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White and sparkling

Red winemaking winemaking

Red grape must White grape must
YDPs addition for
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rehydration
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fermentation fermentation
YDPs addition for
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Malolactic
fermentation

Malolactic
fermentation

YDPs addition for
tartaric, protein
and color
stabilization
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Stabilization Stabilization

YDPs addition for
mouthfeel and
antioxidant
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Finished wine - Finished wine -
Bottling Bottling

YDPs addition for
improving
mouthfeel, aroma
and foamability
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wine production
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2.3.  GSH and cysteine residues

GSH, cysteine (Cys), and wmlund cysteigl residues were quantified by URWDV after
derivatization with pbenzoquinone and countederivatization with 3mercaptopropionic acid €3
MPA), following the procedure of Tiredli al. (2010). Chromatographic separation was performed
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reaches 60% A and 40% B after 15 minutes, then from 15.5 minutes 0% A and 100% B until 18.5
minutes, followed by column wasig and reconditioning. The solutions were prepared in fresh
Milli-Q ® water (Millipore@lerck KGaA, Darmstadt, German@alibration curves for GSH and Cys
were constructed over the following concentration poin®ss, 1, 2, 5, 10, 25,50id é 4 ® ¢ KS
were dissolved or suspended synthetic wine solution & ™ nexcapt for&4 and A2, prepared
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for 5 min, centrifuged at 14 000 rpm for 5 min at®@, and the supernatants collected for UBUZ
analysis.
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Yeast au 5.5 25. 10.40,0 4,7 2.3 6,6 30.¢12.8 8.3 16. 9. 2/
Yeast e> 19. 50. 32. 1.4 3.7 3.0] 212.C 538. 3&. 9.4 11.° 10. {

Mannoprc 0.6 13. 4.710.7 4.1 1.8 1.3 15." 6.64 2.2 6.0 3.8
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Regarding RANwhich iscomposed off-amino N (excluding proline) and ammonidao our

knowledge, no study has yet measured its release from YDPs in hydroalcoholic solution. As shown

inc¢cloftS &eai
concentrations are very low (0.40 ® 1 n
are found in yeast extractalso in this caseMoreover, RAN concentrations in YDPs exhibit far

greater variability than totaN levels.
Within each product group¢(l o f )Ssamped7 among inactited yeastsdisplays the highest
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O H o hoddved & Usvoime of the highest in ammonium ion. Although I2A and 12B differ
AAIYATFAOIyGter GKS 0a2ftdziS RAFFSNBYOS Aa avyl
Fo2dzi G6AO0OS 1 HQa wHdnm YIi Jeuyuvd 2chriamongA2A, AZBl Y LI
and A2C, which have the lowestamino N in that group; they are followed by A3, Al atite

highest, whichis n 6 Hp ®m Y3Ii Jéuovd 9 &k YLI S& SEKAOAG GF
and E3 significantly eeed all other extractwith no ®y c X pn®nu H-amRoNgn dmT
NBaLISOGADGSEtT 9u FYR 9n NBYFAY o0St2¢6 wn Y3IAi[ Je
ANRdzL) O NAFOAfAGET NIYy3IAyYy3I FNER Y-aminoN. 6 ndcH Y 3Ii
l'R2al 3S I2iFn ,Fitk[ ey sKAOK | faz2z NBLNBaSyida GKS
OSdIftf LINBLI NI o2%d@bbwBpdgdaiweyy SRR t6A 0K G§KS KA3
204SNWSR Alyo 2imiiA & 34 HézReé 2F LI2SRSNI ¥ g eBREAZFRG |
FSNXYSyYy Gl o2 9 bLASNImMMM S0 v | (WHRIMAPE  g2dzf R RSTE AL
Hn Y3 w!bi[eéeud ¢KA&RFOAKESS)YSH NI5a 2072 NS @RISRt Agy
GKGEKES 2LJaYLFE w!b fS@a8na K@ PBEpYSH GHa NE c@wp A S
2T .5t a IYIERZIYNRAK S NIAYVAOBK I yaA & RE 2 NQBBI2NYY 2T §YeS RIAC
NBf SI &S {22FdzoaSiESNBYREND § KSNJ 0Ky RANBOG w! baadzLl
|l R2§Fdmtndany y2G3SRZ (GKS NBtSIFHaS 27 RSWIFRSy 4 dzk
GSYyRa G2 AYyONBlIaS LINPINBaargSted CAylftes Ad
Oy IfGSNI GKS Ydzad I NRYIlIa O IANE &N B RE NRYUf &X 0
FSNXYSyilloa2y! i NBYWI@ @t o

LG 62nMRAYSYRS 2 IOC/SRAzH LILISHYWRAEDHINSK ISHI OGSNAT | a2y
GKA& aitdzRé |yR SELXIAYy&a cndcc 22 2F GKSTGO2 G vt
SELX FAYAY3 (GKS nporno 22 @HAAS tlRaalSBtBlI AgAydAe Of
Of dZAGSNAT S &aSLI NFGSte FNRY Fff GKS 20GKSNJ aly
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YDP Uamino N (n Ammoni a (. mg RAN (mglg
|1 8.23 N O. 0.97 N 0.1 9.020. 86
| 2 A 4.72 N 0. 0.65 N 0.0 5.36 N 0.:
| 2B 6.08 N O. 0.95 N 0.0 7.04 N 0.
| 3 6.97 N 0. 0.66 N 0.1 7.63 N 0.
| 4 2 .030 82 1.18 N 0.0 3.48 N 0. ¢
| 5 8.27 N oO. 0.84 N 0.2 9.11 N 0. ¢
| 6 8.10 N 1. 0.79 N 0.0 8.89 N 1.:
| 7 13.3 N 1. 1.040. 33 14.72 N 1
| 8 6.07 N 1. 1.62 N 0.0 7.69 N 1.'!
H1 5. 00. GNO 1.03 N 0.2 6 £0. 23
H2 2.41 N 0. 0.64 N 0.0 3.06 N 0. :
Al 13.5 N O. 1.39 N 0.6 14.9 N 1
A2 A 5.59 N 0. 1.01 N 0.1 6 .060. 84
A2B 5.90. NO 0.63 N 0.1 6 .060 19
A2C 6.34 N O. 1.03 N 0.0 7.37 N 0.
A3 9.78 N O. 3.01 N 0.2 18N 0. 64
A4 25.1 N 1. 5.89 N 0.6 1.93 N 1.
E1A 43®N 0. 35 3.11 N 0.2 47 . \D 0. 609
E1B 50.0 N oO. 3.73 N 0.3 58N 1.56
E?2 1N 1.26 3.51 N 0.0 27N 0.91
E3 42N 0.87 3.37 N 0.1 47.5 N 2.
E 4 19.5 N 2. 1.45 N 0.2 20.RD 0. 30
MP 1 13N 0.14 2.34 N 0.1 15.6 N 0.:
MP 2 0.62 N O. 0.77 N 0.1 1.39 N 0.'!
MP 3 8.57 N 0. 2 .020 58 18N 1.00
MP 4 5.26 N 0. 1.34 N 0.1 6 .060. 96
MP 5 1.27 N 0. 0.76 N 0.1 2.03 N oO.
MP 6 8 .020. 96 4.13 N 0. 4 12.3 N 1.:
¢l ofoBE dy®dy2 YAGNRISYZ ! YY2YAL YR w!bX SELNBA&ASR Ay Y3Ii
' LISE NBLINB&ASY(d RAUGSNBY( aidlodaad IMREAZIEbhY REPRBEFSENKSES
FT2N) LF ndnpo o
oPHD{Il |yR O2aiSAyS NBaARdzSSa

G3 is one of the wine constituents exhibiting the highest antioxidant activity, and the use of
GSHenrichedYDPss often touted as avayto protect wine color intensity and aromaiidujarOrtiz

S 20x)PRegardinghe release of sulfucontaining compouns, namely GSH, cysteine (Cys),

and cysteinyl residues adsorbed onto YDP macromolectileso f fresentd the minimum, mean

and maximum values observed for each YDP type. As with nitrogenous compounds, E samples
display significantly higher mean GSH levels than other groups, although large variability exists
Y2y 3 SEGNI Ol az NIzy Iixbnh FYNER ¥ emabn W VY RiSHOLS yRA vy 3
I YSIYy 2F mMdpc YRHghSJEaKEYYAKSaxXSyy¥ardryhteyR at
respectively). H samples afee LJ12 2 NS &ad Ay D{ | not¥iglfigantyidiffargnfroha i I e y,
A and MP meandAll product classes exhibit substantial intiiass variabilityThese findings are
consistent with Voc& (i (2021)pwho reported GSH levels in thermal autolysates,-pighsure

homogenization autolysates and commercial autolysatesy@ies ¢ |y R ¢ Y3Ii Jeéeuys
GabrielliS G (2047%pwith ann 371 K[ éy FRRAGAZ2Y Ay aedyikKSGAO
podny Y3Ii[ efip oMM Ay NENIRNGISR D{I NBfSIFasSa o8

c o



AeYUKSUAO 6AYS F2NJ orioSn @HaiXbbsavedReteasesdrénging frofMR dze |
ndénc G2 wHodno Y3Ii[euyux faz2z G on FiK[eéyud ¢KSa
underscore the pronounced variability in GSH release among YDPs of the same category.

Free cysteine (Cys) is most abundant in A and E samples, with average released Cys concentrations
2F ndpH YR ndpn Y3Ii ey NBaAaLISOGABStET K24SQ
registered. Significantly lower free Cys levels were measurédH and MP samples. The majority

of Cys in all samples is present as adsorbed Ggsnd to cell wall residues or other cellular
components A G K @I f dzSa NBFOKAY3A dzLJ G2 Ttvédmm Y3Ii Jeuy
appears that liquid formulationsetain more adsorbed Cys than other YDPs, the industrial process
could reduce the adsorbed cysteine level present in YDP products, since the most labored products
seem to have less of it.

YDPs GSH (mglL Cysteine (| Adsor bed( mglsg

Mi n Max Av Mi n Max Av Mi n Max Av

Il nactivat ND 3.4 1.5 N D 0.1 0.0/ 0.6 1.38 1. 21
Yeast h 0.00.10.0 0.0 0.0 O.0f 0.1 0.4 0.2¢
Yeast aut 0.0 1.50.8/ 0.0 1.2 0.5 0. 4 7.1 2. 973
Yeast ex 0.0 8.9 2.4 0.1 1.1 0.5 N D 1.1 0. 517

Mannopro ND 5.2 0.8 N D 0.1 0.0 0.3 6.7  1.6¢

8 ofrfY RYAYdzYS YI EAYdzYhit YRY 2 O\SNG NB3 By THiSYRFIX R A W! $1 OK |
2F .5t &40§dZRRASR® [ SHESNE Ay | LISkl &NBILINGS!SKHIQ RO LISNIB Y[ S 5 | B2

¢ I o f Sighbghtp the magnitude of intralass differences, particularly for GSH. Considerable
variabilityin GSHalso exists between different production batches: I2A and 12B differ significantly,
GAOK /2a O2yOSyiUNrGA2ya 2F nodyy YR noyy Y3Ii3
RAFTFSNB aAIYAFAOFYyGE & FNRWYI FRASEOYNQRT na AYHEYT AFFeAuQ)l 2y
both of them In contrast, no significant difference is observed between E1A and E1B. The highest
D{I O2y0Syd Aa F2dzy R Ay 9n o6y ddpdp Y3Ii ey d

These withircategory differencescould be due to several factors includingariations in
manufacturing protocols, biomass cultivation conditions, and autolysis/inactivation treatments.
Thermal processing appears to reduce sutfampound content in YDP&r{dujarOrtizS (i 2012 & >
VoceS i 20X) D =

¢CKS t/ ! LISNF2NN¥SR 6ACKIES NILRISSNINIE 0o 26/A IR (AT F
LI2aAsa2yAy3d 2F &l YLISa !'!'n IyR atcX gKAOK RAR Yy
A F RE2NDSR OealisSAySeo b2ilofteéxr (KSasS al YLX Sa

I LI2aaArAodys &RBROIY sl KAa OKSYAOIT FSIFGdz2NB | yR (

RAR y2i( OfdzadiSNJI gA0GK G(KS 20KSNJ &Sl aid SEGNY Oda



YDP GSH (mglg Free cystein Adsorbed cyst
I 1 3.45 N O. 0.08 N 0.0 1.28 N 0. ¢
I 2 A 0.88 N 0. 0.06 N 0.0 1.03 N 0.1
| 2B 4.88 N 0. 0.06 N 0.0 1 .080 68
| 3 2.54 N O. 0.06 N 0.0 1.83 N 0. :
| 4 0.0@. ™o N D 1.21 N 0. :
| 5 1.23 N 0. 0.07 N 0.0 1.41 N 0. :
| 6 3.32 N 0. 0.#0. 03 1.04 N 0.1
| 7 0.35 N 0. 0.#0. 03 1.01 N 0.1
| 8 N D N D 0.69 N 0.
H1 0. 0@. NO 0. 0@. NO 0.45 N 0. :
H2 0. 1@®. NO 0.0@. BNO 0.11 N 0. (
Al 1.51 N O. 0.08 N 0.0 1.24 N 0.:
A2 A 1.69 N 1. OOH 0.15 0.79 N 0.
A2B 4. 74 N 3. 07 N 307 0.71 N o0.'!
A2C 2.88 N 0. 1.080. 19 0.55 N 0. -
A3 0.97 N O. 0.27 N 0.0 0.44 N 0.
A4 0.09 N O. 1.26 N 0.2 7.11 N 2.:
E1A 1.080. 04 0.59 N 0.0 1.11 N 0. :
E1B 1.42 N O. 0.54 N 0.0 0.98 N 0.
E?2 0.08 N 0. 0.11 N 0.0 0.31 N oO.
E3 0.22 N 0. 0.26 N 0.0 0.21 N o0.
E 4 8.99 N 0. 1.11 N 0.5 N D
MP 1 ND ND 0.43 N 0.
MP 2 ND ND 0.84 N 0.
MP 3 ND ND 0.31 N 0.
MP 4 5.26 N O. 0.16 N 0.C 0.95 N o0.'!
MP 5 N D N D 0.72 N 0.
MP 6 N D N D 6. 74 N 1.
¢l ofpp®{Ed FNBS /eé 3 YRE INBISRENDRS RA yO&evadi ey F2dzyR Ay S OK
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YDPs DPPHrolox m ABTSrol ox FRA@®rol ox ml

Mi n Ma x Av Mi n Max Av Mi n  Max Av
I nactivat 0.3 1®. 7.1 0.0 11. 4. 0.2 2@. 8. 21
Yeast hi1 0.3 2.5 1.4 0.0 1.4 0. 9.0 13. 11. 1
Yeast aut 7.8 19.:' 1Q. 8.6 40. 16. 6.5 62. 16. §
Yeast ex 16. 4 4 . 28. 34. 43. 41. 14. C 6 6. 40. 4
Mannopro 3.6 20. 10. 1. 43. 19.| 10. 39. 19. 7
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FyR D{I O2yiSyid 3IAGBSYy AlGa 1y26y NBR2E LINZLISNb:
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YDP DPPHr pl ox ABTSr ol ox mM FRAPr ol ox mN\
I 1 8.35 N O. 4.57 N 1.4 5.42 N 0.
| 2 A 7.63 N 0. 8.21 N 0.5 4.72 N 0.
| 2B 8.03 N 1. 10.6 N 2.2 5.7 N 1.1
| 3 6.96 N O. 4.55 N 2.1 7.69 N 0.1
| 4 0.39 N oO. N D 0.24 N 0. (
| 5 9.080. 39 2.04 N 1.1 7.47 N 1.:
| 6 7.95 N 1. 11.4 N 1.2 5.71 N 0.
| 7 6.33 N 1. 5.03 N 0.7 4.74 N 0.
| 8 18N 3.17 1.33 N 0.0 2N 1. 32
H1 0.32 N 0. N D 9. 0D 0. 6

H2 2.51 N 0. 1.49 N 1.9 13N 0.83
Al 12.6 N 4. 5.0805 3 12N 1. 28
A2 A 7.85 N 1. 868 2.35 656 1. 13
A2B 1BN 3.30 28N 5.89 17.6 N 3.
A2C 19.0 N O. 3BN 2.85 17.4 N 2.
A3 15N01. 74 40 .N0 4. 46 21.8 N 1.
A4 16N 3. 77 12N 5.05 6 2N 8. 89
E1A 24N 4.05 43.5 N 2.5 24.6 N 3
E1B 32.9 N 4. 43.5 N 0.5 68BN 12.0
E2 16.4 N 2. 38N 1.96 14 .80 2. 34
E3 28N 3.21 42N 0.68 33.4 N 3.
EA4 44.3 N 0. 435N 0.98 68N 6. 38
MP 1 938 1.18 24.5 N 4.7 135N 1. 38
MP 2 13.6 N 1. 1aN 1. 73 34N 4. 82
MP 3 17.2 N 1. 24.7 N 4.9 20.4 N 3.1
MP 4 13Na 04 43.2 N 1.2 10.8 N 1.
MP 5 3068 0.19 1@eN 1. 49 38N 3.52
MP 6 20.1 N 8. 15.2 N 13. 39.0 N 7.:
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azald 2F (KSasS alryvyLiSa R2 y20G RAGSNI aax3ayiauol y
G NASad ¢KA& RAAONBLI yOe& YI& FNRAaS FTNRBY RAGSN
FOAR&X LISLIWBRSA FyR | YY2yASHkYW: IXNJORNENYIIEZINR! i ES3%y
HNo® ¢Kdzax NREWRAWBYSYialrs2ya R2 y20 ySOSaal NJ
LINPGSAY @AStRAZ Fa (GKS RAAGNAROdza2Yy Y2y 3a yAilN

18 17 16 15 14 13 12B 12A 1 MW (kDa)

B e o7

5 S 66
S 45
S 35
— 27

-
. 20

L 4
— — 14

Vol (ul) 10 5 10 0 10 10 10 10 10
CAHdthESTI{m-CEnS AaSLI NBfoRY2 BMRIWBINY A 2F Ayl Oa@l 6SR &SI &(:

I FYR L &l YLX S& SEKAOAG CAAGAMS N CLENERHEAKY T5/021 (il FOM
AY o0l YR AYOBRIEMR (l8y INKS | INBdzZLIE !'m! T ' wu/ YR
Ay U NR JdRSEADRES 'K GAY T GKS KAITKSSXa (2K8 € mod 2 B ¥
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Inactivated yeasts Yeast hulls Yeast autolysates Yeast extracts Mannoproteins

PS (malo) Min  Max Av Min  Max Av Min  Max Av Min  Max Av Min Max Av
P>200 0.32.71.30.82.31.6/0.61.00.9 ND 0.80.41.0 4.7 2.7
P20GP100 2.26.74.5/6.112. 9.1 1.926.7.1 ND 4.12.016. 111 58.
P10GP50 1.37.233.3/7.519. 13.{1.020.5.4 ND 2.t51.323. 142 103.
P50-P20 0.78.£54.12/8.921. 15.10.212. 4.2 0.42.31.228. 273 144.
P20-P10 0.04.C2.2/3.88.66.2 ND 6.82.3 ND 0.80.416. 197 101.
<P10 ND 5.C0.8/2.13.32.7/ ND 2.70.7, ND 0.30.25.4201 89.
tot 5.630.16.(31. 65. 48.{3.965.21.{1.610.5.290. 883 515.
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s (%) Inactivated yeasts Yeast hulls Yeast autolysates Yeast extracts Mannoproteins
PS (%

Min  Max  Av Min  Max Av Min  Max Av Min  Max  Av Min Max Av
<P10 ND 16.6.5(5.16.4 5.8 ND 8.52.3 ND 21.4.8|5.1 23. 13.

P20P10 1.622. 11.(12. 13. 12. ND 21. 7.1/ ND 50. 13.|11. 22. . 18.

P50P20 13. 41.20.(129. 32. 30.|7.628.17.|12. 28.21.|27. 34. 31.

P10GP50 13. 26. 21.(24. 29. 27./17. 30. 25.| ND 31. 21.|15. 29. 21.

P20GP100 | 10. 44. 30./18. 20. 19.|/20. 48. 38.| ND 49. 32.|6.7 25. 13.

P>200 1.217.10.(1.37.2 4.3/1.516.9.1 ND 9.26.1|/0.3 1.2'0.6
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YDP P>200 P200P100 P10GP50 P50P20 P20P10 <P10 tot
(mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g)
1 2.73 N 6.75 N 3.39 N 4.23 N 4.06 N 2.46 N 23.6 N
12A 1.05 N 3.17 K 1.78 N 1.03 N o0.18 K N D 7.21 N
2B 1.01 N 2.33 K 1.53 N 0.74 N 0.09 K N D 5.69 N
13 0.54 N 2.67 N 1.38 N 1.71 N 2.24 N 1.54 K 10.1 KN
14 0.37 N 6.41 N 7.36 N 7.34 N 3.69 KN 5.03 N 30.2 N
15 1.55 N 6.15 N 4.54 N 3.68 N 1.48 N 0.82 N 18.2 N
16 1.49 N 5.59 N 3.70 N 4.95 N 4.05 K 2.63 N 22.4 N
17 1.74 N 4.87 N 2.97 N 2.17 N 0.44 N ND 12.2 N
18 1.98 N 2.21 N 4.89 N 8.51 N 2.87 N ND 20.5 N
H1 0.86 N 12.1 N 19.5 N 20.9 N 8.69 N 3.35 N 65.4 N
H2 2.35 N 6.18 N 7.55 N 8.96 N 3.86 N 2.10 N 31.0 N
Al 0.99 N 6.66 N 5.57 N 9.18 N 6.79 K 2.76 N 31.9 N
A2A 1.07 N 3.54 N 2.35 N 1.28 N 0.18 N ND 8.42 N
A2B 0.68 N 2.20 N 1.26 N 0.57 N o0.08 K ND 4.79 N
A2C 0.74 N 1.90 N 1.07 N o0.25 N ND ND 3.96 N
A3 1.03 N 4.37 N 3.27 N 3.62 N 1.68 N 0.52 N 14.5 N
A4 1.01 N 26.3 N 20.1 N 12.9 N 4.17 K 1.16 N 65.7 N
E1A 0.25 N 1.53 N 1.29 N 0.97 N ND ND 4.04 N
E1B 0.27 N 1.50 N 0.98 N 0.49 N ND ND 3.24 N
E2 ND N D ND 0.46 N 0.82 N 0.34 N 1.62 KN
E3 0.81 N 3.23 N 2.03 N 1.75 N 0.73 K 0.26 N 8.82 N
E4 0.67 N 4.15 N 2.52 N 2.32 N 0.64 N ND 10.3 N
MP1 4.76 N 111.09 128.5 N 121. 8 49.6 N 22.8 N 439.4 N
MP2 2.54 N 56.4 N 132. F 260.0 186.5 K 198. F 836 F
MP3 1.01 N 30.8 N 75.6 N 117.0 68.4 N 48.7 N 341 r
MP4 1.07 N 16.2 N 23.1 N 28.6 N 16.3 N 5.40 N 90.6 N
MP5 3.80 N 64.9 K 142. F 273.5 197.7 f 201.7 N 883.9 K
MP6 3.42 N 73.1 N 114. F 162.0 93.2 N 57.3 N 503.7 N
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YDP P>200 (%) P206P100 (%) P100P50 (%) P50P20 (%) P20P10 (%) <P10 (%)
I 1 2.73 NQ 28.87 114.14 1 7.46 N 17.33 110.63 I
I2A |1.05 RQ 44.52 124.48 113.36 | 2.05 N ND
2B |1.01 @ 40.78 126.76 113.12 1 1.61 KN ND
I 3 0.54 N 26.63 f13.36 116.75 122.23 115.68 I
| 4 0.37 N 21.22 124.36 1'24.31 112.22 f16.66 I
15 1.55 RQ 33.77 12408 0. 20.18 fF 8.08 N 4.53 N
I 6 1.49 N 24.98 116.54 122.13 (f18.08 1 110\ 0.
17 1.74 NQ 39.96 124.39 117.82 F 3.59 N ND
| 8 1.98 RQ 10.77 123.88 [41.61 114.04 | ND
H1 133+0.19 1845+031 29.72+1.18 3213+143 1322+131 515+0.56
H2 7.28+5.16 20.03+1.60 24.65+507 2925+576 1234+169 6.44+559
Al 3.0%0. 14 20.82+0.37 17.38+0.88 28.79+0.94 21.33+0.98 859081
A2A 12.21 K 4268+412 2814+1.12 14.83+239 214+0.36 ND
A2B 14.31 K 4597+157 26.20+238 11.86+2.05 1.67+2.36 ND
A2C 16.78 [ 4810014 2750+1.93 7.62+4.32 ND ND
A3 7.13 N 30124353 2257+137 2498+224 11.60+253 359%0.79
A4 1.54 N 4010+1.64 3065+0.16 19.60+1.24 6.34+040 1.77+0.14
E1A 6.32+0.66 37.91+0.78 31.78+0.84 23.99+0.97 ND ND
E1B 8.87+2.67 49.32+16.65 29.80+2.32 12.02+16.99 ND ND
E2 ND ND ND 2830273 50.68+0.16 21.02+2.57
E3 9.27+0.54 36.82+272 2298+0.79 19.70£2.64 8.28+0.39 297+056
E4 6.49+0.10 40.29+ND  24.47+0.38 2255+0.06 6.20+053 ND
MP1 1.09+028 2546+0.04 2921+1.44 27.73+0.89 11.31+044 519+0.12
MP2 0.30+0.01 6.74+0.40 1585061 31.08+0.10 22.29+027 23.74%1.19
MP3 0.3+0.01 9.01+1.10 2214+1.01 3427+1.14 2002+131 14.26+0.34
MP4 1.20+0.36 17.93+1.74 2546040 31.50+1.23 17.95+0.70 5.97+0.23
MP5 043+0.15 7.36+0.98 16.13+1.53 30.94+021 2237%0.16 22.77+2.70
MP6 0.67+0.24 1448+165 2276+0.08 32.16+0.10 1851+0.08 11.42+1.95
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Amino acid Inactivated yeasts Yeast hulls Yeast autolysates Yeast Extracts Mannoproteins

(mo'o Min Max Av Min Max Av Min Max Av Min Max Av Min Max Av
trp ND 131 0.20 0.29 0.32 0.31 ND 1.34 0.43 0.29 6.82 4.30 ND 1.53 0.43
phe ND 4.10 0.92 1.10 1.70 1.40 0.38 8.72 2.38 1.48 211 132 ND 4.45 157
leu 0.07 5.92 1.39 1.64 2.28 1.96 0.56 12.25 3.36 1.97 480 287 0.05 5.99 2.27
ile 0.14 3.95 112 1.18 151 1.35 1.03 6.85 257 242 299 16.0 ND 3.86 1.55
met ND 1.61 0.30 ND 0.36 0.18 ND 3.66 0.86 0.39 8.93 5.59 ND 1.53 0.34
gaba 0.10 4.87 1.90 0.37 0.61 0.49 1.34 12.82 4.45 1.47 35.6 180 0.04 4.38 1.35
tyr 0.10 3.19 0.77 1.00 1.33 117 0.23 3.79 1.34 1.18 19.0 103 0.09 3.36 1.27
pro 0.52 454 218 0.90 1.01 0.96 1.48 5.63 247 2.09 229 9.88 0.33 2.99 154
ala 4.76 132 7.53 174 2.84 229 1.85 16.9 7.48 231 64.9 375 0.35 112 3.87
thr 0.28 3.45 0.94 0.99 1.08 1.04 0.29 6.85 1.96 191 19.2 122 0.08 3.89 131
gly 0.78 1.88 113 0.80 0.85 0.83 0.54 4.13 145 4.00 158 8.20 0.74 294 157
gln ND 7.27 249 ND 0.51 0.26 ND 4.04 253 1.29 225 191 ND 121 0.04
ser 1.83 4.71 253 0.81 1.42 112 0.18 247 0.98 4.10 235 129 1.65 6.73 331
glu 4.16 352 193 275 3.96 3.36 150 393 203 279 547 388 ND 110 4.76
asn 043 379 142 0.89 1.00 0.95 0.83 5.09 198 3.09 2203 126 ND 4.69 145
asp ND 2.50 0.31 201 2.28 215 135 102 3.70 112 208 134 ND 155 0.53
arg 0.92 5.49 294 1.99 2.20 2.10 1.69 6.19 311 145 40.0 248 ND 7.04 241
his ND 142 0.51 0.47 0.47 0.47 ND 1.89 0.63 1.28 9.35 4.88 ND 0.97 0.38
lys 0.17 4.52 128 134 1.48 141 0.05 1162 2.96 351 417 20.0 ND 4.12 1.44
orn 0.73 4.73 2.69 0.71 0.82 0.77 193 8.74 573 2.30 13.0 7.80 ND 2.39 148
cis ND ND ND ND ND ND ND ND ND ND ND ND ND 4.05 1.42
val ND 5.06 1.88 121 1.80 151 0.86 24.03 6.89 192 223 154 0.28 4.61 201
Total 18.7 84.0 53.9 221 291 26.0 41.9 151.5 775 1114 4669 316.1 3.86 829 34.8
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