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I. Introh/c/tion 

The beginning of civilization can be looked upon as the point in time where 
man became less dependent upon his environmetal factors and could devote 

time to pttrsuits other than caring for his immediate needs. Independence of 
his local environment in one respect meant that he could provide for himselfa 
food supplyadeqate to carry him over periods of poor hunting orvery inclem
ent weather. The initial approach was the domestication of animalsand the stor
age of grains. Hence, the elements of food processing date back to the time 
that man conlcerned himself with the storage of food. Early man preserved his 
food supply by smoking. curing, and dehydration and these basic methods 
are still utilized. Preservation methods are a trade-off between the advantages 
gained by having a reasonable food supply throughout a time period and the 
loss of available nutrients in :he preserved Iood. The classic example of this 
trade-off was the early exploration of the world by sailing ships where pro
cussed foods were able to sustain the sailing crews, despite the fact that the 
food was deficient in vitamin C. Consequently, although the crews could be 
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sustained, they were ravaged bv scur y. The ability to preserve fruit juices, 
particularly citrus. alleviated this nutritional problem. 

The preservation of food affects its MuIritio ial quality both lavor'ablv 
rand adversely. Heat precessing destroys thialmi nase in fishes and fishery pro

ducts. anti-trvpsi n factors in cereal grains, and. biot in and irol binding fIactors 
in . white. In heat processing 'ofcerealgraIns the digestibility mly be mark
cd k inrCascd. thus mak irig both the proteins and carbohydrates of, thlese pro

'ore a'ailable. 
Crallv. however. processing of food iiiaterials by 'erlientalion. dry

, 'ng.' thermal processing, or dehydration tends to decrease the Sup)ply 
I",I: lts.paticularlv vitainl', alnd iilnelrak. Therllal processing or long 

times ma sigiificantlv reduce the protein availabilitV of foods while 
dehvd ration. cIL-om pantied or tIlaCcoaIlelplied IWSMI11okin,111V iedlce the 
slabilitv of tlie lipid coillpolielit.,. Since there is an Interact ion between tile 
ca.rbojhydrates, proteins and lilpids. carbohlydrate a'.,ailability ma' also be 
atIIcted bY thermal processing [26]. 

]. l+iai"nins and tlihwra]s" 

Fhe coten: t 'i\ itamlit and iminerals in lie processed f0od is determined 
initially by the nutrient <onitent of the raw material. The raw food iav vary 
widely in its contentt of; italills basCd upol Ientic \ ariation and agricultural 
conditions. SINI t suggests that. although data are not a.ailable oil the ' itamin 
and ni'Ineral coliteni of food materials avtd fot ds p'roduced 3 or iore decades 
a1o. data on ,iriabilitv in present variCtie-, ',%ouldd indicat, that. if anythin.. 
the \itatnil .nolletito pr'cntlv a'ailable f'ood materials is h icher due to the 
utilizationl of better agricultural harvc-,tin, cc;hditions [221. 

There still is. howe\ er. a wide \ariabilitv, in tile vitamin and lnineral con
tent of cornmerciallyv-crowxn Iood materials. Table I illustrates this wide 
variation. Carrots, iVav ay 1001-fld inlheir conceinlration ol'caroten, arld 
melon. may vary 20-fold in their concentration of ascorbic acid [221. ANDEI-
SON found a rat!C1'of 1.8-29.3 Ilg of ascorbic acid per (O0 g ini sailples of 
fresh tomato juice [1]. Similarly. I3ELL I' el. foutnd a 35-fold range of ascorbic 
acid concentration in different varieties of muscadine grapes [2]. Thus, the 
vitamin content of' raw materials for proicessing sho,s a variability in many 
cases exceeding, that fuound ill normally processed foods. 

Ill most cases, processing losses or modifications may be less thaln tle 
differejnces filnd in the raw material. fi most processing operations the tfoods 
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Tahle I. Compositional range (mag/100 g) in breeding lines and in commercial varieties 

Constituent 	 Breeding Commercial 
lines varieties 

Carrots carotene 0-370 64-94 

Cabbage ascorbic acid 93 50-60 

Musk mInmi ascorbic acid 3-61 30 

'[omatocs ascorbic acid 50 15-25 

T'onlatoes carotene 4 0.4 

S*,cct potatoes carotene 5-22 5-12 

White potatocs ascorbic acid 30 6-15 

arc Su't)ictcd to cither heat or coolin, for preservation purpose,,. Ii the case 

of vcgctahlc:, cooling is preceded by a heat inactivation step to prevent the 
en/vmalic deterioration of the product. Adjustments may be made in pit 

and most of the preliminary proce, ,Qoperations are carried out anaerobi
cally. Table II illustrates 111. effect air. light, and heat,,plt.1, on vitamins: 
these being the usual envi roimental factors to which the food material may 

be subjected. Vitamin C is relatively unstable since it is easily oxidized. Most 
Of the vitanmins, with the exception of vitamin BI, and. niacin, are Unstable 
Iheat. A, a consecqtuence. significant losses can be expected. in any thermal 
operation such as hlanching, drvintg. cannin, etc. Where a vitamin is unStat le 
with respe :t to light. such as ribollavin, signilicant losses can be expected in 

tisutl handling operations when the material isexposed to high temperat ures 

(such as may he I'otIld illblanching operations) in the presence of light. 
In normal cooking operations. such as might be expected illthe home 

pri' aratiot of fresh vecgetables, fruits. cereals, etc.. losses as hi h as 100" 

of the vitamills may be encountered aid.it ias been sueested that normal 
o
cook il losses ol" vitamiins may enerally be as high as 75 ?, In contrast. the 

losses expected from food processing are seldomi itnexcess of 25 % [14. 221. 

\Vatcr-soltible vitain's stch as thiamtine. ritbotlavin, niacin and ascorbic acid 
are partiCullrly' stibject to cooking losses but. if handled correctly in process
ine. these losses would be considerably smaller. 

I landling prior to any processing may result in signilicant losses ofNita

mins despite modern operations itt the act a:tl processing phase. Table I IIil
lustrates this effect, showine that ascorbItc acid losses in typical vecetables 
arc a function oflstorage tempcratttre at[ time of storage. Lowering the tem

perature of the raw materials for transportation to storage facilities results in 
atprocessed prodtict oflhigher ntitrient content. The immediate processing of 

,ft
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Table II. Sability of' timin
 

Nutrient 

Vitamin A 
A'Corbic acid (C) 
Carotence (pro-A) 
CobxAinin 

\'it)n D 
"iACHI 

\'im.nirl LI, 
RiI'Snia \ in(13") 
Thi mine 131t 

Tocoph.'roi (Ft) 

I unntable. S 

ptt 7 Acid Alkaline Air .ighl I leat 

s U S L U L 

U S t U U U 

S I: S L U L" 
'S S S 1 1 S 
S L I U U 
S S S S S S 
S S S S 1 U 
S S t : I 

U S . 1, S U 

S S S U t I' 

stable. 

l /1, ecffecof st on a :orbic acid conalvn of*grc.n i1c,:.;:ap b,.ansIll. orage and 

Vc;etabie Fenwerature. Sto. ,tClime. d.'."s (11y 1010 ) 
F 0 2 

Greeas -. 3S 17 i, 10 

40-4S 20 164 10 
'70)- 5 I .-

Snap b anr 34 3 IS 15 8 

46-4S 18 I1 6 
78 I 7 4 

loods directlv in the field is becoming more at tractike. not onlh based upon 
the avoidance 01 nutrient losSCs but also on th,-' basis of reduction in trans
portation costs. better organoleptic properties of thc product, and the avoid
ance of the concentration of pollutants in large processing fatcilities. 

In initial steps of processing. fruits and vegetables particularly are 
heated or blanched to inactivate the polyphenIl oxidase systems. ascorbic 
acid oxidase systems and, in some cases, the lipases. Short-tinge blanching 
utilizing steam is ,enerallv to be desired since it prevents the loses ol water
soluble nutrients and the destruction of the heat-labile enzymes. Both steam 
blanching and water blanching. however, are still used in the indtustry. For 
example. I IEN' C1 a!. cites the example that steam blanching of spinach for 
2-11/, min results inthe retention of 88-100... of' vitamins B,, B,,. C and 
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Table IV. Retention of vitamins in vegetables blanched for conmercial canning 

Vitamins Product 	 Retention, % 
Maximum Minimum mean 

Ascorbic acid asparagus 	 100 74 95 
green beans 90 50 74 
lima beans 83 54 72 
peas 90 60 76 
spinach 99 6 67 

Niacin asparagus 100 77 94 
green beans I00 60 95 
lima beans 98 68 81 
peas 96 59 73 
spinach It00 63 83 

Riboflavin ;nsparagus 100 72 90 
green beans 100 70 95 
lima beans 100 59 76 
peas 87 67 75 
spinach 100 78 88 

Thiamine asparagus 100 79 92 
green beans 100 82 91 
lima beans 77 36 58 
peas 100 63 88 
spinach 100 67 85 

niacin. Water blanching from 2'1/-5 nin showed a range of retention of 

64-95%,. while immersion blanching of spinach for 45 rin showed a reten

tion of only 6 ill vitamin C [141. 'fable IV shows similar variability be

tween mcthods of blanching on a number of the lore labile vitamins. 

Minerals in food materials are generally stable. Their losses are usually 

related directly to the extent of leaching in the water used for processing. 

Thermal processing in food has. in general, a negative effect on the 

retention of viltmins although heat processing is one of the better methods 

of preserving foods against microbiological deterioration. One of the more 

labile vitamins in heat processing is vitamin C. although the other heat

labile vitamins are similarly affected. Table V illustrates the typical losses of 

vitamin C during canning or tomato juice [9]. Vitamin C losses particularly 

are increased by the inclusion of oxygen during canning. or are the result of 

trace niwils. particularly copper. Since a 10 C rise in processing temperature 

10-bltd increase in bacterial destruction but only a doubresults in almost a 

ling in chemical reaction leading to the destruction or vitamins, flavors, etc.,
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Tbh, 1". Retention of \itan;ns in tomato julice heated in canning process 

Vitamin. Number oif Reent ion. 
tests ma\jnmu1 nI mlinmum averlge 

Ascorbi,. acid 90 90 35 67 
Thiamine Is 100 73 89 
Ribolla%in 17 100 86 97 
Niacin 17 100 83 98 
Carotene 7 74 60 67 

Table 11. Effect of proc:cs~ing miethod il tlutricn retetion 

Beans oeef Tontmto 
juice 

I rido\ tie
 
Initial (q, 1000 g) 
 6. 126.6 412.5 
Reiention HTST proce.ss. 93.0 98.3 100 
Retention comn 1ntiotlu process, S6.7 94.2 100 
Thiamine
 
Initial (l x 100 g) 93.8 150.0 167.1 
Rctention IITST pro ,. 87.1 95.0 100
 
Retention con entional pro,:cs, 55.9 78.4 97
 

HTST - high temperature short time. 

high-temperature short-time sterilization is receiving increasing attention. In 
conventionally sterilized products heat transfer is very slow, particularly 
when the products are non-liquid. Since the heat enters the product through 
the periphery of the container, the material close to the edge is subject to far 
more drastic heat than that required to achieve sterility. Hy sterilizing the 
product prior to packaging it is possible to subject the entire food material to 
the same heating-c ioling cvclc. Thk then results in considerable decrease in 
destruction of vitamins while at the same time pro;ducing products which are 
sterile. Table VI illustrates the retention of pyridoxine and thiamine in 3 pro
ducts sterilized by high-temperature short-time methods, contrasted with 
conventional canning methods [8]. 

The actual process of dehydration does not cause major losses in vita
mins. The newer methods of dehydration, such as puff-drying or freeze-dry
ing, preserve to an even larger extent the vitamin content of the products. The 

http:proce.ss
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addition of' sulphur dioxide in the dehydration process to preserve color 

results in an increased relention 01" vitaminl. C since this conmpound inhibits 

the peroxidase which is tile major cause of the loss of the vitamin. Ilowever, 

the addition of sulphur dioxide calses tmajor loss in thiamine [3]. Since 

most products which are dehydrated MLLndsulpllred are not major sources of 

thiamine. the overall effect of' its alddition is a beneficial one. Table VII illus-

Irates the fosses of'la series ot' egetable products which ha\ve l)eet dehydrated 

114]. In this table, the majority of' the losses occurred during the blanching 

operation rather than dtring dehydration. As an example. sweetcorn retained 

of the thiamine after delivdration ; but the majority of the 9 ,,which was 

lost was lost in the blanchiilg operation rather than the actual dehydration. 
)1 01 1, 

In the illuStratiOn. the dMlhydrati.) iprocCdure involved the use of' forceO air 

cross-flow tLIIInel dryers. 

M II SON comtpared the losses occurrintillVriOLS steps o1' pr't)ce ,iril 

and utilization 1171. O1'all the loses incurred in between harVCst and the uLtili

ziation of' the fo0od. tle major Io,,scs in vitamin C occurred during the cook

ing operation. In the ctse of pcas. the cooking operation destroyed 66" ,of' 

Ievitamill C. In coInp:ri;on. the air-dried product lost 65 ',)'of its vitamii C 

product made f'roi the fresh, frozen. canncontent. In comparing the :ooked.

Cd, air-dried and 'recz,-dricd products. tile retention percentages, respec

ikcly. were .4-1.39. 36. 25, and 35 ". It is obvious, theref'ore. that one of' the 

mo10st, important a.ctlors in the dostructioll of vitamin anid nut'ient Contents 

of f'oods is tilie final preparat ion of' the f'oods prior to eating. 

The frcczin,_ proccss. like tile dehydration process. does not in itself' 

destroy vit mills. The iaor loss occurs turin, the blanching to inactivate 

i/flclt echales prior to the frcezini. Store at -1 C or lower results in 

an cwJ lent retention o' lte vitamin content of the produlIct. Storage temilper

at ures abo\ e - 9 C. however, willIresult in the loss of' Casily-oxidizable vital-

Ilins over 1perioid of' tiIC.As ineInple. storage at -9 C r'stihtId in the 

'cI.Ctruclion of' 50"", ol the original vilamin C in asparagus. peas, and lima 

beanls d Liring 0 1110litlhis o1' StOrague. 

Vitamin losses during storie and distribution of'canned or 'irozen foods 

viry Wvidcly dependent l1O1 the teiperatures encountered during theirtdis

ti'i htlion. Sm\iRs andl.\ltlmow sug-st that ribollavin and niacin retention 

ill canlned products Nuicll as asparagtis aptpea' to be more adVersely affected
 

b" stoi'rage lite than slorage teniperatt ue. while lile i'etention of' asco'bic
 

acid, in canniied onlto juice was \ery markcdly decreased by higher than
 

roolll teillperatl re [16. 251. Carotene was solewhat less affected by either
 

stolr'ge time or temperature.
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In a study of the retention or vitamins in frozen products undergoing 

storage, SOMIIRs and IARROW indicated that storage time of' over a year for 

frozen materials is improbable and that there is a 94% probability that the 

frozen products will be consumed in 10 months or less [25]. Under these 

conditions if the temperature is hcld at -20 C, losses in ascorbic acid ap

pear to be less than 15 % during the 12-month period. Carotene and the B 

vitamins appear to show very low lossesunder conditions which are accept

able for limiting the losses of ascorbic acid. Estimates of the B vitamin reten

tion following a year of storage at - C range from 90';/%18 in asparagus and 

peas to 70 % in broccoli and green beans to 50% in spinach and cauliflower. 

The major flitctors affecting loss at these low temperatures are the oxygen 

permeability and light transmission characteristics of the packaging material. 

BENDEIR substantiates that in hermetically scaled containers the residual oxygen 

is used primarily to oxidize vitamin C [3]. Approximately I ml of air is suffi

cient to oxidize 3.3 mu ofascorbic acid. After the residual oxygen has been re-

Moved by this oxidation, the rate of loss approaches zero unless storage con

ditions are such that a browning react ion may takeplace. Thei mportance. thus. 

of reducing retained oxygen content in processed food materials is evident. 

Ill. Protehis 

'rhe effect of the protein,; of1food substances by either the outright des

truction of'amino acids in the protein or by rendering the proteins and amino 

acids less available physiologically are reactions which are generally chemical 

in nature, and recent publications suggest that the mechanism by which sonic 

of the changes are brought about are free radical in nature [26. 27. 28]. These 

protein reactions are very much enhanced by the presence of other rbod 

constituents such is carbohydrates. In tile carbohydrate-protein or fit-protein 

reactions the chemical assay of the foodstuff may indicate little or no loss of 

various amino acids yet biological tests may in contrast indicate severe 

changes in biological activity. Amino acids may be destroyed in protein under 

conditions of.;evere heat, although they may also be lost more slowly under 

conditions of storage at warml temperatures. Short-chain peptides and amino 

acids tend to react more rapidly than their equivalent proteins. The proteins 

themselves may show substantial differences in reactivity in reactions calls

ing the lowering of their nutritive values. 

The loss of nutritive value when proteins or protein-rich foods are 

heated with carbohydrates has been studied by many workers [5, 26, 16, 18]. 
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o1" ,eqci_',ial reactions 

yiedi, g oirst yrmediattes. such as amino ketwscs hich t mscl,,es are 
The bro, nine reaction consists Of a coin ple\ OCri. 

W 

colorless. bilt later products varying from lurtUrals to deeply-colored aila

noidill . .-Fhe L'uueCs 0flhC c rcact il arc,. as ildicaled besUbht,2,n CrlC 

fore. a d in the as a decrease in digestibilityicr,,.:eilability of a.mino acids. 
of iro'cirus. a dccrc:se in tlc hiolocical valuc o,protci us beyond which ca tbe 

acco u!tcd for II decrea e i1 dIest i1i Iity Ios Ofatl in,acid as measured by 

cI c alli:a buiLd-up of atcrials as a reSult 01fanalys.is an d. p0ssibly. th o\iC ;m, 

the browningn rca.ction. 

The browvnine rewcuiz. or ailtird myis to, losrcon. :o l& Ia f 

the palatability ,s.s a the p1cY.uLCioll of uld.',irab changcs' in ic phys

ical proertics o1flod.On th1c othCr ha,.d. nt', is 1a sought il,' i'un seil 

most aked and lried fod". I ciit., cXl' ,.rup* ,,'s ft;,or Wnd ir to the 

bWa-vninmg reaank-. The dh-tiactic caramel faor d.,rivd front dairy pro

duct., reut 'ro: ,heK ownng of milk or mil ,n"oncnts. 1hu, it I,cear 

that. wlile bro,ll*:.,- :2,, : thelttuttrioutl \,alue of food,. it nay also 
ct cm '"J m"'ts'sq food. mai' tlheC ....:' ot i por'ti of thc work on 
cha ';:ic t lrI']o.'.,aco"pt.ill, illr.atto [0procine has en 

i~c, on Kick Once A:a:.nd milk protc,.in appcirs to be pIrttllArlv tisen

t11e1t Ci .21 :l ci LtI-,, 1Wa11itional \'valuLe. NIAL RIN C/dl. det:,rmiInCd 

the naiture and cin t ,ilI ctd ltcrittol it milk ttntil'acturld !V 

4 widcly-t:ed pr,.c',., spr ay-drin.. roilcr-drsinn,, evaporation. ind con

dcllsatj!isc'ctcncd cndensed milk [IMI. ihe ,.letruhAion of alillt acids 

'.as1 , iy t a:ino c e t (A'f esh and jpt0.c'lss d 

milk si2'flI ;itt cid hVdlsis or" iter eatlVlxrn diiceti,,n. lnaclistiol was 

'tshercd the e., . o aina, id, liberated vt.zyl-.ttic.mip!r], -

Cally in firsh indp,',eed nill. Of tie 3 h:at-labile essential amino acids 

trvptopri.nl. :1atlhi,;ic;t ':.d.sinetonly tie las t S '; QiOuslV alYctC. 

Lysii:e d 'tcrit'oi '' due both to de' tructoitiand t, itactiatlioln. The 

authors reportcd ruetatx clV hi,.lher Woes of lsine in the evwp'iated antd oiller

dried milk than in the ,%cettncd condensed ,pray-dried REtllSsr Milk. 

DOMU.tR suggested that rl cr-dried milk cornpalrcd to spray-driCd iiiilk cont

tained less axailahle lysine. cystcine. histidinte, and inethionine while tile 

other am iio acid, deurc v [IOJ. Spray-dryinhg etWd Oilytld 011lY very Ali h tlQ 

a sli,.ht decrcase in lysine. 
Cereal grains supply a signiicant portion of the total priitcin of the 

world. These proteins generally have limited nuitis e vatluc vith a pre

dorninant deficiency in lysine. Unfrtunatlely, From the processing stand

point. lysine ik tile am ino acid Or protein which is inost susccpiible to heat 

http:trvptopri.nl
http:protc,.in
http:analys.is
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Tahh, VIII. Eifect of temperature of proc,.ssing and raw materiak on the PER of 

wheat-milk mixtures 

Averages of 10 rats PER 

weight protein 
gain intake 

NI heatMixture of lo-protein xx 
with NFI)N 57.7 25.3 2.28 
.Mixture I processed at 132 'C 46.8 24.7 1.89 
MiXturC I processed at 143 'C 36.5 21.7 1.68 

2. Mixture of highl-proicin heat 
%%ith NFD)I processed at 132 'C 30.1 21.3 1.41 
tklire 11procOssed at 143 'C 10.11 16.5 0.60 

Caseinl.ontrol 25.1 11.3 2.31 

dalage [211. lBiNiHi discusses the loss of lysirne in tli,; baking process o1" 
bread 13]1. "dlim mtrated that lysine iii bread is lost progressively. Short 
ba kinl times contributed essentially little or no loss, while baking for 50 min 
at 232 C resulted in the loss of' 30 1 of' the Ilsine added as fortification to 
wheat flotr. I ae;llso cited the fact that. in the baking operation. a consider
ably higher perceittae of' the lysine added.as a fortirying ingredient is lost 
than that contained in the wheat protein. The same iactor of increasing losses 
of added l\.sioc is experielced \\ henl ion-fa1tt milk solids are added as a source 
of flortif'ying lysine. 

Marty CC'Cll prottLCs are no\w being processed by utilizing high-ten

perattre. short-time cooking units such as might be exemplified by tile extrit-
Sioll technit iqueo or roller processing. All examiple oi' the losses that might be 
inctirred in the ext rusioii processing of wheat with Iadded lysinC is shown in 
table VIII [8]. In the example cited. the processed mliXture was 9 parts of 
wheat to I part 0l'nll-fat dry milk solids. giving a protein content of approx

imately 17) in tile fornimuila as extruded. It is to be noted that. with equt

'allent resonance time. a 10 C change in jacket temperature decreased the 
protein efficiency ratio by 12 .' In an alternate experiment using a wheat 

flour of Iigher protein content. the decrease in protein efficiency ratio with 

the same 10 'C rise in terlperattire was 58 ".. There is no doubt that this may 
be an extreme example since both wheat protein and tion-fat milk solids are 
parlicutiarly susceptible to heat daiiiage. Nonetheless, the criticality of" pro
ces',iti femper:itUar" and conipositiotn of the original cereal protein isexempli
lied by these \ahlc-. 

http:added.as
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S l,'v.\IRI" 4l. lllelsllred tihe ellci o' heat dal nag to OMt iplreairatioi 

[ R]. Mril-'id oatS \Vl- detCrillinCd tO hte I PER,. ol" 1.o while Iolled 
oats had a ITAR of' 1.5. On the Other hand. ptifed oats M\hich were ireated at 
1OS C \vith steam had a resultaint PER o1"0.3. amply illustrating the ell'eet ot 
high t .i prati .feo1 protein de-gradation ill Cereal pVoducis. 

C.\'i'iN IR c/ a/. deIrmined the availability of Isline in iroulld nuls Imr 
[us? inl treatmient of kwashiorkor [71. They confirmed the earlier results that
 
thO ineliOn 01' illk poHNder i the bakil,_. of biscuits resil ted illa l'rue pro
'oi ion 01f the p.,ilo N FII gOusof the litl ill its in the final product bc

cOmi ne uLnaV.iI labI .. 11'the dry s.ki lll it1k x\as added al'ter cooking, the pro
portii,, .)t ihe KImle remaiine bioo2iallv av\ailable \\:Is ¢,usidriblahl 
-ro'ter. The resIlts of a bhioloical as.:v with cli-, kollfilillred the lhldii,, 
that the a\,ailbilitv o1" ly-ilc' had bKen h"A ered t, lh e\CEnl sho\li bv ihe 
helnical a,.ailable in lvsilu, method. Inl lllrlllat t the "'.ailahle l'siie Coll

tent'. the total lysin.' collt.,llt by chemical tydrol,,sis \\As not apparently diF
;:rellt ill the 2 hisCuitS. iricatil ttilethe -cri i LNadec1y LthCdtCrlli
nation o'lotll Ivsile as a retlection1 0tbioh'i'lt a\Miilailitv whi applied to 

proe:,'d toodtl' in I.SSAI di studicd olra!. .'I a! tile ClCI of hICat 

the nt.li ' i\ value of black bea. priein and Ifound that cookin- f'or 10 30 min
 
at 121 C wt, optimal [4i. Lon,%er ckil_, tintle d cased the Illriti\ value Xf
 
the bal prlacein. The Coilltents Ivin. ].thionine and valine. hovever. when
 
chiemically analyzed. 10 chancedk 1y he cookinL. They c mcludcd, therccr Iot 

l'ore. that the ihat,_,.,in \Zalue to chaines ut a\aila il.
nutriix Ver'c due 

In cil.,t to th 1i,,,o of llit-itM: ,aILle , eIril protehls, upanlheatin.110. 
the ChaIllt.es, in 'he ilttlli\ . Of pi-oteill of mel pr' ,dulcl.S Ippar.l*, Ito 
follo a dilf'erent coire. I lIeLt ca al. determined th,- percentage of i\ ail. 
ab0o lysit: in pork. beef and lam.b -MiLPcle both ini raw saj-npl¢s and afltr 
starIda'd cookinc pri edtt'c [I 5]. I t in 7-1-92 ',, of the lysile content oI"Ihe 
lleat v,,as aiailablc after :tulndalrt, c4q klkinll' pccd tLures. indicatin, that normial 
cookin-: does not a-pprer.,iahblv affect a ailahilitv of'IysicI' rol ,iusle protein. 
Only altcr severe leat tre ament. i.e. aUtocLivin, for I, It. was tile aillotitt1of 

-available lysit subsiantilly reduced. 
LIlii.RSI.jOI.t:R 91 a1. studiCd the if1lux of esSCItiail lllillo acidS ill thle 

portal blood of rats fed lysine heated in hile presence of' '.i nteose [5. I0 I]. The 
amino acid conc,.enltration iii the blood when coim pared to rais fed tile non
heated protein showed. decrease of 37 ',for lysine. 45 "('for Iirconi lie. 50',,,, 
For iethionine, and (97,., for isIeicine. 

When casein was heated in the presence of vltncos . ;a1itchL smaller deg
radation of the amino acids was obscrved ui,ilI, the same techiqtie: spe

http:ChaIllt.es
http:uLnaV.iI
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fically 71 0X,for lysine, 71 %for ICucine, 72' , for threonine, 72, for iso

leucine, and 78%, fbr mnithioninc. 

It is thus obvious that proteins heated or stored at high tcmpcratures in 

the prescnce of carbohydrates undergo severe losses in availability in any of 

their amino acids. Tlhc absence of carbohydrates and proteins tends to be Car 

more stable. Cereal arains normally have a high percentage of carbohydrates 

and therefore demonstrate a high degree of susceptibility to heat or storagc 

dalmal'e and proteins. 

In general, thermal processing of proteins in the presence of reducing 

as mild a, possible. Even the first 
sugars or the carbohydrates s1olitld be 


products of the browni ng reaction (the Amadori rearangement products)
lt 

ta, studied the absorption 
are relatively unavailabie. in recent studies, SG.,It 


of2 essential amino acids. i.-leucine and t.-tryptophan. \\ hich were synthesizcd,
 

performed

isolated and pun ied [23. 241, Absorption studies with rats were 


The results
amino
using the complex S\nteized.with 'C-hab ll. acids. 

tile Amadtri complexesCx
rats absorbed radioactivity fromshowed that 

tremely slowly compared with the rate of absorption of the :i miino acids. fhe 

major absorption of radi'Iactivity occurred in the lare intestine compared to 

in the small intestinle. Thcse results sup
the absorption of the 3 ai,".a....cids 

or pro
port the artumlenit that the presence of c¢irboh vdrates, amino acids 

or proecssifg conditions is easily rendered 
teins undcr relatively mild storage 


relatively unavailable.
 
contributes rather ,pcilically to 'lax or.The brownine reaction. howc. 

produced by the reactions of sulphur amino acids and 
Nicat-like flavors are 

carbohydrates. and tile flavors of baked bretd, roasted coffee and cocoa are 

ill attributed to the products of the NIail lard reaction. 

I . Carbohvdrhats and Lipids 

may be made moC dige,,tlle and 
As indicated earlier, carbohydrates 

may occur inl car
available by mild processing. Although losses

thus more 

bohvdrates during wet processing (leaching) those arc. in general. minor. The 

major loss in carbohydrate availability is due to their interaction with pro
eases this is relativelv minor, the major effect bein:! in the 

tein and in most 

protein constituents. 
or nutritive \'ate of foods and the possible dcvelopmcnt

A further loss 

of toxic materials is caused by the oxidative degradation of highly unsat

react through the 
urated lipids. The degLradation products of the lipids can 
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tl~r,,d6ucts of' fat oxidation With .amhilo acid~s and prt'oeins. These r'estlh 
in the destruction of amino acids toor the formation of' linkages resistant 
digestion. 

Combinations of hydrogenous substances for oxidizing fat are a vell
kncwn cause of browning. Experiments by T.xPPi'n on a model protein and 
an oxidative catalyst hemoglobin or cytochrome demonstrated that shaking
such a mixture in air at 37 C for I or 2 dvs causes an extensive i:iteraction 
of the protein with tile oxidizing f't [30]. Y',ow prO'.lICtS were fo0,riled and 
uhlilmatClv insoluble, dark-brown copolyiners were accom1palied by appre
ciable destruction of the anino acids. These cha a-=es are reflected in a consid
erable form of the nuirient value of tlhe fod. 

Conclusion 

Processin, lo.x,,s whether fronm thrmal proteesing, hl' ch in-, trcein, 
or drvin . do decrease the ntutritive value of a f'ood. These losses must bc 
viewed in their proper perspecti', c,. howe\ er. Tile loscs occurring in Mnodern 
day proces,in_, and storage are generally Ic than those which occur in nor
mal I111c preparation of" foods. While these losses in preparation anilia 
processing may well he compoondcd, the alternative in food prncessin 1(,may 
very well be the unavailability of fLodstuffs at sc timelaUs of the year. The 
marketing of all fleh food,, in urbnl ein irOnnint wodhld also pose aIloSt 
impossible problems. The contribution of a product in ust also be taken into 
consideration. For example. the loss of vitamin C in milk durin maystorac 

appear 
to be of importance vet the contribution or"milk to the dietary sup
ply of vitamin C is almost negl iiihle. Therefore, in this p' spe.a.ive the de
struction of the vitamin is of no partiular consequence. 

Inproved methods ofproceslin, _.corally resuIt in inow attractive prod
ucts of organoleptic importance. 
 It is alMost universally true that any im
provement in the organoleptic properties of' food result s 
 in better retention 
of their nutrients. Tihus. the adoption of' newer methods of processing

usually results in better availability of iutrients (an exception may be iron),


Populations \vi ch adop, 
new food habits, such as the utilization of' 
polished rice instead of bro,,U "ice. and who are dependent upon a restrict
ed variety of food" may develop problems related to the new food supply
which could conceivably be attributed the processing operationto but, in 
these eases. the problems may be solved by suchImeans as fortification or en
ric. ment. 
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