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Pempek is a traditional food from Palembang that is easily perishable. This condition 

poses a challenge in terms of efficiently monitoring product quality. Therefore, there is a 

need for measurement techniques that are fast, inexpensive, and non-destructive. This 

study used Fourier Transform Infrared Spectroscopy (FT-IR) to characterize changes in 

functional groups of pempek Palembang during storage. Pempek samples were packaged 

using two methods: (1) Semi-aseptic (SA) and (2) Sterile (ST). The pempek was sterilized 

using an autoclave at 121℃ for 15 minutes, and sealed using a vacuum sealer with or 

without negative pressure (A1=0 MPa, A2=-0.08 for 8 seconds, A3=-0.1 for 30 seconds). 

The data were analyzed both descriptively and statistically, with repeated two times using 

Principal Component Analysis (PCA) with the OriginPro 2025 software. The results 

showed that significant changes in functional groups began to occur between days 12 and 

18 of storage. The sterile pempek (ST) treatment exhibited higher chemical consistency 

compared to the semi-aseptic pempek (SA). The combination of FT-IR and PCA proved 

effective as a non-destructive method for monitoring changes in functional groups and 

estimating the shelf life of pempek in real-time. These findings contribute to the 

development of more efficient methods for measuring food products. 
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1. INTRODUCTION

Pempek, a traditional culinary product from Palembang, has 

a relatively short shelf life, lasting approximately two days at 

room temperature [1-7]. Several methods have been used to 

extend the shelf life of pempek. Traditionally, the techniques 

used include coating the pempek with flour to reduce water 

activity (Aw) and using oil as a barrier against the oxidation 

process [8]. Meanwhile, modern methods include the 

application of edible film [9], edible coating [4, 7], freezing 

[10], freeze-drying [11], vacuum packaging, and thermal 

processing [12]. Thermal treatments are often required to 

maintain product quality, with sterilization serving as a pre-

treatment before vacuum packaging to improve storage 

stability. During the sterilization of preserved food, which 

usually happens at temperatures of 115-121℃, processes that 

substantially change the initial chemical composition [13]. 

Thermal sterilization is widely applied in industrial food 

processing due to its simplicity, controllability, and cost-

effectiveness. High-temperature treatments can profoundly 

influence the microbiological and physicochemical properties 

of food products [13-20]. The elevated temperatures generate 

sufficient vapor pressure to eliminate heat-resistant bacterial 

spores while also inactivating enzymes responsible for food 

deterioration during storage [21, 22]. A sterilization 

temperature of 121℃ for 15 minutes has been proven effective 

in inactivating pathogenic microorganisms, thereby ensuring 

the safety of food products for consumption. This sterilization 

protocol aligns with the D-value standard for Clostridium 

botulinum, which is approximately 0.21 minutes, indicating 

that within 15 minutes, the process can effectively reduce 

microbial populations. Furthermore, the Z-value for this 

microorganism is 10℃, meaning that every 10℃ increase in 

temperature significantly enhances the microbial death rate 

[23]. In addition to sterilization, vacuum packaging under 

negative pressure is an effective method for extending the 

shelf life of food products. Vacuum packaging reduces 

oxidation and inhibits the growth of aerobic microorganisms 

[24]. However, combining vacuum packaging with thermal 

sterilization may provide synergistic effects, yielding optimal 

preservation outcomes. 

Measurement of physical and chemical properties of 

pempek has been studied in previous studies using wet 

laboratory-based methods [3, 11, 12, 25, 26]. Generally, the 

measurement of physical and chemical properties analysis 

requires high costs, is time-consuming, and involves a lengthy 

procedure. These limitations present significant challenges for 

the efficient monitoring of product quality, particularly for 

traditional food items like pempek that have a relatively short 

shelf life [11, 12, 25-27]. Consequently, there is a pressing 

need for alternative analytical techniques that are rapid, cost-

effective, and non-destructive. 
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Various spectroscopic methods have been developed to 

enable rapid and cost-efficient measurements in analyzing 

changes in physical and chemical properties of food products. 

These methods play an important role in improving the 

precision of component identification non-destructively. Near-

infrared spectroscopy (NIRS) has a sensitivity comparable to 

FT-IR; however, NIRS is unable to provide detailed molecular 

structure information, as the signals tend to overlap and lack 

specificity. On the other hand, Raman spectroscopy offers the 

advantage of low sensitivity to water content, making it useful 

in samples with high water content. Nonetheless, this 

technique has lower signal sensitivity and can be affected by 

fluorescence, limiting its application in some food matrices 

[27-29]. FT-IR spectroscopy is emerging as the most suitable 

method due to its ability to detect changes in physical and 

chemical properties with high precision. 

FT-IR demonstrates significant potential for application 

across foods due to its analytical capabilities. This technique 

is particularly well-suited for quality control and production 

process monitoring, as it allows for real-time identification of 

chemical components without causing damage to the sample. 

Furthermore, the ability of FT-IR spectroscopy to perform 

online detection enables direct assessment of both raw 

materials and finished products, ensuring compliance with 

safety standards and enhancing operational efficiency. These 

features make FT-IR highly relevant in multiple sectors, 

including the food industry, pharmaceutical manufacturing, 

and environmental monitoring [28]. 

Several studies have utilized FT-IR techniques in the 

analysis of food products such as surimi. Hou et al. [29] used 

FT-IR to detect foreign substances added to surimi, and the 

results showed that this technique was able to accurately 

predict the starch content in surimi. Meanwhile, Wei et al. [30] 

investigated changes in protein structure during the gelation 

process of surimi using an FT-IR approach. A similar study by 

Kobayashi et al. [31] also used FT-IR to observe changes in 

protein structure in tilapia fish protein isolates and surimi 

during comminution and gelation. Additionally, Zhang et al. 

[32] utilized FT-IR to distinguish between species of marine 

surimi based on their chemical composition. 

One of the main challenges in the application of 

spectroscopy (FT-IR) is the large number of spectral variables, 

which can complicate the data analysis process. This high 

dimensionality often hinders the effective implementation of 

multivariate statistical methods, as it increases data 

complexity and lengthens result interpretation. Principal 

Component Analysis (PCA) is often used to reduce the 

dimensionality of large datasets by transforming correlated 

variables into a smaller number of uncorrelated principal 

components, while retaining most of the essential information. 

This approach facilitates more efficient identification of 

patterns, relationships, and underlying structures within the 

data [28, 33-37]. 

Despite its potential, research on the application of FT-IR 

spectroscopy and PCA for analyzing pempek Palembang has 

not been previously reported. Therefore, the objective of this 

study was to characterize changes in functional groups of 

pempek during storage through FT-IR spectra and PCA 

statistical analysis. This study provides scientific information 

that could be used as a basis for developing methods for 

monitoring the quality of food products during storage, which 

can then be applied in the food industry. 

 

 

2. MATERIALS AND METHODS 

 

2.1 Materials and instruments 

 
The pempek Palembang samples were obtained from a 

branded retailer in Palembang City. The pempek used in this 

study was cylindrically shaped and cut radially with 

dimensions of 4±0.2 cm in diameter and 2±0.1 cm in height. 

In addition, sterilization of pempek was conducted using an 

autoclave (HVE-50, Hirayama, Japan), followed by vacuum 

sealing with a vacuum packaging machine (Double Leopard 

DZ-280), and the FT-IR spectra were obtained using a 

spectroscopy instrument (Bruker Vertex 80, Germany). The 

resulting spectra were interpreted using OPUS 8.5 software. 

 

2.2 Sample preparation 

 
The process of preserving food through thermal processing 

is determined by the duration and temperature of the 

sterilization process. In compliance with the Indonesian Food 

and Drug Administration (IFDA/BPOM) Regulation No. 27 of 

2021, the sterilization value must meet the thermal standard 

(F0, minutes), specifically F0 ≥ 3. In this study, the F0 value 

was recorded at 15 minutes at 121℃, which is sufficient to 

eliminate bacteria and thereby extend the shelf life of the food 

product. Pempek samples were packaged using two methods: 

(1) Semi-aseptic (SA) and (2) Sterile (ST), as shown in Figure 

1. In the first method, pempek was sterilized using an 

autoclave based on IFDA/BPOM Regulation No. 27 of 2021. 

Following sterilization, the samples were aseptically removed 

and packaged into nylon plastic packaging and sealed using a 

vacuum sealer with or without negative pressure (A1=0 MPa, 

A2=-0.08 for 8 seconds, A3=-0.1 for 30 seconds). In the 

second method, pempek was packaged in nylon plastic and 

sealed using the same vacuum pressure, with or without 

negative pressure (A1=0MPa, A2=-0.08 for 8 seconds, A3=-

0.1 for 30 seconds). Pempek was sterilized using an autoclave 

based on IFDA/BPOM Regulation No. 27 of 2021. The 

samples were then stored at 25±0.3℃ for 30 days, simulating 

the typical storage conditions employed by pempek vendors 

during the marketing period. 

 

 
 

Figure 1. Methodical schematic of this study 
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2.3 Characterization of FT-IR and statistical analysis 

The FT-IR spectra were analyzed in the wavenumber range 

of 4000 cm⁻¹ to 500 cm⁻¹ with a resolution of 8 cm⁻¹ and scan 

numbers of 32× at specific storage periods on days 3, 6, 9, 12, 

18, 24, and 30. The samples were placed directly on the ATR 

crystal, and the crystal was cleaned using ethanol solvent (2 

mL) after each sample measurement.  

The FT-IR spectra obtained in the wavenumber range of 

4000-500 cm⁻¹ were analyzed descriptively and statistically, 

with repeated two times using PCA with OriginPro 2025 

software. 

3. RESULT AND DISCUSSION

3.1 Fourier transform infrared spectroscopy (FT-IR) 

The spectra illustrating the effects of pre-treatment and 

storage on pempek (Figure 2). Pempek Palembang is a 

traditional food made from minced fish, tapioca flour, water, 

protein, and carbohydrates as its primary nutritional 

components [8, 26, 38]. FT-IR spectral analysis enables the 

identification of specific macronutrients based on their 

characteristic absorption bands [28]. In this study, distinct 

band regions were observed for moisture, protein, and 

carbohydrate content. Moisture content was identified within 

the 3000-3500 cm⁻¹ range, protein (amide I) within 1600-1700 

cm⁻¹, and carbohydrates (starch) within 800-1200 cm⁻¹ [39, 

40]. The spectra obtained from the control sample (fresh 

pempek) exhibit characteristic absorption bands in the 

wavenumber ranges of 3200-3400 cm⁻¹, 1600-1700 cm⁻¹, and 

1000-1200 cm⁻¹. The absorption band at 3200-3400 cm⁻¹ 

corresponds to the stretching vibrations of –OH groups, 

indicating the presence of hydroxyl-containing compounds. 

The region between 1600-1700 cm⁻¹ is typically associated 

with C=O (carbonyl) stretching vibrations, suggesting the 

presence of proteins or amide groups. Meanwhile, the 

absorption band at 1000-1200 cm⁻¹ is attributed to C-O 

vibrations, which are characteristic of carbohydrate content 

[12]. 

Figure 2. FT-IR analysis of the storage period of 0 days (A), 3 days (B), 6 days (C), 9 days (D), 12 days (E), 18 days (F), 24 days 

(G), and 30 days (H) of the effect of pre-treatment and storage of pempek Palembang 
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Moisture plays a crucial role in determining the quality of 

pempek, particularly in terms of texture and product stability. 

The stretching vibrations of –H and –OH bonds indicate the 

influence of water mobility on moisture–starch–protein 

interactions, which are essential in the formation of hydrogen 

bonds. These interactions are influenced by factors such as 

starch, protein concentrations, temperature, and humidity [41, 

42]. The findings indicate that hydrogen bonding occurs 

between water, starch, and protein molecules in pempek 

during storage. This observation was discussed in greater 

detail in the PCA analysis. The observed shift in vibrational 

wavenumber suggests strong interactions between starch and 

water within the pempek matrix. 

The spectral region between 1600-1700 cm⁻¹ corresponds to 

the amide I band and provides insight into protein dynamics in 

pempek during storage. This region primarily reflects the 

stretching vibrations of the -C=O (carbonyl) bonds in protein 

backbones, which are indicative of protein mobility and its 

interaction with starch and oxygen-containing groups. These 

molecular interactions can influence the physical and chemical 

properties of pempek throughout storage. Protein mobility, 

and consequently its interaction potential, is affected by 

factors such as temperature, concentration, and environmental 

conditions [39, 43]. The results demonstrated that protein-

hydrogen bonding interactions varied between the 3 and 9 days 

of storage period, after which the interactions stabilized. This 

vibrational shift suggests structural changes likely resulting 

from stretching interactions between mobile protein structures 

and hydrogen bonds. Amide I and II bands are commonly used 

to determine the secondary structure of proteins and to 

evaluate internal hydrogen bonding. In particular, the amide I 

band provides characteristic absorption peaks that are widely 

employed for analyzing protein secondary structures. The 

specific absorption ranges are as follows: 1650-1658 cm⁻¹ for 

α-helix, 1610-1640 cm⁻¹ for β-fold, 1660-1695 cm⁻¹ for β-

corner, and 1640-1650 cm⁻¹ for the random coil. As shown in 

Figure 2, the dominant secondary structure of the protein in 

pempek is a β-fold. This finding is consistent with previous 

studies on pollock surimi [44-46]. During storage, the β-fold 

content in pempek proteins decreases, indicating degradation 

of the secondary structure. This breakdown leads to protein 

polymerization, which contributes to the observed changes in 

pempek texture over time. 

The stretching vibration of the C-O bond reflects the 

influence of carbohydrate mobility on starch–oxygen–protein 

interactions. This bond, commonly found in organic 

compounds such as carbohydrates, plays a key role in 

molecular interactions during storage. Carbohydrate mobility 

refers to the ability of starch molecules to move and interact 

with other components, including oxygen and proteins [40, 47]. 

These interactions can significantly impact the structural 

stability and functional properties of pempek during storage. 

The results indicated a shift in C-O bond vibrations throughout 

the storage period, which is attributed to protein interactions 

occurring during starch retrogradation. 

3.2 Principal component analysis (PCA) 

PCA is a statistical technique used to explore similarities 

and differences among functional groups in pempek samples 

during storage, which elucidate relationships among the 

measured spectral properties [48]. The variables used in the 

PCA include functional groups corresponding to –H and –OH 

(associated with moisture content), amide I (related to protein 

structures), and C–O (representing carbohydrate components). 

In this study, principal components analysis was selected 

based on the criteria of Eigenvalues >1 and with a cumulative 

variance >60% [33-35]. The PCA results explained a 

substantial proportion of the total variance in the FT-IR data 

(Table 1). The variability of pempek on day 3 of strorage 

period was 85.6% (PC1=51.1% and PC2=34.5%), on day 6 

was 76.6% (PC1=40.9% and PC2=35.7%), on day 9 was 

97.4% (PC1=54.4% and PC2=43%), on day 12 was 93% 

(PC1=70.3% and PC2=22.7%), on day 18 was 97.6% 

(PC1=87.5% and PC2=10.1%), on day 24 was 97.5% 

(PC1=72.4% and PC2=25.1%), and on day 30 of storage 

period was 94.4% (PC1=64% and PC2=30.4%). 

The eigenvector values obtained from Principal Component 

Analysis (PCA) were used to determine the direction of the 

greatest variability in the total variance of the FT-IR spectral 

data (Table 2). On day 3 of storage, the principal component 

(PC1) showed positive values for the –H and –OH functional 

groups (0.68), along with lower values for the amide I (0.16) 

and C–O (-0.72) bands. By day 6, the PC1 values for –H and 

–OH increased to 0.74, whereas the amide I value declined to

-0.65. On day 9, a slight decrease in the –H and –OH values

(0.69) was observed, accompanied by a positive shift in the

amide I value to 0.45. From days 12 to 30, the PC1 value for

–H and –OH progressively decreased, reaching 0.36 on day

30, while the second principal component (PC2) showed an

increased amide I value of 0.69. These results suggest that the

molecular configuration of Palembang pempek undergoes

dynamic changes during storage, with notable fluctuations in

the spectral features associated with –H and –OH, amide I, and

C–O bonds. The initial treatment and storage duration

significantly influence the product’s molecular stability and

potentially its sensory and physicochemical properties.

The 2D and 3D biplots (Figures 3 and 4) illustrate the 

correlation between functional groups and sample attributes 

(loadings), providing insight into how specific chemical bonds 

and pre-treatment methods affect changes in pempek quality 

during storage [36, 37]. These biplots enhance the 

understanding of the functional group dynamics by visualizing 

their relationships with treatment variations through 

correlation coefficients. On the 6th day of storage, a distinct 

cluster was observed involving the -H & -OH and C–O 

functional groups, indicating a strong positive correlation. 

Similarly, on the 24th day, the Amide I and C–O groups 

showed a positive association with other variables. The spatial 

distance between variables on the score plot reflects the degree 

of similarity or divergence in their chemical characteristics. 

The pre-treatment variation shows a cluster formation pattern 

with positive correlation at various pempek storage periods. 

On day 3, variables A1ST and A2ST formed a cluster, 

followed by A3SA and A3ST. On day 6, a cluster formed 

between A1SA and A2ST, followed by A1ST and A2SA. On 

day 9, the variables A1SA and A2SA form a cluster with a 

positive correlation, followed by A2ST and A3SA. On day 12, 

a cluster formed between A3ST and A2ST, followed by A1SA 

and A2SA. Day 18 shows a cluster between A3ST and A1ST, 

followed by A2SA and A2ST. On day 24, the variables A2SA, 

A2ST, A3SA, and A3ST formed one cluster with a positive 

correlation. On day 30, a similar cluster is formed between 

A2SA, A2ST, and A3ST. 

On the third day of storage, the amide I functional group 

appeared in Quadrant I and was positioned distinctly away 

from the –H & OH and C-O groups, suggesting that protein 

structures contributed more dominantly than water and 
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carbohydrate components at this stage. Furthermore, the 

formation of two separate clusters representing the semi-

aseptic (SA) and sterile (ST) treatments indicated that initial 

packaging conditions significantly influenced product stability 

during storage. By day six, the –H & OH and C-O groups had 

shifted to quadrant I and moved closer to the amide I group, 

suggesting increased interactions between water and 

carbohydrates, likely due to retrogradation processes. This 

stage was associated with a noticeable change in texture, as the 

pempek began to harden and lose its elasticity due to moisture 

migration from the matrix. On the ninth day, the amide I 

functional group moved to a different quadrant (quadrant IV), 

indicating the onset of protein denaturation and the release of 

water from the tissue matrix. On the other hand, the C–O group 

showed ongoing structural modifications in the carbohydrate 

components. 

On days 12 and 18 of storage, the –H & OH functional 

groups became more dominant than the amide I and C–O 

groups, indicating an increase in hydrogen bonding between 

starch molecules and water. This phenomenon contributed to 

enhanced gel rigidity, resulting in a firmer, denser, and less 

elastic pempek texture. Concurrently, shifts in the absorption 

bands of the amide I and C-O groups suggest progressive 

protein degradation and alterations in carbohydrate structural 

integrity. The sterile treatment (ST) appeared to play a more 

significant role in influencing changes in the functional groups 

during storage, as evidenced by the distinct positional shifts 

cluster within the PCA plot. On day 24 of storage, the three 

functional groups –H & OH, amide I, and C-O formed 

relatively large angles with one another in the PCA plot, 

suggesting increased molecular differentiation and consistent 

behavior under various storage conditions. The –H & OH 

group remained in its previous quadrant, while the amide I and 

C-O groups shifted to quadrant IV. This spatial separation

indicates a significant alteration in the molecular interactions,

particularly involving water content, as evidenced by the

angular displacement observed in the PCA plot compared to

earlier storage days.

On day 30 of storage, significant shifts in the structural 

configuration of proteins and carbohydrates were observed, 

consistent with a significant decline in product quality. 

Principal component analysis (PCA) confirmed significant 

chemical changes in pempek during storage, particularly in the 

functional groups –H & OH, Amide I, and C–O. The most 

notable changes occurred between days 12 and 18, as indicated 

by the increase in PC1 values and variable vectors. Pre-

treatment methods played a critical role in influencing 

molecular stability, with sterilized pempek (ST) showing 

higher consistency compared to semi-aseptic pempek (SA). 

Table 1. Eigenvalues, percentage, and cumulative variation of the effect of pre-treatment and storage of pempek 

Sample Eigenvalue Percentage of Variance (%) Cumulative (%) 

3 Days 

PC1 1.53 51.10 51.10 

PC2 1.03 34.45 85.55 

PC3 0.43 14.45 100.00 

6 Days 

PC1 1.23 40.90 40.90 

PC2 1.07 35.67 76.57 

PC3 0.70 23.43 100.00 

9 Days 

PC1 1.63 54.36 54.36 

PC2 1.29 42.96 97.32 

PC3 0.08 2.68 100.00 

12 Days 

PC1 2.11 70.33 70.33 

PC2 0.68 22.69 93.02 

PC3 0.21 6.98 100.00 

18 Days 

PC1 2.62 87.47 87.47 

PC2 0.30 10.07 97.54 

PC3 0.07 2.46 100.00 

24 Days 

PC1 2.17 72.38 72.38 

PC2 0.75 25.10 97.48 

PC3 0.08 2.52 100.00 

30 Days 

PC1 1.92 64.00 64.00 

PC2 0.91 30.43 94.43 

PC3 0.17 5.57 100.00 

Table 2. Eigenvector of the effect of pre-treatment and storage of pempek 

Sample -H & OH Amide I C-O

3 Days 
PC1 0.68 0.16 -0.72

PC2 -0.31 0.95 -0.08

6 Days 
PC1 0.74 -0.65 0.18

PC2 0.19 0.45 0.87

9 Days 
PC1 0.69 0.72 -0.04

PC2 0.38 -0.31 0.87

12 Days 
PC1 0.47 0.62 -0.62

PC2 0.88 -0.35 0.32

18 Days 
PC1 0.55 0.58 -0.60

PC2 0.81 -0.54 0.22

24 Days 
PC1 0.45 0.66 0.61

PC2 0.87 -0.14 -0.48

30 Days 
PC1 0.36 0.69 -0.63

PC2 0.91 -0.08 0.42
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Figure 3. 2D biplot of storage period of 3 days (A), 6 days (B), 9 days (C), 12 days (D), 18 days (E), 24 days (F), and 30 days 

(G) from the principal component analysis of the FT-IR spectra of the pempek Palembang
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Figure 4. 3D biplot of storage period of 3 days (A), 6 days (B), 9 days (C), 12 days (D), 18 days (E), 24 days (F), and 30 days 

(G) from the principal component analysis of the FT-IR spectra of the pempek Palembang

Figure 5. The heat map and dendrogram of hierarchical clustering analysis on storage period of 3 days (A), 6 days (B), 9 days 

(C), 12 days (D), 18 days (E), 24 days (F), and 30 days (G) from the principal component analysis of the pempek Palembang 
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Heat maps accompanied by dendrograms were employed in 

this study to visualize the patterns and relationships among 

variables derived from Principal Component Analysis (PCA) 

(Figure 5). The results indicate that storage on day 3 exhibited 

a relatively balanced distribution of parameters across clusters. 

By day 6, a consolidation of data within groups was observed, 

indicating improved homogeneity compared to earlier storage. 

On day 9, increased stability was evident in two main clusters, 

although some fluctuations in specific parameters persisted. 

Storage on day 12 revealed further shifts, suggesting potential 

declines in product quality. Data from days 18 and 24 

demonstrated greater consistency and clearer parameter 

variation, marked by distinct cluster separations. However, by 

day 30, a significant decline in data values was observed, 

indicating potential product degradation and reduced 

suitability for consumption. These findings highlight the 

considerable impact of storage duration on the 

physicochemical properties of Palembang pempek, with 

implications for its shelf-life and quality maintenance. 

4. CONCLUSIONS

In this study, FT-IR spectroscopy was successfully applied 

to characterize the functional groups in Palembang pempek 

during storage. Principal Component Analysis (PCA) further 

revealed changes in the chemical properties of the product 

during storage. The results indicated that the quality and 

molecular stability of pempek were maintained up to the 18th 

day of storage. Moreover, sterilized pempek (ST) 

demonstrated greater consistency and stability compared to 

semi-aseptic pempek (SA). Specifically, significant changes 

were detected in the Amide I absorption band, which is 

associated with protein structure, and the C-O absorption band, 

which corresponds to carbohydrate components. These 

changes reflect structural and chemical modifications that 

occurred during storage. The findings provide a scientific 

foundation for the development of quality monitoring methods 

for traditional food products using FT-IR spectroscopy, 

highlighting its potential as an effective tool for real-time and 

non-destructive quality assessment in the food industry. 

Due to the limitations of this study, future research could be 

focused on several topics, such as the effects of pH, texture 

profiles, volatile components, and pathogenic bacteria profiles 

during storage. 
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