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(1.1) ngunw UeAulSeu
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0001103

0001104

MinwgnsilauazMsyanIwIgense
English Listening and Speaking Skills
nslnwdanguiiienisieans
English Usage for Communication
AMwanguiteInIn

English for Professional Purposes

(1.2) NEUNYWHAIENT NEUAIANAIENT wazNEY

0001209

0001106

0001109

0001108

0001210

AeAIERSNUANIAAIEASTUIAULSEU

AusznaunseAlny

Modern Entrepreneurs
ﬂ’J’]ﬂJL‘ﬂMWﬁLﬁ@QbLVlEJ

Thai Citizenship
mansnsEsyien st e dy

The King’s Wisdom for Local Development
NIANATULALAUAFUN L

Health Promotion and Care

Finvgyaainluganava

Smart Life in the Digital Age

(2) Fenizey Tedvnlungudalull Litdeendn

(2.1) BenEungunwn Litlesnd

0001101

0001201

0001202

M lneiienIsdaans
Thai for Commmunication

A A A
AMwgUuLien15dedans
Japanese for Commmunication
AMEIUNONITEDAT

Chinese for Communication
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0001110
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0001208
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0001212
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AW RNNANDNITEDES

Korean for Communication
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21* Century Skills for Living and Occupations

nsAnLazNIFnaUla
Thinking and Decision-Making
Uy uagmauLinan1saLiuTie
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WIANITULALAUNILAIERSNNINITVIDTNEN

Tourism Innovation and Aesthetic

UseiRmansiaznmunnisvestanasell
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History and Development of the Modern
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Laws in Daily Life
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Designing Your Life with Science
winnssudmivaugulvg
Innovation for New Generation
g1aelutinyUsedniu

Feng Shui in Daily Life
miﬁwmqﬂaﬂmwé’amw%’u
Fashion Personality Development
WaLlosyARIYA

Digital Citizenship
NNIANANBE AT NETIA

Creative Thinking
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Technologists
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Fundamental of Chemistry Laboratory

for Food Technologists

4031601  9a¥iainegvily 3(3-0-6)
General Microbiology

4031602 UfURN59adAnewhly 1(0-2-1)
General Microbiology Laboratory

5071402  NSEUILNSAMT0BNLULLTBNTS 3(2-2-5)
WAUNAR U1

Design Thinking for Food Development
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Computational Science for Food Technologists

2. FBUANIZAIUTIAY 61 wiqein

3543116  MIRAIARIMSLAENTITERUSINA 3(3-0-6)
Food Marketing and Consumer Research

3563309  MIAPULKUTINIEMTUUTENOUNNTRIMT  3(2-2-5)
Business Plans Writing for Food Entrepreneur

3564301  n1siludUszneunsgsnaemng 3(2-2-5)
Food Entrepreneur

5072304  AMSAIUANLATNNTUTENUAMAINGINNS 3(2-2-5)
Food Quality Control and Assurance

5072403  msdamsuazmnassingiuiiendnens  3(2-3-9)
Raw Material Management for Food Products

5072405  wiAlulagn1suusglemns 3(2-3-4)
Food Technology
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Modern Technology for Food Process

5072701  1AN®IASUAZNITIATIZIINT 3(2-3-4)
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UFTNI0MS
Technology of Extending Shelf Life
and Food Packaging
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Microbiology of Food Product

5073202  UUAN139aTING1VRIHENT NS 1(0-3-1)
Microbiology of Food Product Laboratory
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AUTENBUNITOIMNS
Supply Chain Management and Logistics
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5073310 N13AANTIIANUUADANENIIDIMTEINTU 3(2-2-5)
HUTENBUNTTOIMNS
Food Safety Management for Food Entrepreneur

5073407  wiAlulagnisldansusausisluems 3(2-2-5)
Food Additives Technology

5073408  wannIsHhazinAlAlunITHML 3(2-3-4)
HARAUINDINNT
Principles and Techniques for Food
Product Development

5073409  wAluladuazuinnITunISRAILNERA U 3(2-3-4)
91919
Technology and Development of Food

Product Innovation
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5073602  ®1THazlAYUINIG 3(2-2-5)
Food and Nutrition

5073603 Immmstﬁaduﬁ%mqﬁumw 3(3-0-6)
Nutrition for Health Promotion
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Marketing and Branding for Products in
Food Industry
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Research Methodology for Food Technology
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Food for Health
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Bakery Technology
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Meat Technology and Meat Products
welulaBndnsnsiadedy 3(2-3-4)
Beverage Product Technology
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Local Food Processing
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NHUFINADINNT

3523212 mstiyfidesdudmiugravinsuems
Fundamental Account for Food Industry

5072306  \ASYEANANTAMTUQRAIMNTINEIMNT
Economics for Food Industry
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Food Management for Health
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ﬁmqmammsummi
Preparation for Field Experience Training in
Food Industry
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Cooperative Education in Food Industry
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3.1.6 AB5UIYSIYIYN
A. NUINIVIRNYINILY
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Thai for Communication
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English Usage for Communication
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SWERY YouarAdsUIEIIEIU iagin (UTsENe-UHUR-Anwiienuas)
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English for Professional Purposes
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Aesthetics
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Thai Citizenship
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SWERY YouarAdsUIEIIEIU iagin (UTsENe-UHUR-Anwiienuas)

0001107 inwelurnssed 21 Watdnuazeandin 3(2-2-5)
21%' Century Skills for Living and Occupations
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Health Promotion and Care
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The King’s Wisdom for Local Development
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Thinking and Decision-Making
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SWERY YouarAdsUIEIIEIU iagin (UTsENe-UHUR-Anwiienuas)
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Japanese for Communication
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Chinese for Communication
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Korean for Communication
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Philosophy and Religion for Life
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SWERY YouarAdsUIEIIEIU iagin (UTsENe-UHUR-Anwiienuas)
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Tourism Innovation and Aesthetics
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History and Development of the Modern World
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Laws in Daily Life
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Designing Your Life with Science
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SWERY YouarAdsUIEIIEIU iagin (UTsENe-UHUR-Anwiienuas)
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Modern Entrepreneurs
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Smart Life in the Digital Age
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Innovation for New Generation
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Feng Shui in Daily Life
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Fashion Personality Development
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Fundamental of Chemistry for Food Technologists
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General Microbiology
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Food Marketing and Consumer Research
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Technology and Development of Food Product Innovation
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Research Methodology for Food Technology
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Food for Health
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Milk Technology and Milk Products
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Meat Technology and Meat Products
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Beverage Product Technology
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Local Food Processing
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Fundamental Account for Food Industry
IngUszasAlazANEAYro T LWIANNARNUEINYEINTUNYT vinuas
BnstuiinUa® ayatuiinsienistuduvesian1sususniswasedud n1sHusenishy

FuanUseinn 1UnAaed NseAwing T1en15USuUTe Uadnyd nisuiludeRanainnig

2°

Yoy AnwinisaatuiinUay® n15Usudseday® n153mvinauni1siueesianisgnanvngsy

syuuludAgy

5072603 nsiAnnsgIRiveMMsaguAIW 3(2-2-5)
Food Management for Health
AMUAIRYVBIRAAMNTINE M DGUAIN NTEUIUNTHARDMNTITE

FUAMUTZAVAN 9 N1IAIVANANAINKAZNIIATIVEOU NSEoNTFUTIYTsILazNIIAY

$nw wnsgIu nguunekaztetiAulunIINEABIM1T @0 uN1TalkasUIlUNN1TAAIA

nszvIuMIaTgIiEnFusiowsiegunm nsilsulasianuNugIaf1uNEn el
91MalogUN M LUINUaTNNSUIMSIanTsgIiae M siiteauawlugsAavuianatuay

wnge UFURNSINITasiuliantivn

5072306 LATEFANENSENTURNAIMINTINDINNS 3(3-0-6)
Economics for Food Industry

QUAIALATAUNIUTBIFUANNYATHAE D115 LATIETAUNULATNANNT

v A

Uty qmmamﬁa ANYDIIUANNLIAT FATALAZNAITANVUATIANYDIAUAIDINIT NISILATISH

>

WaAsegamansiien1sandulaly N15amuaIugRaINIIHEINIT N1TIATIEYINITNALNY

;Y 1

ASAATIZVIAAUNUY ANLEDUTIATLALAITNATUNNITRULS

99 9



(UAB.2) ¥ 54

SWERY YouarA1a5UIEIIEIV idgfin (UTsENe-UfUR-Anedienues)

NUINIYPNNUTTAUN1TIIYITN

5073801 N3NTELRNUIZEUNTAINIATUINNNAILEAEIVINTTHDIMNT  1(0-2-1)
Preparation for Field Experience Training in Food Industry
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Selection of edible chitosan and gum arabic coating
used to preserve fresh cut ‘Nam Dok Mai #4' mango
(Mangifera indica L.)

N. Pengnet?, B. Sang-On? and P. Chaiprasart?

*Facuity of Agriculture Natural Resources and Envircament, Nareszan University, Thailand; *Center of Excellence
in Postharvest Technology, Naresuan University, Phizsanulok, Thailand.

Abstract

Fresh cut mango is very perishable and has a short shelf life storage, which both
markets and consumers would like to be longer. The response surface methodology
(RSM) was applied to determine the effect of chitosan (0.25-0.5% w/v) and zum
arabic (1.0-5.0% w/v) on fresh cut mango (Mangifera indica L.) 'Nam Dok Mai #4' for
selecting the suitability of edible coating. The 80% of maturity stage mangoes were
dipped by 240 mg L ethephon and kept at room temperature for 3 days. Ripened
mango fruits were washed with 100 mg L' peroxyacetic acid, dipped in mild heat
water at 50°C for 5 min, manually peeled, and cut into 3x3x2 cm cubes. These fresh
then over-wrapped with nylon/LDPE bags and stored at 5°C for 5 days. Weight loss,
firmness, respiration rate and total color difference were measured as response
vaniables. The results showed that the response variable were highly fitted to the
regression coefficients (R?) from 0.7508 to 0.8167 for all variables. The optimum
concentration of chitosan and gum arabic were predicted to be 0.50 and 4.51%,
respectively, Under this optimum condition, there was no significant difference
between the predicted and the experimental values (P-0.01). Thus, RSM was an

Keywords: chitosan, edible coating, fresh cut, gum arabic, response surface methodology

INTRODUCTION

Thailand is one of the world's leading producers and exporters of mango fruits.
Supermarkets and consumers like fresh-cut mango for convenience of serving and
consumption. Fresh-cut mangoes are very perishable (Tovar et al, 2001) and have a short
shelf-life than whole fruit. Normally, fresh-cut mango have a shelf-life of 3-5 days at 10°C and
5-8 days at 5°C (Rattanapanone et al, 2001). The processing of fresh-cut also increases the
surface area per unit volume, increases respiration rates and wound induces ethylene
production which accelerates water loss, contributes to change physiological, textural, and
flavor losses after cutting. These operating may lead to deterioration such as browning
softening, decay, off-flavor and microbial growth that make the fresh-cut mango has short
shelf-life (Toivonen and Deell, 2002; Wiley, 1994). Edible coatings are applied to the fruit's
surface as a replacement for natural protective waxy coanng and act as physical barrier
towards CO; O: and meisture movement by creating a modified internal atmosphere in the
fruit slices. It can decrease respiration rate, delay senescence. (Nisperos-Carriedo, 1994;
Baldwin et al, 1999; Gonzalez-Aguilar et al, 2010) and can be extended shelf-life of fresh-cut
mango. Edible films made from mango puree can extend shelf-life of Namdok Mai' mango
slices by 2 or 3 days (Sothormvit and Rodsamran, 2010). Chitosan is a cationic
polysaccharides with high molecular weight, obtained by the alkaline deacetylation of chitin
(El Ghaouth et al, 1991). It can use as an antimicrobial of natural origin against fungi, yeast
and bacteria and can use as an edible coating to maintain the quality of fresh-cut mango
(Chien et al, 2007; Zhu et al, 2008; Djioua et al, 2010), Gum arabic is an edible, dried,
gummy exudates from the stems and branches of Acacia senegal that rich in non-viscous
soluble fiber (Williams and Phillips, 2000). Currently, it is widely uses as a stabilizer,

. Acta Hortic 2213, ISHS 2018 DOS 10.17660/Actatortc. 2018.1213 24 185
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thickening agent and emulsifier, mainly in the food industry (Verbeken et al, 2003), Using
10% gum arabic plus 1% chitosan could delay ripening and extend shelf-life by inhibiting to
the respiration rate of bananas for up to 33 days (Magbool et al, 2011].

Besponse surface methodolesy [RSM) is a set of statistical technigues for building
madels, designing experiments, searching the optimum conditions and evaluating the effects
of factors (Manivannan and Rajasimman, 2011]). Several studies have been conducted to
optimize the edible coating formulations for vegetables and fruits (Rojas-Grai et al., 2007;
Ribeire et al, 2007; Tapia et al, 2008}, However based on our knowledge, no article was
published wsing R5M for optimization of edible coating of fresh-cut mange. The aim of this
study was to select the chitozan and gpum arabic edible coating formulations wsed to
preserve fresh-cut mangoe based on weight loss, firmness, respiration rate and total color
difference of the fresh-cut coated mango using the response surface methadology,

MATERIALS AND METHODS

Ripe mangoes [Mangifera indica L) ‘Wam Dok Mai #4° were obtained from a grower in
Phitsanulok province [Thailand]. Fruits of uniform size (300-400 g} and maturity stage with
abzence of visible wounds were selected. Upon arrival at the laboratory fruit were ripened
by immersing 200 mg L-* ethephone for 10 min and then stored in ambient temperature at 3
days for ripening step. Ripened mangoes were cleaned with 240 mg L-* peroxyacetic acid for
5 min and treated with mild heat water at 50°C for 5 min prier to the processing step.

[n the processing step, ripened mangoes were peeled manually, cut into cubes (2=2=3
cm¥), dipped in chitesan and gum arabic edible coating formulation (Table 1) for 1 min. The
polypropylene boxes were used for packing the coated mango cubes 200 g and the boxes
were covered with nylen /LDPE bag, Fresh-cut mangoees kept at 5°C for & days.

Table 1. Experimental design for chitosan and gum arabic concentrations for each run.

Run Block Ghitosan (%)  Gum arabic (%)
1 1 0.25 [-1) 1.00 {-1)

2 { 0.50 (1) 1.00 (1)

] 1 0.38 i) 3.00 {0}

i 1 0.25 [1) 300 (1)

5 1 038 [0 3.00 {0}

& 1 0.50 (1) 5.00 (1)

7 1 0.38 i) 3.00 {0}

] 2 0.38 [0) 0T (-1.414)
] 2 0.38 i) 3.00 {0}

10 2 038 [0 3.00 {0}

1 2 020 -1 414) 3.00 {0}

12 2 (.28 [0) 3.00(0)

13 2 0.55 [1.414) 3.00 {0}

14 2 038 [0) 5 63 (1.414)

Chitozan was prepared by dissolving in purified water containing 5% ascorbic acid.
Gum arabic powder was dissobved in distilled water by heating the mixture and stirring in
hotplate at 40°C until the solutons became clear (Magbool et al, 2011), Both chitesan and
gum arabic solutions were mixed with homogenizer until as a homogeneous solution after
that add glycerol to the solutions as plasticizer ([Tapia et al, 2008), The different
concentrations of chitosan and gum arabic were shown in Table 1,

Weight loss was determined by comparing the weights of coated mango cubes after
storage with inital weights. Three replicate samples were measured for each treatment on
each sampling day and the results were expressed as the percentage loss of initial weight.
The samples for weight loss analysis were monitored for 5 days [Xiao et al, 2011].

Firmness was evaluated with texture analyzer (Brookfield, QTS 25). Penetration tests
were used by a 2-mm diameter stainless steel eylindrical probe, 5 kg load cell and 0.5 mm 5

186
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test speed and 5 mm penstration depth. The madmom peak measured during the test was
selected as firmness. Firmness measurements were taken for ten samples per box and the
results were expressed as force in Newton (W) (Djiouwa et al, 20107

Respiration rate was measared as C0; production by sampling 1 mL headspace of 100
g fresh-cut mangoes from each box and inenbated for 2 hin sealed 250 mL plastic boxes with
silicon septum at 25°C. C0; measurements were done mn duplicate on 2 Shimadsu (GC-8A)
gas chromatograph egquipped with a thermal conductivity detector. The respiration rate was
determined in duplicate and expressed in mg CO: kgt k-1

Evaluation of the changes in color of the coated mangoes were determined using a
Minolta Chroma meter [CR-10, Minolta Corp. Tolgyo, Japan) to determine L walue, a* value
and b* value. The total color difference [AE) was calculated as the root mean square of the
differences in individual L, a* and b* values using the following equation:

AE = (AL? + Aa*? + Ab*¥)i2

where ALZ Aa*2, and b*? were obtained as differences in L, a* and b* values of test samples
on any giwven day from those which exsted on the first day, thus represzenting the tme-
related changes (Maftoonazad and Ramaswanmy, 2005].

The center composite design [CCD) was used for optimization of edible coating
formulatdons. The type of CCD was axial with 2 blecks and 14 experimental runs. For
evaluation the repeatability of methods, the center point was repeated six times (Table 1].
For evaluation the relationship between the response and independent wariables the
generalized pobmomial model was used as below.

Y = fo+ EB1 Xy + EfnX? + EBaaXaK Xa

[n this model, ¥ is a caloulated response; Bs is 4 constant; Bi, fu and Bue are linear,
quadratic and interaction coefficients, respectively. Design-Expert statistical package was
used to perform data analysis, experimental design matrix, and cptimization procedure.
Models and response surface were generated for responses that showed Values of “Prob »F”
less than 0.01 indicate model terms are significant and B* = 0,75,

RESULTS AND DISCUSSION

Fitting the models
Monitoring of the changes in quality attributes of coated fresh-out mango showed the

experimental values of weight loss, firmness, respiratdon rate and total celor difference
{Table 2}, The final reduced models were obtained wsing experimental data. Some variables
were kept in the reduced models despite being in significant. The individwal significant P-
wvalue of independent variables and their interactions are shown in Table 3. Table 4 reveals
the predicted regression coefficients of the response variables, along with the corresponding
R4 B* (ad)) and P-value of regression. The results indicated that the final reduced guadratic
polynomial model adeguately represented the experimental data with the coefficients of
determination [R-) for the responses of weight loss, firmness, respiration rate and total color
difference wvalues being 03081, 08167, 0.F508 and 0.8B061, respectively. Results
demonstrated that the gquadratic polynomial models generated were adequate to explain the
effects of the chitosan and gum arabic concentrations on the response variables of coated
mangoes. Chitesan concentration and interaction between chitosan and gum arabic
concentrations had the most significant (P<0.1) effect on the responses as compared to the
gum arabic concentration. The final reduced models to predict the weight loss, firmness,
respiration rate and total color difference of coated fresh-out mangoes as function of
chitozan (X;] and gum arabic (X:] concentrations were:

Weight loss = 21,8314 - 84.5419%,; + L4187X: + 98.3625X,2 - 0.0650K= - 2.50500, X

Firmness = 0.5895 - 1.0096X; - 0.1584X; + 0.5400X,2 + 9.34E-003X:* + OL24653, X

Respiration rate = B.2096 + 49,1939, - 6.8106X; - 68,1555, + 1.0232X% - 0.3794X, X:

Total color difference = 88072 + 44.7043X,; - 0.52663: + 134X, + 0.6016X -B.B 100X, X,
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Abstract: The purpose of this research is to investigate the nutritiona! vakie of three commercial duran cutvars
grown in Utaradit Province: "Monthong', ‘Long Lablae’, and 'Lin Lablae’. Each of the durian cultivars was
harvested from the local orchards, The results showed that the yisld of the edible pant of ‘Morshong', ‘Long
Lablae’, and ‘Lin Lablee' were 32.46%, 29.58%, and 15.96%. respactively. In addition, 'Long Lablge’ durian
pulp was mare b* value than other spacias. 'Un Labiae” durian had higher total soluble schids than 'Long Lablas'
and 'Monthong', Moreover, 'Lin Labiae’ durian had the highast energy contents, 181 keal/100 gFW, fallowed oy
‘Long Labies’ and ‘Moathong' cultivars which were 155 and 154 kead/100 gF W, respectively. ‘Lin Lablae' culwar
had higher protein and fat than those of other cultivars. Taxture of ‘Lin Lablae’ was not soaky due to s low
moisture content, with made its very populer among consumers. This preference highar rasuits 10 selling prices
than other durian cultivars in Uttaradit Province.

Keywords: Durian, Monthang, Long Lablae, Lin Labiae, nutntion value
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Abstract: The objective of this study was to efficently utilize the napier grass and its silage to produce
bior-hydrogen and methane by a two-stage process in batch mode. Fiest, the production of Tydngen
from a co-digestion of grass with cow dung and silage with cow dung by Clontridsm fafyricam
Thadlund Institute of Scientific and Technological Research (TISTR) 1032 was conducted. The results
indicated that bio-hydrogen production by C. hutgeicion TISTR 1032 gave a higher hydrogen yield
(YY) than whthout C ietyriciem addition. The HY of 698 and 2771 mL Hy/g-Volatide solid, g 4.9
(VS 00 ) were obtatned from a co-digestion of grass with cow dung and silage with cow dung
by C. bityricim, respectively. The hydrogenic effluent and salid residue left over after hydrogen
fermentation were further used as substrates for methan production (Batch 1), Methane yleld
(MY} from hydrogenic effluent of grass with cow dung and silage with cow dung wene 16987 and
14133 mL O/ g-COD 40 (COD: chemical oxygen demand), respectively. The maximum MY of
21010 and 17779 mL CHy /B-VS,yqp. Tespectively, were attained from solid residues loft saer alter
blo-hydrogen production pretreated by eneyme (cellulase cocktail) and atkali (NGOH). Afterward,
solid residue left over after methane production (Batch 1) was used as the substrate for methane
production (Batch 1), A maximum MY of 370 39 and 370.99 mL CH /-VS 0,4 were achieved from
solld residoe repeatedly pretrosted by alkaline plus eneyvaw, respectively. The overall enengy vield
in the two-stage bio-hydrogen and methane production process was derived from a bio-hydrogen
production, a methare production from hydrogenic efffuent, methane production of pretreated solid
reshdune (Batch 1) and methane production of repeatedly pretreatid solid residue {Batch 1), which
yielded $80.27 and 204.70 M)/ g-VS,  geq. respectively,

Keywards: enewable energy; biomass: energy crop; blarefinery: blogas

L Introduction

Hydrogen s a peomising  allermative energy  source doe 1o ats clean,  renewable  and
enviommentally-frsendly dharactesistios, It has zero carbon emnbssions alter (s complete combaastion with
onygen [1] Hydrogen has o high energy content, 122 K]/ g-Hy, which s sbout 275 times hagher than
that of hydrocarbon fuel |2, In comparison to photo-hydrogen production, dark feomentation is neceiving
attention because it requans les enengy and has a high hydagen production sate | =51 Additionally, Jdark
fermentation can ulthize a wide range of substrates such as starch [1], glucose [V, waste activated slodge [<

Evvrgles 2818, 17, 47) doi 0350 en L 1020047 www.mdplcom Sjouenal f netges
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o straw (U], food waste [10] washe bread [11] and lignocedlulosic biomass {12] to produce hydrogen.
During dark termentation, comphex substrates are deygraded o hydrogen, carbon dioxidiz and volatike falty
acid (VFAs), such as acotate, butyrate, propsonate and ethancol,

Napter grass is one of the promising feedstocks for ble enengy prod v Crags can
be cultivated under a wide varety of conditions, tmplying that it can ml«ne dmem\l land types,
weather, and growing seasons, It also requires low inputs for growth [1=15). Due to high biomass
productivity of aboul 87 t/ha/vear [ 1], the ovessupply of grass can be preserved in the form of silage
by the self-fermentation of grass under anaerobic conditions [17]. Silage s considered as a decent
feedstock for anaorbic digestion (AD) [17,14). Cellulose and hemicellulose wens the main composition
In pross and silage |1VL with a ceflulose content of approximately 35-50% [14], The hydrolysis of
selhilose and hemicellulose yields fermentable sugars such as glucose, xylose, arabinese, mannose,
and galactose as byproducts {1,01 ] These fermentalile sugars can be further used as a carbon souroe
for energy prodixtion. However, the grass has a high carbon content (41.6%), but is low i nitrogen
condent ((143%) | 22], which makes a high ratio of carbon to niteogen unsultable for hydrogen production.
Tharefory, andmal maniane with & high percentage of nstrigen i ardigested with grass or silage in order 1
provide & suitable crbon-to-nitrogen o for hydrogen production by dark fermentation, Co-digestion
offers several advantages over the use of o strghe substrate, including mone balanced nutrients (C/N ratio,
macro-and micronutaents) and reduction of inhibitoe/ toxsc compound acourmslation {25211, such as free
amumonia/ ammonium, which may cocur during AD of manure alone [7].

A tworstage provess conststs of blo-hydrogen production, i the first stage, followed by methane
production, In the second stage. The segnificance of n two-stage process inchisdes process stability, kigher
biogas yleld and, in particular, high total energy necovery. Pakarinen et al. [ 24] found that highor MY from
nilage (%) was obtained by a two-stage process in comparison to a one-stage process. Cavinate ef al, | 7]
companed the single stage process with two-stage fermentation of ongimic waste and reported the overall
energy tecovery from the two-stage process was higher than single-stage fermentation.

Normally, bio-hydrogen production is always accompanied by volatile opganic ackl production,
such as acetic, butyric, propimic ackds, which can be further used to produce methane in the second
stage, The utilization of hydrogenic effiuent as the substrate for methane production can reduce a high
chimical oxygen demand (COD) concentration in the effluent bofore dispesal 1o the environment,
The solid ressdue left over after blo-hydeogen production still contains cellulose as the main companent
Pretroatment of solid residues generate glucose, which can be further used as the substrate for methane
production. The pretreatment methods include physical methods such as grinding or milling | v/},
chemical methods such as ackd or alkaline [ 11=17], biological methods such as microorganisms or
enzymmes [, 15) and combined pretreatements such as alkali plus enzymatic hydrolysis | 10], alkali plus
microwave pretreatment | 22,17] and fungal plus milling pretreatment | 5], The cholce of pretreatment
texchnulogy must consider several actons eg,, the type of lignocellulosic bi and a downst
biological conversion processes | 74]. In this study, the pretreatment methods, including grinding.
alkaline snd enzyme treatment, as well as combined treatments of grinding plus enzyme, and alkalive
plus erazyme were applied to pretreat the solld residuss left over after blo-hydogen peoduction peior
the use &= the feedsiock 1o produce methane In the second slage, This approach would elficiently
utilize grass and silage as well as recovering energy from them,

Therefare, the aim of the present study was 1o evaluate the two-stage bio-hiydrogen and methane
process from the co-digestion of grass, silage and cow dung. An evaluation of the pretreatient
methods of the sold renldue left over after the bio-hydrogen production p was conducted
This approach would not enly improve the substrate degradation efficiency, but alwo efficiently recover
anvd gain mmergy from grass and silage
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2. Results and Discussion
21 Bia-H: Prodaction from the Co-Digestion of Grass uith Con Dpng s Silge wnth Cou D by

C butyrkmm TISTR 1032

Hydrogen production from the co-digestion of grass with cow dung and silage with cow dung
by C butyricim TISTR 1032 was investigated under a mixing ratio of 3:1 g-volatile solid (VS)/g-VS.
The modified Gompertz equation was found to fit the experimental data well with the B coefficients
of over 098 (Table 1) The results from the regression of o modified Gomperte equation for hydrogen
production potential (HI") from a co-digestion of grass with cow dung and silage with cow dung by
C. batyriciem TISTR 1032 were 140 and 554 mL. Hy /1, respectively, and o hydrogen production rote
(HPR) of 1135 and 3979 mL Hy /ILh), respectively, was obtained. A much lower HI of 43 and 51 mL
Hy /L wits obtined from o co-digestion of grass with cow dung and silage with cow dung without an
addition of C. ietyricum, respectively, (Table 1) The trend of hydrogen yaeld (HY) wias similar to the
HF m which & maximimn HY of 698 and 2771 mL Hy /3-VS a0 were obtained from a co-digeston
of grass with cow dung and silage with cow dung by C. butyricum, respectively. The lag times of
hydrogen fermontation were shortened from 7.20 1o 1,31 Iand 628 to 024 h feom o co-digestion of
grass with cow dung and silage with cow dung by C butwricuny, respectively, in comparnson to without
C dubyricam TISTR 1032 The lag phase reflects the substrate degradation rate and corrolates to the HPY
and HY. Therefore, an addition of C Futyricim TISTR 1032 into the fermentation system reduced the
lag phase, This may be due to the fact that Clastridium sp. are cellulolytic bacterin capable of producing
an extracellular enzymatic comple, called a collulosome, that can digest cellulose very efficlently 140
Consequently, more HP and HY were obtained (Table 1), In addition, C. Iudyricum i a well known
hvdrogen producer and has been reported bo show the ability to utilize vanious knds of substrates such
2 glucose | 1], sugancane syrup |41,22] and lignocellulosic biomass 4] The conoentration of soluble
metabolite prodicts (SMPs) in the fermentation broth with C. rtyricum were higher than that without
C Medyricum. In the fermentation of a co-digestion of grass with cow dung, acstate was the dominant
metabolite (67% of total volatile fatty acids (TVFAs)), whereas in the fermentation of a co-digestion
of stlage with cow dung, acetate and butyrate were the mojor metabolites (47% and 457% of TVFAs,
respectively). The distribution of acetate and butyrate over &% (Table |} in this fermentation system
euggested that the auin metabolic pathway of hydrogen production from a co-digestion of grass with
cow duny and silage with cow dung by C butyricuse were acetate and butyrate type fermentition

22 Methane Production from Hydrogemic Efffuent

After te hydrogen fermentabion process wis ceased, the hydrogenie efffuent was used to produce
mwthane using anaercbic sludyge as the inoculum. The methane production potential (MP) of 912 and
12 mbL CH /L from hydrogenic efffloent from a co-digestion of grass with cow dung and silage with
cow dung, respectively, wene obtained (Figure 1). The methane content in all experiments ranged from
6667 for both substrates. The methane production rate (Rm) of 405 and 494 mL CH /(L-h) from
hydrogenic efffuent from a cordigestion of grass with cow dung and silage with cow dung, respoctively,
were adhvdeved (Table 1), Although the hydrogetsc effluent from the co-digestion of grass with cow
dung (531 g-COD, 5. ) was less than that from silage with cow dung (7.09 5-C00, 5.,), the MY from
hydrogenic efffuent from a co-digestion of grass with cow dung of 16587 mL CHy /g COD 4 Was
Bughwer thaer that froen hydrogenac efffuent froen the co-daggestion of silage with cow dung of 14153 ml
CHY/g000,44.4 This might be due to the fact that the hydrogenic efffuent from the co-digestion of
grass with cow dung contained a high concentration of acetic acid (164 g/L), which distributed (o 67%
of acotic acid and 3% of batyric acid at the end of hydrogen production (Table 1) Acetato serves as
a substrate foe methane-forming archyea [41] by promoting acctoclastic methanogens, resulting o a higher
MY The suhstrate conversion from hydmgenic effluent from a co-digestson of grass with cow dumg (487%)
was higher than the hydrogenic efffuent from the co-digestion of stlage with cow dung (407%), whach
correlated with the MY obtained (Table 1) The results indicated that the corcentration of VEAs produced
m the furst stage also influenced the methane production m the second stage. At the end of the methane
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by anacrobic mixed cultures. The second part was pretroated with the enzyvme mvatment e thod
(or so-callid atkaline plus enryme pretreatment) before being used as the substrate for methane
production (Batch 1),

Third, the solid residoe pretreated with the enzyme treatment for methane production in Batch |
was protreated one moce timeé with the enzvme treatment method before being ssed as the sisbstrate
for methane production (Batch 1),

Methang production from the pretreated solid ressdue vbtained from the treatment of grass with
cow dung and silage with cow dung were conducted (01 60 mL serum botthes with a working volume
of 35 mL. The initial concentration of pretreated sobid residue wene 057 and 0,84 g-VS/L, cespactively.
Anserobic studge at 10 g-VS/L was wed as inoculum. The control was untreated solid resicdue with the
anaprobic sludge, The batch formentation and gas volume were conducted as outlined in Sectiom =

36, Prefroutment Metiods for Soiad Residues

I'retroatment methods of solid sesidus included grincling, alkalioe prrtretiment, ereyme prctnstment
andd 4 combrined pretreatment of grnding plus enzyme, and alkaline phs enzyme. The individual
pretresment and the combined pretreatment methods wore set according to Prapinagsorn ot al. [¥/]

37 Amatytical Methods

1%, VS, mesisture, carbon, nitrogen contents and total COD were determined in triplicate according
o the standard method of American Public Health Association (APHA) ] The lignocellulosic
components, including lgnin, cellulose and hemicellulose, were determined following the method
of Shuiter et al. [71]. The biogas compasitions (F;, CHy and CO;) were determined using gas
chromatography (GC, Shimadzi 2014). Operating conditions were set according to our previous
experiment |0}

The cumulative hydrogen and methane production were caleulated from the headspace
measurement of gas compositions and the total volume of hydrogen and methane produced at
cach time interval, They were calculated using a muass balanco equation (55,70). The modified
Gompentz equation was applied to determing the blogas production potential biogas production rate,
and lag phase {(Equation (1)) |57}

HM(= Pnp{ —rxp(%‘;'—(a - t)) 4 I} m

where, H, M, cumulative of hydrogen and methane production (mL/L); P, bydrogen and methane
production potential (ml./L); Ry, maximum hydrogen and mothane production rate (mL/L-h); A, lag
phase time (W) 1 incubation time (h) and ¢ is 2.71828,

The eneegy yaedd from hydrogen and methane were calculatind as described by Rewrggang of al [V

4. Conclusions

The co-digestion of grass or silage with cow dung is a good approach for two-stage hydrogen
and methane production. The maximum HI ard HY of 554 mL Hy /L and 27,71 mL H; /8-VS, 4400
were obtained from the co-digestion of silage with cow dung by C. dwtyricem TISTR 1032, indicating
that C butyricres TESTR 1032 enhanced the HI and HY. The hydrogenic effluent and solid residues Joft
over after hydrogen fermentation were demonstrated to be good (eedstock for methane production.
The maximuun MP of 902 and 1002 mL CH /L were oblained from hydmogenic effluent brom
a co-digestion of grass with cow dung and siage with cow dung, respectively. The maximum MY of
37039 and 37090 mlL CHy /2-VS,440 were obtalned from solid residue obtalned from s co-digestion
of grass with cow dung and stlage with cow dung pretreated by atkaline plus enzyme, The energy
yield from the two-stage formentation of a codigestion of grass with cow dung and sifage with cow
dung were 48027 and 20470 M}/ 2-VS, gdud. tespectively. Based on these results, the application of
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Abstract: Methane production from co-digestion of grass with cow dung and silage with cow dung
wits conducted by a bicaugmentaton technique. For self-formentation, maximum methane yield
(MY) 0 176,66 and 184 94 mL CHy /g VS gt were achioved at a ratio of geass to cow dung and silage
10 cow dung of 111, respectively. A higher maximum MY of 179.59 and 20811 mL CH/g-VS, 004
wits obtiined from co-digestion of grass with cow dung and silage with cow dung bioaugmented
with anaerobic studye at a ratio of 321, The solid residue Jeft over after co-digestion at a ratio of 31
wiis protreated by alkaling plus enzyme before used to produce methane and o maximum MY of
333.63 and 30138 mL CHy / g-VS,40, Tespestively, was achieved. Overall power generated from
co-digeston of grass with cow dung plus pretreated solid residues and cordigostion of sidage with
cow dung plus pretreated solid residues waere 00397 and DT watt, respectively

Keywords: encriy crop: cenewable encegy; animal manure: bioaugmentation; baogas

1. lntyoduction

Anaprobic digestion (AD) 15 a blologlenl process by which onganic subwstrates are degraded
andd converted to methane (CHy) under an anaerobic conditions. The AD process is divided into
four phases, namely hydrolysis, acidegenesis, acotogeneses, and methanogenesis |1 ], Hydeobysts ts
generally & critical step for the initiation of AD that results in a low methane production when
comples substrates such as lignoceliulosic materials are used as feedstocks. To resolve this problem,
bioaugmentation with an inoculum capable of efficently producing awthane has been conductod.
A previons report by Moset ot al, [ found that variows inoculum sources sisch as from antmal manurne
andd sludge municipal wostewater treatment plant enbanced the biodegradability und the methane
procfuction rate or hydrolysis rate in comparison to without inocuium addition, Soravanane et al [7)
reported that an addition of pure or enriched cultures increased the degradation rate and gas yield
during decomposition of contaminated wastewator. An addition of pure hydrolytic bactoria such
nn Prendabidyrisvbr xyi Mz5 was fourd 10 enh, methane production from brewery
spent grain [4], Not only pore cultures but also co-cultures and mixed cultunes wene reported to
enhance the efficincy of biogas production. For example, Cater ot al. [1] reported a successful use of
eooultuns f Prondofudyrintrio sybeieorions MaS (T) aral Fllootwler sarinogenes SES and eo-culbione of
Closteidiume eellilovarans and Fibrobacler succinngenes SH5 for methane production from brewery spent
grain. In addition, the we of mixed cultures such as sewage sludge |7, snaercbic digested studge [ ]
upflow anacrobic dudge blanket (UASH} granules 7] and activated sledge [4,/] wene found to enhance

Fovrgan 2007, 10, 1650 dnt 10090/ e 10301453 wwwmd proom / sl / conegies
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