CHAPER V

DISCUSSIONS AND CONCLUSIONS

5.1 Discussions

All drying rate curves obtained in this study showed no constant

drying rate period. That isy s - drying of Jujube, Sapata, Grape

and Stat-Gooseberry tockeplate in tHe"lafling rate period.

5.1.1 Effect of i

Figures 4 nd 4.25 show that the
drying rate general ture. This was attributed
to the increase in lgiving force for heat
transfer between the material. Simularly, the
resulting increase in due to decrease in
relative humidity, cause rate to rise and to a new

dynamic equilibrium.

If the &iF g high and/or the mass

-
transfer rate Here,igaw in comp: ‘with tH!ﬁheat transfer rate, then
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product quality must also be taken into consideration. Sweetman

sever uvarhea@ wmﬁhccur resultding in scorching of the product.
ok

(50) reported that the drying temperature should not be above 175-185°F
{?BDC-SSGCJ for fruits and vegetables. Ponting and Mc.Bean(11)
reported that grapes showed some browning when dried above 170°F. For
the above reason, all drying experiments in this study were carried

out below Eﬁnc.
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5.1.2 Effect of Bed Height

Figures 4.7 and 4.12 reveal that the drying rate was not
affected by the slight change in bed height in this study. This was

because the volume of drying air was quite high and the air properties

Ehuut the bed height.
&ause a reduction in the

L1 rial, resulting in a

remained essentially constant tha

5.1.3 Effect of Air V

An increase 1
boundary film thic

decrease in film re ansfer between the air

current and the ma eat and mass transfer

resistances respech film heat and mass

\
AN

fac# (i4& material’skin) resistances and
Kir :\
- r t

on the type of skin ma friﬂﬁé POTOUS emipermeable or impermeable)

transfer resistances 'K
material inner resis stances will depend not only

but also on the skin esistances are not only

o

characteristic o : ‘Bh¢ prevailing drying

i
s

mechanism, which 1ﬁﬂ}urﬁ .y by thé shape and size of drying

material and the impoSed drying conditions. For example, a dried-out

—— '@: 1o Bbod LR b el Bh 1|41 and the moisture

content may move through the dfied out zeme in the fogw of water or
vapor. mala ﬂﬂﬁrm l}m}qxnﬂ&ﬂﬂ depend on
the rala!ive magnitudes of film, skin and inner resistances

- Figures 4.10 and 4.11 show an example in which the drying rate did
not increase despite an increase in air velocity. This implied that the
rate of inner moisture movement to and through the material surface was
the rate controlling step. That is the film resistance to mass transfer

between the material surface and the air current was negligible, and
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thus the moisture content at the surface was essentially in equilibrium
with the air humidity. Therfore, the air velocity caused negligible
effect on the drying rate, which was essentially determined by the

humidity gradient in this case.

was a little slower thdfi™that at g lGw-a locity. This might be
due to the differen ire 4.35 and 4.,36.

Figures 4 n which increased with

-

air velocity. This implif nde of film resistance was

larger than or of the g4 jg-; iles & skin and inner resistances.
The effect™ ofFagr. m heat transfer coeffi-

cient can estimated b

(5.2)

5.1.4 Effect of ' _
+4.10 and 4. Nt

Figures which the drying

Jacity could be less thaw that at a lower velocity.
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Effact of Pre-Treatment

rate at a high air-

Jujube and grape have a thin waxy coat on the outer surface.
This waxy coat presents a great resistance to moisture movement during
drying. So their drying rate is usually mass-transfer controlled.
Therefore, in conventional drying of grape and jujube, the waxy coat

(cuticle layer) is generally removed before drying.
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The effect of pre-treatment by dipping is strong if it can
nearly duplicate theeffect of skin removal. Martin (53) found that
the drying rate of grape was controlled by the rate of water movement
through the waxy cuticle. Ponting (11) determined the drying time

required to cause a 70 % weight loss for grapes with and without dipping.

At a drying temperature of 1§ fi_ ; ok about 30 hrs without dipping
but only 15 hrs with dippifig ir aleate solution. Ponting(11)

!---i.

also found that a di to 3 minutes yield ap-

proximately the s

5.1.6 Equilibrium

By definitioi, j ire content of a dried
product is the moistlire after having been
exposed to a particuldr an infinitely long period
of time. Table 4.4 shows thas .brium moisture content was

dependent upon theyre vé Rumidit: Ry of the hot air as

e -
well as upon the &yp : 5 shwed that the variation

in equilibrium muislﬂre content value is casued by a difference in the

material valeﬁ ﬂegﬁWW§wmﬁﬁmsmﬂ.

L R ) TZE“ of Materials

q WA Aol WANINYARY. ..

agricultural materials under the same air temperature and velocity.

The drying characteristics depend on the nature of water contined within
the material, which in turn depend on the characteristic of the inner
material. However, the function of cell membranes and cell walls with

respect to water transfer during drying is not known in details.
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5.1.8 Classification of Materials according to Drying Characteristics

This study suggest that classification of drying materials

may be made as follows:

1. Film-Resistance Dominant Materials

Film resistance co

d,become dominant if the air velocity

is very slow or the the size of ¢ ofuaterial is very small. To

that is, the temperature

gradient, if the fi fisfer resistancedis more limiting than
B, the converse of a,is true.

vay to reduce both film re-

sistances simultaneously decreases the thickness

of the boundary f :;_,; ..fl
2. Skin-Resistan Wh v

J , "]
Skin risxstances cuuld become dominant if the material

surface is mﬁﬂtﬁ{i ﬁlE}W@Wﬁﬁaﬂﬁ moisture. In

this case, ski mass transfer 5251stance would genera be more

ARSI e

increase rylng rate would be to pre-treat the surface, for example,

by dipping in a caustic soda solution. Otherwise, the skin might be

peeled or ruptured mechanically. Sample of skin-resistance dominant

materials in this study is grape, The drying rate of grape was controlled

by the rate of water movement through the waxy cuticle.
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3. Inner-Resistance Dominant Materials

Depending on the type of inner materials and the imposed
drying conditions, inner resistances could become dominant. For example,
if the inner materials are composed of small cells that hardly allow

water to permeate their cell walls, or if severe drying conditions

the drying material, then inner resis eeS may dominate. On the other
J

hand, a material that SHT LLks , $ULing drying is seldom inner-

iner resistances is

the reduce the size § f‘ - Increasing drying
temperature or decreasfingl ifle be only partially

effective, whereas incgeag ; 7’ 1ty would be ineffective.

In #ilm, skin and inner
resistances are, mo 0 e sa 4:#@?tude. In this case,
the most effective "aﬂit° enhance d g rate would be to choose and

B tava mﬂ%gt@twgqu AR T sisser 75

sistances, Fn example, slicing would s ltanaously duce the skin
s nmammﬂimumwmaﬂ

able 5.1 Classifies the agricultural materials investigated
in this study according to the above criteria. Once this classifcation
is known, it will easy to know whether pretreatment is required, how

to enhance drying rate, etc.
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TABLE 5.1 CLASSIFICATION OFENVESTIGATED MATERIALS ACCORDING TO DRYING
CHARACTERISEIES

Material Remark

Sapota(untreateg

Grape (pretreated) Grape (untreated) would

be skin resistance

Jujube (pretreated) Jujube (untreated) would

be skin and inner

resistance

AULINENINYINT
PRI TUAMINYAE
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5.2 Conclusions
Here are the main conclusions of this study.
1. Only the falling rate period was observed for all studied.
agricultural products.

2. The drying characteristics could be vary greatly from one

material to another, eve *1f M A similar shape and size.
5. The drying.clifratter nded on the properties of
- —
water contained wi in turn depend on the
characteristics of
4. Incre ®d the drying rate of all
materials. (The te “high in case of drying

5. An air ve ( i /6e@ had little effect on the

drying rate of jujube,'mufiﬂ- L5 ect on the drying rate of

¢¥ bn the drying of
jujube but slight ef 0 and“grape (pretreated)
7. Mass transfer of inner gesistance is rate controlling step

ror yobe i@l NS} Vim b B Tl hssnonc 1 o

cnntrnlllng step for sapota andl grape (peetreated) g
E The aqulllbrlum moisture content of the dried products was
influenced by the relative humidity and temperature of the hot air as

well as the type of materials



5.3 Future Work

Any future work might consider the following:

1. Study the effect of drying conditions on the loss of aroma

and nutritional value, etc.

2. Expand the scope of the experiments to cover more agricultural

products,

3. Develop opt

economical through-flow g
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