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SUMMARY

Fermentation process can improve the flavor, texture, nutritional quality, and increase
the bioactive compounds of beans. Natto is one of a traditional Japanese food products
which is usually prepared by fermenting soybeans with Bacillus subtilis and has unique
odor, mucus material, and viscous texture. Cowpea (Vigna unguiculata L. Walp) is a
kind of legume which has known as excellent sources of protein and also rich in
vitamins, minerals, and insoluble dietary fiber. But, the consumption of cowpea for
daily food was limited. The industrial processing of cowpea was not being optimally
improved and the beneficial effects of bioactive compounds also unexplored. The whole
cowpea fermented by B.subtilis natto mixed with LAB as probiotics carrier food was
not investigated. To develop the bioactive compounds such as total phenolic content and
antioxidant, the optimum fermentation conditions such as fermentation times and ratio
of co-cultures need to determine. The objective of this research was to know the effect
of fermentation time and ratio of co-cultures on the physicochemical properties such as
pH, color (L value), antioxidant activities, total phenolic content, and sensory properties
of cowpea natto. The fermentation of cowpea by 4 levels of the ratio of co-cultures
(100% B. subtilis natto,75% B. subtilis natto: 25% LAB, 50% B. subtilis natto: 50%
LAB, 25% B. subtilis natto: 75% LAB) incubated at 37°C for 4 levels of the
fermentation time (24, 48, 72, and 96 hours). Based on the pH, fermentation of natto
was considered-as alkaline fermentation with the pH value up to 9.08.at 72 hours of
fermentation. The color (L value) of cowpea natto was decreased gradually from 72 to
96 hours of fermentation due to the white-colored mucus substances has absorbed the
color of cowpea. Cowpea natto with the same ratio of Bacillus subtilis var. natto and
lactic acid bacteria (50% B. subtilis natto: 50% LAB) at 72 hours of fermentation has
resulted the highest antioxidant activity (47.97 + 2.49 %) and total phenolic content
(95.67 £ 2.46 ug GAE/g). Commercial natto compared with cowpea natto (75% B.
subtilis natto and 25% LAB) in the sensory analysis included on the same category of
drawing and smell item even though hadasignificant different score.



RINGKASAN

Proses fermentasi diketahui dapat meningkatkan flavor, tekstur, kandungan nutrisi, dan
senyawa bioaktif pada kacang. Natto adalah salah satu makanan tradisional Jepang
yang dibuat melalui fermentasi kacang kedelai menggunakan Bacillus subtilis dengan
aroma khas, berlendir, dan memiliki tekstur yang lengket. Natto sebagai makanan
probiotik sangat mudah dicerna karena protein kompleks didalamnya telah diurai oleh
bakteri selama proses fermentasi. Kacang tolo atau tunggak (Vigna unguiculata L.
Walp) merupakan jenis kacang dengan sumber protein yang sangat baik dan juga kaya
akan vitamin, mineral, dan serat tidak larut. Namun, konsumsi kacang tolo sebagai
makanan sehari-hari terbatas karena susah dicerna. Proses pengolahan kacang tolo
belum dikembangkan secara optimal dan kandungan senyawa bioaktif dalam kacang
tolo juga belum dimaksimalkan. Kacang tolo yang difermentasi oleh B. subtilis natto
dan dicampur dengan bakteri asam laktat sebagai makanan probiotik belum pernah
diteliti. Sehingga, untuk mengembangkan senyawa bioaktif seperti kandungan fenolik
dan antioksidant, kondisi fermentasi yang optimal seperti waktu fermetasi dan rasio
kultur perlu ditentukan. Tujuan- dari penelitian ini adalahmengetahui efek dari
perbedaan waktu fermentasi dan rasio kultur ditinjau dari aspek fisikokimia seperti pH,
warna, aktivitas antioksidan, total fenolik, dan aspek sensoris pada natto kacang tolo.
Fermentasi kacang tolo dilakukan melalui 4 tingkat perbedaan rasio dari kedua kultur
(100% B. subtilis natto, 75% B. subtilis natto: 25% BAL, 50% B. subtilis-natto: 50%
BAL, 25% B. subtilis natto: 75% BAL) yang diinkubasi pada 37 C pada 4 tingkat waktu
fermentasi (24, 48, 72, dan 96 jam). Berdasarkan pH, fermentasi natto termasuk dalam
fermentasi basa dengan pH sampai dengan 9.08 pada waktu fermentasi 72 jam. Natto
kacang tolo menjadi lebih gelap pada waktu fermentasi 72 dan 96 jam dikarenakan
senyawa pada mucus menyerap warna dari kacang tolo. Natto kacang tolo dengan
rasio Bacillus subtilis var. natto dan bakteri asam laktat yang sama pada waktu
fermentasi 72 jam menunjukkan hasil antioksidan (47.97£2.49%) dan total fenolik
tertinggi (95.67+2.46 ug GAE/g). Sedangkan dari segi sensoris, natto kacang tolo (75%
B. subtilis natto dan 25% bakteri asam laktat) yang dibandingkan dengan natto
komersial tergolong dalam kategori-penampakan dan aroma yang sama walaupun
memiliki skor yang berbeda secara signifikan.



ACKNOWLEDGEMENT

First of all, the author would like to express her thanks to God because of His grace and
blessing the thesis entitled: “EFFECT OF FERMENTATION TIME AND RATIO CO-
CULTURES USING Bacillus subtilis var. natto and Lactobacillus debrueckii KSM 10
on PHYSICOCHEMICAL AND SENSORY PROPERTIES OF COWPEA (Vigna
unguiculata L. Walp) NATTO” has been written to fulfill the requirement for acquiring
Bachelor Degree of Food Technology in Faculty of Agricultural Technology,
Soegijapranata Catholic University, Semarang, Indonesia.

This thesis can be done by assistance from some individuals who always give their best
support that I very grateful for. Without them, I would not have done this thesis. That’s
why in this section, the author would-like to express sincere gratitude to all the people
who have given support and guidance, they are:

1. Dr. R. Probo Y. Nugrahedi, S.TP., M.Sc., as the Dean-of Faculty of Agricultural
Technology thank you. for giving the- great opportunity to finish the final
research.

2. Dr. B. Soedarini, MPas one and only author’s supervisor, thank you for giving
great support, the excellent guidance during the process, and the time to
complete this bachelor thesis.

3. Prof. Yun Chin Chung, a lecturer from the Food and Nutrition Department of
Providence University, Taichung, Taiwan as the supervisor during student
exchange program who introduces-me-to this research.

4. All lecturers in the Department of Food Technology thank you for giving all
great lessons during the study.

5. Riyan Anggriawan, Ph.D thank you for the material support, advice, and
guidance during the process.

6. All laboratory-assistants (Mas Soleh, Mas Lylyx, Mas Pri, and especially Mba
Agata) in the Department of Food Technology thank you for the great guidance,
help, and support during the-lab days.

7. All administration staffs thank.you for providing great services and information
during the learning activities.

8. Papa, Mama, and sisters (Ingelin and Devica) thank you for never-ending love,
guidance, advice, and support financially and emotionally.

9. Author’s partner Evan Fajar, Irfan Aditya, Vanessa Marlie, and Rosemarie
Aldina thank you for the endless support during the lab days.

10. All author’s best friends Meiliana Winata, Elisabeth Nadya, Eileen Nathania,
Stefani Jessica, Ci Anastasya Gumelar, and especially Joe Harry thank you for
being the support systems throughout the process of this thesis.

11. All of friends in Food Technology who cannot be mentioned one by one thank
you for always inspiring and supporting the author.



12. All of the people who had directly and indirectly helped and supported during
the practical training until finishing this thesis, thank you for everything,

Finally, may God receives all their works and Kindnesses. The author realised that this
report is still far from perfect. All the readers can give suggestions to improve the
content to make it better. 1 truly hope that this research could give a valuable
contribution to the world of science and be useful to the development of food industries.

Semarang, 10" July 2019
Author,

Novani Sutikno



LIST OF CONTENTS

STATEMENT OF BACHELOR THESIS AUTHENTICTY ..o i
VALIDATING SHEET ..ottt e e i
SUMM A RYY e e e e et e e e e e i
RINGIKASAN. Lot e e e e e e e e e s et e et e e e e e s s ettt e arraeeeeeanans \Y]
ACKNOWLEDGEMENT ....ciiiiii et e e e e e s ra e e e e e e \
LIST OF CONTENTS .ottt e e e e e e e s e e e e e e e e a e Vil
LIST OF TABLES ... .o e e IX
LIST OF FIGURES ...ttt e et n e e e e e s nnneees X
LIST OF APPENDICES ...ttt e e Xi
LINTRODUCTION ..ot eeeeeeeeesssiien e adsees ae e Simnnnsnnnnss s eeessssnsssssssssesesssssnsnsnssneeees 1
1.1. Research Backgrouna ... ... e o b s 1

1.2. Literature RGWIBMAY........... k. h 0% e o, M 2
1.2.1. Cowpea (Vignaunguiculata L Walp) .......icoeevieiiie e, 2

1.2.2. BagillUs sulilis yeT. natt@iagsicss, ... . f A K 3

1.2.3. LgCpic ACHd BéCteria (/AN """ .......... % .=, ... % N oo 5

1.2 _Eermentatigh Process ORINGIC I i ........... % . S e L 5

1.2.% €hardcterjstics of NalLGEEE..-- N, l............. L2 6

1.3. Objeftivesse...§......... ool & . S ... B L 7

2. MATERIALS AND METHODS...........ccoiii it st sie e eee et e mreeeveenene s 8
2.1. Mat@rfals.......N.... L/ S e, ot TR KR 8

2.2. Backeljal Straind,. J.1] S—l || e L) ... R 8

2.3. EQUIPRIRNtS 1. . Rerore e e . e rirrral ... Tl e ol e eeieen 8

2.4. Methdil....... 8. Mool gl b 9
2.4.1. Byperimental DBsign . . ... Al 9

2.4.2. Preparation of Starter Cultures . ..........coceeevve it it o 10

2.4.3. Fermentation of COWPEA ... cccciiiiiieeiiie et 10

2.4.4. Analysis of pH and Color...............ctt s 11

2.4.5. Extraction of Cowpea Natto.........cttiioiiei i 11

2.4.6. Antioxidant Activity by DPPH Scavenging Activity ...........c.......... 11

2.4.7. Total Phenolic CoNteNt...........coveiieiiiiiiieiieee s 11

2.4.8. SeNSOrY ANAIYSIS .....ccoiviieiiiie et 12

2.4.9. Data ANAlYSIS......cccuvieiiiiie i 12

B RESULTS .ttt 13
3.1. The pH of Cowpea NattO ...........ccoiviieiiiieiie e 13

3.2. Color (L value) of Steamed Cowpea and Cowpea Natto.................c.ecune... 14

3.3. Antioxidant Activity of Cowpea Natto ............ccceeeviviiviie e, 15

3.4. Total Phenolic Content of Cowpea Natto ............cccceeeviveeiiiee e 16

3.5. Correlation between Antioxidant Activity and Total Phenolic Content......18

3.6. SENSOIY ANAIYSIS ...vviieiiiiiie et 18

vii



A DISCUSSIONS . ... 19

4.1. The Processing of Natto Making ............ccoeiiieiiieniiiiieiesee e 19
4.2. PH Of COWPEA NALLO ..ot 20
4.3. Color (L value) of Steamed Beans and Cowpea Natto..............cccceeervernnne. 22
4.4. Antioxidant Activity of Cowpea Natto ..........ccoovieiiiiiiiiiiecc e 22
4.5. Total Phenolic Content of Cowpea Natto ...........ccovvvviiiiiiiniieiiceee i, 24
4.6. SENSOTY ANAIYSIS .....eeiiieiiieiie e 25
5.CONCLUSIONS AND SUGGESTIONS .......oiiiiiiiieiiiieeee e 27
5.1, CONCIUSIONS ...ttt 27
5.2, SUQQESTIONS. ...ttt 27
B.REFERENCES ...ttt nneas 28
TAAPPENDICES ...tttk et 34

viii



LIST OF TABLES

Table 1. Sensory Evaluation Standard of Natto ...........cccceeviveeiiieiiiie e 12
Table 2. the pH of Cowpea Natto ........c.cocviiiiiiiiee e 13
Table 3. Color (L value) of Cowpea NatO..........ccovvrriiiieeiiie e siee e 14
Table 4. Antioxidant Activity of Cowpea Natto...........ccoovvriiiiiiiiicee 15
Table 5. Total Phenolic Content of Cowpea Natto..........ccceeviveiiiiiieiiiee 16
Table 6. Correlation between Antioxidant Activity and Total Phenolic Content ...... 18
Table 7. Sensory Analysis 0f Cowpea Natto..........cccveiiiveiiiie e 18



LIST OF FIGURES

Figure 1. Raw Cowpea (Vigna unguiculata L. Walp) ........cccccovviiiiiiniiic e, 3
Figure 2. Bacillus subtilis var. N0 ...........ccoooveiiiiii e 4
Figure 3. Experimental Design of Cowpea Natto Making............cccoocveriienieiiieninnnn. 9
Figure 4. pH Of COWPEA NALO........ccuiiiiiiiieiiieie e 13
Figure 5. Antioxidant Activity of Cowpea Natto ............cccoeviiiiiiiniieiee s 15
Figure 6. Total Phenolic Content of Cowpea Natto............ccoovveiiiiiiiiiieiiic s 17



LIST OF APPENDICES

APPeNdixX 1. COWPEA NELO ......ccveiiiiiiiiiiieiie e 34
Appendix 2. Standard Curve of Gallic ACId .........cccoeeviiiiiiii 35
Appendix 3. Sensory ASSESSMENT PAPET ........uiiiiiiiieiiieiee e 35
Appendix 4. The Result 0f SEnsory ASSESSMENT ........ccvvirieriiieiiieiie e 36
Appendix 5. The Result 0f SPSS ANAIYSIS ........cccooiiiiiiiiiiii e 36

Xi



