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ABSTRACT

Citrus by-products are an important potential highurce of valuable compounds such as dietary filpethis study,
dietary fiber was obtained from citrus by-produttg water bath extraction. The drying behavior oé ttitrus
by-product samples was investigated under hot-ayind and vacuum drying. The drying experimentsewer
conducted at drying air temperatures of 50, 60, &0d°C. The drying curves obtained using experialetiata
were fitted to 10 models reported in literature.eTeomparison of the correlation coefficienRnd reduced
chi-square %) values of the 10 models shows that the Logarithmidel exhibited the best fitting for hot-air dnyj
whereas the Wang and Singh model exhibited the fresliction of moisture transfer in vacuum dryinthe
changes in color and functional properties of the ttypes of dried dietary fiber were also analyaed regarded
as quality indices that affect the drying qualifyttee product.
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Nomenclature

a,b,c,kn L constants in models R coefficient of determination
MR dimensionless moisture ratio t drying time, min

M moisture content, % dry basis z number of constants

Me equilibrium moisture content, % dry isas N number of observations
Mo initial moisture content, % dry basis

L degree of lightness Subscripts

a* degree of redness exp experimental

b* degree of yellowness pre predicted

INTRODUCTION

Citrus by-products are some of the solid wastedlywed every year by the citrus processing indu3tng. disposal
of these by-products poses extensive environmpntdlems. Consequently, considerable emphasisdess flaced
on the recovery, recycling, and upgrading of wasteducts. Citrus by-products are interesting raviemals that
have attracted much attention as a potential sdigary fiber (DF), pectin, and phenolic sourceatk12009).

DF acts as a bulking agent, normalizing intestimatkility and preventing diverticular disease. Sabsial efforts
have also been devoted to research on the incideinaenumber of non-infectious diseases commoniitized
societies: such diseases include coronary hearasks which can be attributed to a low DF intalen& types of
DF may also be important in reducing colon candemering serum cholesterol levels, and preventing
hyperglycemia in diabetic patients (Garau et al07)0 In recent years therefore, diverse productstaioing
significant amounts of DF have been developed.ifiportance of DF in the diet has led to the sefmcmew DF
sources that can be used as food ingredients. Riegsable not only for its nutritional aspects ligo for its
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functional and technological properties (Schieberle 2001). Being aware of the processing histofyfiber
concentrates is important, particularly the abiliythe fiber matrix to maintain its physical propes after it is
processed.

Drying has become a widely used food processingnaaebecause it enables the extension of the sfeldfl fruits
and vegetables. However, processing may causesigigle modifications to cell wall polysaccharideffecting
their original structure. This may induce importafianges in the proposed physiological and pharingical
properties of these polymers. Therefore, the faqality of dried by-products is determined by theictural and
compositional modifications that may have occutadng the drying treatment (Garau et al. 2007).

Hot-air drying is an ancient process used to puestyod. It enables the production of dehydratemtipcts with an
extended shelf life of up to a year. Unfortunatéig quality of a conventionally dried product sually drastically
reduced from compared with that of original foodistt¥acuum drying is a unit operation in the cheatiand
engineering process, in which moist material iedininder sub-atmospheric pressures. The loweryessables
the reduction of drying temperature and higher itpua@ompared with the classical air conventionabqass at
atmospheric pressure (Arevalo-Pinedo et al. 2006).

The main objectives of the present study are to pawen hot-air drying and vacuum drying in terms of
process—quality interaction and drying kineticswadl as evaluate the effects of dehydration oncthraposition and
functional properties of DF obtained from by-produderived from orange fruit processing (orangel e
remaining orange pulp after juice extraction).

EXPERMENTAL SECTION

Sample preparation

Samples of Jincheng Sweet Orange Fruit (CitrusnsiseOsbeck) were obtained from an orchard in theeH
Province, China. Jinchen Sweet Orange Fruit is comynused for juice production. Fresh juice by-prots
(including the peel and remaining pulp), left owadter oil and juice extraction, were mixed with aifarmity
homogenate and kept in a refrigerator at 4 °C (2deffore treatment.

Dietary fiber preparation

Citrus by-product (10.00 + 0.05 g) was mixed witater in a solid—liquid ratio of 1:3, and stirredlwa glass stirrer
every 5 min in a water bath at 90 °C for 2 h. Thraet was filtered through a Whatman No. 1 filpaper. The
filtrate was concentrated to 30 mL using a rotargperator at 50 °C under vacuum. The concentratefitter
residue were added into a quadruple volume of 9&%hal and left to stand for 30 min. The deposiswhen
collected and dried. Prior to further analysis, e was milled using a laboratory-type grain mitidapassed
through a 0.45 mm aperture sieve. (Navarini €1299).

Dryer and drying procedure

(1) Hot-air dying

Hot-air drying experiments were performed in a nabtype dryer. The dryer is made of stainlessl| stheets
formed into a rectangular tunnel with dimension®@& m x 0.6 m x 1.0 m. The drying tray has an afda5 m x
0.5 m. The dryer was operated at dry bulb tempezataf 0—120 °C. It was adjusted to the selecteghézature for
about half an hour before the start of the expaninte achieve steady state conditions. After thmpas were
spread in a single layer on a tray in the dryexytivere dried at 50, 60, and 70 °C with 15% retatiumidity and
1.2 m/s air velocity. This air velocity was usedminimize external resistance to mass transfer ftoensample
surface to the air steam. (Saravacos et al. 2001)

Weight changes in the control and prepared peelgalp during the drying process were monitoredmuattically

at intervals of 10 min using a digital balance (L. @). The samples were dried for 600 min, theqokselected
from exploratory runs. The drying experiments weagried out in triplicate with peels and pulp ob&d from
different samples (oranges) to include the varigblbetween the samples. Drying was discontinueerwthe
moisture content of the samples reached 10% (wiie product was cooled and packed in low density
polyethylene bags, which were then heat sealed.ekperiments were repeated three times and thageeaf the
moisture ratio at each value was used to draw tjieglcurves.

(2) Vacuum drying

Vacuum drying experiments were also performed dalzinet-type dryer. The equipment was designeddw dor
various temperatures and pressures inside theglgfiamber as well as various sample shapes argl $flaeuum
conditions were maintained by a vacuum pump anditm@d from a manometer. Two steel plates heatedrby
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electric resistance lodged between them provided thermal energy. An automatic regulator controltbd
temperature of the plates (Arevalo-Pinedo et d0620For different experiments, the plate tempeeatuas varied at
50, 60, and 70 °C, and the pressure of the chamaegrset at 0.7 kPa. Follow-up operations are desitrin “Dryer
and drying procedure (1)".

Theoretical basis

(1) Mathematical modeling

Effectively modeling drying behavior is importamt investigating the drying characteristics of DBnfr citrus
by-products. In this study, experimental dryingad@both from hot-air and vacuum drying) on DF dfedent
temperatures were fitted to 10 commonly used dryimaglels (see Table 1). In these models, MR reptesar
dimensionless moisture ratio, thatidR = (M —Mg)/ (Mg — M), where M is the moisture content of the product a
each momentyl, is the initial moisture content of the productd af, denotes the equilibrium moisture content. The
M. values are relatively small compared with thos®adr M, for long drying peridos. Thu§/R= (M —Mg)/ (Mg —

Me) can be simplified intdR = M/M, (Akgun and Doymaz, 2005).

(2) Correlation coefficients and error analyses

The goodness-of-fit between the tested mathemativadels and experimental data was evaluated ugiag t
correlation coefficientR®), reduced %), and the root mean square err@MSH. The higher thé¥ values and the
lower they” andRMSEvalues, the better the goodness-of-fit (Ertekid ¥aldiz, 2004). The reduced andRMSE
values can be calculated as follows:

2
Xzz Zi’il(MR?ij B M%rei)
N-z (A

RMSE= JﬁZ( MR~ MR, )’

(B)

whereMR.,p; is theith experimental moisture ratitJR,.; denotes théh predicted moisture ratit\ represents the
number of observations, aads the number of constants (Wang et al. 2007 aaghlet al. 2008). In this study, the
nonlinear or linear regression analysis was peréarmiith the statistical software, Matlab 7.6.0 (280

Analytical methods

Total dietary fiber (TDF), soluble dietary fiberdE), and insoluble dietary fiber (IDF) contents eeletermined by
enzymatic gravimetric method (AOAC, 2000). Triptieasamples were gelatinized with heat stable a-asayland
digested with protease and amyloglucosidase to ventbe protein and starch present in the samplés. T
undigested crude protein and ash contents werendietd for corresponding corrections.

Crude fat was determined according to method (366f3AOAC, 2000); Crude protein was by Kjeldahl gedure
method (total nitrogen x 6.25) (928.08 of AOAC, RD0Ash was determined according to method mufflero
technique (920.153 of AOAC, 2000).

Color measurement

Color changes in samples were analyzed by meastir@igreflectance using a colorimeter (Juki, JRY Iokyo,
Japan). The color values were expressed usind &tEcoordinates, where represents luminosity (0 = black; 100
= white),a rednessd > 0) or greennessi(< 0), andd” bluenessk{ > 0) or yellownessh{ < 0). Each sample was
measured 10 times and the result was presenté@ avérage.

Functional properties

(1) Water retention capacity (WRC) and oil holdzapacity (OHC)

WRC is expressed as the mL of water/g of dry fikroesidue powder, and was determined by centrifugyats

described elsewhere (Jiménez et al. 2000) withhshgpdifications. The samples (2.00 g £ 0.02 g)ensrspended
in water (50 mL) (Jiménez, et al., 2000). Afterl24f equilibration at room temperature (approxirhagb °C), the

suspension was centrifuged at 4,200 r/min for 16. Mhe supernatants were discarded and the hydsatagles
were weighed.

OHC is expressed as the mL of oil/g of dry fibroesidue powder, and was determined under the sanditions
as those for WRC using soybean oil (0.925 g/mL iign&.ou, et al. 2009).
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(2) Swelling capacity (SWC)

A sample (2.00 g + 0.02 g) was added into a cakdoraylinder (2 cm diameter), which was hydratethv80 mL of
distilled water at room temperature (approximatefy °C) for 24 h. The change in volume was recorded
expressed as the volume/g of the original sampleweight).

RESULTS AND DISCUSSION

Drying procedure

(1) Comparison of the drying characteristics ofintdrying and vacuum drying

The moisture ratios versus drying time for the &iotdrying and vacuum drying are shown in Figs.ntl 2,
respectively. The total drying times consumed txhethe final moisture content for the hot-air dgysamples were
590, 340, and 190 min at 50, 60, and 70 °C, resmdgt Those for the vacuum drying samples were, 230, and
160 min at 50, 60, and 70 °C, respectively. Withinertain temperature range (50-70 °C in this gtudgreasing
temperature accelerates the drying process, theshbystening the drying time. This result is simitar those
obtained for drying orange by-products (Garau €2@07 and Doymaz 2009).

As can be seen from Fig. 1, it took 110, 80, andni®at 50, 60, and 70 °C, respectively, to remibnelast 40% of
moisture content (wet basis) in the hot-air dryafigitrus by-products DF, whereas vacuum dryindtonly 80, 60,
and 40 min (Fig. 2). In comparison with the twoidgymethods, the drying times in vacuum dryingtfer removal
of the same percentage moisture (40%, wet basisgdsed by 27.27 %, 25.00 %, and 20.00 %. Andrak €004)
observed that hot-air-dried samples present a gostucture and cell walls considerably shrinkyileg wide
spaces between neighboring cells. Vacuum-dried Esngdso reveal a porous structure but these pmesnuch
smaller, and the tissues appear unchanged compitiedot-air-dried samples. Therefore, we can codelthat
because of the effect of high temperatures, celnbmanes denaturize and phase transitions occuthaothe
microstructure of citrus by-products DF treated Hmt-air drying is substantially damaged. The boratew in
damaged tissues is more easily removed with vaanymg compared with that in less damaged tissues.
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Fig. 1 Hot-air drying curves of citrus juice by-products at different temperature
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Fig. 2 Vacuum drying curves of citrus juice by-prodicts at different temperature

This illustrates that increasing the drying tempgnea can enhance the drying rate and decreaseryhrggdime of

DF samples. This result agrees with an earlierystod the drying of various vegetables and fruitschs as
Thompson seedless grapes, apricots, and carras €Xial. 2010).
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(2) Fitting of the drying curves

The moisture content data observed for the hothgiing and vacuum drying of the citrus by-produbts were
converted into moisture ratidIR) and fitted to the 10 models listed in Table leBtatistical regression results for
the different models, including the drying modeleffiwients and comparison criteria used to evaluate
goodness-of-fit (i.eR* y°, andRMSH, are listed in Tables 2 and 3. In all casesRhealues were higher than 0.98,
whereas the/ and RMSE values were lower than 3.58xf(and 0.04059, respectively. For the hot-air drying
samples (Table 2), the Lewis and LogarithRfcvalues were greater than 0.993, and the corresppnd and
RMSE values were lower than 1.06x1nd 0.02917, respectively, indicating that the taadels fit well with the
experimental data.

Table 1 Mathematical models given by various authar for drying curves

No. Model name Model References
1 Lewis MR = exp(ki) Bruce (198574
2  Page MR = exp(kt") Page (1949§"
3 Modified Page MR = exp[kD]" White et al. (198158
4 Henderson and Pabis MR = a expEkt) Henderson and Pabis (196%)
5  Logarithmic MR = a exp(kt) +c Togrul and Pehlivan (2005§
6  Two-term model MR = a expfkt) + b expEht) Henderson (19743
7 Approximation of diffusion MR =aexp (kt) + (1-a) expCkb t)  Yaldiz et al. (200157
8  Wang and Singh MR =1 +at + bt? Wang and Singh (1978}
9  Simplified Fick’s diffusion MR =a expo(t/L?) Diamante and Munro (199f§
10  Modified Page equation-Il MR = exp(-(t/L%)") Diamante and Munro (199%}

For hot-air drying (Table 2), the average valueg’dor the Lewis and Logarithmic models were the Istvand
almost the same (4.18xT0and 3.25x10, respectively). However, the average of REISE (0.015567) of the
Lewis model was 1.3937 times as much as that of dgarithmic model (0.011173). Therefore, the Ldtdanic
model was the most adequate in describing the ihatrging processes of DF prepared with citrus bgeucts.
Similarly, for vacuum drying (Table 3), the Wangla®ingh model was exhibited the best predictiothefmoisture
transfer of DF because of the lowest average valfi®VSE(0.009967) ang?® (1.82x10%, as well as the highest
average value d¥ (0.9988).

Table 2 Statistical results of different drying moetls for hot-air drying samples

Model No. Temperature (°C) Model constants R Pa RMSE
1 50 k =0.1192 0.9989 9.68x10 0.00880
60 k =0.2323 0.9904 9.53x13 0.00873
70 k =0.3414 0.9904 1.06x13 0.02917
2 50 k =0.9145; n = 0.1160 0.9989  2.75%10 0.04059
60 k =0.7125; n = 0.2473 0.9955 5.90%10 0.01881
70 k =0.5123; n = 0.3370 0.9991  1.44%10 0.00929
3 50 k =0.5911; n=0.9158 0.9989  1.31%10 0.00887
60 k=0.6772; n = 0.8263 0.9904 1.27%10 0.02765
70 k =0.7165; n = 0.7859 0.9904 1.50%10 0.02996
4 50 a=2.2311; k=0.1253 0.9990 1.18%100.00843
60 a=4.3343; k = 0.2517 0.9912 1.60%10 0.02638
70 a=6.7342; k = 0.3396 0.9938 9.78%10 0.02422
5 50 a=0.2651; k =0.1101; c = 0.2035 0.9990 167 0.00818
60 a=0.3655; k=0.2317 ; ¢ = 0.3369 0.9984 ®18Z 0.01152
70 a=0.3880; k =0.2717; c = 0.4766 0.9981 4107 0.01382
6 50 a=0.3680; k0 = 0.0297; b = 0.8048; k1 =832 0.9988 4.12xI6 0.00908
60 a =0.6502; k0 = 0.0311; b = 0.5568; k1 = 090390.9915 3.58xI8 0.02677
70 a =0.8904; k0 = 0.0412; b = 0.3775; k1 = 040450.9961 2.05xI8 0.02024
7 50 a=0.2171; k = 0.0355; b = 0.9697 0.9989 210d 0.00895
60 a=0.4461; k = 0.0297; b = 0.7558 0.9914 11P5% 0.02645
70 a =0.6951; k =0.0165; b = 0.5317 0.9908 2180% 0.03034
8 50 a=0.1461; b = 0.1523 0.9884 1.33%100.02822
60 a =0.2816; b = 0.2597 0.9971 3.81%100.01512
70 a =0.3363; b =0.3804 0.9991 1.41%10 0.00919
9 50 a=0.1159; c = 0.1442; L = 8.518 0.9990 1181% 0.00850
60 a =0.2515; ¢ =0.2237; L =12.1177 0.9912 A1pd 0.02679
70 a=0.3592; ¢ =0.3229; L = 16.1181 0.9938 185 0.02493
10 50 c=0.4729; L=1.8791; n=1.2303 0.9985 421®* 0.01027
60 c=0.3727;L=1.7791; n = 1.3382 0.9944 11k 0.02145
70 c=0.2733; L=1.6792; n = 1.4382 0.9922 119k 0.02786

In Fig. 3 (a) and (b), two models have been fittethe experimental data at drying temperaturedo6®, and 70 °C.
From these figures, deviation of the predicted @slfrom the experimental values can be seen fahalmodels.
Similar trends for the deviations have also beeseoked for other experimental conditions, the tetaid figures
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for which have not been presented here. Howevesedan the above analysis, these two models carsdxk for
prediction of hot-air and vacuum drying charactargsof citrus by-products DF respectively forthlé experimental
conditions with fair degree of accuracy.
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3 a 50C (Experimental) bX == Wang and Singh
p X == Logarithmic R ) * 60C (Experimental)
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Figure 3. (a) Prediction accuracy comparison for Lgarithmic at hot-air drying temperature of 50, 60,and 70 °C. (b) Prediction accuracy
comparison for Wang and Singh at vacuum drying temprature of 50, 60, and 70 °C

Composition of samples

The crude protein, crude fat, ash, TDF, SDF, arfd ¢bntents of the drying samples were determinéé. rEsults
are shown in Table 4. Citrus juice by-products hlaeen reported to be a rich source of DF. Heneepthsence of
DF in citrus by-products was investigated. The damplried using a vacuum dryer had higher TDF custe
indicating that these samples have better physematal properties. The analyzed parameters shotv ttiea
chemical composition of the citrus by-products Ofpears to be dependent on the drying method. Driitly a
hot-air dryer at 70 °C yielded the lowest TDF comt@s well as the highest crude protein and asteots. Drying
with a vacuum dryer at 60 °C generated the highBs$t content, as well as the lowest crude proteainde fat, and
ash contents. Several other vegetables and fsuith as carrots, apples, pears, and peached, avere fo contain a
higher amount of DF compared with the edible flegtayts (Larrauri et al. 1999). The TDF content ittus
by-products was approximately 40.94 g/100 g drygivei Thus, drying at different temperatures camificantly
affect the contents of TDF and SDF because theainad¥ying can loosen the structure of cellulosd &gnin,
making them more soluble. Vacuum drying may hasardlar effect.

Table 4 Compositions of samples (g/100 g dry powdér

Samples Crude Protein Ash Crude Fat TDF IDF SDF
Hot-air Drying T (°C)
50 416+0.18 214+0.09 532+0.11 57.39+0.099.58+0.11 7.81+0.12
60 4.27 £0.07 203+0.11 539+0.09 54.88+0.147.61+0.12 7.26+0.08
70 442 +£0.21 242+0.05 5.19+0.07 54.46+0.247.58+0.17 6.88+0.11
Vacuum drying T (°C)
50 4.01 £0.07 229+0.12 486+0.18 59.91+0.132.36+0.08 7.55+0.06
60 3.93+£0.13 191+0.14 457+0.05 61.63+0.283.66+0.21 7.97+0.21
70 3.97 +0.07 1.99+0.03 4.76+0.12 60.44+0.383.17+0.21 7.27+0.19

2 The results are expressed as an average S (n=5).

Color of powdered fiber concentrates

Color is one of the more important quality parameter dehydrated fruits and vegetables. It is ek of the
inherent good qualities of a material. Changesfithe color may be attributed to the degradatiothefingredients
of the material and generally caused by some dagjoadreactions in the material. Undoubtedly, passcolor

changes influence the organoleptic properties adddorange peel and pulp samples and limit thetemal

applications (Kése 2010).

L" anda’/b values are commonly used as indices of color quafligher L values and lower'/b" values are
desired in dried products (Arslan et al. 2008). Eoéor data in terms of ", a’, andb” values of the dried DF
samples are illustrated in Table 5 for all the dgyparameters investigated. The data shown in Taldee the
average values of 10 replications, with a standasdation of + 0.008. The higheist value (82.77) was obtained at
70 °C for vacuum drying. The lowelst value (71.25) was obtained at 70 °C for hot-ayiirdy. When both types of
dryers were compared, the results of the coloryaigishow that lowea'/b” values and highet™ values were
obtained in vacuum drying for all the parametexegtigated.
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Table 5 CIELab* coordinates of orange peel and pulgamples dehydrated at different temperature

L a* b* a*/b*

Hot-air Drying T (°C)

50 73.47 548 3166 0.173

60 75.47 1.33 30.84 0.043

70 7125 551 33.14 0.166
Vacuum drying T (°C)

50 80.70 1.93 34.18 0.056

60 80.82 141 1953 0.072

70 82.77 1.28 20.07 0.064

Functional properties

Functional properties are related to the chemitalktire of plant polysaccharides. Therefore, theénd process
may alter the physico-chemical properties of oagiproducts, modifying their functional properti@he results
obtained for WRC, OHC, and SWC are presented inef@bWRC is the quantity of water that remains rimbto

the hydrated fiber following the application of arternal force (pressure or centrifugation). Itais important
property of DF from both physiological and techrgital points of view. Drying with high temperatunesly cause
a reduction in this capacity (Fischer et al. 20@8)s, the fibers dried at a high temperature @PHad a slightly
lower WRC (Table 6). This effect may have been edusy the degradation of some dietary fiber comptme
leading to the loss of the ability to retain watethe powder.

As shown in Table 6, the samples treated by hatlvging at 50, 60, and 70 °C had WRC values (9.8112, 10.32
+ 0.15, and 9.49 + 0.11 mL water/g, respectivelyilar to those previously reported (Elleuch et 2011).
Moreover, the samples treated by vacuum dryin@a68, and 70 °C had slightly higher WRC values{2@ 0.09,
11.02 + 0.13, and 10.35 + 0.20 mL water/g, respebt) compared with those of the samples treatedhdityair
drying. The WRC value of vacuum-treated samples inathe range mostly reported for fiber (e.g., 221iiL
water/g for fiber-rich burdock root powders, 12.6 mwater/g for peach pulp fiber, and approximately mL
water/g for lemon fiber (Jiménez et al. 2000 and kEbal. 2009). The other by-products had loweneslthan those
mentioned above (e.g., cocoa husks, with a WRCevafwapproximately 5 mL water/g fiber). These valimdicate
that drying samples can be promoted as a modifi¢heoviscosity and texture of formulated produets,well as
decrease calories.

The results for the OHC of the drying samples aresgnted in Table 6. High-temperature water batihtyy
enhanced the OHC of the samples compared withritreated citrus by-products. Vacuum drying can omprthe
OHC of samples (approximately 7 mL oil/g). Somesegshers obtained a DF OHC of 0.6-1.8 mL oil/gdpple
pomace and citrus peel. The highest reported leaslapproximately 6 mL oil/g for carrot sarcocagfi€uch et al.
2011). Fiber-rich burdock root powder was repotiegield high values (8.50 mL oil/g) (Lou et alQ@). Thus,
DF samples may be appropriate for products for weimulsifying properties are required.

The SWC of the samples are shown in Table 6. Theewa& the samples treated by hot-air and vacuwimgrat 50,
60, and 70 °C were similar with some studies hpdmed (Jiménez et al. 2000 and Lou et al. 2008)skown in
Table 6, hot-air and vacuum drying had a slightlyager effect.

Table 6 Functional properties of samplées

Samples WRC (mL water/g powder) OHC (mL oil/g powyde SWC

Hot-air Drying T (°C)

50 9.81+0.12 5.92 +0.09 6.62 +0.03

60 10.32+0.15 6.30 £ 0.04 7.34 £0.06

70 9.49+0.11 6.17 +0.07 7.13+0.10
Vacuum drying T (°C)

50 10.72 +0.09 6.88 +0.04 6.71 +£0.07

60 11.02 +0.13 7.02+£0.08 7.38+0.12

70 10.35+£0.20 7.05 +0.06 7.22 +0.05

®Values are means of triplicate assays.
CONCLUSION

In this study, the drying behaviors of citrus bygucts DF in both hot-air and vacuum dryers wemnpared.
Drying air temperature had the most important ¢ffecthe drying of DF in both of the drying metho@snong the
10 commonly drying correlations considered, thedritgmic model represented the best fitting for-&iotdrying,
whereas the Wang and Singh model exhibited the pestiction of the moisture transfer in vacuum deyi
Vacuum treatment accelerated the drying procedndeshortened drying times. When both types of dryeere
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compared, the results of the color and functiomapprty analyses showed that vacuum drying hadehighying
quality for the prepared DF.
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