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Abstract:
Two brands of uncooked and cooked dehydrated potato dices, slices, and flakes were analyzed for
reduced ascorbic acid.

The mean ascorbic acid content of one serving Brand X cooked dehydrated potatoes was: hash browns,
3.16 mg.; mashed, 0.70 mg.; and fried potatoes, 1.33 mg. Brand Y potatoes were higher in ascorbic
acid than Brand X: hash browns, 5.67 mg.; mashed, 3.90 mg.; and fried potatoes, 3.86 mg.

There were significant differences (P<0.01) in the vitamin C content between brands, between dices,
slices, and flakes, and between uncooked and eooked dehydrated potatoes.

The hash browned, mashed, and fried dehydrated potatoes were significantly lower in ascorbic acid
than the same products prepared from fresh potatoes. 
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ABSTRACT

Two b ra n d s  o f  uncooked and cooked d e h y d ra ted  p o ta to  d ic e s ,  s l i c e s ,  
and  f l a k e s  w ere a n a ly z e d  f o r  reduced  a s c o r b ic  a c id .

The mean a s c o r b ic  a c id  c o n te n t o f  one s e rv in g  Brand X cooked dehy­
d r a te d  p o ta to e s  w as: h ash  b row ns, 3 .1 6  m g .; m ashed, 0 .7 6  m g .; and f r i e d
p o ta to e s ,  1 .3 3  mgi; Brand Y p o ta to e s  wer'e h ig h e r  i n  a s c o r b ic  a c id  th a n  
Brand X: h ash  b row ns, 5 .6 7  m g .; m ashed, 3 .9 0  m g.; and f r i e d  p o ta to e s ,
3 .8 6  mg.

There w ere s i g n i f i c a n t  d i f f e r e n c e s  (P <  0 .0 1 )  in  th e  v ita m in  C con­
t e n t  betw een  b ra n d s ,  betw een  d ic e s ,  s l i c e s ,  and  f l a k e s ,  and  betw een 
uncooked and cooked d e h y d ra te d  p o ta to e s .

The h ash  brow ned, m ashed, and f r i e d  d e h y d ra ted  p o ta to e s  w ere 
s i g n i f i c a n t l y  low er i n  a s c o r b ic  a c id  th a n  th e  same p ro d u c ts  p re p a re d  from  
f r e s h  p o ta to e s .



CHAPTER I

'INTRODUCTION AND REVIEW OF 'LITERATURE

The p o ta to  h as  b een  a n  im p o rta n t p a r t  o f  m an 's  d i e t  f o r  around  two 

th o u san d  y e a r s . I t  was c u l t iv a t e d  in  th e  m oun tains o f P eru  by  th e  In c a s  

in  200 A. D. (5 5 )•  S p an ish  and E n g lish  e x p lo re r s  in tro d u c e d  th e  p o ta to  t o  

Europe in  th e  S ix te e n th  C en tu ry  (4 9 )•  However, one hundred  y e a r s  p assed  

b e fo re  p o ta to e s  w ere a c c e p te d  a s  a  food  by  th e  E u ropeans. Now, a lm ost 

o n e -h a lf  o f  th e  w o r ld 's  p o ta to  crop  i s  p roduced  in  W estern  Europe (1 2 ) .

I t  i s  b e l ie v e d  t h a t  th e  I r i s h  P re s b y te r ia n s  p la n te d  th e  f i r s t  p o ta to  in  

N orth  A m erica i n  1719 (4 9 ) .

F re sh  P o ta to  Consumption

The p o ta to  i s  th e  m ost commonly u sed  v e g e ta b le  i n  th e  U n ited  S ta te s  

and  Canada (2 3 ,3 6 ) •  The a v e ra g e  y e a r ly  p e r  c a p i ta  consum ption in  th e  

U n ite d  S ta te s  was 100 t o  102 pounds i n  I960  ( S ) .  T his i s  ap p ro x im a te ly  

one m edium -size p o ta to  o r  o n e - th i r d  pound a  day ( 6 ) .  The a v e ra g e  d a i ly  

p e r  c a p i ta  consum ption in  Canada i s  s i x  ounces (2 3 ) .

A lthough  th e  p e r  c a p i ta  consum ption in  th e  U n ited  S ta t e s  and Canada 

i s  a p p ro x im a te ly  10© pounds a  y e a r ,  many p e o p le  i n  o th e r  c o u n t r ie s  consume 

200 pounds o r  more y e a r l y .  "The y e a r ly  p e r  c a p i ta  p o ta to  consum ption f o r  

1956 to  1958 in  14 European c o u n t r ie s  a s  re p o r te d  in  Food. Land, and Man­

power in  W estern  Europe by  Y ates  (66) fo l lo w s :  A u s t r ia ,  2 0 8 .6  pounds;

B elgium , 3 2 7 .8  p ounds; Denmark, 2 8 3 .8  p o u n d s; F ra n c e , 2 6 6 .2  pounds; Ger­

many, 3 3 8 .8  pounds; G reece , 9 3 .1  pounds; I r e l a n d ,  3 9 6 .4  pounds; I t a l y ,  

1 0 7 .1  pounds; N e th e r la n d s , 2 0 0 .2  pounds; Norway, 233*2 p o u n d s; P o r tu g a l ,
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2 5 2 .1  p o u n d s;. Sweden, 2 2 2 .2  pounds; S w itz e r la n d , 179*5 pounds; and th e  

U n ite d  Kingdom, 209*0 pounds. Y ates n o t ic e d  t h a t  th e  consum ption o f  

p o ta to e s  in  th e s e  c o u n t r ie s  d e c re a se d  a s  p e o p le  moved to  a  h ig h e r  income 

s t a t u s .

A lthough  W estern  Europe p ro d u ces  th e  l a r g e s t  p o ta to  c ro p  in  th e  

w o rld  (1 2 ) ,  much o f  th e  c ro p  i s  u sed  i n  in d u s t r y  o r  f o r  l iv e s to c k  fe e d  

(49)*  D uring  p e a c e tim e , 2 0 .t o  6© p e rc e n t o f  th e  p o ta to  c ro p  in  Europe i s  

u sed  f o r  such  p u rp o s e s .  T h ir ty  p e rc e n t o f  th e  c rop  i s  u sed  f o r  human con­

sum ption  in  Germany. S ix ty  p e rc e n t o f  th e  p o ta to  c rop  in  I r e la n d  i s  u sed  

f o r  l iv e s to c k  f e e d .  The m ost im p o rta n t u se  o f  p o ta to  c ro p s  i n  th e  U n ited  

S ta t e s  and  E ngland i s  f o r  human consum ption .

N u t r i t iv e  V alue o f  th e  P o ta to

T able I  shows th e  p e rc e n t o f  n u t r i e n t s  c o n tr ib u te d  t o  th e  av erag e  

A m erican d i e t  compared w ith  th e  p e rc e n t food  d o l l a r  sp e n t f o r  p o ta to e s  

( 1 2 ) .  The p o ta to e s  w ere p e e le d  and th e n  b o i l e d .  They w ere se rv ed  a s  

b o i l e d ,  m ashed, o r  f r i e d  p o ta to e s  (6 1 ) .  T ab le  I  and T able I I  show th a t  

p o ta to e s  a r e  a  v e ry  in e x p e n s iv e  so u rce  o f  many o f  th e  n u t r i e n t s  and t h a t  

one s e rv in g  o f  p o ta to  makes a  s i g n i f i c a n t  c o n t r ib u t io n  t o  th e  d a y ’ s in ta k e  

o f  n u t r i e n t s .  The n u t r i t i o n a l  c o n t r ib u t io n  o f  one m ed ium -size  p o ta to  t o  

a  d a y ’ s d i e t  f o r  a  25 y e a r - o ld  man i s  shown i n  Table I I .  The av e rag e  

c a l o r i c  c o n t r ib u t io n  o f  th e  p o ta to  i s  shown t o  b e  3 t o  4  p e rc e n t o f th e  

recommended a llo w a n c e , o r  100 c a l o r i e s .  One m edium -size b o i l e d  p o ta to  

p ro v id e s  28 p e rc e n t o f  th e  recommended a llo w an ce  o f  v ita m in  C f o r  a  man 

25 y e a r s  o ld .
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TABLE I .  P e rc e n t food  d o l l a r  sp e n t f o r  p o ta to e s  and p e rc e n t o f  n u t r i e n t s  
c o n t r ib u te d  in  d i e t s . ^

Food expense 

A sc o rb ic  a c id  

N iac in  

Thiam ine 

Iro n

Food energy

P ro te in

R ib o f la v in

8 #

4 6
P e rc e n t

E s tim a te d  cooking  lo s s e s  have been  d e d u c te d .

TABLE I I .  N u t r i t i o n a l  c o n t r ib u t io n  o f one m edium -sized p o ta to *  to  a  d a y ’ s 
d i e t . ^

A sc o rb ic  a c id

N iac in

Thiamine

I ro n

P ro te in

R ib o f la v in

Food energy

% o f  d a i ly  a llo w an ce  f o r  a  man 25 y e a rs  o f  a g e .  (NRC) 
* B o ile d , th e n  p e e le d .
^ F in c h e r , L. S . ,  and M ountjoy, B. M .: P o ta t o e s . . . f a c t s  f o r  consumer

e d u c a tio n .  U. S . D ep t, o f  A g r i.  AIB No. 178, December, 1957.
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P o ta te e s  a r e  u sed  in  many th e r a p e u t i c  d i e t s ,  such a s  s o f t ,  b la n d , low 

c a l o r i e ,  and  low  sodium (4 2 ) .  HcGay (33) h as  re p o r te d  t h a t  p o ta to e s  con­

t a i n  an  a v e ra g e  o f  20 mg. o f  sodium  p e r  10© gms. o f  raw p o ta to ,  th u s  

m aking them  an  e x c e l le n t  food  f o r  th e  low sodium  d i e t s .

C a lo r ie s .  Many p eo p le  have th e  m isc o n c e p tio n  t h a t  p o ta to e s  a r e  

" f a t t e n i n g . "  T his i s  n o t q u i te  t r u e .  I t  i s  u s u a l ly  th e  added  s e a so n in g s , 

g r a v ie s ,  f a t s ,  and o th e r  to p p in g s  t h a t  add  th e  c a l o r i e s .  These to p p in g s  

u s u a l ly  e q u a l o r  exceed  th e  c a lo r i e  v a lu e  o f  th e  p o ta to  (5)«

To o b ta in  a  c l e a r e r  u n d e rs ta n d in g  o f  th e  c a lo r ic  v a lu e  o f  th e  p o ta to ,  

F in c h e r  (12) h as  r e p o r te d  t h a t  one m edium -size p o ta to  h as  th e  same number 

o f  c a l o r i e s  a s  th e  fo llo w in g : I  f a i r l y  l a r g e  a p p le ,  I  l a r g e  © range, I

b a n an a , l / 2  l a r g e  g r a p e f r u i t , 2 /3  cup cooked lim a b e a n s , 3 /4  cup cooked

f r e s h  c o rn , and 9 /lQ  cup cooked g reen  p e a s .
Z

Carbo h y d ra te s .  S ta r c h ,  w hich i s  th e  p r i n c i p a l  c o n s t i tu e n t  o f  th e  

d ry  m a t te r  o f  th e  t u b e r ,  c o n s t i t u t e s  9 .9  t o  23»3 p e rc e n t o f  th e  p o ta to  on 

a  m o is t w eig h t b a s i s  ( 3 3 ) .  A p o ta to  t h a t  i s  c o n s id e re d  h ig h  in  s ta r c h  

c o n te n t i s  m ea ly , d ry ,  and  s lo u g h s  e x te n s iv e ly  d u rin g  cook ing  ( 5 ) .  A 

h ig h - s ta r c h  p o ta to  i s  c o n s id e re d  b e s t  f o r  baked  p o ta to e s  and f o r  g e n e ra l  

cooking ' p u rp o se s . The s t a r c h  c o n te n t o f  th e  p o ta to  i s  changed d u rin g  

s to ra g e  depend ing  upon v a r i e t y ,  te m p e ra tu re ,  se a so n , and l o c a l i t y  ( 5 ) .  

There i s  a  co n v e rs io n  o f  su g a r  t o  s ta r c h  d u r in g  grow th .

There i s  a  c lo s e  c o r r e l a t i o n  betw een th e  d ry  m a tte r  o r  t o t a l  s o l i d s ,  

s p e c i f i c  g r a v i ty ,  and s t a r c h  c o n te n t o f  th e  p o ta to  (5 7 ) .  S p e c i f ic  g r a v i ty  

i s  commonly u sed  t o  e s t im a te  th e  p e rc e n t o f  d ry  m a tte r  i n  .p o ta to e s  ( 5 ) .
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The su g a r c o n te n t o f  th e  p o ta to  v a r i e s  from  t r a c e  am ounts to  10 p e r ­

c e n t o f  th e  d ry  w e ig h t. V a r ie ty  and te m p e ra tu re  a r e  th e  m ost im p o rta n t 

f a c t o r s  a f f e c t i n g  su g a r  c o n te n t d u r in g  s to ra g e  (5 1 )•  T o ta l  and re d u c in g  

su g a rs  a r e  in c re a s e d  a s  th e  s to ra g e  te m p e ra tu re  i s  d e c re a se d . O ther 

su g a rs  p r e s e n t  in  th e  p o ta to  in c lu d e  k e to h e p to s e , m e lib io s e ,  m e le z i to s e ,  

and  r a f f i n o s e  (5)«

Most consum ers d e s i r e  a  w h ite  p o ta to  t h a t  i s  n o t to o  sw e e t. A p o ta to  

h ig h  in  t o t a l  o r  re d u c in g  su g a rs  h as  a  l e s s  d e s i r a b le  f l a v o r ,  b u t i s  l e s s  

m ealy  and d ry ,  and s lo u g h s  l e s s  e x te n s iv e ly  th a n  a  p o ta to  low  in  s u g a rs .

P r o te i n s . P ro te in s  c o n s t i t u t e  2 p e rc e n t  o f  th e  p o ta to  on a  m o is t -

w eig h t b a s i s .  About o n e -h a lf  th e  n i t r o g e n  in  p o ta to e s  i s  in  th e  form  o f

p r o te in  (3 3 ) .  P o ta to e s  h ig h  in  n i t r o g e n  a r e  l e s s  m ealy , more m o is t ,

s lo u g h  l e s s  e x te n s iv e ly ,  b u t  have l e s s  a c c e p ta b le  f l a v o r s  th a n  p o ta to e s

TABLE I I I .  E s s e n t i a l  amino a c id s  su p p lie d  by  av e ra g e  d a i ly  r a t i o n  o f 
p o t a to e s . -L

AM0UNT IN 130 ,(HS. MIN. DAILY % DAILY MIN. 
AMINO ACID . WHOLE POTATOES REQUIEtEEtENT .REQUIREMENT

gms. gms.

L -try p to p h an 0 .020 0.25 8
L-pheny l a  la n in e 0 .135 1 .1 0 12
L -Iy s in e 0 .125 0 .8 0 16
I r th r e o n in e 0 .093 0 .50 18
L -v a l in e 0 .120 0 .80 15
L rm eth ion ine 0 .050 1 .1 0 4-5
L -Ie u c in e 0 .115 1 .10 14
I r i s o le u c in e 0.093 0 .70 13

^Woodward, C . F . ,  and  T a l le y ,  E . A .:  Review o f  th e  n it ro g e n o u s
c o n s t i tu e n t s  o f  th e  p o ta to .  Am. P o ta to  <J. 3 0 :2 0 5 , 1953«



low  in  n i t r o g e n .  I t  i s  th o u g h t t h a t  th e  n o n -p ro te in -n i t r o g e n  in  p o ta to e s  

may b e  r e s p o n s ib le  f o r  o f f - f l a v o r s  ( 5 ) .

In  T able I I I ,  Woodward and T a lle y  (65 ) have e s tim a te d  th e  e s s e n t i a l  

amino a c id s  su p p lie d  by  th e  av e ra g e  d a i ly  r a t i o n  o f p o ta to e s .  The d a i ly  

p e r  c a p i ta  consum ption o f  p o ta to e s  i n  th e  IJn ited  S ta te s  s u p p l ie s  4 to  18 

p e rc e n t o f  th e  minimum d a i l y  req u ire m en t f o r  th e  a d u l t  man o f  a l l  th e  

e s s e n t i a l  amino a c i d s .

M in e ra ls .  F in c h e r  (12 ) and MeGay (33) re p o r te d  t h a t  p o ta to e s  a r e  an  

im p o rta n t so u rc e  o f  p o ta ss iu m , s u l f u r ,  magnesium, c h lo r in e ,  co p p er, bo ron) 

s i l i c o n ,  f l u o r i n e ,  io d in e ,  alum inum , and m anganese.• T able IV shows th e  

m ill ig ra m s  o f  in o rg a n ic  e lem en ts  p r e s e n t  i n  10© gms. o f  p o ta to e s .  The 

t a b l e  i s  a  summary by I a m p itt  and G oldenberg  o f  av e ra g e  in o rg a n ic  c o n s t i t ­

u e n t v a lu e s  found by  d i f f e r e n t  i n v e s t i g a t o r s  ( 29 ) .

TABhE IV . The in o rg a n ic  c o n s t i tu e n t s  o f  p o ta to e s .  E xtrem es o f  a v e ra g e s .^

IMOBGAMIC ELEMENT MG./100  CM. INORGANIC EhEMEHT MG./100 GM.
Phosphorus
Calcium
Magnesium
Sodium
P o tassiu m
Iro n
.S u lfu r
C h lo rin e
Z inc
Bromine
Copper

116-314
32-88
65-136
26-332

1811-2430
2 .6 -  1Q.5 
109-213 
112-530
1 . 7 -  2 .2
4 . 8 -  8 .5  
0 .4 —1 .0

Boron
S i l i c o n
M anganese
F lu o r in e
Io d in e
l i th iu m
Aluminum
A rse n ic
Molybdeum
C o b alt
N ic k e l

4 .5 —8 .6  
5.1-17=3 
0 , 6- 8 .5  
0 .6 -8 .5  

0 . 02- 0 . 56- 
t r a c e  

2 . 9- 8 .8  
0 .3  

0 .2 6  
0 .2 6  
0.26

^ I a m p i t t , h . H ., and G oldenberg , N .: The com p o sitio n  o f th e  p o ta to .
Chem. In d .  1 8 :7 4 8 , 1940 .
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A sc o rb ic  a c i d . The d is e a s e  scu rv y  i s  r a r e  w herever p o ta to e s  a r e  used  

in  p l e n t i f u l  am oun ts. Throughout th e  M iddle Ages and th e  S ev en teen th  Cen­

tu r y  i n  G rea t B r i t a in  th e  w ork ing  c la s s  was in  a  s t a t e  o f  c h ro n ic  scu rv y . 

Two hundred  y e a r s  l a t e r  scu rv y  had been  a r r e s t e d  and th e  p o ta to  was con­

s id e r e d  m a in ly  r e s p o n s ib le  f o r  rem edying th e  d is e a s e  (49)«

A sc o rb ic  a c id  i s  th e  m ost abundan t v ita m in  i n  th e  p o ta to  and  th e  

m ost v a r i a b l e ;  in v e s t i g a t o r s  have r e p o r te d  5 t o  40 mg. o f  v ita m in  C 

p re s e n t  i n  100 gms. o f  raw  p o ta to e s .

H e l le r  e t  a l  (21) r e p o r te d  th e  v ita m in  C c o n te n t o f raw  p o ta to e s  to  

v a ry  from  8 .7  t o  1 5 .0  mg. p e r  100 gms. and th e  v ita m in  C c o n te n t o f 

steam ed cooked p o ta to e s  t o  b e  1 .0  t o  4«S mg- p e r  100 gms. . They found 56 

p e rc e n t  o f  th e  v ita m in  was l o s t  in  th e  cook ing  p ro c e s s ;  21 p e rc e n t o f th e  

lo s s  was found  in  th e  cooking  w a te r .  Much v ita m in  C was l o s t  by  p e e l in g  

th e  p o ta to e s  in  ad v an ce , s t o r in g  them  in  w a te r  i n  th e  r e f r i g e r a t o r ,  and 

d r a in in g  th e  w a te r  p r i o r  t o  co o k in g .

S t r e i g h to f f  eb a l  (53 ) a l s o  found t h a t  much o f th e  v ita m in  G l o s t  

d u r in g  cooking  was in  th e  cooking  w a te r .  The w orkers  r e p o r te d  24 to  68 

p e rc e n t o f  th e  t o t a l  a s c o rb ic  a c id  was l o s t  when th e  p o ta to e s  w ere mashed 

and  13 p e rc e n t when th e  p o ta to e s  w ere b o i l e d .  They r e p o r te d  3©»2 mg. 

t o t a l  a s c o r b ic  a c id  p e r  100 gms. o f raw  p o ta to e s  and 1 6 .8  mg. i n  mashed 

p o ta to e s .

McGay (33) s t a t e d  t h a t  d i f f e r e n t  i n v e s t i g a t o r s  have r e p o r te d  16 to  

35 p e rc e n t o f  th e  v ita m in  C i s  l o s t  d u r in g  th e  f re n c h  f r y in g  o f  p o ta to e s  

and  66 p e rc e n t l o s t  i n  p re p a r in g  h ash  b row ns.
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E ie h a rd so n , D av is , and M ay fie ld  (44 ) re p o r te d  th e  fo llo w in g  v a lu e s  

o f  a s c o r b ic  a c id  p e r  s e rv in g  (150 gms«) o f  cooked N e tte d  Gem p o ta to e s  

grown in  M ontana; b o i l e d ,  19»2 m g.; s team ed , 2 1 .2  m g .; b ak ed , 25 .5  m g.; 

f r i e d  (b o i le d  and  r e f r i g e r a t e d  o v e r n ig h t ) ,  1 4 .1  m g .; f r i e d  raw , 20 .6  m g .; 

m ashed, 1 6 .2  m g .; and e s e a l lo p e d  p o ta to e s ,  1 4 .1  mg. They found t h a t  f r y ­

in g  p o ta to e s  i n  m a rg a rin e  was l e s s  d e s t r u c t iv e  to  v ita m in  C th a n  f r y in g  

i n  h y d ro g en a ted  s h o r te n in g .

W att and M e r r i l l  in  Handbook No. 8 (62) re p o r te d  th e  a s c o rb ic  a c id  

c o n te n t o f  one cup o f  p o ta to e s  p re p a re d  i n  th e  fo llo w in g  w ays: hash  ■

brow ns, 14 m g .; mashed w ith  m ilk  ad d ed , 14 m g .; and f r i e d  raw  p o ta to e s ,

33 mg. They a l s o  r e p o r te d  a  y e a r- ro u n d  a v e ra g e  o f  I? ' mg. o f  a s c o rb ic  

a c id  p e r  100 gms. o f raw  p o ta to  (E .P .)  and  23 mg. p e r  100 gms. o f dehy­

d r a te d  p o ta to e s ,  o r  5*75 mg. p e r  100 gms. on a  r e c o n s t i tu te d  b a s i s  (19)* 

M u n se ll e t  a l  (38) found  th e  t o t a l  a s c o r b ic  a c id  c o n te n t o f papas 

(p o ta to e s )  in  G uatem ala to  ran g e  from  14=4 t o  47*6 mg. p e r  100' gms. o f 

raw p o ta to e s .  They r e p o r te d  t h a t  p o ta to e s  i n  C osta R iea v a r ie d  from  2 7 .8  

mg. t o  34*9 mg. o f  t o t a l  a s c o r b ic  a c id  p e r  100 gms. o f raw  p o ta to e s  (37)* 

The- v ita m in  C c o n te n t o f p o ta to e s  i s  h ig h e s t  a t  tim e  o f  h a r v e s t .  

K arikka and cow orkers (27) re p o r te d  26 mg. o f  v ita m in  C in  100 gms. o f 

raw  p o ta to e s  h a rv e s te d  in  th e  e a r ly  f a l l .  T h is v a lu e  d e c re a se d  to  8 mg. 

by  May. P o ta to e s  b o i le d  soon a f t e r  h a r v e s t in g  y ie ld e d  16 mg. v ita m in  C 

compared to  5 mg. f o r  p o ta to e s  b o i le d  a f t e r  e ig h t  to  n in e  m onths s to r a g e .  

They found t h a t  v ita m in  C lo s s  was g r e a t e r  when th e  p o ta to e s  w ere s to r e d  

a t  40°F . th e n  when s to r e d  a t  5©°F*
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M ay fie ld  e t  a l  (35 ) r e p o r te d  t h a t  N e tte d  Gem, p o ta to e s  s to r e d  s ix  

m onths a t  55°F . t o  60°F» in  a  d ry  room l o s t  l i t t l e  v ita m in  C. However, 

p o ta to e s ' s tp r e d  a t  3 7°F . to" 46CF . i n  a  damp c e l l a r  l o s t  o n e - th i r d  o f th e  

o r i g i n a l  v ita m in  C . '

L e ic h se n r in g  e t  a l  (30) re p o r te d  .th e  r e l a t i o n s h ip  o f  reduced  

a s c o r b ic  t o  d e h y d ro a se o rb ic  a c id  ( b io l o g ic a l ly  a c t i v e ) and  d ik e to g u lo n ic  

a c id  ( b io l o g ic a l ly  in a c t iv e )  i n  f r e s h ly  h a rv e s te d  p o ta to e s  was i n  th e  

r a t i o  o f  100 to  I .  A f te r  s e v e r a l  m onths o f  s to r a g e , much o f  th e  dehydro­

a s e o r b ic  a c id  had b een  l o s t .

P ro cessed  P o ta to e s

H is to ry  and developm en t. D eh y d ra tio n  i s  over 2 ,000  y e a r s  o ld .  The 

South  A m erican In d ia n s  p re s e rv e d  p o ta to e s  by  d e h y d ra tio n  in  200 A. D .; 

th e y  c a l le d  th e  p ro d u c t chuno (4 9 )•  The In d ia n s  sp re a d  th e  p o ta to e s  on 

th e  ground and l e f t  them  to  f r e e z e  d u r in g  th e  n ig h t .  I f  th e y  w anted to  

make w h ite  chuno, o r  t u n t a ,  th e y  would co v er th e  p o ta to e s  w ith  s tra w  b e ­

f o r e  th e  sun  r o s e .  The fo llo w in g  m orning th e  v i l l a g e r s  w ould t r e a d  th e  

p o ta to e s  t o  squeeze  th e  w a te r  o u t o f  th e  t u b e r .  This p ro c e s s  was r e p e a t­

ed fo u r  o r  f i v e  t im e s .  Then th e  chuno was d r ie d  i n  th e  sun  and  s to r e d .

I f  tu n t a  was t o  b e  made, th e  p o ta to e s  w ere n e x t p u t in to  a  sh a llo w  p o o l 

o f  w a te r ,  l e f t  f o r  two m onths, and l a t e r  d r ie d  in  th e  su n .

The chuno r e ta in e d  th e  shape o f th e  t u b e r .  The tu n t a  was much 

l i g h t e r  in  w eight, th a n  th e  chuno and v e ry  w h ite .  F lo u r  was made from  

th e s e  d r ie d  p ro d u c ts .

Chuno and  tu n t a  had an  im p o rta n t p a r t  i n  th e  economy and  s o c i a l
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l i f e  o f  th e  I n d ia n s .  Ghuno was found f r e q u e n t ly  in  P re-C olum bian g rav es  

on th e  c o a s t  o f  South  A m erica. A th o ro u g h  h i s to r y  o f  th e  p o ta to  can be  

found  in  The H is to ry  and  S o c ia l  In f lu e n c e  o f  th e  P o ta to  by Salaman (4 9 ) .

I n t e r e s t  i n  d e h y d ra tio n  o f  p o ta to e s  was renew ed d u r in g  W orld Wars I  

and  I I  ( 1 1 ,4 9 ) .  Some d e h y d ra tio n  was done com m ercia lly  i n  Europe and th e  

H n ited  S ta t e s  f o r  m i l i t a r y  u s e .  P o ta to e s  w ere p ro c e sse d  f o r  r e t a i l  con­

sum ers i n  1948 (2 2 ) .

The p ro d u c tio n  o f  p ro c e s se d  p o ta to e s  h a s  in c re a s e d  r a p id ly  each y e a r  

s in c e  1956. By i 960, 25 p e rc e n t o f th e  p o ta to e s  consumed in  th e  U n ited  

S ta t e s  w ere i n  th e  p ro c e s se d  fo rm . Some members o f th e  p o ta to  in d u s try  

p r e d ic t  t h a t  by  1970 50 p e rc e n t o f  th e  p o ta to  crop  w i l l  be  in  th e  p ro ­

c e sse d  form  and  t h a t  th e  o n ly  f r e s h  p o ta to  on th e  m arket i n  1975 w i l l  be 

p o ta to e s  f o r  b a k in g . Twenty-two p e rc e n t o f th e  p ro c e s se d  p o ta to e s  in  

1959 w ere d e h y d ra te d  (1 1 ) .  P ro d u c tio n  o f d e h y d ra ted  p o ta to e s  has  t r i p l e d  

i n  th e  l a s t  t h r e e  c rop  y e a r s .

P ro c e sse d  p o ta to  consum ption . P e r c a p i ta  consum ption o f p o ta to e s  

h as  d e c re a se d  in  th e  p a s t  f i f t y  y e a r s  i n  a lm o s t ev e ry  E uropean n a t io n  and 

in  th e  U n ite d  S ta t e s  ( 8 ,6 6 ) .  However, t h i s  d e c l in e  reac h ed  a  p la te a u  in  

th e  U n ited  S ta te s  i n  1950 and  has s in c e  rem ained  somewhat c o n s ta n t .  I t  

i s  th o u g h t t h a t  t h i s  h a l t  in  th e  d e c l in e  may b e  due to  th e  in c re a s e d  

p ro d u c tio n  and consum ption o f  p ro c e sse d  p o ta to e s  ( 8 ) .

In  tw en ty  y e a rs  th e  consum ption o f  p ro c e s se d  p o ta to e s  h as  r i s e n  from  

a  t r a c e  amount t o  o n e - f i f t h  o f  th e  t o t a l  p o ta to e s  consumed a s  fo o d . In ­

v e s t i g a to r s  have found th e  home u se  o f p ro c e s se d  p o ta to e s  in c re a s e d  a s
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p e o p le  moved to  a  h ig h e r  income s t a t u s . C o n v erse ly , u se  o f  f r e s h  p o ta ­

to e s  in c re a s e d  a s  th e  income o f  th e  ho u seh o ld  d e c re a se d  (S ) e

R e c o n s t i tu te d  d e h y d ra te d , f ro z e n  p re p a re d , and canned p o ta to e s  con- 

s t i t u t e d  two p e rc e n t o f  a l l  th e  m eals  se rv e d  i n  th e  U n ited  S ta t e s  in  

I 96O0 Mr0 Ao Eo M ercker, P re s id e n t  o f th e  N a tio n a l  P o ta to  C o u n c il, p re ­

d i c t s  t h a t  th e s e  p ro d u c ts  w i l l  c o n s t i t u t e  t e n  p e rc e n t o f  a l l  th e  m eals 

se rv e d  in  th e  U n ited  S ta t e s  by  1965 (3 6 )0 Table V in d i c a te s  th e  con­

sum ption  o f  p ro c e s se d  and f r e s h  p o ta to e s  p e r  p e rso n  f o r  1956 th ro u g h

I 960 (9 ) .

TABLE Vo Use o f  p o ta to  p ro d u c ts  p e r  p e rs o n , c ro p s  o f  1956-60 .

PRODUCTS 1956 1957 1958 1959 I 960
lb s* l b s . l b s . l b s . l b s .

F resh 93.0 9 2 .1 90 .2 88 .0 86*6
Chips 8 .7 1 0 .2 9 .9 1 1 .5 11 .9

■Frozen 2 .8 2 .8 4 .8 5 .6 8 .4
D ehydrated 1 .9 2 .2 3 -4 4 .3 5 .6
Canned 1*4 1 .5 ,1 .6 1 .4 ■ 1 .6

T o ta l 1 0 7 .8 1 0 8 .8  ' 109.9■ 1 1 0 .8 114 .1

!Econom ic R esearch  S e rv ic e :  M arket p o t e n t i a l  f o r  p ro c e s se d  p o ta to  p ro ­
d u c t s .  Uo So D ep t, o f  A g r i . ,  M ark e tin g  Economics D iv is io n ,  M arketing  
R esearch  R eport No. 505, O c to b e r, 1961.

R e s u lts  o f  a  s tu d y  by W alker (60) on f r d s h  and p ro c e s se d  p o ta to  

consum ption  in  M ilw aukee, W isco n sin , in d ic a te d  t h a t  few  o f th e s e  p eop le  

i n  1959 u sed  p ro c e s se d  p o ta to e s  r e g u la r ly .  The av e ra g e  M ilwaukee house­

h o ld  consumed 8 .5  pounds f r e s h  p o ta to e s ,  0 .8 2  ounces f r o z e n ,  0*05 ounces 

(d ry  w e ig h t) d e h y d ra te d , and 0 .4 3  ounces canned p o ta to e s  w eek ly .

F e u s te l  (11 ) r e p o r te d  t h a t  i n  I960  d e h y d ra te d  p o ta to e s  w ere p u rch ased
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by o n e - th i r d  o f  th e  f a m i l i e s  i n  th e  U n ited  S t a t e s .  However, i n s t i t u t i o n a l  

o u t l e t s  p u rch ased  more d e h y d ra te d  p o ta to e s  th a n  r e t a i l  o u t l e t s  (9)«  Dehy­

d r a te d  p o ta to e s  w ere c o n s id e re d  ad v an tag eo u s  s in c e  th e  consum ers made 
*

econom ica l sa v in g s  i n  s to r a g e ,  t r a n s p o r t a t i o n ,  la b o r ,  w a s te s ,  and c o s t 

p e r  s e rv in g .  The g r e a t e s t  s a v in g  made by  th e , u se  o f d e h y d ra te d  p o ta to e s  

was in  la b o r  c o s t s .  The second g r e a t e s t  was i n  w aste  c o s t s .

The c o s t  p e r  s e rv in g  of. mashed p o ta to e s  p re p a re d  from  f r e s h  and 

d e h y d ra te d  p o ta to e s  has  b een  c a lc u la te d  by  th e  Food Q u a li ty  la b o ra to r y .  

Human N u t r i t io n  R esearch  D iv is io n ,  A g r ic u l t u r a l  R esearch  S e r v ic e > U nited  

S ta t e s  D epartm ent o f A g r ic u l tu r e  (9 ) :

P o ta to e s ,  mashed (3 .5  o z . p e r  s e rv in g ) Cents
Home P re p a re d :

F re sh  p o ta to e s  ( I  pound) 7 .68
M ilk  ( 2 .1  o z . @ 0 .7 4 ^ /o z . ) 1 .55
T o ta l c o s t 9.23
Avg. c o s t / s e r v in g  (4 .1 /p o u n d ) ' 2.25

I n s t a n t :
D ehydrated  mashed (7 o z . package) 32.27
M ilk  (8 .2  o z . @ 7»4<p/oz. ) 6.07
T o ta l  c o s t 38.34
Avg. c o s t / s e r v in g  ( 1 1 .! /p a c k a g e ) 3.45

P ro c e s s in g . Not a l l  v a r i e t i e s  o f  p o ta to e s  a r e  s u i t a b l e  f o r  p ro c e s s ­

in g ;  u s u a l ly  th e  t o t a l  s o l id s  c o n te n t o f th e  p o ta to  m ust b e  h ig h  ( l l ) .

A p o ta to  w ith  22 p e rc e n t  s o l id s  y ie ld s  20 p e rc e n t more d e h y d ra te d  vege­

t a b l e  th a n  a  p o ta to  w ith  18 p e rc e n t s o l id s  (5 8 ) .

The R usse t Burbank i s  th e  m ost commonly u sed  p o ta to  i n  p o ta to  p ro ­

c e s s in g .  The R u sse t B urbank, a l s o  known a s  th e  N e tted  Gem i n  Montana 

(3 2 ) ,  i s  grown e x te n s iv e ly  i n  th e  P a c i f i c  N orthw est and M aine (5 9 ) .  I t  

i s  h ig h  in  dry  m a t te r ,  u sed  f o r  f l a k e  and g ra n u le  p ro c e s s in g ,  and some­
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t im e s  u sed  in  ch ip  m a n u fa c tu r in g „ Most o f  th e  d eh y d ra ted  p o ta to e s  a r e  

p roduced  in  Id ah o , w here f la k e  m an u fac tu re  o r ig in a te d .  C ontinuous r e ­

s e a rc h  i s  b e in g  conducted  t o  p roduce a  p o ta to  p ro d u c t w hich more c lo s e ly  

re sem b le s  f r e s h  p o ta to e s .  A l i s t  o f p ro c e s se d  p o ta to e s ,  p re s e n te d  by 

F e u s te l  (11 ) a t  th e  P o ta to  P ro c e s s in g  and  S to ra g e  C onference a t  Moses 

Lake, W ashington , i n  1961, f o l lo w s .

S u lfu r  d io x id e  i s  u s u a l ly  added to  th e  p o ta to e s  a f t e r ,  b la n c h in g .

I t  i s  added  in  th e  form, o f  sodium  s u l f i t e ,  sodium  b i s u l f i t e ,  o r  sodium 

m e ta s u l f i t e  (2 8 ) .  The s u l f i t e  i s  added in  200 to  500 ppm, b ased  on th e  

p e rc e n t s o l id s  i n  th e  mash (1 0 ,2 8 ) .  Eskew (10) re p o r te d  t h a t  m ost o f th e  

s u l f i t e  i s  l o s t  d u r in g  d e h y d ra tio n  and o n ly  ab o u t 20 ppm i s  r e ta in e d  in  

th e  p ro d u c t .  The a c t iv e  s u l f u r  d io x id e  rem a in in g  in  th e  p o ta to  f la k e s  i s  

l / lO  to  l / 3 0  th e  amount p r e s e n t  i n  r a i s i n s  and d r ie d  a p r i c o t s  (47)® The 

u se  o f s u l f i t e  in  p o ta to  p ro c e s s in g  p e rm its  u se  o f h ig h  d e h y d ra tio n  temp­

e r a t u r e s ,  w hich g iv e s  a  more porous p ro d u c t ( 2 8 ) .  I t  a l s o  p re v e n ts  th e  

developm ent o f  o f f - f l a v o r s  and d a rk e n in g  caused  by  non -enzym atic  brown­

in g  (2 8 ,4 7 ) .  .

The a d d i t io n  o f  s u l f i t e  t o  d eh y d ra ted  p o ta to e s  r e s u l t s  in  a  12. to  40 

p e rc e n t lo s s  o f  th e  o r i g i n a l  th ia m in e  in  th e  p o ta to e s ,  b u t  h a s  no e f f e c t  

on n ia c in  o r  a s c o r b ic  a c id  (33)®

The s u l f i t e  p r e s e n ts  problem s in  th e  d e te rm in a tio n  o f  a s c o rb ic  a c id  

i n  d e h y d ra te d  p o ta to e s .  I t  r e a c t s  in  much th e  same m anner a s  a s c o rb ic  

a c i d .  T h is r e s u l t s  in  in c o r r e c t  a s c q rb ic  a c id .d e te r m in a t io n s  u n le s s  th e  

s u l f i t e  i s  i n a c t iv a te d  (34)®
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TABLE VI

PROCESSED POTATO PRODUCTS1

F rozen  P ro d u c ts
F rench  f r i e s  
P a t t i e s .
Shredded 
Hash brown 
D iced
Mashed o r  whipped 
S tu f fe d  baked 
R isp o le  ■
Au G ra tin  
Delm onico 
S c a llo p e d  
Dutch p o ta to  s a la d

Creamed
B o iled
R oasted
C o ttag e  f r i e d
Pancakes
Dumplings
K nishes
B lin tz e s
Soup
D ehydrofrozen  mashed 
D ehydro frozen  d ic e d  
P o ta to e s  and p eas in  

cream  sauce

D ehydrated  P ro d u c ts  
I n s ta n t  mashed 

G ranu les 
F la k e s

D ice ( f o r  p re p a r in g  hash-brow n p o ta to e s ,  
g e n e ra l  pu rp o se  d is h e s ,  and f o r  
rem a n u fac tu re  in  canned , s tew s , 
h a sh , e t c . )

S l i c e s - ( f o r  p re p a r in g  s a la d s  and g e n e ra l  
p u rp o se  d is h e s )

S c a llo p e d
Au G ra tin  \i
Pancake m ixes )
F lo u r  ( f o r  p o ta to  b re a d ,  d o u g h n u ts , and  o th e r  

s p e c i a l t y  baked  goods and b re a d in g  
m a te r ia l )

E x p e rim e n ta l P ro d u c ts  ■
S p o n g e-dehyd ra ted  p o ta to  
Chip b a r s
Chip "co n fec tio n s  (candy f la v o re d )
P u ffs  D ip - s t ic k s  N uts
I n s t a n t  d e h y d ra ted  d ic e  and s l i c e s

P o ta to  Chips 
R eg u la r & c r in k le  
B a rb e q u e -fla v o re d  
C h e e se -f la v o re d  
Smoke-f la v o re d  
"D ip -C h ips"

P re -P e e le d  P ro d u c ts  
(F or f r e s h  d e l iv e r y  
t o  r e s t a u r a n t s )  

Whole p o ta to e s  
F rench  f r y  c u ts  
O il-b la n c h e d  
Hash brown 
S a lad

Canned P ro d u c ts  
Whole p o ta to e s  
S l ic e d  p o ta to e s  
S h o e s tr in g  p o ta to e s  
Hash Chowder
Stew , Soup
Pancakes Salad
S tr a in e d  Au G ra tin  
(baby food )

S ta rc h
R eg u la r and ch em ica lly  
m o d ified  p o ta to  
s ta r c h e s  f o r  u se  in  
p ap e r m a n u fa c tu re , 
t e x t i l e  s iz in g  and 
food  p ro c e s s in g .

TF e u s te l ,  I r v in  C . : P o ta to  d e h y d ra tio n  and new p ro d u c ts .  In  Proceed­
in g s  o f  th e  P o ta to  P ro c e s s in g  and S to ra g e  C onference , Moses. Lake, 
W ash ing ton , J a n u a ry , 1961, p .  ?•
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Eskew (10) r e p o r te d  t h a t  o th e r  a d d i t iv e s  i n  p o ta to  p ro c e s s in g  

in c lu d e  sm a ll am ounts o f  g ly c e r o l  monopaI m i ta te  to  im prove t e x t u r e .  The 

a d d i t iv e s  h e lp  t o  p re v e n t o x id a t iv e  r a n c i d i ty  and to  s t a b i l i z e  f la v o r  and 

t e x t u r e .  O ften  n i t r o g e n  p ack in g  i s  u sed  t o  c o n t ro l  th e  amount o f  oxygen 

in  th e  p ack ag e , g iv in g  th e  p ro d u c t lo n g e r  s to ra g e  l i f e .  S to ra g e  l i f e  i s  

a round  s i x  m onths a t  room te m p e ra tu re  i n  a  p ro p e r ly  s e a le d  package .

F lak e  manufa c t u r i n g . D ehydrated  p o ta to  f la k e s  w ere developed  a t  th e  

E a s te rn  U t i l i z a t i o n  R esearch  and Development D iv is io n  o f th e  A g r ic u l tu r a l  

R esearch  S e rv ic e  i n  P h ila d e lp h ia  (5 8 ) .  The p ro c e s s  was p u t un d er p u b lic  

p a te n t  i n  1956, p e rm i t t in g  f r e e  e n t ry  t o  a l l  p ro c e s s o r s .  Commercial p ro ­

d u c t io n  o f f l a k e s  began  in  1957« ■ By May, 1961, th e r e  w ere 16 p ro c e s so rs  

o f  d e h y d ra te d  mashed p o ta to e s ;  12 o f th e s e  p ro c e s se d  f la k e s  (9)«

F la k e s  a r e  m an u fac tu red  by  th e  d i r e c t  d rum -dry ing  m ethod (1 1 ) .  The 

s te p s  a r e  c a r e f u l ly  c o n t ro l le d  t o  p re v e n t c e l l  r u p tu r e , o r  th e  r e le a s e  o f 

f r e e  s t a r c h .  O th e rw ise , th e  r e s u l t i n g  p ro d u c t would b e  a  p a s ty  in s te a d  

o f a  f l u f f y  mashed p o ta to  (1 0 ) .

P o ta to e s  w ith  18 to  24 p e rc e n t s o l id s  a r e  u se d . F i r s t  th e  p o ta to e s  

a r e  washed and p e e le d .  Then th e  s u l f i t e  i s  added , fo llo w ed  by  in s p e c t io n ,  

trim m ing,, and m e te r in g . The p o ta to e s  a r e  s l i c e d  in to  o n e -h a lf  in ch  s la b s  

and  precooked  f o r  20 m in u te s  i n  w a te r  a t  160°F . The mash i s  coo led  f o r  

20 m in u te s . The p reco o k in g  and c o o lin g  s ta g e s  red u ce  th e  s o l u b i l i t y  o f 

th e  am ylose f r a c t i o n  o f  th e  f r e e  s t a r c h i, I f  th e  l a s t  two s te p s  a re  

o m itte d , o n ly  p o ta to e s  w ith  v e ry  h ig h  s o l id s  can be  u se d . N ex t, th e  p re ­

cooked p o ta to e s  a r e  cooked in  steam  f o r  20 t o  50 m in u te s . The a d d i t iv e s
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a r e  added b e fo re  r i c i n g ,  w hich i s  th e  n e x t s t e p .  Then th e  mash i s  

d e h y d ra te d  on th e  drum d ry e r  and e v e n tu a l ly  th e  t h i n  s h e e t  o f  p o ta to e s  

i s  c u t in to  o n e -h a lf  in c h  s q u a re s .  The s h e e t  i s  u s u a l ly  0 ,0 1 0  in c h e s  

th ick " . In  20 seco n d s , th e  m o is tu re  c o n te n t i n  th e  p o ta to  mash i s  reduced  

from  n e a r  80 p e rc e n t t o  5 p e rc e n t (1 0 ) .

■ F la k e s  a r e  more b u lk y  and c o s t ly  t o  h a n d le  th a n  p o ta to  g ra n u le s  (1 1 ) , 

b u t  G re ig  e t  a l  (16) found t h a t  th e r e  i s  h ig h e r  consumer a c c e p ta n c e  o f 

f l a k e s  th a n  o f g r a n u le s .

S l ic e  and d ic e  m a n u fa c tu r in g . P o ta to  d ic e s  a r e  u sed  p r in c i p a l l y  in- 

canned p ro d u c ts  a s  co rned  b e e f  h a sh , s tew , and soups and f ro z e n  meat p i e s .  

S c a llo p e d  and au  g r a t i n '  p o ta to e s ,  p o ta to  s a la d ,  and hash  brow ns show 

good consumer a c c e p ta n c e  ( I l ) .

D ehydrated  p o ta to  d ic e s  and s l i c e s  a r e  u s u a l ly  m an u fac tu red  from  

R u sse t Burbank p o ta to e s  i n  a  co n v ey o r-ty p e  d ry e r  (2 8 ) .  The p o ta to e s  a r e  

p e e le d  w ith  steam  o r  ly e ,  w ashed, in s p e c te d ,  trim m ed, and  c u t .  D ices 

a r e  cu t no l a r g e r  th a n  3 /8  o f  an  in c h  and  th e  s l i c e s ’ a r e  c u t l / 8  in c h  

th i c k  and I  in c h  in  d ia m e te r  (1 1 ) .  The b la n c h in g  s te p ,  by  steam  o r  b o i l ­

in g  w a te r ,  g r e a t ly  a f f e c t s  th e  t e x tu r e ,  d e h y d ra t io n , and sub seq u en t p o ta to  

r e c o n s t i t u t i o n  (2 8 ) .  S u lfu r  d io x id e  a n d /o r  ca lc iu m  s a l t s  a r e  added n e x t .  

Calcium  c h lo r id e  i s  added b e fo re  d ry in g  t o  p re v e n t th e  d ic e s  and s l i c e s  

from  b re a k in g  a p a r t  (1 1 ) .

A sc o rb ic  a c id  c o n te n t o f  d e h y d ra ted  p o ta to e s . B rin g  (4 ) re p o r te d  th e  

t o t a l  a s c o r b ic  ac id , i n  100 gms. o f d e h y d ra te d  mashed p o ta to  f la k e s  t o  be  

1 .7 5  mg. t o  1 1 .3 4  mg. and 0 .3 5  mg. t o  9 .3 1  mg. i n  100 gms. d eh y d ra ted  

mashed p o ta to  g ra n u le s .



H anning and Mudambi (19 ) re p o r te d  0 .6  t o  $ .1  mg. o f  b io l o g ic a l ly  

a v a i l a b l e  a s c o rb ic  a c id  in  25 gms. o f d e h y d ra te d  p o ta to  f la k e s  and pow der.

One food p ro c e s s in g  company (52) s t a t e d  t h a t  73 p e rc e n t o f  th e  v i t a ­

min C p re s e n t  a t  th e  tim e  o f  p ro c e s s in g  i s  r e ta in e d  in  th e  f la k e  and 70 

p e rc e n t i s  r e ta in e d  a f t e r  seven  m onths s to r a g e .  An a n a ly s i s  o f  t h e i r  p ro ­

d u c t by C u r t is  and Tomkins, L t d . , San F ra n c is c o , showed t h a t  th e r e  were 

8 .8  mg. o f  a s c o rb ic  a c id  p r e s e n t  in  100 gms. o f  d eh y d ra ted  mashed p o ta to e s  

Thomas (56) re p o r te d  t h a t  d e h y d ra ted  p o ta to  g ra n u le s  packaged f o r  

th e  U n ited  S ta t e s  Army m ust be  f o r t i f i e d  w ith  th ia m in e , a s c o rb ic  a c id ,  

and v ita m in  A. A pprox im ate ly  45 mg. o f  v ita m in  C i s  added to  one ounce 

o f  d e h y d ra ted  g r a n u le s . Thomas re p o r te d  t h a t  v ita m in  C s t a b i l i t y  o f 

p o ta to  g ra n u le s  s to r e d  a t  70°F . t o  IOO0F . f o r  one y e a r  was n o t a f f e c t e d .

C h em is try . V itam in  C i s  th e  f i r s t  v ita m in  f o r  w hich th e  m o lecu la r  

s t r u c t u r e  was e s ta b l i s h e d .  I t  was i s o l a t e d  from  lemon ju i c e  i n  1932 by 

C h a rle s  G. King and W illiam  Waugh (6 3 )•  The su b s ta n c e  was i d e n t i f i e d  a s  

a s c o rb ic  a c id  and was th e  same compound a s  th e  re d u c in g  su b s ta n c e  i s o la te d  

by S zen t-G y o rg y i in  1928. The s t r u c t u r e  o f  v ita m in  C, shown in  F ig u re  I ,

A sc o rb ic  A cid

HO-C-H
CH2OH

-2H . 
tTSh 0=9

H - I j J - O H
HO-CH

6h2oh
HO—C-H 

CH2OH

L -a sc o rb ic  a c id  L -d eh y d ro a sco rb ie  I rd ik e to g u lo n ic  a c id
(red u ced  form ) a c id  (o x id iz e d  form )

F ig u re  I .  V itam in  C. (64)
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c lo s e ly  re sem b le s  t h a t  o f  a  mono sac  charide<> T o ta l  a s c o rb ic  a c id  o ccu rs  

a s  red u ced  a s c o r b ic  a c i d ,  d e h y d ro a sc o rb ic  a c i d ,  and d ik e to g u lo n ic  a c id .

A sc o rb ic  a c id  i s  a  w h ite ,  o d o r le s s  c r y s t a l ,  s t a b l e  i n  th e  d ry  fo rm .

I t  d is s o lv e s  e a s i l y  i n  w a te r ,  e th y l  a l c o h o l ,  and  m e th y l a l c o h o l .  How­

e v e r ,  i t  i s  n o t s o lu b le  i n  e t h e r ,  x y le n e , b en zen e , c h lo ro fo rm , and o th e r  

f a t  s o lv e n t s .

A sc o rb ic  a c id  i s  e a s i l y  o x id iz e d  t o  d e h y d ro a sc o rb ic  a c id  i n  th e  p re ­

sen ce  o f  h e a t , l i g h t ,  oxygen, m e ta l l i c  io n s ,  enzym es, and a l k a l i e s .  Above 

pH 4 .0 ,  d e h y d ro a sc o rb ic  a c id  i s  a l s o  e a s i l y  h y d ro ly zed  to  d ik e to g u lo n ic  

a c i d ,  w hich h a s  no b i o l o g i c a l  a c t i v i t y  ( I ) .

A sc o rb ic  a c id  i s  a  s t ro n g  re d u c in g  a g e n t w hich i s  th e  b a s i s  f o r  

q u a n t i t a t i v e  m easurem ent o f  th e  v i ta m in .  I t  i s  o x id iz e d  by  io d in e ,  

B e n e d ic ts  s o lu t io n ,  and oxygen in  a l k a l i n e  s o lu t io n ;  i t  re d u c e s  F e h lin g  

s o lu t io n ,  n e u t r a l  s i l v e r  n i t r a t e ,  and n e u t r a l  p o ta ss iu m  perm anganate (24) .  

A sc o rb ic  a c id  and d e h y d ro a sc o rb ic  a c id  have p r o p e r t i e s  s im i la r  t o  s u g a r s , 

fo rm ing  o sazones and c o n v e r t in g  to  f u r f u r a l  ( 22 , 24)=

P h y s io lo g ic a l  im p o rta n c e . A sc o rb ic  a c id  i s  e s s e n t i a l  f o r  th e  

developm ent and m a in ten an ce  o f  i n t e r c e l l u l a r  cem ent, c o n n e c tiv e  t i s s u e ,  

and  c a p i l l a r y  b lo o d  v e s s e l s .  Development o f bone s t r u c t u r e  and norm al 

c a l c i f i c a t i o n  depend on a s c o rb ic  a c id  ( 24) .

I t  i s  in v o lv e d  in  th e  m etabo lism  o f p h e n y la la n in e  and  ty r o s in e ,  a c t ­

in g  a s  a  coenzyme; b u t  i t  can a l s o  i n h i b i t  th e  a c t io n  o f  some enzymes

(14 , 59) .

V itam in. C a id s  in  th e  a b s o rp t io n  o f  i r o n  from  th e  i n t e s t i n a l  t r a c t .
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The co n v e rs io n  o f  f o l i c  a c id  t o  th e  c itro v o ru m  f a c t o r  depends on th e  

p re se n c e  o f  a s c o rb ic  a c id  (14 )»

I t  i s  th o u g h t t h a t  a s c o r b ic  a c id  may be  in v o lv e d  in  th e  s y n th e s is  

o f  s t e r o i d  hormones from  c h o le s t e r o l  ( 4 2 )o There i s  ev id en ce  o f  a  red u c­

t i o n  o f  a s c o rb ic  a c id  and c h o le s t e r o l  i n  th e  a d re n a l  g la n d s  w ith  an  

in c re a s e d  p ro d u c tio n  o f  horm onese

The "theory  t h a t  a s c o r b ic  a c id  s t im u la te s  a n tib o d y  p ro d u c tio n  i s  

co n n ec ted  w ith  an  in c re a s e  i n  th e  re q u ire m e n t o f th e  v ita m in  d u rin g  in f e c ­

t i o n s  (? )»

A sc o rb ic  a c id  may b e  in v o lv e d  in  th e  m a tu ra tio n  o f re d  b lo o d  c o r­

p u s c le s  and m a in ten an ce  o f  norm al b lo o d  hem oglobin l e v e l s  (20)»  There 

i s  a l s o  th 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  betw een v ita m in  A l e v e l s  in  th e  

b lo o d  and plasm a a s c o rb ic  a c id  l e v e ls  (20)«

S cu rv y o Scurvy i s  a  n u t r i t i o n a l  d is e a s e  r e s u l t i n g  from  la c k  o f v i t a ­

min C. Symptoms o f  i n f a n t i l e  scu rv y  in c lu d e  p a in ,  te n d e r n e s s ,  sw e llin g  

o f  j o i n t s  and  l e g s ,  im p a ired  bone and d e n t in e  developm ent, anem ia, 

d ia r r h e a ,  lo s s  o f w e ig h t, f e v e r ,  v o m itin g , and im p a ired  wound h e a l in g

(42 , 64) .

A d u lt scu rv y  shows edema, p a in  a t  th e  j o i n t s ,  a n o r e x ia , anem ia, 

hem orrhages o f  c a p i l l a r i e s ,  g i n g i v i t i s ,  i n f e c t i o n ,  th i c k  and  s c a ly  s k in , 

im p a ired  wound h e a l in g ,  and changes in  s t r u c t u r e  o f th e  d e n t in e  o f th e  

t e e t h  (42 ,59 ,64)« .

The breakdow n o f o ld  wounds t h a t  have h e a le d  i s  n o t uncommon in  

s e v e re  s c u rv y . The i n t e r c e l l u l a r  cement becomes s o lu b le  and  th e r e  i s  no 

developm ent o f  new i n t e r c e l l u l a r  cement ( 64 ) .
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W hite e t  a l  ( 64) s t a t e d  th e  u n d e r ly in g  cause  f o r  a l l  th e  changes 

r e s u l t i n g  from  sc u rv y , e x ce p t anem ia, i s  th e  im p a ired  developm ent o f  c o l l ­

agen  and c h o n d ro i t in  s u l f a t e  (a  s u l f a t e d  m u co p o ly sacch arid e  in  c a r t i l a g e  

and  te n d o n s ) .

R equirem ents and  recommended a llo -w ances. Man, g u inea  p ig s ,  and 

monkeys r e q u i r e  a  d i e t a r y  so u rce  o f v ita m in  C5 p la n ts  and  o th e r  an im als  

can s y n th e s iz e  th e  v ita m in  from  c a rb o h y d ra te s »

A pprox im ate ly  I  mg, p e r  day p e r  k ilo g ra m  o f body w eig h t i s  r e q u ire d  

f o r  no rm al m a in ten an ce  o f  th e  human body (25)«  The N a tio n a l  R esearch  

C o u n c il (14 ) h as  s e t  recommended d i e t a r y  a llo w an ces  f o r  v ita m in  Co The 

recom m endations p ro v id e  a  s a f e ty  m arg in  and h e lp  t o  keep b lo o d  plasm a 

l e v e l s  a round  I  mg* p e r  100 m l. o f  b lo o d  p lasm a. These a llo w a n c e s  ta k e  

th e  fo llo w in g  in to  c o n s id e r a t io n : ( I )  amount o f v ita m in  C needed to  p re ­

v e n t f r a n k  s c u rv y , (2 ) a g e , (3 ) s e x , and  (4 ) g row th . I t  i s  known th a t  

10 to  20 mg0 d a i ly  o f  v ita m in  C w i l l  p re v e n t f r a n k  scu rv y  (1 4 )0 The 

N a tio n a l  R esearch  C o u n c il h as  recommended 70 to  75 mg. d a i ly  f o r  men and 

women in  th e  U n ited  S t a t e s .

S o u rc e s . V itam in  G i s  found in  a l l  h ig h e r  p l a n t s ,  e s p e c i a l l y  in  th e  

grow ing p a r t s .  Good so u rc e s  o f th e  v ita m in  a r e  c i t r u s  f r u i t s ,  s tra w ­

b e r r i e s ,  members o f  th e  cabbage fa m ily , and to m a to e s . Medium to  good 

so u rc e s  in c lu d e  p o ta to e s  and s w e e tp o ta to e s .  Green and y e llo w  v e g e ta b le s  

p ro v id e  m odest am ounts (7)«

A s tu d y  by  R ich ard so n  and  M ay fie ld  (43 ) on th e  v ita m in  C c o n te n t o f 

p re p a re d  w in te r  f r u i t s  and  v e g e ta b le s  p u rch ased  in  Montana r e v e a le d  t h a t  

f r u i t s ,  e s p e c i a l l y  c i t r u s  f r u i t s ,  w ere th e  m ost econom ical and b e s t
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so u rc e s  o f  th e  v i ta m in .  Cabbage, c a u l i f lo w e r ,  b r o c c o l i ,  and tom ato es  w ere 

good s o u rc e s .  In e x p e n s iv e  and f a i r l y  good so u rc e s  in c lu d e d  p o ta to e s ,  

p a r s n ip s ,  sq u ash , and  s w e e tp o ta to e s .

A l i s t  o f  some common A m erican fo o d s  and th e  a s c o rb ic  a c id  c o n te n t 

a s  r e p o r te d  by  W att arid M e r r i l l  (62 ) i s  shown in  Table VTI.

TABLE VIIo V itam in  C c o n te n t o f common ho u seh o ld  u n i t s  o f  common fo o d s .

FOOD MG. VIT0 C. FOOD MG. VIT. C.
A p p le s , raw , I  med. 6 O range j c e . ,  I  C. 122
A p r ic o ts ,  e n d . ,  1 C . 10 P apayas, raw , I  C. 7
A sp a rag u s, e n d . , 6 s p e a rs 19. P a r s n ip s ,  c k d .,  1 C . 19
B eans, e n d . , 1 C . 7 P each es, e n d .,  1 C . 11
B ro c c o l i ,  I  C. 111 P eas , e n d . , g re e n , I  C. 15 '
B ru s s e l  s p r o u ts ,  1 C . 61 P e p p e rs , g re e n , c k d . , 1 C . 64
Cabbage, raw , 1 C . 50 ' P in e a p p le , e n d . , I  s l i c e 11
C a rro t s , raw , I 3 P o ta to e s ,  bak ed , I  med. 17
C a u lif lo w e r ,  c k d . , 1 C . 34 P o ta to e s ,  f r i e d  raw , 1 C . 33
Corn, c k d . , I  e a r 8 P o ta to e s ,  hash  brow n, I  C. 14
C ra n b e r r ie s ,  raw , 1 C . 13 P o ta to e s ,  m ashed, 1 C . 14
G r a p e f r u i t ,  raw , l / 2  med. 76 P o ta to  c h ip s ,  10 med. 2
G uavas, raw , I 212 R a s p b e r r ie s ,  raw , 1 C . 29
Honeydew m elon , I  wedge 34 R hubarb, cooked, 1 C . 17
K ale , cooked, I  C. 56 R u tab ag as, cooked, I  C= 33
Lemon ju i c e ,  I  Tb. 7 S p in ac h , cooked, I  C= 54
L iv e r ,  b e e f ,  cooked, 2 o z . 18 S quash , summer, 1 C . 23
M angos, raw , I  med. 55 S tr a w b e r r ie s ,  raw , I  C= 89
M ilk j skim , I  C. 3 S w e e tp o ta to e s , b ak ed , I  med . 28
O kra, cooked, 8 pods 17 Tom atoes, raw , I  med. 35
O nions, cooked , 1 C . 13 T u rn ip s , cooked, I  C= 28
O ranges, w h o le , I  med. 77 W aterm elon, I  wedge 26

C hem ical a s s a y  m ethods. S in ce  a s c o r b ic  a c id  i s  such a  s tro n g  red u c­

in g  a g e n t ,  i t  le n d s  i t s e l f  e a s i l y  t o  q u a n t i t a t i v e  m easurem ent. Most 

ch em ica l m ethods o f  d e te rm in in g  a s c o rb ic  a c id  i n  p la n t  t i s s u e  in v o lv e  th e  

r e d u c t io n  o f  2 , 6 -d ic h lo ro p h e n o lin d o p h e n o l dye and  io d in e  o r  th e  fo rm a tio n  

o f  an  bsazone w ith  2 , 4 -d in i tro p h e n y !h y d ra z in e  ( I ) .

The m a te r ia l s  t o  b e  t e s t e d  sh o u ld  b e  h an d led  c a r e f u l ly  and q u ic k ly .
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The a s c o r b ic  a c id  shou ld  be s t a b i l i z e d  in  a c id s  such a s  a c e t i c  a c id ,  t r i ­

c h lo ro a c e t ic  a c id ,  o x a l ic  a c id ,  and m e tap h o sp h o ric  a c id .  The a c id  

i n a c t i v a t e s  a s c o rb ic  a c id  o x id a se  and i n h i b i t s  th e  o x id iz in g  a c t io n  o f 

m e ta ls .

The re d u c t io n  o f  2 , 6 -d ic h lo ro p h e n o lin d o p h e n o l dye by a s c o rb ic  a c id  

m easures reduced  a s c o rb ic  a c id  o n ly . The dye i s  b lu e  in  a l k a l i ,  re d  in  

a c id ,  and c o lo r l e s s  when c o m p le te ly  reduced  (3 )°  The re d u c t io n  o f th e  

dye by a s c o rb ic  a c id  i s  shown in  F ig u re  2 . A b u f fe re d  sam ple e x t r a c t  i s

HO-q-H
CH2OH

Cl
HO <  \  -N =< V  =O

Cl

2 , 6 -d ic h lo ro p h e n o l­
in d o p h e n o l dye

Cl
HO <  >  -NH- <  ^OH +

Cl

Reduced dye

A sc o rb ic
a c id

Dehydro-
a s c o rb ic

a c id
F ig u re  2 . R ed u c tio n  o f

2 , 6 -d ic h lo ro p h e n o lin d o p h e n o l by a s c o rb ic  a c i d .  ( I )  

added  to  th e  dye and th e  re d u c t io n  i s  m easured p h o to e l e c t r i c a l l y  by re a d ­

in g s  made a t  10 and 20 seconds and e x t r a p o la t in g  to  0 t im e .  B essey (2 ) 

su g g e s te d  15 and 30 second re a d in g s  f o r  d e h y d ra ted  v e g e ta b le s  a s  th e  

re d u c in g  su b s ta n c e s  i n  th e s e  foods have been  c o n c e n tra te d .  The in f lu e n c e  

o f  c e r t a in  re d u c in g  a g e n ts  o th e r  th a n  a s c o r b ic  a c id  can be  av o id ed  in  t h i s  

m ethod. These su b s ta n c e s  red u ce  th e  dye a t  a  much s low er r a t e  th a n  th e  

a s c o r b ic  a c i d .  B essey  and King (3 ) d ev eloped  th e  in d o p h en o l dye t i t r a t i o n  

m ethod in  1933* S in ce  th e n ,  many m o d if ic a t io n s  o f th e  method have been 

made (2 ,2 6 ,3 1 ,3 4 )*

T o ta l a s c o rb ic  a c id  (red u ced  a s c o rb ic  a c i d ,  d e h y d ro a sc o rb ic  a c id ,  and
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d ik e to g u lo n ic  a c id )  i s  d e te rm in ed  p h o to e l e c t r i c a l l y  by  th e  fo rm a tio n  o f 

b i s - 2 ,4 - d in i t r o p h e n y Ih y d razo n e  (24 , 4 6 ) ,  N o r ite  o x id iz e s  th e  a s c o rb ic  a c id  

to  d e h y d ro a sc o rb ic  a c id  w hich i s  c o n v e rte d  t o  2 ,3 - d ik e t0g u lo n ic  a c id .  The 

d ik e to g u lo n ic  a c id  co u p le s  w ith  2 , 4 -d in itro p h e n y !h y d ra z in e  t o  form  th e  

re d -o ra n g e  o sazo n e . The osazone i s  s o lu b le  in  s t ro n g  a c i d .  E ig h ty - f iv e  

p e rc e n t s u l f u r i c  a c id  i s  added  t o  th e  osazone and th e  c o lo r  m easured 

p h o t o e l e c t r i c a l l y  a f t e r  10 m in u te s . The c o lo r  i s  s ta b l e  f o r  s e v e r a l  

h o u rs  a f t e r  th e  s u l f u r i c  a c id  i s  added (5 0 ) .  The s u l f u r i c  a c id  a l s o  

d is s o lv e s  i n t e r f e r r i n g  s u b s ta n c e s .  T h iourea  p re v e n ts  th e  in t e r f e r e n c e  o f 

o x id a n ts  i n  th e  f i n a l  c o lo r  developm ent. Roe and K uether (45) developed  

t h i s  m ethodj many m o d if ic a t io n s  have been  developed  from  i t  ( 1 ,1 8 ,4 6 ,5 0 ) .

A l l  sam ples t o  b e  t e s t e d  sh o u ld  be  done so im m ed ia te ly  to  av o id  e r r o r  

th ro u g h  lo s s  o f a s c o rb ic  a c i d .  Some a s c o r b ic  a c id  may be l o s t  in  th e  

f i l t e r i n g  o f  s ta r c h y  v e g e ta b le  e x t r a c t s .  None a p p e a rs  t o  be  l o s t  i f  th e  

e x t r a c t  i s  c e n t r i f u g e d  ( 24) .

The p re se n c e  o f  s u l f u r  d io x id e  in  d e h y d ra te d  f r u i t s  and  v e g e ta b le s  

cau ses  an  a lm o s t 'i n s t a n t eous r e d u c t io n  o f  th e  in d o p h en o l d y e . A cetone h as  

b een  su g g e s te d  by  Mapson (34) to  remove th e  s u l f i t e .  The a d d i t io n  o f a c e ­

to n e  to  s u l f u r  d io x id e  in  an  a c id  s o lu t io n  form s a c e to n e  b i s u l f i t e ,  w hich 

w i l l  n o t red u ce  th e  dye o r  i n t e r f e r e  w ith  th e  re d u c t io n  by a s c o rb ic  a c id .  

The s u l f u r  can be  i n  t h e  form  o f s u l f i t e ,  b i s u l f i t e ,  o r  m e ta s u l f i t e .

Mapson u sed  5 m l. o f  a c e to n e  p e r  20 m l. o f  e x t r a c t  i n  th e  t i t r a t i o n  method 

o f  th e  in d o p h en o l dye p ro c e d u re . The e x t r a c t  was th e n  made up to  25 m l. 

a f t e r  sh ak in g  w ith  th e  a c e to n e .  Mapson o b ta in e d  good r e s u l t s ,  even i f  th e
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s u l f i t e  was f o r t y  tim e s  g r e a t e r  th a n  th e  a s c o rb ic  a c i d .  The rem oval o f 

s u l f i t e  by  e v a c u a tio n  w ith  n i t r o g e n  was a l s o  su g g e s te d , b u t i t  was n o t a s
M-.-

s u c c e s s f u l  a s  th e  a c e to n e  p ro c e d u re ,

L o e f f le r  and P o n tin g  (31) a d a p te d  M apson?s a c e to n e  method to  th e  

in d o p h e n o l c o lo r im e t r ic  m ethod, They found t h a t  one p a r t  a c e to n e  added 

t o  te n  p a r t s  sam ple e x t r a c t  p re v e n te d  in t e r f e r e n c e  o f 500 ppm o f s u l f u r  

d io x id e  i n  a s c o rb ic  a c id  d e te rm in a t io n s .  The dye must b e  s ta n d a rd iz e d  

w ith  a c id  c o n ta in in g  th e  same c o n c e n tra t io n  o f a c e to n e  (3 1 ,3 4 )°

G u ild  e t  a l  (17) compared th e  in d o p h e n o l dye (2 ) and 2 , 4 - d i n i t r o -  

.pheny!h y d ra z in e  (46 ) m ethods in  th e  a b i l i t y  t o  m easure d e h y d ro asco rb ic  

a c id  and a s c o rb ic  a c id  o f  f r e s h  and  s to r e d  s o lu t io n s .  They b e l ie v e d  t h e i r  

r e s u l t s  showed t h a t  th e  2 , 4 - d i n i t ropheny!h y d ra z in e  method m easured more 

th a n  th e  b io l o g ic a l ly  a c t i v e  form s o f v ita m in  C a s  c a l c u la t io n s  f o r  r e ­

duced a s c o rb ic  a c id  i n  t h i s  method w ere h ig h e r  th a n  v a lu e s  shown f o r  th e  

dye m ethod. G u ild  and  cow orkers a l s o  su g g e s te d  th e  u se  o f  o x a l ic  a c id  a s  

th e  e x t r a c t in g  a c id  a s  i t  i s  more e f f e c t i v e ,  v e ry  s t a b l e ,  in e x p e n s iv e , and 

e a s i l y  p re p a re d .



CHAPTER I I

PURPOSE

S in ce  d e h y d ra te d  p o ta to e s  c o n s t i t u t e  a  m easu rab le  and  somewhat 

in c r e a s in g  p a r t  o f  p o ta to  consum ption in  th e  U n ited  S t a t e s ,  t h i s  in v e s ­

t i g a t i o n  was conducted  to  a s c e r t a i n  th e  a s c o rb ic  a c id  v a lu e  o f d eh y d ra ted  

p o ta to  d ic e s ,  s l i c e s ,  and f l a k e s .

The o b je c t iv e s  o f  t h i s  experim en t w ere th e  f o l lo w in g ;■ ( I )  to  

d e te rm in e  th e  red u ced  a s c o rb ic  a c id  c o n te n t o f uncooked and cooked 

d e h y d ra te d  p o ta to  d ic e s ,  s l i c e s ,  and f l a k e s  o f  two com m ercial b ra n d s 5 

( 2 ) to  c a l c u la te  th e  a s c o rb ic  a c id  c o n te n t o f  one s e rv in g  cooked dehy­

d r a te d  p o ta to e s ;  (3 ) to  compare th e  a s c o r b ic  a c id  c o n te n t o f  hash  brow ned, 

m ashed, and  f r i e d  p o ta to e s  p re p a re d  from  f r e s h  and d e h y d ra te d  p o ta to e s ;  

and  (A) to  a n a ly z e  th e  r e s u l t s  s t a t i s t i c a l l y .



CHAPTER I I I

EXPERIMENTAL PROCEDURE

The p o ta to  p ro d u c ts .f ro m  th e  two com m ercial food  p ro c e s s in g  com­

p a n ie s ,  d e s ig n a te d  a s  Brand X and Brand T, w ere re c e iv e d  in  December,

1961. The d e h y d ra te d  p o ta to e s  w ere s to r e d  in  th e  d a rk  a t  23°C. (7 3 °F .)  

in  th e  Home Econom ics R esearch  la b o ra to r y  o f th e  A g r ic u l tu r a l  Experim ent 

S ta t io n  o f M ontana S ta te  C o lle g e , where th e  p o ta to e s  w ere a n a ly z e d .

Raw N e tte d  Gem p o ta to e s  c o n s t i tu te d  th e  e x p e r im e n ta l c o n t r o l .  The 

N e tte d  Gems w ere p u rch ased  from  a v a r i e ty  o f l o c a l  food  s t o r e s .  I f  th e  

p o ta to e s  w ere n o t a n a ly z e d  th e  day p u rc h a se d , th e  tu b e r s  w ere s to r e d  in  

a  p r iv a t e  home a t  IO0C. t o  IA0C.. ($0°F . t o  57°F . ) .

D e te rm in a tio n s  w ere made on s ix  packages each o f d eh y d ra ted  p o ta to  

d ic e s ,  s l i c e s ,  and f la k e s  o f Brand X and Brand T. There was a  t o t a l  o f 

36 packages o f d e h y d ra ted  p o ta to e s  a n a ly z e d  f o r  a s c o rb ic  a c i d .  Two 

sam ples w ere ta k e n  from  each  pack ag e . Three c o lo r im e tr ic  d e te rm in a tio n s  

w ere made on th e  s lu r r y  from  each sam ple . One sample was an a ly z e d  f o r  

red u ced  a s c o rb ic  a c id  in  th e  uncooked p ro d u c t . The second sam ple was 

p re p a re d  a c c o rd in g  to  th e  m a n u fa c tu re r ’ s d i r e c t io n s  on th e  p ackage . The 

d ic e s  w ere p re p a re d  a s  hash  b row ns, th e  s l i c e s  a s  f r i e d  p o ta to e s ,  and th e  

f la k e s  a s  mashed p o ta to e s ,.

No r e p o r t s  cou ld  be  found in  th e  l i t e r a t u r e  in  w hich a c e to n e  had 

b een  added to  th e  sam ple e x t r a c t  o f  th e  d eh y d ra ted  p o ta to e s  t o  p rev en t 

th e  i n t e r f e r e n c e  o f s u l f i t e  i n  th e  2 , A -d in itro p h e n y !h y d ra z in e  method o f 

a s c o r b ic  a c id  a n a l y s i s .  A p re lim in a ry  experim en t was conducted  to  

d e te rm in e  i f  t h i s  cou ld  be  done. The r e s u l t s  in d ic a te d  t h a t  a c e to n e  could  

n o t be  added to  th e  e x t r a c t s  o f p o ta to e s  an a ly z e d  by  t h i s  m ethod.
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The reduced  a s c o r b ic  a c id  c o n te n t o f th e  uncooked and cooked dehy­

d ra te d  p o ta to e s  was d e te rm in ed  by th e  2 , 6 -d ic h lo ro p h e n o lin d o p h e n o l 

c o lo r im e t r ic  method a s  o u t l in e d  in  M ethods o f  Vitamin, A ssay  ( l ) , This 

m ethod i s  b ased  on th e  r e d u c t io n  o f th e  in d o p h en o l dye by th e  a s c o rb ic  

a c id  p re s e n t  i n  th e  sam ple e x t r a c t .  M o d if ic a tio n s  developed  by Mapson 

(34) and L o e f f le r  and P o n tin g  (31) were- a p p l ie d  t o  p re v e n t th e  i n t e r ­

fe re n c e  o f th e  s u l f i t e  p r e s e n t  i n  th e  d e h y d ra te d  p o ta to e s .  The 

e x t r a c t in g  a c id s  used  w ere 0 .5  and 0 .2 5  p e rc e n t o x a l ic  a c i d .  The p o ta to  

s l u r r i e s  w ere c e n t r i f u g e d .  T his was found  to  be  much more s a t i s f a c t o r y  

th a n  f i l t e r i n g .

The m o d ifie d  p ro ced u re  i s  d e s c r ib e d  below :

I .  P re p a ra t io n  o f P o ta to  Samples a

A. F la k e s ,  Brand Xj p re p a re d  a s  mashed p o ta to e s .  One and o n e - th i rd  

cups o f  ta p  w a te r  c o n ta in in g  2 gms. o f s a l t  were b ro u g h t t o  a 

b o i l . .  O ne-hundred s ix  gms. o f  c o ld  skim  m ilk  w ere added n e x t .

Then 70 gms. o f d e h y d ra ted  f la k e s  w ere added t o  th e  l i q u id  and 

g e n t ly  s t i r r e d .  The mashed p o ta to e s  w ere w eighed .

F la k e s ,  Brand Y, p re p a re d  a s  mashed p o ta to e s .  One and o n e -h a lf  

cups o f  ta p  w a te r  c o n ta in in g  2 gms. o f  s a l t  w ere b ro u g h t t o 'a  

b o i l .  O ne-hundred tw en ty -tw o  gms. o f co ld  skim  m ilk  and 90 gms. 

o f p o ta to  f la k e s  w ere added and th e  m ix tu re  g e n t ly  s t i r r e d .  N ext, 

th e  mashed p o ta to e s  w ere w eighed = .

( I )  A 50 gm. sam ple o f mashed p o ta to e s  was t r a n s f e r r e d  to  a

W aring b le n d e r .  Then 50 m l. o f  0 .5 #  o x a l ic  a c id ,  300 m l.- 

o f 0 . 25# o x a l ic  a c id  w ere ad d ed . The s lu r r y  was b len d ed  f o r



one m in u te . An a l iq u o t  o f s l u r r y  was im m ed ia te ly  t r a n s ­

f e r r e d  to  a c e n t r i f u g e  tu b e  and c e n tr i fu g e d  f o r  10 m inu tes 

a t  2000 rpnu The s u p e rn a ta n t  l i q u id  was th e n  d eca n ted  in to  

a  c le a n  c e n t r i f u g e  tu b e  and a g a in  c e n tr ifu g e d  f o r  10 m in u te s . 

(2 ) S ix  m l. o f th e  e x t r a c t ,  1 2 .5  m l. o f 0 .5 $  o x a l ic  a c id ,  I  m l. 

o f  c i t r a t e  b u f f e r ,  and 2 .5  m l. o f a c e to n e  w ere added to  a 

25 m l. v o lu m e tr ic  f l a s k .  D i s t i l l e d  w a te r  was added to  make 

up to  volum e. The p ro ced u re  was co n tin u ed  a s  i n  F&rt 2 , 

C o lo r im e tr ic  R ead ings.

S l i c e s ,  Brand X and Brand Y, p re p a re d  a s  f r i e d  p o ta to e s .  Two and

tw o - th i rd s  cups o f ta p  w a te r  c o n ta in in g  4 gms. o f  s a l t  were

b ro u g h t to  a  b o i l .  E ig h ty  gms. d eh y d ra ted  p o ta to  s l i c e s  were

added to  th e  w a te r  and simmered u n t i l  te n d e r ,  ab o u t 15 m in u te s .

'The r e c o n s t i tu te d  p o ta to e s  w ere d ra in e d  and w eighed . They w ere

f r i e d  in  15 gms. o f m e lted  h y d ro g en a ted  s h o r te n in g  in  a - c a s t  •

i r o n  f r y  pan u n t i l  go lden  brow n, ab o u t 20 m in u te s . Then th e
1

f r i e d  p o ta to e s  w ere w eighed .

(1 ) A 25 gm» sam ple was t r a n s f e r r e d  to  a  W aring b le n d e r .  Twenty- 

f i v e  m l. o f 0 .5 $  o x a l ic  a c id  and 200 m l. o f 0 . 25$ o x a l ic  a c id  

w ere added and th e  s lu r r y  b le n d e d  f o r  one m in u te . Then,

250 m l. o f  0 . 25$ o x a l ic  a c id  w ere added and a g a in  b lended  

f o r  o n e -h a lf  m in u te .

(2 ) The s lu r r y  o f f r i e d  p o ta to e s  was c e n tr i fu g e d  a s  in  A (I)  and 

t r e a t e d  a s  in  A( 2 ) .
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C. D ices , Brand X  and Brand Y, p re p a re d  a s  hash  b row ns. S ev en ty - 

two gms. d e h y d ra te d  p o ta to  d ic e s  and 2 gms. o f s a l t  w ere added 

to  1 -1 /2  cups o f  ta p  w a te r .  The p o ta to e s  and w a te r  w ere b ro u g h t 

t o  a  b o i l  and simmered u n t i l  t e n d e r ,  a p p ro x im a te ly  15 m in u te s .

The r e c o n s t i tu te d  d ic e s  w ere th e n  d ra in e d  and w eighed . The d ic e s  

w ere f r i e d  in  15 gms. m e lted  hyd ro g en a ted  s h o r te n in g  in  a  c a s t  

i r o n  f r y  pan f o r  20 to  25 m in u te s . The hash  brow ns w ere w eighed 

and t r e a t e d  a s  in  B (I )  and B (2 ) .

D. D ehydrated  p o ta to e s ,  uncooked. Two-hundred f i f t y  m l. o f  0 .2 5 /  

o x a l ic  a c id  w ere added to  10 gms. o f d eh y d ra ted  p o ta to e s  and th e  

m ix tu re  was l e f t  to  s ta n d  f o r  30 m in u te s . Then th e  d ic e s  and 

s l i c e s  w ere b le n d ed  f o r  two m in u te s . The f la k e s  w ere b len d ed  f o r  

one m in u te . The s l u r r i e s  w ere c e n tr i fu g e d  a s  i n  A (I )  and t r e a t e d  

a s  i n  A (2 ) , u s in g  6 m l. o f s lu r r y  in  th e  f i n a l  25 m l. d i l u t i o n .

E . Raw p o ta to e s .  N e tte d  Gem p o ta to e s  w ere p e e le d  and a  50 gm. sample 

r e p r e s e n t in g  a l l  p a r t  s'" o f th e  p o ta to  tu b e r  was' t r a n s f e r r e d  to  a 

W aring b le n d e r .  F i f t y  m l. o f 0 . 5 /  o x a l ic  a c id  and  150 m l. o f 

0 . 25/  o x a l ic  a c id  w ere added t o  th e  p o ta to e s  and b le n d ed  f o r  f iv e  

m in u te s . The raw  p o ta to  s lu r r y  was c e n tr ifu g e d  a s  in  A (I)  and 

t r e a t e d  a s  in  A( 2 ) ,  ex cep t 3 m l. o f  th e  raw p o ta to  e x t r a c t  was 

u sed  in  th e  25 m l. d i l u t i o n .

2 . C o lo r im e tr ic  R ead ings.

A. Ten m l. o f d i s t i l l e d  w a te r  w ere added t o  a  c u v e t te .  The c u v e tte  

was p la c e d  in  th e  E velyn  c o lo r im e te r  and th e  ga lvonom eter s e t  "at
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100% t r a n s m is s io n .  A 520 nju' f i l t e r  was u se d . The c e n te r  s e t t i n g  

was n o te d .

B. F iv e  m l. o f d i l u te d  dye s o lu t io n  w ere added to  each  c u v e t te .

C. F iv e  m l. o f b u f fe re d  sam ple e x t r a c t  w ere added by  means o f a 

r a p id  d e l iv e r y  p ip e t  t o  th e  d i l u t e d  dye s o lu t io n .  The r e a c t io n  

was tim ed  from  th e  s t a r t  o f  th e  d e l iv e r y  o f th e  sam ple e x t r a c t .

The c u v e t te  was g e n t ly  s w ir le d  t o  th o ro u g h ly  mix th e  s o lu t io n s .  

Then th e  c u v e t te  was p la c e d  in  th e  E velyn  c o lo r im e te r .  R eadings 

w ere made a t  15 and 30 s e c o n d s . '

D. A c r y s t a l  o f  a s c o rb ic  a c id  was added to  th e  s o lu t io n  to  co m p le te ly  

red u ce  th e  d y e . The d i f f e r e n c e  betw een th e  o p t i c a l  d e n s i ty  o f th e  

dye co m p le te ly  red u ced  and th e  o p t i c a l  d e n s i ty  o f th e  dye reduced  

by th e  sam ple e x t r a c t  was used  in  c a lc u la t in g  th e  a s c o rb ic  a c id  

c o n te n t o f th e  sam p le . The gaIvonom eter re a d in g  was re c o rd e d .

E . S o lu tio n s  w ith  a c e to n e  added to  p re v e n t th e  in t e r f e r e n c e  o f s u l ­

f i t e  and a p p r o p r ia te  b la n k s  w ere p ro c e sse d  in  a  s im i la r  m anner.

3 .  S tan d a rd  C urve.

A. A 100 mg. % s ta n d a rd  a s c o rb ic  a c id  s o lu t io n  was p re p a re d . A d i l ­

u te d  s to c k  s o lu t io n  was p re p a re d  by ad d in g  5 m l. o f  th d  s ta n d a rd  

s o lu t io n  to  a  100 m l. v o lu m e tr ic  f l a s k  and d i l u t i n g  to  volume 

w ith  d i s t i l l e d  w a te r .

B. One, tw o , and th r e e  m l. o f th e  d i l u t e d  s to c k  s o lu t io n  w ere 

p ip e t t e d  i n t o  th r e e  25 m l. v o lu m e tr ic  f l a s k s .  One m l. Cf c i t r a t e  

b u f f e r ,  12 .5  m l. o f  0.5% -oxalic  a c i d ,  and d i s t i l l e d  w a te r  added 

t o  make up t o  volume w ere added t o  each  f l a s k .
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C. The s ta n d a rd  cu rve f o r  th e  s u l f i t e d  p o ta to e s  was p re p a re d  in  th e  

same m anner, w ith  th e  a d d i t io n  o f 2 .5  m l. o f a c e to n e  to  each ■

25 m l. v o lu m e tr ic  f l a s k .

D. The s o lu t io n s  w ere t r e a t e d  a s  i n  P a r t  2 o f P ro ced u re .

The a s c o rb ic  a c id  c o n te n t o f th e  uncooked and cooked d eh y d ra ted  

p o ta to e s  was c a lc u la te d  on a  d e h y d ra te d , o r  d ry ,.w e ig h t  b a s i s  and on a 

r e c o n s t i t u t e d ,  o r  f r e s h ,  w eig h t b a s i s .  Mi'crograms o f a s c o rb ic  a c id  p e r  

gram o f food  =

K C
D

K (o p t ic a l  d e n s i t y ) d i lu t i o n  f a c to r  
w eigh t o f sam ple

C =  c o n c e n tra t io n  o f a s c o rb ic  a c id  in  / ig /m l .  o f 
w orking  a s c o rb ic  a c id  s ta n d a rd .

D = o p t i c a l  d e n s i ty  =
(Log Gj3-Log Gq ) -  (Log Gj3-Log ) sam ple

G0 =  re a d in g  a t  O t im e , c a lc u la te d  by  e x t r a p o la t in g
to  O tim e  from  re a d in g s  made a t  15 and 30 seco n d s .

Gj3 =  re a d in g  w ith  dye co m p le te ly  re d u c e d .

Three sam ples o f  cooked d eh y d ra ted  mashed p o ta to e s  w ere an a ly zed  f o r  

a s c o rb ic  a c id  by  th e  2 , 4 - d i n i t ro p h e n y lh y d ra z in e  method, o f S c h a f f e r t  and 

K in g sley  (50) and by  th e  2 , 6 -d ic h lo ro p h e n o lin d o p h e n o l method ( I ) .  T his 

p a r t  o f th e  experim en t was conducted  to  d e te rm in e  i f  r e s u l t s  r e p o r te d  'by 

B rin g  (4 ) on a s c o r b ic  a c id  i n  d eh y d ra ted  p o ta to  f la k e s  co u ld  be  compared - 

w ith  r e s u l t s  o b ta in e d  in  t h i s  s tu d y . B rin g  d e term ined  t o t a l  a s c o rb ic  a c id  

by  th e  Roe and O e s te r l in g  method o u t l in e d  in  V itam in M ethods. I .  ( 1 8 ) . .

The S c h a f f e r t  and K in g sley  (50) method i s  a  m o d if ic a t io n  o f t h i s  m ethod. 

The 2 , 6 -d ic h lo ro p h e n o lin d o p h e n o l dye m ethod m easures o n ly  reduced



a s c o r b ic  a c i d .  L e ic h se n r in g  e t  a l  (30) found  d e h y d ro a sc o rb ic  a c id  t o  be 

one p e rc e n t o r  l e s s  o f th e  t o t a l  a s c o rb ic  a c id  i n  b o i le d  p o ta to e s .  There­

f o r e ,  i t  was th o u g h t t h a t  th e r e  shou ld  b e  v e ry  l i t t l e  d i f f e r e n c e s  in  

a s c o r b ic  a c id  c o n te n t o f th e " p o ta to e s  a n a ly z e d  by th e  two m ethods. P o ta­

to e s  a n a ly z e d  by  th e  2 , 4 -d in i tro p h e n y !h y d ra z in e  method w ere p re p a re d  

a c c o rd in g  to  th e  method developed  by  B rin g . No a c e to n e  was added to  th e  

2 , 4 -d in i tro p h e n y !h y d ra z in e  method to  p re v e n t th e  i n t e r f e r e n c e  o f  th e  

s u l f i t e  i n  th e  d e h y d ra ted  p o ta to e s .
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CHAPTER IV

RESULTS AND DISCUSSION

The reduced  a s c o r b ic  a c id  c o n te n t o f Brand X uncooked and cooked

com m ercial d e h y d ra te d  p o ta to e s  a p p e a rs  i n  T able V I I I .  The v a lu e s  f o r

TABLE V I I I .  The reduced  a s c o rb ic  a c id  c o n te n t o f Brand X d eh y d ra ted  
p o ta to e s .

PHYSICAL
FORM

PACK­
AGE

REDUCED ASCORBIC ACID 
UNCOOKED _ ■ COOKED

DEHYD. RECONST. DEHYD.1 RECONST.2
BASIS BASIS ■. BASIS BASIS

% VIT. LOST 
DURING COOKING, 

RECONSTITUTED 
BASIS

mg.>/100 gm. m g./1 0 0 gm.

I 8.65 2 .46 5.33 1.52 3 8 .2 1
D ices 2 9.97 2 .76 10 .16 2.84 00 .00

o r 3 10.49 2 .96 6.83 1.92 35.14
Hash 4 11 .12 3 .1 8 5.06 1.45 54.40
Browns 5 9.50 2 .6 6 4 .39 1.23 53.76

6 4-57 1 .3 0 2 .74 0 .78 40 .00
Avg. 9.05 2.55 5.75 1.62 36.92

I  . 6 .4 2 0 .98 3 .00 0*45 54.08
F lak e s 2 4* 64 0.70 3.55 0 .54 22.86

o r 3 4 .65 0 .72 1 .58 0 .24 66. 6?
Mashed 4 3 .9 1 0 .58 1.55 0.23 60.34
P o ta to e s  5 j . 1 2 . O .48 2 .22 0 .34 2 9 . I 7

6 4.35 0.65 2 .21 0.33 49.23
Avg. 4 .52 0 .68 , 2.35 0.36 47 . 0 6 .

I 14 .16 4.53 3 .75 1 .2 0 73.51
S l ic e s 2 8.52 2.59 3 .0 1 0 .91 64=86

,o r 3 9.87 3 .22 2 .3 0 0.75 - V6.71
F r ie d 4 8 . 6? 2 .71 2 .86 0.89 6 7 .1 6
P o ta to e s  5 8.90 2 .81 2 .6 1 0.83 70 .46

6 8.29 2 .4 6 0,.38 0 .1 1  ■ 95.53

> on 9.74 3 .05 2 .48 0 .7 8 V4.70
I
^ C a lc u la te d  on d e h y d ra te d , o r  d ry , w eig h t b a s i s .  
^ C a lc u la te d  on r e c o n s t i t u t e d ,  o r  f r e s h ,  w eigh t b a s i s .

Brand Y p o ta to e s  a p p e a r  i n  T ab le IX . The a s c o rb ic  a c id  v a lu e s  g iv en  f o r  

th e  uncooked p o ta to e s  on th e  r e c o n s t i tu te d  b a s i s  a r e  c a lc u la te d  from  th e  

v a lu e s  o b ta in e d  by  a n a ly s i s  f o r  th e  uncooked p o ta to e s  on th e  d eh y d ra ted
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table LX. The red u ced  a s c o r b ic  a c id  c o n te n t o f  Brand Y d e h y d ra ted  
p o ta to e s .

PHYSICAL
FGHM

PACK­
AGE

REDUCED ASCORBIC ACID 
UNCOOKED COOKED .

DEHYD.1 RECONST.2 DEHYD.1 RECONST.2 ■
BASIS BASIS BASIS BASIS

% VIT. LOST 
DURING COOKING, 

RECONSTITUTED 
.BASIS

mg./lOO gm. mg./lOO gm.

I ■ 2 2 .14 5.24 1 1 .4 4 2 .7 1 48.28
D ices 2 22.13 5.29 1 4 .0 6  ' 3 .36 36 .48

o r 3 20 . 6$ 4 .89 12.29 2 .91 40.49
Hash 4 21.13 . 5.05 1 0 .5 8 2.53 4 9 .9 0
Browns . 5 '1 4 -5 8 3 .42 11.83 2.77 19.01

6 17.29 4 .0 2 13.62 3 .1 6 21.39
A vg. 19.65 4.65 12 .30 2 .91 35.92

I 13.34 2.25 10 .05 1.70 24 .44
F la k e s 2 14 .50 2 .54 1 4 .1 1 2.49 "1.97

o r 3 10.96 1 . 90 1 1 .2 2 1 .9 4 00 .00
Mashed 4 15.58 2 .6 4 13.55 2 .2 9 1 3 .2 6
P o ta to e s  5 1 1 .9 4 2 .0 0 1 1 .7 1 1.96 2.00

6 11 .65 1 .95 9.79 1 .6 4 15.90
Avg. 12 .30 2 .21 1 1 .7 4 2 .00 9.60

I 24.39 6.75 7.49 2.07 69.33
S l ic e s 2 29.33 7-98 9 .26 2.52 68.42

o r 3 2 1 .5 1 6.27 11 .26 3 .26 4 8 .0 1
F r ie d 4 35.43 1 0 .0 1 7 .0 0 1 .9 8 80.22
P o ta to e s  5 21 .83 5 .8 0 6.20 I .64 71.72

6 2 1 .3 8 5.86 7 .80 2 .1 4 63.49
Avg.. 25.64 7 .1 1 8 .17 2 .27 66.86

^ C a lc u la te d  on d e h y d ra te d , o r  d ry , w eig h t b a s i s .  
^ C a lc u la te d  on r e c o n s t i t u t e d ,  o r  f r e s h ,  w eig h t b a s i s .

b a s i s .  The v a lu e s  g iv e n  f o r  th e  cooked p o ta to e s  on th e  d e h y d ra te d  b a s is  

a r e  c a lc u la te d  from  th e  v a lu e s  o b ta in e d  by a n a ly s i s  f o r  th e  cooked p o ta ­

to e s  on th e  r e c o n s t i tu te d  b a s i s .  C o n seq u en tly , th e  t a b l e s  show th e
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a s c o r b ic  a c id  c o n te n t o f  th e  uncooked and cooked d e h y d ra te d  p o ta to e s  in  

mg. p e r  100 gms. o f d ry  p o ta to e s  o r  mg. p e r  100 gms. r e c o n s t i tu te d  

p o ta to e s .

I t  i s  e v id e n t t h a t  th e r e  i s  much v a r i a t i o n  betw een packages o f th e  

same ty p e  o f  p o ta to e s  w ith in  each b ra n d . T his v a r i a t i o n  may be  due to  

th e  le n g th  and th e  te m p e ra tu re  o f s to r a g e ,  th e  o r ig i n a l  a s c o r b ic  a c id  

c o n te n t o f  th e  p ro c e s se d  p o ta to e s ,  and th e  method o f d e h y d ra tio n .

Brand X d e h y d ra te d  p o ta to e s  l o s t  more a s c o rb ic  a c id  d u r in g  th e  cook­

in g  p ro c e s s e s  th a n  Brand Y. Brand Y p o ta to  f la k e s  l o s t  v e ry  l i t t l e  

a s c o r b ic  a c id  d u r in g  th e  p r e p a r a t io n  o f mashed p o ta to e s  compared to  th e  

hash  brow ns and th e  f r i e d  p o ta to e s .

,The mean reduced  a s c o rb ic  a c id  v a lu e s  f o r  s ix  raw  N e tte d  Gem p o ta ­

to e s  w ere 10 .10  m g ., 8 .3 0  m g ., 1 1 .4 4  m g ., 7.86 m g., 7*95 m g ., and 

1 1 .1 8  mg. p e r  100 gms. o f  p o ta to e s .  The av e ra g e  o f th e s e  means was 

9 .4 7  mg. These v a lu e s  a r e  low er th a n  th e  y e a r-ro u n d  av e ra g e  o f 17 mg, 

r e p o r te d  by  W att and M e r r i l l  (6 1 ) .  However, th e  v a lu e s  a r e  s im i la r  to  

v a lu e s  r e p o r te d  by o th e r  in v e s t ig a t o r s  ( 2 1 ,2 7 ) °

The a n a ly s i s  o f  v a r ia n c e  f o r  th e  r e c o n s t i tu te d  d e h y d ra te d  p o ta to e s  

i s  shown in  T ab le X. The d i f f e r e n c e s  i n  a s c o rb ic  a c id  v a lu e s  betw een 

th e  two b ra n d s  w ere h ig h ly  s i g n i f i c a n t .  There w ere a l s o  h ig h ly  s ig n i ­

f i c a n t  d i f f e r e n c e s  i n  th e  a s c o rb ic  a c id  c o n te n t betw een th e  d ic e s ,  s l i c e s ,  

and  f l a k e s .  The a s c o r b ic  a c id  v a lu e s  f o r  th e  f la k e s  w ere much low er th a n  

th e  a s c o r b ic  a c id  v a lu e s  o f  th e  d ic e s  and s l i c e s .  The a n a ly s i s  o f 

v a r ia n c e  a l s o  showed t h a t  th e  d i f f e r e n c e s  i n  a s c o rb ic  a c id  c o n te n t betw een 

uncooked and  cooked p o ta to e s  w ere h ig h ly  s i g n i f i c a n t .
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TABLE Xo A n a ly s is  o f  v a r ia n c e  f o r  r e c o n s t i tu te d  d eh y d ra ted  p o ta to e s .

SOURCE OF VARIATION D o F . 1 S U M S  O F  S Q S o MEAN SQS. F RATIO

B rands I 73.18 73.18 158. 10*
P h y s ic a l  Forms 2 53.77 26.89 58. 08*

F la k e s  v s .  d ic e s  and
s l i c e s I 52.14 52.14

S l ic e s  v s .  d ic e s I 1.63 1.63
Method o f  P re p a ra t io n I 53 .41 ' 53.41 115.37*
B ra n d s /P h y s ic a l Forms 2 5 .18 2.59 5 . 59*
B rands/M ethod o f

P re p a ra t io n I 5.32 5.32 11 . 49*
P h y s ic a l  Forms/M ethod o f

P re p a ra t io n 2 33 .74 16.87 36 .44*
B ra n d s /P h y s ic a l Form s/

Method o f P re p a ra t io n 2 5 .61 2.80 6 .06*
E x p e rim e n ta l E r ro r 60 27.77 0 .4 6

T o ta l 71 257.98
ID .Fo =  d e g re e s  o f freedom . 
* (P < 0 .0 1 )

Table XI shows th e  mean a s c o rb ic  a c id  c o n te n t o f th e  packages o f

Brand X and Brand Y d e h y d ra ted  p o ta to e s  p re p a re d  a s  hash  brow ned, m ashed,

TABLE XT. The mean a s c o rb ic  a c id  c o n te n t o f  two b ra n d s  o f  cooked 
d e h y d ra te d  p o ta to e s .

DEHYDRATED
POTATOES

BRAND X 
MG. VIT. C 
IN 100 GM.

STANDARD 
ERRORS OF 
THE MEAN

BRAND Y 
MG. VIT. C 
IN 100 (Mo

STANDARD 
ERRORS OF 
THE MEAN

Hash browns 1.62 + . 23* 2 .91 + . 23*
Mashed ' 0 .36 + .23* 2.00 + . 23*
F r ie d 0 .7 8 + . 23* ’ 2.27 + . 23*

* (P < 0 .'0 5 )

and  f r i e d  p o ta to e s .  I t  i s  e v id e n t t h a t  Brand Y p o ta to e s  ,c o n ta in e d  more *  

a s c o rb ic  a c id  th a n  Brand X. A ,Tt n t e s t  showed Lhe odds a r e  99 to  I  t h a t
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■the a s c o rb ic  a c id  d i f f e r e n c e s  betw een th e  two b ra n d s  a r e  n o t due to  

chance a lo n e .

The a s c o r b ic  a c id  c o n te n t o f one s e rv in g  o f d e h y d ra ted  hash  brow ns,

m ashed, and  f r i e d  p o ta to e s  was c a lc u la te d  and compared w ith  th e  a s c o rb ic

a c id  c o n te n t o f  f r e s h  p o ta to e s  p re p a re d  th e  same way a s  re p o r te d  by W att

and  M e r r i l l  in  Handbook Mo. 8 ( 6l ) .  T h is i s  shown in  T able X II . The

TABLE X II0 The mean a s c o rb ic  a c id  c o n te n t o f  one s e rv in g  o f  hash  browns,, 
m ashed, and f r i e d  p o ta to e s  p re p a re d  from  d eh y d ra ted  and f r e s h  
p o ta to e s .

POTATOES
BRAND X 

DEH XDRATED
BRAND I  

DEHYDRATED
FRESH

POTATOES1
mg. ,m g. . mg.

2
Hash braw ns 3 .1 6 S .'S? - 14 .00
Mashed^ 0 .70 3 .90 14 .00
F rie d ^ 1.33 3 .8 6 33.00

1W att, B e rn ic e  K ., and M e r r i l l ,  A nnabel L»: C om position o f  f o o d s . . . r a w ,
p ro c e s s e d , p re p a re d . U. S . D ept, o f A g r i . Handbook Mo. 8 , Ju n e , 1950« ' 

TAvg. s e rv in g  = I  cup =  195 gms.
<Ayg. s e rv in g  = I  cup =  170 gms.-

f r e s h  p o ta to  p ro d u c ts  c o n ta in  more th a n  tw ic e  th e  a s c o rb ic  a c id  p re s e n t 

i n  th e  cooked d e h y d ra te d  p o ta to e s .  T w o -ta ile d  nt n t e s t s  f o r  d i f f e r e n c e s  

in  th e  a s c o r b ic  a c id  c o n te n t betw een p ro d u c ts  p re p a re d  from  f r e s h  and 

d e h y d ra te d  p o ta to e s  showed th e  odds a r e  99 to  I  t h a t  th e s e  d i f f e r e n c e s  

a r e  n o t due t o  chance a lo n e .

T able X II I  shows th e  m ill ig ra m s  o f a s c o rb ic  a c id  t h a t  would be a v a i l ­

a b le  in  th e  d a i ly  p e r  c a p i ta  consum ption o f  cooked d e h y d ra ted  and f r e s h  

p o ta to e s  i n  fo u r  c o u n t r i e s .  T his t a b l e  i s  b a sed  on th e  a ssu m p tio n  th a t  

t h e  p o ta to e s  w ould b e  consumed a s  mashed p o ta to e s .  I t  may b e  n o te d  t h a t  

th e  mashed p o ta to e s  p re p a re d  from  f r e s h  p o ta to e s  would c o n t r ib u te  much
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TABLE XIIIo The a s c o rb ic  a c id  a v a i l a b l e  in  th e  d a i ly  p e r  c a p i ta
consum ption o f mashed p o ta to e s ,  p re p a re d  from  f r e s h  and 
two b ra n d s  o f d eh y d ra ted  p o ta to e s=

COUNTRY
APPROX.
CAPITA

DAILY PER 
CONSUMPTION1

ASCORBIC 
BRAND X

ACID IN MASHED 
BRAND Y

POTATOES
FRESH2

" l b s . gms. mg. mg. mg.

Canada 2 /5 170 0 .6 1 3 .4 0 12 .21
I r e la n d I 493 ' 1=77 9 .86 35.40
U n ite d  Kingdom 1 /2 259 0.93 5*18 18.60
U n ite d  S ta te s 1 /3 151 0 .54 3 .0 2 10 .84

Y a te s , P= L a m a rtin e : Food, Land, and Manpower in  W estern  E u rope .
London: M acm illan and  Co=, L t d . , I9 6 0 .

2W att, B e rn ic e  K ., and  M e r r i l l ,  A nnabel L=: ' C om position o f  f o o d s .=.raw , 
p ro c e s s e d , p re p a re d . U. S= D ep t, o f A g r i . Handbook No. 8 , Ju n e , 1950.

more a s c o rb ic  a c id  th a n  e i t h e r  Brand X o r  Brand Y mashed p o ta to e s .  The

o n ly  c o u n try  t h a t  would r e c e iv e  an  a p p re c ia b le  amount o f a s c o r b ic  a c id  

from  f r e s h  cooked p o ta to e s  i s  I r e la n d  b eca u se  o f  th e  g r e a t e r  p e r  c a p i ta  

consum ption . The d a i ly  p e r  c a p i ta  consum ption o f f r e s h  p o ta to e s ,  m ashed, 

in  I r e la n d  would p ro v id e  35*40 mg. o f a s c o r b ic  a c id  w hereas th e  b e t t e r  o f 

th e  two d e h y d ra te d  mashed p o ta to e s  w ould p ro v id e  o n ly  9=86 mg. o f a s c o rb ic  

a c i d .  The 35*40 mg. w ould be  s u f f i c i e n t  t o  p re v e n t symptoms o f f ra n k  

s c u rv y . I t  would be  d o u b tfu l  i f  th e  m ill ig ra m s  o f a s c o rb ic  a c id  p ro v id ed  

by  th e  d e h y d ra te d  p o ta to e s  would p re v e n t f r a n k  scu rv y , i f  th e  p o ta to e s  

w ere th e  o n ly  so u rce  o f  a s c o rb ic  a c i d .

In  o rd e r  t o  compare th e  r e s u l t s  o f t h i s  in v e s t ig a t io n  w ith  r e s u l t s  

o f  th e  metjhod r e p o r te d  by B rin g  (4 ) on t o t a l  a s c o rb ic  a c id  i n  d eh y d ra ted  

mashed p o ta to e s ,  th e  same sam ple o f  mashed p o ta to e s  -was a n a ly z e d  f o r  

a s c o r b ic  a c id  by th e  2 , 4 - d i n i t ropheny!h y d ra z in e  method ( 50) and th e

2 , 6 -d ic h lo ro p h e n o lin d o p h e n o I  method ( I ) .  T able XIV shows th e  a s c o rb ic

i.
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a c id  v a lu e s  o b ta in e d  by  th e  two m ethods on th e  same sam ple o f  d eh y d ra ted

mashed p o ta to e s .  Three c o lo r im e tr ic  d e te rm in a tio n s  w ere made on each

TABLE XIV. The a s c o rb ic  a c id  c o n te n t o f Brand X d e h y d ra ted  mashed 
p o ta to e s  a s  d e te rm in ed  by  two m ethods o f a n a l y s i s .

METHOD OF ASCORBIC ACID ANALYSIS 
2 , 4-DINITROPHENYLHYDRAZINE 2 , 6-DICHLOROPHENOLINDOPHENQL

SAMPLE DEHYDRA TED RECONS TITUTED DEHYDRATED RECONSTITUTED
BASIS BASIS BASIS BASIS

mg. t o t a l  v i t . C/100 gms. mg. reduced v i t .  C/100 gms.

I 16 .74 3 .0 1 5 .34 0.79
2 15 .94 2.80 5.57 0 .96
3 11 .98 2.09 5.03 0 .88

sam p le . I t  was observ ed  t h a t  th e  a s c o rb ic  a c id  v a lu e s  o b ta in e d  by th e

2 , 4 -d in i tro p h e n y !h y d ra z in e  method were- much h ig h e r  t h a t  th e  a s c o rb ic  a c id  
re­

v a lu e s  o b ta in e d  by th e  2 , 6 -d ic h lo ro p h e n o lin d o p h e n o l m ethod. R e su lts  o f

a  p a i r e d - " t "  t e s t  showed th e s e  d i f f e r e n c e s  w ere s ig n i f i c a n t  (P < 0 .0 5 ) •

The 2 ^4 - d i n i t ropheny!h y d ra z in e  method m easures t o t a l  a s c o rb ic  a c id  and th e

2 , 6 -d ic h lo ro p h e rlo lin d o p h e n o l method m easures o n ly  reduced  a s c o rb ic  a c id .

However, L e ic h se n r in g  e t  a l  (30) found d eh y d ro asco rb ic  a c id  t o  be o n ly  one

p e rc e n t o r  l e s s  o f  th e  t o t a l  a s c o rb ic  a c id  in  b o i le d  p o ta to e s .  I t  w as,

th e r e f o r e ,  th o u g h t t h a t  th e r e  would be  some d if f e r e n c e s  i n  th e  a s c o rb ic

a c id  m easured by  th e  two m ethods, b u t n o t such g r e a t  d i f f e r e n c e s  ,a,  ̂ w ere

o b se rv e d .

There was a  s t a t i s t i c a l l y  s ig n i f i c a n t  d i f f e r e n c e  (P <  0 .0 5 )  in  th e  

v a r i a t i o n  o f  r e s u l t s  betw een  m ethods. The v a r ia n c e  f o r  th e  S c h a f f e r t  and 

K in g sley  2 ,4 -d in i tro p h e n y !h y d ra z in e  method was 3 .3 6  compared to  a  v a r ia n c e  

o f  0 .0 4  f o r  th e  in d o p h en o l dye m ethod. S in ce  th e r e  was such a  la rg e



d i f f e r e n c e  i n  th e  v a r ia n c e s ,  c o e f f i c i e n t s  o f v a r i a t i o n  ( r e l a t i v e  s ta n d a rd  

d e v ia t io n )  w ere a l s o  c a lc u la te d :  38.41% f o r  t h e '2 , 4 ~ d in itro p h e n y !h y d ra ­

z in e  m ethod and 1.30% f o r  th e  dye m ethod. These r e s u l t s  in d ic a te d  th a t  

th e  a s c o rb ic  a c id  v a lu e s  o b ta in e d  by  th e  2 , 4 -d in i tro p h e n y !h y d ra z in e  

method v a r ie d  from  th e  mean a  g r e a t  d e a l  more th a n  th e  v a lu e s  o b ta in e d  

by  th e  2 , 6 -d ic h lo ro p h e n o lin d o p h e n o l method v a r ie d  from, th e  mean. The 

c o e f f i c i e n t s  o f  v a r i a t i o n  in d ic a te d  t h a t  th e  2 ,6 -d ic h lo ro p h e n o lin d o p h e n o l ■ 

m ethod i s  much more r e l i a b l e  i n  d e te rm in in g  reduced  a s c o rb ic  a c id  th a n  

th e  o th e r  m ethod i s  i n  d e te rm in g ' th e  t o t a l  a s c o rb ic  a c id  c o n te n t o f dehy­

d ra te d  mashed p o ta to e s .  I t  was concluded  t h a t  r e s u l t s  o b ta in e d  by th e  

two m ethods u sed  b y  th e  two d i f f e r e n t  i n v e s t i g a t o r s  co u ld  n o t be  com pared.
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CHAPTER V

SUMMARY

T h ir ty - s i jc  boxes- o f two b ra n d s  o f  d e h y d ra ted  p o ta to e s ,  d e s ig n a te d  a s  

Brand Z and Brand Y, w ere a n a ly z e d  f o r  red u ced  a s c o rb ic  a c id  by  th e

2 , 6 -d ic h lo ro p h e n o lin d o p h e n o l p h o to e le c t r ic  m ethod. • A sc o rb ic  a c id  d e t e r ­

m in a tio n s  w ere made on uncooked and cooked d eh y d ra ted  p o ta to  d ic e s ,  

f l a k e s ,  and s l i c e s .

An a n a ly s i s  o f  v a r ia n c e  o f  th e  r e c o n s t i tu te d  p o ta to e s  in d ic a te d  th a t  

th e r e  w ere h ig h ly  s i g n i f i c a n t  a s c o rb ic  a c id  d i f f e r e n c e s  (P <  0 .0 1 )  betw een 

b ra n d s , betw een m ethods o f  p r e p a r a t io n ,  and betw een form s o f  th e  dehy­

d ra te d  p o ta to e s .  Brand Y p o ta to e s  c o n ta in e d  more a s c o rb ic  a c id  th a n  

Brand Z . Both Brand Z and Brand Y p o ta to  f la k e s  c o n ta in e d  s i g n i f i c a n t l y  

low er am ounts o f  a s c o rb ic  a c id  th a n  th e  p o ta to  d ic e s  and s l i c e s .

The mean a s c o rb ic  a c id  c o n te n t o f one s e rv in g  Brand Z h ash  brow ns 

was 3 .1 6  m g ., mashed p o ta to e s  0 .7 0  m g ., and  f r i e d  p o ta to e s  1 .33  mg. The 

mean a s c o rb ic  a c id  c o n te n t o f  Brand Y h ash  brow ns was 5 =>67 m g ., mashed 

p o ta to e s  3 o90 m g ., and f r i e d  p o ta to e s  3<>86 mg. A " t "  t e s t  showed th a t  

B ran d ' Y p o ta to e s  c o n ta in e d  more a s c o rb ic  a c id  th a n  Brand Z a t  th e  one 

p e rc e n t l e v e l  o f  s ig n i f i c a n c e .

T w o -ta ile d  ,Tt ” t e s t s  showed th e r e  w ere h ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  

( P < 0 .0 1 )  i n  th e  a s c o rb ic  a c id  c o n te n t o f m ashed, hash  brow ned, and f r i e d  

p o ta to e s  p re p a re d  from  f r e s h  and d e h y d ra ted  p o ta to e s .  Cooked f r e s h  p o ta ­

to e s  su p p lie d  more th a n  tw ic e  th e  a s c o r b ic  a c id  a v a i la b l e  i n  th e  cooked 

d e h y d ra te d  p o ta to e s .
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The r e s u l t s  o f t h i s  i n v e s t ig a t io n  in d i c a te  t h a t  com m ercia lly  a v a i l ­

a b le  d e h y d ra te d  p o ta to e s ,  r e p re s e n te d  by  th e  two b ra n d s  u se d , c o n ta in  

c o n s id e ra b ly  l e s s  a s c o rb ic  a c id  th a n  an  e q u iv a le n t  q u a n t i ty  o f f r e s h  

p o ta to e s .
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