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Abstrrrct 

An il7l1l.!Sligofioll II'US conducted 011 the caelus .Ii'llft (Oplf111iu spp ) .Ii)!' llie ph.\"sic()cllell1icu/ 

con/en!, microhifll ,w{/i'ly ond pO/l'J7Iiu/ o(u'il1tl prot/llc/ion hy liS in,!.!. h0111 indig<!J7o/f.') ,'eust Ilol'lI 

ond commercial Y(!(lSI ex/rOCI lind /h e OCCl!j}/oiJi/ily (~rjJr()dllct!d 11';)7£" 

The ph)'sicochell7ical COl1lenl {lnd Ihe microhiul ,W/ell ' o/Ihe cacllis jllice lcere (/llall'~ed ,,"ilh 

sl(fIuluu/lllelhod, 1II EllYRlluhol"£llOries, The res lilts o/Ihe lIIicrohiul (fIU/h',"i,\ o/Ihejllice " 'ere 

I 2 
6,&/06 3,5.\"103 1.5 .. 10 ond 2,5.1'10 CPU/ml 0/101111 {(emhie Iwclail/, lowl colijimll, l'eml 

COIlI1l (Imllllollid (,Ollm, respec/il'ell', Fecal colijimll, E-coli (Ind Sollllolle!!u ICere nOI delecled ill 

file jllice. ill rhis S///(~l·. fhe pilysicochl'llIico/ (IIIUflSis (~(Ihe jlfice slIch "-': lolll! so/iJ, , p/'OII'ill. 

fOI, IIsh. c"rholn'linll('s, fiher coni ems, lilmluhl(' acidill', pI-!. specific gmcill' oj'the .i"ie'e " 'ere 

reSpi.!cl i 1'<'/.", FOllr clUji: rl! 111 CDl11j)()sil iOllS q(jll in: in \ 'es.\'('/s (rJ . .ill in! - illdige UOII.' .I"('osl , H,' j II ice 

-!.. suga}' ~ hu/i.!!.cl1oIlS ,l'l'OSI, c: P{/Sh.!/(ri~l.!dj1fiCi'! l. cOJ1l1nerci(// yeosl (llld /): !wslellri:edj/(;ce 

+ sJ(,IJ,{f1" ../ C{)!1l!J1l'l'cio/ yellst) \I'en.!/ernu.!l1led 11';,11 ;lldi!!,I!JJ(}l(s alld cOllllne/Till/.\'<!USI, The u/cu/J()/ 

Ul1d rL'SSL'/1J lint! "I!.\'."'"I.!! (1. C. oml Dr Ji'JI!I'I.! 11'C/'\" JlO si;..!.IlUicUIlI dU/~Jrell(.'e hl.!/ll'l'l'n "l'S,\<!/ .·1 and 

,'esse! C il1 lenns (~r{tl('oh{J/ jJl'odllc/iul1. Il1e S(,I7S()/~\" (lI7u(l'sis s/un1'r.!d IlO s;gnUinll1l di//el'l.!J7c(' i/l 

(fllrihlflt'S slfch tiS cn/or (tl1d tlppeUrllllce hefll'e.!11 ;ndirit/lflll l"l!s.\<!/s. '·('sse/ /J hu.\ higher .\cure ;11 

terllls (!f'({rOlllll, lus/e {(nd (}I'c/'all (fccep/({/Ji/if.l' Ihun olher n!,~se/s. 

Ke.l'l1'on/s,' Ferll1eIllOI;o17. /l1di~':!,el7(}lIs .r('osi. ('()IIlI/l("'C;{// yea..,., (fIu/Fu;1 Il'il7(, 
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I. LNTRODUCTION 

1.1 . Backgrollnd 

Prickly pears arc members or the Cactacceae or cactus 1'"l1 il y. \I hi ch in clude about 97 gene ra 

and 1.600 spec ies, The spec ies arc fo und ill Europe. tvkditerranean countries. !\I'riea, 

southwestern United States. and northern IVlcx ico. I' lants in the genus Opuntia pre l;';r a dry. hot 

climate and consist or perennial shrubs . trees. anci crecpint,' plants, Pri ekl\' pear can gro\l 5 tll g 

111 in height: it s root s arc shal low. but thc plant can spread up to ~O 111 in diameter 01 er the 

ground (DeFel ice, 200~), 

The prickly pe:lr (cactus pl:1nt) is a \'Ct,'ctabk and a rruit. It is l) n,' or the k\l' pl'lI1ts th'll arc bllth , 

The grecn plKls (pad s) . ca lled napo lilll. arc the , 'cgetable. it is c,'lindrie:ll in shape, The oval. 

pear-sh:lped. purp li sh colored pear (tuna) of the cac tus is the rruit. It is called Cactus pC'lrs or 

Cletlls li'uit. The rruit is a berry. t\' picall)' \l e igh, 100 to 200 g (0 ,2 to O. ~ Ib) , and consists oi" a 

thick Jlcsh:' ~kiJ1 {))" rind stlrnHlJ1d ing ~l juic:- pulp tl1:11 ('{)nt:lins 1ll~11l: h:mJ-coalcd SCL\j~. 11 \ aries 

in clJ lor. sil.(, and 11;.1\'0 1". The green pulls ;.Ire c,j ih!c ~!I1 yC~lr 1"t..)(!1l i.l lHJ\\\~\\ .. T. tIlL' 11L'~lrS ;11' \' ()11 1:­

a,'ail:lblc in the SUllllller nhln ths (M'lrch, 2011. S"!1ll1'lI1, ~n(J6), 

C1CllIS pear i"ruits pia,' '1n il11portant role in hU l11an diet in their countries nr llr igin , ouch 'h 

;"1c~iclJ :1111..1 Chilc_ \\h(TI.' peeled fresh fruit;.; :Jrc C('IJ11111dllly t:nll:-:Ulllcd at Ihl J11l.' , in \\:,gclari~ln 

restaur:lI1IS. or in local health-Icloel Siores (Pilllient'l-I'"rrills. IlJ')-1: SCrCIl! :Ind SepLliI'elh 2IJII I), 

The C1CtuS pC:lr (O punt i'l Jicus-indica) IOllnd in Ethi 'Jpia panieul"ril in Ti~ray and Or,lllliq 

(n ale), 1n Ti gr:l'" il is ,i~\I " 'J '15 h,1Ih OJ hle"sin ~ and a Cllrse ,111,1 il h'h bee"llle 'In illle~r,lI pan oi" 

the Cl1I111r~ and economy :lnd is utili zed in l11all~\ \\:l}S . ;lIth~)tI~!h Ih)1 ~lS ;1 \\.:t.!-l.'tahk' . 11l1r is it 

pr,h""''''''.l IlllH'L. \\'hik \'Jl; ,r!-': :1]"(, :lI:--i\ 1ll:llk III L':<pl!)il \:dlll ... · -:hJ ,jill~ :.1110...1 pr\h:'-·.'i:.;iil~ 

uppi)rlunili('~. J h)\\('\\.'r it pl:l~'~ a crucial rok in susuinill~ hum:llls :lIld li\~:-:;lOl'k during I..lt\)uglll 

and fcllllinc (Brutseh. 1997), 

\ 10rc thom 85% of the Tigan' population is reported to be directly d~pcndenl on 'I~ricullure I;'r a 

li,'elihclod, but. \I'ith long periods or drought ,mel unreliable rainCal1 cOlllpounded b, cxcessl'c 
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hUI11~1I1 ::lt1d livcstock J1rcssur~s on the land. l~l J11illcs ~m.~ !lO! uncommon. ['('suiting in high human 

and livcs t,)ck mortalities, It is in this C()llle\t that the cactus pear playS an increasingl\ \'ital I'<'ic 

as a so urce of foud and animal Iced, It is also us"d as a ruel. as a li\ 'e fence or hedge, I;,r s,)il 

conservmiun, and its f'resh li'uit as ,1 limited suurce orh,)usehold inc()mc (CS,\, 20()G), 

"'inc pla)s almost an indi spensable r,)1e in the li k orman ranging rrom soc ial. religi,)u s as \l'ell 

as econom ic benefit s, It is an alcoholic be".:rage typically nwde fro m krmented juice or 

different fruits, usua ll y from grapes using yeasts , I-I o"'e\'er it is also madc' li'om other fruits, such 

as apples and bcrries, and is normal Iv nam.:d an.:r the fruit from which it is produced (il)r 

e\aI)1pk. app le \l'ine or elderberry " 'inc) 'lI1d is genericall<' called fruit" In.: ur COullln ",nc 

(.Johnson, 1989), 

\Vine is a healthl'ul heverage that has been seen as a natural remed\ li)r m'll1'S il lness rrom carl< 

days and is s' lid to aid recowry during convalcscclll period (.I,,,,, I 'NG: Obl,)r, 2(J07), In recent 

times, home "'inc production has been practiced "'ith various rruits suc h as 'lpplc, pc,,,' and 

s tra\l'berry. cherries, plum. pineapple and orang.:s (Fleet. 1993: Webb. Il)g.j), 

\Vin(,.~ ICrl11(,I1l~Hi OIl 111:1)' be n~llllr~lI \\ilh innate wild y~aslS nr <-1rtilil'i~J! Llsing gl\)\1,11 y(,.~~lStl'llllllr(,.'" 

such as 8aker's veast. Virluali<', all\' i'ruil or sug'"'\' pl,mt S'IP enll he processed into 'Ill alcoholic 

b''''c rage, The process is ,,'ell kno\\')1 being essentiallv :11l alcoholic [Crtllentation or sugars til 

"ielcJ alcohol and carbon dio:-;idc, There arc mall" studies ill the literature thai dcmollslr'ile the 
, , 

J'c;hibilit\ "I' using fruib. such 'IS (aCI,) (i)ias l't al .. 21)07), gahir,)b:l ([)U,lI'lC c't :II .. 2()1I'l), ki" i 

(Souller,)s Cl al. . 2001), caj,i (i)ias. ,n:ll. 2003), mallg') (Redd\ I( I(cdlk ~O()5) :1ncl mallge (Sclli 

el al. 2008) 10 producc alcoholic bc\'cr:1gcs, 

In thi s SllId\' , the potential oi'caclus pcar li'uit for the purpose oi'" inc prnductioll is il1\ 'cstigated, 
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1.2. Statemcnt of thc pr'oblclll 

Cactus p~ar fruit s arc suscep tible to rapid ll1 icrobial spoilage. especialh b, 'e:lSts and ll1e::.ophilic 

b~lc l~ ri~. therefore feasible lr31lsiormalioll ;]11<..1 pr(:s"~T \ ' alion processes arc a pr\"'~rcqllisik~ l~) 

prc vc lll pos tharvest 105s(:s. The latc di sc,,Jvcry or their J1utriliv~ value ma: c:\plain thal no 

cOll1ll1c rc ial.iui c~ products arc available at industri al kvd and process ing of cactus pear fruit s in 

general has only been scarce ly invcstigated (Joubert. 1993 ; S:'tcnz and Seplll\'eda, ~O() I). 

There iS:ln abundant cactus fruit s in Ethiopia sp~c ilieall v in Tigra)' r~g ion "ith a pot~ntialto be 

uSed by the fooci industry. Morco\,.::r. the prod uction of fruit c rops in Ti gra,· is sc':lSOn[ll. th us. 

thel\':: is a need to pn.:~scl"\ ·c and store them from lime or hal"\~sl Ihrl>LIgh the perilld 1,)( sc~m.:it: . I~lr 

the purpt)se or retaining them as 1~)od s <llld anicles 01' trade. Oi Irercnt nL:\\ uSeS and ne\\ 

1l1clhoJs ftH pr~)ccssing caClUS frLlit::; lh..:\..'d h) h(' lk','clopcd to lllinimi/.L p\ ~st ha]'\'-'sl lo:->scs. 

gcncr;:nc more pn.)f'i ts and promote the :-;u:-;lilin~lh1c U-=-l' ~)r bioilles. One possibk' us,,' or 1111.'.'\1..' fruit:-; 

may be production ol'lhlil ,,·ines (Dias Ll al.. 2007 : Duane Cl al.. ~009). 
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1.3. Significance of the study 

Findings of thi s studv could sho\\ the potential of cactus pear rruit rllr tk productillll ,'l' rruit 

\\'inc: Thus, the studv could: 

.:. I3c uscd fur beverage industries lor production or alternative ,vinc rrom cac tus rruits . 

• :. Be used Ie) provide income and cmployment to many people especial I, ' lor producers . 

• :. Be lI sed to ckereasc postharvest losses of cactlls pear rruil. 

.:. Be used as a henchmark I(lr further research \\orb in rcl~lled producti,)n 01' \\ ine 1',\)])) 

other fiTlilS . 
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1.4. Objectives 

1.4.1. General objective; 

.:. To invest igate the c;lcl us pear fruit ror Ihe purpose or winc production, 

1.4.2. Specific objectives; 

.:. To delermine Ihe pOlenli,tI or CaelU:i pc'ar rrllil lelr ,tlcolwl pnlciul'li()11 

lIsing indigenoLis yeast. 

.:. To determine Ihe pOlenlial or ClclUS pear rl'uil I"l' alcohol 1'1""llI(lioll 

using cOll1mcrcicll yeast. 

.:. To determine Ihe phvsical and chemical charneleristics or Ihe "ine 

produced from caClus (ruil. 

.:. To evaluate Ihe aeecptabilitv or cactus pear fruil " 'inc in tcrllls or ilall)!'. 

aroma, color and overall qualit\', 
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2. Literature review 

2.1. Physicochemical characteristics of cactus pear fruits 

The cactus pear fru it , also known as prickly pear, tuna, or fico d' india, is an oval, elongated berry 

of 67-2 16 g weight. They offer a wide spectrum of colors from white, yellow, orange, red, and 

purple based on betalains (Stintzing et a!. , 2005) and contain about 85% water, 15% sugar, 0.3% 

ash and less than 1% protein (Mohamed-Yasseen et a!., 1996). The thick peri carp is covered with 

small-barbed spines hosting a juicy pulp with 150-300 nonedible seeds. The latter account for 3-

7% on a weight basis, fo llowed by the peri carp and meso carp (36-48%) and the edible pulp (39-

64%) (Felker et a!., 2002; Felker et a!., 2005; Gun·ieri et a!. , 2000; Hoicke and Stintzing, 1999). 

The pulp is the most va luable edib le part of the cactus pear fruit; it is considered the most 

interesting fruit portion for food processing. 

Figure t ; picture of C'lctus pear fruit. 

The chemical and minera l composition described by diffe rent authors shows that cactus pears 

have nutritive value similar to other fru its. Its so luble sol ids content in the pulp reaches values 

higher than 17%, mainly consti tuted by 53% glucose and fructose (Russe ll and Felker, 1987; 

Sawaya et a!. 1983; Septil veda and Saenz, 1990; Kuti and Gall oway, 1994). 

Other components in cactus-pear pulp, such as protein (0.2 1 % to \.6%), fat (0.09% to 0.7%), 

fibe r (0.02% to 3. 15%) and ash (0.4% to 1%), are similar to other fru its (Askar and EI Samahy, 

1981; Paredes and Rojo, 1973; Pimienta, 1990; Sawaya et a!., 1983; Septilveda and Saenz, 1990; 

Rodriguez et a!., 1996). 
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2.1.1 . Sugars and organic acids 

Total soluble solids range between 12 and I7° Bri~ (Sc\cn/,-I-icrnc1ndcL 1995 ). " 'ith gltlC(b<" ;lIld 

li'uctose being the predominant carbohydrates in a ratio of about I: I. depending on illl'crt;tse 

acti"it)' (Kuti and GaIIO\-\J)'. 1994; Sawa)'a et al .. 1983). The high sugar cOlltent of the pulp 

re sults in sugar:acid ratios within the range or 90: I up to 490: I, which is responsibk lell" the 

bland taste and. therefore, ('Ir from a sensory pleasant ratio of 10 to 18 (Felker et al.. 2005: 

Joubert: 1993. Odom and Dominguez-Lopez. 1996: Stintzing and Carle. 2006). 

The pl!-valuc varies bc!"ecn 5.6 'lJ1d 6.5 in fullv ripe fruits (Felker et al.. 2005) re sul ting in a 

very loll' aciditv of ;1bout 0 .05% to 0 .1 S% citric acid ;mel thus ch:lreletcrizcs e;tctus pe:lrs :IS :I 

10"'-elcid le)Od (pi I > -+.5). I icnce. acidilication prior to thermal lrcatmel1l is a prerequi site to 

allow pasteurization instead of 1110re ri gid steril ization. thereby retaining nutritionaI1:: important 

componcl1ls such as bdalains (Feugang ct al.. 2006: i'iga. 2004: Stintzing d al.. 200 I). 

\\'hcreas citric acid (62.0 mg/ IOO g fruit ,wight) is the ll1ajor orgelnic acid in GIc·tU, PL'elL 

I'Jllo"ed by malic acid (23.3 mg/ I 00 g). quinic (19.1 mg/ I 00 g) . shik imic (2.S IllS/ IOU g). <,,,die 

"cids ;trc als0 typie;ll (J3arbagaI10 ct al. 19n). Isocitric. fumaric. gil 'colic alld ,uecinic aci,h " 'CrL' 

0111\' foulld ill traces (!\ skar and EI-Samalw. 1981: Stintzing ct :11 . 200 I). 

2. 1.2. Vitamins and minerals 

CactLis pcars have 3 high Iewl of ascorbic acid. " 'hich can reach 1e,'e1s ncar -+U mg ' IOU g 

(Pimicnra. 1990: Scpldveda and S~ellz. I ')90 : Rodriguez et al. . 1996). C:rctus-pc:lr li'uilS arc ,11,,) 

rich in c1lcium alld phosphorus. 15A to 32 .8 mg/ IOO g: 12.8 to 27.0 I11g l100 g. rc:ipecti"cl\ 

(S;1"'aya Cl al.. 1983: Scpld\'cda ct al.. 1990). Potassium is another important mineral component 

2.1.3. Am ino acids 

The high le"e1 of [i'ee amino acids in li'uit s fl"Om O. vulgaris "as iirst reported in 1981 (!\skar 

and EI-Samah),. 1981). In a recent stud\,. pre,ious d;ll;t all fruit allah's is could be conlirmed 
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(Stint~il1g et al.. 1999) : Fr~e amino acids cOl11p rised all essential '1I11il10 acids. Prclline I\ 'as li)lmd 

to bc the prdominant amino ac id in thc pulp of six dilkrent cultivars (·!\pasti lbda·. ·11i :1nc,,·. 

·Gialla· . 'Gymno carpo' , 'Morado', and 'Rossa ') li'om Opuntia li cus- indica li'uits amounti ng to 

883.~ and e\"\.:n 1929 .1 mgfL followed bv t:lllrin ~ (323.6 tl) -107.3 mg.' L). glu t,lmine (91; ,3 to 

574 .6 mgf L), and sc rine (130 ,6 mgf L to 392.6 mgf L) (St intzing ct al.. 1999. Kuglcr et al . 2006). 

2.1.4. Hydroco lloids 

Th~ pol)'s'lcc h"rid~ I-rac tion of cactus pc"r pulp lI'as onh' rcccntl y rcported to be cOl11posed of " 

comrlex mixture of po lvs:lccharidcs of \yhich less than 50% corresponded to a pectin-like 

polymer. The hydrocolloid ii'action [rol11 the fruit pulp of O. lints-indica li'uil s obtai ned h\ 

ethanol precipitation yielded 3.8% and contained 93 ,5% suga rs, Whereas. ,din saronili ea ti cln . 

uronic acid COlllcnt or...J.~.3 l}o \\":.IS d~tc:rmincd: nl.:ilhl..'r pn)tcil1s nor nitrogen \\"en.' (ktL' ('\cd. :\It('f 

total hydrolysis, the prescnce of arab inose. rhamnos~. xylose. and galactose in the l110br rat io of 

1,0: 1.7:2.5:-L I was found. I lolI'e\'cr, further studies arc requir~d to cOl11picteh' eharacllTiLe the 

hydroco ll oid fr'lCtio11 ol'cactus pcar fruit pulp (\btsuhiro et al. . 2006). 

2.1 .5. Po lyph cools 

The presence of poh 'phcnols in the pulp h'ls been rc'centl" r~ported ( 13utera et al .. 2(J02: Kuti. 

200~: Tcsoriere ct al.. 2005a.b). Quercetin. bCl11pkrol. and iso rha1l1netin d~ri"ati\ 'es II ere li)und 

to b~ the IllCljor llu\ 'ol1oid s in cactus pear pulp (Kuti. 200~) . II 0II·e\·er. 1110re in-depth studies 

should be cl1\'isagcd to full y assess the phenoli c composition or C~lClus pc~ r fruit s ncgk'ch,.'d so 

far . 

2. 1.6. Lipids, ste rols, and fat-solub le vitam ins 

It " "ell ~n,)\\J'1 th:1I l11e'cKarp or pulp Ill' li'uits ~encr,iI" ,-,)ntain 1\'1'\ 1,)\\ kl\'ls <11' lipi,ls 

ranging frcll11 0.1 to 1,0% (Kamel and Kakuci'l, 2000). In cactus pe'lr pulp oils. lilwlcic ,Kid lI'as 

reponed the dominating fatty acid. lolloll'ed bv pall11itic and okic acids. !\Iso. the 

po lyunsatura ted I'ltt l' acids y-linolcnic and u-linolcnie acids lI'ere dctected in higher al110unts 

(Ral11ad:1I1 an-l l'vliirsc l. 2003a.c) , The l11alor stel\)1 in pulp oil s lI 'as ~-sit,)sterol 1,)lIo\\~d b, 
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call1pcstcrol. togLlher constituting about 90% of the lolal sterol portion, IJ1Ieres lingl\ , 0-

locopherol \\as the prcdol11inant vital11in E hOl11ologue. lollo\\cd by (1.-. ~- . and y- tocopher,)1s in 

Jar less al110unts (Ran1:1dan and Morscl. 2003a. c) . 

2.1-7. Flavor- compounds 

Cact us pe:lr pulp 11 :1\'O r is characterized by a fainl l11elon or cucul11ber-like 81'oma deterl11ined by 

alcohols and esters with 2-(E/Z)-2,6-non:ldien-l-ol and 2- l11ellwlbutanoic aciclmethyl ester be ing 

the key aroma substances (Agozzino CI aI. , 2005; Arena et al .. 200 1; Di Cesare and Nani. 1992: 

Fblh and Tal,;lh:Jshi. 1975 : Weckerlc d ;Ii .. :20( 1). The 11;1\0r iJ1lcns it\ \\as I~)und t,) b..: strong..::;t 

lor vello\\'. follo\\ 'ed bv red. and. finally. white caclus p..:ar fruil s (Agozz ino et al .. 2iJ(5). 

2.1.8. l'igm ell ts 

Cactus pear pulps offer dille renl colors based on betal;li ns covering a \\ 'ide spectrum from \\ 'hi k' 

to purple \\ith pi gl11el1l contents of 66 to 1140 mglkg f'ruil pulp (Castellar CI al.. 200:l: StiJ1lzing 

1"1 al.. 20(5) , Cactll s pear fruits bear both \'ello\\ b":la~aJ1lhins and r..:d betacvClnins In 

heta~aJ1lhin:belacvanin ratios varying between a Il) I 1.7 resu lling in dinerent color shades 

muter;) CI a l .. 2002: Odoll~ and Dominguez- Lop..:?:. 199(,: Stinving et al.. ~()O). Ink'l'..:stingl\. 

liuilS ;oldv containing bela~anlhins ar..: nol \'el k::o\\n (S lin lzing and Carle. 200<i), 
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Tabk I: Physicochcmical charactcristics of purple and green cactus-pear pulp. 

Green pulp " Pu r ple pulp "'" 
1 

Para meters 

pi I 5.3- 7.1 5.9- 6.2 

Acidity (% citric acid) 0.0 1-0. 18 0.03- 0.0-+ I 

I 
TSS (o l3rix) 12- 17 12.8- 1-+ .5 

- ~--, 0.17- 0. 19 --- , 
Pectins (g. I OOg ) I 

I 
Vitamin C (mg. I 00g. -, ) 4.6--\ 1.0 200- 31 .5 

I 
-~ 

-I 12.8- 27 .6 ---Ca (mg. 100g ) 

Color 18.2- 26.7 22.-+-n-+ 

l L'~ -+ .2-5 .5 I () () I X.-+ 

I , -a'" -+ 0- 6.) I . I --+ ~ 

5.8-8. 5 10.1 - 18.9 

130.2- 136.-+ 6.2 13.2 

II" 

Viscus it,· (mPaos) 73 .9 119.2 

, S,Hlrcc : ,··.·\sbr Jnd 1J-~,"nJh,' (i 9~1): ':'Pilll ic'I1l'l I 1 ~)<)f)): "S'l\\'1\" <.'1 al. ( I ,) X~): ':'s,'piti"',L! ,,,hi S.kn/ 

. (I 09U): ':'S:ienz (1995): ':'S:knz (1096): .: .. :. S,icnl. Sepill\'cLi:l '1I1e1 \1orc'no ( 1<)95) :': ':'S,knz 'lilel Sc I'il 1\ cd" 

( 1999) 
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2.2. History uf Wine 

Wine has a ri ch hi story cbting back to around 8000 13C and is thought to have originatcd in al"<.'ib 

now within the borders or Arlllcnia. Georgia and Iran. Wine iirst appei,rcd in Furopc at about 

.. 500 BC in the Balkans. and \\'as vcrI' comillon in ancicnt Grcccc. Thraec and ROllle . "'inc has 

also played an important rolc in religion throughout history. The Greek god Dioysus and the 

ROlllan i1acchus rep rcscntcd wine. and the drink is also used in Catholic I"ucharist cercmon ies 

and the Jewish Kiddush ("\\'inc" Encycloped ia, Dec. 20 I 0) , 

Archaco logical cvidcnce suggests that the earlics t known production or winc. madc by 

J~rml.'ntjng gr~pes. 100(..; place in ~il(,S in !\rJ11(,llia. Georgia and Ir~lI1. !'I\)!ll as C:lrl: as :-;O()()-

6000 Be. These location s arc all \\'ithin the natural arca of the European grilpeyinc /'ili" l'illijil'U 

(I3erkowitz. Mark 1996). 

/I 2003 report by archaeologists indica tes a possibility that grapes wcrc mi:\ed with rice to 

producc Illi:\cd fcrmented beverages in China in the carll' vears of the scvcnt h millennium 13e. 

Pollcrv jars li"<llll the Neolithic site or Jiahu. Henan cOl1tainrd traces or tartaric acid and othcr 

organic c\ll11jlounds coml11onl:' found in \\"inc. Ilo\\"('\\?r. other rrllil~ inl.lig~Jlou~ to thl.' region . 

such as Il a\\'th"rn . Cilll not hc ruled (lUt. I I' thl',c bc ",.,..agc' s. which 'CCIll to hc thc prc'l'ur,,)r, or 

ricc lI·inc. includcd grapes rathcr th:ll1othcr li·uits. thesc ~rapc's \\crc or an" oCthe sc,'cral d,,/Ccn 

indigenolls wild spec ies \JC grape in China, r;]lhcr than fi'l)!11 I "itis ,';nij'eru. \\ hich \\~rc introduced 

into China some 6000 ycars later ([i.ikholf. 2000). 

2.3. Commercia l importance ofwinc 

Wine production starts \\ 'ith vine\'ards for grapc gro\\ing.Grapc producti on has Jc' cl'lped in tll 

the World's 1110st important frcsh Jj'uit crop. In 2002. thc \\orlclwide grape pr,)ciuctilln '"'' ahout 

1i2 rnilli,1l1s metric tl1l1S , Spain. France. ltai.". China and USA ha,'c greatest ,inc\'ard arc'as, 

/lpproximatci." 66% or thc production \\as JCrmcntcd in to winc (Ol\'. 20()5). Francc :\l1d ltai.' 

producc thc largest "olullles of wine, Thc\' producc about 50% or thc \\orld' s \\ inc. allli suppi.' 

GO% of thc world wine export. (G lanzc l and Veugcicrs . 2006). 
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Table 2: \Vi ne saks in the U.S. li'01ll200-\ to 2009 inillilli ons of ga ll ons. 

Y ear Tabcl wine Desse rt wine Spark! i ng Towl ,yine lou [ Retai[ 

wille value 

2009 670 6-\ " 767 $28 .7 billion JJ 

2008 658 64 32 75 3 $30.0 bil li on 

2007 6S[ 62 " 7-\6 S30.-\ billion JJ 

2006 628 58 '7 J_ 7 [8 S27.~ bi[[i on 

2005 609 52 31 692 );25 .8 billion 

200-\ S39 45 31 665 I S2·1.0 billielll 

Sources: Vo[ullle- Wine Institute. Departlllent of Comlllerce, Es tilll :lks by Gomberg. 

Fredrikson & Assoc iates. Preliminary 

2.4. Preparation of wine 

Thc basic process Cor making \\'ine is prell)' straightli.)lward. Fresh fruit s arc lirSI crushed and 

separ:llcc! fro III th e stelll s. Nex t the Illixture oriuicc and sol id s (called IIIIISI) is allowed \() ICrlllcnl 

\\ ith yeast, conven ing the ,ugclr frOIll the Cruit to alcoho[ and carbon dioxide. and e.\tr'tcting the 

color frolll the li·uit. Once fermentation is compicted. the \\'ine is separa le(\ li'om Ihe fruil so lids 

over a year. Ol'er the course of thi s I·car. it Illa), be poss ible to add oak. tannins or a I'arietv of 

other types of additives to the \\'inc to augmcnt or change its l1al·or. A[so. the \\'inc \\' i[[ be 

transkrred to a fresh container peri odical ly (ca[lcd mckil1g) in order to separate it fmm the 

sedilllcnts that natura[[) settle out of the wine during thi s time. l O\\'ards the end ll C the aging 

ph:lse. cia riCving agcntlllal' be add te) ill1prol'c the \\'inc ' s appearance. Claril\'ing a \\ inc this \\al 

i, caikdfil7il7g and the :Idd ili , 'cs lI,ed 1<) du it 'II\~ cClllcdjining IIg~II{S . /\ltel'l):11i\'eh . 11[ter'lIion i, 

possible to daril\- the willG. Ge ll er'lll " Ihe prep'lrat iel/) of \\'ine is il lustrated in ilo\\ ch'ln (Figure 

2). 
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r Crushing ~ 
~~ ~ L-__ ---' 

I Red and Ro se wine 

H 
Fermentation and 

maceration 

H 
Press ing 

Malo latic 

fermentat ion (if 

desired) 

Fermentation c:==:) lJ 
Completion of ferme ntation 

J 
Matura tion ~nd natural 

clarification 

n 
Fi nishing and stabiliz ing 

Figure 2: 1010\\· chart or wine preparat ion. 

Source: (Ronalds. Jackson 2008). 
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2.5. Pr'ep:H'ation of cactus pear' [r'uit wine 

Put pri ck ly pe~r caClllS fruit in large crock or pail. Pour one gallon boiling Waler ove r fruit. Wail 

1\\'0 min utes (to loosen skin) and drain oil \\'al cr, Allo\\' fruil to cool and ca rcfu ll\' pcel skin ofr. 

being espcciall) watchful nOI to touch sp ines, CUI [j'uil into pi eces not largcr than One inch. PUI 

in pot, add 1/2 gallon lI 'ell er. bring to boil. Reducc hcal 10 maintain gentle bo il l'o r 15 minutes. 

Cover pOI and alloll 10 cool to lukc II'Mm. Pour I'ruil andjuicc inlo largc nylon gr;lin ,bag (Iinc 

mesh) or sicve and sq ueeze juice into prim~rv fcrmcntalion vessel. Di scard pulp. To juice. add 

sugar. ncid blend. :Icast and nutrient and sti r to di ssol\'l? suga r. Cover welt and s~ t ill \\"arm plac~ 

for scven days. st irring claily. Siphon off Ices inlo secondary fCrmenl:lliun vcssc l, 101' up II ilh 

lIater, lit airlock. and let sland three lIeeks. Rack anti lOp up. thcn rack agelin in 111 '0 nhll1lhs, 

Allow 10 clcar. rack aga in if necessarv. and bOllle. Mav lastc after onc \'car. bLt im prO\'cs lIilh 

age (Jilck, 21)06). 

2.6. Fer'mentation 

Fermentation h('col11cs active <:111)"\\"l1 crc from 1-3 days alter intn)Liuci ng Ihe ~c~lst 10 the must. .1\11 

impon::llli f~clor in determining how long it will t ak~ is tIle temperature Oflhc must. Ye~lst·S r~lt(' 

of I1lcubolislll is directl\ at'lccted by Icmperature: c,)ld musls stan krl1lcnling nl<lre sl,)\\'\< . 

\,"hile warm IllU;-,ts gel orr to ~ quicker start. OnLe the l"'crmeIl13Iit)11 has begul1. the ) ~~lSt \\ ill 

proceed to consulllc the suga rs in the must/ juice. producing CO, (bubbles) 'I nc\ alcohol. 

2,6,1. Ii'ermentation temperature 

Every w inCI11 3kcr has a theory on \d13t temperature to ferment at. V"c hJ\ 'C seen gr('at \\"jlll' 

knn,'lllcd li\)1ll ,1 \'ariet\ of dificr,'11l Icmper:,lIur,' seheduks, You should P;l\' ;ll lel1li,)1l 1" Ihe 

tCl11jk'rallirc. II's dclinikly ~1 gt)od h:lbil to not(, Ihe lcm]lI..'ralUrc 01'111(' Il1U:-.l c~lCh timc yt)l! plI!lch 

dOlln Ihc cap (a gnclCl lI av to do Ihi s is to usc a noali ng Ihermometcr (MT..JOO)) I(l r fUlure 

referencc. The actual act of fcnnen tali on produces he'll and can cause Ihe mU SI 10 be 10°,1 5° F 

hi ghe r liran thc ambic nt tClll pcralure. 
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A Typical tcmperature schedule 

I f yo u have control Ol'er lermcntation temperat ures. a popular red \\inc schedule is to stan slo \\ 'h 

at cooler tempcratures. such as the loll' 60s. Ncxt, grad uall y allo,," the must to ,,",mn up to the 

desired tempcrature as thc ferm entation gets undclway. Start ing cold allows \\ater so luble 

compounds in the must slIch as 3nthocyanins (color) and agreeable tannins extr[l time to become 

fu ll y ex tracted improving the !inal \Vine. 

During fe rmentation the temperature is a ll owed to ri sc. o ften reaching 80°-90° c fo r a brief 

per iod of time. Yeast crcatcs diCicrcnt compounds at diffe rent tcmper'ltures . 11 011' high you ,dlo\\ 

the Icrmeillation tempcrature to ri sc or "spikc" is oftcn debatcd. Some \\inemakers a ll ow it to go 

into the 10\\' 90" c. !-Io",';'·c r. a!eohol toxicity increases as the temperatures ri sc. so spending too 

much ti lll\'? in the upper klllpcratun: ran ges can be damaging to th e y\.?ast and they 1ll~: ha\'c 

diffi cul ty li nishing the fermentation. Thc recommcnded limi ts sp ikc to the mid to upper 70" I: fiJI" 

safet ,··s s'lkc. ~ 1ost \\'inem'lkers agree that a tcmper,lture range of 70°-85° F is acccptable. 

2.6.2. Malolactic fCl"Il.1cntation 

,d ,do lactie knncntation occurs \\ 'hen lactic acid bacteria mCIOlboliLe m,dic acid and pr\lduee 

lactic acid and ca rbon dioxide. This is ca rri ed out cither as an inrcntion31 proc~dur~ in \\'hi ch 

speci'lll , ' eultiv: lt ed strains o f such bacteri3 arc introduced into thc nwturing \\ Inc. or II can 

happen bv chance ifuncultivatcd lactic acid bacteria arc present. 

Malobetic fermentation can improve the tastc oi"winc that has high levels oi"mal ic acid. hecause 

mal ic ,lCid in highe r concentration genera lly causes an olien unpleasant harsh and biller tas te 

sensation. \\'hcrc;l:-; ];lClic acid is p~rcl?i\ '~d as more gClltle ;:lIld less SOUl". 

2.7. Classification of win e 

There is no generall y accepted system of cJassi(\' ing \\'illcs. For l:J:\alion purposes , \\ illcs onen 

are div ided in to three general categori es: st ill. spark ing and fortilied. This division recognl/.cs 
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sign ilicant diJferenccs. not only in production. but also usc, In add ition, c lassi liGlIion b\' color 

providcs the purchaser with a rough indi cat ion of the wines flavor intensity, St\'liee and 

geographical ori gin orten go h::lIld-in-hand, at least for many European appe ll at ions, suppl\ing 

additional information about the wincs likely characteristi cs, 

Initiall y wines arc grou pcd based on alcoholic concent ration , Thi s is indicated by the tcrlll 

·'table'". alcohol con tains betwccn 9 and 1.+% by volume and '"1()J't ilied", alcohol contains 

betwcen 17 and 22% by vo lume, Table wines are subd ivided in to "still'" and '"spa rking" 

depend ing on the wines carbon dioxide content (Rona Ids, Jac kson 2008), 

2.7.1. Still table wine 

j\·lost \\ ines arc f:111 in this category, 1n the oldest diyi sion b:lsed on color. \\ine,; di\ 'idcd in to 

Red , white and rose subgroups, In fact. it also rerlects distinct di fterence in Ila\'or. usc and 

production methods, 

2.7.2. Red wines 

Red \\'incs tend to ha\"e strong. rich Ilavors, Depending on Ihe type or gr:1pc and the alllOUI1l or 

time it's aged, red ",ine can range in color frelll1 eLirk purplish red to rull red 111 ru sset 111\)\\n , To 

make red \\ 'in", '"black'" gmpes (actuall\' pu rp le) arc crushed and the juices lert in coillaet \\ith 

the skin Cor ,ll1v\\"hcre Crom a Cew d:I \'s to a ICw wecks, This skin contact is crucial : the sk in gives 

red \\ 'ine its co lor and its st ructure, 

2.7.3. White win es 

\\ 'h it ~ wines 3 r~ genera l I\" more dc li Gll': in !la\'o r than red \\'i ncs 'lI1e1 arc t\'picall\'" se rved chilled, 

Though c:dkd \\ 'hitl? \\ ill CS. these ,,"incs aClllall~ rang\? in (\)1\)1' rr0111 p~lk : clh)\\ III dl.'\:p giJld \)r 

C\\~11 pale greell. dCPClldill~ on thl? grape ~ll1d the age l)j" the \\ inc, i\ 1ust \\ hik \\ inc:) ~Irc lll~llk 

I"rol11 "whitc'" grapes (actual Iv pale \'c ll ow or green in color), 
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2.7.4. Rose win es 

Also calkd blush wines, roses arc made with red \Vine grapes, bu t with just a fcw hours of skin 

COlllac\. The bricf sk in contact gives the wine j ust a pink "blush" and a delicate st ructure, Roses 

arc olien consumed as "picnic \I'incs" and can be tasty and refreshi ng \I'hen chillcdto about 60°F 

(I SoC) and drunk on a hot day , 

2.7.5. Sparkling wine 

Sparkling winc, like champagne. is a type of \I'inc that conta ins carbon dioxidc, To produce thi s 

sparkl ing winc, grapes must be fermentcd twice, Beverages are 111 0st o lien presented at a /ormal 

dinner party or a \vcdding. Sparkl ing win..:: can be red \\ 'illc . white \\ 'inc or rOSe winc. 

2.7.6. Fortified wine (Dessert Win es) 

B(..'ClUSC :,:cast t~ · pic~l ; l~ .. C~U1't sUJ"\'j\ '(' in:-tTl CI1\'irolllllenl cOnl~linillg more than 1-1 U/o alcohol. 1110:-;1 

naturallv produced \lines have an akohol COlllelll or k ss than 14% 11\' H)lullle, Certain 

\I 'inelllakers (,uch as tlwse in Porto, Portugal. ,,'here Port is made) /'lllJ1c! a 11'3\' awund this 

limitation : thc\ added extra sugar or alcohol to the wine CIS it /crlllenkci, resulting in " 'i",'s with 

higher alcoho l COlllcn\. Mas\. though not al l. of thesc " 'incs arc al so sweeter than regular \I ines 

and are consumed alier meal s (Ronalds, .J ackson 2008) , 
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3. Materials and methods 

3.1. SOlll'ces of fruits 

Fre'sh and healthy cactus rruits \\'ere collected randomly rrom open markets of Tigray region. 

Mekele tOll"n and wcre transported iml11ediatel y to Addi s Ababa. These I"ruit s wcre rCl"rigcratcei 

until required for thc analysis. 

WTig ray _' ,' ,1 

C.Tiway E.Tigray i 
I ' ( 

Figure 3; Map of T igray Region 

Source: hltp ://www.ocha-c th.org/Maps/downloadables/OROMJ YA.pel I" 

Location; 

n1\.' Sl~lh' l)j' Tigra: is k)(~;ll('d at 111,,-' nt)!"lhcrll lip 1,)( J ~lh i\)pi;L Til l.' r(' gi~)!l :-;h:l!\:':'1 (ll!1lllhl11 h'.II\.k'r~ 

\\ith Eritrea in the n,)nh. Ihe SWle " l" /\I,n in Ihe cas\. Ihe Sielle or ,\lll ilcna in Ihe sout h. and the 

Repub li c orthe Sudiln in the wcst. 
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3.2. Cactus peal' juice extraction 

About 9 kg of fruits were treated with hot water for five minutes and drained out the water so as 

to make the sk in vcry thin and make pee ling so easy, Whcn the Glctus fruits m~re cooled. peeled 

the skin oil of the fruit and placed the fruit on cutting board. They \vere sl iced into man) pieces 

and blended it \\'ith blender m'lchine, Then the juice \\'as squeezed out and the seed \\ere 

separated by sieving and transfe rred in to sterile bottles. 

3.3. Indigenolls yeast id entification and isolation 

The indigenous \'east nora was isolated Ii'om t\\ 'o-day ICnllentcd cactus pe:lr Cruitjuice, Thcjuice 

was aseptically inoculated with streak plate teehniq uc on rose Bengal agar incorporated with 

chloramphenicol. The plates wcre incubated at 21°C lor 48 huurs, The \'east presenl in Ihe plen e 

was identified bo' looking at the colonies and using a microscope, Furthermore. the identilied 

yeast str~lin was incubated in pure culture and stored in slant tubes in a rc[,rigcrator. 

3.4. P,'opagation of yeast 

Ycas t pr()p:.lg~lli()n \\i~lS performed b~, inocubting the isolated indigenous yC~lsts ;lIlci I hI..' 

cOllllllcrci:ll :\'::1S{ in 10 lest tubes containing 15mljX1Sl!..'uriJ.:cd clclus juice an,", incubakd nt ~2!!C 

for 1\\'0 d:l)'s before tl:rmcnt:llion. 

3.5. Study des ign 

This experimental study \\'as designed in four diCrcrel1l bCltches to prepare \\ ine 11'llm cactus Cruit 

juice anel e'Jeh batch \\':lS carried OUI in duplicale" The h:nches which \\ere u,ed I,)r e:JeIl less.:1 

arc 5ho\\11 ill the Table. 3, Prior to the (':\p('rim~1l1. dilUli\)]l or the juice \\'as dOllC in 1: lrati\.) \!) 

give the desired result. 
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Table 3; [xpel·imcnlal compositions of the vessels. 

Vessels Co III pos i ti 0 I1S 

Vessel A 5001111 of Diluted juice + 15ml propagcllCcI indi gelloLl s yeas! 

Vessel B 5001111 of Dilutedjuicc + 15ml propagated indigenous yeast + 50 gill sLi gar 

Vesse l C 5001111 of Diluted paslC'urizcdjuicc + 15ml propagated cO IllIlH.:: rci:Il :'C:1.-; 1 

Vessel 0 500 1111 of Diluted pasteuri zed .juice + 1 51111 propagakd co ll1lllerc ial yeast + 

50gm sugar 
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3.6. Flow char-t of the cactus wine production p,-occss 

Rille un-brui sed cactus fruit 

J1 
Washed with hot \Vater 

Fruit Declcd . mashed and blended into iuice 

J.L 
Transfer in to fermentation vcssels 

1. ..L1- /'~ ..[].. 
/' /' '"' f'-... ./ 

A B C D 
./ '-.. '-.. 

Anac robi c fermentation for J 0 lbys 

I I 

Filter and transfer in to sterile bottles . 
~ 

~~ 
1 Aging 1--1 TlVo III 

II 
A: 

B' 

C; 

D; 

on ths 

Filtration 

and dilution 

jui ce + indigenous yeast 

juice + sugar + indigenous yeast 

pasteurized juice + commercial yeast 

pasteurized jui ce +suga r + commercial yeast 

Samples " "crc t'IKen c'\",'r\ dCI\ lelr 
Iaboralon : 'lIl ~dy$ i $ 
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3.6.1. Vessels A 

In wsse ls A I likr of dil uted jui ce lVas poured into two 500 ml steri le bottles and 15ml or 

propagated indigenous "cast IVas added, The bottlcs \I 'c re closed and left to incubate at a 

temperature of 22"C f'or about 10 days Co r krmentat ion tel take place, Samples \I ere taken 1(11' 

yeast count at two-day interval s, and for pH and alcoholic content measurement samples werc 

taken dai 1 y. 

Fi na ll y, the cactus fruit wine obtained at the end of the fcrmentation was liltered and run 01'1' into 

clean sterile bottles and preserved with 0,02 gil 00 ml of sodium benzoate, 

3.6.2. Vessels 13 

In I essds B there I\as an aillel ioration or the juice \I i Ih 10 gil 00 ml sugar, 11 i ler of d i IUled .i u icc' 

lVas poured into two 500 ml ste ri le bott les and shaken thoroughl y, Aller thorough stirrin g or the 

juic,', 15 1111 of propagaled yeast \I'ere inlroduced into the bottles, The bottles were e"pped and 

incubated at 22°(' l'or 10 dal's for I'crmcnlation, Samples \lcre uken I()r \','O ISI C,""lt. I' ll 'In" 

alcohol measurement dai lv, 

Finallv, Ihe cactus frui t Iyine obtained:1I the end of the fermentat ion \I'as filt ered and run ollintn 

c1can and steril e bottk s and presen'ed with 0,02 gi l 00 ml of sodium benzoate, 

3.6.3 . Vessels C 

In vesse ls C. the juice was IXlsteurizcd in a \I 'aler bath al 64 °C l'or 30 minut(:s, <lnd then rapi d'" 

cooled, I liter of pasteurized juice \1:1 5 poured il1lo t\l 'O 500 ml sterile bottles and 15ml 01' 

prupag:':llcd cOll1l11crci:'ll yeast (Sacc/w/"ol11yces ceren\ille) \\"as added to each b()ttlc. The hotlks 

\I'e re capped and incllbolled at 22"c I(l\' 10 cia", I()r krmenl;Jlion, Samples \lere taken IClr ,co,,1 

count. pll and alcohol measurements dOli lv, 

Finally, the cactus fi'ui t \I'inc obtn incd at the end of the rcl'mcntation II'[IS filtered nnd run 01'1' into 

clean and sterile bottles and presel'l'ed \I 'ith 0,02 gil 00 ml oi'sodium benzoate, 
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3.6.4. Vessels D 

In vessel D. the ci iluteci juice was pasteuri zeci in a wate r bGth at 64 °e for 30 minutes. and then 

rap idl" cooled. I li ter of pasturi zed juiee \\'as poured into t\\'o 500 ml sterile bottles and I 5 III I of 

propagated comillercial yeast (Sacc!lOrOI11)'ccs cere\';s;ae) and 50 gill of sugGr was added to each 

bottle. The bottles were capped and incubated at 22°c for 10days for fe rmentation. Saillpi es were 

taken for yeast cou nt. 1' 1-1 and Alcoholmeasurclllcllls dail y. 

FinGlly, the cac tus I'ruit ",ine obtain at the cnd of the ferillentation was run olf into clean and 

sterile bottles and preserved with 0.02 gi l 00 ml of sodi um benzoate. 

3.7. Laboratory analysis 

3.7.1. Microbia l sa fety of cactus fruit juice 

The cactus fruit juiee e:-<trac tcd by the abo"e procedure \\ 'GS ilnGI,'zcc! l'or microbial saICt) , Total 

aerobic bGctcrial counl. totGI coliform count. fecal co lilorm count. [-co li count. isolation 01' 

sa lmonella and shcigella. Gnd YCGst and mould COUIllS \\ere determined b\' using standard metl]()d 

at ElI NRI Food Micl'Obiology Laborillory, 

3.7.1.1. Total ae t'obic bacterial count 

The ae robic colony count estimates the number of vielble ae robic bacteria per gm or ml of a 

product. 25m l of the j uice was diluted \\'ith 225ml of peptone "'Gter ,md further dilution "'as 

m~de by transkrri ng Iml of the diluted sample to a tube conta ining 9ml of normal sG line and 

further serial dilution mGde until I ; 105 TrGnsfcr I III I li'ol11 each di luted sGl11ple to triplicate sterile 

Petri dish . add 20-25111 1 1110llen PIGtc count Ggar and l11i:-; \\'<:11 and allo\\ 15mins to so li dif\' and 

incubate uncler 30ne temperature for 72 hI'. Jt is assumed that celch ,iable aerobic bacterium \\'ill 

l11ul1ipl\' under these (,)nclitions and gi, 'e ri se t,) colonies (1 1:lhctclllari:ull Il. 2( 11). 
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3.7.1.2. Total coliform count 

The number of coliform bacteria was determined by diluting 10 ml of the sample in to 90 III I 

peptone water and liJrther dilution was Ill ade I: I O. 1: 1 00. 1: 1 000 . Then Iml from each d i I ution 

was transferred to sterik Petri di sh and Sml TSA was added and Illiwd. The petri dish "as kept 

at room temperature for 1 hour to activate the stressed coliforms prior to addition of VRJ3GA. 

the selective media for coliforms. After setling, the dishes were incubated at 37 °C for 2-\ hours 

and then read . Typical colonies were count and selected colonies were conlirmed by testing for 

production orgas in a selective liquid medium containing lactosc knoll'n as 13GB (Haberemarialll 

13 ,20 10). 

3.7.1.3. Fecal coliforms 

3.7.1.4. Total coliform count 

The number or coliform bacteria was determined by diluting 10 ml of the sample in to 90 ml 

peptone ,,·ater and further dilution was made I: 1 O. I: I 00, I: I 000. Then Iml Crom each elilution 

was tr'lIlsferreei to sterile Petri dish and Sml TS .I\ was added and mi~ed. The petri dish "as kept 

at room temperature for I hour to acti'·ak the stressed eolilorills prior to additi,)n of \·RI3G /\. 

the selective mcdia for colilorms. After setting. the dishes lI'ere incubated at 37°C lor 2-\ hours 

and then read. Typical colonies were COllnt and selected colonies were confirmed b:' testing I~)r 

production of gas in a sele.ctive liquid medium contallling lactose kno,,·n as [.C broth 

(Habetemariam B, 2010). 

3.7.1.5. E-coli count 

This kst was done because or thc abilit\" of Feoli t\-pC I to decomposc the amino acid 

trvptoph'lIl to indole which accumulates in the medium at high (-\.:1 ''( . .") telllperature. Indole 

prodll~: liol1 \Y;l S Il's kd hy a c,)lorilllClri( r(,~lclion \\ i:h p-djm ('tyl-:!min()-h (' n :c1Id (' h~ ·tk. The I~- coli 

eolonics ,,":1 S tested by transrerring the fecal eoliforlll colonics in to nutricnt broth and incubated 

at 44°C lor 24·48 hours then three drops of i(OI 'ClCS reagent/ p-dimctvi-alllino-bcnzaldch\ck i 

'\"as added. The presence of purple red ring on the slll·Llce of tile broth indicates positi,·e to indo l 

test (l-Iabetell1arialll 1:3 , 2010). 
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3.7.1.6. Isolafion of Salmonella 

The procedure consists of six di stinct stages. The initial handling of the food and the non­

seicctive enrichmcnt stage (pre-enrichment) varv according to the type of food examined. 

Non-Select ive Enrichment (Pre-enrichment). The test sample was initially inoculated intu a 

non-inhi bitory liquid medium to E1\'or thc rcpair and gro\\lh of st ressed or sub lethal lv-injured 

Salmonell3e arising I'rom exposure to heat , freezing, des iccat ion. preservativcs. hi gh osmotic 

pressure or wide temperature Ouctuations. 

Sckctin Enrichment: Replicate portions of each pre-enrichmcnt culture \\"ere inocul at ed into 

two cnrichm ent mcdia to favor the prolilcration of Salmoncllae through a se lecti"e repress ion or 

inhibition of the growth of competing microorgan ism. 

Selective Plating: Enrichment cultures wcre streak onto selective dilTerential aga rs ( XLD and 

SS;\) lo r the isolation of Salmonellae (Habctemariam B, 2010). 

3.7.1. 7. Yeast and Mould count 

The t1lllnbt'l" of yeasts and moulds in a sample \\'as determined by inoculating a kno\\ n quantit, 

,)f the sample on to a seicc tive agar med ium RBi\ incorporcnCli \\"ith chluram phen icrul. The 

sample was diluted I: I O. I: 1 00. 1: 1 000 .... Then lml from each diluti on \\ 8S tran sferred 10 sterik 

Petri dishes then plates \\we incubated :1t 2 1 °C lur 48 hours. The )'e:lsl pre;;cnt \\as idelltilied by 

looking at the colonies and by lI sing a microscope (Habetemariam B. ~o 1 0). 

3.7.2. Phys icochcmical analysis of cactus fruit juicc 

The moisture. protein. fat. ash. carboh,·drates. fiber con tcnts, titratable ac idity (g cilric acid ' l 00 

g). I' ll. specilic gravitv 8nd alcohol contcnt oCthe fresh cactus pear fruit jui ce WCl S an,dYseciusil1O! 

st:lIld:lrd methods <)f :\O.\c. 

3.7.2.1. Total solids analysis 

Elllpt, drying di shes (made of porcelain) \\\:re dried using a drying OITn (Ge nllal1". f\kmmert) 

for I hour at 100°e. The di shes lIere cookd for 30 minules in a desiccator (\\'ith granular sili ca 
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gel) and lI'eighed using a digital analytical balance to the nearcst milligram. Aboul 25ml of' II'cll 

mixed cactus juice samples (in triplicatc) were transferred into dried and lI'cighcd drying di shcs. 

The di shes and the ir contents were placed in drying oven and dri ed for 5 hou rs at 100ne. The 

dishes and their comcnlS were cooled in a desiccator to room temperalu rc and lIeighed. I' he 

proced ure lI'as repeated unti l a constant weigh t was recorded (f\ OAC, 2005). 

Moisture content \Vas expressed as: 

%fvloisture content ~ M initia l -M fina l X 100% 

M initial 

Then the total so lid is calculated; 

Total solid% = 100%, %moisture contcnt. 

3.7.2.2. Deter'mi nat ion of Ash 

Porcela in dishes were placed in a muffle [umOlee (Carbolite . ASlon Lanc. Ilopc , Shefiie ld. 

England. UK) for 30 min at 550ne. Thc dishes lI'ere cooled in a desicca tor (\\'ilh granular silica 

gel) for about 30 miJ1Lllcs and weighed to lhe nearest milligram. About 2.5000 g of fresh s'"11pk 

(in triplicate) was placed in thc c!ish. Dishes wcre placed on a hot plate uncl "'r a fumc,hood and 

the lCmperature was sloll'ly increased umil smoking ceases and the sal11 ples become thorollghh 

charred. Thc dishes with samples \\'cre placed inside the Illume furnace at 550°C illl' 5 hours and 

cooled in a d"siccator for I hour. The ash was clean and lI'hi te in appearance. When cooled to 

room temperatu rc, each dish with ash was reweighed to the nea rest Illilligram (i\Oi\C. 2005 and 

Osborne. D. R. and Voogl. V. 1978). 

% Ash (llet basis) = Mash ~ 100% 

M lIet 

N/J: Mash refers to thc mass 0(' the ash, and JI!\I'el refer 10 the orig inal mass or fresh samples. 
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3.7.2.3. C.-ude protein detennination 

Digestioll : About 0.5000 g of dried snl11plc (in triplicate) "we taken in a Tcca tor tube and 6111 1 or 

ac id 111 i~ture (S pnrts of concentrated orthophosphoric acid and 100 pari s of conccntrated su ll 'uric 

ac id) was added and mixed, and 3.S ml of 30% hydrogcn pcro~idc was added stcp by step. As 

soon as the violent reac tion had ceased, thc tubes " 'erc shaken and plnced back to the rack. Three 

gram of catal yst mixture (ground 0.5000 g of seleniulll mctal with 100 g or potass iulll sullille) 

was added into each tube, and allowed to stand for about 10 mi nutes before di gesti on. 

When the temperature of the digester attains 370°C, the tubes were lowered into the digester. The 

digestion was continued until a clear so lu tion was obtained, about I h. The tubcs in the rack wcre 

coo led in a fum e hood; ISml of deioni zcd lVater was added, and shakcn to avoid prec ipitat ion of 

sulfate in the so luti on. 

Dis/illatioll IIlId titratioll: The digested and diluted sample so lution was di stillcd using boric acid 

and the distill ate was titrated using 0.1 N sulruric acid to reddish color using K.i eldehal apparatus 

(K.icltec nOOAnalyzcr unit. Foss Teeator AI1 , 110ganas. Swcdcn) (Tecullir 11I1I1l1iOI. 19-9). 

lllg nitrogen in the sa illple = V x N x 1-+ 

g ni trogen 1 100 g saillple = mg ofnitrogcn ~ I OO! lllg sample 

Tolal nitrogen (%) = [(V-Vb) x N x 1.4)] / W 

Crude prote in (%) = to tal nitrogen (%) x 6.2Sa 

Where: V = vol ume of sulfuric acid consumed to neutralized the sampl e: 

Vb= the vo lume of acid consuillcd to neutrali 7.e the blank: 

N = norma lit), of the acid: I-+=Eq . " 't ol'n itrogen : 

6.2S=collversion ractor from total nilrogen to erucic protein. 

3.7.2.4. Detcn n ination of c rudc Fiber co ntcnt 

Digestioll: About 1.7000 g or fresh sa mple (in tripli ca te) "as placed in to a 600 ml beaker: 200 

ml of 1. 25% H2SO< was added, and boiled gen tl v 1'0 1' 30 minutes while " 'a teh glass "as placed 
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over the l110uth of the bea~er. During boiling. the le\"(:1 or the sample so lution " 'as kept constnn t 

with hot di still ed ,,·ater. After exactly 30 minutes heating. 20 1111 of 28% KOII "'as added and 

boiled gentl y for furthcr 30 minutcs, " 'ith occasional st irring. 

Filtratioll: The bottom of a simcrcd glass crucible " 35 covered with 10111111 sand Ia" er and 

" 'elled lI'ith di stillcdw3ter. The so luti on was poured into sintered glass crucible and liitered "ilh 

the aid of vacuum pump (ll igh Performance Vacuum Pump. Robin Air W<ly, SPX Corporati on, 

fvlontplier, USA) . The wall of the beaker was rinsed wilh hot d ist ill ed water several til11cs: 

washings were transferrcd to thc crucible and filt ered. 

Washillg: The residue in the crucible was washed " 'ith hot di stilkdwaler and liltered (repea ted 

twice). The residue was washed with 1% 112SO. and lil tercd . and then washed with hot di stil led 

water and filtered; and again washed " 'ith 1% NaO l1 and filtered. The residue was "ashed with 

hot distilled ,, ',Her andliitercd; and aga in "ashed with 1% 112SO. and liltered . Fin,dl) thc res idue 

\;\,I (1S \\ ~l shcd with water- rree acetone. 

Drying :lnd comiJu stion: The crucible with it s contcnt ,," IS dried in a drying m'en fu r 1 hours at 

130"C and cooled lin 30 min in a desiccators (with granu iclr silica gel). and then IIc'ighed 

(recorded as WI). The crucible was transfe rred to mum" furnace and heate.cI for 30 min at 

550"C. The crucible "as cooled in a desiccators and " 'cighcd (recorded as \\'2) (/\01\C. 2(Jt)5). 

Where: 

% Fiber = \VI - W2 :.;100 
\\13 

Vi I = weight of crucible with sampl e alicr drying. 

W2 = weigh t of crucible with sample after ashing. 

\V3 = fresh sampl e weigh 

3.7.2.5. Deter-m in at ion of erucic fat conlent 

C" traction Ilasks were dried in a dryi ng oven (Mcmmert. Gennall\) at 92"e lor 30 minutes. 

coo led in a desiccator (lVi th granular silica ge l) for 30 min utes and thell m::ighed . About 2.500 g 

of fresh samples (in triplicate) \\'ere added in to e"tracti on thimbl es. andthcn covered with aboul 
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2 cm layer of fat li'ce colton. The thimblcs with sample wcre placed into a Soxhkt Extraction 

Chamber (Soxtec, Manual extraction unit. Foss Tec3 tor. Iloganas. SII·cden). Cooling lI<lter lias 

switched on, and seventv ml of petroleum ether was added to the extraction nask through the 

condenser. The extraction was conductcd for threc and half hours at 70"C. Thc extraction nask 

with fat was removed from the Ex traction Chamber and placed in the drying O\','n at 92ilC lor 

about 30 minutes, cooled to room temperature in a desiccators for about 30 minutes and 

reweighed (AOAC, 2005; Tecator Manual. 1979). 

% Fat= WI - WQ_x 100 

WD 
IVhere: II' f= weighl of eXlraclionflask afier exlracliul7 ("'1. off/ask andfill). 

W" = 'reighl uf exlrocf ionfiask be(iJre eXfroc/iun (" ·f. uff/ask). 

IVa = lreighf ofFesh sample 

3.7.2.6. Determination of total Carboh ~'dl'ate content 

Total carbohydratc content was estimated by the dillerence. as percentage (%) on lIet h,,,i, 

(AOAC. 2005). 

Carbohydratc (%) = I OO-(fat% +protein% -; ash% + moisture %) 

3.7.2.7. Titratable acidity analysis 

Titralable acid as Citric acid is analv7.ed; accurately weigh to 01,0 .1 I11g a 10-g sample of cactus 

juice. Transfcr to a SOO-ml Erlenmeycr nask and dilute to 250 ml with deionized watcr or 

recentlv boiled lI"ater. Titrate to an cnd point lI"ith a standard solution of sodiull1 h"l,.oxide 

(0. 1 N) using either a pH mcter for cnd point detection or bv adding approximatel v I ml of 

phcnolphthalein inJicat0r and titrating to a C:.linr pink end point. Rcccmithe \OIUllle tn ' O.O)-ml. 

Calculate the pcrcentage of acid as citric acid by: 

Acid as anh),drous citric acid: 
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Whcre 

% Acid = V x 0.640 
W 

Ii is the volul1lc in millilite rs of 0.1 N alkali used . (For othe r concentrations 01· alkali. 

the factor becomes N x 6.4.) 

HI is the weight in grams of sample (AOAC, 2005). 

3.7.2.8. pH mcasurement 

An electron ic pH meter (JENWA Y MODEL 370 pH/l1lV METER, Engl and) \las used to 

mcasure 1'1-1. Arter ca libration using standard so lutions at pH 4 anci 7and 10 the cactus pear juice 

was measured at in terna l temperature ofn"C (AOAC. 2005) 

3.7.2.9. Measuremen t of specific gnlVity 

Spccific gravity of the sample \I·as mcasured by it ' ·spcci fi c-g rav ily batt!.:" · i. c .. a flask made to 

hold a I;no\\"l1 volume of liquid al a specified kmperature' (usualh lO°C) . The bottle is weighed . 

fil led with the liquid whose specific grav ity is to be found , and weighed again . The difference in 

\I·eights is divided by lhe weight of an equal volume of \I;l1er to give the specific gra\·ity 01' the 

liquid (AOAC. 2005) . 

t' 'i/',}! ~ IN 
cl =----

1 

Where: W; Weight ofa pycnomete r (-·specific-gravity bottk"·) prev iously cleaned and dried. 

WI: Weight of a pycnometer ("spcc itic-gra vity bott le,'·) filled wi t h sam ple . 

\\,2 : IVeight ofa pycnometer ("·spcc ifi c-gravity bo tt le .. ·) Gilcd \yill! di,;tilled lIater. 
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3.7.3. Dctcl"Olination uf Alcohol concentration dllr-in u fermentatiun 
b 

period usin g Gas Chromatography 

3.7.3.1. Instrll men t condition ing 

Iml of fe rmented sample was taken and di luted 10: I \\ ith isopropanol (I gi l .. internal standard ), 

Gas chromatography (GC) \Vas conducted on DAN I GC 1000 (OAN I Instruments Ltd. , Iialy) 

with name ionization delcctor (FlO) under opt imi zed operational condi ti on , Ail lech [cono-Cap 

ECTM-5 capill ary (30 m length. 0.32 mm diameter) coated with 95 % melhylpol ys il oxClne 

(stationary phase) was used as column. The now rates of nitrogen (cmri er gelS) and hydrogen 

(1'10) II'cre adjusted 10 5 and 0.65 bar, respect i, 'e ly, Jnjeclor and deteclor kll1pel'alures lI'e re kepi 

at 210°C and 300°(, respectively. The ovcn temperature " 'as at gO°C,,'ilh a hold lime of -1.5 

minutes. 

0,1 % interna l standard spiking sol uti on and 1%,5%. 10% and 15% ethanol anal\'lical siundards 

I\'as prepClred . using reagen t grade propanol and 200 proof ethanol.. 

The internal standard spiking so lution ,\'as added in the S:lllle proponion 10 n 'er)' standard or 

sample anJlyzed, 

This procedure spec ilies nine pans or a I gi L in ternal slambrd spiking solution be adlkd to one 

pa rt s:1m ple or stclllcbrd. Theref'ore. the inlcrt131 sl;lndard concentration is 0.9 gi L uni" ersal l\' 

throughout thi s procedure. 

The calibration curves I\'ere obta ined using analytical solutions of pure etlwnol in concen tration 

of 1 %. 5%. 10%, and 15% in which the expected ethanol concentrat ion of IC rl11 ented juice li es. 

Accep tability of linearity data \Vas olien judged bv examin ing the cCll'l'clat ion coeflicicn t and the 

,1' intercept of the linear regress ion line for the response \'ersus concent ration. A correlation 

coefiieicnt of >0.995 is genera ll\' con~idercd acceptable. The .j' inlercept should be less Ihan '1 

fel\' percent of the response obtained frol1l the target Icyel. 
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Accordingly. the calibration curves lIerc obtained li'om a runnIng 01" four point ccdibration 

so lutions having a conccntration range of I % to 15%. The IOIl'cst concentration Ie,'cl in the 

calibration curve was I % for the instrumen t. Linea rity was evaluated bv the calculation of" a four­

point linea r plots of" thc peak hcight (as obsclycd Figurc 5) representati,'c chromatography from 

the four concentration range) against concentration based on linear rcgress ion and squared 

corrclation coefficient ,.2 which should be> 0,9900, The prepared swndard soluti ons had good 

linearity. 

3.7.4. Sensory analysis 

The sensory ana lvs is of the wine lI'as donc to test the acecptabilitv 01" th<.: wines. A group of 15 

scmi trained lasters (males and I"emales all 01" \\'hom werc over 18 vears 01' age) and regul3r 

consumers of some kinel of wine "'cre selectcd, The testers werc lI'ell oriented and inst ru ctions 

""ere gi\"cn prior to tasting. The sensory evaluation room W;]s clean and had ~nollgh lighl. Each 

of the \estcrs sampled 20 ml of each batch of cactus juice winc and J\wash red wine to compCll'e 

the acceptance of the cactus juicc winc and served separatel) in t]';lnSpcll'Cnt gl3ss cups at room 

temperature. For sensory evaluati ons of the acceptability of the lI'incs ill relation to the attributes 

"I' appearclllce. aroma. and ilan)r and to the overall acceptancc 01' each lI'inc, The pClllclisl:i 

completed an c,'aluation form comprising a 9-poilll hcdonic scale ranging Crom I ("I extremely 

disliked it") to 9 ("I extremely liked it"), The sensorv analvsis score carel is alillched in Appendi" 

~ (Dias ct 31.. 2007), 

3.8. St'atistical analysis 

one lIay (ANOVA) to compare the mean of' each batch. And LSD test to check the signilicancc 

of the di ffercnce. 
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4. Results 

4.1. Microbial analysis of the cactus pear juice 

, I 

The resu lts of the microbial analysis of the cactus pear juie<.: were 6.8x I 06
, 3.5x I 0", 1. 5x I 0 ancl 

2 

2.5x10 CFU/ml [or total aerobic bacteri al, tota l co liform, yeast count and mould count 

respectively. Fecal co li form, E-coli and sa lmonella II'c re not detected in the juice CFable -+) . 

Tablc 4: Results of microbial analysis ofcactLls jLli ce. 

Tests Resu lt s 

Total APC 6.8x lOb CFU/ml 

Total coliform co Lint 
., 

3.5x10 CFUlml 

Fecal colitorm counl <10 CFU/ml 

[-coli counl <10 CFU/ml 

Yeast cOLint 
, 

1.5xl0 CFUlml 

Mould count -
2.5x1O CFU/ml 

Salmonella Not Isolated/25 ml 

Shigella I Not Isolated/25ml 
, 

I 
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4.2. Physicochemical analysis of cactus juice 

The physicochemical compos ition of cactus fruit is the determinant fac to r for the groll·th o r yeast 

fo r the producti on of alcohol, naVaL and aroma. And a lso the overall quality or th e wine 

produced is direct ly the result of all the component s. 

In this study, the physicochemica l analysis of th e juice such as; Total solids, protein. "II, ash. 

carbohydrates, fiber contents. tiu-atable acidit v (g c itri c acid/ IOO g) . pH .. spccilic gra\it)' or the 

juice was done and the results were 13%, 0.7%. 0.3%, 0.8%. 8 . .+5% . 2.8% . 0.03% . 5.0 1 I. and 

1.0325 respectively (Table 5). 

Table 5; Physicochem ica l characteristi cs or the cactus frui t juice . 

Tests Res ult 

Tota l so lids 13.05% 

pl-l 5.011 

Spec-die gravilY 1.0325 

Titratable acid ity (g c itric acidll OOg) 0.03% 

Ash 0.8% 

Protei 11 0.7% 

Fat 03% 

. ~ ~~ . 
Carboh vdr~lic 8.-+5% 

I 
Fiber 2.8% 
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4.3. pH of each batches dUJ'ing fer'mentation period, 

The pH in each fermentation batch lVas measured by using a pH meter each da\' during 

fermentation period. The pH was in the range of 5.7 and 5.3 I'rom first to tenth day (Figure 4). 
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(J\, 13. C and 0: are the compositions oft'crlllcrlLClliotl batches l11~nliollcd ill rabk.' J) 

Figure.t: pJ I of each fermentation vessel during fe nncntation period 
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4.4. Yeast count in each batch during fermentation period 

The yeast cOllnts increased from the second day to the sixth day where it was hi ghes l and laler 

dccreased unlillhe tenth day in all ferm cnlation vessels (Figure 5). 
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f igure 5: Number of yeas I durin g [crmcl1lation pcriod 

4.5. Alcohol concentTations eluI'ing fermentation perioel 

The alcoho l conccntralion in each balch (A, B, C and D) was increased from first day lip 10 day 

len fe rmenta ti on peri od. A lier 10 days fe rmenta lion peri od the al cohol concenlration were -1 .9. 

7.S. 5.3 and 12 .2 %v/\'. respeclivel\' . The alcohol concenlration ,,·as inc reased from 0'% to the 

concel1lration o f 4.9. 7.S. 5.3 and 12.2 %\h in wssd ,\. 13. C and D. respecli\·d\ (Tabk (1). 
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Table 6: Ethanol concentration in each fcrmcntation vessel during fermentation period . 

Averagc % Ethanol conccntration in each vessels 

Day 

A B C 0 

I 0 0 0 0 

2 14 2.6 2.0 3.0 
, 1.5 2.8 2.0 6.1 j 

4 2.2 3.9 2.1 6.5 

5 ? ' _ . j 4.2 ') , 
_ . j 7.2 

6 2.6 4.7 ? -_.) 80 

7 2.8 5.6 2.7 94 

8 3.8 6.7 3.2 9.6 

9 4.3 7.6 5.1 10-1 

10 4.9 7.8 5.3 12.2 
. .. . . . . . (I\. 8. C .Illd D .• H (; Iho..; COlllpO~lll~>Il~ 01 kl lllLlll,IIIOIl \ \:::;::;...-:1::; 1ll<..'llllOll..:d 111 1 abk -,) 

4.6. Physicochemical analysis of cactus pcar fruit wine 

The physicochemical properties of the final cactus wine obtained after 10 days of fermentation 

and 2 month aging were measured . The measurement of pH . titrable acidity and spec ifi c gravity 

in each batch of cactus wine were almost the same. The alcohol concentrations were 4.9 %. 7.8 

%.5 .3 % and 12.2 % for batch /\. 13. C and [) rcspccti\e\Y. The results :lre sho\\"]1 in Table 9 . 
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Table 7: I'h) 's icochcmical analysis of cactus winc. 

Result 
Tests 

A 13 C D 

Ethanol % 4.9 7 .S 5.3 12.2 

pH 5.3 5.4 5.3 5.3 

Ti trable acidity % 0.4 0.5 0.5 O.~ 

Specific gravity 1.0227 1.0225 1.0226 1.0223 

, V\. H, C ,mel D, me Ihe I,;Om!10:-;lllons of kllllcnt:HwJl I \!s:-il..'ls mentlOlled III 1 :lhk .)) 

4.7. Sensol'yanalysis 

T he resu lts of the sensory evaluation of the acceptability of eac h batch and awash red wine as 

reference in re latio n to the attributes of color. appearance. aroma. and ta ste and to the overall 

quality. the mean score a re shO\\'l1 in Table 8. 

Ta ble 8: f\kall scorcs Of scll so ry c \'"llIati on and o\'crall acccptabilit\· ofthc cactlls lI·in.: and 

i\ wash red lI'i llC. 

Color Appea rance Aroma Taste i\eceptabil it )' 
Vesscis -

Mean SO Mean score SO Mean SO Mean SO Mean SO 

score sco re score sco re 

A 7 .13a .63 7.53a .59 5.4a .63 5.66a .48 5.53a .63 

13 7.26a .7 7.66a .5 1 5.63 .5 5 .8a .77 5.83 .77 

C 7.-16a .5 1 7.Sa .51 5.6a .63 ). 13a .83 5.66a .-18 

C-O-. 7 .-1 63 .7-1 7.8a .67 6.26b .70 6. -16b .51 16.3~ b I .61 
I 

I': 8. 26 b .59 8 .5b .5 1 8.2c .77 S.2e .67 i 7.S6c I 
.63 

.. , 
tA , [~. C ,Ind I), :1.1.: the C01llpo::> ltlOns o! klllh.:nl:ltlol1 h:lIchl':-1llt.:nt10Il\.~d III 1 abk -' and J', \\ as :\\\'l~h led 111111.' .) 

I 

Values lI'ithin the same colul11n \\'ilh difrcrcnt superscript letters are signilicanlly diffe rcnt from 
each other (at p< 0.05). 
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5. Discussion 

5.1. Micl'obial analysis of the cactus pea r juice 

The absence of inciicator organisms such as fecal coliform anci E-coli and pathogenic organisms 

like sa lmonella in the juice indicates the safety of the juicc which did not sho\\' fecal 

contamination and there was no threat to the health of consumers. The microorganisms such as 

ae robic bacteria, yeast and mould were prcsent in the juice, The presen t results are similar to 

other studies on the microbiological quality of li'esh minimally·processed li'uits, such as applc, 

peach, orange. mango and pincapple which harbored small microbial populations consisting of 

yeasts and moulds. \\'hereas . £-coli and salillollella \\ere not detected (Abadias. 200X), 

In contrast. raw fruit whose intcrnal ti ssues are normall), sterile is considered a po!cntial Urget 

for a \\'idc range of microorganisms. including human pathogens (Abadias. 2008), In rcalit\" the 

incidencc of lood borne outbreaks causcd by contaminated fresh fruit has recentl y increased , For 

example, numerous cases of Salmonella in fection and Escherichia coli 0157: 11 7 outbreak by 

consuming d i fie rent fresh products are documented (FDA. 20 I 0), Food borne' bactcrial 

pathogens commonl), detected in juices arc coliform bacter ia, E, coli. Sraphl'loco('('/ls allrells and 

S'lIll11ollella sp, (Talllbekar Mundhaha. 2006), Thev arc cOllllllonlv-used bacteriul indicators of 

san it~!,v qualitv of loods and \yater and consiciered as an indicator ofl11icrobial pollution and they 

are cOllllllon inhabitants of anil11al and hUl11an guts (Tortora, 1995), Escherichia ('oli arc the 

species associated \\'ith I:lccal contall1ination and is naturally lounci in the intestineS of humans 

and warll1-blooded animals, In thi s study those pathogenic organisms \\'ere not detected (Table-

4) , 

In this stud\' , the acrobic bacterial couni was 6,8 x 106 CFU/illi (Table 4) , Thi s is may be due 10 

the nutritional composition of the juice \\'hich is f'lvorable I()r the gro\\,th of l11icroorgani sms and 

the low acidic (pH 5,0] ]) nature of the fiuit (Table 5), 110\\c\el'. ae'l'llbic Il1cs\lphilie 

microorgani sll1s found in food is one of the l11icrobiological indicators lor lood qualitv (Avcicek 

et al. 2004), Thcse organ isll1 s reflcct the exposure of the sal11ple to any contall1i nation and in 

general. the ex istence of favorable conditions for the l11ultiplicat ion of l11i croorganisms, For 

various reasons, thi s par:lI11eter is useful to indicate if cleaning. disinkction and temperature 
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control during industrial processing, transportation and storage ha\'c been perforJ11ed sufficientl, 

(Tortora, 1995), 

5.2 . Physicochemical ana lysis of cactus juice 

In this study the tota l solids of thejuiee wcre 13,05% (Table 5) and it lVas comparable to other 

studies which were in the range bctwcen 12 and 17°Brix (S,knz- I-fcrnanclez. 1995), \\'ith glucosc 

and rructose being the predominant carbohydrates in a ratio of about 1: 1, depending on in"ertase 

aeti\ 'ity (Kuti and Ga ll o\\·ay. 1994; Sawaya et aI., 1983). 

I-Iowc"er, in other siJ11il ar st udies the so luble solids content in the pulp reachcs \'al ues hi gher 

than 17%. mainl y constituted by 53% gl ucose and fructosc (Russell and Felkcr. 1987: Sawaya ct 

a l. 1983; Seplilveda and S:icn7.. 1990; Kuti and Galloway. 1994). Thi s high towl so lid con tcnt 

J11ight be due to the differencc in cact us species and / or the area in which it was produced, 

The carbohyd rate content of the j uice lVas 8.45% froJ11 a 13.05% of total so lids (Table 5). Ihi s 

high content of sugar was also mcasured in other siJ11ilar studies that has sugar : acid ratios 

ranging rrom 90: I up to 490: I. The high sugar acid rat io is responsible ro r thc bland taste in 

cont rast to a scnsory pleasant ratio or 10 to I S (Fel ker ct al .. 2005 : Joubert : 1993 . Odou.\ and 

Dc'J11inguez-L6pcz. 1996: Stintzing and Cark, 2006). The high sugar con t ~nt of the juice 

howevcr, hGS signi li cant role for al cohol production. 

In thi s study, the pi I or thc juice was 5.0 I I Crabel 5), These rcsu lt s werc consistant \\ 'it h studies 

or Felker ct al (2005) which reported pl l ranges of 5.6-6.5 in Ildly rip~ Iruits. In gene ral. the 

cactus ju ice had high pl-l-\'Gl ue. The hi gh pH of the cactus juice confirmed that cactus pear li'uit s 

are grouped undcr a l o\\'- ~cid food (pi I > 4.5). Hence. ac idili cG ti on prior to thennaltreatmcnt is a 

prerequ isi te to a llow pastcurization instcad of more ri gid sterili 7.ation. thereby retaining 

nutritiomlly important components such '1S bctalains (J-'cugang ct al .. 20tl6: Pi ga. 20tl-l: Stinlling 

et al .. 200 1). The lo\\' ac idic nature or the cactus juice re\ 'ers the grO\\1h 01' microorganisJlls 

\\'hi ch Jllay acce lcrate the spoilage of the tl'uit as well as thc gro\\1h 01' pathoge ni c 

microorganisms. 
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Th~ chemical and m ineral composition described b) d ifICrcnt author's sho\\'s that cactus p~ars 

have nutriti ve va lue similar to other fruit s . In thi s study the result of componcnb in cactu,-pcar 

juice, such as prote in , fat, fiber and ash were 0.7%. 0.3%. 2.8% and 0 ,8% respectivel y. These 

results arc sim ilar to other studies which reported that all of the componcnts mcntioned above 

were below I % except the fiber that varies in di fferent fruits (Askar and [I Samah v, 1981: 

Pimicnta, 1990; Sawaya et aI., 1983 ; Sepiilveda and Sacnz, 1990; Rodriguez et 31.. 1996), 

5.3. pH of each fermentation vessels during fermentation 

In thi s st udy , the pi I was in the range of 5,7 and 5,3 from tirst to tcnth dav, The rcsult indicates 

tha t the cactus \\ 'inc ,\'as sl ightl y acidic (Figure -1), These results \\ 'ere incontrast to winc 

produced from soursop which had pH below 4,5 (Okigbo and Obire, 2009), This high pi I o f the 

cactus winc is due to the high pH ofthcjui cc itsc lf andlow acid production during fe rm cntation 

period, Thus the wine might be highly susceptiblc for microbial gro\\th and spo ilage , 

The result shows that the pH oCthe cactus winc in caeh vessel was not signillcal11ly difkrcnt. 

5.4. Yeast count' in each vessel during fermentation period 

The result s of thi s s tud\' sho\\s that the ycast COUI1lS incr~ascd rrom the second del' to da, s ix 

where it ,"'tS hi ghest and later decreased until da\' tcn in all fermentation "esse ls (Figure 5), Thi s 

showcd that fcrmcntation was \'igorous on day six, There was red uction in the numbcr of "cast 

cells from eight to tenth day and this might bc a result or the increase in th e alcoholic contcnt 

whieh killed the yeasts and low sugar cont~n t. Moreover. the i ncreas~ in the number of Ycast s 

from the second day to the sixth day indicated that the cactus juice supported ycast growth 

(Figure 5), 'fh e highcst yeast count 3,26 log colony forming unit per 1111 was reco rd ed in vcssel J) 

(the pasteurized and commercial yeast treatmcnt) on the six th day follo\\'cd lw 3.02.2,79, and 

2.65 colon) lorming unit in log 10 (Figure 5), 

·41 . 



5.5. Alcohol concentration dur'ing fermentation per'iod 

It is generally known fact that wine is the alcoholic product of the fe rl11 cntmion of an\ ' 

ferl11entable fruit or vegetable by action of yeasts, Various tropical Ij'uirs have been used for wine 

production (O/llo/e JO, 2005 Okigbn, 2003, Osho A, 1995). Sil11i larly, \\'inc can be obtained from 

cactus Ij'uit becausc of its higher sugar content. The culture of yeast used in the fermcn tation 

utilizes the suga r presen t in the juice and converts it to ethyl alcohol and carbon dioxide, During 

the ferl11entation process, it was obscn'ed that the alcoholic cont"nt increased as the krl11entation 

time increased (Figure 6). This occurred as a result of the breakdown o f the sugars and 

subsequent conversion to ethyl alcohol. The cactus juice \\'hich \\as not amciiorated with sugar 

has the lowest alcoholic content 4.9% (vlv). Th is was a conscquence of 10\\' nutrient content of 

the juice. In addi tion. since the fruit juice was not pasteurized. it is likelv th ~l t SOl11e other 

l11icroorganisl11s were acting on the fruit juice thereby disrupting the yeast activity. \\'hen sugar 

was added, as the only supplcment in another ferl11enting juice, it gave a higher alcoholic 

conten t. indicating that the levels of nutrients Ie I' the vcasts to utili ze Iw ve been increased. 

The j1Jsleuri zed juice amcliorat eo wilh sligar, and inoculated \Vith cOllllllercial yeas t gavt' the 

highest alcoholic content or 12.2 % vl\' (Table 6). making the wine a strong \\ ine and increases 

its shelflife (lI'inell'orld 2002). Manv facto rs however. cont ributed to the high alcoholic !cl'd or 

this wine. Firstl)'. during pasteuri zation. l11anv microorganisms were kill ed so there is no nutrient 

computation betwecn the yeasts and other microorgani sms. The second factor is thc add it ion or 

sugar which supplied nutrients to the yeast starte r, The third facto r is probabl y the cOl11l11erci al 

yeast which was used for fermentation in thi s batch had good potential than the indi genous yeast 

iso lated from the cactus fruit. Thc present result s arc in cont r:l st \\'ith other studies 01' indigenous 

veast iso lated from soursop fruit which has con tributed to the high alcoholic contcn t lor 

krmcl1ution or soursop juice ( Okigbo and Obire. 2009). 

The ICrl11cntation of the pasteurized and not <ll11ciior;ilcd cactus juice \\'ith commercial ycast. 

gave alcohol content of 5.3% (v/v) (Table 6). The alcohol content is not high \\'hen cOl11pared 

with that of the wine obtained from pasteurized and al11eliorated juice inoculated with culture of 

coml11ereial ycast nora which was found to be 12% alcohol (Table G), Thi s observation c\)incities 
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with previous stuuies on soursop fruits for \\ ine production where the pasteurized and 

ameliorated juice had higher alcohol content than that of the soursop juice which was not 

pasteurizcd and with no sugar add ed (Ok igbo and Obire, 2009). 

The results of the present study showed that ethanol concentration of vesse l 0 was signi ficantl v 

difTere nt frolll th e other vcssels (Tab le 8) . Vessels A and C (no added sugar) were found to have 

re lativel y 10\V alco hol content (4.9% and 5.3%. respectivelv) when compared to those or sugJr 

supplemented vessels 13 and 0 (7.8% and 12.2% respectivcly) (Tablc 9). The significant 

difference was due to the addition of suga r in vesse ls 13 and 0 that gave additiona l nutrition lor 

ycast for a lcohol production. There was also s ignificance difTe rencc between vessel 13 and vessel 

D. This might be the di fl"c rence of the yeast stra in the indigenous yeast s train whi ch was isol3ted 

from the cactus juicc were might be low potentia ls of for production 01" a lcohol than the 

commercial yeast. 

Tablc 9: Mean comparison of ethanol concentrat ion of each vessel at the end of I~rmentation 

Subset for alpha = 0.05 

Vessels N I 2 3 

A ') -18700 

C 2 5.2650 

13 2 7.7750 

0 2 12.18 50 

Sig. .647 1.000 1.000 

-Means lor gro ups In homogcneous subsets a re displayed. 
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Figure 6: Ethanol concentration in each vesse l dur ing ferl11entation period. 

(I\. 13. C and D: are ' h~ compos itions or tCfllll.!fltJtion \ I.! ss~b m\'ntioll~d in Tabk 3) 

Figure 6 shows the production of ethanol in each fermentation vessel during the I(,rlllentation 

per iod. It was observed that the alcoholic content increased as the fermentation peri od increased 

(Figure 6). This occu rred as a result of the brcakdown of the sugar and subsequent conwrsion to 

ethyl alcohol. The graph al so sho\\s the alcohol product ion or vessel Band D "ere higher than 

vessel A and C as discussed above. 

5.6. Ph ysicochcm ica l a nalys is of cactus pcar fruit wi nc 

The pi I of the cactus "incs \\ere betm:cn 5.3-5.4 in all ,"essels Crable 9). Thus the cactus "ine 

produccd in thi s work has ve ry low acid cOJ11IXl red to other fruit wincs «-1.5) (Okigbo and Obirc. 

2009). This might be duc to the low ac idic nature of the cactus fruit and there was no added acid 
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during ferm entat ion fo r this work. This pH and the low titratab lc acidics of the wine Lrvor the 

growth of microorganisms therefore it will have sho rt shelf life. 

There was a visibl e co lor diffe rence between cactus wine and Awash rcd wine . Thc colo r of 

cactus wine were purple red whcreas, thc common ly used Awash red wine \Vas bluish red 

(Appendix 3). 

5.7. Senso ry a na lys is 

T he mean sco re of cactus wine in each vessels (A. B. C and 0 ) and in Awash red \\ 'ine (E) for 

colo r wc re; 7.06, 7.06, 7.8, 7.7 and 8.2 , and for appca rance; 7.06, 7.53. 8.33 , 8.2 and 8.5, 

respective ly Cr ab le 8). Th is result shown that there was signi fi cance d iffe rcncc in all sensory 

attrib utes between the cactus wine and Awash red wine . However, the co lor and appearance of 

the cactus wine were acceptable moderatel y. And thcre is no significancc differcncc bct\\'een 

each vesse ls of cactus wine in tcrms o f col or and appeara nce. Thi s is due to the co lor and 

appcara nce of the winc in allvcssels was almost similar (Appendix 3) and it \Vas not afl~cted b) 

yeast stra in and addition of suga r. Thc color and the appearance of the \\'ine are ciirectly related 

to the fruit and process ing. 

The mean sco re [or sensory attributes such as; aroma, taste and the ove rall qual ity acceptability 

fo r cactus wine of vesse l 0 was found to have high score compared to vesse l A. G and C. This 

might be due to the low alcobol concentrat ions in vessel A, G and C which favors the gro\\1h of 

microorgan isms that cause unpleasant off taste. 
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6. Conclusion 

l3ascd on the result of thi s research work. it was poss ible to obtain palatable and acceptable 

cactus fru it wine that was found to have a considerable medium level of alcohol conccillratioll 

(Vessel D, 12.2% alcohol content). This cactus juice was produced using sugar and standard 

yeast lor fermentation strains. Therefore there is a potential to produce winc from cactus fruit 

like other fruit s. 

The fe rmentat ion of cactus juice by indigenous yeast and without the addition of sugar (Vessel 

A), and with added sugar (Vessel 13) also produce fairly acceptable wines "ith low alcohol 

concentrat ion. Therefore it is poss ible to produce wine from cactus juice in household !cI'c l for 

immediate consumption. 

The amlysis on nutritional composition and yeast growth of cactus fruit juiee indicatcd that it 

has favorable properties to support the growth of yeast, and th us it has a potential to produce 

alcohol. The juice also has a good acceptable navor. color and other nutritional components like 

minerals. vitamins etc. 110\\"(;\'cr, the lo\\" acidic nature of the cactus juice produces low acidic 

wine. 
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7. Recommendation 

The cactus j uice has a good acceptable navor. color and other nutritiona l components inc luding 

m ine ral s. vitami ns etc and it supports the growth of yeast. Therefore it has a po tential to produce 

wine from cactus fru it like other fru its on a commercial leve l as wel l as house holed Icyd. 

However, fu rther study to increase the qua lity of the \\'inc and consumer preference taste is 

reco mm ended. 

The low ac idic nature of the cactus juice prod uces low ac idic wine therefore thc wine could be 

susceptible for m icrobial gro\\1h and cause spoilage or sour oiT ta ste. Therefore . acidification of 

the juiee is recommended to prevent bacterial gro\\·th during fermcntation as well as after 

fermentation. 

Production of \vine from cactus fru it decreases the postharvest losses of the fruits and it will add 

economical benefits fo r the fanners and producers. 
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Appendix 1 

Concentration of the standard so lutions prepared and the calibration curve. 

ethano l ml/lDOml 

propanol ml/lDOml 

ethanol peak area mv/s 

propano l peak area 

mv/s 
AR 
RR 

]3 

]6 
14 

12 

a: ]0 
a: 3 

G 

J 

7. , / 
./ 

0 

0 5 

1 5 10 

0.1 0.1 0.1 

221.9393 477.911 1801.896 

192.1347 100.8317 179.4792 

10 50 100 

1.155123 4.73969 10.03958 

Chart Title 

./ 

v c::: 1.06 /x · 0. 2 /5 -' 
r~ 2 :::. 0 996 _/./ 

. // 

]0 15 

Stj::lI1d,lred solution of ElhJnof in % 

15 

0.1 

3591.299 

223.4648 

150 

16.07098 

20 

l , 
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I) a te, ________ _ 

Taste r Number -----

App e ndix 2 

Senso,.,' Acccptabilitv Test In structions and score c;) rd 

Please rinse you r mouth with water be fore start ing and between each tastin g. 

Taste the samples accordi ng to the numbers in d i cat~d and give value [rom 1-9 [or each attribute 
based on the key g iven. 

I [you have any question pl ease ask the se rve r. 

9. Like ex tremely 4, Dis li ke slightl y 

8. Like very Illuch 3. Dis like moderately 

7. Like moderate ly ') Di slike \wy mllch 

6. Li ke slightly I . Di slike e~t reillc l y 

5. Neit her like nor d islike 

Sample code 

Att ributes A B C I) E 

Color 

Clarity(a ppea ra nce) 

Aroma 

Taste 

O"cr ;,11 acccpubilil) ' 

General Comme nts: _____________________________ _ 
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Appendix 3 

Appearance of the cactus juice wi ne from different fermentation batches: A, B, C and D, and 

Awash red wine E. 
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