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Fig 1 Response surface diagram of the effect of
brix and storage time on hydroxymethylfurfural
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Table 1 Box-Behnken experiment design and measured and predicted model results for
hydroxymethylfurfural (HMF) and browning index (A4z) in black grape concentrate

Factor 1 Factor 2 Factor 3 Responses
Run A: Brix  B: Temperature (°C)  C: Time (day) HMF (mg/kg). Aazo -
Actual Predict Actual Predict

9 60.5 45 27.88 27.30 1.18 1.13
70.7 5 45 39.90 40.56 1.30 1.29

11 60.5 25 45 39.90 34.06 1.27 1.28
13 70.7 25 45 4591 47.32 1.32 1.31
3 60.5 15 5 2.47 3.30 1.22 1.17
10 70.7 15 5 9.40 10.73 1.19 1.26
7 60.5 15 85 9.71 27.98 1.29 1.24
6 70.7 15 85 50.60 47.06 1.37 1.34
14 65.6 5 5 0.00 -0.46 1.14 1.10
4 65.6 25 5 12.63 13.82 1.18 1.19
5 65.6 5 85 2.72 37.05 1.21 1.18
8 65.6 25 85 32.40 36.29 1.29 1.27
12 65.6 15 45 35.76 36.72 1.12 1.18
2 65.6 15 45 34.601 36.72 1.17 1.18
15 65.6 15 45 34.13 36.72 1.20 1.18
16 70.7 5 5 2.20 3.59 1.31 1.25
17 70.7 5 85 45.10 47.44 1.32 1.33
18 70.7 5 5 2.70 3.59 1.30 1.25
19 60.5 5 45 26.35 27.30 1.14 1.13
20 65.6 25 5 12.55 13.82 1.26 1.19
21 70.7 25 5 23.85 17.87 1.31 1.27
22 60.5 5 5 0.00 -3.84 1.05 1.10
23 60.5 25 5 6.40 10.44 1.23 1.24
24 70.7 5 85 47.80 47.44 1.34 1.33
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Fig 2 Response surface diagram of the effect of
temperature and storage time on
hydroxymethylfurfural
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Table 2 Analysis of variance of hydroxymethyl furfural in red grape concentrate

Source Sum of df Mean F p-value
Squares Square Value Prob>F
Model 6320.09 6 1053.35 101.11 <0.0001 significant
A-Brix 297.67 1 297.67 28.57 < 0.0001
B-Tem 133.05 1 133.05 12.77 0.0028
C-Time 1376.38 1 1376.38 132.12 < 0.0001
AC 32.8 1 32.8 3.15 0.0963
BC 10095 1 100.95 9.69 0.0071
C"2 705.83 1 705.83 67.75 <0.0001
Residual 156.27 15 10.42
Lack of Fit 14992 9 16.66 15.75 0.0016  significant
Pure Error 6.35 6 1.06
Cor Total 6476.36 21
R-Squared  0.9759 Adj R-Squared 0.9662
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and temperature on browning index (A420)
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Table 3 Analysis of variance of browning index (A4,) in red grape concentrate
Sum of Mean F p-value
Source Squares df Square Value Prob>F
Model 0.12 5 0.023 13.41 < 0.0001 Significant
A-Brix 0.033 1 0.033 19.28 0.0004
B-Tem 0.022 1 0.022 12.9 0.0021
C-Time 0.021 1 0.021 11.87 0.0029
AB 0.01 1 0.01 6.02 0.0246
AN2 0.021 1 0.021 11.95 0.0028
Residual 0.031 18 1.74E-03
Lack of Fit  0.023 12 1.92E-03 1.39 0.3566  not significant
Pure Error 8.25E-03 6 1.37E-03
Cor Total 0.15 23
R-Squared  0.7884 Adj R-Squared 0.7296

U OME Glosgd el Ol 5 558 53 cal 5S an

Ol bl Lot JK,; waxg Loyl
il (Agr) Ol o 5l (S
> Makhlouf-Gafsi s 51444 JL. jsBozkurt

\YY

Blie 36 o(F Jsd) bty 0T Jsds 4 am s L
oaFLE Ol 0 BLiS (e slas 5 oS5 sl 55

S J.i.s Sle o b P<e/v0) ol )\szu 0L (lo 63



YWAA el A 69> Qv o)La.....'Z

DOI 10.29252/fsct.16.12.11

e mlo 5 p4le

Oy malsdl Lboas VLY Ol5 o rlply el Sl pne
* =

Ll hlila asls Ol e 5lS ol

S L3S s)8 Yooy Jl > Karadeniz; Burdurlu
Z. . * o

)'j)f,' QJAA{LS)\J.@&JJ\W})A@)L@S)>3 u.pl.w
23l SRl V/EA &)

One Factor

T T T T
o aa as.00 as.00

a5.aa

C: Time (day)
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Table 4 Analysis of variance of L* index in red grape concentrate

Source Sum of Mean F p-value
Squares Square Value Prob>F
Model 1.01 1 1.01 15.93 0.0006 Significant
C-Time 1.01 1 1.01 15.93 0.0006
Residual 1.39 22 0.063
Lack of Fit 1.03 16 0.064 1.06 0.5096  not significant
Pure Error 0.36 6 0.061
Cor Total 2.4 23
R-Squared 0.42 Adj R-Squared 0.3937
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Table 5 Analysis of variance of index a* in red grape concentrate

Source Sum of Mean F p-value
Squares Square Value Prob>F
Model 0.064 2 0.032 5.68 0.0107 Significant
C-Time 0.025 1 0.025 4.49 0.0461
C"2 0.047 1 0.047 8.43 0.0085
Residual 0.12 21 5.61E-03
Lack of Fit 0.1 15 6.91E-03 2.93 0.0958  not significant
Pure Error 0.014 6 2.36E-03
Cor Total 0.18 23
R-Squared  0.351 Adj R-Squared 0.2892

Table 6 Analysis of variance of index b* in red grape concentrate

Source Sum of df Mean F p-value
Squares Square Value Prob>F
Model 5.68 3 1.89 8.01 0.0011 Significant
B-Tem 0.77 1 0.77 3.27 0.0855
C-Time 4.40E-04 1 4.40E-04 1.86E-03 0.966
C”2 4.77 1 4.77 20.17 0.0002
Residual 4.73 20 0.24
Lack of Fit 3.39 14 0.24 1.08 0.495 not significant
Pure Error 1.35 6 0.22
Cor Total 10.41 23
R-Squared  0.5457 Adj R-Squared 0.4776
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To study the effect of non-enzymatic browning reactions, quantification of 5-hydroxymethyl furfural
(HMF) and on the browning index (BI) was done. In this study, the kinetics of BI in Sardasht black
grape (Rasheh variety) juice concentrate was studied. Samples with different Brix's (60.5, 65.6 and
70.7) in three temperatures (5°C, 15°C, and 25 C) were kept for 85 days. In addition, the color analysis
was also evaluated by a Hunter lab. Analysis of variance showed that all three factors (Brix, storage
time and temperature) were effective in HMF content (P<0.05). They had a linear positive relation with
HMF content in black grape juice concentrate. HMF content of concentrate was in the range of 0.57-
50.6 (mg/kg). Also, all three factors had a significant effect on the BI (P<0.05) and its content was
measured betweenl.054 - 1.373.

Key words: 5-hydroxymethyl furfural, Browning index, Rasheh variety grape concentrate, Storage.
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