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TIE ~ILU&.TICIT OF G I T - ~ J ~ ~ .  -- ."-e-- 

The disposal of c i t r u s  residues frclm juwe pr:vi&rss?~% >.l~,:<.b .;& 

DOT-I a serious problern, sirus aipp~toxirra+ely 2CO tm;s of vrs.s?e ~:ke:[~f.:l t ~ " d  
produoed dai ly  throughout Austraj.ia, and the cost cf ?!~!~&r.%, X??~?~L...,L%L~.:; 
in  the =pi ta1 c i t i e s ,  i s  hzaty, rnij-g- is, rncx*ec?&rl s ; ~ i : i ~ . a n i i j r  
~vasteful  a s  the residues are ?oben.tijl soury=s cf stock fczd, prct5.n;  XI:.?^ 

. . 
essen t ia l  o i l s .  & tile vfiited States  utilj,ze-iioli cf -i;l,.es€ b~-~.~~rodics:> - 

has become extremely profitabLe f o r  the  in&;tm, c~ld  :ui~ m z s w z s  ~ - ~ k l . 6 ~  

may create useful ou t le t s  for  preseak mske pra3.~!,?ts ner i  t. hr-rr.etLi.z.te 
ocnsideration i n  t h i s  country. 

Types of Resiilues. 

Tile c i t r u s  r e s ihe ; ;  a t  p1.e sent rvasted, mainl:; orurige 1.c:id~K.h . .  D with a am11 yrcportion of lemon and grapefrui t  res ldu~c- ,  c s n z s t  OL : - 

ed peeir, *om bmd ind mechanical reamers. 
rorn screenin2 reamed jvicc. 

"Emblings" , i. e , ;;-,shing; frorp. rumb!.ers, ccllsi.s-t<.n& ?f %la 
dis integrated outsr :,eel o i l  oe i l s ,  also .c:iishin~:- f ? ~ . i h  

hyena mackines nhich. contain muoh l a s s  disintegrated pseL.- 
(d) Q w t e r e d  pee l s  fron the %~<th. and Sear12 mec!~.nlt-a1 ;i;:i-e 

e:xtl"actor, u s m l l ; ~  ri i th mcst of the o i l  kewing la:vcr 
reKwed, 

(e )  Rftp f i c m  the scre~-! p e s s  of the , W t h  and Searls extr-&-?.i,- 

Seireral me-tho& for  the u t i l i z a t i o n  of these residues v s i l ;  he c~';h.ne< 

li.eG0ve2~ of Essent ia l  O i l s .  - -.--.,-. 
" v:.c Citrus  o i l s  of "coLd-pressed" w l i t y  may. Fo x.eoo.wrc? f::;tIl a m -  

i?e.shir.gs fpom rumblers 02 Avom nfichines by p= t i a l l y  ~onocn+?at:~?$< t be 
o i l  er.u~sioil i n  s e t t l i ~  t=l:s, m d  separating tnt: o i l  by ~ c n t r n  ~iz:.E::., i: 
wmber OI? processors are operating oil pecc'reqr -p lm- te  of  it?:,^^ t j ~ l - . ~  

The l e s s  &e s i rab le  d i s k a l e &  o i l s  are  plrepare& by- s t e m  3 i  ;.- 
tillati.on of o i l - lcearw r e  siduesi e i t h e r  i-unbI.ilqs or vrhole Seti.i7:-.' 
P k * S  ssgr s a r e  p r o d u . ~ ? ~  rylcetable  produof s i n  cluite crude eqyIpa.enc - 
@ 5. a closed vesseL (tanlc or drum: 1-6th f o r  f i l l i n g  ;.?id enFt,y< .:,.g, 
a steam inle.i;, and a steam ou t l e t  leading +a a c-ndenser c o i l  i n  a turG5 G, 

cold ,Vater. oil-water d i s e i l l a t e  i s  allowed t o  s e t t i -  =cl t!m ui" 

iln experimneal niachine i s  i n  course of develwpn~e-nt, 3y % 

SydI~ey rcanllC&cturer, t o  prnduce an o i l  of llcold-prssse&'l q ~ ~ a l i t y  Prom 
PearrLeil poe.Ls by z proooris of r o l l k c ;  m.d %laskiinp. 
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The Eiai1ufacdw.e of l i a d d e  i.ii.xtue 

A slmll  quantity r ~ f  c,i';r\ls re,s&lua@ 3,s .&,..~~X~L-.TA~~&& ni?.&L+ 
The production of t h i s  jm o0d.d be ii?creasad, 13-i'" it i s  not Lfloly ti! 
aocowt f o r  rnore than a smll prcportion c$f the t o h l  msidues. Problems 
i i ~  co i~ iec t ion  v r i t h  rnxrmzlah n~'.,xture are  bejiq grio.en a t+~n t i c i a ,  and 
forming the s l i b j e ~ t  of sepsrato regcrts.  

I n  a reoent reyort  from %lcs t ine ,  3ondi and i.:eycr(?-j desoribe tila 
prepam'tion of ten ions of ensilage  fro:^ c i t r u s  residues i n  a oenlent s i l o .  
The coarsely s l iced inaterial -;!as packed b,m Imrd, and. tileen ooverad with 
straur and t v m  f e e t  of ea-th.  i f  te: eigh-l- rnoi~tlls~ the er,silage rfas i;~ 
excellent cond.itionl and gavc good ress;ts i:i fee&ing te&L;s. D?,Z.G, 

The ohief disadvantage of ensiiage i s  <.;at i - t  i s  vfet and bul l~~f  
material, vrhich viould be d i f f i o d t  t o  t r a n q o r  t , '?he prsee ss czziilot bc 
reaommended fo r  t reat ing r e s i d v ~ s  from metrq2olita.n plax:~, but i t  may '03 ov 
value fo r  oountry p lac ts ,  where tho ensilage o o L 2  be used a s  a skook 
i n  the vioiility. 

Dryin0 of C1it.m~ Residues. --.--A ,,.-I . . . - -- 
Dried c i t r u s  residues my  be used a s  a. ;too:: feecl(2) 7nlt are more 

valuable a s  a source' sf pcotin, i is  pea~:iil proc?.~c tioil involves ~ o ~ s i d ~ ~ ~ ~ b l c  
plant nnd eaxperies~ce, i t  i s  a o t  e x ~ e c t e d  that more than a fl-action of the 
presen'~ residues c.o&d be used i n  .this VIW. tIenoe, i f  drying i s  undertalcen 
i n  the ~ 1 1 ~ 1  centres,  the d r i ed  material  should b.e czpable cf being used both 
a s  a stoc!: feed and for  peotin produutiorn. 

Ci t rus  pulps f r o m  the screens and from %it@md Searls '  e x t r a c t i ~ r s  
are suf f io ien t ly  vie11 dis integrated for  drjring, bbt pee ls  need t o  be sl iced 
c r  gromd i n  a sui table  m i l l .  I11 a ,smal l  scale t e s t  a t  t h i s  laboratz,:~', a 
mixture of pulp aild stlredded gee1 vias dried fil about t ~ r o  hours, using a 
v e r t i c a l  oirmlat ic i?  off' a i r  though three inohe s i,f rka.terial, a t  a 
tem;gerutvre of  1 4 0 ~ - 1 5 0 ~ ~ .  and a ve loc i ty  cf about 200 f e e t  per minute. The 
rra.tzri&l was t u r ~ ~ e d  over every half hour, Uqforctu~~ately it tended t o  stri.ok 
tcgether m d  recluired b_realiiug ?.part thoroul;i;ly. :I type of &vier, e.& 3- . . 
rotary b i e r ,  ~ h c h  brea:rs .J:L, the rratcr ia l  coi~ti.nuously to  prever~t i t  okians; 
wmld be most sui table  fo r  large-scale produoticn. 
- ..-. . - .- . .. . . . . . . . . . . . . . . . . : . . . ---~-A~. 

Cxgcrincntal ..r;ri.culLxre 10: 89 and 93 (194-2). - . -.. . - . .. -- -. .. .. 
o f  orcnge pulp f o r  l ivc  si;o&lc .'?eb: ?; .' 

C:,. :ifornil: ;&Cr;yra?-> 25 (?TO, 1)  r 22-55 (1923)- ' , - -  3""-' a w u s  pulp as  :: c.>.ttle f'ec:lu, 
n 26 (Xo.2) : 57-50 ( l939>,  



To amid. destruction of pco-bin, dyyin: ;hould be comenccd a s  soon 
a s  possible a f t e r  ?re s s i i ~ ,  an2 the inois turc~ pontsnt of tile d r i ed  material  
kept a s  loVi a s  pnssi.ljie, ;:ortess a d . ~ r o e a ( " i  , i n  i n v e s - t i g a t i ~ n s  on tile 
roteilti.on of pec t in  i n  apple rcsi.d~1.es, found thz t  mould did no'< dcvclop on 
~i : i .d :~ ,es  co>t~i ; :<~-~ .  20 per  COP^. or  1~s:: 3 f  ~?o!.c'~~cc. i'ioireyer, iJ; I s  an 
advantage t o  re:-uce the I w o l  cf moist:c-.I: s t i l l  i 'mthar, a s  enzymic 
deter iorat ion can. promea irl -l:lc p7esenoe of r i lcistae,  even if mould i s  ia- 
hibited., 

L I n  'ih? Gmted States,  Tnrticu!arly Pn Florida,  c i t r u s  residues . .. - 
have 'iiceil tr$o+rd ;.i.ith lime he. o e ilryxng f o r  stock f cod. The process i s  f4y. - .  
is ,re;-y -... .!. 

(57 descrlbecl i i l  :)C">CL's 'by 331~0sseir.u and Van &bve~pon , The m s t e  material  
w.:; du.e %he p?-aotioe of f loat icg the residues t o  oolleo- 

him p i t s :  nn~!. :.iininz eiubles mimb mare f ree  rnoisture t o  be pressed out ana 
f sc : l -~ , . ' -  ' ri-,:.b13riequ0:ot h y i n g ,  The action ol: tile lime i s  due to  the 
coagi?.la.kicil of peo-~z.;l, i-iiiict i s  la rge ly  p e ~ o ; l s i E l e  f o r  the ~ - ~ a t e r - r e h i n i ~ :  
p ~ o p e r t r  (:f ciii- us r e  sf dr:? s. 

Tile pVr:oess ilescril@d. by these authors -is b r i e f ly  - a s  foll.ol~!~. The 
yret ;,m;;eyia.l L~ ; i~sli~Cegratc. i l  . ';;i 3. ilaxy:ler ~ i i l l . ,  11aViil~ a -2 inch soree;~: 
~ ! h i h  a 2 -?er cant. solution of e d c i m ?  Iqdro:cide i s  r.~ixmd x i t h  the inass. 1% 
i s  tilei1 thoroughly rnL-ied a id  stored. for  a short  ~ e r i o d  t o  ocmplete the actior. 
of the l i m e  2~l:ter steaii~ing, i t  i s  pressed behween r o l l e r s  and h i e d  i n  a 

rnl ro'bzXy d ~ i = r - ,  ~ , l e  3.inLl=; :,recess i s  ocvered by UUhied S ta t e s  pa ten ts  
1,991,94-22..(1035)(to Cole an?  all) and. 2,1S7,501.(1940)(to ~ i s s a u e r ) .  

2. dryinn t e  sb with l h e d  innterial Y-fas car r ied  out i n  t h i s  
laboratory. ; ' i ~  s,aqlo v,aa ci:rq~srablo t o  tbt  used i n  -the previous t e s t ,  
and was rnbed. tk:?ro?~;'Qy with 1 per: oent. nf ca1c;i.m hyeoxide (inoreasing 
the 133 from 4-, 0 t o  6 ,5 ) .  The re  sidues cane froiil the p lan t  1 ~ 2 t h  p~ao+5ally 
no f r ee  m o i s t u ~ e  &.d not rec~vire  adc?ritLonal pressi-ng. Dq ing  took 
1; t o  2 hot<%, i i - i  there  -m.s no troublc :-iFth cd:iw. 

Tlhe lir.ed material 7;ro~d.d be svit3ble fo r  stool: foc~cl. b ~ ~ t  iizfel"i0r 
as a source 3f p3oti.n. i.:ore ac id  moul.d be r e q u r e d  f o r  nxtrao.t iw the 
pec'~3.n f r c i ~  t h i s  product, anr!. a constderab2e excess of calciun woul-d be 55- 
corpora'~ed i n  the e::tr&ot. 

~~f e--l. ,. braction of pec t in ,  residues 31-s leached with cold ~ . i l t E ' T ~  
and this opera.l:~n coa be completed before i l ry i i~ .  The following r:lethod has 
h e n  svqge s ted  I.?' thc 2. S, Deprtilleat of ;&riwaltiu.e, 

" ~ i f t e ?  the I -e~~ovzl  of seeds, the pomace i s  ground i n  a sui table  
x h l l  so t ha t  ti= ~ i e c e s  z r s  s : o a t e l  one-half i i ~ c h  i n  l e n ~ t b .  The 
gro.~1iid 2oma.ce i s  added irm,edj.ately t o  h o i l a  -<<ator (a1~:>rox~~ately  30 gal-,., 
of i iater -to 100 IF, cf pomace), and the te; i~era.ture i s  mai;ltained a t  ab0v.t 

. . -.- . . . > .~ ~ . -. . - - . . . L A  . ~- - . . - -- - . -.. 
m -  o r  l Z;:?erf~i~e-il'c Stat ion,  Tecb. Bull .  179 c 1 9 3 1 r  

1.0; 556 (19281, 
397 1422 (1941). 



. ,. 1%%, ( ~ O C . )  u ~ i ! l l c  the nlixbrre'is.a+ta.iced f ~ r  5 t o  7 ~ b f + f s .  - .v 

the end of t h i s  treatmen.: perioci, sur:ici:z:-.: c3i.d ~mGer :~ : .~~>r .n~ :2az t s l~  . . 
30 @s. peY 100 lb ,  of no~z.ce) t s  ad&d cc .Laxer t!le .b$q?crad;;;e 0.r 
L bhe mixlime to  135°~ .  (57O~. j or below: ail< af-53~ ag.i'~.til~g fcr 
5 minutes the ~ a t e r  i s  drained off riiciw,r&d.. The ;>amace i s  
added to  cnla (o_pd&m.ry tegpel.a+ure j \-,a:-:: r i.1 r a  ti:, <jf approsiixttnly 
35 gals. t o  100 lb,  of polm.ce, a ~ i t a t e d  fr,r 20 ~,?.j-ilutes, 33d tile v+~i;el 
i s  tbsn drained. off m d  &s-&d. The e:!.i;yruticil -;{j.th GO??. 

( ~ i . d i - ~  temperature) water descrj.ln;< <>he J.as.i; sej;.ben i s  r&si.-;:.ted 
once. The leaolzod. pomace i s  i,ressad. i n  (I sd.i&~'b:i ppess, Cizj.~d., 
ground. 

._a 1.:: ersj>rne action,  the "In ord.er t o  reduce loss  o? -)ccL'- . . 
processi;% of the polilace shou:.d ';e &~~:;ci~czh g~.~~npd;xv; CIS SOOE a s  :-'C j.3 

available from the juice ex.t>iction i>].,::~t: ?Tot :lare 2i~a.n 4.5 i;kldtZs 

shouiii e1ap;e bet.;ieen juj.ce estl-a..ciicn u.;d. he~>.t.l?l:, ~ i .  the :7ozace i~ 
boj.ling vrater, and not more than 1.0 r;li.r?i;~es .;h:,:~.~.ii 6 ;s-jse 'k <>;.t.c;;~ 

nrindiiq the pcjmaoe s ~ ~ b j ~ ~ t < n z  i t  t 4  trea.ti:,'-.ili :j.l.?;h b o l l i ~ g  '~IG :.€>: - . " - .  
OthemfL se ; cop sj.del-able l o s s  of pecti? !n,s:;7 rcsu.is, the pi1:ysil;al 
c o n a t i o n  of the ponlace mq,  a lso  'ce eli.ar~;~ii r.n s~mh s W8.y a s  t o  
serFou.sly retard. the processing op?r.ation, 

"b order to reduoe tho loss extrac;a,bp* asa.';b ii; 1s h & i b -  - P 
able that soft  water bz used iil tiis yrocss~5~r .s  ::: trres cLt?us: pca;la::e: 
$a-titularly fr:r the final e x t r a o t j o y l ,  qz<;e:c- h2jr<pc a. I i ~ d n ~ s s  of 1% 
i j ~ t s  per mil l ion or ?jelo~#v i s  satisZao;;ox:y, :' 

. - In a t e s t  ill t h i s  la'fioya!&my, rss5Cusii J-reve le&c!19d 9;: .i;tle ah~ivv 
p?~C~.*ure a d .  clried. i n  the a l e  7;a;i a s  ';he untrpited. a;-d l k m d  -,:d~?'les,. 
D:~rfh1g tool; alsout trio hours and the E~ater3aj, <:it: n r t  s.tioi.: e,u.$t;s;:coL;r. T!:.i: 

- L-v ~5 v?..cxe j .6 <hied  r a t e r i a l  i s  er&'~ently s d t a b l e  fo r  .;ectin, Sut i-5s i-~+r'.'- 

consillerab,Ly redv.ced, ar; m o s t  0s .the soh'ule r ~ b s t a ~ c e s ;  inclui6.ixy ssii;L;rs, 
haw keen rencveii by leaoking, 

,%ages i n  the manufacture o r  7:eati.n icoiude lf,achi~.;; %?I<: 
res idues  iil cold viater, extract iq  pGU3ein p-jith a h9.: ac.3 so2.~7tlo!-. di:3 
f i l t e r i - q  the extract ,  powdered. pect in  7w th3n .be prr.2:g.~eL by- (,.; SF:'-;; , 
Y (b) ooncentraticn and p rez~ l2 i t a t j  :,o <><.-;I? alcohul, 03: (c, 
p rec ip i ta t ion  with a1ijninj.uI:n, v,hic;ll is suoseSJ,e:J+iy rem3~~;d by ac id  nlciiivl.; 

It i s  e stiirated %I%+ the Ausi;*.aLis:l requiremec 5s uf .fi;lr:"id.~r4,3. 
c i t r u s  pect in  are i n  tile region of 100 toils per su~xm, T;;e r:elii ti? i,ii<;it,:, . . ?torn c i t r u s  residues i s  of t l m  order cC 2.:; per  t3cn:;. frii?:~ L?i.ecL P.ZSL?LU~S 
aiid 1-2 per cen.t. from wet res iaues .  

, ' Ij:? General inf0l-ir.atj.o~ on p o t i n  i s  giver i n  "5~x5 6 
Tl.d, X-coker ( A V ~  Z11blishing Co. , 19213) an6 llPec~.t~i~.i '  1171. ::1.2- E;iiell 

I 
I ( ~ n i v e r s i t ; ~  of TJasb.ir@,oa, 1%~). 



. . 
' e a c l d ~  is: m i - i e d -  c u t  as g:.evicusly dcsctiL-.sd, Dry ,l?SI.C.?lsC 

silauli: 'k soa!;e; fo r  a1.ei;.t :70 uri;lc$es 7.efol-e ,1eaL-'rL?g. Hater ia l  >?j?i2lisrl <:as 
been Leachcd bef'cre & y L j  c , ~ ,  3:: ccurse, 1-e ce,utl;,c.!-ed im~e.cfi~in.:e;Lv, The 
leachiiig removes s o ~ e  ~f the pe;-t:i(.in: p~.ut only r:' Iav; ;elly gratie* :J.igb.-. 
zrs.dc >cot in  ~eri_u;Lres hot diluti: acid i-0 bri:q i t  so.Llitio~l, 

Tile a'liomt cf extract in2 solution re.guired. 5s erpivalene; r c  ak9lV'k " i fi-2-,- ti:= s the ~!:r;r~gklt of wet rfjsiducs o r  5-10 i:imes Chi' >,i?eizhC of ,l,:.~ 
res5-dues, The i;ime aild teoipevati.d-e of sxtmoticil ,  t!lc ac id i ty '  ur' the 
extraot ing s a . L ~ t i i ? l ~ ~  have been ccnsicleved. by a anc:~~l;er of a~x?b,ors~ Q - i i % l l  
sv83s!:s a ;Ii iaiw3 of 2 .  3-4, 0. Rool-;er reoc.j;-me;;;l.s aaj'mt!.n& -';ile k,!! t o  3 c2 

and hea"91q e i the r  a t  1 0 ~ ~ 3 ' .  fo r  C-0-80 minutes or a t  212G3, f o r  3(417 m%ril;i;or. 
The exdraot is t k n  p:~.essed DL.:: iil 3, s~.li?able ;:res~. 

21 nbn~>er of ?.&hr~rs (.;!i].son, i;:.ers nr-7 &!:er rind I:i;~+on fai*j'.:l 
the *jse *.,f f a i r y  acid ~ ~ . l u t i : ) n , $  (iLi3 ahout 2,C) a;; ~ C . O ~ - ! . S G ~ ~ ~ . ' ,  ?:.i 
gsilei-aLiy Ljriaiir,eii .bilei-e j.s les.3 dcs.ti-i.uction of ?.e::-i-:n a t  thig lay;r +ha:: 
a t  2i2OF. , rln .tile. !ilisi~ ac id i ty  i s  e:ctrerrel:i e f f i c i en t  i;l aissol~~:i.z+z t:i-\c 
pe.)*ii;i. The rrr?-.iterl s ex-er ie~ice  i s  iii genernl agrecrtent w i t 1 1  ti-??se ~ i a i c l s ,  
L bhc.?&!l 2n experiilrents with a.p!:le :-e sidues q.uiC-e a s  good re.su1.l-s :-ICEC obk:u.iie~. 
by !xilfrLg f o r  4.0 n~inutes  a t  a $1 of about 2 . 5  (as  r c o c r , ~ ~ e d e d  k:: ;:c'ol:er). 
I&ch a c i d i t i e s  are  l i k e l y  to ;:1-.1.ring about some Licn~eC-l::,-la.i;io~~ of ?I? p ~ 2 t . i ~ .  
ii:-kle rleli:nt!j.y-lation rrag t e  zh aavantag~ ki L-,~?rovii~e je.l>; gmdc, b-3.j; i t  

, . needs t c i  be car r fa l lv  ccntyoj.Led, ~ e i ~ e - ' c i l y J . a t i  t e d s  t o  Lover the a-G:m.Wi: 
I 

I L a t  , aiG f o r  zos.5 jms and j k l l i e s  it i s  desi:.abLt nct  r~ l e  5 
t h i s  f a l l  kelom pi 3.0. 

The ~ r o c e d u ~ e  d e s c r i k d  by :Jilscn Llvolves exfrazC- Ieaciled 
0 i t r v . s  rsniduas 2 t n  3 times v r i t l l  1 per cent, sv.lp!~u:ccus acid. a t  120"-1!30~~; 
After fiLtra%ic.n: the ,a~lph~wous ac id  i s  remwed.. 

Ili tht: i:lves'iigations a t  this l a b o ~ a t o r y  oil c i t r u s  r e s i 2 ~ 1 e a ~  '~k. 
ljEi of e::tractir?n has been varsed frcjn 2, n t o  4.. 3% 2i.L;Lrin t h i s  vn;nf.;*; je'ij- 
d . . ~  .,> o..r ~p L . 
1 I ,earls t a  increase with i;lcreasirq aaiclity. rirv;ever, kz l c~ t '  p!i 5.,C 
the r e  siLue s bsoom rmch more gela.kiaous a f t e r  lxea+;Li~g, and a r e  ex t~emely  
dLffic7l.~t  t o  press.  :fe;loe the >:r:-iter i,refers bn i l  :r:s fop 45 minutes ~ ~ i L ? b .  

~. . 
0,0!.5-G, 02 il-or~ral !1ydr6ohloric cr sulphuric ac id  cr :I, 025 m o i a  citi2j.z r c i o  
nkic:l ;i.ws a11 estrac'; of pH 3.0 - 5 < 5 ,  This ex-'irt~,st cku be presser?. e a d ! . ~  
i n  a s,~:it:tble press: leavL7g n f a i r l ~ ;  b y  residwxl. cdce, 

Rooker moom.eilds d.ecolumising pec t in  e r t r ao t  s vri.tli ac t iva ted  
ca.rbcn a d  then ad&% 5 filtizr a i a  before f i l t e r i . ~ ~ .  Eendeq, P o ~ g i a s ,  a&d .. -- ....,...... -..... _ _  ........ _ _ _  ... ......-...... - - . . . .  

6) I.~d?j.s+sria.l . a r i .  2nr(be~;x5r~g ............... Ghen:i:istry 17 : 1065 (192.5) , ( :=-,-. ......... . - . ?  
,,-,L-r,3.q .& ,,L e. J- by or  De1a:::::re A g r i . n ~ l t - x a i  Ex?er imnt  SJa t ion ,  31ll,lE8 (193~). 



and Guthbert have been panted a patent (u. S, 1,787,467 (1931)) ?or 
percolating the extract through a f i l t e r  bed of  coarse open texture contain- 
ing activated carbon. It i s  doubWul if the carbon treatment i s  a s  essential 
for c i t rus  a s  it i s  for apple peotin, a s  most of t h e  colout- i n  the citpus 
extract i s  insoluble and i s  removed by f i l t rat ion.  

Wilson mentioned f i l t r a t i on  through paper Tho writer has not 
found this  very effect iw,  and bas mainly used a f i l t e r  aii! (1-2 per cent. 
of "Dicalite Speedflow") for this pwpcse. 

Sam authors prefer the more acid extracts on account of ease of 
f i l t ra t ion,  as viscosity tends to  decrease a t  the lower pH. However, the 
extracts prepared by the v m i t e r  a t  pH 2.0 had so much fine suspended 
material t h a t  they were extremely di f f icul t  t o  f i l t e r ,  

Bxtraots contain5ng staroh cm b treated w i t h  a dias tc t ic  enzyme 
preparation before f i l t rat ion* &ch preparations are usually contaminated 

with pectin-destroying enzymes, and, to minimize their effect,  ~ a k e r ( ~ )  
suggests hydrolising the s t a c h  at  pH 3.2-3.6 a t  850°F. cuntil  c h e  starch- 
i0di.m c0lou.t' changes to brown, and then heating to  180 P. t o  inactivate %he 
enzyme. Alternatively, the residues can be heated a t  180°X', f 02 5 minutes 
to  geht inize  the starch, and then treated w i t h  the enzyme befor- leaching, 
=pa patented a method ( ~ e r ,  547,8@ (1929))for absorbing the starch on 
pwous vegetable material mch a s  ground nut shells and then f ilteping- 

However, these prooedmes have been developed for purifying apple 
pectin. It i s  doubtful wkether they are necessary for ci trus pectin. 

Beparation of Powdered Pectin. Pmdered pectin may be produced by spray- 
drying the f i l tered extract, but th i s  process r e k i n s  a l l  the :ap~-i t ies ,  
such a s  residual colour, swars, glucosides, and other soluble substances 
which remain after  leaching, a d  the acid used f o r  extraction. 

mgh-grade pectin, which is practically devoid of colour and 
flavour, can be most readily obtained by concentrating the  extract i n  VaCUo 
t o  a thick s w q ,  and then adding alcohol to a conoentration of 60 per cent. 
The pectin i s  precipitated i n  a fibrous mass, which can be readily f i l tered,  
washed, dried, and powdered. The alcohol can be subsequently recovered* 

An alternative procedure, which avoids concentrating, i s  t o  
preaipitate the pectin w i t h  alu&niuui. The original method, based on the 
patent of Sameson and ~ ~ y r l o r  (u, S. 1,497,884, (19%))~ involves aaang  
calculated amounts of aluminium saphate and ammonia to form colloidal 
~ ~ i u m  hydroxide, which p r e ~ i ~ i t a t e s  the ~ e c t i n ,  The precipita'te i s  
separaka, washed vsith water, dried and ground. The a lumin ium is  then re- 
moved as  ohloride by wasang wieh 85 per cent, alcohol containing 5 per 
centr of hydrochloric acid, and can be used again. 

(8) Uidveasity of Delaware AgrlcuLturjl Experiment Station, Bull, 2@ (1936)~ 



Faker and Goodvrin have shown tha t  a l u n u ~ u m  chloride can be used as 
a precipi ta t ing agent without formation of the colloidal Iq-droxide. If the 
pec t in  extract  i s  adjusted t o  pII 4.5 with anrionia, and a concentrated solution 
of aluminium chlcridc of pI13.5 i s  added, a flocculent precipitate of pcc t in  
i s  obtained. Thc w i t c r  has ~ r c p a r o d  so l id  pcct in  by mca-ns of aluminium 
chloride ~ d t h o u t  d i f f i cu l ty ,  bu t  has not so f a r  bccn ablc t o  avoid scrious 
lo s s  of j c l l y  gradc i n  thc proocss. 

Solid pcct in  i s  usually sold i n  standard gradcs. 100-gradc pcct in  
i s  of s ~ ~ c h  a je l lying pa-icr that i t  can form a good j c l l y  ~ r i t h  100 p a r t s  of 
w a r .  A s  prepared, thc sol id  pcc t in  i s  standardrizcd t o  an o x ~ c t  grade by 
di lut ing w i t h  glucose or othcr sugar. 

Povdered pect in  often gives d i f f i c u l w  i n  r e -d iqe r s ing  before use, 
a-id i s  pa- t iou lar ly  lia'iile t o  clumping. The follorcing patents  propose a 
var ie ty  of 'creatmcnts t o  f a c i l i t a t e  dispersion. 

h i e r  and F s r i s  - U. S. 1,915,963. (1934). Acetone - 
dicarboxylic acid i s  added a s  d i spc r s iw  agcnt. 

Cowgill - U. S. 1,973,613. (1934). The pec t in  i s  dr ied i n  a fi lm &th 
glycerine, azd the glycerine then removed by a solvent. 

Saier  - U. S.2,147,960. (1939). Thc pect in  i s  iicixea with a glucose 
hydrate, and passed between hot r o l l s  to foml coarse flakes. 

Tlilscn - U.S. 2,159,194. (1939). The pectiil i s  ornbeddcd i n  liquefied 
g l ~ o o s e  hydratc, ishich i s  tbcn orystall i8cd. 

Olsen - U.S. 2,261,858. (1941). Thc pcct in  i s  iiispcrscd by mctal 
ions of alumiiwo, c q p e r ,  iron, 1 6 ~ 1 ~ 1 ,  or clmnnium i n  loiv conocntration. 

T e s t i x o f  Powdered Pectin and Pect in  Extracts. There are  a nm~~ber of 
P -- - 
chemical methods for  d e t e m ~ ~ i n i ~ . ~  ~ e c t i n .  The method of alcoholic preciuita- 
tioil i s  extrmlcly crude, and incl;dcs many othcr substances bcs i  c pc&in. 

? 9 j  Afore accurate are  thc calcium pectate  wthod of Carre and iJaynes aild the 
volw~~ctr icnet l~od of Hinton, which can be used a f t e r  an initial alcohol o r  
acetone precipitation. 

However, a chcnical detcminat ion i s  prac t ica l ly  useless  fo r  
evaluating cx t rac ts  or pc~vdercd pectin,  a s  i t  f a i l s  to  dctcct large 
var ia t ions  i n  j c l l y  sradc. The v iscos i ty  of cx t rac ts  i s  a somc-{?hat be t t e r  
~ a i d c ,  but cvcn t h i s  i s  not r c l a t cd  cxactly t o  je l lying poncr. Thc only 
sound t c s t  i s  t o  preparc a j c l l y  undcr standard coilditions, and t o  dctcminc 
i t s  strcngth ??ith a suitablc instrument. Standard j c l l i c s  may bc prcparcd 
with imported 100-grade peotin, and compared with those of loca l  marnufacture. 
If a mi tab le  i n s t r y e n t  i s  not available,  pressure with the f inger  r q  be 
used f o r  oomparison, ail e ~ c r i e n c c d  t o s t c r s  a t t a i n  a high degmc of slcil l  
i n  tlus mc thod. 

Rooker and others  givc methods fo r  preparing j c l l i c s  vthich involvc 
adjusting thc pcc t in  solution t o  a standard pH and boi l ing it ~ 6 t h  a 
-----*-- ------.-----.- - 



The j e l l i e s  ax5c i2rep;ired i n  50 m l .  beakers by n x i x i i q  10 gyms of 
the pect in  exeract with 20 grarm of 75 pcr cent. invcr t  sugar s y r q  buffered 
.to pEi 3.2. This i s  well  lxixed and brought t o  the b o i l  and 20 g r a l s  of cane 
sugar added. %hen t 'nis i s  dissolved, the mixture i s  allowed t o  set. It is  
preferably l e f t  overnight before testing. The final j e l ly  coiltains 70 per  
cent. of sugar, o r  xhich about one-third i s  iilver&d. This 111ethod i s  
applicable only 'GO f a i r l ; ~  concentxreted ex'cracts, and boiliixq do~m ~fould 
have to  be adopted for  d i lu t e  extracts.  

] ! j l  
dcfi :dtcp?oport ioi lof  s u g a r d ~ ~ m t o s . c c o n s t a n t ~ ~ i g h t .  I t i s  thcnpourcd 1;::: 
i n to  j c l l y  glasscs for sctti-fig. Fkntoil rccorx-(lcnds p r c p a r i - ~  j c l l i c s  at {;[.I ,, ',: 
p 3  2.0 n*xi.lia w i t h .  g lycc t - i i~~  t o  givc a ~ o i ~ ~ w l ' ~ r e . t i o ~ n  of 65 pcr  - cc'rt. T o  1 ,,;:I ,.' 
viritcr prcfcrs  to  avoid .khc s a i l ~ ~ i ~ h a t  tedious und u c c r t a i n  method-s which ( 1 ' .  . ,$!I  

T:he inver t  syrup is  prepared by d3 ssolviilg 300 grams of caile 
sugar mcI 15.8 :~ams of orys ta l l i sed  c i t r i c  acid in 100 m l ,  of boiLi-."-$ vmter. 
Seat mtil the sugar i s  d.issolved, nrd coili;iiue heating i n  a b o i l i - q  water 
bath for  30 illinutes, i;iheen most of the stqar should be inverted. The;? add 
17.7 grams of dibasic sodi~m phosphate ITa2i-IP0412X20. 

I 

There a rc  various possible methods of detemlining j e l l  s t r e lx th .  
The in s t rmcn t  used by thc wri tcr  (which i s  dv.e t o  Y ~ z c w t t c r ( ~ ~ ~ o o a s i s t s  
of a ve r t i ca l  s&idle, which lnovcs f'rocly i r k  a sleeve mounted on a suitable 
framc, and. i s  f i t t e d  vs i t h  a plv-ngcr of spherical surface (1.6 cm. diar~lcter 
by 0.5 cm. depth) a t  the lo-izer c:d. Thc pluilger r e s t s  oil thc jcl1jrL and 
shot i s  s l o ~ ~ l y  poured in to  a c:ilindcr at the %top of thc s p i i l d l ~  xatil the 
m i g h t  forces thc ppl.=%cr i . ~ t o  the je l ly .  Thc shot i s  thcil tipped out aid 
wcigbd. This mcthod 5.s a?ly a.pplicablc to  stro;lg jc l l ics .  

involve b o i l i i ~  do'irn, m d  prepares t!hc j c l l i c s  .at 12I: 5.2, using a c i t r a k -  !:? 
m 8 i: phosphate buffer. ~ h e s e  corldi'cioils agproximate more t o  those i n  c m e r -  ~?;,.. 

! _ . 
c i a  j .  a d  j e l ly  1 A SH of 2;0 i s  i ie l l  belorr the usual range of 
coiw~ercial products, md pec t ins  7.;iilich Imve beeil ra ther  severely 
derncthyla'ced d w ? ~  prepa.ra'cio;l -nay have gooa jell@% pmler at pIi 2.0, b~rt. 
inferior i n  t he range 3.0-5.5. 

The U c e r  l 1   jell:.^ t e s t e r ,  which has been widely u.sed, i s  mclc 
~ f rm t l ~ e  pluilger and barrel. of a hypodzmic syriage, and develops a grad- 
mlljr incrcasi lq  pressure by r u i n g  water i:nto a closed vessel.. 'lhc 
urcssure req~i i red  '60 break thc jcl1.y i s  read on a manmnc~tcr. 

Suxtarized &qgestions f o r  IIandli% Residues. 
----* ~ - ~ ~~ 

Two alternative procedures m a y  be suggested fo r  the treatment of 
c i t r u s  residues a t  cen t ra l  p l a n t s  5.n tlhe maL? producing ceiltres. The dis- 
integrated residues m y  be dr ied without fur ther  t reahe :? t ,  iit sui table  
d r i e r s  which prevent c a k i ~ ~ ,  and  the prod~.~c% used a s  stoclc feed or f o r  
pect in  production. 

(10) 3ulleti.n of the Pac i f i c  SoLentific Ins t i t u t e  of  Fisheries an& 
Ooeaaograp hy 13, (1937) (5n ~uss i a i ? )  . 

(11) L d u s t r i a l  and Eq inee r in f  Chemistry 16: 89 (1926). 



. . 
I f  d i f f icu l ty  i s  experienced i n  drying untreated residues, the 

liming procedure may be applied. Idiiled pomacc would not be sui table  f o r  
pcct in  manufactu?re, but t h i s  d i f f i c u l t y  inay be overcome by inboducing 
batches of lcachcd pomacc whcn required. Pomacc lcachcd by the mcthod dcs- 
cribcd i s  superior 'both t o  untrcatcd and limcd material  a s  a sourcc of 
pcctin,  as the ci1Zymcs arc  inactivated and l o s s  of jo l ly  gradc i s  minimized. 

With rcgard t o  pcct in  production, thcrc should bc a rca* markct 
f o r  conccntratod pcotiil cxJ~raci;s i n  thc m i n  producing ccntrcs  and i t  may bc 
possible t o  proceed r v i t i i  the manufasturc of pmidcrcd. c i t r u s  p c c t i n  by onc 
of thc precipitation nlcthods, ............ 

VITAIvENS. ------ 

The t c m  vi.tamLn i s  .vridcly uscd. bu t  d i f f i c u l t  t o  dofinc. It was 
coined some 30 ydars ago by fink bcoausc of :hc c:cpcr-k.~iltal dc12onstration 
tha t  animals fcd on a d i c t  adccluatcly supplying a11 ttlc obvious ilccessary 
typos of nutr icnt  - protcl.:~, cnrbohydratc, fat, nincrnls  - died @tc 
quickly i f  thc various substanccs ncrc puriiTcd, but could bc kcpt h c a l t b  
by thc addition of slnall 3i;lo~mts of sor;ic crude foodstuffs. I"unlc postulates 
tha t  thc la.ttcr r ~ u s t  contai:i uida~cvn~ substanccs ncccssary fo r  hcalth and 
gave t o  these the geiierel ilaxle of vitamins. L~ , t e r ,  varyiqg symptoms 
exhibited by experirlental animals on f i f f e r e n t  deficieii t  d i e t s  showed there 
must be nwy different  vitamins and thcy ucrc ai.stF.ix~ished by l c t t c r s  as 
Vitar15.n A. K t  firs!, the d is t r ibu t ion  of a given vitajnin could only bo 
dctemincd by mcasurmng t ! ~ c  a~0~i1t-s of diffcrcnt  foodstuTfs which had t o  be 
addcd t o  maintain health on a d i c t  101mn t o  bc dcf ic ient  b.y i t s c l f .  World% 
i n  t h i s  I - y ,  r i ch  sources of scvcr r l  vit'mins were found, uonccntratcs 
made, chenical structui-e s of corpournds with v i t a l i n  a c t i v i t y  dekrnined,  
a d  chel-2im.l mcthoas of er ; t in~kioi l  vtor1:ca out. T h i s  c h a ~ g o d  the s t a tus  of 
thesc vitajlihs, from :.lysterious substanccs known only by thc c f f cc t s  pro- 
duced i n  thc i r  absc?~cc, to  orgo.nic C O I : T P O U ~ ~ S  of Imoiin~ structure. . Thcrc is  
a tcnaency i n  t c c h i c a l  vnitiiigs t o  r c fc r  t o  v i t a l i n s  of lfflmnl s t ructurc  
by thc i r  chc~?i.cal ilmcs and t o  usc vvitm:~inst', a t c rn  r ca l ly  a confcssion 
of ignorailco, foi- the factors  :ihich havc not yc t  bccn idcnt i f icd  
chcnically, The word should thus cvcntually bcconc obsoloto, but a t  prcscnt 
the r a t c  of discovcry.of ncv fac tors  csscnt ia l  fo r  r a t s  (which nrc oasicr  
t o  cqc r inon t  with than nan) i s  probably norc rapid than thc dctcrr~inat ion 
of stsuc turc of kno'i~n1 v i tmins .  

Fror>~ thc cl?cr:~ical. point  of v i m ,  the vitamins a c  o very nixed. 
col lcct ion of substa.nccs, somc of f a i r l y  s k p l c  structurc,  smc vcry corrrplcx. 
Saxe conpounds usually l i s t c d  z s  v i t a l i n s ,  c. g. nicot inic  acid, lmvc ncvcr 
bcon givcn a l.cttor, as thc i r  chenical s t r u c ~ c  1'13s ?fflorsn bcforc thc i r  
dictaxy mcd  vras established, and others h v c  bccn ra ther  nrbitrcarily 
cxcludcd bccausc thcy were reoognised a s  e s sen t i a l  before the t e rn  vitamin 
mas coined. The ally ooImon proper%y of the v i t a d m  i s  tkt .they bT?e t o  
be supplied regularly t o  thc a n h l  body, which nccds thon bv.t caimot . idm 
thcn f o r  i t s e l f .  I n  solile a ~ s c s  corpomds chcr?ionlly rc la tcd t o  tho 



v l t c u ~ n  w i l l  do, the 'body n&i.ng the co~rrparatively s l i gh t  change necessary. 
This formation of xitarnins from chemically re la ted  precur sops i s  important 
chiefly fo r  vitw.dns A and D. 

The &i.ff'ereint types of nutr ient  needed i n  a sa t i s fac tory  d i e t  
serve i n  the main d5-fferent pu.$poscs i n  the body, thaugh the i r  functions 
overlap t o  sofi~c extent. Fat ;11& cai.bohydr~te prorido f u c l  and powcr f o r  
bodily a c J ~ i v i t i e s .  Eroteiiz gives building inaterial f o r  growth and f o r  tho 
co.at.i.nual r~plsccmficnt of worn-ou.i musclc ti SSLS s ahich goo s on cvcn i n  
adults. Sornc TO-incrals zec r c q ~ i r c d .  L1 co~qaxat ivc ly  largo amounts t o  form 
b o ~ c ;  ottlcrs taIS.2~ p a r t  i n  spccid. proccsscs i n  tlzc .tissues a rc  nccdea in  
-1ler quail-kLtics. Tllc substaiicos ILstcd. so far c i the r  a c t  a s  fuc l  fo r  
the body or arc  i n ~ o ~ p o ~ a t c d  i n  i t s  "iissucs. 'i'Lic vitamins do not sccm to 
ac t  i n  c i t h c r  of t h c x  v~ays; tho vcry sn.111 a110~iltt; i n  which thcy arc  
i l~cdcd vmuld be i;lsigifioan't- a s  f u c l  and thcy arc  i10t found b ~ e l t  i n t o  
pem-~ilcilt body s t r u c t ~ ~ ~ c s .  Whcre thc i r  fv.nction i s  known thcy rcgulatc 
c c r a i n  of thc chcmical proccsscs by vrhich thc body maintains i t s  vital 
a c t i v i t i c  s. 

There has been a. tendency i n  recent years to  m i t e  of vitamins 
a s  i f  they were a l l  t ha t  mattered i n  a d i e t ,  ard much advertising has 
stressed t h i s   vie?^. The rather  -mtma3. react ion t o  t h i s  has been t o  pro- 
duoo a bel ief  i n  some q u ~ r ~ b e r s  t h a t  insistence on an adequate vitamin 
intake i s  a scteiztific fad  or advertising '~b,dlyhool'. Vitamins w e  ncccs- 
a r y  but so are  a l so  other types of n ~ ~ t r i e i ? t ,  aid ail unbalanced emphnsis 
ail vibmirns a1o;ze i s  u'o~lesirable. Fo'or those concerned with food process- 
iiz, hovrever, an a r t i c l e  on v i t m i n s  nlo~ze m y  be jus t i f ied ,  r.s they  we 
much more l i k e l y  tb,c.il the other good essent ia l s  t o  be dcstroycd o r  
reinwed i i l  processiix. A s  onwed a id  dr ied food.s arc  so la rgc ly  &stiiilcd 
a t  tlz prescilt time fo r  Scrvice use, jilo s t  attention ~~3.11 bc givcn t o  thosc 
v%t?&ns l i kc ly  to 'oe sko?'~ i n  Sewice rations.  

Sovcral of thc vi.tamiizs most Lilccly to  be short  i n  t tm hmnn 
f i c t  arc available on EL large a;ld grcwtng ecnlc a s  synthetic products.. 
Thcir use meikici=.lly or t o  f o r t i f y  foo5s i s  a scpcarat;c subjcct ,ma -will 
not bc f u r  thcr  coi?sidcrcd -hcrc. 

T h i s  occWs cs such i n  animal prodi~.cts o n b ,  notably milk, cggs, 
nix?. sor~lc: f i s h  o i l s .  Tho body oul  a l so  malcc: i t  f r w n  carotene, a y c l l a ~  
pigmcnt found iil al l  gFCci1 loavcs and maiiily rcspons:iblc fo r  .the colour of 
carrots.aild imny othcr ycllm/ f r u i t s  and vcgcta5lcs. L i t t l c  carotcnr: i s  
l o s t  duriiag c-?~l i~irg or dckydrntion proccsscs, but 3.osscs during storage 2% 

high Lcm-pcrctvrcs caii bc scr.i.ov.s, Scvcrc dcficicncy of vitamin A produccs 
~narked syriptoms which ,we r a re ly  seen i n  t h i s  count?~r. Sl ight  deficiency 
can be of l ~ ~ l i t a r y  importance as i t  cav.ses some typss of "night-blindness". 
No cmomt of vitamin A, w i l l  allovr o~le t o  see i n  complcte W k i m s s ,  but a 
deficiency v r i l l  cause l o s s  o r  j q a i m c n t  of vision 3.1; low-light intonsi t ics .  
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Severe dcficir;ncy of t h i s  vit:.min cc.uscfi the oftcil f a t a l  discasc 
bcri-beri, a t  or~e t i n c  prevalent avong seamen cnd wide,spread i n  t rop ica l  
countries. Over 50 years ago Tolcoki, by a siqple cib~nge i n  d ie t ,  reduced 
i t s  incidence from 30 per cent. of sea-going  el-sonnel i n  the Japancsc 
Navy to under 0.5 pe r  ccnt. H i s  very succc~5fu l  work was based on a 
Wrong thcory, fo r  he a t t r ibu ted  tho. discnsc to  a shortage of protciil, bu t  
the high-protein roods added t o  thc r a t ions  b~ppciled a l so  t o  increase the 
supply of thimin.  An zcocunt of t h i s  rror!c was published iil Znglish but 
1mgcly neglected, and 20 years l a t e r  bcri-bcri  vr2.s s t i l l  rcgardcd a s  a 
f i sease  due to infect ion till work i n  Dictilerlands 3k:st I i~il ies,  Philippi-nes, 
and i?3.a.p deinonst~ated th2.t i t  was indecd due to  some des"iciei1cy i;~ the 
d i e t  and could be cured by oxtrr.ct of r i c e  poiishings. I&--ay years of 
i.ntcnsivc chemical work a11 over the norld led. t o  the isol,?tion of pure 
t h i m i n ,  elucidation of i t s  sonlevihat co,iqlex chectlical structure,  i ts  
synthesis, and fim.1ly t o  i ts  production on a factory scale. Sl ight  
thiamin deficiency muses ra ther  vz&ae but u;?ilesirtible symptoms - i lq res -  
sicn,  i r r i t a b i l i t y ,  easyf:iti_gue.   he intake r e q u j . r e ~ v a r i e s v r i t h a m o ~ u l t  
of carbohydrate t,&eil, thimilin being ;seeded b~ the 'bo* t o  v.t i l ise 
carbohyrbate. Active men thus need nore %ha:? sedent,wy. I n  normal 
American d i e t s  potatoes m e  quoted a s  tae chief source, here p r o h b l y  mcat 
ad bread. All. except a fevi highly ref ined foods contain thiamin but i n  
mounts  so small t h a t  i n  ordimcry c i r ~ u r n s t a ~ ~ c e s  i t  i s  probably the most 
l i k c l y  vitamin to  be uiia.er supplicil. IJisproccssed cereals  a r c  good sourcos, 
as a l so  -me pork and peanuts, but cofiu~nercial cereal  products, especially 
precoolced brezkfa&t foods and ~ o l i s h e d  r ice ,  may have l o s t  most of t h e i r  
thiamin. Thi<min i s  vrc.ter-soluble thus li,-.ble t o  le?.cleag duriing 
processing, but i s  f a i r l y  stable to  heat except in alkaline con&tions. It 
i s  destroyed by sulphite which should therefore not be used i n  processiilg 
potatoes unless i t s  use i s  es sen t i a l  oil other groui1.s. 

T h i s  i s  uddespread i3  fruit ad vegct~.blislcs a l so  f ou ; r  i n  
mi1.k. It i s  f n i r l y  s t~"ble  t o  hcnt during p roooss in~  but i s  destrcycd by 
l igh t .  The c f l c c t s  of deficiency i n  mzn ,?re imt vrell lrnoiva. 

Absciloe causes scurvy, ~rlzile s l i gh t  dcficicncy ca~1scs slower 
healing of wounds nnd perhap! lowered resistonce t o  othcr diseases. It is 
the most l i k e l y  vitamin to be under-supplied i n  iiw a ie t s ,  as i t  occurs i n  
f ru i t  and vegetables, vthiclz are  of ten impossible t o  supply fresh,  cad it  is  
d i f f i c u l t  t o  r e t a i n  the vitamin cmple t c ly  i n  processed nnd storcd foods. 
It i s  vrater-soluble and very u i~s tab lc  i.n thc presence of o%ygc11 i n  maqy 
vegetables, cspecially i f  they tmve been silrcclded or cmshcd. 'rhc main 
sources i n  Austral ia  m e  c i t ru s ,  tomato, pir~ec.pplc, blaclzo~wrant, paxr-paw 
w i g  i s ;  and ~ a b b a g c ~  cauliflmrcr, pxrarip, potato, a d  turnip of thc 
vegetables. A number of extraordinc~ri1.y r i c h  sources nrc kncvin, but d i f f i -  
cult to  usc on a large scalc bccausc of l imited s~1pplics, c.g., rose kips, 



grccn malnuts, cmd ~ i f c c t  pclJpors. Thc l?rcscrvation of v i tmdn  C i n  cznncd 
ancl &ied vegetables i s  particul-arly important, ES they will. be i ts  main 
scuroe i n  fcnmrd are2.s' where fruit i s  not cv;l.ilable. It c m  be l o s t  by 
tiestn~ctioiz j.n p r o c e s s i : ~  or by r~;aski;lo; cut during blanching. I n  canned 
vegetables the juice shoulr?. c l s~ays  be v.sc& i f  possibl .~,  . s  i t  n j l l  c o n t d n  
a f d r  p-rt  of the t c t z l  vitcfikn C which, i lutrl t icml.ly,  is tho ckicf 
reason f o r  havi~ng prcccssed vcgcta.blcs at z.11, exmpt  a s  fla-vovouriags an&, 
i n  somc oases, suppliers of cilrctcm. No nni7-i1nal products contain much 
v i t d n  C but thcrc i s  a l i t t l c  i n  nlilk a-nd f resh  meat. 

Vitamin D. --- 
The mai.n kdustz-ial importmce of t h i s  vi-tamia i s  the production 

of concentrates from f i s h  li.ver o i l s .  It i k  grc'oably only important i n  the 
d i e t  during ii?f'ac~, pT8@Xr211Cy, and lactation. It i s  fcu;ld o3d.y i n  a n h l  
products, notably eggs a 3  mill;, but the bodg mray he a.ble t o  make it from 
oertain vegetable precursors. 

% i a ~ y  other vLtamins kilo~fi~ t o  be esscnt ia l  f o r  r a t s  a r e  not  &is- 
cussed here owing t o  iack of iiil"omkztion on the i r  importmce i n  huinn 
autri ticn. 

THE NUTRITIW V1LUE OF 'PIIOPICBL FRUITS I N  hUW&U. - .-,.+ ".. ~ ~ ---.... -"-~. .. .. - ..-- . - 

The n u L ~ i t l v c  value of f r u i t s  i s  due maj.iil;r to  their c~i l tc i l t  of 
sugar, starch, and vitsmins, and t o  a lesser  extent t o  cellulose, fruit 
ac ids  and pect in  substzc~oes. The pro te i :~  contenk of fruits i s  i n  geilercl 
very  lo‘^, an& the f a t  content i s  a l so  low, except i;l the f lesh  of the ol ive 
and the avocado. While sugnr :and starches provide enerar for  thc body, thc 
value of oellvlcsc CJI~. pect ic  subti-tmcos i s  due chiefly t o  %heir stiinulotion 
of p e r i  s t d t i c  ac t iv l++ ?,b?y 'frui. t s m c  iinportnnt sources of esscnt inl  
vitamins partioul.arly ascorbic a c i d  (vitaniin C)  , a.nd from t h i s  aspect 
t rop ica l  f r u i t s  ccmparc very favoura.bly with those grown i n  t c ~ c r a t c  
o~ilna%c s. 

Thc omposition, frm thc ninutritivc point  of viayi, of t l ~ c  
pr incipal  t rop ica l  f r u i t s  grown in AustraLia. i s  sho~cri i n  the accompa;&ng 
tab1.0 togcthcr ivith data fo r  tho apple, apricot ,  and orangc a s  reprcsoilta- 
ti= of tcmpcratc o l b t c  ik.uits. Whilc +hc considcrablo va r i ab i l i t y  i;z 
composition within a i i  cnc c lass  of f r u i t  i s  not intlioakcd, thc f i g w c s  
qv.ozea a m  considcrcd t o  bc t m i c a l  f o r  tho ps r t iou la r  fruits; ii1 1i10st 
cascs they rcprcsent an avcragc of mxv s q l c s .  The f iyurcs  havc bocci1 cb- 
t d n c d  mostly from I?:Ic r c s u l t s  of ovcr,zas investigations, but r c s u l t s  from 
this laboratory, pr incipal ly  i n  regard t o  vitamin C, havc bccil uscd t o  
chock, and i f  i~cocssar.y correct,  cvcrscas 

Avocado. 

The f lesh has a smooth buttery texture due t o  a high o i l  co~ztcnt 
which inoreases a s  the f r u i t  matwos and va r i e s  oonsiderably lyrith var ic ty  



ncvcrthelcss, when ripe,  t h i s  f r u i t  i s  ces i ly  digcstcd. The varicty f i c r t c  
i s  r iches t  i n  o i l  with 26 pcr cent., ~vhereas some 1Xcst Indian typcs havc an 
o i l  contcnt of only 8 pcr cent. Uii1ilr.e other fruits, thc avocado a 
lov{ su.gar ccntcnt which, again uzillke other f r u i t s ,  dccrcascs as thc f'ruit 
i;~.turc;s from 2 to  3 per ccnt. dmrp.~ t o  l c s s  than 0.5 per ccnt., and it  a lso  
hcs a higher co l -hn t  of proteii? than other f ru i t s .  Bcca \~z  of thc high o i l  
content, the 2-vocado has a high cncrgy cr  fue l  valuc, the f i e r t c  var ic ty  
bcEng - _ ~ r c x i ~ ~ t c l y  c c p l  .to bread i n  energy valuc. It is  comparatively 
r i ch  i n  n~iilcrals and i s  higher i n  copper ccntcnt than most othcr f ru i t s .  
Thcrc i s  aa sppraci~i.'&Uc carotcnc ccntc~l t  and a vitm6.n C contcnt of 25 
mi l l ig rms  per 100 gjil, which i s  =bout thc smc a s  tha t  of tho tomato. In 
somc p2.r ts  of C ~ i l t r ~ . l  kacrica when mcat a i d  f i s h  a re  scarcc the avocado bc- 
ccmcs thc %-.in a r t i c l c  of diet .  

T h i s  we11 lmo~ril f r u i t  has a i6~\1 food - ~ a l u e  and, bcing 
par t icu lar ly  r ich i n  sugar when ripc,  can almost bo classed as nn cncrgy 
food. It contains marc phcspl-lorus thain ncst  f r u i t s  and has uscfkl amounts 
of c;u'otonc a:ad v i t o d i  C. Whcn r ipc ,  a @  i-ndicatcd by a ycl1.o~~ skin 
flcckcd w i t h  'browil soots =lei a scf tcn i i~c  flcsh, all. the starch kis bccn 
changed t o  s ~ a r  ail& the ba;mi% i s  easi ly  digested. ishen pulped oP purbed, 
i t  i s  a valuable food f'or iiflants. Banaims are  as jmportant a food i n  the 
t ropics  as cereals a re  i i l  tenperate zones. 

B a m i  Passion B u i t .  .-.-------- -. -.--" 

T h i s  fkui t  grows well along the M. S.W. coast but i s  not vary well  
lc~~ov-n. It has a very n'ctr?tckive flavour and i s  r ich  i n  vitamin 0. 

It i s  low i n  -~ita~i;l C but s t i l l  contains bv,fice a s  rnuch of t h i s  
essent ia l  vitamin a s  apples or apricots.  

Gwva. ----.- 

It has recently been found t h a t  some va r i e t i e s  of this !ritherto 
neglected f r u i t  ars e x t r a ~ r i i i m r i l y  r ich  i n  vitamin C, with an ascarbic 
ac id  content of 100 to 500 millig'aiis per  100 @I., depend3.x on the m a t u r i t y  
of the f r u i t .  The vik-min C content i s  greatest  v~hen the f r u i t  i s  fim r ipe  
and there i s  nlcre of this esscnti'al v5tlunin i n  the dcLn t h  i n  tlzc f l c s h  
and more i n  the cu'mr f l c sh  %hail i n  tlhe inner flosh, thus typos with a 
zrcatcr  pro-portion of cuter f l e sh  havc morc v i t r d n  C. Pj,11r flcshed typcs 
havc usually most vitamin C aid ivhitc fleshcd types lcast .  h j e l ly  with 
250 milXipams of vitaJ,&,l C per 100 can bo prcpared from thc slrins, and 
tho l o s s  s f  this vitamin i n  s tcv i iy  or i n  w i q  i s  unusualljr low. h 
v i t d n  C conaentrate i n  the fomn of canned outer f l e sh  and skin of guavas 
proparod in South Africa vras used by Allied troops i n  North i.frioa. d 
guava powder with 2000 t o  3000 rnilligrans of vit3;&n C per  LOO gm., a& a 
pleasant aromatic cdcw and prac t ica l ly  no tas te  can be prepared. 



T h i s  i s  n smallish fr-uj:L w i t h  o, compwativcly dry f lesh which com- 
pares w i t h  thc i n  food value owing to  i t s  high contcnt of availablo 
carbohydrate. I t  has a dist inct  and ploasing flavour bud- thc raw f r u i t  is  
not palatable. It is  uscd for aick'lc-: prcscrvcs, as  storvcd f ru i t  or a s  a 
confcetion. When dricd, i t  e?.iibo used iiz puddings, cakes, or bread. Thore 
arc no avc.ilablc data on i t s  vitamin contcnt. 

T h i s  f r u i t  is  of high izutritivc value, being w r y  rich i n  carotcnc 
a d  vitamin C aid having a f a i r l y  high sugar cond-cnt, but i t  is lower i n  
mjncrnls th'm othcr tropical frui ts .  The pulp has a pcach-liko toxturc and 
is  vcry juicy aild aromatic, Thc mango loscs =om and colow very rapidly 
d t o r  cutti%, thorefore it must be catcn hlediatcly. Id- can be ccolccd and 
used also for pics or n m z l d c .  

Passion Fruit. ----. 
The! p d p  of this  f ru i t  i s  rich i n  sugar ,md particularly high i n  

acid contains considerable vitamin 0. It has bcen found at; Homobush 
tl~it tho skias mc very rich in vitamin 0 (110 milligrans pcr 100 @I.) ,and 
w upon p a  eonccntratc oontai-nix 155 milligr,ms pcr 100 gm. wan prcparca 
from the skins, hovavcr, i t  I-T?-~ viscous and vcry bittor. 

Tho pa%-rpaw i s  n f r u i t  of very high nutritive valuc, i t  i s  vcSy r ich 
i n  carotcm aid vi tmin  C, behg as rich a s  npricots i n  tho fonncr a id  richcr 
tim braages iii thc la t tcr ,  In  nd&ition, the 1:d1Q juice from thc loaves 
or gpcei? f r u i t  ?izd, to a lcsser extcnt, the juice of tho r ipe f r u i t  contains 
papain, ,an cnzyac vcry'activc: i n  thc digestion of protein. 31lany p c q l c  
considcr p~:;pa~s t o  bc a valuable aid .to digestion. Canned pavtpaw has 
bcen fould Go hzve a v i tmin  C' co.fltont of about 30 milligrams par 100 @a. 
aizd thc usual pack of t r ~ p ~ c a l  f r u i t  salad, largcly due to  i ts  contolit of 
pat-qaw, contcins about 20 r:xi,lligrams pcr 100 gm. of vibmin C, 

When ripc, tim s ~ o o t h  surface of thc skin i s  yellowish in ooloLE 
an4 thc lcavcs a t  thc t ip  pul l  out easily. Tho cmncn afiooth LC& tirsicty 
contains about 10 'co 15 per cent. of sugm a i d  i s  fa i r ly  good source of 
cmotene m d  vitamins B and G but is  not a s  r ich in  cLwote.nc or Vitamin 0 
as  olost other tropio3.1 f d t s .  The juice co'ntains a protein-digesting 
emyne, bracB%liin. The cmmon vnric ty i n  Lustralia i s  the &~ooth Lcnf 
Cayenne wlzielz coitains about 15 idlligrams of vitamin C pcr 100 0. The 
Rough Loaf' and Riplcy Quecn variet ies arc much richer i n  vitamin G, the 
Eomer containing about 47 milligrams and the l a t t e r  about 34 milligrams 
per 100 gm. 



Persimmon, 

The Japanese persimmon i s  a f r u i t  whose value is not su f f i c i en t ly  
appreciated. It; i s  very palatable when Wly r ipe,  has a r c l a t ivc ly  high 
cncrgy valuc, being r i c h  i n  s ~ m ,  is  wry r i c h  i n  carotcne & r i c h  i n  
v i tamin  C, and of thc drupe fruits i t  is  mtxt t o  the date i n  nu t r i t i ve  value. 

Rozella or Roselle. - 
It i s  a Hibiscus species which is  conuncnly grown ii1 Queensland 

and i s  remarkable i n  that  so many p a r t s  of the p lan t  a r e  UFZ@~'CIZ The 
flowers, seed pods, aria young stems can a l l  be v.sed f o r  jams and j e l l i e s  
and the flowers a l so  f c r  p i e s  and tarts. 

Although not yroum i;i t h i s  c o m k y ,  iic rncn+d.cn of troprioal f3d.t~ 
as foods i s  ccmplctc without rcferelzoc to  thc hrcad2vui.t: whhh i s  as 
important i n  t ropioal  countries v~herc i t  g ~ o t i s  a s  ccrca ls  a rc  to  us. Tl~c 
unripe f ru i t  i s  bci lcd or r c a s k d  and used l ike brcad aid can bc s l iccd  and 
dried. It has a very high cncrgy value and i s  somewhat lilce swccf potato 
Li tcxi;urc and flavour. 

I n  t h i s  country, w b r c  they can roadily bc pol-m, much grcatcr  
use should be madc of: tho high nwtr i t ivc valuc of t rop ica l  f r u i i t ,  
par'tioularly guavas, inangccs, ad pawpavs. Tlhcsc f r u i t s  a re  far mcrc 
valuable nut r i t iona l ly  than apples, pears, pcachc s, plums, grapes and 
cherr ies  which farm so large a p a r t  of the ~" ru i t  h o t  of most pccplc i n  
southern Austxalia. 
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hkanalade jams prepared from who1.e o i t r u s  f r u i t s  suoh a s  OraP.gOSs 
lemons gra.13a f r u i t  are  pokential sources of a p ~ r e c i a b l e  a m o u i ~ t n  of 
TitaIliin C depending u9oi1 the l eve l  of t h i s  substailce i n  the par t icu lar  fruit 
u.sed7 the proportion of fruit present i n  the f i n a l  product, and the losses  
of v~taznin during preparation of tile jam. l'?!arroaLade izxture"  i s  a jam pre- 
pared from c i t r u s  residues. l e f t  over a f t e r  the juioe has been extracted froln 
the f r u i t ,  

I11 oraer t o  produce a product of desirable flavour, ap~earanoe,  and 
texture the proportion of these residues whiol~ can safely be included i s  
approXhiate2.y 20 per cent, of the d-11 weight of the jam.  investigation^ 
[lave reoeatly been oonnnenoed i n  this laboratory t o  determine the means vj here- 
by the vitamin 0 oontent of bhese marmalade mixtures can ke maintained a t  a 
satisfaotory high level .  

Vitamin llll-l.-l. C Uontent of _ Oxanges. . . _.- _- 
Prom the l imited number of observations so f a r  made it is  not  pass- 

i b l e  to  quote a vride range of vitamin c ooncenkrations for  differen* portions 
of the same fruiks ,  but the i'o1lovd.n~ r e s u l k  were obtained from a mixed 
sample of Navel oranges:- 



Ra.g (p i th)  

Inner r ind  (a-lbedo) ng. per lOO3n. 

Outer rind (flavedo) 158{ 

Outer " rumbl i i~s"  1825 

Since the albedo i s  very muoh lower i n  vitamin a content; than the 
flavedo, i t  would be exl3eoted t h a t  tkiolt r iads ,  whioh i1a.w a highel. proportion 
of albedo, v~culd be appea iab ly  Lower in vitanlirl C than th5.i~ rinds.  The 
average vitamin C coiztent 0-2 ox-o residues i s  es%mated a f  about 'LOO mg. per 
100 gi:~, , an& the i r  coilJ~ributioi? t o  the prinal pmduat would be approximakly 
20 mg. per 100 &m. 

Losses of .-.--~ Vitamin -- C d u r ~ P r e p a r a t 2 o  . - of Jam. 
--a --- ..-..--.. . .- 

An examination of several  samples of oomeroiall,y prepared 
mammLade mixtures slim,red. vitamin C contents ranging between 2 a;d 8 mg, 13er 
100 gm. with an average of 6 m,g. per 100 gin, Such losses  of vi.tar15.n C may be 
due to  delay i n  co~mencing the preparation of rcsiilues and t o  the e f f e c t s  of 
the prolonged boiling whiolz i s  coniidered neoessary t o  soften them before the 
addi t ion of sugar, 

Losses from Residues on Standing. --- --.* ~. . . . . . -- 
The SoL1oxi.n~ obnges  occurred on stand?% a t  room temperatures : - 

Losses from the shreilded r ind  liere ,,~ucih more rapid than *om the rage 

Losses ,_..... amino . 2.- Prelimiilary . .- . Boilin& . . -- - 

Durk~q the prelimina.ry boi l ing i n  viater f o r  a peciod of EO minutes 
the vitamin C content 3f shredded r jnd  vras redv.oed from 120 t o  70 mg. per 
100 gr& aild of rag frcrn 70 t o  40 rig. per  100 @, B l o s s  or" arpproximately 
haw of the i n i t i a l  vitamin i s  ttlemfore t o  be expeoted a s  t h e  r e s u l t  of this 
prolonged boilingr 



Lncwasing - .- t m  Vitamin C Content of the - .- Proiiuot. .- .- 

i f  the residues are used v~Lthout delay, which i s  desirable i n  the  
i n t e r e s t s  of' q m l i t y ,  i t  should be possible t n  produoe a jam containing about 
10 mg, of vitamin C per  100 gm, Bn increase i n  the proportion o f  pee l  should 
ccntribute a6dit ional vitamin C, but the product would probably be somewhat 
b i t t e r  and gsnerally l e s s  a t t r ac t ive .  An a l te rna t ive  method wc11.ld he to  
enrich tile produot with an ex t rac t  of the outer peel. Before extract ing the 
juice,  rra.1~ oranges are ncvv lfrw,~bledtl to  rempve the c i l  and prevent i t  con- 
t a n i i i a t i n ~  the juice. These. t 'rwibliigs" are  ixikially of high vitamin 0 
content but when lcept i n  cold vmter approximstely half of the vitaiilin was 
l o s t  during a period o f  90 minutes. :hen, however, they were bci led 
immediately vcith water for  me  minute (to destroy the asoorbio aoia  nxidase), 
subsecluant l o s s  per hoar was reduced to  about l per oent. of the or ig ina l  
value, 

. 
Possibly the "rLnrrblings" could be screened nff, extracted wf t h  the 

min imum mount of boil ing water, and the s t ra ined extract  added to the jam 
mixtwe dwing boiling, FLrrthe' oonsideration i s  being given by t h i s  

laboratory t o  t h i s  method of increasing the vitamin C cnntent of these jams. 

IV~TFB. USED iiq COOT,lltG CUTS JZVXR YR3SSllRX COOI<ING. . . ~ -. .~. . . ~ . . . 

Dwing the operation of cooling cans a f t e r  heat prcoessing, a con- 
siderable dieference bf pressure i s  set--up between the ou.tside and the inside 
of the can, There i s  ccnsidercble evidcnoe to  s:hovr that, even i n  well-made 
and properly sealed oans, the press&e difference i s  suf f ic ien t ly  grea t  and 
the can sealing crmpomd, while hot, sufi icieil t ly p l a s t i c  t o  enable some ailall 
l e d a g e  of water to coour i n to  the oall contents. 

It i s  c lear ,  therefore, tha t  if the cooling water i s  seriously 
contaminated with bacter ia  and bac te r ia l  q,ores, timre w i l l  be a grave r i s k  
of admittiing spoilage organisms to  the foodstuff i n  the oans, While many 
bacteria thum entering the cans may be destroyed by ths heat of the can con- 
tents ,  i t  i s  most un1il:ely t ha t  heat-resistant bac te r ia l  sporea 7 ; i i l l  be 
lul led.  If conditions dming storaze of tile cans are  favourable t o  
bac te r ia l  growth, serious spoilage of the c a ; ~  contents may, therefore, 
r e s u l t  from the use nT contaminated oooling rtater. 

It i s  d i f f i c u l t  to  prove d i rec t ly  tha t  contaminated cooling r r a t~ . r  
can be an important c2.use of spoilage. BOI-rever, the United S ta t e s  Hational 
Canners' Assooiatinn has obtained good o i r c m ~ s t a n t i a l  evidence cl~wing s tudies  
of spcila-ge i n  canned peas. In oerkain canneries h o t e r i a l  spoilage a s  high 
a s  80 cans pet  thousand was being nbtained even when the heat processes were 
adequate a ~ d  the cans viere well-made and sealed. ~ i n a t i c n  of the cnoling 
waters used i n  the r e t o r t s  showed them t o  be heavily contaminated with 
bacter ia  and baoter ia l  spores, Then the occling waters were sterilize?. by 
chlorination treatments, the extent  of spoilage of the oanned peas during 



peas during storage was reduccd t o  about one car: per-tbollsa~ihkoub-nqy 
other ck~ngc  bcirq nndc ii1 the i~ethods of processing. 

I n  tile l i g h t  of tlicso cxpericnccs, canilcrs rroul2 be ??ell c..d~ised 
t o  haw: rcgulnr bacteriological cxamiiations nndc of tho cooling viir.tcr ia 
ordcr t o  dctcrniilo the cxtont of thc conta.imtiom, nhich shou-ld bc l c s s  
tlmii 100 orgariims per 1 m l o  

If the bacterial 1or.d regvl,wly cxccods t h i s  L C V C ~ ,  %!ICE s r ~ y s  
slmu/d bc taken t o  i n s t a l  sor:lc f o m  of ve.tcr s tcr i l izzt ioi i ,  of a h l c k ,  
tmntrleiit r d t h  chlorine i s  pcrhps thc i:~ost ~~i?vr;ll;c:-:t ra& cf?cctivc, 
Manufacturers of chlorine ~ ~ m d d  rec,G.ly supply d c t a i l s  of cciuipi:~c;~.t x i d  
r~ethods uscd i n  t h i s  stcri1izatio:i  trcab3ent and a l s c  probablc costs. 

D I ~ L O U R i i T I O R  OF. LYE-PEELED -.-- CRROTS. 

11 iliscolouratioiz of l yc  poclcd car ro ts  !has bccl~ rcportcd ira:! a 
nmber of w.iv.e&es, The ~ S f e c k d  czr ro ts  usually l e c w  %";i;s krj.e bath 
without any v i s ib l e  blemishes, but &velop irregu-lzr di.iscolcmorl ~ n b c h e s  
w5thi.n a few mxhutes, The i l i s c ~ l o u r n k i ~ i  vc.xies i"rrx~ &.rlc g rec l  i;o 5ccii~il. 

~ l l i s  disorder has occurred very spo:mo?icr.ily, Scaletimes it i s  
only s l ight ,  but i n  same l i n e s  a t  l c n s t  20 per  cont, of discoloured car ro ts  
have been found a f t e r  lye  peel i~p; ,  and have boon ~.bsccluciltly redcctcd. 

A bag of car ro ts  f rm c l i i lc vhich had born g iv i ig  ssrious 6.i.s. 
colouration a t  one cannery vns fom-iarded t o  this labo.r?.toqr f 3.c i i-~~rcstigation. 
I n  t h i s  factory the car ro ts  m e  c u ~ t ~ r i l y  given thrree m?du~i%cs Ln ;;oiling 
3-5 per cent, lye,  

Pre l iminay  t e  st s indicnted t h a t  the <:isorder T.v?ws cyio ce'l -., 77 
associated vdth the lye  peeling, a s  o i  a s l i .~ !~"s sno l .oz~a f ion  o c ~ u m e d  
a f t e r  mechariim.1 peelply. BoFliiJg water was ~<-i,kb.ou"; si;"cc;'z., 

Contarination with i r o n  i s  unlikely a s  the i r o n  GO~+;CL??; .zc':~ of 
sound and. disoolowed ca r ro t s  i s  extremely lovr (8-9 p 3 t s  per  izlllici:), 

Mechanism of Discolouration. 
--------*--- 

- .  2 After peeline, the &scolourcd areas  app,u.c;a t o  rclU L r  a s;zgnt 
amount of allali. Iii one s,mple the &scoloured 'weas b.d p pY of 6,8, vrl?ile 
t ha t  of sound t i ssue  wzs 6.4. 

To t e s t  whether the discolourntion v?as d.ue t o  reaction of %he 
alkxli vdth some consti tuent of the t issue,  the pressed jxice of raw carrots ,  
of pH 6.5, was mde more alkaline up t o  pH 8.0. The e f f ec t  on the cc;our vas 
negligible. Af t c r  boi l ing for t h e e  minutes, the suspcndod r n o . t c r i - d  coagulat- 
ed and dnrkolsil~ occurrod subscquontly i n  the presencc of nix, i.> i s  



suggested t h a t  similsr chmges occur i n  the t i s s u e .  s;r;?osed t o  b o i 1 i . i ~  l y e ,  
the  aailrali f a c i l i t a ' c i ; ~  owsen  p e n e b a t i o n  - by breaking  do^,% the c e l l  wa1Ls 
i n  suscent ib le  t i s s u e ,  

On sLh&ng, the aiscolou-md t i s s u e  ~ ? a d u a l l y  so f t ens  aid a 
proportioil  can he mbbed off.  The sucoess of lye  peel ing  probably depends ~n 
the nu.ler t i s s u e s  b e i q  much more s u s c e ~ t i b l e  - than tile cor tex  t o  i l i s in tegra-  
t ion .  Apparently, i n  scme old  c a r r o t s ,  p ~ t s  of the c o r t i s a l  t i s s u e  a r e  a l s o  
susceptib1.e , md discoloura t ion  repre se::t s ;he i n i t i d  s t ages  of' complete 
hrea.kilo~w~, 1,:icrcsoopio edmminatioil shcv{ed the? the iii.scolouration was l o c a t e d  
i n  the c e l l  i iaiin, 

It i s  repor ted  t h a t  only o l d  o a r r o t s  e e  susoeptibl.*, and Y O ~  
Oarrc ts  give no 'crou3le. This  f a c t c r ,  llo~fever, i s  no t  cjapable of oon t ro l  at  
p r s  sent.  

Abrasion p e e l i i x  should lar -e ly  avoid. t!le t rouble ,  but no t  a l l  
factC!ri?s a r e  s c  en_uip?ed, and the  d i s o r d e r  ;n-v n o t  Fz imticeai-le f o r  3. ooL1- 
sidsrzrble period.  

Disce lomat ion from lye p e e l i n s  vas not  reduced by subseL:uent 
h o i l b k  i r i  water. 

If the disoolo?;i-atioil i s  regarded a s  i n c i p i e n t  brealc&wr,, _nrolon@d . - 
;ye k r e a b e n t  ray remcve the t i s s u e  c~3ipie.t.ely.  his w l l . ~  r e s u l t  i n  a b e t t e r  
sppeB.=ne, if the disoelnmation a p e s  n o t  extend t o  more deep-seated t i s s ~ e ~ .  
I n  ;l p r e h i n a r y  t~ st, feu? &Utes immrsioin iil  4 per cent.  bo i l ing  lye 
&ax- 11W.ch l e s s  3isrcloura.i;ion t h m  1;  lutes i l l  the sane solg t ion .  

Subseq.j.ently, several  pcunds cf ~ i ~ r r o t s  ,ifere peeled l>y bo i l ing  f o r  
t k f e ~ :  rrinutes i n  4. pap Oent+ ly~. largp p r c p ~ + ; i o ~  wsre &.scoLoured, and 
were p i r l ~ d  ou.+, &lf these T p y s  given a second iye t l - e a h m t ,  from w h i ~ h  
they pmeFg?d reduced jn bullc b u t  p m c t i o a l l y  f r e e  frtin dtscuioc.ra'cior~. The 
tvo batohes of p a y C t S  weTe tllpn Gamed, ~ r ;  c : ~ ~ ~ ~ i . r ~ a ~ i c n  ilf the aimed products  

, while the 3 iscnloured c a r r o t s  ~y-re s t i l l  S f - o t e d ,  jilt had -;n " .jff" I'laVou.?. 
those t b : k  ihad been %kcugh  the  lye '~a.bh b;yice were n s m a l  i r _  ??pearance and 
fla-vour. The pH ( 5 . 2 )  \vas p r a c t i c a l l y  t l ~ e  sane i n  a i l  the s a q l e s  nf pro- 
cesse% ca r ro t s .  

It is suggt.,ste? tha t ,  ~rllenever a s e r i i l ~ . ~ s  ~ y e p o r i i : ! n  of i i . i ~ r o t s  
discclo-~lced, they should. out and p u t  t iwcv~h ,  t h s  i.yj ka th  ags in .  
'IHs ~ T a . a t i c e  should 1.esd.t in the pprepaation of ail zr;cepkab!.e and xholesome 
ps.ok. 

It i s  n o t  always r e a l i z e d  t h a t  the eguipinen.t u s ~ d  P I ~  the Ela~cfiW2 
cf' V-&!€%&b1es p r i o r  t o  pla~i; lg in tile cans become a p c t c n t  SouFCP of 



bactcr ia l  c o n t m i x t i o i ~ ,  ilird. Ahat thc rcduotion OS this m.n'omrrianWisc- 
quire s the cdoption of special  mcasurcs, 

The raw vcgotnblcs bring Mith them a mixed. bacterica f l o r a  incluLng 
maw hcat-resistant spores. While thc bulk of the l e s s  r e s i s t a n t  orgalusms 
m a y  be k i l l e d  zt the tempers.ture of tho blacnhing operation (208' t o  2 1 ~ ~ ~ . ) ,  
consiilcrablc iiumbers of h e z t - r o s i s t a t  spores w i l l  sumrive and bc Gransfcrred. 
from the vcgctables t o  thc b l , w h i i ~ g  equipment, whcrc the spores w i l l  r ead i ly  
l o a c  and pro l i fc rc tc  i n  crevices  and corrosion scales, thc confit ions with 
regzxd t o  temper,o.ke ond moisture o f k n  being idea l  for t he i r  growth, 
lmongst the spores thus ~ccmuJ.nting i n  the blanchi i i  equipment vhll be 
types capable of cc.usirg spoihge i n  the c o m d  vegetables during storage. 
The contntminntion of the equipnent IW become so great  that the spore load 
or. the vegetzbles ,aftor blanching m a y  be very much grca te r  th,m b c f ~ r c  thcy 
entered the bk:ncher. 

There ,are two vic.ys i n  which t h i s  a o q u i ~ d  contamination may 
serious consequences. 

(1) The heat process i n  the r e t o r t  i s  designed t o  ki l l  a ce r t a in  mrmber oC 
heat-resistcant spores which my cause spoilage at  ordinu'y a k n c q h c ~ i a  
t e m p ~ z t u r e s .  The t o t a l  spore load ~ c q u i r e d  by the vegetables *o:o a 
heavily contamimted blancher may be so great,  houvevos, tbt the heat 

tree-tment custom,?rily sufficing will. be insuf f ic ien t  t o  e f f ec t  a c~mpte t e  
"lcill", and spoilage m y  r e s u l t  during subsequent storage of the c:,r.si 

(2) The blanching equipment i s  very prone t o  harbour l iv ing  spores of 
cert&i extreme% heat-resistant thermophilic organisms which cause 
spoilage of the m c d  vegetables during storage at elcvatcd 
fcir~erc.turcs such as m e  oxperieilced iii tropical  a e a s .  

WLG.le i t  i s  d i f f i c u l t  t o  a&,1iW.te bac ter ia l  contcvnimtioil from 
t h i s  source, much can be done t o  k c ~ p  such contami~utioiz t o  a rnir?mm. Tlzc 
f i r s t ,  nnd perhaps most important, prccauticn i s  thoroughly t o  ~xash tire 
vcgctables with a c l ew,  cold water spray a f t e r  thcy cmcrgc frai ths 
blancher, T h i s  uperation should not 7-0 regaS&d as mcrcly serving %he pur- 
pose of cooling, but the vrakr  spray should have suf f ic ien t  pressure and the 
layer of vegetable should be suff ic ient ly  t h i n  to  enable the water t o  clean= 
the surf~.oe of n l l  the pieces  and thus wzsh off  the bulk of the spcros 
acquired from the b l~nching  equipment.In m t h c r  n r t i c l e  i n  t h i s  issj.: of 
the Quarterly a t ten t ion  i s  drawn t o  the des i r ab i l i t y  of having a s u ~ 3 - y  of 
wqter omparatively froe f ~ a m  bac ter ia l  conf8admticn f o r  use i n  coo.%.ng t ! ~  
cans i n  thc ro t c r t s ,  It i s  obvious that the viatcr used for,rwrshirg -t>.:: 
vcgctables a f t e r  blanching shovld a l s o  hzve a low bac tcr ia l  co-j;l%, 

The seoond precaution helping t o  reduce thc contamina%ion by tho 
b12nchcr i s  thorough, &ly  c l e a ~ s i n g  of p a r t s  of tho equipment vsith hot 

i water contaiiling a suitable detergent. Particu1l.s a t ten t ion  shwdd be given 
t o  good cleansing of dl p a r t s  of tho equipment normally coming i n t o  con%ac.: 
urith the vegetnb.ble. I n  the c a v c o f  stem blanchers, thcrofore, thorough 
scmbbi i i  of the convoyor b e l t  is essontinl ,  whilc i n  water blanchcrs, this 
operation must be carr ied out on a l l  inner surfaces of the main vat,  the 
ro ta t i% cylinders, o r  the baslccts. 

.........*.* 


