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Abstract: Salak is a native Indonesian plant with various cultivars, one of 
which is the Sidimpuan salak originating from North Sumatra. Sidimpuan 
salak fruit has a distinctive taste, namely a fairly sweet but slightly sour taste, 
sticky, astringent, quite highs water content in the fruit, and various colors 
of the fruit flesh, namely white, red, and red tinge. This study aims to 
characterize the morphology of three types of Sidimpuan salak based on the 
color of the fruit flesh (white, red, red tinge) and compare the glucose 
content and vitamin C levels of the three types of salak. The method used in 
this study is a descriptive method and sample determination is done by 
purposive sampling. Glucose levels are analyzed using a UV-Vis 
spectrophotometer and vitamin C levels by the idiometry titration method. 
The results of the study showed that there are differences in morphological 
appearance between white, red, and red tinge salak. The morphological 
characteristics of the stems and leaves of red salak rank first, but the size and 
taste of white salak fruit are superior to red salak. The highest glucose levels 
were found in white snake fruit samples and the lowest in red snake fruit, 
while the highest vitamin C levels were found in red snake fruit and the 
lowest in red snake fruit. Variations in morphology, glucose content, and 
vitamin C in snake fruit are caused by genetic and environmental factors. 
The morphological and nutritional differences found in the three types of 
Sidimpuan snake fruit are predominantly due to genetic factors because the 
samples were obtained from the same environmental conditions. 
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Introduction 
 

Salak (Zalacca) is a native Indonesian plant with a 
wide variety of cultivars. Salak in Indonesia is generally 
named based on the location where it is cultivated. The 
five main provinces with the highest production of salak 
in Indonesia are Yogyakarta Special Region, North 
Sumatra, West Java, East Java, and Central Java. 
According to Simatupang et al. (2024), there are 
approximately 23 salak cultivars, but the most well-

known in Indonesia are Salak Pondoh from Yogyakarta 
Special Region, Salak Bali from Bali, and Salak 
Sidimpuan from North Sumatra. Salak Sidimpuan is a 
superior local commodity from Padangsidimpuan and 
South Tapanuli, and has been nationally recognized. 
There are numerous cultivars of Salak Sidimpuan, based 
on fruit characteristics (fruit color) or the location where 
the salak is planted or cultivated (Warnita et al., 2019). 
Sidempuan salak has developed into several local 
varieties officially recognized by the government 
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through the decree of the Minister of Agriculture, salak 
sibakua (SK. No. 427/Kpts/TP.240/7/2002), white 
Sidimpuan salak (SK. No. 764/Kpts/TP.240/6/99), red 
Sidimpuan salak (SK. No. 763/Kpts/TP.240/6/99) (BPS, 
2009) in (Adelina et al., 2022). West Angkola District is 
the center of salak plants in North Sumatra Province and 
is considered the origin of the Sidimpuan salak plant, 
and from this area it spread to other areas. Sidimpuan 
salak fruit has a unique characteristic compared to other 
types of salak. The taste is quite sweet but slightly sour, 
sticky, astringent and the water content in the fruit is 
quite high (Junge et al., 2020; He et al., 2015). The fruit 
flesh comes in various colors, including white, red, and 
reddish hues (Khoo et al., 2016; Tang et al., 2025). 

Phenotypic characterization describes 
morphological diversity, including observations of plant 
physical traits such as stem structure, leaves, and thorns, 
as well as fruit shape, color, and size. Salak Sidimpuan 
exhibits significant morphological diversity, and 
morphological characterization is expected to provide 
an accurate database for future reference in the selection 
and development of superior varieties of Salak 
Sidimpuan. Research on the morphology of Salak 
Sidimpuan based on location has been extensively 
conducted, including in South Angkola, West Angkola, 
and East Angkola (R. A. Harahap et al., 2024), Sisundung 
Village, Sibio-bio Village, Siamporik Village, and 
Parsalakan Village, West Angkola, South Angkola, and 
Marancar. These studies indicate morphological 
differences in stem, leaf, and fruit characteristics. These 
studies have all examined the morphological 
characteristics of the Sidimpuan snake fruit based on the 
location where it is grown. There is no information yet 
on morphological characteristics based on fruit flesh 
color.  

Therefore, research is still needed to characterize 
the morphology of Sidimpuan snake fruit based on 
differences in fruit flesh color, namely red, white, and 
red-tinged snake fruit. In addition to its unique 
morphological diversity, snake fruit contains important 
nutrients such as sugar and vitamin C. Snake fruit 
contains various types of natural sugars, such as glucose, 
fructose, and sucrose, which give snake fruit its 
distinctive sweet taste. Sugar in the fruit is a simple 
carbohydrate that is easily absorbed by the body and 
provides a quick source of energy (Saleh et al., 2018). The 
sugar content of Sidimpuan snake fruit varies by region. 
The sugar content of Sidimpuan snake fruit from West 
Angkola is higher (17.47 brix) compared to snake fruit 
from Hutaimbaru (16.69 brix) and South Angkola (17.12 
brix) (Hadiati et al., 2023). Research results Khairiyah et 
al. (2019) indicate that the sugar content of salak 
Sidimpuan from Marancar is 16.2 brix, West Angkola is 
17.2 brix, and South Angkola is 17.1 brix. Besides sugar 
content, one of the most prominent nutritional features 

of salak is its vitamin C content. Several studies have 
shown that each type of salak Sidimpuan contains 
different levels of vitamin C.  

The vitamin C content of salak Sidimpuan from 
Hutaimbaru is higher (49.90 mg/100 g) than that of salak 
Sidimpuan from West Angkola (49.87 mg/100 g) and 
South Angkola (44.68 mg/100 g) (M. F. Harahap et al., 
2020). Research results Shanker et al. (2024), indicate that 
the vitamin C content of salak Sidimpuan from Palopat 
Maria Village is 48.32 mg/100 g. To date, information on 
the sugar and vitamin C content of Sidimpuan snake 
fruit, particularly the red, white, and red-tinged 
varieties, is limited. This study aims to provide a 
quantitative overview of the vitamin C and sugar 
content of three varieties of Sidimpuan snake fruit, thus 
providing a basis for consideration in developing the 
potential of Sidimpuan snake fruit as a functional food. 

 

Method 
 

This research was conducted from March to June 
2025 on the snake fruit plantations of the Sitratoit village 
community in South Tapanuli Regency and at the 
Vahana Scientific chemistry laboratory in Padang City, 
West Sumatra. The tools used in this study were a meter, 
Iwaki test tubes, a Fujitsu FS-AR210 (INT-CAL) 
analytical balance, a 50 mm Iwaki funnel, an Iwaki 
volumetric flask, a 250 mL Iwaki beaker, a Taffware 
Ultrasonic 40 KHz ultrasonic bath, a 25 mL Iwaki 
burette, a 100 mL Iwaki Erlenmeyer flask, a rotary 
evaporator, an Agilent Technologies Cary 8454 UV-Vis 
spectrophotometer. The materials used in this study 
were white, red, and reddish-tinged Sidimpuan snake 
fruit, distilled water, 70% ethanol, Merck glucose, Merck 
phenol, Merck sulfuric acid, 0.01 N iodine (I2), 
potassium iodide (KI), 1% starch, and filter paper. 
Research Procedures. 

 
Morphological Characterization 

This study consisted of three snake fruit samples: 
the white, red, and red-tinged snake fruit. The method 
used in this study was descriptive, and purposive 
sampling was used, taking five samples of each type, 
resulting in a total of 15 samples. Data collection was 
conducted through direct observation in the snake fruit 
plantations and interviews with the snake fruit 
plantation owners (Prihastanti & Haryanti, 2021; 
Indratna et al., 2023). The observed characteristics were 
the morphology of the stems, leaves, flowers, and fruit. 

 
Glucose Analysis 

Glucose analysis in this study was conducted using 
a spectrophotometer. 0.1 g of snake fruit flesh was 
weighed and dissolved in 10 ml of distilled water. The 
solution was then sonicated for 30 minutes and diluted 
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according to the dilution factor. 1 ml of the solution was 
pipetted, 1 ml of 5% phenol was added, and 5 ml of 
concentrated sulfuric acid was added. Incubate for 10 
minutes and vortex. Results can be read using a UV-Vis 
spectrophotometer. 

 
Vitamin C Content Analysis 
Salak Fruit Extraction 

Salak (red, white, and reddish varieties) were 
peeled and cleaned, then washed thoroughly. Next, the 
salak was thinly sliced and blended. 500 grams of the 
sample was weighed, placed in a beaker, and mixed with 
1 L of 70% ethanol. Extraction was then carried out using 
the maceration method for 3 x 24 hours. After extraction, 
the filtrate was separated using filter paper and 
evaporated using a rotary evaporator to obtain a thick 
extract. gram of salak extract was weighed and dissolved 
in distilled water to make 25 ml. To 10 ml of the salak 
fruit extract solution, 5 drops of starch indicator were 
added. Titration using 0.01 N iodine solution until it 
turns purple. 

Result and Discussion 
 
Morpological Characterization of Sidimpuan Salak 

Morphological variation in salak refers to 
differences in shape, size, and color in the salak's organ 
structures, such as stems, leaves, flowers, and fruit. 
Morphological characteristics can be used to 
differentiate between salak species or cultivars, such as 
differences in fruit flesh color (Fendiyanto et al., 2020). 
Table 1 shows morphological differences between white, 
red, and red-tinged salak. The plant height and leaf 
sheath length of red and red-tinged salak are higher than 
those of white salak. This indicates that the vegetative 
growth of red and red-tinged salak is superior to that of 
white salak. Morphological differences reflect the 
genetic diversity among Sidimpuan salak species. 
Different genetic makeups result in different 
morphological appearances.  

 
 

 
Table 1. Quantitative Morphological Data of Three Types of Sidimpuan Snake Fruit 
Parameter Typs of Salak Sample     Amount Average 

  1 2 3 4 5   
Plant height (m) SP 4.80 5.20 4.50 5.80 5.60 25.90 5.18 ± 0.54 
 SM 5.50 5.70 6.20 5.50 6.30 29.20 5.84 ± 0.38 
 SSM 5.70 6.30 7.20 6.80 5.50 31.50 6.30 ± 0.72 
Leaf sheath length (m)  SP 4.34 4.55 4.60 4.10 5.10 22.69 4.53 ± 0.37 
 SM 5.15 5.25 5.20 5.10 5.25 25.95 5.19 ± 0.07 
 SSM 5.16 5.15 5.2 5.10 5.30 25.91 5.18 ± 0.07 
Number of bunches per tree SP 5 5 3 4 5 22 4.40 ± 0.89 
 SM 6 6 5 5 4 26 5.20± 0.84 
 SSM 6 6 5 5 4 26 5.20 ± 0.84 
Number of fruits per bunch SP 23 26 23 32 27 131 26.20 ± 3.31 
 SM 20 22 18 22 21 103 20.60 ±1.50 
 SSM 24 25 25 22 22 118 23.60 ±1.36 
Fruit weight (g) SP 97.12 66.92 98.13 72.83 99.06 434.06 86.81 ±13.97 

 SM 52.14 48.79 58.17 60.37 48.83 268.30 53.66 ± 4.79 
 SSM 89.12 59.23 70.84 78.97 86.92 385.08 77.02 ±12.27 

Note: SP (white snake fruit), SM (red snake fruit), SSM (red-tinged snake fruit) 
 

Research results Wang et al. (2015), showed that the 
peroxidase isoenzyme analysis of Sidimpuan snake fruit 
from the Sisundung region showed 42% genetic 
similarity and 58% genetic diversity. Genetic diversity 
leads to physiological differences in snake fruit plants 
because each variety has a genetic code that regulates 
growth, photosynthesis, and fruit formation. Each gene 
contains information for producing specific proteins, 
such as the growth hormone auxin. Auxin is a hormone 
that promotes stem elongation; if the gene regulating 
auxin production is more active, the plant will grow 
taller (Reed et al., 2018). This explains why the red 
Sidimpuan snake fruit is taller than the white Sidimpuan 
snake fruit, likely due to the more active gene regulating 
the growth hormone. 

Table 1 shows that red snake fruit has a lower size 
and weight than other Sidimpuan snake fruit varieties. 
One factor contributing to lower fruit size is energy 
availability (Romero et al., 2020). Plants produce energy 
through photosynthesis, a process known as 
photosynthate. Photosynthate is allocated to vegetative 
and generative growth. Red snake fruit tends to allocate 
more nutrients to stem and leaf sheath growth, resulting 
in taller stems, but smaller fruit due to reduced nutrient 
availability (Garrido et al., 2023). White snake fruit 
focuses more on fruit formation, resulting in larger fruit 
size. According to Huang et al. (2023), besides nutrition, 
another factor influencing fruit enlargement is the 
gibberellin hormone. If the gene that regulates 
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gibberellin production is more active, the resulting fruit 
tends to be larger.
 
Table 2. Qualitative Morphological Data of Three Types of Salak Sidimpuan 
Parameter  Types of snake fruit  

 Salak Putih Salak Merah Salak Semburat Merah 

Bar color Dark Green Light brown Dark green 
Leaf color Dark Green Dark green Dark green 
Thorn color Black Black Black 
Thorn shape Short Pointed Long pointed Long pointed 
The color of the flower sheath Brown Brown Brown 
Fruit shape Round Oval Oval round 
Fruit skin color Yellowish Brown Reddish brown Yellowish brown, blackish brown 
Fruit flesh color White Red White with a red tinge 
Fruit Flavor Sweet Sweet astringent Sweet and sour 
Seed color Blackish Brown Blackish brown Blackish brown 

 

Based on qualitative observations, the leaves of the 
three types of salak sidimpuan plants are dark green and 
contain a waxy coating on the leaf surface (Table 2). 
Striking differences are seen in the shape of the thorns: 
red and red-tinged salak have long, pointed thorns, 
while white salak has short, pointed thorns. In terms of 
fruit shape, red salak is oval, white salak is round, and 
red salak exhibits a combination of round-oval shapes. 
Red salak has several morphological similarities to both 
white and red salak. This confirms that red salak is a 
natural cross between red and white salak. The three 
types of salak sidimpuan have distinct flavors: white 
salak is sweet, red salak is sweet and sour, and red salak 
is sweet and astringent (Table 2). This is consistent with 
research by Hadiati et al. (2023), which states that salak 
sidimpuan has several flavors: sweet, sour, sweet and 
sour, and sweet and astringent. The taste of snake fruit 
is influenced by genetic and environmental factors, 
which cause sugar, organic acid, and tannin levels to 
vary among snake fruit varieties (Djaafar et al., 2024). 
Higher sugar levels result in a sweeter taste, while 
organic acid levels contribute to a sour taste. Higher 
tannin content in snake fruit results in an astringent 
taste. Research Halim et al. (2019) and Siregar (2023), 
indicates that Sidimpuan snake fruit contains tannins. 

The skin of the white snake fruit is brown, while the 
red snake fruit is yellowish-brown and reddish-brown, 
while the red snake fruit is reddish-brown. The flesh 
color of the Sidimpuan snake fruit, as the name suggests, 
is white, red-tinged, and red. The differences in fruit 
color are due to differences in pigment content and 
quantity, with the most abundant pigments being 
carotenoids and anthocyanins (Arena et al., 2021; Wang 
et al., 2022). Gonzali et al. (2021), Espley et al. (2023) 
states that variations in fruit flesh color are closely 
related to genetic expression and the concentration of 
bioactive compounds such as anthocyanins. High 
anthocyanin content leads to a tendency toward red and 

purple fruit color and also higher antioxidant content 
(Pérez et al., 2023). 
 

 
Figure 1. A) White Salak, B) Red salak, C) Red salak 

 
Glucose Content of Sidimpuan Snake Fruit 

Glucose is a reducing sugar that directly 
contributes to the perception of sweetness. Higher 
glucose levels result in a sweeter taste, making it an 
important indicator, especially for snake fruit consumed 
fresh. Based on Figure 2, white snake fruit has the 
highest glucose content at 20.01%, followed by red snake 
fruit (18.87%), and red-tinged snake fruit (18.30%). 
Variations in glucose content are caused by 
environmental and genetic factors (Nishio et al., 2021). 
The snake fruit samples in this study were taken from 
the same environmental conditions, so the differences in 
glucose content between white, red, and red-tinged 
snake fruit are predominantly due to genetic factors. 

Genetic factors influence the size and density of 
carbohydrate storage tissue within the fruit flesh. Fruit 
flesh cell vacuoles function as the primary storage sites 
for sugars, organic acids, secondary metabolites, 
inorganic ions, and water in high quantities, which 
significantly determine fruit quality (Eisenach et al., 
2015). Fruit cultivars with larger vacuoles or a greater 
number of vacuoles tend to store sugars in higher 
concentrations (Kuang et al., 2022). Research Lü et al. 
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(2020), indicates that differences in sugar content in 
pears are largely controlled by genetic factors through 
the regulation of gene expression encoding key enzymes 
in sucrose metabolism, such as sucrose phosphate 
synthase (SPS), sucrose synthase (SUS), fructokinase 
(FRK), and glucose-6-phosphate isomerase (PGI). These 
enzymes play a role in regulating the conversion of 
photosynthesis products (especially sucrose) into simple 
sugars, including glucose and fructose, and determine 
sugar accumulation in the vacuoles of the fruit's flesh. 
 

 
Figure 2. Comparison of glucose content in Salak Sidimpuan 

 

Vitamin C in Salak Sidimpuan 
Vitamin C is a natural antioxidant that helps ward 

off free radicals and boosts the immune (Martey & Osei, 
2024; Carr & Maggini, 2017). In plants, vitamin C, or 
ascorbic acid, functions as an enzyme cofactor in various 
biosynthetic pathways, including the formation of 
hormones and secondary metabolites, and aids in the 
formation of chlorophyll and sugars. Vitamin C is an 
essential element in determining fruit quality, such as 
aroma and flavor. Research Ścibisz et al. (2019) indicates 
that vitamin C contributes to the fresh and slightly sour 
taste of Salak Sidimpuan. Each variety of salak fruit has 
a different vitamin C content, even salak fruit grown in 
the same area contains different levels of vitamin C (Hu 
et al., 2025). Figure 3 shows that the red Sidimpuan 
snake fruit contains the highest levels of vitamin C 
compared to the white and red-tinged snake fruit. 
Differences in vitamin C levels among snake fruit 
varieties are the result of a complex interaction between 
genetic, physiological, and environmental factors that 
influence the biosynthesis, distribution, and degradation 
of ascorbic acid in fruit tissue (Liao et al., 2023; Zheng et 
al., 2022). 

Salak has a metabolic profile controlled by a distinct 
gene arrangement. Vitamin C production and 
accumulation are influenced by the expression of key 
genes such as GDP-mannose pyrophosphorylase (GMP) 
and L-galactose-1-phosphate phosphatase (GPP). 
Genetic variation in GMP or GPP among salak varieties 
will lead to differences in enzyme activity, which will 
affect the rate of vitamin C formation (Alahyane et al., 

2024). Salak varieties with higher GMP or GPP gene 
expression patterns are likely to produce fruit with 
higher vitamin C content. 

 

 
Figure 3. Comparison of vitamin C levels in Sidimpuan Salak 

 

Conclusion 
 

The evaluation results of this study indicate that 
Sidimpuan snake fruit has diverse characteristics in 
terms of morphology, glucose content, and vitamin C. 
The morphological characteristics of the stems and 
leaves of red snake fruit ranked first, but the size and 
flavor of white snake fruit were superior to those of red 
snake fruit. The highest glucose content was found in 
white snake fruit samples and the lowest in red snake 
fruit, while the highest vitamin C content was found in 
red snake fruit and the lowest in red snake fruit. 
Variations in morphology, glucose content, and vitamin 
C in snake fruit are due to genetic and environmental 
factors. The morphological and nutritional differences 
found in the three Sidimpuan snake fruit varieties are 
predominantly due to genetic factors because the 
samples were obtained from the same environmental 
conditions. 
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