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Table 1- Effect of fermentation on pH, acidity, Brix, total solid content, total phenol content (TPC) and
antioxidant activity (DPPH and H20>)
Charcteristics Fermented sample  Unfermented sample

pH 3.41%0.01° 5.50+0.07°

Acidity (g lactic acid/100g) 0.59+1.772 0.34+0.00°
Brix 7.53+0.05° 8.00+0.002

Total solid content (%) 6.85+0.11° 7.73+0.112

Total phenol content (mg GAE/mlI) 9.71+0.33? 6.86+0.23°
DPPH scavenging (%) 46.95+1.772 32.34+1.20°

H»0, scavenging (%) 26.11+0.342 22.10+0.40°

Each value in the table represents the mean tstandard deviation of triplicate analysis. Different superscripts within the
same line represent significant difference at P< 0.05.
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Figure 1- Comparison of total phenol content (mg GAE/ml) and antioxidant activity (DPPH and H:O: radical
inhibition) in quinoa-based fermented beverages containing different levels of floral water of mint (0, 1, 2 and
3%) at the first day after fermentation
Different superscripts represent significant difference at P< 0.05.
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Figure 2- Effect of different levels of floral water of mint (1, 2 and 3% floral water) on pH, acidity (g of lacial
acid/g), brix, total solid content (%) in quinoa- based fermentation at the first day after fermentation.
Different superscripts represent significant difference at P< 0.05.
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Figure 3- Comparison of sensory characteristics (taste, color, aroma, after taste and total acceptability) amoung
quinoa-based fermented beverages containing different levels of floral water of mint (0, 1, 2 and 3%) at the first
day after fermentation.

Different superscripts represent significant difference at P< 0.05.
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Table 2- Changes in pH, acidity, brix, total solid content, total phenol content and antioxidant activity (DPPH
and H20>) in quinoa- based fermented beverage containing 3% floral water during storage.

Charcteristics/Storage (day) 1 7 14
pH 3.72+0.022 3.43+0.03° 3.15+0.02¢
Acidity (g lactic acid/100g) 0.55+0.00°¢ 0.66+0.00° 0.75+0.00?
Brix 5.60+0.172 4.73+0.25P 4.00+0.17°¢
Total solid content (%) 5.50+0.112 4.26+0.12° 3.37+0.11°¢
Total phenol content (mg 12.77+0.392 10.31+0.76° 8.21+0.392

GAE/ml)

DPPH scavenging (%) 62.65+0.60? 57.72+0.74° 55.60+0.60°
H202 scavenging (%) 37.00+0.29° 33.87+0.41° 30.97+0.29¢

Each value in the table represents the mean +standard deviation of triplicate analysis. Different superscripts within the

same line represent significant difference at P < 0.05.
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Figure 4- Changes in sensory characteristics (taste, color, aroma, after taste and total acceptability) in quinoa-
based fermented beverage containing 3% floral water of mint during storage for 14 days at 4 °C.
Different superscripts represent significant difference at P< 0.05.
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Figure 5- Changes in viability of probiotic bacteria (CFU/mI) in quinoa- based fermented beverage containing
3% floral water of mint during storage for 14 days at 4 °C

sbdsics] sl 58Y 5 o s S sl 5SY
b sl husnd boslhas 00lor A8 5 o b
G gl alS Gse 5 wanu 0 Glhae @ Juse
(un s Sy Lol 5 e Y ¥ O pla
SSHk) pilaSlas cullad 5 S Jsd glhiae
s yas (H20s SuSlal i s DPPH (slaJISul,
Lol s deola i Gulad 5 G (n e LAl
s (K Job Gliae s sla S5
oy S sela olge hrnsal PH L uluSlas
oe Jsb 5o S wm s Lag 8L Slesasy ol
£ slos Lo Do VE oae 4 Sads IS ol
wael cus 4 @l Gillhe s ussales 4as
¥l Loplad 350 wmys Vo gsla Saadis
09 ek Ol s G 53 lsie 4 s sla S
slos 5o S sm g0 slaSand 5 5o 595 V¢ Jsb
Coareol S 4 0w S5 AS sla Shis ol Jlade
6ol 550 VE ) ans Lagg 5iSL Lol i S layy (ralS

JsIh oo 5

S S a0l 5 S aligb)l 5l Jols ol
S 8l (oSS e Jsba Lo ead w8 (550033
2 gomad slalie o ssage SN as e adl e
Oldl by ol saedd ple) 4 (S e sl
ol 55 Jsmne 5o ssase S Olhae saeaS Ole)
Ve aS a0 Jlaial (Vo) s oK 5 LT Wb o
S vl 85 (SIS S w5 (sls (50106S5 550 D
do 5o 4S Wu S Gl (V444) Wl Sis 5 GullS 85k
oS oY pemas 50 JSU (o gad 4 sad a5 JSU)
O 5l 5l gLl SaSY b g s
3 AS glagadlas 5 g sbas ble Glae « ol
s pad 438 S Y 50 Y sane

S paSdaaia

OO GomedS (Sardigs il puala (hagly 5l s
SSsmsn syl bus 148 ol » L8



WAA Jlo /Y opleuds YA Al / olis mlio sba jingh 4 puis

Gl Sl b plals sa S
ghas 30 wum 0 ¥ Juue dim 0 0 (sola S g
Sesgul 5 GIHE o Pads Olee & WS
29 5 95 LIL 3 usa se ude sla Saad g Sals
S S5 slagal 5 solay 4 Mase uldl plie a5,
SSY Jaad ase gslan ol o olie glacalia
L1 lagT o€ I8 b oafig s 4 culan 5 SUL
D58 0 e dalse ikl ge OATI o alad JSde

3358 (el Wl Gl Gy sldiS slasls 5 uS

ax o9 b asa Pleawsh ladn Ho Ssn g Sads
il (S5m0 slaeasslo8 1) sad By 595 (e
Ofiged S Bia (Rl e 5o oo Jole VA VT
slsine 5o (R Bel siedd W8 ad el
29 Gl sl 5 i) as callad (S s
3oc @B Gilbe wsdipe 0S5 5 IS wels 0lse PH
cullad (JS Js glsiae Gl sel gl
o8 ol 5 PH 5 s sla S5 (eisluSlas

Shom s sde 0San 5 JS wela ulge cihand

Wl K eSS ole) oae sk Lo 5 2eaS

oaldiul v,y g0 (','.'L.“

e b suS050n ula mor Gl o oo sl 503 PadB ad S AT g G g Ge pelBns) g g8

K} uu:l‘)(}JLt.y WJ@Q}KYS:G&J# GLAL;‘)KL} » &tui uul[.‘.u‘ ‘)33‘3 AYae &‘: uA\}l K ..\QJ:)‘)J; “ GA:\LQ (‘a QJ“}C)[:\H%
US..iQ:\ e\,l: blg.ui:\‘d ‘Ls‘):"‘i' LgLAbJ‘)J“)é ‘gﬁ:s K] oMy uul“)éls e 98 AREER GLA‘(A_LA ‘U"J‘é‘jjd:‘“”/u"‘}é"“’é'}gy
) BT BV

LSLAug‘}iJ >» LS'AJS L)":""..JT a‘)l.‘.a.c u.u.sLA.u‘ ‘):u“u Aval & Ja.ubJ_.ng S 0 s o Lsi:f")L;G 3 bd‘:)dm
N AN ‘(\Y )00 ‘Lsf‘d'c @Lu.a K) ‘a\}lc 4.1;.0 ‘éJJ Wit d‘:}.&:ﬁaé‘kfﬂ

AY ) &(Y)-\o (L’S.ai:)g ‘d.a.a ‘Q‘Jﬂ‘ B ss‘:\.‘.a.u GJL“f'.’ AYA ) Lg‘)sl.ail KJS) J‘SZ\LS.LO

Pl e Sard 50 SO e s (LGS 5 gl solae LB ATM @ go3aa 5 WIS AL o o el G5
AV (O olad il milie 5 (5505138 asle oo (g 50)

Abugoch L, Castro E, Tapia C, Afidbn M.C, Gajardo P and Villarroel A, 2009. Stability of quinoa flour
proteins (Chenopodium quinoa. Willd) during storage. Interanational Journal of Food Science and
Technologoy 44 (10): 2013- 2020.

Akpinar— Bayizit A, Yilmaz— Ersan L and Ozcan T, 2010. Determination of boza’sorganic acid composition
as it is affected by rawmaterial and fermentation. International Journal of Food Properties 13: 648-656.
Al-Saeedi A and Hossain M. A, 2015. Total phenols, total flavonoids contents and free radical scavenging
activity of seeds crude extracts of pigeon pea traditionally used in Oman for the treatment of several

chronic diseases. Asian Pacific Journal of Tropical Disease 5: 316-321.

Blaiotta G, La Gatta B, Di Capua M, Di Luccia A, Coppola R and Aponte M, 2013. Effect of chestnut
extract and chestnut fiber on viability of potential probiotic Lactobacillus strains under gastrointestinal
tract conditions. Food Microbiology 36: 161-1609.

Blandino A, Al- Aseeri M E, Pandiella S.S, Cantero D and Webb C, 2003. Cereal based fermented foods
and beverages. Journal of Food Research 36(6): 527-543.

Caplice, E. and Fitzgerald, G. F, 1999. Food fermentations: role of microorganisms in food production and
preservation. International Journal of Food Microbiology 50: 131-149.

Dallagnol A and Pescuma M, 2012. fermentation of quinoa and wheat slurries by Lactobacillus plantarum
CRL778: proteolytic activity. Journal of Microbiology and Biotechnology 6(2): 72-87.



4 Ssmon sl S bwg 15uS Gl (5l ()9l (o5 byl Mg

Desouza A.H.P, Costa G.A.N, da Silva Miglioranza, L.H, Furlaneto— Maia L and Oliveira A.F,2013.
Microbiological, physical, chemical and sensory characteristics of milk fermented with Lactobacillus
plantarum. Acta Scientiarum. Journal of Health Sciences 351: 125-131.

Duefias M, Fernandez D, Herndndez T, Estrella | and Mufioz, R, 2005. Bioactive phenolic compounds of
cowpeas (Vigna sinensis L). Modifications by fermentation with natural microflora and with
Lactobacillus plantarum ATCC 14917. Journal of the Science and Food and Agriculture (85): 297 — 304.

Dyab A.S, Aly A.M and Matuk H, 2015. Enhancement and evaluation of peppermint (Mentha Piperita L.)
beverage. Enternational Journal of Life Sciences 3(1): 175-185.

FAO, 2011.Quinoa; an acient crop to contribute to world food security. Pp.63.

Gibson L, Kesarcodi— Watson A, Kaspar H and Lategan, M. J, 2008. Probiotics in aquaculture: The need,
principles and mechanisms of action and screening processes. Journal of Aquaculture 274: 1-14.

Gorinstein S, Pawelzik E, Delgado- Licon E, Haruenkit R, Weisz M and Trakhtenberg, S, 2002.
Characterisation of pseudocereal and cereal proteins by protein and amino acid analyses. Journal of the
Science of Food and Agriculture 82: 886-891.

Katina K, Liukkonen K. H, Kaukovirta— Norja A, Adlercreutz H, Heinonen S. M. and Lampi A. M, 2007.
Fermentation— induced changes in the nutritional value of native or germinated rye. Journal of Cereal
Science 46: 348-355.

Kaur C and Kapoor HC, 2002. Antioxidant activity and total phenolic content of some Asian vegetables.
International Journal of Food Science and Technology 37: 153-161.

Kaur | and Tanwar B, 2016. Quinoa beverages: formulation, processing and potential health benefits.
Romanian Journal of Diabetes Nutrition and Metabolic Diseases 23(2): 215-225.

Lopez O, Herndndez A.F, Rodrigo L, Gil F, Pena G, Serrano J.L, Parron T, Villanueva E and Pla, A, 2007.
Changes in antioxidant enzymes in humans with long— term exposure to pesticides. Journal of Toxicology
Letters 171(3): 146-153.

Magala M, Kohajdova Z, Karovicoa J, Greifova M and Hojerova J, 2015. Application of lactic acid bacteria
for production of fermented beverages based on rice flour. Czech Journal of Food Science 33: 458-463.

Murakami H, Asakawa T, Terao T and Matsushitai, S, 1984. Antioxidative stability of tempeh and liberation
of isoflavones by fermentation. Journal of Agricultural and Food Chemistry 48: 2971-2975.

National standard of Iran N0.2685, 1st.revision, 2007. Fruit juices — Test methods.

Olaniyi L.O and Mehhizadeh S, 2013. Effect of traditional fermentation as a pretreatment to decrease the
antinutritional properties of Rambutan seed (Nephelium lappaceum L.). Journal of Food and Agricultural
Sciences 55: 67-72.

Prado F, Parada J, Pandey A and Soccol, C, 2008. Trends in non—dairy probiotic beverages. Journal of Food
Research 41: 111-123.

Rathore S, Salmeron | and Pandiella S, 2012. Production of potentially probiotic beverages using single and
mixed cereal substrates fermented with lactic acid bacteria cultures. Journal of Food Microbiology 30(1):
239-244.

Rivera— Espinoza Y and Gallardo— Navarro Y, 2010. Non— dairy probiotic products. Journal of Food
Microbiology 27(1): 1-11.

Rizk A.E, 2016. Study of production functional beverages of milk permeate fortified with fruit and herbs.
Journal of Sciences 6(01): 155-161.

Sagdic O, Ozturk I, Cankurt H and Tornuk, F, 2012. Interaction between some phenolic compounds and
probiotic bacterium in functional ice cream production. Journal of Food and Bioprocess Technology 5(8):
2964-2971.

Sarbazzade, M, 2012. Extraction and identification of compounds sweat and oil plant. Journal of Chemicals
in the Environment 3(11): 21-27.

Shahdadi F, Mirzade H, Kashaninezhad M, Khomeiri M, Ziafar A.M and Akbarian A, 2015. Effects of
various essential oils on chemical and sensory characteristics and activity of probiotic bacteria in drinking
yoghurt. Journal of Agricultural Communications 3(1): 16— 21.



WA Jlo /Y oyles Y& sl / olie mlio slaimgsy 4 i PPN ERNILDFCSRINTA IV I &

Sharma S, Kori S, Parmar A, 2015. Surfactant mediated extraction of total phenolic contents (TPC) and
antioxidants from fruits juices. Food Chemistry 185: 284-288.

Simango C, 1997. Potential use of traditional fermented foods for weaning in Zimbabwe. Journal of Social
Science and Medicine 44: 1065-1068.

Spence, J. T. (2006). Challenges related to the composition of functional foods. Journal of Food Composition
and Analysis 19: 4-6.

Suhartono E, Viani E, Rahmadhan M. A, Gultom I. S, Rakhman M. F and Indrawardhana, D, 2012. Total
flavonoid and antioxidant activity of some selected medicinal plants in South Kalimantan of Indonesian.
Journal of APCBEE Procedia 4: 235-239.

Tovoli F, Masi C, Guidetti E, Negrini G and Paterini P, 2015. Clinicaland diagnostic aspects of gluten
related disorders. Journal of World Clinical Cases 3: 275-284.

Tripathi M. K and Giri S. K, 2014 Probiotic functional foods: Survival of probiotics during processing and
storage. Journal of Functional Foods 9: 225-241.

Yanez R, Marques S, Girio F.M and Roseiro J.C, 2008. The effect of acid stress on lactate production and
growth Kinetics in Lactobacillus rhamnosus cultures. Journal of Process Biochemistry 43(4):356— 361.

Zaika L.L. and Kissinger J.C, 1979. Effects of some spices on acid production by starter cultures. Journal of
Food Protection 42(7): 572-576.

Zhao D and Shah N.P, 2014. Antiradical and tea polyphenol- stabilizing ability of functional fermented
soymilk-tea beverage. Journal of Food Chemistry 158: 262—-269.



) Ssmon sl S bwg 15uS Gl (5l ()9l (o5 byl Mg

Quinoa- based gluten- free fermented beverage Production using probiotic
bacteria

S Ebrahimi jam?, S Zarringhalami?"and A Ganjloo?

Received: July 18, 2017 Accepted: November 25, 2017

1MSc Student Department of Food Science and Engieering, Faculty of Agriculture, University of
Zanjan, Zanjan, lran

2Associate Professor and Assistant Professor, respectivly, Department of Food Science and Engieering,
Faculty of Agriculture, University of Zanjan, Zanjan, Iran

“Corresponding author E-mail: zaringhalami@znu.ac.ir

Introduction: Food products made from cereals and pseudo cereals have been known for their remarkable potential
in food and beverage industry. Cereal and cereal-based beverages like those obtained from oat, rice, and soy have been
gaining popularity for their specific health benefits. Recently, many researchers have been keen towards exploring
underutilized grains and pseudocereals for their health potential and their future in the food and beverage industry.
Quiuoa (Chenopodium quinoa Willd.) is a pseudocereal which is traditionally cultivated in the Andean region since
thousands of years. Commonly, quinoa grain and its flour are used for human consumption and animal feeding. The
edible seeds of quinoa are small, round or flat. Seed colors can range from white to grey and black, or can be yellow
and red. Quinoa has a very elevated genetic variability which makes possible to select, adapt and breed cultivars for a
wide range of environmental conditions. Quinoa seed contains a considerable amount of fiber and mineralssuch as
calcium and iron. It is also rich in antioxidants such as polyphenols. Moreover, quinoa is considered gluten-free and,
therefore, suitable for celiac patients as well as people who have wheat allergy. The quinoa seed proteins are rich in
amino acids including lysine, threonine and methionine that are deficient in cereals. The seed is used to make different
food products including breads, biscuits, cookies, crepes, muffins, pancakes, and tortillas. The year 2013 was declared
as “International Year of the Quinoa” by the United Nations Food and Agriculture Organization in recognition of the
indigenous peoples of the Andes, recognizing the high value of this pseudocereal crop. So, in the present study, we
aimed to prepare quinoa-based gluten-free beverage contain honey and floral water of mint, and also evaluate the
quality and sensory charactreistics after fermentation process (with selected probiotic bacteria) during 14 days storage at
4°C.

Material and methods: Whole quinoa seed was purchased from Nathure Earthly Choice Co. The probiotic
microorganisms used in the current study were Lactobacillus plantaru (PTCC 1058) and Lactobacillus
acidophilus (PTTC 1643) which was grown on MRS broth for 18 h at 37 °C with shaking (180 rpm) to reach
log phase. The quinoa-based gluten-free functional fermented beverage was produced using Lactobacillus
plantarum and Lactobacillus acidophilus in equal ratio, 50:50 with addition of 5% (w/v) honey as natural
sweetener and mint floral water at four levels of 0, 1, 2 and 3% (v/v). Antibacterial properties evaluation of
mint floral water was done by well diffusion method, before addition to beverages. The sensory
characteristics (taste, color, aroma, after taste and overall acceptability), total phenolic content (TPC),
antioxidant activity (DPPH and H,O; scavenging assay), pH, acidity, total solid contents, brix, bacterial
viability, and alcohol content were evaluated during 14 days storage time at 4 °C. The best sample was
selected based on sensory evaluation, TPC and antioxidant activity (scavenging activity aganist DPPH and
OH radicals).

Resullts and discussion: The results showed that fermentation process increased TPC, antioxidant activity,
and acidity while reduced pH, total solid content and brix. Therefore, the selected bacteria, amounts of honey
(5% w/v) and floral water of mint (1, 2 and 3% v/v) used in production of the beverages can affect the
quality and sensory properties of quinoa-based beverages. The bacterial population during 14 days storage at
4 °C was in the range of proposed for functional food products (at least 106~ 108 CFU/ml). According to the
results obtained, the sample containing 5% honey with 3% of mint floral water was selected as the best
sample based on higher sensory characteristics among other samples.

Conclusion: The quinoa-based gluten freen fermented beverage containing 5% honey and 3% of mint floral
water can be considered as a functional beverage. Furthermore, it may be concluded that the prepared the
beverage due to its potential capability to support the survival of probiotic bacteria may potentially be
developed as an appropriate non-dairy carrier for probiotics. But, our product must be investigated further for
in-depth nutritional characteristics. Attempts may be made to enhance nutritional value and shelf life of the
prepared functional beverage. Lactic acid bacteria may synthesize several bioactive compounds such as
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vitamins, exopolysaccharides, enzymes, antioxidant, antimicrobial, and cholesterol lowering substances
which may contribute towards enhanced functional attributes of foods.
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