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INTRODUCTION

The s tu d y  o f  t h e  r e l a t i o n  o f  t h e  m a te r  c o n te n t  i n  c e r e a l s  t o  t h e i r  

r e s p i r a t i o n  an d  s to r a g e  h a s  b e en  s t u d i e d  r a t h e r  e x t e n s i v e l y  b u t  t h i s  w ork 

h a s  b e en  c o n f in e d , m a in ly  t o  t h e  w a te r  im b ib e d  b y  m a tu re  g r a i n -  The c h i e f  

p u rp o s e  o f  t h e  i n v e s t i g a t i o n  r e p o r te d  i n  t h i s  p a p e r  w as t o  s tu d y  th e  e f ­

f e c t  on r e s p i r a t i o n  o f  t h e  c h a n g in g  p e r c e n ta g e  o f  n a t u r a l  w a te r  i n  w heat 

and  c o rn  d u r in g  th e  r i p e n in g  and  m a tu r in g  p e r i o d ,  and d u r in g  s to r a g e  u n d e r  

d i f f e r e n t  c o n d i t i o n s .

I n  p r e v io u s  w ork on  im b ib e d  w a te r  an d  r e s p i r a t o r y  i n t e n s i t y  t h e  r e s ­

p i r a t i o n  o f  th e  g r a i n  a t  any  g iv e n  m o is tu r e  c o n te n t  w as d e te rm in e d  a t  

some one t im e  a f t e r  t h e  m o is tu r e  c o n te n t  h ad  b  een  r  a i s e d .  I t  w as assum ed 

t h a t  t h e  tim e  r a t e  o f  r e s p i r a t i o n  w ould  be c o n s t a n t .  I n  t h i s  i n v e s t i g a ­

t i o n  em p h asis  was p la c e d  on th e  t im e  r a t e  o f  r e s p i r a t i o n  f o r  e a c h  d i f f e r e n t  

p e r c e n ta g e  o f  m o is tu r e -  I t  i s  v e r y  l i k e l y  t h a t  t h e  c h a n g in g  r a t i o  o f  f r e e  

and bou n d  w a te r  i n  c e r e a l s  w i l l  p ro v e  v e r y  im p o r ta n t  i n  s o lv in g  some o f  

t h e  p e r p le x in g  p ro b le m s c o n c e rn in g  w a te r  r e l a t i o n s  i n  c e r e a l s .  T h is  p h a se  

o f  th e  g e n e r a l  p ro b le m  i s  t o  b e  i n v e s t i g a t e d .

M ost o f  t h e  i n v e s t i g a t i o n s  on t h e  r e s p i r a t i o n  i n  c e r e a l s  h av e  b e en  

c a r r i e d  o u t  b y  r e s e a r c h  m ethods o f  a  m acro n a tu r e  i n  w h ic h  t h e  c a rb o n  

d io x id e  e v o lv e d  w as m e asu re d - W ith  th e  I n t r o d u c t i o n  o f  m an o m etric  m e th o d s , 

su ch  a s  t h a t  i n v o lv in g  t h e  u s e  o f  th e  W arburg  m anom eter and  a  c o n s t a n t  

volum e ty p e  o f  r e s p i r o m e te r ,  one may v e ry  c o n v e n ie n t ly  and  a c c u r a t e l y  

s tu d y  t h e  oxygen r e s p i r a t i o n  o f  s m a l l  q u a n t i t i e s  o f  m a t e r i a l  f o r  lo n g  o r  

s h o r t  p e r i o d s .  The f i r s t  p a r t  o f  th e  p r e s e n t  i n v e s t i g a t i o n  w as c o n c e rn e d  

w i th  t h e  a d a p ta t i o n  o f  t h i s  m an o m etric  te c h n iq u e  to  th e  ty p e  o f  p l a n t
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m a t e r i a l  u s e d  i n  t h i s  s tu d y *

B ecau se  o f  t h e  r a p i d  c h an g e s  i n  t h e  r e l a t i v e  p e r c e n ta g e s  o f  th e  

d i f f e r e n t  c a r b o h y d r a te s  i n  c o rn  d u r in g  r i p e n in g  a n d  u n d e r  d i f f e r e n t  

s t o r a g e  c o n d i t i o n s ,  c o n s id e r a b l e  e x p e r im e n ta l  d a t a  on t h e  c o r r e l a t i o n  

o f  d i f f e r e n t  s u g a r s  to  r e s p i r a t o r y  i n t e n s i t y  o f  c o m  a r e  in c lu d e d  i n  

t h i s  p a p e r .
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REVIEW OF LITERATURE

As e a r l y  a s  1901 K o lk w itz  (1 2 ) fo u n d  t h a t  b a r l e y  k e r n e l s  w ith  

10 to  11 p e r c e n t  m o is tu r e  l i b e r a t e d  o n ly  *55 mgm c a rb o n  d io x id e  p e r  

k i l o  p e r  h o u r ,  w h i le  k e r n e l s  w i th  19 to  SO p e r c e n t  l i b e r a t e d  3*69 

mgm. A f t e r  th e  m o is tu r e  c o n te n t  was 33 p e r c e n t  £000 m/un o f  t h e  g as  

was g iv e n  o f f .  B a i le y  (4 )  i n  1921 showed t h a t  c o rn  w i th  15 to  16 

p e r c e n t  m o is tu r e  r e s p i r e d  ab o u t 5 t im e s  g r e a t e r  t h a n  g r a i n  w i th  12 

to  13 p e r c e n t  m o is tu r e .  B a i le y  and G u r ja r  (5 )  o b s e rv e d  t h a t  w h ea t

a t  1 7 .1  p e r c e n t  m o is tu r e  r e s p i r e d  a b o u t 20 tim e s  g r e a t e r  th a n  w h eat

w i th  1 2 .5  p e r c e n t  m o is tu r e .  The same i n v e s t i g a t o r s  o b s e rv e d  th e  same 

e f f e c t  o f  m o is tu r e  on  th e  r e s p i r a t i o n  i n  r i c e .

Bakke an d  N o eek er (7 )  h av e  a p p l ie d  m an o m etric  m ethods to  a 

s tu d y  o f  th e  oxygen  c o n su m p tio n  a s  e f f e c t e d  by  th e  m o is tu r e  c o n te n t  

i n  o a t  s e e d s .  The same g e n e r a l  r e l a t i o n  was fo u n d  I n  t h a t  th e  r e s ­

p i r a t i o n  in c r e a s e d  m a rk e d ly  b e tw een  16 to  17 p e r c e n t  m o is tu r e .

G e rb e r  (1 0 ) i n  1900 made a  c o m p a ra tiv e  s tu d y  o f  th e  o le a g in o u s  

s e e d s  d u r in g  t h e i r  d e v e lo p m e n t. The vo lum es o f  oxygen consum ed and 

c a rb o n  d io x id e  e v o lv e d  w ere  m e a su re d . Linum se e d s  w ere  s tu d i e d  from  

th e  tim e  th e  g r a in s  w ere l i g h t  g re e n  on June  15 u n t i l  th e y  w ere  brow n 

on  Ju n e  27 . The volum e o f  oxygen d e c r e a s e d  from  897 cmm on June  15

to  101 cmm on Ju n e  2 7 . The R. Q. a l s o  f e l l  from  1 .5 1  a t  t h e  b e g in ­

n in g  to  0 .6 4  on June  2 7 . G reen  c a s t o r  b e an s  w ere s t u d i e d  fro m  t h e  

t im e  a  s i n g l e  f r u i t  w e ig h ed  0.10 gram s t i l l  th e  w e ig h t  i n c r e a s e d  to

3 .1 5  g ra m s . The oxygen  consum ed was h i g h e s t  when th e  f r u i t  w e ig h ed

2 .1 5  g ram s, and  th e  lo w e s t  when th e  brow ned f r u i t  w e ig h ed  1.20 g ram s. 

W ith  t h e  d e v e lo p m en t o f  t h e  f r u i t  th e  R. Q. in c r e a s e d  from  0 .8 1  to

1 .1 8  and w i th  b ro w n in g  and l o s s  o f  w a te r  f e l l  t o  0 .4 1 .  Rape se e d s
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w ere  a l s o  s t u d i e d  and  w ere  fo u n d  t o  g iv e  r e s u l t s  s i m i l a r  to  th o s e  

r e p o r t e d  f o r  t h e  c a s t o r  b e a n .

M cGinnus and  T a y lo r  (1 3 ) i n  1923 s t u d i e d  th e  e f f e c t  o f  r e s p i r a t i o n  

upon  th e  p r o t e i n  p e r c e n ta g e  o f  w h e a t, o a t s ,  and  b a r l e y .  K e rn e ls  o f  th e  

g r a i n  w ere a n a ly z e d  and  t e s t e d  when th e y  s t i l l  c o n ta in e d  40 p e r c e n t  

m o i s tu r e .  The r e s p i r a t i o n  ch an g es  w ere  s t u d i e d  a t  3 0 °C. by c o l l e c t i n g  

th e  c a rb o n  d io x id e  e v o lv e d . The r e s p i r a t i o n  r a t e  o f  w h e a t f e l l  g r a d u a l ly  

fro m  120 mgm c a rb o n  d io x id e  p e r  100 gram s d ry  w e ig h t  p e r  h o u r  a t  46 p e r ­

c e n t  m o is tu r e ,  55 mgm a t  33 p e r c e n t ,  to  16 mgm a t  1 2 .7  p e r c e n t  m o is tu r e .  

The lo w e s t  r a t e  o f  r e s p i r a t i o n  o f  7 .9  mgm was o b s e r v e d  when th e  g r a in  

c o n ta in e d  1 5 .1  p e r c e n t  m o is tu r e .  I t  was c o n c lu d e d  t h a t  t h e  p r o t e i n  

c o m p o s i t io n  was in f l u e n c e d  to  a  m arked  d e g re e  b y  th e  l o s s  o f  c a rb o ­

h y d r a te  ' m a t e r i a l  d u r in g  r i p e n i n g  b u t  f a c t o r s  o th e r  th a n  r e s p i r a t i o n  

o r  th o s e  i n  c o n n e c t io n  w i th  th e  p r o c e s s  c o n t r i b u t e  l a r g e l y  to  th e  

fo r m a t io n  o f  h ig h  p r o t e i n  g r a i n s .

A pplem an and A r th u r  ( 2) s t o r e d  g re e n  S to w e l l ’ s  E v e rg re e n  c o m  a t  

0° , 10° , 2 0 ° , and  3 0 °C. and  s tu d i e d  th e  c a r b o h y d ra te  c h a n g e s . The 

p e r c e n ta g e s  o f  t o t a l  s u g a r s  l o s t  i n  24 h o u rs  a t  t h e  r e s p e c t i v e  te m p e r­

a t u r e s  w ere  7 , 1 6 , 25 , and 50 p e r c e n t .  By th e  end  o f  4 da3rs s to r a g e  

a t  20° and  30° th e  c o n c e n t r a t i o n  o f  s u g a r s  becam e c o n s t a n t ,  t h e  h ig h e r  

te m p e ra tu re  h a s te n in g  t h e  tim e  f o r  e q u i l ib r iu m  to  be  r e a c h e d .  Appleman 

(3 )  a l s o  showed t h a t  r e s p i r a t i o n  i n  sw e e t c o rn  a s  m e asu re d  b y  th e  

e v o lu t io n  o f  c a rb o n  d io x id e ,  i s  v e r y  h ig h  when th e  c o rn  i s  f i r s t  p u l l e d  

b u t  i t  f a l l s  o f f  r a p i d l y  w i th  s t o r a g e .
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ADAPTATION AND USE OF THE WARBURG MANOMETER AND A 
SPECIAL RESPIROMETER FOR THE RESPIRATION MEASUREMENTS

D e s c r ip t i o n  o f  a p p a r a t u s . — The W arburg  m anom eter a t t a c h e d  to  a  

s p e c i a l  c o n s t a n t  volum e ty p e  o f  r e s p i r o m e te r  i s  shown i n  f i g u r e  1.

The r e s p i r i n g  sy s te m  g iv e s  o f f  c a rb o n  d io x id e  and  consum es oxygen  d u r ­

in g  t h e  o x i d a t i o n - r e d u c t i o n  r e a c t i o n .  I n  t h e  r e s p i r o m e te r  u s e d  i n  t h i s  

s tu d y  a  r e c e p t a c l e  i s  p r o v id e d  i n  -which 4 cc  o f  s, 15 p e r c e n t  p o ta s s iu m  

Irg d ro x id e  s o l u t i o n  i s  p la c e d  to  a b so rb  th e  c a rb o n  d io x id e  g iv e n  o f f .  

W ith  t h e  r e s p i r i n g  m a t e r i a l  i n  a  c lo s e d  s y s te m  and  th e  c a rb o n  d io x id e  

b e in g  c o n t in u o u s ly  a b s o rb e d , th e  n e t  r e s u l t  i s  a  d e c r e a s e  o f  p r e s s u r e  

i n  t h e  sy s te m  due to  t h e  re m o v a l o f  some o f  th e  o x y g en . T h is  d e c r e a s e  

i n  p r e s s u r e  i s  m e asu re d  b y  th e  W arburg m anom eter. When th e  d e c r e a s e  

i n  p r e s s u r e  i s  known, i t  i s  p o s s i b l e  to  c a l c u l a t e  t h e  am ount o f  oxygen 

consum ed.

The W arburg  m anom eter c o n s i s t s  o f  a  U -sh ap e d  tu b e  o f / f a i r l y  u n i ­

fo rm  b o re  a b o u t  0 .9  s q .  mm. i n  c r o s s - s e c t i o n a l  a r e a .  The tu b e s  a re  

m oun ted  on a  wooden fram e  th e  lo w e r  end  o f  w h ich  b e a r s  a  b r a s s  s l i d e ,  

b y  m eans o f  w h ich  th e  w hole  may be f a s t e n e d  to  a  t h e r m o s ta t .  The 

v e r t i c a l  s i d e s  o f  th e  tu b e s  a r e  g r a d u a te d  i n  m i l l i m e t e r s  f o r  a  d i s ­

ta n c e  o f  30 cm. A s u i t a b l e  w h ite  b a ck g ro u n d  i s  m oun ted  b e h in d  th e  

tu b e s  to  f a c i l i t a t e  r e a d in g  th e  l e v e l  o f  th e  l i q u i d .  A t th e  b o tto m  

o f  t h e  U—sh ap e d  tu b e s  t h e r e  I s  an  o u t l e t  to  w h ich  a  r u b b e r  tu b e  c lo s e d  

a t  one e n d  i s  a t t a c h e d .  By p l a c i n g  an  a d j u s t a b l e  s c re w  clam p on t h i s  

tu b in g  i t  i s  p o s s i b l e  to  r a i s e  o r  lo w e r th e  l i q u i d  i n  th e  m anom eter 

to  an y  p o s i t i o n  d e s i r e d *

The l i q u i d  u s e d  i s  a  B r o c l ie ^  s o l u t i o n  th e  c o m p o s i t io n  o f  w h ich  

i s  as  f o l l o w s :
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A

1* S to p co ck *

F ig u r e  1 .  W arburg  M anom eter

7* A d ju s ta b le  s c re w  clam p.

2 .  II tu b e  o f  W arburg  m anom eter 8. G la s s  r e s e r v o i r #
w i th  a  c a l i b r a t e d  s c a le
e tc h e d  on th e  tu b e s #  9# C o n n e c tin g  tu b e .

5 . A w h ite  c a r d b o a rd  b a c k g ro u n d . 1 0 . G la ss  s to p p e r .

1 1 . G round g la s s  j o i n t s .

1 2 . R e c e p ta c le  f o r  a l k a l i .

1 3 . E x p e r im e n ta l  v e s s e l .

4 .  M anom eter l i q u i d  (B ro d ie  
s o l u t i o n ) •

5 . Wooden f r a m e .

6. R ubber r e s e r v o i r
1 4 . B ra ss  fram e  to  a t t a c h  

m anom eter t o  th e r m o s ta t .
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500 c c s  w a te r  
23 g sodium  c h l o r i d e  

5 g sodium  c h o le a te  
A few  d ro p s  o f  an  a l c o h o l i c  th y m o l s o l u t i o n

One en d  o f  t h e  m anom eter i s  open  to  th e  a i r ;  th e  o t h e r  end  c a r r i e s  

a  tu b e  w h ich  en d s  i n  a  s t a n d a r d  t a p e r  to  f i t  t h e  o p e n in g  i n  th e  r e s p i ­

ro m e te r -  The r e s p i r o m e te r s  u s e d  i n  t h i s  s tu d y  a r e  r a t h e r  l a r g e  I n  com­

p a r i s o n  to  t h e  ty p e  u s u a l l y  u s e d  i n  r e s p i r a t i o n  s t u d i e s .  The s i z e  o b v i­

o u s ly  a l lo w s  th e  u s e  o f  l a r g e r  sam p les  o f  t i s s u e .  The volum e o f  th e  

r e s p i r o m e te r s  v a r i e s  fro m  8 2 .7 5  to  9 8 .0 1  c c .  They v a r y  i n  e x t e r n a l  d i ­

m en sio n s  b u t  a v e ra g e  9 cm i n  l e n g t h ,  4 cm i n  w id th ,  and 2 .5  cm i n  d e p th .  

The d ia m e te r  o f  t h e  o p e n in g  th ro u g h  w h ich  th e  t i s s u e  p a s s e s  i s  2 .5  cm. 

They w ere  d e s ig n e d  b y  D r. C. 0 .  A pplem an.

The tu b e  l e a d i n g  to  th e  r e s p i r o m e te r  b e a r s  a  s id e  tu b e  w h ich  h a s  

a  s to p c o c k  i n s e r t e d .  T h is  i s  u s e d  to  r e l e a s e  t h e  n e g a t iv e  p r e s s u r e  

b u i l t  up  b y  t h e  c o n tin u o u s  re m o v a l o f  oxygen  b y  th e  r e s p i r i n g  m a t e r i a l .  

T u rn in g  th e  s to p c o c k  to  t h e  open  p o s i t i o n  a llo w s  a i r  to  e n t e r  and  a -  

g a in  e q u a l i z e  th e  p r e s s u r e s  on th e  two colum ns o f  l i q u i d .

C a l i b r a t i o n  o f  th e  a p p a r a tu s . — The c a l i b r a t i o n  o f  th e  a p p a r a tu s  

c o n s i s t e d  m a in ly  o f  two s t e p s ; t h e  f i r s t ,  f i n d i n g  th e  volum e o f  th e  

g a s  s p a c e  i n  t h e  c lo s e d  sy s te m , and  s e c o n d , d e te r m in in g  th e  d e n s i t y  

o f  t h e  B r o d ie ’ s  s o l u t i o n .

The volum e o f  th e  g a s  sp a c e  was d e te rm in e d  b y  two d i f f e r e n t  m eth ­

o d s .  I n  t h e  f i r s t  p ro c e d u re  th e  volum e was m easu red  b y  d e te r m in in g  

th e  w e ig h t  o f  m e rc u ry  o c c u p ie d  b y  th e  s p a c e .  I n  th e  seco n d  m ethod  a 

c h e m ic a l  r e a c t i o n  was c a r r i e d  o u t  i n  th e  r e s p i r o m e te r  w i th  th e  l i b e r ­

a t i o n  o f  a  known am ount o f  g a s .



The e x p e r im e n ta l  v e s s e l  was f i r s t  a t t a c h e d  to  t h e  m anom eter and 

f i l l e d  w i th  c l e a n  m e rc u ry . The g ro u n d  g l a s s  s to p p e r  was th e n  i n s e r t ­

e d , w h ich  f o r c e d  t h e  m e rc u ry  up  th e  c o n n e c t in g  tu b e  to  some l e v e l  t h a t  

was m ark ed . The v e s s e l  was th e n  d e ta c h e d  and  th e  m e rc u ry  w e ig h e d . 

S e c o n d ly , w i th  t h e  s to p c o c k  (1  i n  f i g .  l )  c lo s e d ,  th e  m anom eter was 

i n v e r t e d  and  f i l l e d  w ith  m e rc u ry  so  t h a t  th e  l e v e l  s to o d  a t  th e  l i n e  

m ark ed  on th e  c o n n e c t in g  tu b e ;  th e  o th e r  l e v e l  o f  m e rc u ry  was th e n  

r e a d  on  t h e  c a l i b r a t e d  s c a l e .  T h is  m e rc u ry  was th e n  p o u re d  o u t  and 

w e ig h e d .

The t h i r d  s t e p  i n  t h i s  m ethod  o f  c a l i b r a t i o n  c o n s i s t e d  i n  o b ta in ­

in g  th e  volum e from  th e  p o i n t  r e a d  on  th e  c a l i b r a t e d  s c a l e  down to  th e

1 5 0 .0  mm m ark . T h is  m ark w as a r b i t r a r i l y  c h o se n  a s  th e  r e f e r e n c e  p o i n t  

an y  o t h e r  m ig h t h av e  b e e n  c h o se n . T h is  volum e was o b ta in e d  b y  g e t t i n g  

t h e  c r o s s - s e c t i o n a l  a r e a  o f  t h e  b o r e .  T h is  was done b y  p la c i n g  th e  

m anom eter i n  t h e  n o rm a l p o s i t i o n  and  th e n  f i l l i n g  w i th  m e rc u ry , w i th  

t h e  s c re w  clam p a t  th e  b o tto m  c lo s e d .  Enough m e rc u ry  was added  so 

t h a t  th e  l e v e l  i n  b o th  l im b s  s to o d  a t  t h e  300*0 mm m ark . The sc re w  

clam p was th e n  o p en ed  and  some o f  t h e  l i q u i d  a llo w e d  to  r u n  i n t o  a  

p r e v i o u s l y  t a r e d  w e ig h in g  b o t t l e .  A n o th e r  r e a d in g  o f  th e  m e rc u ry  l e v ­

e l s  w as ta k e n .  The c r o s s - s e c t i o n a l  a r e a  o f  b o re  was th e n  e a s i l y  c a l ­

c u l a t e d .  T h is  d a ta  a l s o  showed a t  th e  same tim e  th e  u n i f o r m i ty  o f

th e  b o r e .  Knowing th e  c r o s s - s e c t i o n a l  a r e a  p e r  c e n t im e te r  l e n g th  o f  

tu b e  made i t  p o s s i b l e  to  c a l c u l a t e  th e  volum e from  th e  o r i g i n a l  r e a d ­

in g  down to  th e  1 5 0 .0  mm m ark .

W ith  th e s e  t h r e e  v a lu e s  th e  volum e o f  th e  g as  s p a c e  was c a lc u ­

l a t e d  know ing th e  d e n s i t y  o f  m e rc u ry  a t  th e  te m p e ra tu re  i n  th e  la b o ­

r a t o r y .  T r i p l i c a t e  d e te r m in a t io n s  w ere  made w i th  e ac h  o f  th e  s i x  

m an om eters  and  t h e i r  c o r r e s p o n d in g  r e s p i r o m e t e r s .



The se c o n d  m ethod  o f  c a l i b r a t i n g  t h e  a p p a r a tu s  was t h e  s im p le r  

an d  p r o b a b ly  t h e  m ore a c c u r a t e .  A known am ount o f  c a rb o n  d io x id e  was 

l i b e r a t e d  from  t h e  a c t i o n  o f  a  10 p e r c e n t  s u lp h u r i c  a c id  s o l u t i o n  on  

an  a c c u r a t e l y  w e ig h ed  am ount o f  so d iu m  b ic a r b o n a te ,  u s u a l l y  15 to  20 

mg. B ecau se  o f  t h e  g r e a t  i n c r e a s e  i n  p r e s s u r e  a t  th e  t im e  th e  g a s  was 

l i b e r a t e d  m e rc u ry  w as s u b s t i t u t e d  f o r  t h e  B ro d ie * s  s o l u t i o n  i n  th e  

m an o m e te rs . A f te r  a l l  t h e  c a rb o n  d io x id e  was l i b e r a t e d  t h e  m anom eters 

w ere  r e a d  b y  a d j u s t i n g  th e  m e rc u ry  l e v e l  i n  t h e  colum n a t t a c h e d  to  

th e  r e s p i r o m e te r  to  th e  1 5 0 .0  mm m ark and. r e a d in g  th e  l e v e l  i n  th e  

l e f t  h an d  co lum n , (o p e n  lim b  o f  t h e  m a n o m e te r .)  By s u b s t i t u t i n g  th e

v a lu e  h ,  w h ich  i s  th e  h e i g h t  o f  t h e  m e rc u ry  colum n above th e  1 5 0 .0

ram m ark i n  t h e  open  l im b , and x ,  th e  am ount o f  g a s  p ro d u c e d , Vg, th e  

volum e o f  th e  g a s  s p a c e  may be c a l c u l a t e d  u s in g  th e  e q u a t io n :

275
t  = h  ( T e x  i )
x h ( p8 )

To i n s u r e  t h a t  th e  t h e o r e t i c a l l y  c a l c u l a t e d  am ount o f  c a rb o n  

d io x id e  w as b e in g  p ro d u c e d , a  s e r i e s  o f  r e a c t i o n s  was made t o  ta k e  

p l a c e  i n  th e  r e s p i r o m e te r s  w i th  4 cc  o f  15 p e r c e n t  p o ta s s iu m  h y d ro x ­

i d e  s o l u t i o n  i n  t h e  r e c e p t a c l e s  p r o v id e d .  I t  was fo u n d  t h a t  a b s o rp ­

t i o n  o f  c a rb o n  d io x id e  b y  th e  a l k a l i  s o l u t i o n  a s  n o te d  b y  th e  f i r s t  

n o t i c e a b l e  d e c r e a s e  i n  p r e s s u r e  s t a r t e d  a b o u t 50 to  60 sec o n d s  a f t e r  

th e  r e a c t i o n  h ad  b e e n  s t a r t e d .  The v e s s e l s  w ere  l e f t  i n  t h e  th e rm o ­

s t a t  24  h o u rs  b e f o r e  t h e  a l k a l i  was t i t r a t e d .  T r i p l i c a t e  t i t r a t i o n s  

w ere  m adej 1 cc  o f  s o l u t i o n  was u s e d  f o r  e a c h  t i t r a t i o n .  A few  

c r y s t a l s  o f  b a riu m  c h l o r i d e  w ere  added  to  th e  a l k a l i  to  f i x  th e  

c a rb o n  d io x id e  p r e s e n t  as b a riu m  c a r b o n a te .  The e x c e s s  a l k a l i  was 

n e u t r a l i z e d ,  w i th  p h e n o lp h th a le in  a s  an  i n d i c a t o r .  Then S d ro p s



10

o f  an  0.01 p e rc e n t-  m e th y l  o ra n g e  s o l u t i o n  w ere  ad d ed  and. th e  t i t r a t i o n  

c o n t in u e d  t i l l  t h e  u s u a l  p in k  c o lo r  was o b ta in e d .  H y d ro c h lo r ic  a c i d  o f  

0 .0 7 3 5  n o r m a l i ty  was u s e d  f o r  th e  l a t t e r  t i t r a t i o n .  The a v e ra g e  t i t r a t e d  

v a lu e s  v a r i e d  a b o u t  2.0 p e r c e n t  fro m  th e  c a l c u l a t e d  v a lu e s  o f  t h e  m i l l i ­

gram s o f  c a rb o n  d io x id e .  F o u r d e te r m in a t io n s  o f  t h e  volum e o f  g a s  sp a c e  

b y  th e  l i b e r a t i o n  o f  c a rb o n  d io x id e  w ere  m ade.

V a r i a t i o n s  i n  th e  d e te r m in a t io n s  o f  th e  g as  s p a c e  volum e b y  w e ig h in g  

o f  m e rc u ry  m ethod  and th e  g a s  l i b e r a t i o n  m eth o d  w ere  no g r e a t e r  th a n  

2 .5  p e r c e n t .  The a v e ra g e  v a lu e  o f  th e  d e te r m in a t io n s  was ta k e n  a s  th e  

Vg i n  t h e  f o r m u la  g iv e n  b e lo w .

The d e n s i t y  o f  th e  B r o d ie ’ s s o l u t i o n  w as d e te rm in e d  b y  t h e  p ic n o m e -

t e r  m e th o d . D u p l ic a te  d e te r m in a t io n s  w ere  m ade. The a v e ra g e  d e n s i t y  a t  

25° C was 1 .0 2 8  g. p e r  o c .

A b s o r p t io n  o f  c a rb o n  d i o x i d e . — I t  h a s  b e e n  shown b y  D ixon and E l l i o t t  

( 9 ) t h a t  c o n s id e r a b le  e r r o r  i n  th e  f i r s t  r e a d in g s  may be in t r o d u c e d  when 

m e a su r in g  th e  oxygen  c o n su m p tio n  o f  a  sy s te m  b y  m an o m etric  m ethods i f  

s u f f i c i e n t  t im e  i s  n o t  a l lo w e d  f o r  th e  e q u i l ib r iu m  r a t e  o f  a b s o r p t io n  o f  

c a rb o n  d io x id e  b y  t h e a l k a l i  s o l u t i o n  to  b e  r e a c h e d .  I f  t h e  t a p s  a r e  c lo s e d  

b e f o r e  a  s te a d y  r a t e  o f  a b s o r p t io n  h a s  b een  r e a c h e d ,  th e  m anom eter r e a d in g s  

w i l l  b e  to o  lo w . T h e re fo re  i t  w as n e c e s s a r y  t o  d e te rm in e  e x p e r im e n ta l ly  t h e  

tim e  r e q u i r e d  f o r  e q u i l ib r iu m  to  be  r e a c h e d .

From 2 to  3 mg o f  sod ium  b ic a r b o n a te  w ere  p la c e d  i n  one c o r n e r  o f  th e  

r e s p i r o m e t e r ,  and 0.2 cc  o f  a  10 p e r c e n t  s u l f u r i c  a c id  s o l u t i o n  i n  a  c o r ­

n e r  o p p o s i t e  t h e  s a l t .  The r e c e p t a c l e  w as p ro v id e d  w ith  4 cc  o f  th e  15 

p e r c e n t  a l k a l i  s o l u t i o n .  The r e  s p i r o m e te r  t o  w hich  th e  m anom eter was 

a t t a c h e d  was immersed, i n  a  c o n s ta n t  te m p e r a tu r e  w a te r  b a th  f o r  one h o u r .

A t th e  en d  o f  t h i s  tim e  th e  r e s p i r o m e te r  was t i l t e d ,  to  b r in g  th e  a c i d  i n  

c o n t a c t  w i th  t h e  b i c a r b o n a te .  The am ount o f  c a rb o n  d io x id e  p r e s e n t  a t
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v a r y in g  "5111183 a f t e r  th e  s t a r t  o f  r e a c t i o n  was c a l c u l a t e d .  The r a t e  

o f  a b s o r p t io n  o f  t h e  c a rb o n  d io x id e  b y  t h e  a l k a l i  s o l u t i o n  i s  shown i n  

f i g u r e  Zm

The fo r m u la  g iv e n  by  D ixon and E l l i o t t  was a p p l i e d  t o  c a l c u l a t e  t h e  

tim e  when 99 p e r c e n t  o f  th e  am ount o f  g a s  p r e s e n t  a t  i n f i n i t e  tim e  was i n  

th e  r e s p i r o m e t e r ,

( l )  x  ~ T  ( 1 —  e*"c t ) 
c

w h ere  x  * volum e o f  c a rb o n  d io x id e  (cram) i n  g a s  p h a se  o f  r e s p i r o m e te r  a t  any  

i n s t a n t ,

r  = r a t e  o f  e v o lu t io n  o f  c a rb o n  d io x id e  i n  c u b ic  m i l l i m e t e r s  p e r  m in u te , 

c * c o n s ta n t  d e p e n d in g  on r e s p i r o m e te r ,  

t  = tim e  i n  m in u te s .

A t 99 p e r c e n t  e q u i l i b r iu m ,  x  e  99 x ^  ; 

w h ere  x ^  fro m  ( l )  above i s  r  .

t 99^ ” c

The r a t e  o f  a b s o r p t io n  i s  e q u a l  t o  c x  o r  to  t h e  t a n g e n t  o f  th e  a b s o rp ­

t i o n  r a t e  c u rv e .

c = v a lu e  o f  t a n g en t   _______ _______________ _
x  (am ount o f  g a s  p r e s e n t  a t  p o i n t  o f  ta n g e n c y

The v a lu e s  o f  th e  n e c e s s a r y  d a t a  h av e  b e en  c a l c u l a t e d  and t h e  tggcg 

d e te r m in e d .  The d a t a  a r e  g iv e n  i n  t a b l e  1 .

From th e  c a l c u l a t e d  v a lu e s  o f  tg g ^  i t  i s  s e e n  t h a t  50 t o  35 m in u te s  

s h o u ld  b e  s u f f i c i e n t  t im e  to  a l l o w  f o r  an  e q u i l ib r iu m  to  be  re a c h e d  i n  

th e  r e s p i r o m e t e r s .
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T a b le  1 . — The t im e  r e q u i r e d  f o r  99 p e r c e n t  e q u i l ib r iu m  o f  th e  a b s o m t io n  o f  
COg to  be a t t a i n e d ,  and  o t h e r  d a t a  n e c e s s a r y  f o r  t h e  c a l c u l a t i o n .

R e s p iro m e te r
num ber

Time a f t e r  s t a r t  
o f  r e a c t i o n

man

4

9

15

3

8

11

4

10

15

2

6

10

C arbon d io x id e  
p r e s e n t

cmm

4 4 1 .5

1 9 0 .7

9 7 .2

2 9 1 .1

1 3 1 .3

8 6 . 8

5 1 1 .5

2 0 5 .7

1 0 7 .1

3 2 0 .0

1 5 5 .7

7 8 .9

T a n a en t

70

37

1 8 .3

4 2 .5  

2 0 .0  

14-.1

7 3 .0

3 5 .0  

1 7 .2

6 2 .5

2 7 .5

1 5 .5

V alu e  o f
c . 10-2

1 5 .9

1 9 .4

1 8 .8

1 4 .6

1 5 .2

1 6 .2

1 4 .3

1 7 .0

1 6 .0

1 9 .5

1 7 .6

1 9 .7

^99%
man

29

2 3 .7

2 4 .4

3 1 .5

3 0 .2

2 8 .3

3 2 .2

2 7 .0  

2 8 .6

2 3 .5

2 6 .0  

2 3 .4
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T I M E  IN  M I N U T E S

Z *  The r r t s  o f  c e r b o n  r l i07i .d e  n b s o r o t i o r  
s o l u t i o n  T hen  n i n e  e l  i n  t h e  r e s 'o i r o r r i e t e r s  • The 
t h e  r e s n i u o ’y e t o r  e n n o n r s  :

■ t h e  e j  h i  1
u n b e r  oh

t h e  l o n e r  l e t t  c o r n e r  o f  oneh c i i rv
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D e r iv a t i o n  o f  fo rm u la  f o r  c a l c u l a t i n g  oxygen  a b s o r b e d . —Yihen oxygen  

m e asu re m e n ts  a r e  b e in g  made a  n e g a t i v e  p r e s s u r e  r e s u l t s  i n  th e  r e  s p i r o m e te r ;  

t h i s  i s  shown b y  th e  d i f f e r e n c e  o f  l e v e l s  i n  th e  m anom eter ( s e e  f i g .  l ) .

The r e a d in g  o f  t h e  a p p a r a tu s  i s  o b ta in e d  b y  s u b t r a c t i n g  th e  r e a d in g  i n  

t h e  open  l im b  when th e  r i g h t  colum n i s  a t  150 mm from  1 5 0 .0 .  S t i l l  a n o th e r  

r e a d in g  m u st be  made a t  th e  same t im e  th e  e x p e r im e n ta l  m anom eter i s  r e a d .

A th e rm o b a ro m e te r , w h ich  i s  a  m anom eter w ith  a  v e s s e l  c o n ta i n in g  a  l i t t l e  

w a te r ,  i s  r e a d .  The th e rm o b a ro m e te r  r e a d in g  ta b e s  c a r e  o f  any te m p e ra tu re  

and b a r o m e tr ic  c h a n g e s  t h a t  may h av e  o c c u r r e d  s in c e  th e  l a s t  r e a d in g .  The

c o r r e c t e d  l e v e l  o f  th e  B ro d d e Ts s o l u t i o n  b e lo w  th e  1 5 0 .0  mm m ark  i s  th e

h  i n  t h e  e q u a tio n *

F o r  c o n v e n ie n c e , a l l  vo lum es a r e  e x p r e s s e d  i n  c u b ic  m i l l i m e t e r s ,  

a i l  r e a d in g s  i n  m i l l i m e t e r s ,  and a l l  p r e s s u r e s  i n  m i l l i m e t e r s .

Vg= volum e o f  g a s  s p a c e .

T -  a b s o lu t e  te m p e ra tu re  o f  th e  w a te r  b a t h .

P = i n i t i a l  p r e s s u r e  i n  th e  v e s s e l  ( i n  g e n e r a l  equal, to  th e  b a ro m e tr ic

p r e s s u r e ) •

Pq = t h e  n o rm a l p r e s s u r e  (760  mm o f  Hg i n  mm o f  m anom eter f l u i d )  •

p * v a p o r  p r e s s u r e  o f  w a te r  a t  te m p e ra tu re  T.

Then th e  i n i t i a l  am ount o f  g a s  a t  s t a n d a r d  c o n d i t io n s  i n  th e  g a s  sp a c e

i s :

Vp. x  275 x  P —p 
T P0

The f i n a l  am ount o f  g a s  i n  t h e  g a s  sp a c e  i s :

Ve  x  275 x  P — p  + h  
T P0

how o b v io u s ly  th e  am ount o f  g a s  a b s o rb e d , x ,  i s  e q u a l  t o  th e  d i f f e r e n c e

o f  t h e  g a s  i n i t i a l l y  p r e s e n t  an d  th e  f i n a l  am ount o f  g a s .
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X * ( y  x  275 x  F — ]3 + h ) _  ( y  x  275 x  P -  p )
( T Po ) ( g  T Po )

(1 )X  .  h  ( y _ x  275 )
( . T )
( p o )

I t  m u st be  rem em bered  t h a t  no a c c o u n t o f  s ig n s  -was made i n  th e  

d e r iv a t io n *  "When m e a s u r in g  oxygen a b s o r p t io n  h  -w ill  be  n e g a t iv e  

( n e g a t iv e  p r e s s u r e ) ,  so  t h a t  X i s  e q u a l  to  a  n e g a t iv e  q u a n t i t y  i n ­

d i c a t i n g  t h a t  t h e  g a s  i s  consum ed.

The q u a n t i t y  i n  b r a c k e t s  i s  a  c o n s t a n t  f o r  any  g iv e n  m anom eter 

and  r e s p i r o m e t e r  a t  a  g iv e n  te m p e r a tu r e .  T h is  q u a n t i t y  i s  th e n  

known a s  th e  c o n s t a n t ,  K, o f  th e  s e t .  I t  i s  o b v io u s  t h a t  e a c h  sam ple  

o f  t i s s u e  p la c e d  i n  t h e  v e s s e l  r e q u i r e s  th e  c a l c u l a t i o n  o f  a  new 

c o n s t a n t .  The v a lu e  o f  Vg f o r  an y  p a r t i c u l a r  e x p e r im e n t i s  th e n  

th e  com bined  volum e o f  t h e  t i s s u e  and  th e  a l k a l i  s u b t r a c t e d  from  

t h e  volum e o f  th e  g a s  s p a c e .  S u b s t i t u t i n g  t h i s  new v a lu e  o f  Vg 

i n  th e  e q u a t io n  s im p ly  r e d u c e s  i t  to

(2 )  X = hK2

Kg i s  t h e  c o n s t a n t  when th e  c o r r e c t e d  Vg i s  u s e d .  PG i n  e q u a t io n  

( l ) i s  e a s i l y  c a l c u l a t e d  b y  th e  f o l lo w in g  fo rm u la :

P0 = 7 6 0 .0  x  1 5 .5 4
D

w h ere  D i s  t h e  d e n s i t y  o f  t h e  B r o d ie 's  s o l u t i o n .  (1 .0 2 8  a t  2 5 °C)

A m e rc u ry  th e r m o r e g u la to r  was u s e d  w h ich  h e ld  th e  te m p e ra tu re  

o f  th e  w a te r  b a th  a t  25 °C ± .0 2 ° .

The a p p a r a tu s  was o r i g i n a l l y  d e s ig n e d  to  m easu re  th e  oxygen ab­

s o r b e d  b y  p i e c e s  o f  t i s s u e  im m ersed  i n  a  s o l u t i o n .  I n  t h i s  s tu d y  

t h e  s h a k in g  a p p a r a tu s  was n o t  u s e d  s in c e  th e  t i s s u e  was p la c e d  i n  

t h e  v e s s e l  i n  t h e  a b se n c e  o f  a  l i q u i d .
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E f f e c t  on  R e s p i r a t i o n  o f  D e c re a se d  Oxygen T e n s io n  
i n  th e  C o n s ta n t  Volume R e s p iro m e te r

The e f f e c t  o f  t h e  oxygen  t e n s i o n  on th e  r e s p i r a t i o n  o f  t h e  p l a n t  

t i s s u e  ira ill d ep en d  on th e  ty p e  o f  t i s s u e  and t h e  c o n d i t i o n  when i t  i s  

s t u d i e d .  M i l l e r  (1 5 )  v e r y  g e n e r a l l y  s a y s  t h a t  th e  r e s p i r a t i o n  i n t e n s i t y  

i s  n o t  m a rk e d ly  ch an g ed  when t h e  oxygen s u p p ly  i s  r e d u c e d  to  o n e - h a l f  

t h a t  n o r m a l ly  p r e s e n t  i n  th e  a i r .  A c co rd in g  to  S t i c h  ( l 9 )  th e  oxygen 

a b s o r p t io n  i s  l a r g e l y  in d e p e n d e n t  o f  th e  oxygen  t e n s i o n  o f  t h e  e n v iro n ­

m ent u n t i l  th e  c o n te n t  i n  t h e  a i r  i s  re d u c e d  t o  5 to  8 p e r c e n t .  The 

p r o d u c t io n  o f  c a rb o n  d io x id e  i s  w eakened o n ly  when t h e  oxygen c o n te n t  i s  

re d u c e d  t o  2 p e r c e n t .  T hese v a l u e s ,  o f  c o u r s e ,  v a r y  w ith  d i f f e r e n t  t i s s u e s *  

The R .Q . f o r  t h e  s e e d l in g s  o f  w h e a t and  c o rn  becom es s u p e r io r  to  u n i t y  a t  

5 p e r c e n t  o x y g en ; f o r  o a t s  a t  5*5 p e r c e n t ;  and  f o r  b u lb s  o f  n a r c i s s u s  a t  

1C .5  p e r c e n t  o x y g en . The r e s p i r a t o r y  q u o t i e n t  was 1 .0 4 ;  a t  7 .5  p e r c e n t  

o x y g en , i t  w as 2 .5 7 .

C h e v i l l a r d ,  Hamon, M eyer, and  P l a n t e f o l  h av e  s t u d i e d  th e  r e s p i r a -  

t io n - o x y g e n  t e n s i o n  c u rv e s  o f  f r a g m e n ts  o f  p o ta to  t i s s u e ,  t u r n i p ,  mush­

room , and  le a v e s  o f  c r e s s .  T h e p ro d u c tio n  o f  c a rb o n  d io x id e  fro m  p o ta to  

t i s s u e  w as n o t  i n f l u e n c e d  u n t i l  th e  oxygen  t e n s i o n  f e l l  to  5 p e r c e n t .  The 

oxygen  c o n su m p tio n  a s  c o n c lu d e d  from  t h e  g ra p h s  p r e s e n te d  seem ed to  b e i n ­

f lu e n c e d  a t  an y  c o n c e n t r a t i o n  l e s s  th a n  th e  n o rm a l 208 p e r c e n t .  The R.Q. 

r o s e  w ith  a  d e c r e a s e  i n  oxygen  t e n s i o n .  The v a lu e  i n  a i r  -was 0 .9 8 ;  a t  

1 0 .3  p e r c e n t  o x y g e n , 1 .1 0 ;  5 .1  p e r c e n t ,  1 .5 0 ;  2 .0  p e r c e n t ,  1 .8 4 ;  1 .2  

p e r c e n t ,  3 . 2 .  F o r  t u r n i p  t i s s u e  t h e  R .Q . v a r i e d  from  t h e  n o rm al v a lu e  

o f  1 .2 4  to  1 .5 0  a t  5 .4  p e r c e n t  o x y g en . The le a v e s  o f  c r e s s  shoyred an 

a v e ra g e  R. Q. o f  0 .8 0  a t  oxygen te n s i o n s  o f  2 0 .9 ,  1 6 .0 ,  9 .0 ,  3 .3 ,  and 

1 .4  p e r c e n t .
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As p o i n t e d  o u t  b y  S te w a rd , B e r r y ,  and B ro y e r  ( 1 8 ) ,  C h e v i l l a r d  and 

h i s  c o l l a b o r a t o r s  d id  n o t  h av e  a  f i x e d  c o n c e n t r a t i o n  o f  g a s  p r e s e n t  

th ro u g h o u t  th e  e n t i r e  p e r io d  o f  e x p e r im e n ta t io n  w ith  a  g iv e n  s e r i e s .

S te w a rd  an d  h i s  g ro u p  fo u n d  w ith  a  c o n t in u o u s  f lo w  o f  g a s e s  o f  v a r io u s  

c o n c e n t r a t i o n s  o f  oxygen  th e  p o t a t o  t i s s u e  a t  1 3 .0  p e r  c e n t  oxygen  h ad  

a  r e l a t i v e  c a rb o n  d io x id e  o u tp u t  o f  9 8 .3 ,  a ssu m in g  1 0 0 .0  a s  n o rm a l; a t

3 .8  p e r c e n t  o x y g en , 7 9 .3 ;  and  a t  1 .4  p e r c e n t ,  5 6 .7 .  T hese  v a lu e s  i n d i c a t e  

t h a t  t h e  c a rb o n  d io x id e  p r o d u c t io n  w as in f l u e n c e d  a t  a b o u t  13 o r  14 p e r c e n t  

ox y g en  r a t h e r  th a n  5 p e r c e n t .  S im i la r  d a t a  w ere  p r e s e n t e d  f o r  c a r r o t  and  

a r t i c h o k e  t i s s u e •

Mack (1 4 )  fo u n d  t h a t  t h e r e  was no s i g n i f i c a n t  d e c r e a s e  o f  th e  c a rb o n  

d io x id e  p r o d u c t io n  a t  2 5 0 o f  100 w h ea t s e e d l in g s  u n t i l  th e  oxygen  c o n te n t  

was lo w e re d  to  3 .1  p e r c e n t .

Thomas and F i d l e r  (2 1 ) r e p o r t e d  t h a t  i n  young a p p le s  a  minimum o f  

c a rb o n  d io x id e  p r o d u c t io n  o c c u r r e d  b e tw een  3 and 5 p e r c e n t  o x y g en .

Tang (2 0 ) i n  1933 sum m arized  th e  m ore r e c e n t  s t u d i e s  on th e  r a t e  o f  

oxygen  co n su m p tio n  b y  p l a n t  and a n im a l t i s s u e s  a s  a  f u n c t i o n  o f  th e  oxy­

g en  t e n s i o n .  The oxygen  c o n te n t  a t  t h e  p o i n t  o f  i n f l u e n c e  on  th e  r e s p i r ­

a t i o n  r a t e  i s  d e f in e d  a s  th e  c r i t i c a l  oxygen t e n s i o n .

B ecau se  o f  th e  l a c k  o f  a d e q u a te  in f o r m a t io n  on  th e  e f f e c t  o f  d e c r e a s e d  

oxygen  t e n s i o n  on  th e  oxygen r e s p i r a t i o n  o f  p l a n t  m a t e r i a l s  and th e  c o n t r a ­

d i c t i o n  o f  some o f  t h i s  in f o r m a t io n  a  s tu d y  was made on  t h i s  e f f e c t  on two 

v a r i e t i e s  o f  c o m .  T h is  w ork i s  a ls o  p r e s e n te d  a s  a  p r e c a u t io n  t o  be  ob­

s e r v e d  when m an o m etric  a l l y  m e a su r in g  th e  oxygen r e s p i r a t i o n  w i th  a  con­

s t a n t  volum e r e s p i r o m e te r  o f  a c t i v e l y  r e s p i r i n g  m a t e r i a l .

W ith  th e  c o n s t a n t  volum e ty p e  o f  r e s p i r o m e te r  and  a  h ig h ly  r e s p i r i n g  

sy s te m  i t  i s  p o s s i b l e  c o n v e n ie n t ly  to  make su ch  a  s tu d y .  W ith  t h e  con­

t in u o u s  re m o v a l o f  oxygen  fro m  th e  g a s  s p a c e  by  t h e  r e s p i r i n g  m a t e r i a l  we 

h av e  a  m eans o f  g r a d u a l l y  c h a n g in g  th e  oxygen t e n s i o n  an d  a t  th e  same
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t im e  o f  m e a s u r in g  t h e  r a t e  o f  oxygen  c o n su m p tio n  •with th e  W arburg  

m anom eter* P r e l i m in a r y  e x p e r im e n ts  w i th  m ilk  s t a g e  f i e l d  c o rn  have  

shown t h a t  t h e  c r i t i c a l  oxygen  t e n s i o n  can  be o b ta in e d  w i th  10 to  

12 gram s o f  m a t e r i a l  i n  2 t o  3 h o u r s .

E f f e c t  o f  re n e w in g  th e  oxygen  s u p p ly  on th e  oxygen  r e s p i r a t i o n  

o f  c o m . — S to  w e ll*  s  E v e rg re e n  c o rn  i n  th e  m ilk  and dough s t a g e s  was 

u s e d  f o r  one  s tu d y .  F o u r e x p e r im e n ts  w ere  p e r fo rm e d  w i th  th e  r e s p i ­

r a t i o n  r a t e s  o f  t h e  sa m p le s  d i f f e r i n g  i n  e a c h  e x p e r im e n t .  I n  a l l  o f  

t h e  e x p e r im e n ts  30 k e r n e l  sam p le s  w ere  u s e d .  I n  e x p e r im e n t 1  and  2 

t h e  sam p les  w e ig h ed  7 .3  to  8 .7  g ra m s . W ith  t h e  m ore m a tu re  c o rn  u se d  

i n  e x p e r im e n ts  3 and  4 t h e  sam p le s  w e ig h ed  1 2 .8  to  1 3 .3  g ra m s . T h ree  

e x p e r im e n ts  w ere  made w i th  t h e  R e i d 's  T e llo w  D en t f i e l d  c o m  i n  d i f ­

f e r e n t  dough s t a g e s .  The 30 k e r n e l  sam p les  w e ig h ed  1 3 .1  to  1 4 .6  g ram s.

I n  e a c h  e x p e r im e n t one sam p le  o f  t h e  c o rn  was p la c e d  i n  th e  r e s ­

p i r o m e te r  and  l e f t  t h e r e  u n d i s tu r b e d  f o r  10 to  12 h o u r s .  T h is  i s  

c a l l e d  t h e  u n a e r a te d  sa m p le . A n o th e r sam p le  ta k e n  fro m  th e  same e a r  

o f  c o rn  was g iv e n  an a d e q u a te  s u p p ly  o f  oxygen  c o n t in u o u s ly .  T h is  

w as a c c o m p lis h e d  b y  re m o v in g  th e  l a r g e  g ro u n d  g l a s s  s to p p e r  from  th e  

r e s p i r o m e te r  e v e r y  2 h o u rs  an d  s u p p ly in g  f r e s h  a i r  to  th e  g a s  s p a c e  

w i th  t h e  u s e  o f  a  s u c t i o n .  T h is  i s  known h e r e a f t e r  a s  th e  a e r a te d  

sa m p le .

The d a t a  show ing  th e  e f f e c t  o f  a e r a t i n g  and  u n a e r a t in g  r e s p i r a t i o n  

sam p le s  o f  S t o w e l l 's  E v e rg re e n  c o rn  a re  g iv e n  i n  t a b l e  2 . S im i la r  

d a t a  f o r  t h e  s tu d y  on  th e  f i e l d  c o rn  a re  g iv e n  i n  t a b l e  3 . The r e ­

s u l t s  fro m  b o th  s t u d i e s  a r e  p r e s e n te d  i n  f i g . 3 .

As m ig h t b e  e x p e c te d ,  th e  f a s t e r  t h e  o x id a t io n  p r o c e s s  th e  m ore 

r a p i d  t h e  d e p l e t i o n  o f  oxygen i n  th e  g as sp a c e  and  th e  m ore r a p i d  i s  

t h e  d e c r e a s e  i n  th e  r a t e  o f  r e s p i r a t i o n .  T h is  may r e a d i l y  be s e e n  by
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T a b le  2 — E f f e c t  o f  a e r a t i n g  th e  sam p les  d u r in g  th e  r e s p i r a t i o n  t e s t s  
o f  S t o w e l l ’ s E v e rg re e n  c o rn  a t  3 0 °C. The ( a )  i n d i c a t e s  th e  
p e r i o d  d u r in g  -which th e  a e r a t i o n  aras p e r fo rm e d .

gram, f r e s h  w e ig h t p e r  15 m in u te p e r i o d i n d i e a te d

15 m in u te  
p e r io d s

le n t 1 E x p e rim en t 8 E x p e rim e n t 3 E x p e r im e n t 4
A e ra te d Un­

a e r a t e d
A e ra te d c Un­

a e r a t e d
A e ra te d Un­

a e r a t e d
A erated . Un­

a e r a t e d
M is. cram cram cram cram cram cram cram*

1 8 9 .6 9 8 .7 6 7 ,1 6 7 .9 66.6 6 5 .6 5 9 .8 5 8 .4
2 9 8 .7 9 1 .9 6 7 .0 6 7 .7 68.8 6 7 .4 5 8 .8 5 8 .3
5 8 7 .8 9 0 .8 66.5 66.6 66.0 6 5 .8 5 7 .8 5 7 .1
4 8 6 .4 8 7 .8 6 4 .9 6 5 .5 6 4 .1 6 3 .3 5 5 .7 5 6 .1
5 cl — , a — - 6 1 .7 6 1 .8 5 4 .0 5 3 .8
6 8 5 .8 8 0 .3 6 3 .8 6 1 .5 a — a — —

7 8 5 .6 8 0 .4 6 4 .7 6 0 .4 6 3 .7 5 6 .0 5 5 .8 : 5 8 .0
8 8 5 .7 7 7 .4 6 4 .7 5 8 .9 6 5 .0 5 3 .6 5 7 .8 5 1 .1
9 8 5 .1 7 5 .1 6 4 .8 5 7 .9 6 3 .1 5 0 .3 5 5 .4 4 8 .9

8 8 .5 7 8 .6 6 3 .3 5 5 .6 6 1 .8 4 7 .8 5 3 .9 4 8 .3
l i 8 1 .1 6 9 .9 68.8 5 4 .3 — .—

18 7 9 .6 6 7 .6 6 8 .3 5 8 .6 — ---------- —

13 a — a — — — ■---------

1 4 7 6 .4 68.8 6 1 .4 4 9 ,8 — — — ‘ — —

1 5 . 7 9 .7 5 9 .5 6 8 .7 4 8 .8 a — - — a —

16 7 9 .1 5 5 .8 6 1 .9 4 5 .8 — — —

V 7 7 8 .6 5 3 .4 68.8 4 4 .4 — — — --------- .

18 7 8 .6 5 0 .7 6 1 .1 4 8 .8 — — — ----------

19 a a . . . . . — - — - — ---------

80 — , . . . — — 6 0 .5 8 0 .8 5 0 .6 3 8 .8
81 — — — — 5 8 .8 1 6 .3 4 9 .8 8 9 .6
88 — — _ — — 5 5 .5 1 3 .7 4 7 .7 8 7 .8
85 — — — — _ _ — — —

84 7 6 .3 3 7 .8 6 1 .0 3 5 .7 ’ — — — —

85 7 5 .8 3 3 .4 68.1 3 0 .8 — —
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T a b le  3.,— E f f e c t  o f  a e r a t i n g  th e  sam p le s  d u r in g  t h e  r e s p i r a t i o n  t e s t s  o f  
R e id ’ s Y e llo w  D en t c o m  a t  3 0 °C. The ( a )  i n d i c a t e s  t h e  p e r io d  
d u r in g  w h ich  th e  a e r a t i o n  was p e r fo rm e d .

Op. p e r  gram  f r e s h  w e ig h t  p e r  15 m in u te p e r i o d  i n d i c a t ed
15 m in u te  

p e r io d s
E x p e r im e n t 1 E x p e rim e n t 2 E x p e rim e n t 3

A e ra te d U n a e ra te d A e ra te d Un a e r a t e d A e ra te d U n a e ra te d
Cmm Cmm Cmm Cram Cmm Cmm

1 5 6 .8 5 6 .8 5 3 .2 5 1 .4 5 3 .3 3 3 .5
2 5 8 .7 5 7 .9 5 2 .4 5 0 .6 3 4 .0 3 4 .5
3 5 8 .3 5 7 .4 5 1 .2 5 0 .2 3 3 .4 3 4 .1
4 5 7 .6 5 6 .5 5 0 .2 4 9 .0 3 3 .0 3 3 .4
5 5 6 .5 5 5 .4 5 0 .0 4 8 .6 3 3 .1 3 3 .4
6 5 5 .0 5 5 .6 4 8 .5 4 7 .1 3 2 .3 3 2 .9
7 cl 5 2 .3 4 7 .6 4 6 .3 a 3 1 .8
8 5 4 .6 5 1 .3 a 4 4 .6 3 2 .3 3 2 .1
9 5 5 .5 4 8 .8 4 9 .0 4 3 .8 3 3 .2 3 1 .8

10 5 4 .9 4 6 .9 51*2 4 2 .4 3 2 .0 3 0 .6
11 5 3 .7 4 5 .1 5 1 .4 4 0 .7 3 1 .8 3 0 .3
12 5 3 .1 4 2 .9 5 0 .9 3 9 .2 3 1 .6 2 9 .8
13 5 1 .4 4 0 .1 5 0 .2 3 7 .5 3 1 .1 2 8 .9
14
15
16
17
18

a 3 7 .3 a :: a 2 8 .1

5 1 .4 2 9 .9 5 0 .9 3 0 .7 3 1 .5 2 6 .4
19 5 0 .7 2 7 .8 5 0 .5 2 8 .9 3 1 .0 2 5 .9
20 4 9 .8 2 5 .2 5 0 .0 2 7 .0 3 0 .9 2 5 .2
21 4 8 .5 2 4 .5 — —

22 4 8 .0 2 3 .4 — —

23 — a 2 0 .7 — „ —

24 — 46 • 9 1 8 .8 — —

25 — 4 8 .0 1 6 .8 — — _

26 — 4 8 .0 1 5 .4 — —

27 — — — 4 7 .1 1 3 .2 — —

28 —.— 4 6 .6 1 1 .4 — —
29 — 4 5 .5 8 .7 — ------

30 — a 8 .7 — _ —

31 — — 4 5 .9 6 .4 — . ------

32 — — — 4 5 .6 5 .7 — —

33 — — — 4 4 .9 4 .4 — > ---- -

34 _ — 4 4 .3 3 .5
35 ----- - — 4 3 .5 2.6 ”  ---



PJ,
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c o m p arin g  th e  f i r s t  f o u r  e x p e r im e n ts  i n  f i g .  2 . No a c c u r a te  c o n c lu s io n  

c a n  b e  d raw n , h o w ev er, b y  co m p arin g  s lo p e s  a lo n e  s i n c e  th e  vo lu m es o f  

th e  r e s p i r o m e te r s  a n d  t h e  w e ig h ts  o f  sam p le s  i n  t h e  v a r io u s  e x p e r im e n ts  

a r e  n o t  t h e  sam e.

T h e re  w ere  c e r t a i n  p e r io d s  when r e a d in g s  c o u ld  n o t  be  ta k e n  ̂  d u r in g  

t h i s  t im e  th e  s to p c o c k s  w ere  l e f t  o p e n . The tim e  when r e a d in g s  w ere  

n o t  ta k e n  i s  i n d i c a t e d  b y  th e  l a r g e r  d o ts  on  th e  c u r v e s .  I t  i s  con­

c lu d e d  t h a t  t h e  d i f f u s i o n  o f  g a s e s  i s  n o t  f a s t  enough  to  b r in g  th e  oxy­

g en  c o n te n t  b a c k  t o  i t s  norm al, v a lu e  i n  t h e  r e s p i r o m e te r  when th e  s to p ­

c o ck s  a r e  l e f t  op en  f o r  60 t o  75 m in u te s .  T h is  was shovm i n  a l l  c a s e s  

b y  t h e  f a c t  t h a t  th e  s lo p e  o f  t h e  r e s p i r a t i o n  c u rv e s  re m a in e d  p r a c t i c a l l y  

c o n s t a n t .

A f t e r  s u f f i c i e n t  d a t a  w ere  o b ta in e d  w i th  th e  u n a e r a te d  sam p les  

th e y  w ere a e r a t e d .  T hese p o i n t s  o f  a e r a t i o n  a p p e a r  on th e  r i g h t  h an d  

s i d e  o f  t h e  g r a p h s .  I n  a l l  c a s e s  t h e  r e s p i r a t i o n  r a t e  i n c r e a s e d  o r  

i t  a p p e a re d  t h a t  i t  w ou ld  i n c r e a s e  to  t h e  n o rm a l r a t e .  The a rro w s  a t  

v a r io u s  p o i n t s  a lo n g  th e  c u rv e s  I n d i c a t e  t h e  t im e s  o f  a e r a t io n -

E f f e c t  o f  oxygen  t e n s i o n  on th e  oxygen  c onsumed i n  c o rn  t i s s u e . —  

W ith  th e  d a t a  g iv e n  i n  t a b l e s  2 and 5 and  u s in g  th e  g ra p h  to  s u p p ly  

an y  m is s in g  v a lu e s  fro m  th e  t a b l e s  th e  oxygen  t e n s i o n  was c a l c u l a t e d  

a t  d i f f e r e n t  p e r i o d s .  I n  th e  c a l c u l a t i o n  th e  t o t a l  am ount o f  oxygen 

p r e s e n t  i n  th e  g a s  sp a c e  a f t e r  th e  a l k a l i  s o l u t i o n  and r e s p i r a t i o n  

sam ple  h a d  b e e n  p la c e d  i n  t h e  r e s p i r o m e te r  was c a l c u l a t e d .  From t h i s  

v a lu e  was s u b t r a c t e d  th e  am ount o f  oxygen  a b so rb e d  b y  th e  t i s s u e .  The 

am ount o f  oxyg en  re m a in in g  was c a l c u l a t e d  as p e r c e n t  oxygen assu m in g

2 0 .8  p e r  c e n t  as t h e  n o rm a l c o n te n t .  The am ount o f  oxygen  consum ed 

d u r in g  t h e  2 m in u te s  b e tw ee n  th e  r e a d in g  o f  th e  m anom eter and  th e  

c l o s i n g  o f  th e  s to p c o c k s  a g a in  was a lw ay s ta k e n  i n t o  a c c o u n t.
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A t t h e  en d  o f  a  15 m in u te  p e r i o d  th e  s to p c o c k s  w ere  o p e n e d . Be­

c a u s e  o f  t h e  n e g a t i v e  p r e s s u r e  e x i s t i n g  i n  t h e  r e s p i r o m e te r  due to  th e  

a b s o r p t io n  o f  a  c e r t a i n  volum e o f  oxygen  i t  was assum ed t h a t  an  e q u a l  

volum e o f  a i r  ru s h e d  i n t o  th e  r e s p i r o m e t e r .  A n o th e r volum e o f  a i r  

e n t e r e d  t h e  c a p i l l a r y  o f  t h e  m anom eter e q u a l  to  o n e—h a l f  t h e  d i f f e r e n c e  

o f  th e  h e i g h t s  o f  t h e  m anom eter f l u i d  m u l t i p l i e d  b y  th e  c r o s s - s e c t i o n ­

a l  a r e a  o f  t h e  c a p i l l a r y .  T h is  volum e o f  oxygen  was c a l c u l a t e d  f o r  

e a c h  o p e n in g  o f  th e  s to p c o c k  and  was added  to  t h a t  am ount o f  oxygen 

s t i l l  r e m a in in g .  I n  g e n e r a l ,  t h e  am ount o f  oxygen p r e s e n t  a f t e r  th e  

s to p c o c k  w as o p en ed  was a lw ay s  g r e a t e r  than, b e f o r e  i t  was op en ed  b y  

a p p ro x im a te ly  0 .2 0 8  t im e s  th e  am ount o f  a i r  t h a t  ru s h e d  i n t o  t h e  s y s ­

te m . The am ount o f  a i r  r u s h in g  i n t o  th e  sy s te m  w as d e p e n d e n t on th e  

am ount o f  oxygen  consum ed.

S in c e  one  sam ple  o f  th e  d u p l i c a t e s  was a lw ay s  a e r a t e d  we h ad  th e  

n o rm a l r e s p i r a t i o n  r a t e  o f  t h e  t i s s u e .  The p e r c e n t  d e c r e a s e  i n  r e s p i ­

r a t i o n  w as c a l c u l a t e d  u s in g  th e  d a t a  o f  t a b l e s  2 and 3 .

The d a t a  f o r  t h e  d e c r e a s e  o f  th e  r e s p i r a t i o n  r a t e  w i th  th e  lo w e r­

in g  o f  t h e  oxygen  t e n s i o n  a r e  g iv e n  i n  t a b l e s  4 and 5 and  p r e s e n te d  

g r a p h i c a l l y  i n  f i g s .  4  and 5 .

The c u rv e s  f o r  t h e  two v a r i e t i e s  o f  c o rn  a r e  s e e n  p r a c t i c a l l y  to  

c o in c id e  e x c e p t  i n  th e  lo w e r  oxygen t e n s i o n s  w here  t h e  e r r o r  i n  c a lc u ­

l a t i o n  may be l a r g e .  The c r i t i c a l  t e n s i o n  f o r  b o th  v a r i e t i e s  o f  th e  

g r a i n  a p p e a rs  to  b e  b e tw een  15 and  16 p e r c e n t  oxygen o r  b e tw een  114 

and  122  mm o f  m e rc u ry .

I t  i s  th u s  s e e n  t h a t  b y  u s in g  a c t i v e l y  r e s p i r i n g  sy s te m s  i n  th e  

c o n s t a n t  volum e ty p e  o f  r e s p i r o m e te r  th e  c r i t i c a l  oxygen t e n s i o n  p o i n t  

may be r e a c h e d .  The tim e  r e q u i r e d  to  r e a c h  t h i s  p o i n t  w i l l  d ep en d  on
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?ab le  4  . — The d e c r e a s e  o f  th e  oxygen r e s p i r a t i o n  i n  S to w e l l ’ s E v e rg re e n  c o rn  a s  a f f e c t e d  
b y  d e c r e a s e d  oxygen t e n s i o n s .

E x p e rim e n t Number

)xygen
te n s io n
te rc e n t

1 7 .8
1 7 .0
1 6 .5
1 5 .5
1 4 .2
1 5 .5
1 5 .9
1 2 .2
11.6
11.1 
1 0 .5

9 .2
8 .7  
8 .5
7 .8
7 .4  
5 .7
5 .4

D e c re a se  i n  
R e s p i r a t i o n

P e r c e n t

0
0
0
0

5 .5  
6 .1
7 .5
9 .5  

1 2 .0  
1 5 .8  
1 5 .1  
1 8 .6  
£ 5 .4  
£ 9 .4  
5 £ .0
5 5 .5  
5 1 .£
5 5 .5

Oxygen
T e n s io n
P e r c e n t

1 8 .1
1 7 .5
1 6 .6  
1 6 . Q
1 4 .8  
1 4 .£  
1 3 .5
1 2 .9  
1 £ .3  
11.8 
11. £ 
10. £

9 .7  
9 .£
8 .7  
6 .4  
6 . 1

D e c re a se  i n  
R e s p i r a t i o n

P e r c e n t

0 
0 
0 
0 

2 .7  
6 .6  
8 .9  

10.6 
12.1 
1£*6 
1 5 .6  
1 8 .8  
£ 3 .0  
£6 .0  
£8 . 6  
4 4 .9  
50,-5

Oxygen
T e n s io n
P e r c e n t

1 7 .5  
1 6 .3  
1 5 .£
1 4 .1
11.1 
10.£

9 .3
8 .5
3 .5  
5*3 
3 .1

D e c re a se  i n  
R e s p i r a t i o n

P e r c e n t

0
0
0
0

1£ .1
1 7 .5  
2 0 .£
2 2 .6  
6 6 .6  
7 1 .9  
7 5 .3

Oxygen
T e n s io n
P e r c e n t

1 8 .5
1 7 .6
1 6 .9  
1 6 .1
1 5 .4
1 3 .9  
1 5 .2
1 2 .5
1 1 .9  

7 .0  
6 . 6  
6 .3

D e c re a se  i r  
R e s n i r a t i o r

P e r c e n t

0
0
0
0
0

5 .7
1 0 .7  
11.6 
1 0 .4  
3 6 .2
3 9 .8  
4 1 .7
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T a b le  5 #— The d e c r e a s e  o f  t h e  oxygen r e s p i r a t i o n  i n  R e id ! s  Y e llo w  D ent c o rn  
a s  a f f e c t e d  b y  d e c r e a s e d  oxygen t e n s i o n s .

Ex p e r im e n t Number
1 2 3

O xygen
T e n s io n

D e c re a se  i n  
R e s p i r a t i o n

Oxygen
T e n s io n

D e c re a se  i n  
R e s p i r a t io n

Oxygen
T e n s io n

D e c re a se  i n  
R e s p i r a t io n

P e r c e n t P e r c e n t P e r c e n t P e r c e n t P e r c e n t P e r c e n t

1 8 .9 0 1 8 .2 0 1 9 .7 0
1 7 .9 0 1 7 .3 0 1 9 .1 0
1 7 .0 0 1 6 .4 0 1 8 .5 0
1 6 .0 0 1 5 .5 0 1 7 .9 0
1 5 .2 0 1 4 .7 0 1 7 .4 0
1 4 .3 2.6 1 1 .5 1 0 .5 1 6 .8 0
12.6 6.1 1 0 .7 1 7 .1 1 6 .3 0
11.8 12.2 10.0 20.8 1 5 .8 t 0
11.0 1 4 .5 9 .3 2 3 .0 1 5 .3  * 4 .3
1 0 .3 1 5 .9 8 .7 2 5 .4 1 4 .8 4 .5

9 .6 1 9 .1 6 .4 3 9 .6 1 4 .3 5 .0
9 .0 2 1 .9 5 .9 4 2 .7 1 3 .8 5 .7
6 .3 4 1 .8 5 .5 4 6 .0 1 3 .3 7 .0
5 .9 4 5 .2 5 .0 4 9 .4 11.1 1 5 .5
5 .5 4 9 .5 4 .6 5 1 .2 10.6 1 6 .5

— 4 .3 5 5 .8 10.2 1 8 .6
— — 4 .0 5 9 .9 — —

3 .7 6 5 .0 — — —

—_ 3 .5 6 7 .9 — . — _

_ _ 3 .3 7 1 .9 —

___ 3 .1 7 5 .5 — . —

— 2 .7 86.0 — —

_ _ _ 2.6 8 7 .5 — — .

------ — 2 .5 9 0 .2 — —

__ _ . ̂  ______ —  ,  —
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t h e  s i z e  o f  'the sa m p le , t h e  r a t e  o f  oxygen  r e s p i r a t i o n ,  th e  volum e 

o f  t h e  r e s p i r o m e t e r ,  and  th e  c r i t i c a l  oxygen  t e n s i o n  o f  t h e  m a t e r i a l .  

The s m a l l e r  th e  s a m p le , t h e  loi/ver t h e  r a t e  o f  r e s p i r a t i o n ,  and  th e  

l a r g e r  th e  r e s p i r o m e te r  t h e  l e s s  l i k e l i h o o d  "w ill t h e r e  b e  o f  d e p le t i n g  

th e  oxyg en  s u p p ly  t o  th e  p o i n t  o f  in f l u e n c e  on  th e  r e s p i r a t i o n  r a t e .
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ANALYTICAL METHODS

S a m p lin g . — T h ree  row s o f  k e r n e l s ,  p lu s  th e  r e s i d u a l  k e r n e l s  

l e f t  i n  th e  row  fro m  w h ich  th e  r e s p i r a t i o n  sam p le  was ta k e n , w ere  

rem oved  fro m  e a c h  e a r  o f  c o m  i n  e a c h  l o t .  A f te r  th e  sam p le  was 

g ro u n d  to  a  f i n e  p u lp  i n  a  N ix ta m a l m i l l  i t  was th o ro u g h ly  m ixed  

and  sa m p le s  w ere  rem oved  f o r  a n a l y s i s .

M o is tu r e . — From 4 to  5 g o f  p u lp  w ere  w e ig h ed  i n  a  t a r e d  w a tch  

g l a s s  and  d r i e d  to  c o n s t a n t  w e ig h t  i n  a  vacuum  oven  a t  80 °C u n d e r  

3 to  4  cm p r e s s u r e .  E n t i r e  c o r n  k e r n e l s  w ere  d r i e d  when th e  sam ple  

c o n ta in e d  l e s s  th a n  45 to  50 p e r c e n t  m o is tu r e .  U nground w h e a t 

k e r n e l s  w ere  u s e d  f o r  t h e  m o is tu r e  d e te r m in a t io n s .

S u g a r s . — A sam ple  o f  16 g  o f  p u lp  was w e ig h ed  i n t o  a  c o u n te r ­

p o is e d  200 cc  K o h lra u s c h  s u g a r  f l a s k  and c o v e re d  im m e d ia te ly  w i th  

75 cc  o f  b o i l i n g  95 p e r c e n t  a l c o h o l .  S am ples c o n s i s t i n g  o f  16 to  

20 g o f  w h e a t k e r n e l s  w ere  p la c e d  i n  m o r ta r s  and  c o v e re d  w i th  75 cc 

o f  b o i l i n g  95 p e r c e n t  a l c o h o l .  A f te r  t h e  sam ple was g ro u n d  to  a  

f i n e  p u lp  t h e  e x t r a c t  and  p u lp  w ere  t r a n s f e r r e d  to  a  200 cc K o h lra u sc h  

f l a s k .  The sam p les  w ere  b ro u g h t  to  a  b o i l  on th e  s te a m  b a th  so o n  

a f t e r  a d d in g  enough  w a te r  to  r e d u c e  th e  a lc o h o l  to  70 p e r c e n t  and 

th e  b o i l i n g  c o n t in u e d  f o r  30 m in u te s  to  e x t r a c t  th e  s u g a r s .  A f t e r  

c o o l in g ,  th e  f l a s k s  w ere  made to  volum e w i th  95 p e r c e n t  a l c o h o l .

J u s t  b e f o r e  m aking  a  d e te r m in a t io n  th e  f l a s k s  w ere a g a in  a d ju s t e d  

to  volum e w i th  95 p e r c e n t  a l c o h o l .  The re d u c in g  s u g a r s  w ere  d e t e r ­

m in ed  a c c o rd in g  to  th e  Munson and  W alker g r a v im e t r ic  p ro c e d u re  ( l 6)« 

T o ta l  s u g a r s  w ere  d e te rm in e d  b y  h y d r o ly z in g  50 cc o f  th e  c l a r i f i e d  

e x t r a c t  fro ra  t h e  r e d u c in g  s u g a r  d e te r m in a t io n  w ith  5 cc  o f  co n cen ­

t r a t e d  h y d r o c h lo r ic  a c i d .  The h y d r o ly s i s  was a llo w e d  to  ta k e  p la c e



f o r  IE  h o u rs  a t  38° to  40 °G. The s o l u t i o n s  w ere  made to  volum e and  

th e  r e d u c in g  s u g a r s  i n  a  n e u t r a l i z e d  p o r t i o n  o f  th e  sam p le  was d e t e r ­

m in ed  a s  p r e v i o u s l y  d e s c r ib e d .  The t o t a l  an d  r e d u c in g  s u g a r s  and 

s u c r o s e  w ere  c a l c u l a t e d  a s  p e r c e n ta g e s  o f  th e  w e t w e ig h t .
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EXPERIL'JENTAL RESULTS 

R e l a t i o n  o f  R e s p i r a t i o n  to  M o is tu re  and  S u g a r  C o n te n t 

a t  D i f f e r e n t  S ta g e s  o f  R ip e n in g  

Sw eet C om

E x p e r im e n t 1 . — S to  w e l l1 s E v e rg re e n  c o rn  grow n on t h e  U n iv e r s i t y  

fa rm  w as u s e d  f o r  p a r t  o f  th e  1956 s tu d y .  S ix  e a r s  i n  t h e  same s ta g e  

o f  r i p e n i n g , a s  d e te rm in e d  b y  t h e  "thum b n a i l "  t e s t ( l ) ,  w ere  s e l e c t e d  a t  

e a c h  s a m p lin g  d a t e  e x c e p t  fo r  t h e  l a s t  two s a m p lin g s . T h ese  c o n ta in e d  

o n ly  tw o e a r s *

The m eth o d  o f  rem o v in g  th e  k e r n e l s  fro m  th e  cob  was th e  same i n  

a l l  o f  th e  c o m  s tu d ie s *  A f t e r  t h e  h u s k s  w ere  l a i d  b a c k , a  d eep  V -c u t 

was made i n  one ro w  o f  k e r n e l s . A l l  o f  t h e  wounded t i s s u e  w as rem oved 

b y  c u t t i n g  in w a rd l37- a t  t h e  b o tto m  o f  th e  V - c u t .  I n  t h i s  way one row  o f  

k e r n e l s  w as c o m p le te ly  rem oved  and  a c c e s s  c o u ld  b e  g a in e d  to  th e  n e ig h ­

b o r in g  row  o f  k e r n e l s  f ro m  w hich  th e  r e s p i r a t i o n  sam p le s  w ere  ta k e n .  To 

rem ove t h e  k e r n e l s  a  deep  h o r i z o n t a l  c u t  w as m ade, s e v e r in g  o n ly  th e  

p e d u n c le  a t ta .c h m e n t. ~ Ten k e r n e l s  fro m  th e  m id d le  o f  th e  r o w  fro m  e a c h  o f  

th e  e a r s  w e re  rem o v ed . The sam p le  t a k e n  f ro m  ea.ch e a r  was p la c e d  i n  a  

r e s p i r o m e te r  an d  t e s t e d  f o r  one  h o u r .

The t im e  t h a t  e la p s e d  fro m  p ic k in g  u n t i l  t h e  r e s p i r a t i o n  sam p les  

w ere  p la c e d  i n  t h e  r e s p i r o m e te r s  was no m ore th a n  one h o u r .  A l l  th e  

c o m  sam p le s  w ere l e f t  i n  t h e  r e s p i r o m e t e r  30 m in u te s  b e f o r e  r e a d in g s  

w ere  ma.de. The s am ples f o r  m o is tu re  and  s u g a r  d e te r m in a t io n s  w ere  p r e ­

p a r e d  b e tw ee  n  r e s p i r a t i o n  r e a d in g s .

The w e ig h t o f  t h e  10 k e r n e l  sam p les  v a r i e d  fro m  1 .8 3  gram s i n  th e  

f i r s t  sam p le  o f  c o m  w hich was a lw ay s  i n  t h e  m ilk  s t a g e  t o  6 .5 0  .grams 

when th e  c o m  c o n ta in e d  34 p e r c e n t  m o is tu r e .  The g r e a t e s t  v a r i a t i o n  i n  

th e  r e s p i r a t i o n  a c t i v i t y  was o b s e rv e d  i n  th e  m ilk  s t a g e  sam ples i n  w hich  

th e  h i g h e s t  was 481 and th e  lo w e s t  393 cmm o x y g en . A l l  o f  th e  r e s p i r a t i o n
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d a t a  h a v e  b e e n  c a l c u l a t e d  on th e  b a s i s  o f  t h e  cram oxygen  a b so rb e d  p e r  

1 gram  f r e s h  w e ig h t  p e r  h o u r p e r i o d .  The r e s p i r a t i o n  v a lu e s  f o r  th e  

sa m p le s  g iv e n  i n  t h e  f o l l o w in g  t a b l e s  a r e  th e  a v e ra g e  o f  a l l  th e  t e s t s  

made a t  an y  sa m p lin g  d a t e .

The r e s u l t s  o f  t h e  c o rn  c o l l e c t e d  a t  7 d i f f e r e n t  t im e s  d u r in g  th e  

r i p e n i n g  p e r i o d  a r e  g iv e n  i n  t  a b le  6 and shown g ra p h ic a l3 .y  i n  f i g u r e  6*

E x p e r im e n t 2 . The s tu d y  w ith  sw e e t c o m  was r e p e a t e d  i n  1937 w i th  t h e  

same v a r i e t y  o f  c o r n ; b u t  w h ic h  was grown on  a  d i f f e r e n t  a r e a  on  th e  "Uni- 

v e r s i t y  f a rm . S ix  e a r s  o f  th e  c o r n  w ere  ^ a i n  u s e d  f o r  e ac h  t e s t .  Ten 

k e r n e l s  w ere  rem oved  fro m  each  e a r ,  5 o f  w h ic h  w ere  p la c e d  i n  one re s p iro m — 

e t e r  an d  5 i n  a n o th e r ,  m aking  a  t o t a l  o f  30 k e r n e l s  i n  each  o f  t h e  two 

t e s t s .  The w e ig h ts  o f  t h e  30 k e r n e l  sam p les  v a r i e d  fro m  7*3 gram s f o r  m ilk  

s t a g e  k e r n e l s  t o  1 3 ,3  gram s when th e  c o rn  c o n ta in e d  35 p e r c e n t  m o is tu r e .

The r e s u l t s  o f  t h i s  s tu d y  a r e  g iv e n  i n  t a b l e  6 and a r e  shown g r a p h i c a l l y  

i n  f i g u r e  6.

The r e s u l t s  o f  e x p e r im e n t s !  and 2 as  p lo t te d  i n  f i g u r e  6 aim  to  show 

o n ly  th e  l e v e l s  o f  t h e  m o is tu r e ,  s u g a r  and r e s p i r a t o r y  a c t i v i t y  a t  th e  

tim e  o f  s a m p l in g . The c u rv e s  may o n ly  show t h e  g e n e r a l  t r e n d  s in c e  t h e r e  

wras c o n s id e r a b le  v a r i a t i o n  i n  t h e  r e s p i r a t i o n  r e s u l t s  i n  d i f f e r e n t  sam p les  

c o l l e c t e d  a t  an y  one t im e .  7/hen m ore th a n  one sam p le  was ta k e n  a t  a  sam­

p l i n g  d a te  o n ly  one s e t  o f  d a t a  was p l o t t e d  i n  f i g u r e  6. The sam ple  th e  

d a t a  o f  w h ich  w as u s e d  i s  s t a r r e d  . 00 i n  t a b l e  6,

W ith c o rn  i n  th e  m ilk  s t a g e  t h e r e  i s  c o n s id e r a b le  v a r i a t i o n  i n  th e  

s u g a r  c o n te n t  w h ich  a t  t h i s  tim e  d o e s  n o t  seem  to  c a u se  much d i f f e r e n c e  

i n  t h e  r a t e  o f  r e s p i r a t i o n .  I n  1957 one sam ple  o f  th e  m ilk  s t a g e  c o rn  con­

t a i n e d  7 ,3 9  and a n o th e r  6 ,2 9  p e r c e n t  t o t a l  s u g a r ;  th e  r e d u c in g  s u g a r  was 

22 and  t h e  s u c r o s e  c o n te n t  was 12 p e r c e n t  lo w e r  i n  th e  se c o n d  s a m p le , b u t
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T a b le  6 . — R e s p i r a t i o n  a t  30 °C. and  p e r c e n ta g e  o f  m o is tu r e  and  s u g a r  i n
S t o w e l l 's  E v e rg re e n  c o m  a t  d i f f e r e n t  s t a g e s  o f  r i p e n i n g .  The 
a s t e r i s k s  i n d i c a t e  t h e  sam p le s  t h e  v a lu e s  o f  w h ic h  w ere  p l o t t e d  
i n  f ig *  b when m ore t h a n  one sam p le  was c o l l e c t e d  a t  any  one 
s a m p lin g  p e r i o d .

’___________ _ 1956 E x p erim en t
Og p e r  gram  : :

D a te  o f f r e s h  w e ig h t : T o ta l R ed u c in g
S am p lin g o e r  h o u r M o is tu r e  : S u g a rs S u c ro se S u g a r

Cmm P e r c e n t  : P e r c e n t P e r c e n t P e r c e n t

Aug. 18 4 3 1 .3 8 0 .1 1  : 7 .6 9 4.94- 2 .4 9
Aug. 31 2 7 5 .8 6 8 .9 3  : 3 .4 5 2 .3 6 0 .9 7
S e p t .  5 2 6 4 .5 6 6 .4 0  : 3 .3 5 2*26 0 .9 7
S e p t . 10 2 5 4 .5 5 8 .9 8  : 3 .1 7 1 .9 3 1 .1 4
S e p t •17 2 0 3 .1 4 9 .8 3  r 2 .7 5 1 .5 6 1.11
S e p t . 25 6 0 .1 4 1 .2 2  : 2 .1 2 1 .2 8 0 .7 7
S e p t • 25-* 1 3 3 .3 3 7 .7 3  : 2 .0 4 1 .2 8 0 .6 9
S e p t .2 5 1 0 5 .2 3 1 .5 2  : 2 .8 4 1.86 0.88
O c t. 2 1 1 5 .7 3 4 .2 0  : 2 .8 8 2.00 0 .7 7

1937 E x p e rim en t

Aug. 20-* 4 1 5 .0 7 9 .2 2  : 7 .3 9 4 .8 6 2 .2 7
Aug. 20 4 1 2 .6 7 8 .3 3  : 6 .2 9 4 .2 8 1 .7 8
Aug. 30 2 9 5 .1 7 1 .1 0  : 4 .2 6 2 .7 7 1 .3 4
Aug. 30-* 2 8 7 .0 6 9 .9 3  : 4 .6 8 2.88 1 .6 5
S e p t .1 0 2 6 3 .6 6 8 .6 0  : 3 .9 9 2 .8 4 1.00
S ep t.1 0 -* 2 3 1 .1 5 6 .8 8  : 3 .4 5 2 .1 9 1 .1 4
S e p t .1 7 2 0 0 .7 4 7 .5 3  : 4 .0 5 2 .4 1 1 .5 1
O c t.  8 4 6 .6 3 5 .3 9  : 3 .4 0 2 .4 2 0 .8 5
Nov. 3 5 7 .3 3 0 .3 5  : ——
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t h e  r e s p i r a t i o n  r a t e s  o f  t h e  t i r o  sam p le s  was p r a c t i c a l l y  i d e n t i c a l  w ith  

415 a n d  413 cram o f  oxygen  consum ed p e r  gram  i n  one h o u r .  The g e n e r a l  

t r e n d  o f  th e  c u rv e s  f o r  th e  e x p e r im e n ts  i n  t h e  tw o  y e a r s  i n d i c a t e  t h a t  

sw e e t c o rn  i n  t h e  m ilk  and dough s t a g e s  show s a  r e l a t i v e l y  c lo s e  c o r r e l ­

a t i o n  b e tw e e n  r e s p i r a t o r y  a c t i v i t y  and  t h e  s u g a r  c o n te n t  as com pared  

w i th  k e r n e l s  i n  th e  l a t e r  s t a g e s  o f  r i p e n in g  when th e y  c o n ta in e d  40 t o  

45 p e r c e n t  m o is tu re *

The p a r a l l e l i s m  b e tw een  t h e  n a t u r a l  m o is tu r e  an d  th e  r e s p i r a t i o n  

c u rv e s  i s  v e r y  c lo s e  i n  t h e  e x p e r im e n ts  f o r  b o th  y e a r s  e x c e p t  i n  t h e  

m ilk  s t a g e ,  w here  t h e r e  i s  a  c r o s s i n g  o f  t h e  c u r v e s .  A f t e r  t h e  m o is tu r e  

was re d u c ed  to  70 p e r c e n t  th e  c u rv e s  seem t o  b e  r a t h e r  c l o s e l y  c o r re la . te d *  

One e x tre m e  v a r i a t i o n  fbom th e  g e n e r a l  t r e n d  shown b y  t h e  r e s p i r a t i o n  and  

m o is tu r e  c u rv e s  i s  g iv e n  i n  t h e  3 sam p le s  c o l l e c t e d  on S ep tem b er 2 5 , 1 9 3 6 . 

The m o is tu r e  p e r c e n ta g e s  o f  th e  sam p le s  w ere  4 1 .2 ,  3 7 .7 ,  and  31*5 , w i th  

t h e  r e s p i r a t i o n  r  a t e s  c o r r e s p o n d in g  a s  6 0 , 1 3 3 , and 105 cmm. o x y g en . The 

d a t a  f ro m  t h i s  s i n g l e  e x p e r im e n t  show t h e  v a r i a t i o n  i n  t h e  r a t e  a t  w h ich  

th e  m o is tu r e  i s  re d u c e d  i n  t h e  k e r n e l s ,  b u t  p r o b a b ly  o f  g r e a t e r  im p o r ta n c e  

i s  t h e  i n d i c a t i o n  t h a t  t h e  t o t a l  m o is tu re  i n  t h e  k e r n e l  may n o t  n e c e s s a r i l y  

b e  t h e  c o n t r o l l i n g  f a c t o r  t h a t  c o n d i t io n s  t h e  r e s p i r a t o r y  i n t e n s i t y  b u t  

t h a t  t h e  form  o f  w a te r  p r e s e n t ,  w h e th e r f r e e  o r  b o u n d , i s  th e  more im p o r­

t a n t .  I t  i s  v e r y  l i k e l y  t h a t  d e te r m in a t io n s  o f  t h e  f r e e  and bound w a te r  

i n  k e r n e l s  i n  t h e s e  l a t e r  s t a g e s  w i l l  p ro v e  to  be v  e ry  Im p o r ta n t  i n  ex­

p l a i n i n g  th e s e  d i f f e r e n c e s  i n  r e s p i r a t o r y  i n t e n s i t y .

F i e l d  Corn

E x p e rim e n t 1 « — R e id 1 s Y e llo w  D en t c o m  grown on th e  U n iv e r s i t y  

fa rm  was u s e d  f o r  th e  1936 e x p e r im e n ts  on f i e l d  c o m .  I n  t h e  f i r s t  4 t e s t s  

6 e a r s  w ere  s e l e c t e d  and 10 k e r n e l s  removed, fro m  e ach  e a r  f o r  a  r e s p i r a ­

t i o n  t e s t .  A t t h e  l a s t  2 sa m p lin g  d a te s  2 e a r s  w ere  u se d  f o r  t h e  t e s t s .
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The 10 k e r n e l  sam p les  v a r i e d  i n  w e ig h t  fro m  2*1 /prams f o r  

m ulk  s t a g e  k e r n e l s  t o  6*6 gram s when th e  k e r n e l s  c o n ta in e d  46 p e r c e n t  

m o i s tu r e .  The v a r i a t i o n  i n  th e  d i f f e r e n t  r e s p i r a t i o n  r a t e s  i n  th e  

sam p le s  rem oved  from  e a c h  e a r  a t  a n y  one s a m p lin g  d a te  was a g a in  th e  

g r e a t e s t  i n  m ilk  s ta g e  c o r n ,  th e  loTmest v a lu e  w as 300 and th e  h i g h e s t  

389 cmm o x y g en . The r e s p i r a t i o n  v a lu e s  g iv e n  i n  t h e  f o l lo w in g  

t a b l e s  a r e  t h e  a v e ra g e  o f  a l l  t h e  t e s t s  made a t  an y  g iv e n  s a m p lin g . 

The r e s u l t s  o f  t h e  f i e l d  c o m  c o l l e c t e d  a t  6 d i f f e r e n t  s t a g e s  o f  

r i p e n i n g  a r e  g ivep . i n  t a b l e  7 and p r e s e n te d  g r a p h i c a l l y  i n  f i g .  7 .

E x p e r im e n t 2 . — The s tu d y  w i th  f i e l d  c o rn  was r e p e a te d  i n  

1937 w i th  c o rn  t h a t  wa.s grow n on th e  same p l o t  fro m  w h ich  th e  1936 

m a t e r i a l  w as re c e iv e d ..  S ix  e a r s  o f  c o rn  w ere a g a in  u s e d  a t  e a c h  

sa m p lin g  p e r i o d .  Ten k e r n e l s  w ere  rem oved from  each  e a r ,  -5 o f  

w h ic h  w ere  p la c e d  i n  one r e s p i r o m e te r  and  5 i n  a n o th e r  w ith  a t o t a l  

o f  30 k e r n e l s  i n  e a c h .  The w e ig h ts  o f  t h e  50 k e r n e l  sam p les  v a r i e d

fro m  9 .1  g raw s f o r  m ilk  s t a g e  k e r n e l s  'bo 1 8 .1  grams f o r  k e r n e l s

w i th  46 p e r c e n t  m o is tu r e .  The r e s u l t s  o f  t h i s  s tu d y  a r e  g iv e n  i n  

t a b l e  7 and p r e s e n te d  g r a p h i c a l l y  i n  f i g u r e  7 .

The r e s u l t s  f o r  e x p e r im e n ts  5 and 4 as p re s e n te d , i n  f i g u r e

7 do n o t  aim to  show  a  tim e  r a t e  o f  change  o f  m o is tu r e ,  s u g a r s ,

and  r e s p i r a t i o n  b u t  th e  l e v e l s  o f  th e s e  a t  v a r io u s  s t a g e s  o f  r i p e n ­

i n g .  The v a r i a t i o n  i n  sam p les  c o l l e c t e d  a t  t h e  same tim e  i s  shown 

i n  t a b l e  1  . The s t a r r e d " '  sam p les  i n d i c a t e s  th e  d a ta  u s e d  i n  f i g ­

u r e  7 when m ore th a n  one sam p le  was c o l l e c t e d  a t  any one sa m p lin g  

d a t e .

From th e  1956 s tu d y  i t  a p p e a rs  t h a t  t h e r e  i s  a  r a t h e r  a b ru p t  

d e c r e a s e  i n  t o t a l  s u g a r s  and r e s p i r a t i o n  when th e  m o is tu re  i n  th e
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T a b le  7 . — R e s p i r a t i o n  a t  30 °C. and  p e r c e n ta g e  o f  m o is tu r e  and  s u g a r  i n  
R e id 1 s  Y e llo w  Derfc c o rn  a t  d i f f e r e n t  s t a g e s  o f  r i p e n i n g .  The 
a s t e r i s k s  i n d i c a t e  th e  sam ples th e  v a lu e s  o f  w h ich  w ere  u s e d  
i n  f i g .  7 when m ore th a n  one sam ple  was c o l l e c t e d  a t  any  one 
s a m p lin g  d a t e .

1956 E x p e rim e n t

D ate  o f  
S am p lin g

Og p e r  gram  
f r e s h  w e ig h t  
p e r  h o u r M o is tu re

T o ta l  
Su g a r s S u c ro se

R ed u c in g
S u g a r

Cram P e r c e n t P e r c e n t P e r c e n t P e r c e n t

Aug. £0 3 3 7 .4 7 3 .1 7 4 .5 7 £ .6 3 1 .8 0
S e p t .  3 3 £ 9 .8 7 4 .7 £ 3 .8 4 £ •£ £ 1 .5 0
S e p t • 8 £ 4 1 .5 5 6 .8 4 £.88 1 .7 6 1 .0 3
S e p t .£ £ 1 4 1 .1 3 7 .4 8 £ .1 3 1 .5 0 0 .5 5
S e p t . £5 1 6 8 .8 4 6 .5 4 1 .0 9 0 .7 1 0 .3 4
S e p t .  £5*- 1 4 5 .1 4 1 .9 9 £ .4 £ 1 .8 7 0 .4 5
S e p t .£ 5 9 0 .£ 3 5 .9 4 0.86 0.66 0 .1 7
O c t. £ 6 0 .5 3 0 .1£ 0 .4 5 0.£8 0 .1 5

Aug. 13*- 3 3 3 .9 7 5 .0 9 4 .9 5 £ .8 5 1 .9 5
Aug. 13 £ 9 4 .3 7 0 .0 0 3 .7 8 £ .£ 3 1 .4 3
Aug. 18* £ 5 9 .5 6 6 .5 8 £ .7 1 1 .7 £ 0 .9 0
Aug. 18 £ 6 7 .1 6 9 .7 1 3 .0 1 1 .7 9 1 .1 3
Aug. £7* £ 0 8 .0 5 7 .8 5 £.£8 l . £ 9 0 .9 £
Aug. £7 £ 0 4 .0 5 6 .8 1 £ .0 9 1 .0 9 0 .9 4
S e p t .  9* 1 4 8 .8 4 6 .4 3 £ .0£ 1 .5 4 0 .6 1
S e p t .  9 1 3 0 .6 3 6 .6 7 £ .1 6 1 .5 1 0 .5 7
S e p t . 16 1£0 • 4 3 4 .7 8 £.£0 1 .5 1 0 .6 1
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c o rn  was re d u c e d  to  35 to  56 p e r c e n t  i n  th e  l a t e r  s t a g e s  o f  r i p e n i n g .  

T h is  su d d e n  d e c r e a s e  was n o t  o b s e r v e d  w ith  t h e  c o rn  i n  th e  1957 e x p e r i ­

m en t h o w e v e r t h e  s u g a r  and  r e s p i r a t i o n  c u rv e s  p a r a l l e l  r a t h e r  c l o s e l y

i n  t h e  s t a g e s  p r e v io u s  to  t h e  t im e  when th e  k e r n e l s  h av e  40 p e r c e n t  

m o i s tu r e .

Inhere i s  some p a r a l l e l i s m  b e tw ee n  th e  r e s p i r a t i o n  an d  s u g a r  

c u rv e s  b u t  t h e r e  seem s t o  be a  c l o s e r  r e l a t i o n s h i p  b e tw ee n  th e  r a t e  

o f  r e s p i r a t i o n  and  t h e  m o is tu r e .  The c o r r e l a t i o n  f o r  th e  f i e l d  c o m  

i s  c l o s e r  th a n  t h a t  f o r  t h e  s w e e t  c o r n .  The v a r i a t i o n  i n  t h e  s e v e r a l  

s am p le s  c o l l e c t e d  a t  an y  one tim e  i s  l e s s  f o r  th e  f i e l d  c o rn ,  iihen  

v a r i a t i o n s  i n  t h e  r e s p i r a t i o n  sam p les  e x i s t e d  th e y  w ere  i n  th e  same 

d i r e c t i o n  as t h e  m o is tu r e  c o n t e n t .

Tiheat

L e a p la n d  w h e a t grow n on th e  U n iv e r s i t y  fa rm  w as u s e d  f o r  t h i s  

s tu d y ,  f o r  t h e  f i r s t  sam p le  w h ic h  was ta k e n  on  June 4* 1957* 25 h ead s  

w ere  c o l l e c t e d ;  i n  e v e ry  sam ple  t h e r e a f t e r  40 h e ad s  w ere  u s e d .  S am ples

w ere  t a k e n  fro m  th e  tim e  t h e  k e r n e l s  w ere  i n  t h e  m ilk  s t a g e  w ith  61

p e r c e n t  m o is tu r e  u n t i l  th e y  c o n ta in e d  17 t o  18 p e r c e n t .

The t im e  t h a t  e la p s e d  fro m  c u t t i n g  th e  g r a in  u n t i l  th e  r e s p i r ­

a t i o n  sa m p le s  w ere  p la c e d  i n  th e  r e s p i r o m e te r s  v a r i e d  from  50 to  60 

m in u te s .  C o n s id e ra b le  c a r e  h ad  t o  b e  e x e r c i s e d  i n  h a n d l in g  th e  g re e n  

im m atu re  k e r n e l s  so  t h a t  th e y  m ig h t n o t  be wounded.. I n  t h e  f i r s t  

t e s t  e a c h  d u p l i c a t e  r e s p i r a t i o n  sam ple  c o n ta in e d  one k e r n e l  fro m  th e  

m id d le  p o r t i o n  o f  e a c h  h e a d  o r  a t o t a l  o f  25 k e r n e l s .  In  each  t e s t  

t h e r e a f t e r  40 k e r n e l s  was p la c e d  i n  e a c h  o f  t h e  two r e s p i r o m e te r s .

I n  t h e  f i r s t  t e s t  t h e  a v e ra g e  w e ig h t o f  t h e  25 k e r n e l s  was 1 .0 0 5  

g ram s. The 40 k e r n e l  sam p le s  v a r i e d  i n  w e ig h t fro m  2110 gram s on
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Ju n e  7 to  2 .6 6 5  grains on Ju n e  18 and  th e n  s t e a d i l y  d e c r e a s e d  i n  

w e ig h t  t i l l  40 k e r n e l s  w e ig h ed  1 .6 9 0  gram s on J u ly  1 .  The r e s p i r ­

a t i o n  sam p le s  w ere  l e f t  i n  t h e  r e s p i r o m e te r s  30 m in u te s  b e f o r e  th e  

t e s t s  w e re  b e g u n  and th e n  t e s t e d  c o n t in u o u s ly  o v e r  a  p e r io d  o f  10 

h o u rs  a t  2 8 °C.

I n  some o f  th e  r e s p i r a t i o n  t e s t s  t r i p l i c a t e  sam p les  o f  1 cc 

e a c h  o f  th e  a l k a l i  s o l u t i o n  w ere  rem oved  from  th e  r e s p i r o m e te r s  and 

th e  c a rb o n  d io x id e  c o n te n t  d e te r m in e d  by  th e  t i t r a t i o n  m ethod  su g ­

g e s te d  b y  C-ore ( l l ) .  T a b le  8 shows th e  v a lu e  o f  th e  r e s p i r a t o r y  

q u o t i e n t  o f  wheat- k e r n e l s  a t  d i f f e r e n t  s t a g e s  o f  r i p e n i n g  and th e  

oxygen  consum ed p e r  gram  f r e s h  w e ig h t  p e r  h o u r  f o r  10 h o u r  p e r i o d s .  

The d a t a  f o r  t h i s  s tu d y  a r e  p r e s e n te d  g r a p h i c a l l y  i n  f i g u r e  8.

The f i g u r e s  g iv e n  a t  t h e  end  o f  some o f  th e  r e s p i r a t i o n  

c u rv e s  i n d i c a t e  th e  c a l c u l a t e d  p e r c e n t  oxygen s t i l l  p r e s e n t  i n  th e  

r e s p i r o m e t e r s .  R e s p i r a t i o n  sam p les  ta k e n  a f t e r  June  10 h ad  oxygen 

c o n c e n t r a t i o n s  g r e a t e r  th a n  17 p e r c e n t .  I t  was assum ed t h a t  t h i s  

c o n c e n t r a t i o n  h a d  no d e p r e s s in g  e f f e c t  on th e  am ount o f  oxygen 

consum ed . The c r i t i c a l  o x y g en  t e n s i o n  f o r  w h ea t was n o t  d e te rm in e d .

The r e s p i r a t o r y  q u o t i e n t  o f  w h e a t k e r n e l s  i n  th e  m ilk  s t a g e  

was 1.02 and re m a in e d  n e a r l y  u n i t y  th ro u g h o u t  th e  e n t i r e  r i p e n in g  

p e r i o d .

I n  f i n u r e  8 i s  shown th e  tim e  r a t e  o f  r e s p i r a t i o n  c u rv e s  

f o r  w h e a t a t  d i f f e r e n t  s t a g e s  o f  r i p e n i n g .  I t  i s  im p o r ta n t  to  

n o te  t h a t  im m atu re  w h e a t k e r n e l s  w i th  a  g iv e n  m o is tu re  p e rc e n ta g e  

do n o t  r e s p i r e  a t  a  c o n s t a n t  r a t e  a f t e r  re m o v a l from  th e  h e a d  b u t  

show an a p p r e c ia b le  d e c r e a s e .  T h is  d e c r e a s e  c a n n o t be a t t r i b u t e d .



T able  8 . — The r e s p i r a t i o n  a t  28 °C. end m o is tu re  c o n te n t o f  Leapland w heat k e rn e ls  a t  d i f f e r e n t  s ta g e s  
o f  r ip e n in g .

D ate o f 9 9 z Op p e r  hour p e r  gram f r e s h  w eig h t fo r  hou r  p e r io d s  i n d ic a te d
Sam pling M oistu re 0? 1 2 3 4 5 6 7 8 9 10

P e rc e n t Cmm Cmm Cmm Cmm Cmm Cmm Cmm Cmm Cmm Cmm

June 4 61.00 472.5 454.6 443.0 420.6 414.8 397.7 390.3 371.6 364.1 —

June 7 56.92 1.02 383.4 359.7 334.3 314.3 297.1 285.6 274.2 270.9 263.0 249.4

June 8 54.93 0 .9 9 349.1 326.7 305.7 286.3 275,9 261.5 251.6 247.4 243.8 240.1

June 9 52.20 1 .0 4 340.7 307.9 279.1 24-9.1 224.6 196.6 164.7 — — —

June 10 50.56 — 324.8 500 .1 282.4 252.2 229.0 — — — — —

June 12 47.55 — 293.3 271.9 254.7 258.6 225.8 213.7 205.8 196.0 — —

June 14 46.11 1 .0 4 255.9 243.9 229.1 221.5 210.4 199.8 194.1 189.6 184.9 182.5

June 16 42.16 — 193 .1 186 .4 173 .2 167 .4 159.1 152.0 147.1 144.0 138.5 138.1

June 18 41.34 — 154.0 142.7 139.2 128 .4 127.6 122.8 124.4 — — —

June 21 30.94 0 .9 9 58.5 59.6 58 .9  . 57.3 54.0 55.2 51.8 50.5 48 .8 46 .0

June 22 27 .54 — 66.6 61 .1 65.8 60 .0 56.7 61 .2 60.7 53.2 54.3 53.1

June 28 22.60 — 28 .6 21.8 21 .5 19 .6 1 8 .1 17 .0 16 .9 15 .0 12.2 16.7

June 29 17 .60 — — — 3 .4 — — 3 .6 — — — 4 .4

June 30 23.93 1.00 29.9 26.6 1 7 .4 — — 18 .6 17 .0 22.7 12.5 1 5 .4

J u ly  1 18 .27 — — — 3 .4 — — 4 .6 — — 4 .7 4 .0

6



J U N E  4

T^ig* 8. The t i n e  r a t e  o f  r e s p i r a t i o n  c u rv e s  a t  28 °C o f  
w h e a t k e r n e l s  a t  d i f f e r e n t  s t a p e s  o f  r i p e n i n g .  The f i g ­
u r e s  a t  t h e  end  o f  some o f  th e  c u rv e s  i n d i c a t e  th e  
n e r c e n t  o:xygen i n  th e  r e s p i r o m e te r  a t  t h a t  tim e*

cc 5 0

y 30
T O T A L  S U G A R

r e d u c i n g  S U G A R

U N E

^ ig *  9 . The r e l a t i o n s h i p  b e tw een  th e  m o is tu r e  and  t h e  oxygen  r e s -  
o i r a t i o n  a t  28 °8. o f  w h ea t k e r n e l s  o f  d i f f e r e n t  s t a g e s  o f  r ip e n in g *
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t o  a. d e c r e a s e  i n  m o is tu r e .  The r e s p i r a t i o n  sam p le  c o l l e c t e d  on Ju n e

7 -which h a d  an. i n i t i a l  m o is tu r e  c o n te n t  o f  5 6 .9 2  p e r c e n t  h ad  5 6 .0 5  

p e r c e n t  24 h o u rs  a f t e r  s a m p l in g . As th e  k e r n e l s  r i p e n  th e  t im e  r a t e  

o f  r e s p i r a t i o n  d e c r e a s e s  l e s s  rapidly and  f i n a l l y  r e a c h e s  a  c o n s t a n t  

r a t e  "when th e  m o is tu r e  h a s  b e en  re d u c e d  to  30 p e r c e n t .  I t  r a in e d  

d u r in g  th e  e v e n in g  o f  June  29 and  e a r l y  m o rn in g  o f  June  3 0 . The 

m o is tu r e  p e r c e n t  i n c r e a s e d  fro m  1 7 .6  to  2 3 .9  a  p e r c e n ta g e  i n c r e a s e  

o f  5 5 .7  due t o  w a te r  im b ib e d  fro m  th e  a i r  and  r a i n  when th e  g r a in  

was i n  th e  s h o c k . 'The r e s p i r a t i o n  o f  th e  sam p le  w ith  i n c r e a s e d  

m o is tu r e  d e c r e a s e d  fro m  30 cmm to  15 cmm o f  o x y g en . The r e s p i r a t i o n  

in c re a s e d ,  f ro m  an  a v e ra g e  o f  3*8 f o r  th e  sam p le  w i th  1 7 .6  m o is tu re  

to  2 0 .0  cmm oxygen  f o r  th e  sam ple  w i th  2 3 .9  p e r c e n t  m o is tu r e ,  an  i n ­

c r e a s e  o f  426 p e r c e n t .  I t  i s  im p o r ta n t  to  n o t i c e  t h a t  r e s p i r a t i o n  

o f  t h e  sa m p le s  w ith  2 2 .6  and  2 5 .9  p e r c e n t  m o is tu re  d e c r e a s e d  con­

s i d e r a b l y  a l t e r  th e  t h i r d  and f o u r t h  h o u rs  and  was n o t  c o n s ta n t  

th r o u g h o u t  th e  e n t i r e  p e r i o d  o f  th e  t e s t .

The c i r c l e d  v a lu e s  i n  t h e  r e s p i r a t i o n  c u rv e s  g iv e n  i n  f i g u r e

8 w ere  p l o t t e d  t o g e t h e r  w ith  th e  m o is tu re  and s u g a r  c o n te n t s  a g a i n s t  

th e  tim e  o f  s a m p l in g . The d a t a  p r e s e n te d  i n  f i g u r e  9 shows t h a t  

r e s p i r a t i o n  and  m o is tu r e  c u rv e s  p a r a l l e l  f o r  a  s h o r t  t im e  j u s t  b e f o r e  

c r o s s i n g .  The r e s p i r a t i o n  r a t e  d e c r e a s e s  m ore r a p i d l y  f o r  a tim e  

when t h e  k e r n e l s  h av e  a b o u t 40 t o  45 p e r c e n t  m o is tu re  and th e n  th e  

c u rv e s  p a r a l l e l  a g a in .  D e te r m in a t io n  o f  th e  f r e e  and bound w a te r  

w i l l  p ro v e  to  b e  v e r y  im p o r ta n t  i n  e x p la in in g  th e  change in  r e s p i r ­

a t o r y  a c t i v i t y  a t  t h e  c r o s s in g  p o i n t  o f  t h e  two c u r v e s .  D e te rm in ­

a t i o n s  o f  th e  r a t i o  o f  f r e e  to  bound  w a te r  w i l l  a ls o  p r o b a b ly  p ro v e  

im p o r ta n t  i n  e x p la i n in g  th e  ch an g e  i n  r e s p i r a t i o n  i n  w h e a t a l t e r  th e  

m o is tu r e  p e r c e n ta g e  h a s  b e en  in c r e a s e d  b y  th e  im b ib t io n  o f  w a te r  a s
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was shown f o r  t h e  sam p le  c o l l e c t e d  on Ju n e  3 0 . The d a t a  a ls o  show  

t h a t  t h e  r e s p i r a t i o n  i s  n o t  c o r r e l a t e d  wLtli t h e  s u ^ a r  c o n te n t .
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Time R a te  o f  R e s p i r a t i o n  and S u g a r C o n te n t a f t e r  

S to r a g e  a t  D i f f e r e n t  T e m p e ra tu re s . '

S w eet C orn

E x p e r im e n t 1 . — The s u b s t .r a .te  u s e d  i n  t h e  p r o c e s s  o f  r e s p i r a t i o n  i n  

p l a n t s  h a s  r e c e i v e d  c o n s id e r a b l e  a t t e n t i o n ,  and  i t  i s  w e l l  e s t a b l i s h e d  

t h a t  c a r b o h y d r a te s  f u r n i s h  t h e  g r e a t e r  p a r t  o f  t h e  m a t e r i a l s  u s e d  i n  

t h e  o x i d a t i o n  p r o c e s s .  I n  t h i s  e x p e r im e n t t h e  t im e  l a t e  o f  r e s p i r a t i o n  

w as d e te r m in e d  i n  c o rn  i n  w h ic h  t h e  s u g a r  p e r c e n ta g e s  v a r i e d  i n  d i f f e r ­

e n t  l o t s  b e c a u s e  o f  d i f f e r e n t  s t o r a g e  c o n d i t io n s *

I n  t h e  1936 s tu d y  th e  6 e a r s  o f  sw e e t c o rn  u s e d  f o r  t h e  f i r s t  f o u r  

t e s t s  i n  t h e  s tu d y  on  t h e  r e l a t i o n  o f  r e s p i r a t i o n  to  th e  m o is tu r e  and  

s u g a r  c o n te n t  a t  d i f f e r e n t  s t a g e s  o f  r i p e n in g  w ere  d iv id e d  i n t o  2 l o t s  o f  

3 e a r s  e a c h . One l o t  w as p la c e d  i n  a  G e n e ra l E l e c t r i c  r e f r i g e r a t o r  w hich 

m a in ta in e d  a  te m p e r a tu r e  o f  5° i  0 .5 ° C ; t h e  o th e r  l o t  w as p la c e d  i n  an 

i n s u l a t e d  box  w h ich  m a in ta in e d  a  te m p e r a tu r e  o f  30° £  0 .2 ° C . A f te r  4  

d a  y s  o f  s to r a g e  r e s p i r a t i o n  sam p les  w i th  10 k e r n e l s  i n  e a c h  w ere  a g a in  

rem oved  fro m  each e a r .  I n  a l l  o f  t h e s e  e x p e r im e n ts  t h e  r e s p i r a t i o n  sam­

p l e s  w e re  rem oved a s  p r e v i o u s l y  d e s c r ib e d .  When th e  sec o n d  sam ple  was 

ta k e n  th e  e a r  w as tu r n e d  a ro u n d  an d  th e  k e r n e ls  rem oved fro m  a  row  op p o s­

i t e  th e  p o s i t i o n  o f  t h e  f i r s t  s a m p le . S in c e  th e  same l o t  o f  c o rn  was u s e d  

f o r  tw o  d i f f e r e n t  s t u d i e s  some o f  t h e  d a t a  w i l l  a p p e a r  tw ic e .

When t h e  c o r n  w a s  s t o r e d  th e  e a r s  w i th  t h e  h u sk s  l a i d  b a ck  i n  th e  

n o rm a l p o s i t i o n  w ere  w rapped  w ith  wax p a p e r  w h ich  w as h e ld  i n  p la c e  w i th  

r u b b e r  b a n d s .  H o les  w ere  made i n  th e  p a p e r  to  a l lo w  f o r  a e r a t i o n .  T h is  

p ro c e d u re  p r e v e n te d  e x c e s s iv e  l o s s  o f  m o is tu r e  fro m  th e  k e r n e l s ,  e s p e c i a l l y  

when s t o r e d  a t  30°C .
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I n  t h e  1956 s tu d y  a  s u g a r  a n a l y s i s  -was made 2 h o u rs  a f t e r  p ic k in g  

on t h e  e n t i r e  l o t  of* 6 e a r s  b e f o r e  s t o r a g e  and  th e n  a  s i m i l a r  a n a l y s i s  

on  e a c h  o f  t h e  2 l o t s  a f t e r  t h e  s to r a g e  p e r io d *

The 10 k e r n e l  r e s p i r a t i o n  sam ples v a r i e d  fro m  1*9 t o  2.6 gram s f o r  

m i lk  s ta g e  k e r n e l s  and fro m  4 .5  to  5 .5  g ram s f o r  l a t e  dough s t a g e  k e r n e l s .  

The sa m p le s  w e re  l e f t  i n  t h e  r e s p i r o m e te r s  50 m in u te s  b e f o r e  r e a d in g s  

w e re  s t a r t e d  an d  th e n  w ere  t e s t e d  c o n t in u o u s ly  f o r  t h e  n e x t  6 h o u r s .  The 

s u g a r  an d  m o is tu r e  c h an g e s  a r e  g iv e n  i n  t a b l e  9 . The r e s p i r a t i o n  d a t a  f o r  

th e  sam e sam p le s  a r e  g iv e n  i n  t a b l e  10. The com bined  d a t a  a r e  p r e s e n te d  

g r a p h i c a l l y  i n  f i g u r e  10.

E x p e r im e n t 2 . — The s tu d y  o f  t h e  e f f e c t  o f  s t o r a g e  a t  5° an d  50° on 

th e  oxygen r e s p i r a t i o n  and  s u g a r  c o n te n t  o f  g re e n  sw e e t c o m  i n  t h e  m ilk  

an d  e a r l y  dough s t a g e s  w as r e p e a te d  i n  1 9 5 7 . The 12 e a r s  o f  c o rn  u se d  

f o r  t h e  f i r s t  two t e s t s  i n  t h e  s tu d y  on th e  ch an g es  t h a t  t a k e  p l a c e  d u r in g  

th e  r i p e n in g  p r o c e s s  w ere  d iv id e d  i n t o  2 l o t s  o f  6 e a r s  e a c h . One l o t  

was s t o r e d  a t  5° C* and th e  o t h e r  l o t  a t  50° C. f o r  4 d a y s . A t th e  end 

o f  th e  s t o r a g e  p e r io d  sam p les  w ere  sg e ln  t  a k en . The s tu d y  i n  1967 d i f f e r e d  

fro m  t h e  p ro c e d u re  u s e d  i n  t h e  p re v io u s  e x p e r im e n t i n  t h a t  a  s u g a r  a n a ly s i s  

was made 2 h o u rs  a f t e r  p ic k in g  on e a c h  l o t  b e f o r e  s t o r a g e .  The s e l e c t i o n
I

o f  r e s p i r a t i o n  sa m p le s  a l s o  d i f f e r e d  f ro m  th e  p r e c e d in g  e x p e r im e n t i n  

t h a t  10 k e r n e l s  w ere  rem oved  fro m  e ach  o f  t h e  6 e a r s  i n  one l o t ,  5 o f  

w h ich  w ere  p la c e d  i n  one  r e s p i r o m e te r  and 5 i n  a n o th e r .  The 50 k e r n e l  

r e s p i r a t i o n  s a m p le s  v a r i e d  fro m  7 .5  t o  7 .9  gram s f o r  m ilk  s ta g e  k e r n e l s  

and  fro m  1 1 .8  t o  1 2 .5  gram s f o r  e a r l y  dough s t a g e  k e r n e l s .

The r e s u l t s  o f  t h e  s u g a r  and  m o is tu re  ch an g es  a r e  g iv e n  i n  t a b l e  1 1 . 

The r e s p i r a t i o n  d a t a  f o r  th e s e  same sam p les  a r e  g iv e n  i n  t a b l e  1 2 . The 

com bined  d a t a  a r e  p r e s e n te d  g r a p h i c a l l y  i n  f i g u r e  10.
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T a b le  9 . — The m o is tu r e  and  s u g a r  c o n te n t  o f  S t o w e l l 's  E v e rg re e n  c o m  u se d  f o r  
t h e  r e s p i r a t i o n  t e s t s  g iv e n  i n  t a b l e  10 .

S ta g e  o f  
r i p e n in g T re a tm e n t M o is tu re

T o ta l  
Su g a r

R ed u c in g
S u gar S u c ro se

P e r c e n t P e r c e n t P e r c e n t P e r c e n t

Two h o u rs  a f t e r  p i c k in g  on Aug# 18 8 0 .1 1 7 .6 9 2 .4 9 4 .9 4

M ilk A f t e r  4 d ay s  s t o r a g e  a t  5°C . 7 9 .8 4 5 .6 2 1 .9 0 3 .5 3

A f te r  4 d ay s  s t o r a g e  a t  3 0 °C# 7 6 .0 5 3 .0 6 1 .1 3 1 .8 3

Two h o u rs  a f t e r  p ic k in g  on Aug# 31 6 8 .9 3 3 .4 5 0 .9 7 2 .3 6

E a r ly A f t e r  4 d a y s  s to r a g e  a t  5°C. : 6 9 .5 3 2*22 0 .9 0 1 .2 5
Dough

JL f te r  4  d a y s  s to r a g e  a t  3 0 °G. 6 9 .0 2 1 .3 5 0 .6 4 0 .6 7

Two h o u rs  a f t e r  p ic k in g  on S e p t .  10 5 8 .9 9 3 .1 7 1 .1 4 1 .9 3

Dough A f te r  4 d a y s  s to r a g e  a t  5°C . 5 8 .9 6 2 .7 2 0 .9 6 1 .6 7

A f te r  4 d ay s  s to r a g e  a t  3 0 °C. 5 5 .9 4 1 .1 8 0 .6 9 0 .4 7

Two h o u rs  a f t e r  p ic k in g  on S e p t . 17 4 9 .8 3 2 .7 5 1.11 1 .5 6

L a te A f t e r  4 d a y s  s t o r a g e  a t  5°C . 4 9 .4 6 2 .5 0 0 .9 8 1 .4 4
Dough

A f te r  4 d a y s  s t o r  aye  a t  3 0 °C. 4 7 .0 7 1 .9 7 0 .8 9 1 .0 3
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T a b le  10 . — E f f e c t  o f  s to r a g e  a t  5° and  30 °C. on  th e  oxygen  r e s p i r a t i o n  a t

3 0 °C. o f  S to w e l l ! s  E v e rg re e n  c o m  a t  d i f f e r e n t  s t a g e s  o f  r i p e n i n g .

S ta g e  o f
02 p e r  h o u r  p e r  gram  f r e s h  w e ig h t  f o r  

h o u r  o e r i o d  i n d i c a t e d
r i p e m  pg T re a tm e n t i 2 3 4 5 6

Two h o u rs  a f t e r  p ic k ­
in g  on  Aug. 18

Cmm

4 2 8 .3

Cram

4 2 5 .3

Cram

4 2 2 .9

Cram

4 0 4 .6

Cmm

3 8 1 .4

Cmm

3 6 5 .4
M ilk

A f t e r  4 d ay s  s to r a g e  
a t  5°C . 3 9 8 .6 4 0 4 .2 4 0 7 .8 3 9 8 .2 3 8 1 .0 3 6 0 .2

Two h o u rs  a f t e r  p ic k ­
l i n g  on  Aug. 18 4 3 4 .2 4 2 9 .8 4 2 9 .1 4 1 5 .0 3 9 5 .3 3 8 1 .5

A f t e r  4  d a y s  s to r a g e  
a t  3 0 °C. 2 6 4 .8 2 5 8 .9 2 5 0 .7 2 4 1 .0 2 3 4 .7 2 2 5 .8

Two h o u rs  a f t e r  p i c k ­
i n g  on  Aug. 31 2 7 7 .2 2 7 0 .9 2 6 0 .6 2 3 7 .1 2 2 2 .7 2 0 3 .0

E a r ly
Dough A f te r  4 d a y s  s to r a g e  

a t  5°C . 2 3 8 .1 2 4 0 .0 2 3 3 .6 2 2 4 .5 2 0 7 .8 1 9 3 .9

Two h o u rs  a f t e r  p ic k ­
in g  on Aug. 31 2 6 8 .2 2 6 1 .5 2 4 8 .8 2 2 5 .0 2 1 3 .2 1 9 5 .9

A f t e r  4 d ay s  s to r a g e  
a t  3 0 °G. 1 6 4 .1 1 5 9 .0 1 5 5 .3 1 5 4 .5 1 4 7 .6 1 3 8 .1

Two h o u rs  a f t e r  p ic k ­
in g  on S e p t .  10 2 5 6 .6 2 5 2 .2 2 4 6 .5 2 3 3 .3 2 2 3 .3 211.0

A f t e r  4 d a y s  s to r a g e  
a t  5°C . 2 4 2 .6 2 4 6 .4 2 4 5 .6 2 2 8 .2 2 1 4 .6 2 0 0 .5

Dough
Two h o u rs  a f t e r  p i c k ­
in g  on  S e p t .  10 2 5 2 .3 2 4 4 .0 2 3 6 .6 2 2 3 .4 211.1 1 9 8 .0

A f t e r  4 d ay s  s to r a g e  
a t  3 0 °C. 1 2 7 .9 1 2 8 .6 1 3 3 .6 1 2 4 .7 1 2 1 .4 1 1 7 .9

Two h o u rs  a f t e r  p ic k ­
in g  on S e p t .  17 212.1 2 1 1 .9 211.8 2 0 3 .5 1 9 3 .9 1 8 6 . 5

A f t e r  4 d ay s  s to r a g e  
a t  5°C . 211.2 212.2 2 0 8 .4 201.8 1 9 1 .8 1 8 2 .2

L a te
Dough Two hcrurs a f t e r  p ic k ­

in g  on  S e p t .  17 1 9 4 .2 1 9 1 .6 1 9 0 .4 1 8 1 .0 1 7 3 .1 1 6 7 .1

A f t e r  4  d ays s to r a g e  
a t  30 °C. 9 2 .9 100.1 100.1 9 8 .0 9 4 .2 9 6 .6
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T a b le  1 3 .— The m o is tu r e  end sugar* c o n te n t  o f  S t o w e l ^ s  E v e rg re e n  c o rn  u s e d  
f o r  r e s p i r a t i o n  t e s t s  g iv e n  in  t a b l e  12- .

S ta g e  o f  
r i p e n in g T re a tm e n t

M o is tu re T o ta l
S u g a r

R ed u c in g
S u g a r

S u c ro se

M ilk

Two h o u rs  a f t e r  p ic k in g  on Aug. 20 

A f t e r  4 d ay s  s to r a g e  a t  5°C .

Two h o u rs  a f t e r  p ic k in g  on Aug. 20 

.A f te r  4 d ay s  s to r a g e  a t  30 °C.

P e r c e n t

7 8 .3 3

7 7 .6 8

7 9 .2 2

7 4 .1 5

P e r c e n t

6 .2 9

4 .6 6

7 .3 9

3 .4 0

P e r c e n t

1 .7 8

1 .6 7

2 .2 7

1 .0 7

P e r c e n t

4 .2 8

2 .8 4

4 .8 6

2 .1 9

Two h o u rs  a f t e r  p ic k in g  on  Aug. 30 7 1 .1 0 4 .2 6 1 .3 4 2 .7 7

A f te r  4 d ay s  s to r a g e  a t  5°C . 7 1 .6 6 3 .1 1 0 .9 7 2 .0 3
E a r ly

Dough Two h o u rs  a f t e r  p ic k in g  on Aug. 30 6 9 .9 4 4 .6 8 1 .6 5 2.88

A f te r  4 d ay s  s t o r a g e  a t  3 0 °C. 6 9 .3 9 2 .0 7 1 .4 3 0 .6 1
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T a b le  I S .— E f f e c t  o f  s to r a g e  a t  5° and  30 °C. on th e  o xyg en  r e s p i r a t i o n  a t  
30° C. o f  S to w e l l ! s E v e rg re e n  c o rn  a t  d i f f e r e n t  s t a g e s  o f  
r i p e n i n g .

S ta g e  o f T re a tm e n t
Og p e r  h o u r  p e r  gram  f r e s h  w e ig h t 

h o u r  p e r io d  i n d i c a t e d
f o r

r i p e n i n g
1 2 u 4 5 6 :

Two h o u rs  a f t e r  p i c k ­
in g  on Aug. 20

Cram

4 1 2 .6

Cram

3 8 6 .3

Cmm

3 9 8 .1

Cmm Cmm

3 9 0 .0

Cmm : 

3 8 1 .0  :
M ilk

A f t e r  4  d a y s  s to r a g e  
a t  5°C .\ 3 9 9 . 2 3 9 5 .0 3 6 8 .7 3 5 8 .0 3 5 5 .5 3 2 2 .9  :

Two h o u rs  a f t e r  p i c k ­
in g  on Aug. SO 4 1 5 .0 5 9 2 .0 3 9 2 .4 — 3 6 7 .4 3 5 1 .8  s

A f te r  4 d ay s  s to r a g e  
a t  30°C . 3 2 7 .8 3 0 1 .1 2 7 4 .7 2 6 1 .4 2 5 7 .4 2 4 8 .6  :

Two h o u rs  a f t e r  p i c k ­
in g  on Aug. 30 2 9 5 .1 2 8 5 .1 2 7 7 .4 2 5 1 .2 2 5 8 .4  :

E 51*17“
A f te r  4  d ay s s to r a g e  

a t  5°C . 2 8 4 .5 2 7 2 .4 2 7 1 .7 2 6 4 .0
Dough

Two h o u rs  a f t e r  p i c k — 
in g  on Aug. 3 0 . 2 8 7 .0 2 7 7 .2 2 7 5 .1 2 5 4 .5 2 6 2 .8  :

A f t e r  4 d ay s  s to r a g e  
a t  3 0 °C. 1 8 2 .5 1 7 6 .6 1 7 2 .3 1 6 9 .0 — —_ -------- :
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MILK STAGE

ORIGINAL A FTER 
j STORAGE

|

i i " 0 \  y

STQ W ELL'S EVERGREEN CORN -  1936 STUDY

EARLY DOUGH

ORIGINAL AFTER 
STORAGE

DOUGH LATE DOUGH

1937 STUDY

MILK STAGE EARLY DOUGH

i F i g .  1 0 . E f f e c t  o f  c o ld  (5 ° C .)  and warm, (3 0 °C .)  s to r a g e  on th e  
o x y g en  r e s p i r a t i o n  a t  3 0 °C. and s u g a r  c o n te n t  o f  S to w e l l ’ s  E v e r­
g re e n  c o r n .  The h e ig h t  o f  t h e  co lum ns i n d i c a t e s  t o t a l  s u g a r s  and 
t h e  open  p o r t i o n s  r e d u c in g  s u g a r s .  C— c o ld  s t o r e d  f o r  f o u r
d a y s ;  IT—warm s to re d  f o r  f o u r  days*
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I n  t a b l e  15 a r e  c a l c u l a t e d  t h e  p e r c e n ta g e  l o s s e s  o f  th e  r e s p i r a t i o n  

an d  s u g a r s  f o r  t h e  4  d i f f e r e n t  s ta g e s  o f  c o r n  u s e d  i n  th e  1956 e x p e r im e n t 

and  t h e  Z e x p e r im e n ts  r e p e a t e d  i n  1 9 5 7 . The m ilk  and  e a r l y  dough s t a g e  

c o rn  i n  t h e  Z y e a r s  show t h e  same g e n e r a l  t r e n d s  e x c e p t  f o r  t h e  l o s s  o f  

r e d u c in g  s u g a r  i n  t h e  1957 e a r l y  dough s t a g e  c o r n .  The dough and  l a t e  

dough  s t a g e s  o f  s w e e t c o rn  show  l a r g e r  l o s s e s  i n  r e s p i r a t i o n  th a n  th e  

m i lk  and  e a r l y  dough  s t a g e s .  The l o s s  o f  r e s p i r a t i o n  i n  th e  dough s ta g e  

may v e r y  p r o b a b ly  b e  e x p la in e d  b y  th e  l o s s  o f  s u g a r  b u t  th e  l a t e  dough 

s t a g e  c o rn  w i th  49 p e r c e n t  m o is tu r e  s t o r e d  a t  50° show ed a  l o s s  o f  52 p e r ­

c e n t  i n  r e s p i r a t i o n  w h ich  s e e m in g ly  can  n o t  be  e x p la in e d  b y  th e  l o s s  o f  

s u g a r s .  D e te r m in a t io n s  o f  t h e  f r e e  an d  bou n d  w a te r  w i l l  p ro v e  to  be im­

p o r t a n t  i n  e x p la i n in g  t h e s e  d i f f e r e n c e s  i n  t h e  r e s p i r a t o r y  a c t i v i t y  o f  

c o rn  k e r n e l s  when th e  t o t a l ,  m o is tu r e  h a s  b e e n  r e d u c e d .

W ith  s w e e t c o m  t h e  r e s p i r a t i o n  l o s s  f o r  c o rn  s t o r e d  a t  50° was 

a  Iw ay s s e v e r a l  t im e s  g r e a t e r  th a n  th e  l o s s  when th e  c o rn  was s t o r e d  a t  

5°C . The l o s s  o f  s u g a r s  w as u s u a l l y  Z t o  5 t im e s  as much i n  th e  warm 

s t o r e d  a s  i n  th e  c o l d  s t o r e d .  I n  g e n e r a l ,  t h e  e f f e c t  o f  s t o r a g e  o f  m ilk  

and  e a r l y  dough s ta g e  c o r n  i n  th e  Z y e a r s ’ e x p e r im e n ts  a t  50° c a u se d  an 

a c t u a l  a v e ra g e  d e c r e a s e  o f  54 p e r c e n t  i n  t o t a l  su g a rs^  i n  c o n t r a s t  to  

th e  a v e ra g e  6 p e r c e n t  l o s s  i n  r e s p i r a t i o n  and Z 9. p e r c e n t  l o s s  i n  t o t a l  

s u g a r s  when t h e  c o rn  was s t o r e d  a t  5 ° .

The f i g u r e s  i n  th e  p a r e n th e s e s  i n  t a b l e  15 show th e  d i f f e r e n c e s  i n  

th e  p e r c e n ta g e  l o s s e s  o f  r e s p i r a t i o n  and s u g a r s  o f c o rn  i n  t h e  same 

s t a g e  o f  r i p e n in g  s t o r e d  a t  th e  biro t e m p e r a tu r e s .  I t  i s  i n t e r e s t i n g  to  

n o te  t h a t  t h e  d i f f e r e n c e s  f o r  t h e  r e s p i r a t i o n  d a t a  a g re e  v e r y  c l o s e l y  w i th  

th e  s u g a r  d i f f e r  m e e s  e x c e p t  w ith  c o m  i n  t h e  l a t e  dough s t a g e .  The s i g -  

n i f i c  31106 o f  t h e s e  d a t a  and th e  a c t u a l  d i f f e r e n c e s  o f  th e  t o t a l  s u g a r  and 

r e s p i r a t i o n  l o s s e s  i n  t h e  m ilk  and  d e a r ly  dough sw e e t c o rn  may be  b e t t e r
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T ab le  1 3 — P e r c e n t  l o s s e s  o f  t h e  oxygen  r e s p i r a t i o n  and s u g a r s  when 
S t o w e l l f s E v e rg re e n  c o m  i s  s t o r e d  a t  5 °  and 3 0 °  C. f o r  
f o u r  d a y s .  The v a lu e s  i n  p a r e n th e s e s  a r e  th e  d i f f e r e n c e s  
i n  th e  p e r c e n ta g e  l o s s e s  b e tw een  t h e  a n a ly s e s  o f  c o rn  
s t o r e d  at- 30 ° and  a t  5°C .

1956 E x p e rim e n t
S ta g e  o f  

r i p e n i n g
S to r a g e D e c re a se  i n  

r e s p i r a t i o n
D e c re a se  i n  
t o t a l  s u g a r

D e c re a se  i n  
r e d u c in g  

s u g a r

D e c re a se  i i  
s u c r o s e

D eg. C. P e r c e n t P e r c e n t P e r c e n t P e r c e n t

M ilk 30 3 9 .0 6 0 .2 5 4 .6 6 2 .9

5 4-.7 
( 3 4 .3 )

2 6 .9
(3 3 .3 )

2 3 .6
(3 1 .0

2 8 .5
(3 4 .4 )

E a r ly
dough

30 3 8 .8 6 0 .9 3 4 .0 7 1 .6

5 1 3 .4
(2 5 .4 )

3 5 .6
( 2 5 .3 )

7 .2
( 2 6 .8 )

4 7 .0
(2 4 .6 )

Dough 30 4 7 .0 6 4 .0 3 9 .5 7 5 .6

5 4 .0
( 4 3 .0 )

1 4 .5
( 4 9 .5 )

1 5 .8
(2 3 .7 )

1 3 .5
(6 2 .1 )

L a te  dough 30 5 2 .2 2 8 .4 1 9 .8 3 4 .0

5 0 .0
(5 2 .2 )

9 .1
( 1 9 .5 )

1 1 .8
C8.0)

7 .7
(2 6 .3 )

1937 E x p erim en t

M ilk 30 2 1 .0 5 3 .9 5 2 .8 5 4 .9

5 3 .2
( 1 7 .8

2 5 .9
( 2 8 .0 )

6 .1
(4 6 .7 )

3 3 .6
(2 1 .3 )

E a r l y  Dough 30 36*4 5 5 .7 1 3 .3 7 8 .8

5 3 .5
(3 2 .9 )

2 7 .0
(2 8 .7 )

2 7 .6 2 6 .7
(5 2 .1 )
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■ understood  b y  r e f e r r i n g  t o  f i g u r e  11*

The d a t a  a s  p r e s e n t e d  i n  f i g u r e  11  i n d i c a t e  t h a t  t h e r e  i s  no p a r a l ­

l e l i s m  b e tw e e n  th e  r a t e  o f  s u g a r  l o s s  an d  th e  r a t e  o f  l o s s  o f  r e s p i r a ­

t i o n  i n  t h e  c o rn  a f t e r  vrarm and  c o ld  s to r a g e *  T h is  d o e s  n o t  e x c lu d e  

th e  p o s s i b i l i t y  o f  a n  e x i s t i n g  c o r r e l a t i o n  b e tw e e n  r e s p i r a t i o n  and t o t a l  

s u g a r  w i t h i n  t h e s e  tw o p o i n t s  o f  a n a ly s i s *  The d a t a  i n  f i g u r e  11 seem 

t o  i n d i c a t e  t h a t  t h e r e  i s  a  p a r a l l e l i s m  f t e r  t h e  r e s p i r a t i o n  and  t o t a l  

s u g a r  v a lu e s  h a v e  d e c r e a s e d  to  t h e  v a lu e s  o b s e rv e d  f o r  t h e  c o rn  a f t e r  c o ld  

s to r a g e *

By e x t r a p o l a t i o n  to  t h e  p o i n t  w here  t h e r e  i s  no l o s s  o f  r e s p i r a t i o n  

i t  i s  s e e n  t h a t  a  2 1 to  22 p e r c e n t  l o s s  o f  s u g a r  may o c c u r  b e f o r e  an  

i n f l u e n c e  i s  shown on th e  r e s p i r a t i o n *  I t  m a y b e  "that a  c o r r e l a t i o n  

b e tw ee n  r e s p i r a t i o n  an d  s u g a r  may e x i s t  a f t e r  th e  s u g a r  c o n te n t  h a s  b een  

lo w e re d  t o  t h i s  p o in t*

E x p e r im e n t 5 . F o r  t h i s  e x p e r im e n t 15 e a r s  o f  m ilk  s ta g e  S to w e l l ’ s 

E v e rg re e n  c o rn  w e re  c a r e f u l l y  s e l e c te d *  The c o rn  was d iv id e d  i n t o  5 l o t s  

o f  3 e a r s  each* A l l  o f  th e  l o t s  w ere s t o r e d  i n  an i n s u l a t e d  b o x  i n  w hich 

a  te m p e r a tu r e  o f  30° + 0 ,2  was m a in ta in e d .  A l l  o f  th e  e a r s  w ere  w rapped  

i n  p a r a f f i n e d  p a p e r  t o  p r e v e n t  e x c e s s iv e  l o s s  o f  m o is tu re *  H o les  w ere  

made i n  t h e  p a p e r  to  p r o v id e  f o r  a e r a t i o n .  The m o is tu re  c o n te n t  i n  th e  

5 l o t s  v a r i e d  f ro m  81*2 to  8 3 .4  p e r c e n t .

On th e  m o rn in g  t h a t  t h e  c o rn  was p ic k e d  sam p les  w ere  rem oved fro m  

ea.ch o f  th e  3 e a r s  i n  L o t 1 and  a n a ly s e s  an d  r e s p i r a t o r y  t e s t s  m ade. A 

sec o n d  sam p le  was rem oved  from  th e  same l o t  12 h o u rs  a f t e r  t h e  f i r s t  

s a m p le , an d  a  t h i r d  sam p le  12 h o u rs  a f t e r  th e  s e c o n d , so t h a t  t h e  ch an g es  

w ere  fo l lo w e d  a t  12 h our- i n t e r v a l s .  A t th e  t im e  t h a t  th e  t h i r d  sam ple 

vr3S rem oved f  rom l o t  1 ,  t h e  f i r s t  sam ple was rem oved fro m  l o t  2 . The 

s a m p lin g  was c o n t in u e d  a t  12 h o u r  i n t e r v a l s  u n t i l  t h e  5 l o t s  h ad  b een  used*



S to w e llTs E verg reen  Corn 

P e rcen tag e  Loss

6 10 T o  30 40 50 60 70 80 90 100

SUGAR

58.0

-29.0

RESPIRATION6.0

 ------------S to red  a t  50 °C •

*— *— S to  red  a t  5 °G.

F ig .  11* The p e rc en ta g e  lo s s e s  o f th e  r e s p i r a t i o n  and t o t a l  sugar in  S to w e ll’s E verg reen  
bom  a f t e r  4 d ay s ' s to ra g e  a t  5° and 5 0 °C. The average v a lu e s  o f t h e  two experim ents 
w ith  the  m ilk  and -early  dough s tag e  c o m  have been u se d .
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The r e s p i r a t i o n  sa m p le s  c o n s i s t e d  o f  30 k e r n e l s  i n  each  o f  t h e  

d u p l i c a t e  d e t e r m in a t io n s .  Tw enty k e r n e l s  w ere  rem oved fro m  e a c h  e a r ,

10 o f  w h ic h  w ere  p l a c e d  i n  one r e s p i r o m e te r  and  10 i n  a n o th e r .

The c h an g e s  t h a t  o c c u r r e d  i n  th e  oxygen r e s p i r a t i o n  w e ig h t  o f  

k e r n e l s ^ a n d  s u g a r  c o n te n t  o f  t h e  sw e e t c o m  when s t o r e d  a t  3 0 °C. f o r  

120 h o u r s  a r e  g iv e n  i n  t a b l e  1 4 . The r e s p i r a t i o n  and s u g a r  ch an g es  

a r e  p r e s e n te d  g r a p h i c a l l y  i n  f i g u r e  1 2 .

The d i f f e r e n c e  i n  r e s p i r a t i o n  betw een  t h e  f i r s t  and  se c o n d  sam p les  

t e s t e d  on  t h e  f i r s t  d ay  may p r o b a b ly  be  e x p la in e d  b y  t h e  f a c t  t h a t  th e  

f i r s t  sam p les  w e re  more m a tu re .  The w e ig h ts  o f  t h e  r e s p i r a t i o n  sam p les  

seem  t o  i n d i c a t e  t h i s  f a c t  s i n c e  th e  s e c o n d  sam ple  w e ig h ed  c o n s id e r a b ly  

l e s s  th a n  t h e  f i r s t  s a m p le .

The g e n e r a l  t r e n d  o f t h e  c u rv e s  i n d i c a t e s  a  r a p i d  l o s s  o f  s u g a r s  and 

o f  r e s p i r a t i o n  i n  t h e  f i r s t  24 h o u rs  o f  s to r a g e .  The lo s s  o f  r e s p i r a t i o n  t 

i s  n o t  as g r e a t  a s  t h e  l o s s  o f  s u g a r s ,  i f  th e  r e s p i r a t i o n  r a t e  o f  t h e  

f i r s t  sam p le  o f  th e  f i r s t  d_ay i s  c o n s id e r e d  a s  t h e  r e f e r e n c e #

The r e s p i r a t i o n  c u rv e  p a r a l l e l s  t h e  t h r e e  s u g a r  c u rv e s  r a t h e r  c l o s e l y  

a f t e r  th e  f i r s t  d ay  e x c e p t  f o r  t h e  l a s t  d ay  when th e  r e s p i r a t i o n  c u rv e  

s t i l l  f e l l .  The s u g a r  c o n c e n t r a t i o n s  a f t e r  t h e  f o u r t h  day re m a in e d  n e a r l y  

c o n s ta n t*

E x p e r im e n t 4 .  The p ro b le m  o f  th e  e f f e c t  o f  s to r a g e  o f  k e r n e ls  o f f  

an d  on th e  cob  on th e  r e s p i r a t i o n  an d  s u g a r  c o n te n t  w ith  S to w e l l ’ s  E v e r­

g re e n  c o rn  i n  t h e  m ilk  and dough s t a g e s  was i n v e s t i g a t e d .  The m a t e r i a l  

u s e d  was th e  same co rn  u s e d  f o r  p a r t  o f  t h e  w ork  i n  e x p e r im e n t 2 .  Some 

o f  th e  d a t a  w i l l  th u s  a p p e a r  i n  m ore th a n  one p la c e  and  i s  p r e s e n te d  f o r  

th e  s a  ke o f  c o m p a r iso n .

The 12 e a r s  w e re  d iv id e d  i n t o  2 l o t s  o f  6 e a r s  e a c h , one o f  w hich
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T a b le  1 4 * - “ The c h an g e s  i n  t h e  oxygen  r e s p i r a t i o n ,  w e ig h t  o f  k e r n e l s ,  end 
s u g a r  c o n te n t  o f  g re e n  S to w e l lTs  E v e rg re e n  c o rn  when s t o r e d  
a t  30 °C. f o r  12.0 h o u r s .

Og consum ed 
p e r  gram  i n

S to r a g e  
a t  30°C .

w e ig h t  o f  
30 k e r n e l s

f i r s t  15 m in­
u t e s

T o ta l
S u g a r

R ed u c in g
S u g ar S u c ro s e

H onrs Grams Cmm P e r c e n t P e r c e n t P e r c e n t

0 7 .4 7 1 0 1 .0 7 .1 2 2 .7 1 4 .1 0
12 6 .6 0 1 2 4 .5 5 .1 1 1 .9 8 2 .9 0
24 7 .8 0 9 1 .8 4 .1 7  . 1 .8 6 2 .1 3

24 7 .0 7 9 5 .7 4 .1 1 1 .7 9 2 .1 4
36 ' 6 .7 9 8 9 .3 3 .6 8 1 .4 9 2 .0 2
48 6 .6 1 8 5 .0 3 .2 3 1 .3 4 1 .7 4

48 7 .0 8 8 0 .5 3 .5 5 1 .7 6 1 .6 4
60 7 .1 2 8 1 .8 3 .1 1 1 .4 7 1 .5 0
72 6 .8 0 7 9 .8 3 .0 0 1 .4 5 1 .4 1

72 7 .6 9 7 6 .0 2 .2 1 1 .0 5 1 .0 5
84 7 .4 3 6 8 .9 2 .0 5 0 .9 3 1 .0 3
96 7 .7 2 6 6 .5 1 .8 3 0 .9 5 0 .7 9

96 7 .2 0 6 2 .4 1 .9 3 1 .0 5 0 .8 0
108 7 .6 5 5 9 .4 1 .6 6 0 .7 9 0 .8 0
120 7 .6 2 5 7 .0 1 .6 2 0 .7 9 0 .7 5
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w as s t o r e d  a t  5° and a n o th e r  a t  3 0 °C. Ten k e r n e l s  w ere  rem oved f ro m  

e a c h  o f  th e  e a r s  o f  th e  l o t  t o  be  s t o r e d  a t  3 0 ° C ., '5 o f  w h ich  vrere 

p l a c e d  i n  one r e s p i r o m e te r  and 5 i n  a n o th e r .  H ead in g s  w ere  ta k e n  

a f t e r  t h e  sa m p le s  h a d  b een  i n  th e  r e s p i r o m e te r  frcam30 m in u te s  and a f ­

t e r  9 to  10 h o u r s .  Sam ples f o r  t h e  m o is tu r e  and  s u g a r  d e te r m in a t io n s  

v w e re  t a k e n  Z h o u r s  a f t e r  p i c k in g .  A t th e  t im e  t h e  r e s p i r a t i o n  sam p les  

w ere  rem oved  f ro m  t h e  l o t  to  b e  s t o r e d  a t  3 0 °G. a n o th e r  sam ple  w h ich  

c o n s i s t e d  o f  3 rows o f  k e r n e l s  fro m  e a c h  e a r  w ere  rem oved and  s t o r e d  a t  

3 0 °C. i n  a  j a r  c o n ta in in g  a  v i a l  o f  p o ta s s iu m  h y d ro x id e .  T h is  sam ple 

w as s t o r e d  so  a s  t o  d u p l i c a t e  t h e  s to r a g e  c o n d i t io n s  o f  th e  sam p les  i n  

t h e  r e s p i r o m e t e r s .  A f te r  9 to  10 h o u rs  s to r a g e  th e s e  sam p les  w ere  r e ­

m oved f o r  d e te r m in a t io n s  o f  s u g a r  and  m o is tu r e .

A f t e r  t h e  6 e a r s  h ad  b e en  s t o r e d  a t  3 0 °C. f o r  12 to  13 h o u r s ,  sam p les  

w e re  a g a i n  re m o v ed  f o r  r e s p i r a t i o n ,  s u g a r ,  and  m o is tu r e  d e te r m in a t io n s .  

T hese  d a t a  a r e  f o r  t h e  k e r n e l s  s to r e d  on  th e  c o b .

A f t e r  4  d a y s  o f  s to r a g e  th e  l o t  s t o r e d  a t  5°C . was rem oved and  r e s ­

p i r a t i o n ,  s u g a r ,  and  m o is tu r e  sam p le s  ta k e n .  The r e s p i r a t i o n  sam p les  w ere  

t e s t e d  30 m in u te s  a f t e r  t h e y  h a d  b e e n  i n  t h e  r e s p i r o m e te r s  and a g a in  a f t e r  

11  t o  12 h o u r s .  A t t h e  same tim e  th e  r e s p i r a t i o n  sam p le s  w ere rem oved 

a n o th e r  sam p le  o f  3 rows o f  k e r n e l s  fro m  e a c h  e a r  was rem oved and p la c e d  

i n  a  j a r  w i th  a  v ia l ,  o f  p o ta ss iu m , h y d ro x id e .  The j a r  w as p la c e d  i n  a  w a te r  

b a th  a t  30 °C. A f t e r  11 to  12 h o u rs  t h e  k e r n e l s  w ere  rem oved and sam p les  

t a k e n  f o r  m o is tu r e  and s u g a r  d e te r m in a t io n s .  These sam p le s  w ere co m p arab le  

to  th o s e  k e r n e l s  s t o r e d  o f f  th e  cob w hich  w ere  l e f t  i n  t h e  r e s p i r o m e te r s  

f o r  th e  same p e r i o d .

After the s amples had been removed from the 5°C .  stored lot, the ears
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w ere  w rap p ed  and s t o r e d  a t  3 0 °C. f o r  14 to  15 h o u r s .  A f te r  t h i s  p e r io d  

o f  s t o r a g e  f s a m p le s  w ere  ta k e n  o f  t h e  k e r n e l s  s t o r e d  on t h e  c o b . The 

a v e ra g e  m o is tu r e  c o n te n t  o f  th e  m ilk  s t a g e  c o rn  k e r n e l s  b e f o r e  s to r a g e  

w as 7 9 .2  p e r c e n t ,  a f t e r  s t o r a g e  on t h e  cob 7 8 .6 ,  and a f t e r  s t o r a g e  o f f  

t h e  cob 79 .3 . p e r c e n t .  F o r  th e  dough  s t a g e  c o rn  th e  a v e ra g e  v a lu e s  f o r  

th e  m o is tu r e  o f  k e r n e l s  b e f o r e  s t o r a g e  w as 7 1 .1 ,  a f t e r  s to r a g e  on th e  

cob 7 0 .5 ,  and a f t e r  s t o r a g e  o f f  th e  cob  7 0 .7  p e r c e n t .  The r e s u l t s  o f  

th e  r e s p i r a t i o n  an d  s u g a r  c h an g e s  a r e  p r e s e n te d  i n  t a b l e  1 5 .

I n  e v e r y  c a s e  t h e  k e r n e l s  s t o r e d  on th e  cob a t  3 0 °C. alw ays showed 

a  h ig h e r  r e s p i r a t i o n  r a t e  and a  h ig h e r  t o t a l  s u g a r  an d  s u c r o s e  c o n te n t  

t h a n  k e r n e l s  t h a t  w ere  rem oved  fro m  t h e  e a r s  and  s t o r e d  u n d e r  t h e  same 

c o n d i t i o n s . I n  t h r e e  o f  t h e  f o u r  e x p e r im e n ts  th e  k e r n e l s  s t o r e d  o f f  th e  

cob  h a d  a  h ig h e r  r e d u c in g  s u g a r  c o n te n t  th a n  t h e  k e r n e ls  s t o r e d  on t h e  

c o b . I n  t h e  f o u r t h  c a s e  t h e r e  w as a  d i f f e r e n c e  o f  .0 9  p e r c e n t  su g a r*

T h is  g e n e r a l  t r e n d  i n d i c a t e s  t h a t  t h e  r e d u c in g  s u g a r  c o n te n t  may b e  i n ­

c r e a s e d  a t  t h e  e x p en se  o f  t h e  s u c r o s e  an d  o th e r  s u g a r s  and a s  a. r e s u l t  a  

d e c r e a s e  i n  t h e  r e s p i r a t i o n .  T hese  g e n e r a l  d a t a  show t h a t  th e  r e s p i r a t i o n  

i n  im m atu re  c o rn  k e r n e l s  i s  r e l a t e d  m ore c l o s e l y  to  t h e  t o t a l  s u g a r  th a n  

t o  t h e  r e d u c in g  s u g a r .

I t  i s  to  b e  p o in te d  o u t  t h a t  a f t e r  t h e  m ilk  s t a g e  c o rn  was p ic k e d  

t h e r e  was a  23 p e r c e n t  l o s s  o f  t o t a l  s u g a r s  and  a  9 p e r c e n t  l o s s  i n

r e s p i r a t i o n  i n  th e  k e r n e l s  s t o r e d  on  t h e  c o b . I n  th e  dough s ta g e  c o rn

t h e r e  was a  33 p e r c e n t  l o s s  o f t o t a l  s u g a r s  and a  5 p e r c e n t  l o s s  i n

respiration. T hese  d a t a  i n d i c a t e  t h a t  sw e e t c o rn  i n  t h e  m ilk  and dou^h

s t a g e s  shows a  c o n s id e r a b ly  g r e a t e r  r a t e  o f  l o s s  o f  t o t a l  s u g a r s  th a n  

r a t e  o f  l o s s  o f  r e s p i r a t i o n .
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T a b le  15— The e f f e c t  o f  s t o r a g e  o f  k e r n e l s  on an d  o f f  th e  c o b  
a t  30° C. on  t h e  oxygen  r e s p i r a t i o n  a t  30° C. and  

s u g a r  c o n te n t  i n  S to e v r e l l1 s E v e rg re e n  c o rn  i n  th e  m ilk: 
and  dough s t a g e s «

M ilk  S ta g e

O r i g i n a l  l o t  a f t e r  p ic k in g

S to r a g e  c o n d i t io n s  
T re a tm e n t:  Time

Og p e r  gram  
p e r  

15 m in u te s

T o t a l
s u g a r S u c ro se

R educing
s u g a r

: h o u rs cmm p e r  c e n t p e r c e n t p e r c e n t

O r i g i n a l  : — 1 0 7 .1 7 .3 9 4 .8 6 2 .2 7
l o t  :

K. on  c o b : 12 9 7 .3 5 .6 9 3 .8 1 1 .6 8

K .o f f  c o b : 10 8 4 .5 5 .3 7 3 .2 6 1 .9 4

O r i g i n a l  l o t  a f t e r  4 d ay s  a t  5°C .
O r i g i n a l

. V - * - 2 .  -0“ -

l o t — 1 0 2 .7 4 .6 6  : 2 .8 4 1 .6 7

K. on  cob 14 9 0 .8 3 .7 9  : 2 .3 7 1 .3 0

K .o f f  cob 11 7 6 .3
*><

3 .1 9  : 1 .9 8 1 .2 1

Dough S ta g e

O r i g i n a l  l o t  a f t e r  p i c k in g “  -

O r i g i n a l
l o t — - 7 5 .7 4 .6 8  r 2 .8 8 1 .6 5

K. on  cob 13 7 2 .3 3 .1 4  : 2 .0 4 0 .9 9

K .o f f  cob 9 6 3 .9  / 3 .1 2  : 1 .6 5 1 .3 8

O r i g i n a l  l o t  a f t e r  4  d ay s  a t  5° C.
O r i g i n a l

l o t — 7 3 .9 3 .1 1 2 .0 3 0 .9 7

K. on cob 15 66 .3 2 .8 9 1.2,7 1 .5 5

K .o f f  cob 12 5 1 . 0 _____ 2 .4 9 0 .7 9 1 .6 6
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F i e l d  Corn

E x p e rim e n t 1*— I n  t h e  1936 s tu d y  th e  6 e a r s  o f  R e id ’ s Y e llo w  D ent 

c o rn  u s e d  i n  t h e  f i r s t  two t e s t s  i n  t h e  s tu d y  o f  t h e  r e l a t i o n  o f  r e s p i r ­

a t i o n  to  s u g a r  and  m o is tu r e  c o n te n t  a t  d i f f e r e n t  s ta g e s  o f  r i p e n i n g  

w ere  d iv id e d  i n t o  2 l o t s  o f  3 e a r s  e a c h . One l o t  was s t o r e d  a t  3 0 °an d  

t h e  o t h e r  a t  5°C f o r  4 d a y s . A f te r  th e  s to r a g e  p e rio d , a n a ly s e s  and  t e s t s  

w e re  a g a in  m ade. I n  t h e  1936 s tu d y  a  s u g a r  a n a ly s i s  was made 2 h o u rs  a f t e r  

p i c k i n g  on  t h e  e n t i r e  l o t  o f  6 e a r s  b e f o r e  s t o r a g e ,  a n d  th e n  a  s i m i l a r  

a n a l y s i s  on  e a c h  o f  th e  2 l o t s  a f t e r  t h e  s to r a g e  p e r i o d .

The 10 k e r n e l  r e s p i r a t i o n  sam p les  ta k e n  from  each  e a r  v a r i e d  fro m  

2 .1  t o  3 .3  gram s f o r  k e r n e l s  i n  th e  m ilk  s t a g e  and 3 .4  to  4 .8  gram s f o r  

dough s t a g e  s a m p le s .  The a v e ra g e  v a lu e s  f o r  t h e  r e s p i r a t i o n  o f  th e  sam­

p l e s  a r e  g iv e n  i n  t a b l e  1 6 . The s u g a r  an d  m o is tu re  ch an g es  f o r  th e  same 

sa m p le s  a r e  g iv e n  i n  t a b l e  1 7 . The com bined  d a t a  a r e  p r e s e n te d  g ra p h ­

i c a l l y  i n  f i g u r e  1 3 .

E x p e r im e n t 2 . — The e f f e c t  o f  s t o r a g e  a t  5° and 30 °C. on th e  oxygen 

r e s p i r a t i o n  and  s u g a r  c o n te n t  o f  R e id ’ s Y e llo w  D ent c o rn  was r e p e a te d  

i n  t h e  1937 s e a s o n .  The m a t e r i a l  u s e d  i n  t h e  two y e a r s  w as grown on t h e  

same p l o t .

The 12 e a r s  o f  c o rn  u s e d  f o r  th e  f i r s t  2 t e s t s  i n  t h e  s tu d y  on th e  

ch an g es  d u r in g  th e  r i p e n in g  p e r io d  w ere  d iv id e d  in to  2 l o t s  o f  6 e a r s  

e a c h .  One l o t  w as s t o r e d  a t  5°C* and  t h e  o t h e r  a t  30°C . f o r  4 d a y s . A t 

t h e  end  o f  t h e  s to r a g e  p e r io d  a n a ly s e s  and  t e s t s  w ere  a g a in  m ade. The 

1937 p ro c e d u re  d i f f e r e d  f ro m  t h a t  u s e d  i n  1936 i n  t h a t  a  su g a r  a n a ly s i s  

w as made on e a c h  o f  th e  2 l o t s  p r e v io u s  to  s t o r i n g ,  2 h o u rs  a f t e r  th e y  

w ere  p ic k e d .  The s e l e c t i o n  o f  r e s p i r a t i o n  sam p les  a ls o  d i f f e r e d  from  th e  

m ethod  u s e d  i n  1 9 3 6 . Ten k e r n e l s  o f  t h e  g r a in  w ere  rem oved fro m  each  e a r ,
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T a b le  16 . — E f f e c t  o f  s to r a g e  a t  5° and 3 0 °C. on t h e  oxygen r e s p i r a t i o n  a t  
3 0 °C. o f  R e i d 's  f e l l o w  D ent c o rn  a t  d i f f e r e n t  s t a g e s  o f  
r i p e n i n g .

S ta g e  o f
Og p e r  h o u r  p e r  gram, f r e s h  w e ig h t  f o r  

h o u r p e r io d  i n d i c a t e d
r i n e n i n a . . - . T re a tm e n t 1 £ 3 4 5 6

Two h o u rs  a f t e r  p ic k ­
in g  on Aug. £0

Cmm

3 4 1 .3

Cmm

3 3 9 .7

Cmm

3 3 6 .5

Cmm.

3 £ 8 .5

Cmm

5 1 £ .3

Cmm : 

£ 9 9 .9  :
M ilk

A f t e r  4 d ay s  s to r a g e  
a t  5°C . 3 0 4 .0 3 0 6 .0 3 1 0 .0 3 0 6 .9 £ 8 9 .8 £ 7 9 .£  :

Two h o u rs  a f t e r  p i c k ­
in g  on Aug.. £0 3 3 3 .5 3 £ 6 .9 3 1 7 .4 3 0 4 .7 £ 8 6 .3 £ 7 5 .9  :

A f t e r  4  d ay s  s to r a g e  
a t  30°C . 1 5 1 .0 1 5 0 .6 1 4 8 . £ 1 4 6 .6 1 4 2 .1 1 4 1 .1  :

Two h o u rs  a f t e r  p i c k ­
in g  on  S e p t .  8 £ 4 £ .9 £ 4 4 .3 £ 3 8 .1 £ £ 8 .5 £ 1 9 .6 £ 0 6 .£  :

A f t e r  4 d a y s  s to r a g e  
a t  5°C . £ £ 0 .7 ££5 • 3 £ £ 0 .3 1 7 9 .9  :

L a te
Dough Two h o u rs  a f t e r  p i c k ­

in g  on  S e p t .  8 £ 4 0 .1 £ 4 1 .0 £ 3 6 .9 £ £ 7 .3 £ 1 7 .3 £ 0 6 .6  :

A f t e r  4 d ay s  s to r a g e  
a t  3 0 °C. 1 1 7 .9 1 1 8 .9 1 1 6 .9 —------- ------— 1 1 1 .0  :
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T a b le  17 •— The m o is tu r e  an d  s u g a r  c o n te n t  o f  R e id Ts  Y e llo w  D en t c o rn  u s e d  
f o r  t h e  r e s p i r a t i o n  t e s t s  g iv e n  i n  t a b l e  lb . 1936 S tu d y .

S ta g e  o f  
r i n e n i n g T re a tm e n t

M o is tu re T o ta l
S u ^ a r

R ed u c in g
S u a a r

S u c ro s e

M ilk

Two h o u rs  a f t e r  p i c k in g  on A u g .20 

A f t e r  4  d ay s  s to r a g e  a t  5°C .

A f t e r  4 d a y s  s to r a g e  a t  5 0 °C.

P e r c e n t

7 3 .1 7

7 3 .0 4

7 1 .0 6

P e r c e n t

4 .5 7

3 .1 5

0 .8 3

P e r c e n t

1 .8 0

1 .4 0

0 .5 0

P e r c e n t

2 .6 3

1 .6 6

0 .3 1

Two h o u rs  a f t e r  p ic k in g  on S e p t .8 5 6 .8 4 2 .8 8 1 .0 3 1 .7 6

L a te A f te r  4 d ay s  s to r a g e  a t  5°C* 5 4 .4 1 1 .8 5 0 .7 6 1 .0 4
Dough

A f te r  4  d a y s  s to r a g e  a t  3 0 °C. 5 2 .9 8 0 .8 5 0 .4 2 0 .4 1
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T a b l e t s  . — E f f e c t  o f  s to r a g e  a t  5° and 30 °C. on th e  oxygen  r e s p i r a t i o n  a t
30°C . o f  R e id !s  Y e llo w  D ent c o m  a t  d i f f e r e n t  s t a g e s  o f  r i p e n i n g .

S ta g e  o f
O g ip e r  h o u r  p e r  gr®m f r e s h :w e i g h t  f o r  

h o u r  p e r io d  i n d i c a t e d
r ip e n in s - 1 £ 3 4 5 6

Cmm Cmm Cmm Cmm Cmm Cmm

Two h o u rs  a f t e r  p ic k ­
in g  on  Aug. 13 3 3 3 .9 3 3 £ .7 3 £ £ .£ 3 £ 7 .3 3 0 5 .9 £ 8 3 .5

M ilk
A f t e r  4 d ay s  s to r a g e  

a t  5°C . 3 0 9 .1 3 1 2 .9 3 1 3 . £ 3 0 6 .9 £ 8 9 .8 £ 7 5 .0

Two h o u rs  a f t e r  p ic k ­
in g  on  Aug. 13 £ 9 4 .3 £ 9 0 .6 £ 8 6 .5 £ 9 1 .7 2 7 1 .6 £ 4 7 .8

A f t e r  4 d ay s  s to r a g e  
a t  3 0 °C. 1 4 6 .4 1 4 9 .7 1 4 9 .8 1 4 7 .6 1 4 0 .9 1 4 0 .1

Two h o u rs  a f t e r  p i c k ­
in g  on  Aug. £7 £ 0 7 .9 1 9 1 .8 1 9 7 .1 1 9 2 .3 1 9 5 .0 1 8 4 .3

A f t e r  4  d ay s  s to r a g e  
a t  5°C . 1 9 7 .8 1 8 8 .3 1 8 9 .8 1 7 7 .0

L a te
Dough Two h o u rs  a f t e r  p ic k ­

in g  on  Aug. £7 £ 0 4 .0 1 9 0 .9 £0 £ . 5 £ 0 0 .8 1 9 9 .4 1 8 9 .7

A f t e r  4 d ay s  s to r a g e  
a t  30 °C. 1 0 4 .5 1 0 4 .1 1 0 2 .7 ---------- --------- 9 8 .7
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T a b le  1 9 .— The m o is tu r e  and  s u g a r  c o n te n t  o f  R e id f s  Y e llo w  D ent c o rn  u s e d  
f o r  t h e  r e s p i r a t i o n  t e s t s  g iv e n  i n  t a b l e  . 1937 S tu d y .

S ta g e  o f
.... . .  T r e a tm e n t

M o is tu re T o ta l
S u a a r

R educing
S u sa r

S u c ro se

P e r c e n t P e r c e n t P e r c e n t P e r c e n t

Two h o u rs  a f t e r  p ic k in g  on Aug. 13 7 5 .0 9 4 .9 5 1 .9 5 2 .8 5

A f te r  4 d ay s  s to r a g e  a t  5°C . 7 4 .2 7 4 .0 0 1 .8 1 2 .0 8

M ilk
Two h o u rs  a f t e r  p ic k in g  on Aug. 13 7 0 .0 0 3 .7 8 1 .4 3 2 .2 3

A f te r  4 days s to r a g e  a t  3 0 °C. 6 7 .6 7 1 .2 5 0 .8 2 0 .4 1

Two h o u rs  a f t e r  p ic k in g  on Aug. £7 5 7 .8 5 2 .2 8 0 .9 2 1 .2 9

A f te r  4  d ay s  s to r a g e  a t  5°C . 5 7 .9 2 1 .6 7 0 .8 4 0 .7 9
L a te

Dough
Two h o u rs  a f t e r  p ic k in g  on  Aug. 27 5 6 .8 1 2 .0 9 0 .9 4 1 .0 9

A f te r  4  d ay s  s to r a g e  a t  3 0 °C. 5 2 .8 1 0 .8 8 0 .4 7 0 .3 9

i
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m r

2̂00

35.0

Z  2 . 5

R E I D ’S  Y E L L O W  D E N T  C O R N

1 9 3 6  S T U D Y  
M I L K  S T A G E  L A T E  D O U G H

O R I G I N A L  A T T E R  

S T O R A G E
C

O R I G IN A L  A F T E R  

S T O R A G E

1 9 3 7  S T U D Y  

M I L K  S T A G E  L A T E  D O U G H

O R I G IN A L  A F T E R  
S T O R A G E

O R I G IN A L  A F T E R  
S T O R A G E

.W

\-

P i g .  1 3 . E f f e c t  o f  warm (3 0 ° C .)  and  c o ld  ( '5 °C .) s to ra g e ^ o n  
t h e  oxygen  r e s p i r a t i o n  a t  30°C . and  su g a r  c o n te n t  o f  R e id ’ s 
Y e llo w  D en t c o m .  The h e i g h t  o f  t h e  colum ns i n d i c a t e s  t o t a l ,  
s u g a r s  an d  t h e  open  p o r t i o n s  re d u c in g  s u g a r s .  C— c o ld
s t o r e d  f o r  f o u r  d a y s ; IT—fa rm  s t o r e d  f o r  f o u r  d a y s .
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5 o f  w h ic h  w ere  p la c e d  i n  one r e s p i r o m e te r  and 5 i n  a n o th e r .  The 30 

k e r n e l  r e s p i r a t i o n  sam p les  v a r i e d  i n  w e ig h t from  9 .1  t o  1 0 .2  gram s f o r  

m ilk  s t a g e  k e r n e l s  and fro m  1 3 .2  to  14*5 gram s f o r  dough s t a g e  k e r n e l s .

The r e s p i r a t i o n  d a t a  w h ich  a r e  t h e  a v e ra g e  o f  d u p l i c a t e  d e te r m in a t io n s  

a r e  g iv e n  i n  t a b l e  1 8 . ^ a b le  19 show s th e  s u g a r  a n d  m o is tu re  c o n te n t

o f  t h e  sam e s a m p le s . The com bined  d a ta  a r e  p r e s e n te d  g r a p h i c a l l y  i n  

f i g u r e  1 5 .

I n  t a b l e  20 a r e  c a l c u l a t e d  t h e  p e r c e n ta g e  l o s s e s  o f  t h e  r e s p i r a t i o n  

an d  s u g a r s  w hen f i e l d  c o m  i n  th e  m ilk  and  dough s t a g e s  i s  s t o r e d  a t  5° 

and  3 0 °C. The c o r n  i n  th e  two s t a g e s  show ed th e  same g e n e r a l  t r e n d s .  The 

r e s p i r a t i o n  l o s s  f o r  c o rn  s t o r e d  a t  30° was a.lways 5 t o  9 t im e s  g r e a t e r  

th a n  th e  l o s s  shown b y  th e  c o rn  s t o r e d  a t  5° C. The l o s s e s  o f  th e  s u g a r s  

i n  th e  warm s t o r e d  w as a b o u t 2 to  3 t im e s  g r e a t e r  th a n  th e  l o s s e s  o f  th e  

c o ld  s t o r e d  c o m .  I n  g e n e r a l  t h e  e f f e c t  o f  s t o r a g e  a t  50°C . f o r  4  d a y s  

c a u s e d  a n  a c t u a l  d e c r e a s e  o f  a n a r e r a g e  51 p e r c e n t  i n  t h e  r e s p i r  a l i e n ,  

w h ile  an  a v e r a g e  7 p e r c e n t  l o s s  o c c u r r e d  when c o m  w a s  s t o r e d  a t  5°C .

The a c t u a l  p e r c e n ta g e  d e c r e a s e  o f  s u g a r s  w as u s u a l l y  c o n s id e r a b ly  g r e a t e r  

th a n  t h e  d e c r e a s e  i n  r e s p i r a t i o n .

The f i g u r e s  i n  p a r e n th e s e s  i n  t a b l e  20 show Ifche d i f f e r e n c e s  i n  th e  

p e r c e n ta g e  d e c r e a s e s  o f  r e s p i r a t i o n  and  s u g a r s  i n  c o rn  i n  t h e  same s t a g e ,  

o f  r i p e n i n g  s t o r e d  a t  th e  two t e m p e r a tu r e s .  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  

t h e  d i f f e r e n c e s  o f  t h e  r e s p i r a t i o n  and  o f  th e  s u g a rs  a g re e  r a t h e r  w e l l .  The 

s i g n i f i c a n c e  o f  t h i s  and th e  a c t u a l  d i f f e r e n c e s  o f  th e  t o t a l  s u g a r  an d  r e s ­

p i r a t i o n  l o s s e s  when th e  c o m  i s  s t o r e d  a t  t h e  two te m p e r a tu r e s  maybe

g a in e d  f ro m  f i g u r e  1 4 . The d a t a  seem to  i n d i c a t e  t h a t  t h e r e  i s  no p a r a l l e l — 

i s m  b c t r e e n  th e  r a t e  o f  s u g a r  l o s s  and th e  r a t e  o f  l o s s  o f  r e s p i r a t i o n  i n

th e  c o rn  when a n a ly z e d  a f t e r  c o ld  an d  warm s t o r a g e ,  b u t  t h i s  does n o t
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T a b le  20— P e r c e n t  l o s s e s  o f  o:xygen r e s p i r a t i o n  and  su g a r’s when
R e id ’ s  Y e llo w  D en t c o rn  i s  s t o r e d  a t  5° and  30° C. f o r  
f o u r  d a y s .

1936 E x p e rim e n t
S ta g e  o f  
r i p e n i n g

S to r a g e D e c re a se  i n  
r e s p i r a t i o n

D e c re a se  i n  
t o t a l  s u g a r

D e c re a se  i n  
r e d u c in g  

s u g a r

D e c re a se  i n  
s u c r o s e

D eg. G P e r c e n t  : P e r c e n t P e r c e n t P e r c e n t

M ilk 30 5 4 .7 8 1 .8 7 2 .2 8 8 .2

5 9 .2 3 1 .0 2 2 .2 3 6 .8

( 4 5 .5 ) (5 0 .8 ) (5 0 .0 ) (5 1 .4 )

L a te
dough

30

5

5 0 .6

7 .8

7 0 .5

3 5 .7

5 9 .2  

2 6 .2

7 6 .7

4 0 .9

4 2 .8 ) (3 4 .8 ) (3 5 .0 ) (3 5 .8 )

1937 E x p erim en t -

M ilk 30 4 9 .0 6 6 .9 4 2 .6 8 1 .6

5 7 .4 1 9 .1 7 .2 2 3 .3

( 4 1 .6 ) ( 4 7 .8 ) (3 5 .4 ) (5 8 .3 )

L a te  d 30 4 8 .7 5 7 .8 5 0 .0 6 4 .2
dough

5 4*9 2 6 .7 8 .6 3 8 .7

( 4 3 .8 ) ( 3 1 .1 ) (4 1 .4 ) (2 5 .5 )



R e id 's  Y ellow  Dent Corn 

P e rcen tag e  Loss’

^    I--------------------------------------------------------1------------------------------------------------------ 9--------------------------------------------------- (--------------------------------------------------- 1 | “  — —  i . |

0 10 20 50 40 50 60 70 80 00 100

SUGAR

69.5

28 .1

50.8

7 .3 RESPIRATION

 -S to re d  a t  30°C.

'<■ I S to red  a t  5°C.

P ig . 14* The p e rcen tag e  lo s s e s  o f th e  r e s p i r a t i o n  and t o t a l  su g ar in  R e id 's  Y ellow  Dent com  a f t e r  
4 days s to ra g e  a t  5° and 30°C. The average  v a lu e s  o f th e  two experim ents w ith  th e  m ilk  and e a r ly
dough s ta g e  corn  have been used .
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e x c lu d e  t h e  p o s s i b i l i t y  o f  a  c o r r e l a t i o n  b e tw ee n  t h e  tyro w i th in  th e  two 

p o i n t s  o f  a n a l y s i s .  The p r e s e n t s  t i o n  o f  t h e  d a t a  i n  f i g u r e  14 does 

seem  t o  i n d i c a t e  s u c h  a  c o r r e l a t i o n  a f t e r  t h e  r e s p i r a t i o n  and s u g a r  

v a lu e s  h a v e  d e c r e a s e d  to  t h e  v a lu e s  o b se rv d d  a f t e r  th e  p e r io d  o f  c o ld  

s  t o r  age* I f  th e  e x t r a p o l a t i o n  o f  th e  r e s p i r a t i o n  c u rv e  i s  made u n t i l  

t h e r e  i s  z e ro  l o s s  a  v a lu e  o f  20 p e r c e n t  s u g a r  i s  o b ta in e d .  T h is  a g a in  

may i n d i c a t e  t h a t  a  20 p e r c e n t  l o s s  i n  s u g a r  may o c c u r  b e f o r e  th e  r e s p i r ­

a t i o n  i s  e f f e c t e d ,  a n d  t h a t  th e  p a r a l l e l i s m  b e tw een  s u g a r  and r e s p i r a t i o n  

may c o n t in u e  fro m  t h i s  p o i n t .  I t  I s  r a t h e r  I n t e r e s t i n g  t h a t  t h e  e x t r a p o l ­

a t e d  v a l u e s  o f  s u g a r  c o n te n t  w here  no l o s s  i s  shown I n  th e  r e s p i r a t i o n  i s  

a b o u t 20 to  2 2 p e rc e n t  f o r  b o th  th e  f i e l d  and sw e e t co m *
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SIMf/iAHY

The W arburg  m anom eter and  c o n s t a n t  "volume ty p e  o f  r e s p i r o m e te r  was 

u s e d  a s  a. m eans t o  m easu re  t h e  oxygen  co n su m p tio n  i n  some a c t i v e l y  r e s p i r ­

in g  p l a n t  m a t e r i a l s .  I t  was shown t h a t  c a r e  m u st be  e x e r c i s e d  to  i n s u r e  

an a d e q u a te  s u p p ly  o f  oxygen i n  t h e  r e s p i r o m e te r  when tim e  r a t e  o f  r e s ­

p i r a t i o n  c u rv e s  a r e  s t u d i e d .  The c r i t i c a l  oxygen  t e n s i o n  f o r  th e  r e s ­

p i r a t i o n  o f  im m atu re  k e r n e l s  o f  S to w e l l ’ s  E v e rg re e n  and R e id ’s  Y e llo w  

D en t c o rn  w as fo u n d  to  b e  15 to  16 p e r c e n t  o x y g en .

The r e l a t i o n  b e tw ee n  th e  oxygen  r e s p i r a t i o n  and m o is tu r e  and a l s o  

s u g a r  c o n t e n t  was s t u d i e d  i n  t h e  tw o v a r i e t i e s  when i n  t h e  m ilk  s ta g e  

an d  c o n t in u e d  th r o u g h o u t  th e  r i p e n in g  p e r i o d .  The r e s p i r a t i o n  cu rv e  

p a r a l l e l e d  th e  m o is tu r e  c u rv e  i n  th e  sw e e t c o rn  a l t e r  th e  m o is tu r e  h ad  

b e e n  re d u c e d  t o  70 p e r c e n t .  When th e  c o rn  c o n ta in e d  m ore th a n  t h i s  

am ount t h e r e  wa.s a  c r o s s in g  o f  th e  c u r v e s .  I n  t h e  f i e l d  c o m  t h e  c u rv e s  

p a r a l l e l e d  th r o u g h o u t  t h e  e n t i r e  s tu d y .  The t o t a l  s u g a r s  and  s u c r o s e  

w e re  fo u n d  to  p a r a l l e l  t h e  r e s p i r a t i o n  c u rv e  m ore c l o s e l y  t h a n  d i d  t h e  

r e d u c in g  su g  a r •

The tim e  r a t e  o f  r e s p i r a t i o n  c u r v e s  w ere  s tu d i e d  f o r  10 h o u rs  f o r  

im m atu re  w h e a t k e r n e l s  a t  d i f f e r e n t  s t a g e s  o f  r i p e n i n g .  The tim e  r  a t e  

c u rv e s  w ere  n o t  c o n s ta n t  b u t  d e c r e a s e d  f o r  th e  m ilk  s t a g e  k e r n e l s  w ith  

61 p e r c e n t  m o is tu r e  and  c o n t in u e d  to  do so  u n t i l  t h e  m o is tu r e  c o n te n t  was 

re d u c e d  to  50 p e r c e n t .  The r e s p i r a t i o n  and m o is tu r e  c u rv e s  c r o s s e d  when 

th e  k e r n e l s  h a d  40 t o  45 p e r c e n t  m o is tu r e .  The s u g a r s  w ere n o t  c o r r e l a t e d  

w i th  t h e  r e s p i r a t i o n .

The e f f e c t  o f  s to r a g e  o f  th e  g reen  sw e e t and f i e l d  c o rn  a t  5° and 

50° on t h e  r e s p i r a t i o n  an d  s u g a r  c o n te n t  w as s t u d i e d .  I t  was fo u n d  t h a t
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t h e  l o s s  o f  s u g a r s  f ro m  m ilk  an d  e a r l y  dough s t a g e  sw e e t c o m  s t o r e d  

a t  30°w as 2 t im e s  t h a t  l o s t  from  c o rn  s t o r e d  a t  5°C . The r e s p i r a t i o n  

l o s s  f o r  c o rn  s t o r e d  a t  30° was a b o u t  6 t im e s  t h a t  l o s s  shown b y  c o m  

s t o r e d  a t  5°C . The s u g a r  l o s s e s  o f  f i e l d  c o m  s t o r e d  a t  30° w as 2*5 

t im e s  a s  g r e a t  as t h a t  l o s t  when s to re d  a t  5%  w h ile  th e  r e s p i r a t i o n  l o s s  

o f  c o rn  s t o r e d  a t  30° was 7 t im e s  t h a t  l o s t  when s t o r e d  a t  5 ° .  The p o s s i ­

b i l i t y  o f  an e x i s t i n g  p a r a l l e l i s m  b e tw een  r e s p i r a t i o n  and s u g a r  i s  d i s ­

ci-1, s s e d .

The c h a n g e s  i n  r e s p i r a t i o n  and  s u g a r  c o n te n t  w ere s t u d i e d  i n  

s w e e t c o rn  a t  12 h o u r  i n t e r v a l s  when th e  c o r n  w as s t o r e d  a t  3 0 6C. f o r  

120 h o u rs*  The r e s p i r a t i o n  c u rv e  p a r a l l e l e d  th e  s u g a r  c u rv e s  e x c e p t  f o r  

th e  f i r s t  and f i f t h  d a y s  o f  s t o r a g e .

The e f f e c t  o f  s t o r a g e  o f  sw e e t c o rn  k e r n e l s  c ff  and on  th e  cob a t  

3 0 °C. on  t h e  r e s p i r a t i o n  a n d  s u g a r  ch an g es  w as s t u d i e d .  K e rn e ls  s t o r e d  

o f f  t h e  cob a lw ay s h a d  a  lo w e r  r e s p i r a t i o n  r a t e ^  lo w e r  t o t a l  s u g a r s  and  

s u c r o s e ,  b u t  th e  sam e am ount o r  more o f  r e d u c in g  s u g a r  th e n  s i m i l a r  

k e r n e l s  s t o r e d  on  th e  c o b . The r e s p i r a t i o n  i n  a l l  o f  t h e  c o rn  s t u d i e d  

seemed, to  b e  m ore c l o s e l y  c o r r e l a t e d ,  ■with t h e  t o t a l  s u g a r s  and s u c r o s e  

th a n  w i th  t h e  r e d u c in g  s u g a r .
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