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O ABSTRACT O

In this research, the prediction of methanol levels in traditional fermented beverages was
carried out in order to assess their safety. This was done by proposing two prediction
models: Nonlinear Regression model and Artificial Neural Network (ANN) model.

The study focused on the fermentation process of Vitis vinifera grapes, where 32 samples
were fermented for a period of 15 to 30 days, under temperature conditions ranging from
10 to 30 degrees Celsius and pH levels ranging from 3 to 5. In order to obtain input
variables, the methanol concentration of the fermented samples was measured. The input
variables included the type of fermented liquid, pH level, fermentation temperature,
fermentation time, and sterilization process of the fermentation medium. The formed
methanol concentration during fermentation was used as a dependent variable for the
Nonlinear Regression model and as an output for the Artificial Neural Network model. The
input data was processed, and the Artificial Neural Network model outperformed the
Nonlinear Regression model in estimating and predicting methanol levels, with an R? value
of 99.8%. The model also exhibited lower values of MSE, RMSE, and MAE compared to
the Nonlinear Regression model.
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1 Temperature°C
2 PH
Covariates 3 Time day
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Number of Units 5
Rescaling Method for Covariates Standardized
Number of Hidden Layers 2
Hidden Layers Number of Units in Hidden Layer 1* 3
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Number of Units 1
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AGAN HLEaYy gyl alily (2) e
Number of samples N Percent
sample Train_ing 32 70.0%
Tasting 16 30.0%
Total 48 100.0%
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Higanl) AQually landy) Julady gual) Jalatl) aladiudy §pial) J gitisall il (7) Joa

Samples  Type Ste 1(-1'21; PH Tscr:n P g/lbirl?(l)){s;f_’a ge(;?g:;ﬁ; Neural Network
1 Juice N4 10 3 15 90.95+2.67 76.75 87.7
2 nectar  +/ 10 3 15 133.77+8.58 92.38 129.5
3 Juice X 10 3 15 141.48+6.74 143.53 146.7
4 nectar X 10 3 15 234.231£57.2 312.65 252.6
5 Juice v 10 3 30 242.13£33.76 204.87 254.1
6 nectar  +/ 10 3 30 382.22+12.08 373.99 373.8
7 Juice X 10 3 30 418.25+10.75 425.14 417.6
8 nectar X 10 3 30 594.36+£16.33 594.26 585.4
9 Juice 10 5 15 168.09+18.21 100.37 191.9
10 nectar 10 5 15  288.16+12.06 269.5 279.5
11 Juice  x 10 5 15 312.18+85.77 320.65 299.8
12 nectar  x 10 5 15 432.24+11.4 489.77 428.6
13 Juice N4 10 5 30 378.22+15 381.99 378.3
14 nectar  +/ 10 5 30 548.33+15.69 551.11 550
15 Juice X 10 5 30 602.36+56.51 602.26 598.2
16 nectar X 10 5 30 772.49+20.83 771.38 781
17 Juice 30 3 15  249.14+38.95 222.62 262.7
18 nectar 30 3 15  399.24+50.75 391.74 388.4
19 Juice X 30 3 15 461.26+13.11 442.89 436.4
20 nectar  x 30 3 15 591.35+27.84 612.02 610.9
21 Juice N4 30 3 30 460.28+16.16 504.23 468.1
22 nectar 30 3 30  659.42+57.83 673.36 663.7
23 Juice  x 30 3 30 731.45+19.44 724.5 733.3
24 nectar  x 30 3 30 931.55+23.31 893.63 934.6
25 Juice N4 30 5 15 385.22+13.56 399.74 384
26 nectar  +/ 30 5 15 565.33+15.24 568.86 564.1
27 Juice X 30 5 15 625.39+54.65 620.01 617.8
28 nectar X 30 5 15 805.49+19.9 789.14 809.4
29 Juice v 30 5 30 595.34+22.25 681.35 585.2
30 nectar 30 5 30  825.52+20.84 850.48 842.2
31 Juice X 30 5 30 915.55+22.66 901.62 923.5
32 nectar  x 30 5 30 1145.69£31.71 1070.75 1127.7
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o
IS

—&— Neural Network == Nonlinear Ragrassion Analysis g/100l p.a

.(Neural Network-Nonlinear Regression) ¢padsail) zilii aa Analysis Jalailly aslil) Jgitisall 385 (4) Jsdd)

Aispeanl) Al Jlaniy) Jalat plaial Wy gaiall J gitisall illi (8) Jsia

1 Juice Vv 250 40 150 215.57 232
2 nectar 250 40 150 384.69 369
3 Juice X 250 40 150 435.84 4231
4 nectar  x 250 40 150 604.97 654.7
5 Juice 150 40 150 58.61 130
6 nectar 150 40 150 227.73 199.3
7 Juice X 150 40 150 278.88 225
8 nectar 150 40 150 448 384.4
9 Juice v 250 70 150 525.46 806.2
10 nectar 250 70 150 694.59 830.8
11 Juice X 250 70 150 745.74 815.1
12 nectar  x 250 70 150 914.86 797.7
13 Juice v 250 40 200 280.11 2774
14 nectar /250 40 200 449.24 4463
15 Juice X 250 40 200 500.39 514
16 nectar X 250 4.0 20.0 669.51 769
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esmmm Neural Network — esssssNonlinear Ragrassion
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i) Cpdsail) alaiialy dyilgdall ciliall b L Guial) Jgiliaal) ) (5) Jsad
O han Gapgd 1S Lisinas Tan G deleal (IS Eum Bl Y1 alea (9) saad) Jeday e o) sl ayiilg
dagles 43e32 b clldg Apguanll A5l laad) &l g Sl Jilaally dogleadl 810 A5jlae v |
sie R=0.97 ) smsssy Bl & Baadl i L gl e 0.999 5 0.991 Jabead) gl & . 5S35
sl e Al s 58 ey Les Wi 48 8 clldy dyguanll A Ol g laadV) zdsas il Alhe
Jas s IS8 44 3 5all Jalsall e 2l Jsibinall 350
Al il s LYY Jalaa (9) Jgaad)

Spearman'’s

Methanol analysis Correlation
N 32 32 32

Predicted Values by Spearman's - s

Nonlinear Correlation 991 1 97
Regression N 32 48 48
Predicted Value by Spearlrnqn X .999™ 97" 1

Neural Network Correlation
N 32 48 48

%5 AV g giwa die dygina 5o dsag**
z3sad o giial) (padsall Gunliall s3a s 5 Gua R2, RMSE, MSE, MAE a3 (10) Jsaall jelays
A i) 4 s mnl) 4S5 #35ats JadDU laaiy]
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Wl 5Ly aulilly ¢ Slailly Lgule Juaaiall J silisal) milit RMSE, MSE, MAE a (10) Js2a))

Model Test Value EVALUATION

RMSE 10.94
MSE 119.59

Neural Network 1

MAE 8.64

R? 99.8%
RMSE 34.19

Nonlinear Regression MSE 1168.68 )
MAE 23.88
R? 98.2%

Ji o e @Y cha sl dsaaad) A%l #3sei 4 sl 3l gl Qi) zagal) of Joil) (S
o5 Aa el dyisuamal) 30N G ) jaf Lae oSy Lo ST R? dads « MAE 5 RMSE s MAE (e OS)
el Bt stV 2 dsad e Biy ST IS0 Jsiliall 05 gl

t@luagilly claliiiuy)

selalisa)

peill Gyl e Taldie) Jiliall cilgiveey 5a5ill Gun fiSall Cpndgail) (e SIS alastind ¢Say =

Ll Bl oy Jsilinall lyginne 555 (8 (JadD jlaai¥) mosai o da jiall Ay saanl) S 58 —
R? = 99.8% Jalra ily Eum Hix ST Iy Ssuall Jilailly Lgnle Juantiall bl as

Aol OIS Eua Bpeadiiall il piall delia b isal Jalpall Bl digaanll A0AN zisai pladind G -
LS e s el g5is eppeall PH Gy Gnggall ity smedil) (e) 4l daaal Y 55l 55
Llasl 8 Oyl 5850 sl DA e oSy Jhad) jlaai¥l z3se aladiuly saaa Abbes ) Joagil) —
R? = 98.2% 43y 35354l Jalgall dadas DA (e sadil

A 3l A e il Llany el U8 Jsilisall 5855 5l A e LaN A3 8 sac L) -
Glua gill

(AT Byadie Clatie 8 Jsiliall i 5l 23 Gl —

S aglee iy e laylaals 0 ) Basl) das Qe ST iy e G gael) A0 () -

A€ Cliad 2 3 gal 0 o€ 8 i5al) Lelalse aladialy A2 Y] e can il cld (Al lizKa Al —
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