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1/055+0/0032  21/20+0/282 2/15+0/4>  0/8816+0/03=  20/1+0/3= 22/8+0/1b 10 FHESYW
1/052+0/002:>  21/04+0/16° 3/00+0/7>  0/8850+0/012  20/0+0/2a  22/6+0/3cc 15
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0/979 1/43682 0/02680  0/979 1/8956 0/15682  0/931 0/01629  0/996 0/09635  0/941 0/62670  &bsmw WL
0/987 1/16750 0/06939  0/987 1/0559 0/13793  0/912 0/01424  0/996 0/10484  0/944 0/88808  Jxsu
0/985 0/16550 0/30466  0/946 0/0000 0/13229  0/865 0/00680  0/982 0/08729  0/985 1/20811  tasw
0/989 1/13017 -0/00460 0/992 0/0010 -0/00658 0/992 -0/00024 0/992 -0/00658 0/991 -0/22090 &Ls,w L*
0/959 0/85067 -0/01216 0/951 0/0010 -0/00808 0/953 -0/00024 0/950 -0/00808 0/948 -0/26756  Jxsu
0/963 0/71618 -0/02936 0/918 0/0010 -0/01360 0/936 -0/00043 0/918 -0/01360 0/898 -0/47830 tae
0/977 0/71711 0/03445  0/937 0/0000 0/01562  0/914 0/00095  0/937 0/01562  0/956 0/25812  &Bspw a*
0/959 0/66753 0/04997  0/918 0/0009 0/01971  0/898 0/00115  0/918 0/01971  0/935 0/33821 oo
0/949 0/58472 0/08920  0/878 0/0000 0/02772  0/840 0/00150  0/878 0/02773  0/910 0/51658  tae
0/904 0/61293 -0/06092 0/975 11/296 -0/15760 0/853 -0/00160 0/815 -0/02158 0/773 -0/29028 &Bspw  b*
0/929 0/66425 -0/06246 0/979 10/308 -0/13536 0/901 -0/00194 0/863 -0/02551 0/817 -0/33295  Jsu
0/932 0/68743 -0/06906 0/985 9/4507 -0/13407 0/915 -0/00239 0/871 -0/30182 0/815 -0/37902 tae
0/977 0/81699 -0/00750 0/959 0/0010 -0/00454 0/963 -0/00011 0/959 -0/00454 0/955 -0/18236 &3, AE
0/936 0/62808 -0/01339 0/865 0/0010 -0/00484 0/872 -0/00012 0/865 -0/00484 0/858 -0/29254  Jsu
0/815 0/52621 -0/02178 0/671 0/0010 -0/00596 0/686 -0/00015 0/671 -0/00596 0/655 -0/23376 tase
0/961 0/73589 -0/04832 0/988 0/4968 -0/10085 0/947 -0/03578 0/919 -0/02383 0/883 -0/01581 &smw h*
0/959  0/75577  -0/05810 0/977 0/4279 -0/09961 0/954 -0/04786 0/926 -0/03039 0/886 -0/01917  Jsu
0/953 0/75935 -0/07923 0/982 0/3574 -0/11904 0/958 -0/07258 0/917 -0/04236 0/852 -0/02429 tae
0/566 0/07708 0/00000  0/412 0/0001 0/00028  0/413 0/00001  0/413 0/00028  0/412 0/00600  wks,w C*
0/695 3/40771 0/000002 0/701 0/0010 0/00240  0/707 0/00011  0/701 0/00240  0/984 0/05266  Jxsw
0/954 1/24402 0/00412  0/944 0/0001 0/00817  0/950 0/00035  0/944 0/00817  0/938 0/18915  tae
0/993 0/92874 -0/01036 0/989 0/0010 -0/00852 0/993 -0/00053 0/989 -0/00852 0/984 -0/13650 &Ws,w F
0/992 0/91916 -0/01272 0/987 0/0010 -0/01020 0/991 -0/00064 0/987 -0/01020 0/981 -0/16112 Jxsw
0/982 0/87321 -0/03820 0/971 0/0010 -0/02722 0/984 -0/00196 0/972 -0/02721 0/950 -0/37483 tae
0/986 0/78298 0/03001  0/965 0/0001 0/01635  0/947 0/00168  0/965 0/01635  0/978 0/15939 &> TSS
0/985 0/80446 0/03130  0/971 0/0000 0/01810  0/957 0/00183  0/970 0/01971  0/980 0/17896  Jxsu
0/952 0/56526  0/09522  0/863 0/0000 0/02800  0/815 0/00256  0/863 0/02799  0/904 0/30812  tasw
0/978 1/20721 -0/01124 0/981 0/0000 -0/01973 0/979 -0/00541 0/981 -0/01973 0/976 -0/07151 &Ls,m TA
0/993  1/02106 -0/02880 0/994 0/0010 -0/03047 0/999 -0/00906 0/994 -0/03046 0/975 -0/10119 Jsu
0/976 1/19625 -0/03355 0/978 0/0000 -0/05573 0/961 -0/01901 0/978 -0/05573 0/978 -0/15752 taxe
0/990 1/02492 -0/00658 0/991 0/0010 -0/00705 0/992 -0/00110 0/991 -0/00705 0/988 -0/04494 &3, RPI
0/995 0/97521 -0/01003 0/994 0/0010 -0/00938 0/997 -0/00150 0/994 -0/00937 0/990 -0/05865  Jsw
0/977 1/08092 -0/01600 0/978 0/0000 -0/01992 0/974 -0/00344 0/978 -0/01992 0/979 -0/11511 ‘tasce
0/948 0/78414  0/00657  0/927 0/0001 0/003620 0/924 0/00085  0/927 0/00362  0/929 0/01531  &ks,w pH
0/997 1/00286  0/00465  0/997 0/0010 0/004687 0/996 0/00110  0/997 0/00468  0/998 0/01997  Jxsu
0/945 0/59839 0/03110  0/860 0/0001 0/010190 0/842 0/00226  0/860 0/01019  0/877 0/04594  lase
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RMSE Adj.RZ2 RMSE Adj.RZ2 RMSE Adj.R? RMSE Adj.R? RMSE Adj.R? ,las
0/085 0/980  0/097 0/979  0/398  0/931  0/091  0/996  0/243  0/941  wbsw
0/129  0/987 0/112  0/987 0/423 0/912 0/087 0/996 0/267 0/944 Sy
0/123  0/984  0/213  0/946  0/765  0/865  0/111  0/982  0/121  0/985  lawee
0/102  0/986  0/097 0/989  0/083  0/989  0/074  0/989  0/086  0/988  wlssw
0/278  0/946  0/328 0/934  0/341  0/937  0/295  0/934  0/376  0/930  Jwu
0/174  0/952 0/519  0/891 0/432 0/914 0/543 0/891 0/756 0/864 ALY
0/154  0/969 0/375  0/916 0/544 0/886 0/401 0/916 0/298 0/941 PHEEYOW
0/270  0/946  0/530 0/891  0/612  0/864  0/523  0/891  0/441  0/914  Jwsu
0/291  0/932  0/602 0/837  0/801  0/758  0/642  0/837  0/734  0/880  lawee
0/499  0/873  0/143 0/967  0/687  0/804  0/763  0/754  0/912  0/697  wlspw
0/387  0/906  0/113 0/972  0/546  0/867  0/674  0/817  0/764 0756  Jewu
0/378  0/909  0/097 0/980  0/531  0/887  0/657  0/828  0/732  0/753 Lo
0/234  0/970 0/201  0/945 0/198 0/951 0/243 0/945 0/287 0/940 B> pw
0/344  0/914  0/709 0/820  0/647  0/830  0/897  0/820  0/511  0/811  Jwsu
0/867 0/753  0/932 0/561  0/901  0/581  0/938  0/561  0/821  0/540  lawee
0/265 0/947  0/113  0/984  0/287  0/929  0/487  0/892  0/370  0/844  wiss,w
0/271  0/946  0/165 0/969  0/343  0/939  0/376  0/901  0/310  0/848  Jwsu
0/298  0/937  0/145 0/975  0/301  0/944  0/576  0/889  0/401  0/803  lae
0/921  0/421 0/954  0/217 0/974 01217 0/974 0/217 0/974 0/216 &> pw
0/873  0/594  0/784 0/602  0/783  0/610  0/687  0/602  0/095  0/979  Jwu
0/221  0/940  0/265 0/926  0/276  0/933  0/301  0/925  0/174 0917  ‘tu=e
0/074  0/991  0/089 0/985  0/067  0/991  0/087  0/985  0/119  0/978  wiss,mw
0/072  0/989  0/091  0/983  0/087  0/988  0/091  0/983  0/127  0/975  Jwu
0/121  0/976  0/112 0/962  0/083  0/979  0/123  0/962  0/231  0/933 Lo
0/082 0/982  0/178 0/953  0/312  0/930  0/143  0/953  0/167  0/970  wlsw
0/080  0/980  0/221 0/961  0/275  0/943  0/138  0/960  0/174  0/973  Jwu
0/265 0/936  0/693 0/818  0/804  0/753  0/673  0/818  0/376  0/873 Lo
07128  0/971 0/109  0/974 0/124 0/972 0/142 0/975 0/145 0/968 B>
0/051  0/991  0/050 0/992  0/041  0/999  0/054  0/992  0/131  0/967  Jwu
0/116  0/969 07115 0/970 0/165 0/948 0/101 0/970 0/114 0/971 ALY
0/089  0/987  0/085 0/988  0/083  0/991  0/091  0/988  0/083  0/984  wlssw
0/065 0/993  0/058 0/992  0/072  0/995  0/074  0/992  0/074  0/987  Jwu
07124 0/970 0/103  0/971 0/169 0/965 0/126 0/970 0/114 0/973 NASESN
0/197  0/931  0/289 0/902  0/321  0/898  0/397  0/902  0/267  0/906  wlspw
0/049  0/996  0/048 0/996  0/319  0/944  0/065  0/996  0/032  0/998  Jwu
0/301 0/927  0/621 0/814  0/629  0/798  0/578  0/814  0/439  0/836  lawee
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Introduction: Hawthorn (Crataegus pinnatifida), belonging to the Rosaceae family, consists of small trees and
shrubs. The color of the ripe fruit varied from yellow, through green to red and on to dark purple. Most of the species
ripen their fruit in early to mid-autumn. Beneficial effects of hawthorn fruit extracts have been confirmed by various
studies. Pharmacological data showed that hawthorn fruit and its preparations enhance myocardial contraction and
conductivity, protect against ischemia. They have a sedative action, a protective effect against arrhythmia and increase
of coronary vessel flow. They have also positive effects on the cardiovascular system. Hawthorn is one of the most
widely consumed horticultural products, either in fresh or processed form. It is also an important component of many
processed food products because of its excellent flavor, attractive color and high content of many macro- and micro-
nutrients. Uncertain storage conditions lead to considerable quality loss in hawthorn fruits, which affect their consumer
acceptability. Properties such as color, firmness and moisture provide valuable information for the monitoring of quality
changes in postharvest fruits because of their reliability and rapid and easy measurement. These changes are
consequences of many biochemical and physiological processes that occur during fruit ripening, such as respiration and
transpiration. In addition, these changes depend on the external conditions to which the fruit is exposed. To estimate
changes in fruit quality as a function of storage conditions, the evolution of certain quality-indicative properties such as
color, firmness or weight can be used to provide related information on the quality grade of the product stored. Kinetic
models can be used as tools to describe quantitative physicochemical changes in foods during processing. Kinetic
models can be linear or non-linear forms of rate law equations. The rate process of food constituents is usually defined
by zero, first or second order kinetics.

Method and material: In this study, changes in physicochemical characteristics associated with fruit quality were
investigated during various hawthorn fruit storage conditions include: cold (1°C and RH=90%), refrigerator (10 °C and
RH=85%) and room conditions (25 °C and RH=60%). Color quality parameters (L*, a*, b*, C*, h* and 4E),
geometrical parameters, weight loss, firmness, total soluble solid (TSS), pH, titratable acidity (TA) and ripening index
(RPI) were the measured factors. Different mathematical models were successfully proposed and adjusted to represent
the change in physicochemical properties as a function of storage temperature. Among various kinetics model, five
models (Zero-order, First-order, Second-order, Fractional conversion and Weibull models) were fitted to experimental
data and model parameters in equations were determined by multiple regression analysis.

Result and discussion: Storage of hawthorn fruits at different temperature affected their color (L*, a*, b*, C*, h*
and 4E), geometrical, physical (weight loss, firmness) and chemical properties (TSS, pH, TA and RPI). Storage at all
conditions had significant impact on the physicochemical parameters analyzed (except some geometrical
characteristics). Significant alterations in hawthorn color, firmness and weight loss were observed. The firmness,
titratable acidity, pH, ripening index, color characteristics (except a* and C*) decreased while weight loss, total soluble
solid, a* and C* increased significantly (p<0.05). Hawthorn stored at low temperatures revealed a delay on quality
reduction reactions in terms of color, firmness and weight loss. The results indicated that the First-order and Weibull
kinetic models provided the best prediction of the changes in physicochemical parameters. The storage temperature
effect was successfully described by the Arrhenius law. Understanding the mechanisms in which these conditions affect
the quality changes processes is of great importance because it allows their appropriate modification to maintain quality
and maximize storage time. The outcomes of this study provide additional and useful information for hawthorn fruits
under various storage conditions.

Keywords: Hawthorn, Storage conditions, Kinetic modeling, Arrhenius model, Physicochemical characteristics.
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