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RECENTDATAON THE BIOCHEMICAL BASIS



OFDURUMWHEATQUALITY(*)
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INTRODUCTION



DESF,) IS THE RAWMATERIAL DURUM WHEAT(TRITICUMDURUM OF CHOICEFOR THE MANUFACTURE OF PASTAPRODUCTS BECAUSEOF THE SUPERIORRHEOLOGICAL PROPERTIESOF DURUM WHEATPASTADOUGHS AND THE IDEALLYSUITEDCOLORANDCOOKING QUALITYOF DURUM WHEATPASTA, LJNLIKECOMMON WHEAT,ANDIMPORTANT PARTOF WHICHCANBE USEDFOR ANIMALFEED, THE MAJOROPENINGOF DURUM WHEATIS PASTAFOR HUMAN FOOD, SINCE PASTA, AT LEAST IN COUNTRIESSUCHAS FRANCEANDlTALY, MUSTBE MANUFACTURED FROMPUREDURUM WHEATSEMOLINA,IT IS ESPECIALLY IMPORTANT THATQUALITYOF DURUM WHEATMEETSDEMANDS OF SEMOLINA . .. ANDPASTA-MAKING INDUSTRIES, DuRu~ WHEAT Q~ALITY_GENERALLY INCLUDESALL cHARACTERISTics OF DURUM WHEAT ANDMOREESPECIALLY - THE SEMOLINA YIELD, I,E, THE WEIGHTOF SEMOLINÀOF A GIVENPURITYTHATCANBE PROCESSEDON WHEAT BASIS, . - THE ABILITY OF SEMOLINA TO BE PROCESSEDINTO PASTAWHICH IS BRIGHTYELLOW IN COLORANDWHICH,WHENCOOKED,RESISTS DESINTEGRATIONANDRETAINSA FIRM STRUCTURE, (~)



PRESENTED AT SECONDFLAVORCONFERE NCE ON THE QUALITY OF FOODS ANDBEVERAGES , ATHEN S, 20-24 JULY 1981.



2



lT IS PRIMARILYTHE SECONDGROUPOF CHARACTERISTICS THAT WE ARE DEALINGWITHTO DAYSINCE IT IS THE MOSTCLOSELYRELATED TO BIOCHEMICAL COMPOSITION OF SEMOLINAANDSINCE POORCOOKINGQUALITY VARIETIES RECENTLY RAISED CONCERNS IS SOMECOUNTRIES,SO THAT THE PRODUCTION OF HIGH COOKINGQUALITYVARIETIES IS PRESENTLYA MAJOROBJECTIVEOF DURUM WHEATBREEDERS, IN OPPOSITIONTO PASTACOLORQUESTION,WHICHIS RELATIVELY WELLUNDERSTOOD EXPLAININGVARIETALDIFFERENCESIN COOKINGQUALITY 1 IN TERMSOF SIMPLE DIFFERENCESIN BIOCHEMICAL COMPOSITIONIS AN OLD RESEARCH OBJECTIVETHATHAS REMAINED UNFULFILLED ANDCONSIDERABLE WORKIS STILL NEEDEDIN THIS FIELD, AccORDINGLY,WEWOULD LIKE TO UNDERLINEOURRECENTPROGRESS CONCERNING THE BIOCHEMICAL BASIS OF DURUM WHEATCOOKINGQUALITY, AT PRESENT, FAST ANDSMALLSCALEMETHODS FOR DIRECT ESTIMA- 1 TION OF THE COOKING .QUALITYOF DURUM WHEATSARE OF COURSEAVAILABLE, SOMECONSIST IN PROCESSINGGRAINS INTO SEMOLINAANDPASTADISKS OR SPAGHETTI, COOKINGANDAPPRECIATINGTHEIR CHARACTERISTICS THROUGH THE USE OF SOMEKIND OF RHEOLOGICAL APPARATUS HowEVER,COOKING QUALITYASSESSMENT AT THE BREEDINGSTAGEISA MORECRITICAL PROBLEM, SINCE COOKINGQUALITYSCORESOF DURUM WHEATSAMPLESARE HIGHLYINFLUENCED BY GROWING ÎHIS ON THIS SLIDE IN . . . . . . .. CONDITIONS, . .. . . . .. . · .. . - IS ..SHOWN WHICHI HAVEGATHERED THE COOKINGQUALITYSCORES(10 : EXCELLENT; Ü: VERYPOOR) OF 24 DURUM WHEATSAMPLESCONSISTINGIN 3 VARIETIES GROWN IN 8 DIFFERENTLOCATIONS, I



lT IS CLEARTHATBREEDERSCANNOTGET ENTIRE SATISFACTION FROMTHESEMETHODS SINCE THEYARE HARDLYABLE TO ACCOUNT FOR THE RESPECTIVE INFLUENCEOF THE GENOTYPE ANDOF THE ENVIRONMENT EXCEPT IN MULTIPLYING THE NUMBER OF FIELD TESTS, ÎHEREFORE, 1 THINK IT FRUITFULTO CLEARLYDISTINGUISH BETWEEN - BREEDINGTESTS THATMU ST GIVE AN ACCOUNT OF THE VARIETAL INTRINSIC QUALITYOF GENOTYPES AND - COMMERCIAL TESTS (INCLUDINGMICRO COOKINGTESTS) THAT •



s
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MUSTASSESS THE COMMERtIAL QUALITYOF SAMPLES1,E, THE RESULTOF INTERACTIONS BETWEENINTRINSIC QUALITYANDGROWING CONDITIONSOF THE PLANT,



IT TURNSOUTTHATMOSTOF THE TESTS THATARE USEDBY BREEDERS DERIVE FROMMETHODS WHICHWEREORIGINALLYDEYELOPED TO EYALUATE COMMERCIAL QUALITYAND, UNTIL RECENTLY,ONLYFEWSTUDIES HAYE BEENDEVOTEDTO THE DEVEL.OPMENT OF METHODS ALLOWING A DIRECT ASSESSMENTOF INTRINSIC COOKINGQUALITYOF THE GENOTYPES,WETHINK FURTHERMORE THATSUCHMETHODS ARE REQUIREDTO HAVETHE FOLLOWING CHARACTERISTICS : - INDEPENDANCE OF THE RESULTSWITH REGARDTO THE AGRONOMICAL RECORDOF THE SAMPLE - HIGH CORRELATION WITH THE VARIETALRANKINGTHATWOULD HAVERESULTEDFROMCONVENTIONAL EXPERIMENTS - POTENTIALFOR ANALYZING A LARGESERIES ANDA SMALLAMOUNT OF MATERIAL, WETHINK THATRECENT PROGRESS IN . THE KNOWLEDGE ON. THE BIO. . . CHEMICALCOMPOSITION OF DURUM WHEATKERNELAND ITS GENETICCONTROL OPENNEW FI.ELDS OF INVESTIGATIONIN VIEW TO UNDERSTAND THE BIOCHE. . . . MICALBASIS OF COOKINGQUALITY ANDTO DEVELOP BIOCHEMICAL TESTS . . . . . WHICHPERFECTLYMEETTHE ABOYE-MENTIONED CHARACTERISTICS,



FOR EXAMPLE,IT IS LARGELYACCEPTEDTHAT COOKING QUALITY . . . OF DURUM WHEATIS ASSOCIATEDWITH THE QUANTITY AND THE QUALITY OF . . . . ITS PROTEINS, PARTICULARLY OF ITS GLUTENPROTEINS, As THE QUANTITY OF PROTEINS IS INFLUENCED TO A LARGEEXTENTBY ENVIRONMENTAL FACTORS ANDTHE QUALITYONLYI S HERITABLE,WE$HALL UNDERLINEHEREUNDER THE POSSIBILITIES OF DEVELOPING BREEDINGTESTS FOR HIGH INTRINSIC COOKINGQUALITYBASEDON GLUTENQUALITY(1 .E. · viscOELASTIC PROPERTIES) ANDCOMPOSITION OF THE TWOMAINGLUTENFRACTIONS: GLIADINS ANDGLUTENINS, '
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l - RELATIONSHIPBETWEENVISCOELASTICPROPERTIESOF GLUTENAND COOKINGQUALITYOF DURUM WHEATVARIETIES



AT FIRST, THE VISCOELASTICPROPERTIESOF GLUTENWEREDETERMINEDBY MEANSOF A VISCOELASTOGRAPH, ÎHIS APPARATUS ALLOWED TO FOLLOW THE STRAIN OF A SOLID IN TERMSOF APPLIED STRESS ANDOF TIME THE GLUTENDISK WASPUT ON THE SAMPLEPLATE; A CONSTANT LOADWAS APPLIED FOR 40 SECONDSANDTHEN REMOVED; THE TIME DEPENDENCE OF THE THICKNESSVARIATIONOF THE GLUTENDISK WASSIMULTANEOUSLY SCANNED BEFOREANDAFTER LOADINGOFF, (E2 - El) WASINFERED ÎHE ABSOLUTEELASTIC GLUTENRECOVERY FROMTHE VALUEOF THE PARAMETERS : El (THICKNESSI MME DIATLYBEFORE LOADINGOFF) ANDE2 _(FINAL THICKNESS, 20 SECONDSAFTER LOADINGOFF), ÎHE ELASTIC RECOVERY WASDETER MINED FOR A LARGENUMBE R OF SAMPLESOF VERYDIFFERENTVARIETALANDAGRONOMICAL ORIGINES, FROM THE EXAMINATION OF ALL THE DATA,·wE REACHED THE FOLLOWING CONCLUSIONS : - WITHIN ALL SAMPLES,ABSOLUTERECOVERY VALUESRANGEDFROM 0,3 TO 2.1 MM - IN A GIVENVARIETY, ABSOLUTEELASTIC RECOVERY VARIEP WITHIN NARROW LIMITS AROUND ANDAVERAGE VALUEWHICHWASAS MUCH LOWAS THE WHEATPROTEIN CONTENTWASHIGH - LOWERWASTHIS AVERAGEVALUE, MOREI MPO RTANT WERETHE FLUCTUATION S - A VARIET Y·. COULDBE CHARACTERLZED BY THE AVERAGE VALUE OF ITS GLUTENVISCOELASTICITY DISTRIBUTED - THE 122 VARIETIES THATWEREANALYZED . WERE . INTO TWOBASICALLYEQUALCLASSES AROUND THE MEANVALUES0.6 AND 1.8 MM - THE VISCOELASTICPROPERTIESOF COOKEDGLUTENDISKS ARE THEREFOREMAINLYGENETICDEPENDENT, ~



WELLKNOWN VARIETIES WITH EITHER A HIGH OR A LOWCOOKING QUALITYWER E CHECKEDFOR THEIR GLUTEN VISCOEL ASTIC PROPERTIES,
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lT COULDBE. NOTICED THATALL THE FOR THEIR . .. . VARIETIES KNOWN GOODCOOKINGQUALITYHADA GLUTEN,THE ABSOLUTEELASTIC RECOVERY OF WHICHWASHIGHERTHAN1.6. AT THE CONTRARY,GLUTENSFROMLOWOR MEDIUMCOOKINGQUALITYVARIETIES HAVEAN ABSOLUTEELASTIC RECOVERY AS A MEDIUM LOWERTHAN1~0 (EXCEPTEDLAKOTA,THATCANBE REGARDED COOKINGQUALITYVARIETY), ÎHEREFORE, HIGHERIS THE ELASTIC RECOVERY VALUE, HIGHERIS THE INSTRtNSIC COOKINGQUALITY,



II - SEARCHFOR.A RELATIONSHIP ..BETWEEN GLIADIN"ELECtROPHORETIC PATTERNSANDVISCOELASTIC"PROPERTIESOF GLUTEN



122 DURUMWHEATVARIETIES OF DIFFERENTGENETlCALORIGINES WEREEXAMINED,



AFTER EXTRACTION BY 70 % ETHANOL,GLIADINSWEREFRACTIONATED IN POLYACRYLAMIDE GEL ACCORDING TO THE ELECTROPHORETIC TECHNIQUE ANDZILLMAN.CoMPONENTS MOBILITIES WEREESTABLISHEDBY OF BUSHUK 51 BAND, IN AGREEMENT WITH THE COMMON WHEAT REFERENCETO A STANDARD GLIADIN NOMENCLATURE, GLIADIN REGION : BY GIVING A SPECIAL ATTENTIONTO THE GAMMA DURUM WHEATSWERECLASSIFIED INTO TWOMAINGROUPS, - GROUP45 WASCHARACTERIZED BY PRESENCEOF A STRONGBAND 45 ANDABSENCEOF BANDIN THE -38 - -42 REGION - GROUP42 WASCHARACTERIZED BY ABSENCEOF BAND45 AND PRESENCEOF A STRONGBAND42,



68 VARIETIES OUT OF 122 BELONGED TO THE 45 TYPE, 50 TO THE



42



TYPE AND4 TO NE!THERTYPE,
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ÜNEOF THE MOSTINTERESTINGRESULTSOF THIS STUDYWASTHE OCCURENCE OF A VERYCLOSECORRESPONDANCE BETWEEN THE ELECTROPHORETIC TYPE OF THE DURUM VARIETIES ANDTHEIR VISCOELASTICPROPERTIES,



- 61 OUT OF THE 68 VARIETIES (90 %) ABOVECLASSIFIED IN



THE 45 GLIADINTYPE HADA GLUTEN,THE ELASTIC RECO VERYOF WHICHIS OYER 1,2 MM - 49 OUT OF THE 50 VARIETIES (98 %) ABOVECLASSIFIED IN THE 42 GLIADINTYPE HADA GLUTEN,THÉ ELÂSTIC REèOVERYOF WHICHIS LOWERTHAN1.2 MM, ÎHEREFORE,THERE IS AN AGREEMENT BETWEEN THE GLIADIN ELECTROPHORETIC PATTERNCOMPOSITION ANDTHE ABSOLUTEELASTIC RECOVERY OF GLUTEN,



III



- SEARCHFOR A .RELATIONSHIPBETWEEN HIGH MOLECULAR WEIGHTGLUTENIN ELECTROPHORETIC PATTERNSANDVISCOELASTICITYOF GLUTEN



80 DURUMWHEATVARIETIES WEREEXAM I NED, AFTER EXTRACTION FROMWHEAT KERNELS ANDREDUCTIONUSING . . SODIUM DODECYL SULFATE-MERCAPTO ETHANOL-TRISBUFFER, PROTEINWERE . . . FRACTIONATED IN VERTICALS.O.S. - POLYACRYLAMIDE GELS ACCORDING ' TO PAYNE ANDCOWORKER S , SPECIAL ATTENTIONWASGIYEN IN HIGH MOLECULARWEIGHTGLUTENIN : TYPE SUBUNnsWHICHCONSIST IN A A REGION (M,W, : . 85 000 - 110 000) AND IN AB REG)ON(M,Y, : 62 000 - 70 000) PROTEINPOLYMORPHISM WASLARGERI N THE A REGION(18 TYPES) THANIN THE B REGION(8 TYPES), ÎHE MAJORTYPES ARE PRESENTED ON THE SLIDE, IN GENERAL,THE MAJORTYPES (WE REFERREDTO AS A 3-10-13 ANDA 6-11) OF A SLJBUNITSANDALSO B SUBUNITSN° 3, 4, 5 WERENOT FOUNDASSOCIATEDWITH COOKINGQUALITYPOTENTIALSINCE THEYOCCURED
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IN BOTHHIGH ANDPOOR INTRINSIC COOKINGQUALITYVARIETIES, HoWEVER, A RELATIONSHIPWASNOTICEDBETWEEN SOMEUNUSUAL TYPES AND INTRINSIC COOKINGQUALITY, FOR INSTANCE,ALL VARIETIES HAVINGPATTERNSWITH SUBUNITSAl, OR A2, OR A5-A8 HADPOOR INTRINSIC COOKINGQUALITY, . . INCLUDINGVARIETIES (ISA 1) BELONGING TO THE GLIADIN TYPE 45, IN THE SAMEWAY,ALL VARIETIES HAVINGPATTERNSWITH BOTHA3 - A6 SUBUNITS HADEXCELLENTINTRINSIC COOKINGQUALITY, ..



.



(ONCERNINGTHE MAJORTYPES THE DISTRIBUTION . OF B . REGION, . SHOWED A RELATIONSHIPWITH INTRINSIC COOKING QUALITY WHICHIS IN . . . . AGREEMENT WITH THE GLIADIN 45/42 DISTRIBUTION : B2 COMPONENT SEEMED STRONGLY LINKEDTO 45 GLIADIN BANDWHEREAS Bl SEEMEDMOREASSOCIATED TO 42 GLIADIN BAND, SucH A RESULTcoULD ÈÈEXPLÀINEDcONSIDERING THE EXACT NATUREOF THE DIFFERENT HIGH MOLECULAR . . . . WEIGHTSUBUNITS, WETHINK THATB 3, 4, 5 SUBUNITSARE TYPICAL ALCOHOLINSOLU BLE GLUTENINS,LIKE A REGIONHIGH MOLECULAR WEIGHTS Bl OR . . . . ARE, WHEREAS B2ACTUALLYAGREESWITH SOMEOMEGAGLIADINBANDSWHICHLOOKCLOSELY LINKEDTO 42 OR 45 COMPONENTS,



CONCLUSION 1



ÎHE DISCOVERYOF AN EXCELLENTAGREEMENT BETWEEN THE GLIADIN ELECTROPHORETIC PATTERN S OF THE DURUM WHEATVARIETIES AND THEIR GLUTENVISCOELASTICPROPERTIESCANBE REGARDED AS AN APPRE. . CIABLE PROGRE SS IN THE UND ERSTANDING OF THE BIOCHEMICAL SUPPORTOF TECHNOLOGICAL QUALITYANDTHE USEFULNESSOF POLYACRYLAMIDE GEL ELECTROPHO RESIS IN BREEDINGPROGRAM S IS DEMON STRATED,



INTHI S



PURPO SE, AND IN ADDITIONTO PASTA COLORANDPROTEIN CONTENT ·DETERMINATION S, WE WOULDSUGGESTlJSING THE FOLLOWING BREEDING DIAGRAM :



8



\..__-.



- ScREENING(AS SOONAS THE F3 GENERATION,ANDEVENOF COMPONENT HALFF2 KERNELS), FOR THE PRESENCEOF THE ELECTROPHORETIC



45. ~ ScREENINGFROMTHE.F5 GENERATION (ON .-45 TYPE LINES) FOR . . . .



HIGH ELASTIC RECOVERY OF GLUTEN (HIGHER THAN1.5 MM), . . . - CONFIRMATION (AT THE LATTERBREEDINGSTAGES) OF THE COOKING QUALITYOF .LINES BY CHECKING MICROANDPILOT COOKING TESTS . . THROUGH . ANDEVALUATION OF THE EFFECTSOF THE GROWING CONDITIONS, .



. . ... . . .



. . . ..... .



ÎHE VARIETALCLASSIFfCATIONBASEDON GLIADINS IS CORROBORATEDANDEVENFURTHERSPLITTED UP BY THE STUDYOF SOMEHIGH MOLECULARWEIGHTFRACTIONSBUT, IN GENERAL,THE ASSOCIATIONBETWEEN ELECTROPHORETIC COMPOSITION AND INTRINSIC LOOKINGQUALITYIS STRONGER IN GLIADINSTHANIN HIGH MOLECULAR WEIGHTGLUTENINSUBUNITS,



BY KOSMOLAK ET AL, ÎHIS RESULT,· WHICHWASCORROBORATED (1980), RAISES MANYQUESTIONSABOUTTHE NATUREOF THE LINKAGEBETWEENTHE GLIADIN ELECTROPHOREGRAMS ANDTHE VISCOELASTICPROPERTIES CLOSETO GENESCOOF GLUTEN,ARE GENESCODINGFOR GLUTENSTRENGTH ? ÜR, MORE POSDING FOR SPECIFIC GLIADINBANDS(GENETICMARKING) . . . SIBLY, DO GLIADIN COMPONENTS HAVESPECIFIC CHARACTERISTICS WHICH WOULD ACT ON GLUTENVISCOELASTICITY(cAUSE-AND-EFFECTOR FUNCTIONAL RELATIONSHIP)? ÎHIS LATTERHYPOTHESISIS SUPPORTEDBY RECENTFJNDINGS OF JEANJEANET AL, (1980) THATSOMEGLIADIN FRACTIONSCAN PARTICIPATETO THE FORMATION OF AN INSOLUBLEPROTEINNETWORK WHICH GIVE HIGH VISCOELASTICITYTO THE GLUTENUPONHEATINGWHEREAS OTHER3 BY RECENTRESULTSCONCERNING THE CHECANNOT,lT IS ALSO SUPPORTED THAN MICALCOMPOSITION OF GLIADIN45 - HIGHERSURFACEHYDROPHOBICITY GLIADIN . 42 (GODONANDPOPINEAU, 1980) A~D HIGH SULPHUR CONTENTCOM. . PAREDTO OTHERGLIADINS (WRIGLEYET AL,, 1980) - WHICHARE LIKELY TO EXPLAINA BETTERCONTRIBUTION TO INSOLUBLEAGGREGATES ANDTO VISCOELASTICPROPERTIESOF GLUTEN,AccORDINGLY,GLIADIN 45 COULD HAVEA UNIQUESTRUCTURE THATENABLESSTRONGANDELASTIC PROTEIC NETWORK TO BE FORMED DURINGPASTAPROCESSANDCOULDBE MOREEFFICIENT AT DOINGTHIS THANTHE OTHERGLIADINS, ÜN THE OTHERHANDMOST OF THE GLUTENINSUBUNITSWITH HIGHESTMOLECULAR WEIGHTDO NOT SEEM



L ~



• \ 1
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TO HAVE SPECIFIC PROPERTIESANDCOULDME~ . .. . . . . .. . . THEIR RATIO TO OTHERFRACTIONS,



ACT IN BULKANDBY



ÜN THE OTHERHAND,WE THINK THATPASTACOOKINGQUALITY CHARACTERISTICS (FIRMNESS, ELASCONSISTSNOi ONLYOF RHEOLOGICAL TICITY) BUT ALSO OF. PHYSICAL ASPECT OF COOKED (ABSENCE . . .. . . . . . . . PASTA . . . .. . . . . . . . -. . OF SURFACEDETERIORATION IF . THE HAS . . . AND . . ..OF . .MUSHINESS), . . . . .. . . - . . . . ..FORMER . .. . .. . . . . BEEN . .. INVESTIGATED FOR A LONGTIME, CHEMICAL BASlS OF THE LATTER . . .. . THE .. .. . . . .. . . . . . . . . .. . . . . . . HAVENOTBEEN REALLYEXPLORED YET AND SHOULD BE CONSIDERED APART . .. . .. . . . FROMTHOSEOF RHEOLOGitALCHARACTERISTICS,IN . BOTHCASES fT COULD . BE ASSUMED THATPROTEINSALONEWILL FAIL FOR A TOTAL_EXPLANATIQN OF THE OBSERVED PHENOMENA ANDTHATNEWINSIGHTS CANBE EXPECTED FROMOTHERCONSTITUENTS LIKE CARBOHYDRATES ANDLIPIDS, · SINCE THE LATTER MIGHTHAVETOGETHER OXYDATIONS WITH GLUTENPROTEINS (LAIGNELET, 1979, 1981), A GREATERATTENTIONIN THE FUTURESHOULDBE PAYEDON LIPIDS COMPOSITION ANDGENETICSAS A FURTHERFACTORTO EXPLAIN VARIETALDIFFERENCESIN QUALITY,
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