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ABSTRAK 

Industri tahu menghasilkan limbah cair dengan beban organik sangat tinggi. Analisis 

pendahuluan pada penelitian ini menunjukkan karakteristik limbah dengan COD 8.973 

mg/L, TSS 486 mg/L, dan pH 4, jauh melampaui baku mutu COD 300 mg/L sesuai 

Peraturan Menteri Lingkungan Hidup RI No. 5 Tahun 2014. Limbah ini juga memiliki 

rasio COD/N yang rendah akibat tingginya fraksi protein kedelai, sehingga berpotensi 

menimbulkan hambatan nutrisi pada proses anaerobik. Anaerobic Baffled Reactor (ABR) 

merupakan alternatif pengolahan yang efektif, namun kerap terkendala pada fase start-up 

yang lambat karena akumulasi asam lemak volatil dan terbatasnya populasi metanogen 

awal. Permasalahan yang diangkat adalah bagaimana pengaruh penambahan inokulum 

kotoran sapi terhadap fase start-up, efisiensi penyisihan COD, produksi metana, serta 

keterkaitan antara keduanya. Penelitian ini bertujuan menganalisis kinerja ABR dalam 

menyisihkan COD dan menghasilkan metana pada limbah cair industri tahu melalui 

penambahan inokulum kotoran sapi. Penelitian dilakukan secara eksperimental skala 

laboratorium menggunakan reaktor ABR akrilik 24 L yang dioperasikan secara semi-

batch dengan HRT 24 jam, kondisi mesofilik, dan pH terkontrol 6,5–7,5. Variabel bebas 

berupa rasio inokulum/substrat 0% (Reaktor A), 10% (Reaktor B), dan 25% (Reaktor C) 

dengan pengamatan pada hari ke-0, 7, 14, dan 21. Pengujian COD mengacu pada SNI 

6989.15:2019, volume biogas diukur secara manometrik, dan kandungan metana 

dianalisis menggunakan Gas Chromatography. Hasil penelitian menunjukkan bahwa 

penambahan inokulum mempercepat fase start-up, yaitu MLSS >3.000 mg/L tercapai 

pada hari ke-14 (Reaktor C), ke-17 (Reaktor B), dan ke-19 (Reaktor A). Pada hari ke-21, 

efisiensi penyisihan COD tertinggi diperoleh Reaktor C sebesar 90,64%, diikuti Reaktor 

B dan A (83,68–88,18%). Volume biogas meningkat dari 185,53 mL (0%) menjadi 463,83 

mL (10%) dan 649,36 mL (25%), dengan kandungan metana tertinggi 52,64% serta yield 

metana 16,96 mL CH₄/g COD tersisihkan pada Reaktor C. Peningkatan efisiensi 

penyisihan COD berbanding lurus dengan peningkatan persentase metana yang 

dihasilkan pada seluruh reaktor. Dengan demikian, penambahan inokulum kotoran sapi 

terbukti mempercepat start-up, meningkatkan efisiensi penyisihan COD, sekaligus 

memperbesar konversi bahan organik menjadi metana pada pengolahan limbah cair 
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industri tahu menggunakan ABR, meskipun efluen yang dihasilkan masih memerlukan 

pengolahan lanjutan agar memenuhi baku mutu. 

 

Kata kunci: Anaerobic Baffled Reactor, inokulum kotoran sapi, limbah cair tahu, 

penyisihan COD, produksi metana 
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ABSTRACT 

The tofu industry generates wastewater with a very high organic load. Preliminary 

analysis in this study showed wastewater characteristics of COD 8,973 mg/L, TSS 486 

mg/L, and pH 4, far exceeding the COD standard of 300 mg/L stipulated in Regulation of 

the Minister of Environment of the Republic of Indonesia No. 5 of 2014. This wastewater 

also has a low COD/N ratio due to the high fraction of dissolved soybean protein, which 

may cause nutrient imbalance during anaerobic treatment. The Anaerobic Baffled 

Reactor (ABR) is an effective treatment alternative, yet it is frequently constrained by a 

slow start-up phase caused by volatile fatty acid accumulation and a limited initial 

methanogenic population. The problems addressed in this study are the effect of cow 

manure inoculum addition on the start-up phase, COD removal efficiency, methane 

production, and the relationship between the two. This study aims to analyze the 

performance of an ABR in removing COD and producing methane from tofu industry 

wastewater through the addition of cow manure inoculum. The research was conducted 

experimentally at laboratory scale using a 24 L acrylic ABR operated in semi-batch mode 

with an HRT of 24 hours, mesophilic conditions, and a controlled pH of 6.5–7.5. The 

independent variable was the inoculum-to-substrate ratio of 0% (Reactor A), 10% 

(Reactor B), and 25% (Reactor C), observed on days 0, 7, 14, and 21. COD was analyzed 

according to SNI 6989.15:2019, biogas volume was measured manometrically, and 

methane content was determined by Gas Chromatography. The results show that 

inoculum addition accelerated the start-up phase, with MLSS above 3,000 mg/L reached 

on day 14 (Reactor C), day 17 (Reactor B), and day 19 (Reactor A). On day 21, the highest 

COD removal efficiency was achieved by Reactor C at 90.64%, followed by Reactors B 

and A (83.68–88.18%). Biogas volume increased from 185.53 mL (0%) to 463.83 mL 

(10%) and 649.36 mL (25%), with the highest methane content of 52.64% and a methane 

yield of 16.96 mL CH₄/g COD removed in Reactor C. The increase in COD removal 

efficiency was directly proportional to the increase in methane percentage in all reactors. 

Therefore, the addition of cow manure inoculum is proven to accelerate the start-up 

phase, improve COD removal efficiency, and enhance the conversion of organic matter 

into methane in the treatment of tofu industry wastewater using an ABR, although the 
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resulting effluent still requires further polishing treatment to comply with the applicable 

effluent standard. 

 

Keywords: Anaerobic Baffled Reactor, cow manure inoculum, tofu wastewater, COD 

removal, methane production 
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