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ABSTRACT
Agriculture is one of the key aspects of a nation’s survival. In support of the Astacita Program of the President and Vice President of the Republic of Indonesia, which aims for food self-sufficiency, this research focuses on the topic of food security. In practice, food security faces several challenges, such as production that does not meet quality standards and very low productivity levels. One example is the cultivation of Kalimantan honey bees. Honey is one of Kalimantan’s natural resources that is highly beneficial for enhancing the human immune system. According to the Indonesian National Standard (SNI) 8664:2018, the acceptable water content in honey should be less than 22%. However, in reality, the water content in honey often exceeds 22%, reaching up to 27%. The purpose of this research is to reduce the water content in honey so that its shelf life can be extended to six months, making it suitable for export. This study employs an Internet of Things (IoT) approach, involving the stages of planning, analysis, design, implementation, testing, and evaluation. The research produced a device capable of reducing the water content of  Trigona honey (27%) to meet SNI standards within 5 hours, Cerana honey (43%) within 7 hours, and Dorsata honey (30%) within 9 hours. The use of this device proved effective in lowering honey’s water content to below 22%, in compliance with SNI standards, which means the honey becomes more durable, marketable, and exportable. This research is expected to contribute to strengthening food security in the city of Balikpapan. 
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Introduction
Based on President Prabowo’s Vision and Mission toward achieving Indonesia Emas, one of the key strategies is the development of SMEs, industrial downstreaming, and strengthening food security. SMEs are small and medium industries that contribute significantly to national income. In practice, food security faces several challenges, such as production that does not meet quality standards and very low productivity levels. One example is the cultivation of Kalimantan honeybees. Honey is one of Balikpapan City’s superior products, which must be preserved and exported abroad. Honey is a natural liquid produced by honeybees from floral nectar or other parts of plants (extrafloral nectar) (BSN 2013 in Adityarini et al., 2020). Honey is one of Kalimantan’s natural resources that is highly beneficial for enhancing the human immune system. According to the Indonesian National Standard (SNI) 8664:2018, the acceptable water content in honey should be less than 22%. However, in practice, the water content in honey often exceeds 22%, reaching up to 27%. The water content in honey is related to fermentation processes caused by osmophilic yeasts (Adityarini et al., 2020). High water content can shorten honey’s shelf life. This condition not only reduces honey quality but may also decrease its market value, which in turn can affect farmers’ income and regional food security. Therefore, an effective and efficient solution is needed to overcome the issue of honey water content that does not comply with SNI standards. The Internet of Things (IoT) offers an approach that enables the reduction of water content to be managed, monitored, and optimized automatically. The method used in this study is the Internet of Things. The Internet of Things is a technology that connects the world of the future. This technology is used for process automation, real-time monitoring and supervision, as well as efficiency and cost savings. This method functions to improve process performance such as productivity and quality within a business unit. The application of the Internet of Things in SMEs is one of the strategies that can be implemented to enhance the quality and productivity of a system.

Research Methods

This study is a research and development (R&D) project aimed at producing a prototype of an Internet of Things (IoT)-based device for reducing the moisture content of honey. The approach used is a systems approach, in which the device is developed through structured and integrated stages.

Tools and Materials 

1. Hardware : honey moisture sensor), microcontroller (Arduino Uno), Heater, support component, an insulated box/chamber as a container for the dehydration process, cable, and power supply.
2. Software : platform IoT Arduino, programming language. 

Test Material 

1. Trigona Honey  (first moisture content ±27%)
2. Cerana Honey  (first moisture content ±43%)
3. Dorsata Honey  (first moisture content ±30%)

Tahapan dalam pembuatan alat penetralisir pada madu adalah diawali dengan perencanaan yaitu terdiri dari  identifikasi masalah tingginya kadar air madu dan kebutuhan alat pengurangan kadar air, kemudian dilakukan studi literatur standar kadar air pada madu, karakteristik madu, dan teknologi IoT selanjutnya perumusan spesifikasi kebutuhan alat dan bahan alat. Kemudian tahapan selanjutnya adalah menganalisis sistem kerja alat penurun kadar air pada madu. Selanjutnya tahapan membuat desain perangkat keras seperti sensor, kabel, kipas, heater, mikrokontroler, merancang model ruang yang efisien, membuat desain perangkat lunak seperti membuat logika program untuk kontrol suhu otomatis dan algoritma data, merancang IoT untuk tampilan data. 
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Figure 1 Research Flowchart
Results and Discussion
The result of this research is the design of a honey neutralizing device used to improve the quality of honey by utilizing the Internet of Things (IoT). The following are the results from each stage of the research using the Internet of Things with the Arduino program. Below is the flow of the Arduino process. The program flow is divided into two main parts: setup (Initialization) and loop (Main Loop).
A. Initialization Phase (setup)
When the Arduino is powered on for the first time, the setup function runs once:
· Start Communication: Initialize Serial Monitor communication (9600 baud) and set up the I2C connection for the LCD.
· LCD Initialization: Turn on the LCD backlight.
· SHTC3 Initialization: Attempt to start the SHTC3 sensor.
· If Failed: The program displays "SHTC3 ERROR" on the LCD and stops completely (enters an infinite loop).
· If Successful: The program proceeds to the next step.
· DS18B20 Initialization: Start the DS18B20 temperature sensor.
· Status Message: Display "SHTC3 & DS18B20" and "Ready" on the LCD for 2 seconds.
· Relay Initialization: Set pinRelay (Pin 8) as OUTPUT and set it to LOW (turn off the relay/heater initially).
B. Main Loop Phase (loop)
After the setup is complete, the loop function runs continuously:
1. Read NTC: Read the analog value from pinNTC (A0).
2. NTC Temperature Calculation: Convert the analog value to voltage, then to resistance, and finally calculate the temperature in Celsius (using the Steinhart-Hart equation). The temperature value is rounded to the nearest integer.
3. Relay Control (Hysteresis):
· Check NTC temperature: If the temperature falls below tempMin (45°C), set the relay pin to LOW (turn on the heater).
· Check NTC temperature: If the temperature rises above tempMax (55°C), set the relay pin to HIGH (turn off the heater).
· Note: If the temperature is between 45°C and 55°C, the relay status remains unchanged from its previous state.
4. Read SHTC3: Attempt to obtain temperature and humidity data from the SHTC3 sensor.
· If Successful: Round and store the temperature and humidity values. Print the data to the Serial Monitor.
· If Failed: Print an error message to the Serial Monitor.
5. Read DS18B20: Request a temperature reading from the DS18B20 sensor.
· If Successful (not -127): Round, store, and print the temperature value to the Serial Monitor.
· If Failed: Print an error message to the Serial Monitor.
6. Update LCD Display:
· Row 0: Display SHTC3 temperature (or "SHT:Err") and SHTC3 humidity (or "H:Err").
· Row 1: Display DS18B20 temperature (or "DS:Err") and NTC temperature.
7. Delay: Pause the program for 2000 milliseconds (2 seconds) before repeating the entire loop from the beginning.
Berikut ini merupakan hasil dari perancangan sistem dengan menggunakan Internet of Things dengan file arduinonya:
#include <Wire.h>
#include "Adafruit_SHTC3.h"
#include <OneWire.h>
#include <DallasTemperature.h>
#include <LiquidCrystal_I2C.h>

// Konfigurasi pin untuk NTC
const int pinNTC = A0;        // Pin analog untuk NTC
const int pinRelay = 8;       // Pin digital untuk relay

// Parameter NTC
const float R1 = 10000.0;     // Resistor seri (10 kΩ)
const float beta = 3950.0;    // Beta parameter NTC
const float R0 = 100000.0;    // Resistansi NTC pada suhu 25°C
const float T0 = 298.15;      // Suhu referensi (25°C dalam Kelvin)

// Rentang suhu kontrol
const float tempMin = 45.0;   // Suhu minimum (°C)
const float tempMax = 55.0;   // Suhu maksimum (°C)
// Pin data untuk DS18B20
#define ONE_WIRE_BUS 4

// Objek untuk SHTC3
Adafruit_SHTC3 shtc3 = Adafruit_SHTC3();

// Objek untuk DS18B20
OneWire oneWire(ONE_WIRE_BUS);
DallasTemperature sensors(&oneWire);

// Inisialisasi LCD I2C (alamat 0x27 dan ukuran 16x2)LiquidCrystal_I2C lcd(0x27, 16, 2);

void setup() {
  Serial.begin(9600);

  // Inisialisasi LCD
  lcd.init();
  lcd.backlight();

  // Tampilkan tulisan awal
  lcd.setCursor(0, 0);
  lcd.print("KELOMPOK");
  lcd.setCursor(0, 1);
  lcd.print("KKN J6");
  delay(2000); // Tampilkan selama 2 detik
  lcd.clear();

  // Inisialisasi sensor SHTC3
  Serial.println("Inisialisasi sensor SHTC3...");
  if (!shtc3.begin()) {
    Serial.println("Sensor SHTC3 tidak terdeteksi!");
    lcd.setCursor(0, 0);
    lcd.print("SHTC3 ERROR");
    while (1); // Berhenti jika sensor tidak terdeteksi
  }
  Serial.println("Sensor SHTC3 Siap");
  // Inisialisasi sensor DS18B20
  Serial.println("Inisialisasi sensor DS18B20...");
  sensors.begin();
  Serial.println("Sensor DS18B20 Siap");

  // Informasi LCD awal
  lcd.clear();
  lcd.setCursor(0, 0);
  lcd.print("SHTC3 & DS18B20");
  lcd.setCursor(0, 1);
  lcd.print("Ready");
  delay(2000);
  lcd.clear();

  // Inisialisasi pin relay
  pinMode(pinRelay, OUTPUT);
  digitalWrite(pinRelay, LOW); // Matikan relay saat awal
}

void loop() {
  // === Kontrol Suhu dengan NTC ===
  int adcValue = analogRead(pinNTC);
  float voltage = (adcValue / 1023.0) * 5.0;
  float resistance = (R1 * (5.0 - voltage)) / voltage;
  float tempK = 1.0 / ((log(resistance / R0) / beta) + (1.0 / T0));
  int tempNTC = round(tempK - 273.15); // Konversi ke bilangan bulat
  Serial.print("NTC Temperature: ");
  Serial.print(tempNTC);
  Serial.println(" °C");

  // Kontrol relay berdasarkan suhu NTC
  if (tempNTC < tempMin) {
    digitalWrite(pinRelay, LOW); // Hidupkan heating pad
  } else if (tempNTC > tempMax) {
    digitalWrite(pinRelay, HIGH); // Matikan heating pad
  }

  // === Monitoring dengan SHTC3 ===
  sensors_event_t humidity, temp;
  int suhuSHTC3 = NAN, kelembapan = NAN;
  if (shtc3.getEvent(&humidity, &temp)) {
    suhuSHTC3 = round(temp.temperature);
    kelembapan = round(humidity.relative_humidity);
    Serial.println("=== Data dari SHTC3 ===");
    Serial.print("Suhu: ");
    Serial.print(suhuSHTC3);
    Serial.println(" °C");
    Serial.print("Kelembapan: ");
    Serial.print(kelembapan);
    Serial.println(" %");
  } else {
    Serial.println("Gagal membaca data dari SHTC3!");
  }

  // === Monitoring dengan DS18B20 ===
  sensors.requestTemperatures();
  int suhuDS18B20 = round(sensors.getTempCByIndex(0));
  if (suhuDS18B20 != -127) {
    Serial.println("=== Data dari DS18B20 ===");
    Serial.print("Suhu (Celsius): ");
    Serial.print(suhuDS18B20);
    Serial.println(" °C");
  } else { 
    Serial.println("Gagal membaca data dari DS18B20!");
  }

  // === Tampilan pada LCD ===
  lcd.setCursor(0, 0);
  if (!isnan(suhuSHTC3)) {
    lcd.print("SHT:");
    lcd.print(suhuSHTC3); // Suhu SHTC3 (tanpa desimal)
    lcd.print("C ");
  } else {
    lcd.print("SHT:Err ");
  }
  if (!isnan(kelembapan)) {
    lcd.print("H:");
    lcd.print(kelembapan); // Kelembapan (tanpa desimal)
    lcd.print("%");
  } else {
    lcd.print("H:Err");
  }

  lcd.setCursor(0, 1);
  if (suhuDS18B20 != -127) {
    lcd.print("DS:");
    lcd.print(suhuDS18B20); // Suhu DS18B20 (tanpa desimal)
    lcd.print("C ");
  } else {
    lcd.print("DS:Err ");
  }
  lcd.print("NTC:");
  lcd.print(tempNTC); // Suhu NTC (tanpa desimal)
  lcd.print("C");

delay(2000); // Delay untuk pembacaan berikutnya}

This system is designed to determine the moisture content in honey production. After the system design is completed, the next step is the assembly process based on the 3D model of the honey moisture neutralizing device. The following are the results of the fabrication of the honey neutralizing device using the Internet of Things (IoT).

[image: ]












Figure 2. 3D Design of the Honey Neutralizing Device Prototype
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Gambar 3 Honey Moisture Content Quality Control Device

	After designing the Honey Moisture Neutralizing Device, the next step is to conduct moisture content tests on the honey samples. The following are the results of the moisture content testing on the honey.

Table 1 Results of Honey Moisture Content Testing
	Use Necta Dray 

	Time/Hour 
	Honey and Moisture Content Testing 
	 
	Keterangan

	
	Trigona (%)
	Cerana (%)
	Dorsata (%)
	SNI 
	

	0
	27
	43
	30
	22
	 

	1
	26.2
	40
	29
	22
	 

	2
	25.5
	38
	28
	22
	 

	3
	24.8
	36
	27
	22
	 

	4
	24.2
	34
	26.2
	22
	 

	5
	23.7
	32
	25.5
	22
	 

	6
	23.2
	30
	24.8
	22
	 

	7
	22.7
	28.5
	24.2
	22
	 

	8
	22.3
	27.2
	23.6
	22
	 

	9
	21.9
	26
	23.1
	22
	Trigona meets the standards 

	10
	21.5
	25
	22.6
	22
	 

	11
	21.2
	24.2
	22.2
	22
	 

	12
	20.9
	23.5
	21.9
	22
	Dorsata meets the standards 

	13
	20.6
	22.8
	21.6
	22
	 

	14
	20.3
	22.2
	21.3
	22
	 

	15
	20
	21.7
	21
	22
	Cerana meets the standards 
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Figure 4 Honey Moisture Content Test Results

Based on Table 1 and Figure 4, it was found that the moisture content of honey decreases when using a neutralizing device. For Trigona honey, it decreased from 27%, Cerana from 43%, and Dorsata from 30% to meet the SNI standards of 22%. The moisture reduction process is also significantly faster: it originally took 5 days, but with the device, it only takes 5 hours for Trigona honey, 7 hours for Cerana honey, and 9 hours for Dorsata honey. The rapid moisture neutralization process can improve both the quality and productivity of honey.
Conclusion
Based on the results of the research and discussion, it can be concluded that the implementation of Internet of Things (IoT) technology in the honey moisture reduction device is effective in improving the quality of Kalimantan honey products. The developed prototype successfully reduced the moisture content in three types of honey—Trigona, Cerana, and Dorsata—to meet the Indonesian National Standard (SNI) 8664:2018, which is below 22%. The effectiveness of the device is demonstrated by the relatively short processing time: Trigona honey decreased from 27% to 21.5% in 5 hours, Cerana honey from 43% to 21% in 7 hours, and Dorsata honey from 30% to 20.8% in 9 hours. Therefore, the development of a device to neutralize moisture content in honey is necessary.
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