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Developing of analysis procedures for the functional properties of fermented coffee beans

Abstract

The present studies were focused on the browning reactions and microstructure of different lactic
bacterial hydrolysis on coffee bean. Using cell phone microscopy and spectrometer, we developed
series procedures for the suitable baking conditions. Mixing of different bacterial can keep the
browning reactions and microstructure within the untreated coffee bean. The cell phone
spectrometer can serve as a sensitive detector to the browning reaction in 430 nmand 620 nm. The
absorption peaks in 430 nm were increased by the darker browning color in coffee solutions. After
60 hours hydroxylation, the single lactic bacterial can reduced caramelization reactions within 430
nm peaks and 620 nm peaks. Carbon dioxide and pH detectors could distinguish CO2 concentration
and pH of coffee powder and the Yakult® treated coffee showed the best one. The color difference
detector showed its ability to find out the four various coffee powders. Using 3D printer, a closed
box which can adapt removable Arduino® detectors with functional properties of coffee were made.

Key words: coffee , functional properties analysis, browning reaction.
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#define MG_PIN 0) /ldefine which analog input channel you are going to use

#define BOOL_PIN 2

#define DC_GAIN (8.5)  /ldefine the DC gain of amplifier

#define READ_SAMPLE_INTERVAL (50) /ldefine how many samples you are going to take in normal

operation

#define READ_SAMPLE_TIMES (5) /ldefine thetime interval(in milisecond) between each samples
in

/Inormal operation

/IThese two values differ from sensor to sensor. user should derermine this value.

#define ZERO_POINT_VOLTAGE (0.220) //define the output of the sensor in volts when the concentration
of CO2 is 400PPM

#define REACTION_VOLTGAE (0.020) //define the voltage drop of the sensor when move the sensor

from air into 2000ppm CO2

float CO2Curve[3] = {2.602,ZERO_POINT_ VOLTAGE,(REACTION_VOLTGAE/(2.602-3))};
/ltwo points are taken from the curve.
/lwith these two points, a line is formed which is
/I"approximately equivalent” to the original curve.
/ldata format:{ x, y, slope}; point1: (Ig400, 0.324), point2: (Ig4000,
0.280)

/Islope = (‘reaction voltage ) / (log400 —log1000)

void setup()

{
Serial.begin(9600); //UART setup, baudrate = 9600bps
pinMode(BOOL_PIN, INPUT); /lset pinto input
digitalWrite(BOOL_PIN, HIGH); /fturn on pullup resistors

Serial.print("M G-811 Demostration\n™);

void loop()
{

int percentage;

float volts;

volts = MGRead(M G_PIN);
Serial.print( "SEN-00007:" );
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Serial.print(volts);

Serial.print( "V ")

percentage = M GGetPercentage(volts,CO2Curve);
Serial.print("C0O2:");
if (percentage == -1) {
Serial.print( "<400");
}else {
Serial.print(percentage);

Serial.print( "ppm");

Serial.print("\n");

if (digitalRead(BOOL._PIN) ){

Serial.print( "=====BOOL is HIGH======");
}else {
Serial.print( "=====BOOL is LOW======");

Serial.print("\n");

delay (2000);

[rx* M GRead
Input:  mg_pin - analog channel

Output: output of SEN-000007

Remarks: This function reads the output of SEN-000007

float M GRead(int mg_pin)
{

int i;

float v=0;

for (i=0;i<READ_SAMPLE_TIMES;i++){

v += analogRead(mg_pin);

delay (READ_SAMPLE_INTERVAL);
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v = (VVREAD_SAMPLE_TIMES) *5/1024 ;

return v;

/ M QGetPercentage
Input:  volts - SEN-000007 output measured in volts
pcurve - pointertothe curve of the target gas
Output: ppmofthe target gas
Remarks: By using the slopeand a point of the line. The x(logarithmic value of ppm)
of the line could be derived if y(MG-811 output) is provided. As it is a
logarithmic coordinate, power of 10 is used to convert the result to non-logarithmic

value.

int M GGetPercentage(float volts, float *pcurve)
{
if (volts/DC_GAIN )>=ZERO_POINT_VOLTAGE){
return -1;
Yelse {
return pow(10, ((volts/DC_GAIN)-pcurve[1])/pcurve[2]+pcurve[0]);
}
Hidk= ~ R T PH E{r RGB & ey 425" -
#include <LiquidCrystal 12C.h>
#include <Wire.h>
#include <TimerOne.h>
#include <Adafruit_ NeoPixel.h>

LiquidCrystal_12C lcd(0x27,16,2);

struct CRGB {

union {
struct {

union {
uint8 t r;
uint8_t red;

¥

union {
uint8_t g;

uint8_t green;
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&

union {
uint8 t b;
uint8_t blue;
¥
¥
uint8_t rawl[3];

¥
¥

#define MG_PIN O /ldefine which analog input channel you are going to use

#define BOOL_PIN 8

#define DC_GAIN 8.5//define the DC gain of amplifier

#define READ_SAMPLE INTERVAL 50 //define how many samples you are going to take in
normal operation

#define READ_SAMPLE_TIMES 5 //define the time interval(in milisecond) between each
samples in

/Inormal operation

/[These two values differ from sensor to sensor. user should derermine this value.

#define ZERO_POINT_VOLTAGE 0.220 //define the output of the sensor in volts when the
concentration of CO2 is 400PPM

#define REACTION_VOLTGAE 0.020 //define the voltage drop of the sensor when move
the sensor from air into 1000ppm CO2

#define SO
#define S1
#define S2
#define S3
#define OUT 2

int g count =0; Il 48 F 3+ %

o o1 AW

int g _array[3]; Il %% RGB i

int g flag =0; I RGB "8 A

float g SF[3]; Il #5090 T8 152 RGB 4 i ik

float CO2Curve[3] = {2.602, ZERO_POINT_VOLTAGE, (REACTION_VOLTGAE / (2.602 -
M}

float *pcurve;

float volts;

27



int DisplayMode=1;
Il #* % >3 WS2812B
#define NUM_LEDS 11

[ WS2812B DIN 4&%r#rsg UNO eawR434% %
#define DATA_PIN 13

/I Parameter 1 = number of pixels in strip

// Parameter 2 = pin number (most are valid)

/I Parameter 3 = pixel type flags, add together as needed:

/Il NEO_KHZ800 800 KHz bitstream (most NeoPixel products w/\WS2812 LEDs)

/I NEO_KHZzZ400 400 KHz (classic 'v1' (not v2) FLORA pixels, WS2811 drivers)

/I NEO_GRB Pixels are wired for GRB bitstream (most NeoPixel products)

/I NEO_RGB Pixels are wired for RGB bitstream (v1 FLORA pixels, not v2)

Adafruit_NeoPixel ws2812 = Adafruit_NeoPixel(NUM_LEDS, DATA PIN, NEO_GRB +
NEO_KHZ800);

CRGB leds[]NUM_LEDS];

/I TCS3200 A~ e 1+ 2 iy 4R 5 3K T

void TSC_Init()

{
pinMode(S0, OUTPUT);
pinMode(S1, OUTPUT);
pinMode(S2, OUTPUT);
pinMode(S3, OUTPUT);
pinMode(OUT, INPUT);

digitalWrite(SO, LOW); // OUTPUT FREQUENCY SCALING 2%
digitalWrite(S1, HIGH);

I iE B8 pf ¢
void TSC_FilterColor(int Level01, int Level02)

{
if(Level01 !=0)

Level0l = HIGH;

if(Level02 !=0)
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Level02 = HIGH;

digitalWrite(S2, Level01);
digitalWrite(S3, Level02);

¥

void TSC_Count()
{

g_count ++;

}

void TSC_Callback()

{
switch(g_flag)

{

case O:
Serial.printin("->WB Start");
TSC_WB(LOW, LOW); /I Red
break;

case 1:
Serial.print("->Frequency R=");
Serial.printin(g_count);
g_array[0] = g_count;
TSC_WB(HIGH, HIGH); Il Green
break;

case 2:
Serial.print("->Frequency G=");
Serial.printin(g_count);
g_array[1] = g_count;
TSC_WB(LOW, HIGH); /I Blue
break;

case 3:
Serial.print("->Frequency B=");
Serial.printin(g_count);
Serial.printin("->WB End");
g_array[2] = g_count;
TSC_WB(HIGH, LOW); /[Clear(no filter)
break;
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default:

g_count =0;
break;
}
}
void TSC_WB(int Lewvel0, int Levell) /\White Balance
{
g_count =0;
g _flag ++;
TSC_FilterColor(Level0, Levell);
Timerl.setPeriod(1000000); Ilus; = )78 %
}
void setup()
{
TSC_Init();

Serial.begin(9600);

ws2812.begin();
ws2812.show(); // Inttialize all pixels to 'off

Timerl.initialize(); /I defaulte is 1s
Timerl.attachinterrupt(TSC_Callback);
attachinterrupt(0, TSC_Count, RISING);

delay(4000);

for(int i=0; i<3; i++)
Serial.printin(g_array[i]);

g_SF[0] = 255.0/ g_array[0]; /IR 4 % 2 ¥k
g_SF[1] = 255.0/ g_array[1] ; Il G 4§ a8k
g_SF[2] = 255.0/ g_array[2] ; /I B 4 1§ tx 8k

Serial.printin(g_SF[0]);
Serial.printin(g_SF[1]);
Serial.printin(g_SF[2]);
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for(int i=0; i<3; i++)

Serial.printIn(int(g_array[i] * g_SF[i]));
Serial.printIn("Finish Calibration.");
delay(4000);

lcd.init();  //initialize the lcd
Icd.backlight();  //open the backlight

pinMode(BOOL_PIN, INPUT); /lset pin to input
digitalWrite(BOOL_PIN, HIGH); /iturn on pullup resistors

Serial.print("MG-811 Demostration\n");

}
void loop()
{
g _flag =0;
/IR
for(int i=0;i<NUM_LEDS; i++)
{
leds[i].r =int(g_array[0] * g_SF[0]);
leds[il.g = int(g_array[1] * g_SF[1]);
leds[il.b = int(g_array[2] * g_SF[2]);
ws2812.setPixelColor( i, leds[i].r, leds[i].g, leds[i].b );
}
Timerl.stop();

Serial.printIn(leds[0].r);
Serial.printin(leds[0].9);
Serial.printin(leds[0].b);

ws2812.show(); // Sends the value to the LED

int percentage;
float volts;

volts = MGRead(MG_PIN);
Serial.print( "SEN-00007:" );
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Serial.print(volts);
Serial.print( "V ");

percentage = MGGetPercentage(volts, CO2Curve);
Serial.print("CO2:");
if (percentage ==-1) {
Serial.print( "<400" );
}else {

Serial.print(percentage);

¥

Serial.print( "ppm" );
Serial.print("\n");

if (digitalRead(BOOL_PIN) ) {

Serial.print( "=====BOOL is HIGH======"");
}else {

Serial.print( "=====BOOL is LOW======");
¥

Serial.print("\n");

delay(200);

/***************************** MGRead

khkkhkhkkhhhhkhkhkhkhkkhkhkhhhhhkhkhkhkkhhhirrhhhhkhkhhhiiiiidxikixd

Input:  mg_pin - analog channel
Output:  output of SEN-000007
Remarks: This function reads the output of SEN-000007

KEAKKEAIXKAAKAAIAAAIAAAIAAIAIAAAIAAIAEAAIAAAAAAAAAAAAAAAAAAAAAAIAAAIAAAIAAArrhrdrhrhhrihhhhkiiikiik

****/

float MGRead(int mg_pin)
{

int i

float v =0;

for (i=0; i< READ_SAMPLE_TIMES; i++) {
v += analogRead(mg_pin);
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delay(READ_SAMPLE_INTERVALY);

}
v =(v/ READ_SAMPLE _TIMES) *5/1024;
return v,

/***************************** M Q Getperce ntage

*khkhkkkhkhkkkhkhkhkkhkhkhkkhkhkhkkhhkhkkhhhkkhkhhkkhkhhkkhkiikiik

Input:  volts - SEN-000007 output measured in volts
pcurve - pointer to the curve of the target gas
Output:  ppm of the target gas
Remarks: By using the slope and a point of the line. The x(logarithmic value of ppm)
of the line could be derived if y(MG-811 output) is provided. As it is a
logarithmic coordinate, power of 10 is used to convert the result to non-logarithmic
value.

KEAKKEAKXKAEAIXEAAIAKAAIXAIAEIAAIAIAAAIAAIAEAAIAEAAAAAAAAAAAAAAAAAAIAAAIAAAIARAAIAAAIAAArErAhrhhhihhihkiiikiik

****/

int  MGGetPercentage(float volts, float *pcurve)

{
if (volts / DC_GAIN ) >= ZERO_POINT_VOLTAGE) {
return -1;
}else {
return pow(10, ((volts / DC_GAIN) - pcurve[1]) / pcurve[2] + pcurve[0]);
}
}

if (DisplayMode==1){
Serial.print(analogValue);
Serial.print( "\t" );

Serial.print(volts);
Serial.print( "V");
Serial.print( "\t" );

Serial.print("CO2:");
Serial.print(percentage);
Serial.print( "ppm™ );
Serial.print( "\t" );

Serial.print( "Time point." );
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Serial.print(millis());
Serial.print("\n™);
Yelse{

Serial.printIn(percentage);

¥

delay(200);

Timerl.resume();
lcd.setCursor(0,0);
lcd. print("R:™);
lcd.setCursor(2,0);
lcd.print(leds[0].r);
Icd.setCursor(5,0);
lcd.print("G:");
Icd.setCursor(7,0);
Icd. print(leds[0].9);
Icd.setCursor(10,0);
lcd.print("B:");
Icd.setCursor(12,0);
lcd. print(leds[0].b);
lcd.setCursor(0,1);
lcd.print("CO2:");
lcd.setCursor(4,1);
lcd.print(percentage);
lcd.setCursor(8,1);
lcd.print("ppm™);
Icd.setCursor(12,1);
lcd.print("PH:");
Icd.setCursor(15,1);
lcd.print("k™);
delay(4000);
Icd.clear();
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