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The  mos t  obundon t  mote r io l  i n  og r i cu l tu ro l  commod i t i es  i s  wq te r .  Meosurement  o f
the omount  of  woter  in  these commodi t ies hos occupied on impontqnf  p loce in  processing ond
morke t ing .  The  sc ien t i f  i c  ond  techno log ico l  l i t e ro tu re  con to ins  mony  repor ts  o f  s tud ies
o f  mo is tu re  de te rmino t ion  methods .  We be l ieve  i t  con  t ru th fu l l y  be  so id  tho t  the  "bes t "
method is yet to be found o 

-

Of  the vor ious methods for  determin ing the woter  content  of  dehydroted foods,
the vqcuum oven method is  most  of ten re l ied upon os the stondord or  reference procedure.
I t  hos proved to be occurote ond prec ise on somples over  o wide ronge of  moisture tevels .
For  commerc io l  opp l i co t ions  where  rop id ,  s imp le  methods  o re  requ i red  fo r  p roduc t ion  ond
quo l i t y  con t ro l ,  the  vocuum oven  method  i s  cons idered  by  mony  to  be  too  t ime-consuming
o n d  d i f f  i c u  l t .

I t  is  the purpose here to report  the resul ts of  moisture onolyses of  rois ins ond
Prunes determined by o number of  methods. A wide ronge of moistune levels is represented
in  these somples.  The ob iec t ive  o f  th is  cont inu ing work  is  to  seek techn iques in  mois ture
determinot ion.

F ive ono ly t ico l  methods for  mois ture  determinot ion ore  inc luded in  th is  repor t :

( l )  Vocuum oven

(2 )  Des icco t ion  w i th  mognes ium perch lo ro te  in  vqcuo .

(3)  Nucleor  mognet ic  resononce.

(4)  ln f rored moisture bolonce.

(5)  Dr ied f ru i t  moisture tester .

Expedmenlql

Mqter iols

Rqisins ond prunes were obtoined from commerciol sources in thirty-pound cortons.
The moisture content wos odiusted when desired by rehydroting in boiling woter or dehydroting
st l50o F' in o forced droft qir oven. Enough of o moster somple of eoch moisture level wos 

-

prepored for the entire study, The fruit wos ground whole through o common food grinder
ond kept in hermeticol ly seoled gloss contoiners for onolysis.
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Methods of Anolysis

Vocuum oven: Tr ipl icote f ivejrom somples were dr ied for th ir ty hours of  600 c.  ond o
pressure of  less thon 5 mm. of  mercury,  The procedure is o s l ight modif icot ion of  the method
of the Associoi ion of  Off ic io l  Agr icul turol  Chemists (2) for dr ied frui t .

Infrored Moisture Bolonce: This is o smol l  sel f -contoined uni t ,  ccl ibroted to reoo
w-eight loss os percent moisture content. Heot from on infrored lomp, reguloted by the omount
of current suppl ied io the element,  desiccotes ihe frui t  somple on the poi  of  the bui l t - in bolonce,
Time qnd temPeroture relot ionships for eoch frui t  were determined in prel iminory tests.  Roisins
contoining 20olo moisture required 20 minutes ot  95 vol ts.  At higher moisture levels,  i i  wos
necessory to lengthen the t ime to 25 minutes. Repl icote onolyses were mode ot eoch moisture
level  .

Dr ied Frui t  Moisture Tester:  The method os descr ibed by the Dried Frui t  Associot ion
wos used (6).  l t  re lotes conduct iv i ty of  the somple with i ts moisture content os determined
by the vocuum oven.

Nuc leor  Mognet ic  Resononce (NMR):  The method employed for  th is  s tudy is  s imi lor
to thot used by Elsken ond Shqw (3, 4) for determining moisture in substonces of biologicol
or ig in.  Al though NMR hos been used, in some instonces, wi thout reference to o pr imory
stqndord (5),  i t  wos necessory in onq. lyzing dr ied frui t  to correlqte the resul ts with q
reference mefhod. The vocuum oven mefhod wos employed for th is purpose.

Resul ts  ond Discuss ion

. The comporot ive resul is of  the onolyses, wi th the except ion of  the NMR volues,
con be seen in Toble l .  For the purpose of the discussion which fol lows, the mognesium
perchlorote method hos been considered to be rhe stondord or reference of 

"orpJriron.
qrygg-ly D"*".q|: Exiroction of wqfer by mognesium perchlorote wos considered to be
com.pleie in ol l  somples of ter obout ten months (see Fi$ |  & 2).  At ol l  moisiure levels,  th is
method gove lower resul ts thon the others,  wi th the except ion of  onolyses obtoined with the
D. F.A'  moisture tesier for somples R4 ond R5, This moy be due to the foct  thot dehydrot ion
by o desiccont ot room temperoture minimizes thermol iert-"tion, loss of non-oqueous
components,  ond chemicol  s ide reocf ions. l t  is  thus possible thot the method would oive
results neorest io the true moisiure content of the dried fruits.

Q.FtA. Tester:*  For somples R4 ond R5 the reodings with ihe D.F.A. meter fel l  outside
TFET'fiiiT;FThe existing tobles which only go to 25olo moisiure. The moisture volues therefore
were obtoined by extropolotion. Becouse these results ore inconsistent with those obtoined
by other procedures employed in this study, i i  wi l l  be necessory to modify the electr icol
instrument if it is to be used for very high moisture roisins. Oiherwise, this method provides

*  For  h igh  mo is tu re  p runes  the  e lec t r i co l  c i r cu i t  o f  the  tes te r  wos  mod i f i ed .
reProduc ib le  resu l t s ,  bu t  gove  h igher  vo lues  thon  d id  the  mo is tu re  bq lonce

This provided
ond vocuum oven,
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reproducible resul ts with more speed thon ony other technique used.

Fglgjsfure-qobncg: 
The procedure gove reproducible results, buf required spdciol

t  ime-temPeroiure odiustments for somples too high or too low in moisiure content.  This is on
odequote instrument i f  i t  is  used for q l imited moislure ronge ond is col ibroted ogoinst on
occepted reference method.

Vocuum Oven: This procedure gove higher volues for moisiure thcn the mognesium
perchlorote method even when lower oven temperotures were used. As reported by Mokower
(l) removol of moisture in the temperoture ronge used in this procedure con be oceomponied by
thermol decomposition ond possible side reoctions os well qs other errors resulting from loss oi
volot i le oi ls.  l t  would be necessory ihus to reduce the somple residence t ime or the temperoture
of the oven i f  resul ts comporoble ro mognesium perchlorote volues ore to be obtoined.
Otherwise, the occurocy of  the meihod is qui te good.

Nucleor Mognet ic Resononce: NMR os oppl ied to the meosurement of  the woter content of
rois ins ond prunes did not provide on odequote method in fhis study. High resul ts were obtoined
becouse of the presence of soluble sol ids,  ond the contr ibut ion of  iheir  hydrogen nuclei  to the
nucleor mognet ic obsorpt ion'  The instrument gove volues thof showed interference by pi ts,
seeds, ond oi ls;  ihus, only quol i tot ive meosurements of  moisture of  dr ied frui ts were possible.

'  This study is proceeding <rnd wi l l  cont inue to be on importont port  of  our dr ied fruir
reseorch Progrom. Modificoiions of present methods ore being invesiigoted; different methods
for determining moisture in dr ied frui ts ore being sought.  coreful  study of  new techniques
reported in the literoiure is on importoni port of our work on ihis problem. Woter is certoinly
one of the mosi imporiont const i tuenfs of  ol l  ogr icul turol  commodit ies.  A greot deol  of  scieni i f ic
tolenl for mony decodes hos been directed toword devising meons for meosuring it occurotely.
As the work moves olong, we shol lkeep the industry informed fhrough reports such os this
ond through contocts with technicql  personnel.
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TABLE I

MOISTURE CONTENT OF RAISINS AS DETERMINED BY FOUR METHOD5
(overoges of three onolyses)

SAMPLE #

R1

R2

R3

R4

R5

R6

DESICCATION
(Perch lorote)

12,29

g. lg

lg ,2g

27.28

32. 3g

I 4.06

MOISTURE
Bo lonce (lR)

13,  3

10.3

2 l  ,2

29.0

33.6

16,2

VACUUM
Oven

13,  14

g .g2

21 .a9

29 .1

34.25

16 .12

D.  F .  A .
Meter

13 .0

10 .6

lg .  g

25.9"

27.9*

16 .0

*Exfropoloted beyond chorfs
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TABLE I

MOISTURE CONTENT OF PRUNES AS DETERMINED BY FOUR METHOD5
(overoges of three onclyses)

SAMPLE #

P5

DESICCATION
(Perc h lorote)

15  .70

22 .37

24.96

29.33

MOISTURE
Bolonce ( lR)

lg .4

24.5

27  ,1

30 .6

VACUUM
Oven

17.9

24.  5

27  .17

3 l . l g

P2

P3

P4

D.  F .  A .
Meter

18 .8

26 .1

28.2

32.2
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