + Corn ND 8.6 × 103

S + CMC ND 6 × 103

Table 7: Effect of different drying methods and thickening agents on yeast and mold count (cfu/g) of tamarind leather.

Con. = control (tamarind only), Sugar = no thickening agent, S = sugar, Ca = cassava starch, Corn = corn starch, CMC = carboxymethyl 
cellulose, 0day = 7hr after drying, ND = not detected

mental contaminants, dust, insects, and temperature fluctuation, 
which may enhance microbial growth. The microbial population of 
leather by the use of cassava starch and only sugar treatment dried 
by hot air oven was not detected till 3 months. The lowest one was 
found in hot air oven drying method by the use of cassava starch 
followed by CMC treatment (3.3 × 10 3 cfu/g). The highest microbial 
population (5 × 10 3 cfu/g) was observed in the corn starch. Simi-
lar result, [35] who reported that the total viable count of bacteria, 
yeast, and mold should be fewer than 1 x 10 4 cfu/ml that is accept-
able level for fruit leather products.

Redness (a*) value of tamarind leather
The effect of different drying methods and thickening agents on 

the redness (a*) of tamarind leather is presented in (Table 8). There 
was highly significant difference on redness value in all treatments 
by different drying methods and thickening agents. The redness 
(a*) value of tamarind leather showed an increasing trend during 
3 months of storage. Oven drying exhibited a gradual increase in 
redness from 4.96 to 8.09 during storage. Both the drying method 
and the thickening agents had highly significant effects on redness 

(a*) at 91 days. Among the drying methods, oven-dried tamarind 
leather had the highest a* value (8.09) at 91 days. In contrast, the 
control sample (100% tamarind) showed a decrease in redness 
(a*) over the storage period. It is similar to the finding of [36] who 
reported that the redness (a*) of leather decreased throughout 
the storage. Other treatments with thickening agents showed an 
increasing trend in redness during storage. Among these, cassava 
treated leathers exhibited the highest a* value (10.65) at 91 days, 
followed by corn starch treatment. There was interaction between 
different drying methods and thickening agents on redness value. 
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Treatment Redness (a*)
Day

0 7 14 21 28 42 56 70 84 91
Drying Methods (DM)

Oven 4.96 a 5.34 a 5.57 a 5.46 5.63 5.63 6.11 7.43 a 7.79 a 8.09 a
Sun 4.67 a 4.66 b 4.77 b 4.91 6.35 6.35 6.55 6.81 a 6.91 b 6.97 b

LSD0.05 0.62 0.66 0.76 0.67 0.92 0.92 0.66 0.72 0.78 0.79
Thickening agents (T)

Con. 2.90 b 2.33 b 2.18 b 1.53 b 1.48 c 1.48 c 1.11 d 0.92 c 0.74 c 0.71 d
Sugar 5.50 a 5.61 a 5.87 a 6.07 a 6.70 b 6.70 b 7.21 bc 8.14 b 8.35 b 8.42 bc
S + Ca 5.17 a 5.48 a 5.91 a 6.11 a 8.20 a 8.20 a 8.28 a 9.77 a 10.36 a 10.65 a

S + Corn 5.50 a 5.91 a 6.34 a 6.39 a 7.10 ab 7.10 ab 8.12 ab 8.94 ab 9.25 ab 9.60 ab
S + CMC 5.03 a 5.66 a 5.56 a 5.82 a 6.46 b 6.46 b 6.93 c 7.82 b 8.04 b 8.28 c
LSD0.05 2.50 4.24 3.91 3.22 3.68 2.79 4.09 1.14 1.04 1.25

Pr > F
DM ns * * ns ns ns ns ns * **

T ** ** ** ** ** ** ** ** ** **
DM × T ** ** ** ** ** ns ** ** ** **

CV% 19.90 20.42 22.69 19.51 14.55 23.28 18.92 16.44 16.19 15.55

Table 8: Effect of different drying methods and thickening agents on redness (a*) of tamarind leather.
In a column, means followed by the same letters are not significantly different at P < 0.05 by LSD test.

ns = non-significant * = significant ** = highly significant, Con. = control (tamarind only), Sugar = no thickening agent, S = sugar, Ca = cas-
sava starch, Corn = corn starch, CMC = carboxymethyl cellulose, 0day = 7hr after drying.

Conclusion
Drying methods and thickening agents had significant effect 

on physiochemical properties of tamarind leather. The tamarind 
leather was dried by the open sun drying method which took 10 to 
20 hours of drying time with water activity of 0.62. However, the 
hot air oven drying reached the same water activity (aw) during 6 
to 10 hours. The increase in moisture content and titratable acidity 
were observed during the storage, however, there is a decrease in 
pH, total soluble solid (TSS), ascorbic acid and crude fiber content 
of tamarind leather. The leather dried by open sun drying resulted 
in poor quality due to higher moisture content, less ascorbic acid 
and crude fiber. The hot air oven drying not only resulted shorter 
drying time but also minimized loss of crude fiber and ascorbic 
acid. The tamarind leather treated by carboxymethyl cellulose 

resulted the highest in pH, ascorbic acid and crude fiber contents 
among the thickening agents. However, it showed the lowest total 
soluble solids and the highest microbial population. This study 
revealed that tamarind leather dried by both drying methods us-
ing cassava starch resulted in higher total soluble solids, ascorbic 
acid, and crude fiber content than those treated with corn starch. 
Among the drying methods, the hot air oven drying method is more 
suitable with the use of carboxymethyl cellulose (CMC) is the best 
among the thickening agents, however, CMC is more expensive than 
cassava starch. In food safety aspects, there was no microbial pop-
ulation in tamarind leather using with cassava starch due to the 
lowest moisture content, however the acceptable level of micro-
bial population was observed in CMC treated leather till 3 months. 
Therefore, cassava starch should be used for making of tamarind 
leather instead of CMC due to cheaper price.

Citation: Nan Thandar Myo., et al. “Physico-Chemical Properties of Tamarind (Tamarindus indica L.) Leather Affected by Different Drying Methods and 
Thickening Agents". Acta Scientific Nutritional Health 9.9 (2025): 67-79. 



78

Physico-Chemical Properties of Tamarind (Tamarindus indica L.) Leather Affected by Different Drying Methods and Thickening Agents

Bibliography

Acknowledgments
The author would like to express sincere thanks extends to the 

supervisor and supervisory committee for their technical assis-
tance, insightful suggestions and critical review of this article.

1.	 Manjula B., et al. “Studies on physical and bio-chemical analy-
sis of value-added products developed from tamarind pulp”. 
International Journal of Processing and Post-Harvest Technol-
ogy 8.2 (2017): 99-103.

2.	 Narina SS and Catanzaro CJ. “Tamarind (Tamarindus indica L.), 
an underutilized fruit crop with potential nutritional value for 
cultivation in the United States of America: A review”. Asian 
Food Science Journal 5.1 (2018): 1-15.

3.	 Ministry of Planning and Finance (MOPF). Myanmar agricul-
tural statistics. Naypyitaw, Myanmar (2023).

4.	 Min Htet Aung. “Strong demand drives tamarind price up in 
Mandalay market”. The Global New Light of Myanmar (2022).

5.	 Kurware HS., et al. “Standardization and development of tam-
arind leather with incorporation of liquid jaggery”. The Phar-
ma Innovation Journal 12.12 (2023): 464-468.

6.	 An K., et al. “Comparison of different drying methods on Chi-
nese ginger (Zingiber officinale Roscoe): Changes in volatiles, 
chemical profile, antioxidant properties, and microstruc-
ture”. Food Chemistry 197 (2016): 1292-1300.

7.	 Bandaru H and Bakshi M. “Effect of different drying conditions 
on the quality of apple and guava fruit leather”. The Pharma 
Innovation Journal 10.8 (2021): 233-237.

8.	 Mahmutoğlu T., et al. “Sun/solar drying of differently treated 
grapes and storage stability of dried grapes”. Journal of Food 
Engineering 29.3-4 (1996): 289-300.

9.	 Numbing M and Maikasuwa G. “Construction of domestic so-
lar fish dryer”. Journal of Applied Physics 7.5 (2015): 9-13.

10.	 Food and Agriculture Organization of the United Nations. Fruit 
leather: Processing and packaging guidelines. FAO (2019).

11.	 Bandaru H and Bakshi M. “Fruit Leather: Preparation, packag-
ing and its effect on sensorial and physicochemical properties: 
A review”.  Journal of Pharmacognosy and Phytochemistry  9.6 
(2020): 1699-1709.

12.	 Rascón-Díaz MP., et al. “Spray drying yogurt incorporating 
hydrocolloids: Structural analysis, acetaldehyde content, vi-
able bacteria, and rheological properties”. Food and Bioprocess 
Technology 5.2 (2012): 560-567.

13.	 Chen L. “Sugar preservation and health considerations: Bal-
ancing preservation and nutritional needs”. Journal of Food 
Technology and Preservation 7.4 (2023): 182.

14.	 Chimeremeze E. “Ultimate guide to cassava starch: Properties, 
types, and uses” (2025).

15.	 Zhu F and Wang YJ. “Characterization of modified high-amy-
lose maize starch-α-naphthol complexes and their influence 
on rheological properties of wheat starch”.  Food chemistry 
138.1 (2013): 256-262.

16.	 Şahin H and Özdemir F. “Effect of some hydrocolloids on the 
serum separation of different formulated ketchups”. Journal of 
Food Engineering 81.2 (2007): 437-446.

17.	 Prabowo S., et al. “The Characteristics of Cassava Var. Gajah 
(Manihot esculenta C.) Derivative Products as a Thickening 
Agent in the Manufacturing of Tamarind (Tamrindicus indica) 
Paste. In International Conference on Tropical Agrifood, Feed 
and Fuel ICTAFF”. Atlantis Press (2021): 144-148.

18.	 AOAC. “Association of Official Analytical Chemists. Official 
Method of Analysis, (15th ed.) Washington, D.C (2005).

19.	 AOAC. “Association of Official Analytical Chemists, Official 
Method of Analysis, (19th ed.) Rockwille, USA (2012).

Citation: Nan Thandar Myo., et al. “Physico-Chemical Properties of Tamarind (Tamarindus indica L.) Leather Affected by Different Drying Methods and 
Thickening Agents". Acta Scientific Nutritional Health 9.9 (2025): 67-79. 

https://www.researchgate.net/publication/323009719_Studies_on_physical_and_bio-chemical_analysis_of_value_added_products_developed_from_tamarind_pulp
https://www.researchgate.net/publication/323009719_Studies_on_physical_and_bio-chemical_analysis_of_value_added_products_developed_from_tamarind_pulp
https://www.researchgate.net/publication/323009719_Studies_on_physical_and_bio-chemical_analysis_of_value_added_products_developed_from_tamarind_pulp
https://www.researchgate.net/publication/323009719_Studies_on_physical_and_bio-chemical_analysis_of_value_added_products_developed_from_tamarind_pulp
https://journalafsj.com/index.php/AFSJ/article/view/116
https://journalafsj.com/index.php/AFSJ/article/view/116
https://journalafsj.com/index.php/AFSJ/article/view/116
https://journalafsj.com/index.php/AFSJ/article/view/116
https://www.csostat.gov.mm/PublicationAndRelease/MyanAgriculture
https://www.csostat.gov.mm/PublicationAndRelease/MyanAgriculture
file:///C:/Users/SnehaReddy/OneDrive%20-%20Acta%20Scientific%20Publications%20Private%20Limited/Desktop/07-02-2022/Acta%20PDF%2001-06-2023/ASNH/ASNH-25-RA-102/1.%09https:/www.gnlm.com.mm/strong-demand-drives-tamarind-price-up-in-mandalay-market/
file:///C:/Users/SnehaReddy/OneDrive%20-%20Acta%20Scientific%20Publications%20Private%20Limited/Desktop/07-02-2022/Acta%20PDF%2001-06-2023/ASNH/ASNH-25-RA-102/1.%09https:/www.gnlm.com.mm/strong-demand-drives-tamarind-price-up-in-mandalay-market/
https://www.thepharmajournal.com/archives/2023/vol12issue12/PartF/12-12-32-885.pdf
https://www.thepharmajournal.com/archives/2023/vol12issue12/PartF/12-12-32-885.pdf
https://www.thepharmajournal.com/archives/2023/vol12issue12/PartF/12-12-32-885.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0308814615301783
https://www.sciencedirect.com/science/article/abs/pii/S0308814615301783
https://www.sciencedirect.com/science/article/abs/pii/S0308814615301783
https://www.sciencedirect.com/science/article/abs/pii/S0308814615301783
https://www.researchgate.net/publication/353768423_Effect_of_different_drying_conditions_on_the_quality_of_apple_and_guava_fruit_leather
https://www.researchgate.net/publication/353768423_Effect_of_different_drying_conditions_on_the_quality_of_apple_and_guava_fruit_leather
https://www.researchgate.net/publication/353768423_Effect_of_different_drying_conditions_on_the_quality_of_apple_and_guava_fruit_leather
https://www.sciencedirect.com/science/article/abs/pii/0260877496000064
https://www.sciencedirect.com/science/article/abs/pii/0260877496000064
https://www.sciencedirect.com/science/article/abs/pii/0260877496000064
https://www.iosrjournals.org/iosr-jap/papers/Vol7-issue5/Version-2/B07520913.pdf
https://www.iosrjournals.org/iosr-jap/papers/Vol7-issue5/Version-2/B07520913.pdf
https://openknowledge.fao.org
https://openknowledge.fao.org
https://www.researchgate.net/publication/347998953_Fruit_Leather_Preparation_packaging_and_its_effect_on_sensorial_and_physico-chemical_properties_A_review
https://www.researchgate.net/publication/347998953_Fruit_Leather_Preparation_packaging_and_its_effect_on_sensorial_and_physico-chemical_properties_A_review
https://www.researchgate.net/publication/347998953_Fruit_Leather_Preparation_packaging_and_its_effect_on_sensorial_and_physico-chemical_properties_A_review
https://www.researchgate.net/publication/347998953_Fruit_Leather_Preparation_packaging_and_its_effect_on_sensorial_and_physico-chemical_properties_A_review
https://www.academia.edu/70889873/Spray_Drying_Yogurt_Incorporating_Hydrocolloids_Structural_Analysis_Acetaldehyde_Content_Viable_Bacteria_and_Rheological_Properties
https://www.academia.edu/70889873/Spray_Drying_Yogurt_Incorporating_Hydrocolloids_Structural_Analysis_Acetaldehyde_Content_Viable_Bacteria_and_Rheological_Properties
https://www.academia.edu/70889873/Spray_Drying_Yogurt_Incorporating_Hydrocolloids_Structural_Analysis_Acetaldehyde_Content_Viable_Bacteria_and_Rheological_Properties
https://www.academia.edu/70889873/Spray_Drying_Yogurt_Incorporating_Hydrocolloids_Structural_Analysis_Acetaldehyde_Content_Viable_Bacteria_and_Rheological_Properties
https://www.alliedacademies.org/articles/sugar-preservation-and-health-considerations-balancing-preservation-and-nutritional-needs.pdf
https://www.alliedacademies.org/articles/sugar-preservation-and-health-considerations-balancing-preservation-and-nutritional-needs.pdf
https://www.alliedacademies.org/articles/sugar-preservation-and-health-considerations-balancing-preservation-and-nutritional-needs.pdf
https://cassavavaluechain.com/what-is-cassava-starch/functional-characteristics-of-cassava-starch
https://cassavavaluechain.com/what-is-cassava-starch/functional-characteristics-of-cassava-starch
file:///C:/Users/SnehaReddy/OneDrive%20-%20Acta%20Scientific%20Publications%20Private%20Limited/Desktop/07-02-2022/Acta%20PDF%2001-06-2023/ASNH/ASNH-25-RA-102/google.com/search?q=Characterization+of+modified+high-amylose+maize+starch-α-naphthol+complexes+and+their+influence+on+rheological+properties+of+wheat+starch&rlz=1C1VDKB_enIN1064IN1064&oq=Characterization+of+modified+high-amylose+maize+starch-α-naphthol+complexes+and+their+influence+on+rheological+properties+of+wheat+starch&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBBzMxN2owajSoAgCwAgA&sourceid=chrome&ie=UTF-8
file:///C:/Users/SnehaReddy/OneDrive%20-%20Acta%20Scientific%20Publications%20Private%20Limited/Desktop/07-02-2022/Acta%20PDF%2001-06-2023/ASNH/ASNH-25-RA-102/google.com/search?q=Characterization+of+modified+high-amylose+maize+starch-α-naphthol+complexes+and+their+influence+on+rheological+properties+of+wheat+starch&rlz=1C1VDKB_enIN1064IN1064&oq=Characterization+of+modified+high-amylose+maize+starch-α-naphthol+complexes+and+their+influence+on+rheological+properties+of+wheat+starch&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBBzMxN2owajSoAgCwAgA&sourceid=chrome&ie=UTF-8
file:///C:/Users/SnehaReddy/OneDrive%20-%20Acta%20Scientific%20Publications%20Private%20Limited/Desktop/07-02-2022/Acta%20PDF%2001-06-2023/ASNH/ASNH-25-RA-102/google.com/search?q=Characterization+of+modified+high-amylose+maize+starch-α-naphthol+complexes+and+their+influence+on+rheological+properties+of+wheat+starch&rlz=1C1VDKB_enIN1064IN1064&oq=Characterization+of+modified+high-amylose+maize+starch-α-naphthol+complexes+and+their+influence+on+rheological+properties+of+wheat+starch&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBBzMxN2owajSoAgCwAgA&sourceid=chrome&ie=UTF-8
file:///C:/Users/SnehaReddy/OneDrive%20-%20Acta%20Scientific%20Publications%20Private%20Limited/Desktop/07-02-2022/Acta%20PDF%2001-06-2023/ASNH/ASNH-25-RA-102/google.com/search?q=Characterization+of+modified+high-amylose+maize+starch-α-naphthol+complexes+and+their+influence+on+rheological+properties+of+wheat+starch&rlz=1C1VDKB_enIN1064IN1064&oq=Characterization+of+modified+high-amylose+maize+starch-α-naphthol+complexes+and+their+influence+on+rheological+properties+of+wheat+starch&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBBzMxN2owajSoAgCwAgA&sourceid=chrome&ie=UTF-8
https://www.sciencedirect.com/science/article/abs/pii/S0260877406007035
https://www.sciencedirect.com/science/article/abs/pii/S0260877406007035
https://www.sciencedirect.com/science/article/abs/pii/S0260877406007035
https://www.atlantis-press.com/proceedings/ictaff-21/125968315
https://www.atlantis-press.com/proceedings/ictaff-21/125968315
https://www.atlantis-press.com/proceedings/ictaff-21/125968315
https://www.atlantis-press.com/proceedings/ictaff-21/125968315
https://www.atlantis-press.com/proceedings/ictaff-21/125968315
https://www.researchgate.net/publication/292783651_AOAC_2005
https://www.researchgate.net/publication/292783651_AOAC_2005
https://www.scirp.org/reference/ReferencesPapers?ReferenceID=1819676
https://www.scirp.org/reference/ReferencesPapers?ReferenceID=1819676


79

Physico-Chemical Properties of Tamarind (Tamarindus indica L.) Leather Affected by Different Drying Methods and Thickening Agents

20.	 AOAC. “Association of Official Analytical Chemists. Official 
Methods of Analysis, (16th ed.), Washington DC., USA (2000): 
200-210.

21.	 Verma VK., et al. “Evaluation of Quality Attributes of Carrot 
and Grape Blend Juice”. International Journal of Engineering 
Research and Technology 11.04 (2022): 439-443.

22.	 Frabetti ACC., et al. “Strawberry-hydrocolloids dried by con-
tinuous cast-tape drying to produce leather and powder”. Food 
Hydrocolloids 121 (2021): 107041.

23.	 Anju B., et al. “Preparation, quality evaluation and storage sta-
bility of peach-soy fruit leather”. SAARC Journal of Agriculture 
12.1 (2014): 73-88.

24.	 Neeraja B., et al. “Studies on Guava Based Protein Enriched 
Fruit Leather Rollups”. Current Journal of Applied Science and 
Technology 42.29 (2023): 12-19.

25.	 Dolas KA., et al. “Effect of starch modification on physico-
chemical, functional, and structural characterization of cas-
sava starch (Manihot esculenta  Crantz)”.  Food Research 4.4 
(2020): 1265-1271. 

26.	 Nizamlioglu NM., et al. “Chemical versus infrared spectroscop-
ic measurements of quality attributes of sun or oven dried 
fruit leathers from apple, plum and apple-plum mixture”. LWT 
- Food Science and Technology 153 (2022): 112420.

27.	 Dereje B and Abera S. “Effect of pretreatments and drying 
methods on the quality of dried mango (Mangifera Indica L.) 
slices”. Cogent Food and Agriculture 6.1 (2020): 1747961.

28.	 Takhellambam RD and Bharati P. “Effect of storage on quality 
of tamarind (Tamarindus indica L.) clones”. International Jour-
nal of Current Microbiology and Applied Sciences 9.8 (2020): 
2409-2416.

29.	 Jain PK and Nema PK. “Processing of pulp of various cultivars 
of guava (Psidium guajava L.) for leather production”. Agricul-
tural Engineering International: CIGR Journal (2007).

30.	 Safaei P., et al. “The assessment of physical and microbial prop-
erties of traditional fruit leathers in Tehran”. Jundishapur Jour-
nal of Health Sciences 11.1 (2019).

31.	 Khan I., et al. “Development and Storage Studies of Guava-Chi-
ku Blended Fruit Leather”. Jammu Kashmir Journal of Agricul-
ture 3.1 (2023): 1-9.

32.	 Pavani S., et al. “Standardization of process development for 
fortified tamarind fruit leather with pulp of red tamarind va-
riety Anantha Rudhira”. The Pharma Innovation Journal 11.8 
(2022): 1701-1707.

33.	 Chib A., et al. “Development and quality evaluation of Harad-
Ber blended leather”. International Journal of Advanced Bio-
chemistry Research 9.5 (2025): 31-35.

34.	 Abdrabou EA. “Quality Attributes of Carrot-Tamarind Leath-
ers”. Journal of Food and Dairy Sciences 14.9 (2023): 195-205.

35.	 Hespanhol I and Prost AME. “WHO guidelines and national 
standards for reuse and water quality”.  Water Research 28.1 
(1994): 119-124.

36.	 da Silva Simão R., et al. “Survival analysis to predict how col-
or influences the shelf life of strawberry leather”. Foods 11.2 
(2022): 218.

Citation: Nan Thandar Myo., et al. “Physico-Chemical Properties of Tamarind (Tamarindus indica L.) Leather Affected by Different Drying Methods and 
Thickening Agents". Acta Scientific Nutritional Health 9.9 (2025): 67-79. 

https://law.resource.org/pub/us/cfr/ibr/002/aoac.methods.1.1990.pdf
https://law.resource.org/pub/us/cfr/ibr/002/aoac.methods.1.1990.pdf
https://law.resource.org/pub/us/cfr/ibr/002/aoac.methods.1.1990.pdf
https://www.ijert.org/evaluation-of-quality-attributes-of-carrot-and-grape-blend-juice
https://www.ijert.org/evaluation-of-quality-attributes-of-carrot-and-grape-blend-juice
https://www.ijert.org/evaluation-of-quality-attributes-of-carrot-and-grape-blend-juice
https://www.sciencedirect.com/science/article/abs/pii/S0268005X21004574
https://www.sciencedirect.com/science/article/abs/pii/S0268005X21004574
https://www.sciencedirect.com/science/article/abs/pii/S0268005X21004574
https://www.researchgate.net/publication/286775821_Preparation_quality_evaluation_and_storage_stability_of_peach-soy_fruit_leather
https://www.researchgate.net/publication/286775821_Preparation_quality_evaluation_and_storage_stability_of_peach-soy_fruit_leather
https://www.researchgate.net/publication/286775821_Preparation_quality_evaluation_and_storage_stability_of_peach-soy_fruit_leather
https://journalcjast.com/index.php/CJAST/article/view/4202
https://journalcjast.com/index.php/CJAST/article/view/4202
https://journalcjast.com/index.php/CJAST/article/view/4202
https://www.myfoodresearch.com/uploads/8/4/8/5/84855864/_40__fr-2020-075_dolas_1.pdf
https://www.myfoodresearch.com/uploads/8/4/8/5/84855864/_40__fr-2020-075_dolas_1.pdf
https://www.myfoodresearch.com/uploads/8/4/8/5/84855864/_40__fr-2020-075_dolas_1.pdf
https://www.myfoodresearch.com/uploads/8/4/8/5/84855864/_40__fr-2020-075_dolas_1.pdf
https://www.sciencedirect.com/science/article/pii/S0023643821015735
https://www.sciencedirect.com/science/article/pii/S0023643821015735
https://www.sciencedirect.com/science/article/pii/S0023643821015735
https://www.sciencedirect.com/science/article/pii/S0023643821015735
https://www.tandfonline.com/doi/full/10.1080/23311932.2020.1747961
https://www.tandfonline.com/doi/full/10.1080/23311932.2020.1747961
https://www.tandfonline.com/doi/full/10.1080/23311932.2020.1747961
https://www.google.com/search?q=Processing+of+pulp+of+various+cultivars+of+guava+(Psidium+guajava+L.)+for+leather+production&rlz=1C1VDKB_enIN1064IN1064&oq=Processing+of+pulp+of+various+cultivars+of+guava+(Psidium+guajava+L.)+for+leather+production&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBBzI2MWowajSoAgCwAgA&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Processing+of+pulp+of+various+cultivars+of+guava+(Psidium+guajava+L.)+for+leather+production&rlz=1C1VDKB_enIN1064IN1064&oq=Processing+of+pulp+of+various+cultivars+of+guava+(Psidium+guajava+L.)+for+leather+production&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBBzI2MWowajSoAgCwAgA&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Processing+of+pulp+of+various+cultivars+of+guava+(Psidium+guajava+L.)+for+leather+production&rlz=1C1VDKB_enIN1064IN1064&oq=Processing+of+pulp+of+various+cultivars+of+guava+(Psidium+guajava+L.)+for+leather+production&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBBzI2MWowajSoAgCwAgA&sourceid=chrome&ie=UTF-8
https://www.researchgate.net/publication/330091410_The_Assessment_of_Physical_and_Microbial_Properties_of_Traditional_Fruit_Leathers_in_Tehran
https://www.researchgate.net/publication/330091410_The_Assessment_of_Physical_and_Microbial_Properties_of_Traditional_Fruit_Leathers_in_Tehran
https://www.researchgate.net/publication/330091410_The_Assessment_of_Physical_and_Microbial_Properties_of_Traditional_Fruit_Leathers_in_Tehran
file:///C:/Users/SnehaReddy/OneDrive%20-%20Acta%20Scientific%20Publications%20Private%20Limited/Desktop/07-02-2022/Acta%20PDF%2001-06-2023/ASNH/ASNH-25-RA-102/google.com/search?q=Standardization+of+process+development+for+fortified+tamarind+fruit+leather+with+pulp+of+red+tamarind+variety+Anantha+Rudhira&sca_esv=eca8c9f14481773e&rlz=1C1VDKB_enIN1064IN1064&ei=xg-saPzdMIqk2roPkPf9qAw&ved=0ahUKEwj82Oydt6WPAxUKklYBHZB7H8UQ4dUDCBA&uact=5&oq=Standardization+of+process+development+for+fortified+tamarind+fruit+leather+with+pulp+of+red+tamarind+variety+Anantha+Rudhira&gs_lp=Egxnd3Mtd2l6LXNlcnAifVN0YW5kYXJkaXphdGlvbiBvZiBwcm9jZXNzIGRldmVsb3BtZW50IGZvciBmb3J0aWZpZWQgdGFtYXJpbmQgZnJ1aXQgbGVhdGhlciB3aXRoIHB1bHAgb2YgcmVkIHRhbWFyaW5kIHZhcmlldHkgQW5hbnRoYSBSdWRoaXJhSABQAFgAcAB4AJABAJgBAKABAKoBALgBA8gBAPgBAvgBAZgCAKACAJgDAJIHAKAHALIHALgHAMIHAMgHAA&sclient=gws-wiz-serp
file:///C:/Users/SnehaReddy/OneDrive%20-%20Acta%20Scientific%20Publications%20Private%20Limited/Desktop/07-02-2022/Acta%20PDF%2001-06-2023/ASNH/ASNH-25-RA-102/google.com/search?q=Standardization+of+process+development+for+fortified+tamarind+fruit+leather+with+pulp+of+red+tamarind+variety+Anantha+Rudhira&sca_esv=eca8c9f14481773e&rlz=1C1VDKB_enIN1064IN1064&ei=xg-saPzdMIqk2roPkPf9qAw&ved=0ahUKEwj82Oydt6WPAxUKklYBHZB7H8UQ4dUDCBA&uact=5&oq=Standardization+of+process+development+for+fortified+tamarind+fruit+leather+with+pulp+of+red+tamarind+variety+Anantha+Rudhira&gs_lp=Egxnd3Mtd2l6LXNlcnAifVN0YW5kYXJkaXphdGlvbiBvZiBwcm9jZXNzIGRldmVsb3BtZW50IGZvciBmb3J0aWZpZWQgdGFtYXJpbmQgZnJ1aXQgbGVhdGhlciB3aXRoIHB1bHAgb2YgcmVkIHRhbWFyaW5kIHZhcmlldHkgQW5hbnRoYSBSdWRoaXJhSABQAFgAcAB4AJABAJgBAKABAKoBALgBA8gBAPgBAvgBAZgCAKACAJgDAJIHAKAHALIHALgHAMIHAMgHAA&sclient=gws-wiz-serp
file:///C:/Users/SnehaReddy/OneDrive%20-%20Acta%20Scientific%20Publications%20Private%20Limited/Desktop/07-02-2022/Acta%20PDF%2001-06-2023/ASNH/ASNH-25-RA-102/google.com/search?q=Standardization+of+process+development+for+fortified+tamarind+fruit+leather+with+pulp+of+red+tamarind+variety+Anantha+Rudhira&sca_esv=eca8c9f14481773e&rlz=1C1VDKB_enIN1064IN1064&ei=xg-saPzdMIqk2roPkPf9qAw&ved=0ahUKEwj82Oydt6WPAxUKklYBHZB7H8UQ4dUDCBA&uact=5&oq=Standardization+of+process+development+for+fortified+tamarind+fruit+leather+with+pulp+of+red+tamarind+variety+Anantha+Rudhira&gs_lp=Egxnd3Mtd2l6LXNlcnAifVN0YW5kYXJkaXphdGlvbiBvZiBwcm9jZXNzIGRldmVsb3BtZW50IGZvciBmb3J0aWZpZWQgdGFtYXJpbmQgZnJ1aXQgbGVhdGhlciB3aXRoIHB1bHAgb2YgcmVkIHRhbWFyaW5kIHZhcmlldHkgQW5hbnRoYSBSdWRoaXJhSABQAFgAcAB4AJABAJgBAKABAKoBALgBA8gBAPgBAvgBAZgCAKACAJgDAJIHAKAHALIHALgHAMIHAMgHAA&sclient=gws-wiz-serp
file:///C:/Users/SnehaReddy/OneDrive%20-%20Acta%20Scientific%20Publications%20Private%20Limited/Desktop/07-02-2022/Acta%20PDF%2001-06-2023/ASNH/ASNH-25-RA-102/google.com/search?q=Standardization+of+process+development+for+fortified+tamarind+fruit+leather+with+pulp+of+red+tamarind+variety+Anantha+Rudhira&sca_esv=eca8c9f14481773e&rlz=1C1VDKB_enIN1064IN1064&ei=xg-saPzdMIqk2roPkPf9qAw&ved=0ahUKEwj82Oydt6WPAxUKklYBHZB7H8UQ4dUDCBA&uact=5&oq=Standardization+of+process+development+for+fortified+tamarind+fruit+leather+with+pulp+of+red+tamarind+variety+Anantha+Rudhira&gs_lp=Egxnd3Mtd2l6LXNlcnAifVN0YW5kYXJkaXphdGlvbiBvZiBwcm9jZXNzIGRldmVsb3BtZW50IGZvciBmb3J0aWZpZWQgdGFtYXJpbmQgZnJ1aXQgbGVhdGhlciB3aXRoIHB1bHAgb2YgcmVkIHRhbWFyaW5kIHZhcmlldHkgQW5hbnRoYSBSdWRoaXJhSABQAFgAcAB4AJABAJgBAKABAKoBALgBA8gBAPgBAvgBAZgCAKACAJgDAJIHAKAHALIHALgHAMIHAMgHAA&sclient=gws-wiz-serp
https://www.biochemjournal.com/archives/2025/vol9issue5/PartA/9-4-152-702.pdf
https://www.biochemjournal.com/archives/2025/vol9issue5/PartA/9-4-152-702.pdf
https://www.biochemjournal.com/archives/2025/vol9issue5/PartA/9-4-152-702.pdf
file:///C:/Users/SnehaReddy/OneDrive%20-%20Acta%20Scientific%20Publications%20Private%20Limited/Desktop/07-02-2022/Acta%20PDF%2001-06-2023/ASNH/ASNH-25-RA-102/google.com/search?q=Quality+Attributes+of+Carrot-Tamarind+Leathers&rlz=1C1VDKB_enIN1064IN1064&oq=Quality+Attributes+of+Carrot-Tamarind+Leathers&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBBzMwN2owajSoAgCwAgA&sourceid=chrome&ie=UTF-8
file:///C:/Users/SnehaReddy/OneDrive%20-%20Acta%20Scientific%20Publications%20Private%20Limited/Desktop/07-02-2022/Acta%20PDF%2001-06-2023/ASNH/ASNH-25-RA-102/google.com/search?q=Quality+Attributes+of+Carrot-Tamarind+Leathers&rlz=1C1VDKB_enIN1064IN1064&oq=Quality+Attributes+of+Carrot-Tamarind+Leathers&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBBzMwN2owajSoAgCwAgA&sourceid=chrome&ie=UTF-8
https://www.sciencedirect.com/science/article/abs/pii/0043135494901252
https://www.sciencedirect.com/science/article/abs/pii/0043135494901252
https://www.sciencedirect.com/science/article/abs/pii/0043135494901252
https://www.mdpi.com/2304-8158/11/2/218
https://www.mdpi.com/2304-8158/11/2/218
https://www.mdpi.com/2304-8158/11/2/218

